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Introduction, why is the topic of interest for Europe?

What are the renewable energy production trends?What are the renewable energy production trends?

What are the challenges for the European electricity 

What is the concept of an ocean grid around Europe?
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What is the concept of an ocean grid around Europe?

How can there be a transition towards ocean grids?

Conclusions and future outlook



Introduction

· EU and country policies to 
– a.o. Green paper (2006)

· EU SmartGrids technology platform· EU SmartGrids technology platform
– Connection of large amounts of distributed and 

concentrated RES 
· Prevention of black outs �

transmission coordination (interconnections)
· Offshore wind power is an essential element· Offshore wind power is an essential element

– EWEA estimate 120,000 MW built next 20 years
· Technology matures

– wind turbines & HVDC voltage source converters

to encourage RES development
a.o. Green paper (2006)

EU SmartGrids technology platformEU SmartGrids technology platform
Connection of large amounts of distributed and 

� call for European 
transmission coordination (interconnections)
Offshore wind power is an essential element “Lights Out In 2009?”
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Offshore wind power is an essential element
EWEA estimate 120,000 MW built next 20 years

wind turbines & HVDC voltage source converters



Renewable energy 
- production trends -

· Wind resources offshore
· Wave & tidal energy· Wave & tidal energy
· Underwater turbines
· Production aquatic biomass
· Blue energy (fresh|salt water)

Windpower in Europe:Windpower in Europe:
• 40+ GW
• only 0.5% offshore 

Renewable energy 

salt water)
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Renewable energy 
- production trends -

“Horns Rev” 
Denmark

Average wind 

Denmark
80 x 2 MW

Renewable energy 
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d speed in and around the European continent



Renewable energy 
- production trends -

Large “energy island” 
(coast of The Netherlands)

Renewable energy 

16x8 km²
30-40 m deep
1.5/2 GW
20/30 GWh

+ 500 MW wind
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+ 500 MW wind
+ LNG terminal



Challenges for the European grid

UCTE 2007, physical cross border power flow

Challenges for the European grid

· Trans-European Energy 
networks (TEN-E)

·· Increased need  for 
transmission and cross 
border capacity

430 million people served

2500 TWh used (10% cross border)
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UCTE 2007, physical cross border power flow

560 GW installed capacity 
230.000 km HV network 



Integration of massive amounts 
of wind power
· Increasing the transmission capacity on the (main)land within 

the countries/areas

· Controllability of wind farms, to partly control their output· Controllability of wind farms, to partly control their output

· Fast-acting generating units that can better adapt to rapid 

changes in demand and/or renewable energy production

· Energy storage units, that can perfectly adapt demand and 

power production

· Better sharing of power reserve between countries· Better sharing of power reserve between countries

· System-controlled curtailment of wind power production, 

· Improved short-term forecasting methods for wind power 

production in order to improve dispatching.

Integration of massive amounts 

Increasing the transmission capacity on the (main)land within 

Controllability of wind farms, to partly control their outputControllability of wind farms, to partly control their output

acting generating units that can better adapt to rapid 

changes in demand and/or renewable energy production

Energy storage units, that can perfectly adapt demand and 

Better sharing of power reserve between countries
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Better sharing of power reserve between countries

controlled curtailment of wind power production, 

term forecasting methods for wind power 

production in order to improve dispatching.



A possible solution …

Concept of an electricity superstructure in & around Europe 

A possible solution …
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Concept of an electricity superstructure in & around Europe 



Concept of an ocean grid

Objectives:
– Provide a backbone for the mainland 

transmission networkstransmission networks
– Provide connection points for 

offshore wind power stations

Technology used:
– HVDC because of length & power – HVDC because of length & power 

limitations of AC transmission 
through (submarine) cables

Concept of an ocean grid

Provide a backbone for the mainland 

Provide connection points for 
offshore wind power stations

HVDC because of length & power 

Source: Airtricity 
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HVDC because of length & power 
limitations of AC transmission 
through (submarine) cables



An ocean grid for the North SeaAn ocean grid for the North Sea

11



Ocean grids for SW EuropeOcean grids for SW Europe

12



Requirements (1)

