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Alpha Ventus - Textbook about Wind Farms

Project start - 1999
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Graphic: http://de.wikipedia.org/wiki
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Characteristica:

* Distance - 70 km Sea Cable
* Power: 60 MW start / 1040 MW final
e Transmission System - 110 kV AC

* Reactive Power Compensation
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- Inductive Coils

* Operation: 2 different generator systems parallel:
- Synchronous permanent magnet full size converter AREVA Multibrid M5000
- Double feed induction machine Repower 5 M

* P, U, | etc. from many measuring points
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History of Offshore Power Transmission Systems in the North Sea
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History of Offshore Power Transmission Systems in the North Sea

Statistics by B. Valov, February 2012, Data source: http://www.offshore-wind.de
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Outlook for Offshore Power Transmission Systems in the North Sea

IWES's Concept TenneT’'s Concept
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. German Offshore Power Centers
) ] Test Field in Operation (Alpha Ventus)
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o Wind Parks not Relevant for Clustering

Internal Connection in Cluster

== External Connection of Clusters .
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S Am—rn TRl S Sources:http:llwww.tennettso.de/site/Aufgaben/offshorelunsere-proj‘ei(te, 2012-03-17
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IWES's —-Concept: TenneT’s Concept:
- 2 cross connections to improve of operation - (n-1) requirement no full filled

flexibility of PCCs on shore

- Advantages/Disadvantage of AC (Alpha Ventus)
and DC (BARD Offshore) will be checked due to

- Interconnection to the Super Grid practice!

- (n-1) requirement full filled




Question: AC or DC for Submarine Power Transmission Systems?

Statistics by B. Valov, State 2011
Data source: http://www.offshore-wind.de
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Question: AC or DC for Submarine Power Transmission Systems?

German Power
Transmission
System
AC System -
RPC o
»
e
Advantage: - Techniques are simple and successfully tested long time S ["*
_ - Sub-marine cables until 500 kV are available £
Disadvantage: - Distance limit approx. 80-100 km k=
3
)
Rectifier Inverter E
Thyristors technology — max. 5 GW [ unit c
» O
T I O
O
RPC + Filter DC System RPC + Filter o
Rectifier Inverter
IGB-Transistors technology — max. 1,1 GW [ unit
>
I 1 380kV
Harmenics Filter Harmonics Filter 220 kV

Advantage: No limit for distance
Disadvantage: - Harmonics direct feed-in into 110-380 kV German Power Transmission System

Electro-magnetic decoupling > Dynamic stability: Inertia emulation is necessary
DC switchers to limit of line power

No experiences with DC-networks world wide




Alternative Design of Offshore Power Transmission Systems

Use of sub-marine cable with higher rated voltage than the rated
voltage of offshore power transmission system (coaxial princip)
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Alternative Design of Offshore Power Transmission Systems

Use low frequency for offshore power transmission system

Grafic by
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Alternative Design of Offshore Power Transmission Systems

Gas insulated lines for AC - System
Gasisolierte Leitungen fur AC-System

Figure 11-28: Schematic overview as combination of drilled tunnel and immersed

tunnel

W58 Behk

Mined tunnel
| Floating in and lowering .
Source: Siemens
Table 11-4: Overview of status and development possibilities of GIL technology
for connecting offshore wind farms
Values per Circuit Parameter Unit 2010 2015 2020
GIL
Year of commisioning 2015 2020 2025
Un KV 400 400| 400
In A 3150 3150 3150
Smax (Tunnel) NMVA 2182 2182 2182
tunnel width m 12 12] 12
.- . Number of circuits per tunnel 4 4 4
Source: K. Kébke (Siemens), HUSUM 2008 Required space offshors e - - 5
Max. distance km
biack start capability yes/no yes yes yes)

Source: Manuyfacturer

Source: dena-study Il, p. 253-255




Alternative Design of Offshore Power Transmission Systems

Super conduction cable for AC - System
Supraleitende Kabelsysteme fir AC-System

Stickstoff  Kabelkryostat
Riicklauf

Dielektrikum

Test cable onshore: Nexans cable:
20 kV and 110 MVA 10 kV and 40 MW

Source: http://www.nexans.de




Alternative Design of Offshore Power Transmission Systems

Drafts of Super Grid
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