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1 What is wave energy? 

1.1 Ocean Energy 

 

1.2 Wave energy: characteristics 

 

1.3 Wave energy: available resources 
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1.1 Ocean Energy 
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• Created by the International Energy Agency (IEA) 
• Intergovernmental collaboration to advance research, 

development and demonstration 
• All forms of energy generation, driven by seawater 

Waves 

Tidal Range 

Tidal Currents 

Ocean currents 

Ocean Thermal Energy 

Salinity Gradients 
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1.1 Ocean Energy 
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23 countries, 9 invited 

• Workshops 
• Seminars/Webinars 
• GIS Database for ocean energy 
• Cost assessments 
• Annual report with current status 

per country 
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1.1 Ocean Energy 
Ocean energy has many faces!    
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Tidal energy turbines 

Tidal power stations 

Osmotic ocean Energy 
Thermal ocean energy 

Wave energy 
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1.1 Ocean Energy 
 

 

– La Rance, France 

– Uses potential energy of tides 

– Operational since 1966 

– Barrage of 750m 

– 240 MW installed power 

– 20 years payback time 

– 8m tidal range 
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Tidal power stations 
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1.1 Ocean Energy 
Tidal Energy turbines 

 
– Uses kinetic energy of tides 

– High energy density 

– More uniform loads than wind power 

– Highly predictable  

– # projects in pipeline (UK) 

 

 

9 



FACULTEIT INGENIEURSWETENSCHAPPEN EN ARCHITECTUUR 

Energy from the Sea                                          J. De Rouck                                08/05/2015 

1.1 Ocean Energy 
Tidal Energy turbines 
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Horizontal Axis Tidal Turbine Vertical Axis Tidal Turbine 
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1.1 Ocean Energy 
Tidal Energy turbines 
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Energy content: 
– Same formula as wind! 

• Rho: density [1,026kg/m³] 

• A: ‘swept’ area [m²] 

• V: velocity [m/s] 

– Differences: 
• ρseawater  ~ 800ρair (energy more concentrated) 

• V: current velocties 
– Sea currents: up to 2-3 m/s on springtide 

– Wind: ca. 8-10 m/s average offshore (approx. 5 beaufort) 

• A: swept area TEC << windmill 
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1.1 Ocean Energy 
Tidal Energy turbines 
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Where is the tidal energy? 

In W/m² 
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1.1 Ocean Energy 

Thermal energy 
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Uses temperature differences of water 
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1.1 Ocean Energy 
Osmotic energy 

 

 

 

 

 

 

 
 

 

• Osmotic pressure  from solution with high water concentration to low water 
concentration 

• Uses salt concentration differences of water 
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1.1 Ocean Energy 
Wave Energy 
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How to harvest Lightning? 
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Sun  Temperature  (pressure)difference Wind  Waves 

Waves travel far distances without significant energy loss 

 

1.2 Wave energy characteristics 
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1.2 Wave energy characteristics 
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Simple form: linear and regular 

• Wave Height 

• Wave Period/Frequency 

• Wave Length 

18 

1.2 Wave energy characteristics 
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1.2 Wave Energy characteristics 
Seastate: statistical superposition of multiple regular waves in all directions 
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• Wave power is expressed in kW/m wave crest 
of the wave  

 

• Theory (deep water assumption): 

– Power ~ wave height² and period 
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1.2 Wave energy characteristics 
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• Wave power is expressed in kW/m wave crest of the wave  

• General theory: 

– Spectral analysis of irregular waves + frequency of 
occurence. 

– Power ~ wave height ² and period 
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1.2 Wave energy characteristics 
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Scatter diagram (wave climate: 5.1kW/m) 

 
B - Scatter diagram (%) 

Hm0 Te (Seconds)   

(m) 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0 11,0 12,0 13,0 14,0 15,0 16,0 17,0 Total 

0,5 1,0 3,6 4,9 7,5 5,6 2,2 1,0 0,5 0,3 0,2 0,2 0,2 0,2 0,2 0,2 27,6 

1,0 0,1 5,1 11,8 5,6 7,3 3,2 0,7 0,2 0,1 0,1 0,1 0,0 0,0 0,0 0,0 34,4 

1,5 0,0 4,8 8,6 2,9 1,3 0,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 18,1 

