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 Where is Wave Power generation today 

 What are the primary objects limiting this power generation source today? 

 Can any lessons be learned from the wave power generation market introduction? 

 

 

 Technical Potential of Renewable Energy  

 Predictability and variability for solar, wind, tidal stream and wave 

 Wave energy device types – four families 

 Wave energy power plants – any need for energy storage? 

 Wave Dragon – a floating hydro power plant? 

 Energy storage for a single Wave Dragon 
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Wave Dragon prototype experience 

☺ It works! Power delivered to the grid 

☺ 20,000 hours operational track record 

☺ Wave energy absorption performance verified 

☺ Offshore wave energy is a reality 
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Bio-

mass 

 

Hydro Solar 

 
Wind 

 

Geo-

thermal 

 

Ocean 

 

Total 

 

World 283 50 1,570 580 1,401 730 4,614 

Current use 50 10 0.2 0.2 2 0 62.4 

Total primary energy 

supply 
420 

Technical Potential of Renewable Energy (ExaJoules) 

Source: Federal Ministry for Economic Cooperation and Development and Ministry for the Environment, 

Nature Conservation and Nuclear Safety: Conference Issue Paper, Renewables 2004 – International 

Conference for Renewables Energies, Bonn 2004, p.27. 
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Predictability and variability for (solar), wind, tidal stream and wave 
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Predictability and variability for (solar), wind, tidal stream and wave 
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Predictability and variability for (solar), wind, tidal stream and wave 
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Wave Energy Devices: four families 

Heaving Devices: 
   OPT, Aquabuoy 

Pitching Devices: 
   Pelamis, Salter’s Duck 

Oscillating Water 
Column:   Pico, Limpet 
 
    

Overtopping 
Devices: 
   Wave Dragon 
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Wave energy power 

plants – any need  

for energy storage? 
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• Wave energy focusing 

• Overtopping 
Absorption 

• Above sea level reservoir  Storage 

• Low-head variable speed propeller 

turbines 

• PM generators & frequency 

inverters 

Power-take-off 

The Wave Dragon Technology 
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Reflector 
Ramp 

Reservoir Turbines 

Floating Barge + River Hydro Power Station = Wave Dragon 

The Wave Dragon Technology 
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Reservoir 
Waves overtopping the 

doubly curved ramp 

Wave Dragon principle 

Climate     Power  -  Production__  

12 kW/m  1½ MW     4 GWh/y/unit 

24 kW/m    4 MW    12 GWh/y/unit 

36 kW/m    7 MW    20 GWh/y/unit 

48 kW/m   12 MW   35 GWh/y/unit 

Turbine outlet 

Wave reflector 
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57 m wide 200 tonnes 

Wave Dragon prototype 

with 7 turbines deployed 

and connected to the grid 

in 2003 as worlds first 

floating WEC 

 

 

Full scale Wave Dragon  

device sizes  
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Remote control 
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Turbine operation and power production 

Example: 

• Four power producing turbines in continous 

operation 

• Three dummy turbines handles overtopping 

variation 
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Energy storage for a single Wave Dragon 
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Energy storage for a single Wave Dragon 
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   Wave Dragon # 21 Erik Friis-Madsen 

The Danish Academy of Technical Sciences      

Meeting on Energy Storage 

Back up 

slides 
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Fixed wave energy devices 
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Floating wave energy devices 
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1:50 Model test 100 year wave 
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Operational Experience 

Turbine Design 



   Wave Dragon # 30 Erik Friis-Madsen 

The Danish Academy of Technical Sciences      

Meeting on Energy Storage Cylinder gate turbines running 



   Wave Dragon # 31 Erik Friis-Madsen 

The Danish Academy of Technical Sciences      

Meeting on Energy Storage 



   Wave Dragon # 32 Erik Friis-Madsen 

The Danish Academy of Technical Sciences      

Meeting on Energy Storage 

Ice and WEC’s is a bad combination! 
The prototype was designed for a 3 year life time, but was not scrapped 

until 2011 after more than 8 years of operations.   
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How visible is a WD power plant? 

Seen from 100 feet above sea level and at a distance of 5km 

Under the horizon at a distance of 10km 
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Wave Dragon Advantages 

• Offshore 

Low environmental impact. No visual impact, fewer international 

designations. 

High wave energy resources. Seabed friction causes great loss of 

energy in depths below 30 m. 

Plenty of suitable sites.  

 

• Overtopping 

Non-resonating structure. Lower risk of damage in largest sea 

states as structure does not move, largest waves pass over 

device. 

Scaleable. Size can be increased to give performance 

improvements. 

Large-sized. Ease of access for maintenance, can host wind turbine. 

Passive survival mode. Long life and low O&M costs 
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Wave Dragon objectives 

To develop Wave Dragon to a power plant unit of 1.5 to 12 MW 

with a production price of 0.04 €/kWh 
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Target year 2016 
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Animation: LOKE film 