· Sea-deployable transmission systems with large 
capacity

· Cables with rating between 5 
(5 to 10 times higher than state
– Economies of scale
– Congestion at cable landing points
– Shortage of available underwater cable routes– Shortage of available underwater cable routes
– Technological developments (HTS and GIL)

deployable transmission systems with large 

Cables with rating between 5 – 10 GW
(5 to 10 times higher than state-of-the-art)

Congestion at cable landing points
Shortage of available underwater cable routes
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Shortage of available underwater cable routes
Technological developments (HTS and GIL)



Requirements (2)

· Offshore electricity terminals (hub of 2 
– Size of individual wind turbine:  5 
– Clustered in parks of e.g. 150 – Clustered in parks of e.g. 150 
– Strings (0.5 – 1 GW) of parks (blocks) 

� Three power levels:
· Macro (the HVDC super grid with hubs)
· Meso (HVDC hub power collection / strings)· Meso (HVDC hub power collection / strings)
· Micro (individual turbine AC or DC cable 

connections)

Note: also energy supply to/from oil/gas platforms

Offshore electricity terminals (hub of 2 - 5GW)
Size of individual wind turbine:  5 – 10 MW
Clustered in parks of e.g. 150 – 250 MWClustered in parks of e.g. 150 – 250 MW

1 GW) of parks (blocks) 

Macro (the HVDC super grid with hubs)
Meso (HVDC hub power collection / strings)
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Meso (HVDC hub power collection / strings)
Micro (individual turbine AC or DC cable 

Note: also energy supply to/from oil/gas platforms



Hub functions

· Switching and protection of the macro level  
· Insertion/extraction of the local 2 

macro through-connectionmacro through-connection
· Switching and protection of local 0.5 
· Communication between macro and meso layers

Switching and protection of the macro level  
Insertion/extraction of the local 2 – 5 GW into/from the 

connectionconnection
Switching and protection of local 0.5 – 1 GW strings
Communication between macro and meso layers
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Requirements (3)

· Mainland terminals
– Conversion 400kV AC and HVDC
– Controlling the power flow in the offshore network– Controlling the power flow in the offshore network
– Distributing the power flow to several AC substations
– Providing ancillary services to the AC network (e.g. 

frequency control, reactive power control)

Conversion 400kV AC and HVDC
Controlling the power flow in the offshore networkControlling the power flow in the offshore network
Distributing the power flow to several AC substations
Providing ancillary services to the AC network (e.g. 
frequency control, reactive power control)
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Transition towards ocean grids

· Present state: 
– Conceptual level only
– High level of attention (government & TSO’s)– High level of attention (government & TSO’s)
– Development of a technology lock
– Lack of modularity and sea

Source: Greenpeace 

Transition towards ocean grids

High level of attention (government & TSO’s)High level of attention (government & TSO’s)
Development of a technology lock-in ?
Lack of modularity and sea-deployable designs 
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Source: Greenpeace 



Requirements

· Investment and financing
· International agreements arranging for the 

establishment of the offshore networkestablishment of the offshore network
· Adaptations in the European and national legal 

frameworks (laws, directives, regulation) regarding 
investments and exploitation of such interconnections

· Adapted market rules in order to better facilitate large 
energy transactions and system services on the energy transactions and system services on the 
common network.

International agreements arranging for the 
establishment of the offshore networkestablishment of the offshore network
Adaptations in the European and national legal 
frameworks (laws, directives, regulation) regarding 
investments and exploitation of such interconnections
Adapted market rules in order to better facilitate large 
energy transactions and system services on the 
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energy transactions and system services on the 



Conclusion and future outlook

· An ocean grid is:
– Key for significantly increase large amounts of 

offshore wind energy in Europeoffshore wind energy in Europe
– In line with the European policy of “Trans European 

Networks for Electricity” (TEN

· Developments needed: 
– Sea deployable transmission – Sea deployable transmission 

systems with large capacities

Conclusion and future outlook

Key for significantly increase large amounts of 
offshore wind energy in Europeoffshore wind energy in Europe
In line with the European policy of “Trans European 
Networks for Electricity” (TEN-E

Sea deployable transmission 
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Sea deployable transmission 
systems with large capacities

Financial crisis
Opportunity ? 
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