2,0 0,1 4,7 3,4 1,0 0,1 0,0 0,0 0,0 9,4 

2,5 0,4 3,5 0,9 0,2 0,0 0,0 5,0 

3,0 0,0 1,0 1,4 0,3 0,0 0,0 0,0 0,0 2,7 

3,5 0,1 1,0 0,3 0,1 0,0 1,4 

4,0 0,0 0,3 0,2 0,1 0,0 0,6 

4,5 0,0 0,1 0,0 0,0 0,0 0,2 

5,0 0,1 0,0 0,0 0,0 0,0 0,1 

5,5 0,0 0,0 0,0 0,0 0,0 0,0 

6,0 0,0 0,0 0,0 0,0 0,0 

6,5   

7,0   

7,5   

8,0   

8,5   

Total     1,1 8,7 21,6 26,9 23,8 11,3 3,3 1,1 0,6 0,3 0,2 0,2 0,3 0,2 0,2 99,7 

1.2 Wave energy characteristics 
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Wave power relative contribution (%): Wave power contribution / Total wave power * 100 

Hm0 Te (Seconds)   

(m) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 Total 

0,5 0,0 0,1 0,1 0,2 0,2 0,1 0,1 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1,0 

1 0,0 1,0 2,9 1,7 2,6 1,3 0,3 0,1 0,1 0,1 0,0 0,0 0,0 0,0 0,0 10,1 

1,5 0,0 3,3 7,2 2,9 1,5 0,3 0,1 0,0 0,0 0,0 0,0 0,0 0,0 0,0 15,3 

2 0,1 7,7 6,6 2,2 0,4 0,0 0,0 0,0 17,0 

2,5 1,1 11,0 3,3 0,7 0,1 0,0 16,3 

3 0,0 4,7 7,7 1,8 0,3 0,0 0,0 0,0 14,6 

3,5 0,4 7,3 2,7 0,8 0,1 11,4 

4 0,0 2,8 2,8 1,2 0,4 7,2 

4,5 0,3 2,0 0,7 0,4 0,1 3,5 

5 1,0 0,4 0,4 0,3 0,0 2,1 

5,5 0,2 0,4 0,1 0,2 0,1 1,0 

6 0,0 0,3 0,1 0,1 0,5 

6,5   

7   

7,5   

8   

8,5   

Total     0,0 1,1 6,4 17,9 28,5 26,6 12,2 4,4 1,7 0,8 0,2 0,1 0,0 0,0 0,0 100,0 

1.2 Wave energy characteristics 
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1.3 Wave energy: available resources 

Cornett 2008 

24 

Wave Energy in P : kW/ meter wave crest 
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Available wave power, expressed in kW/m wavecrest. Source: WorldWaves data/OCEANOR/ECMWF. 
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1.3 Wave energy: available resources 
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Boreas (2008) 
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1.3 Wave energy: available resources 
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Boreas (2008) 
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1.3 Wave energy: available resources 
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1.3 Wave energy: available resources 

• Necessary condition: high resource, good conversion technology 

• But ‘survivability’ is extremely important 

– Resistance to storm conditions: 

• General stabiltiy 

• Structural strength of the parts of the WEC 

– Fishermen to engineers: “You want to place devices where we 
don’t dare to navigate in storms” 

• Other criteria: 

– Others users, distance to shore and grid connection, etc. ,…. 
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2  Types of Wave Energy convertors 

2.1 Oscillating water Column 

 

2.2  Overtopping Device 

 

2.3  Attenuator 

 

2.4 Point Absorber 

 2.4.1  Multiple point absorber 

 2.4.2  Single point absorber 
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- 6 main types, all in full development 

- No clear winner (depends on wave climate) <> wind energy: 3-bladed 
horizontal axis   Premature Technology 

30 

2  Types of Wave Energy convertors 

Attenuator Oscillating wave surge converter 

Point-absorber 

Overtopping device Oscillating water column Submerged pressure differential 
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2.1 Oscillating water Column 
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• Low energy density of air 

• Big concrete structure 

• fixed or floating 
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2.1 Oscillating water Column 
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2.2 Overtopping device 
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227 m 

• Conversion wave to potential energy 

• High structural loads 
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2.3 Attenuator 
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Example: Pelamis 

 

• Long structure positioned in wave direction 

• Hydraulic conversion of bending joints 

• 180m L, 4 sections, D 4m, 750 kW 
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Attenuator (Pelamis) 
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2.3 Attenuator 
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Pelamis Power Matrix 
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2.4 Oscillating Wave Surge Converter (OWSC) 



FACULTEIT INGENIEURSWETENSCHAPPEN EN ARCHITECTUUR 

Energy from the Sea                                          J. De Rouck                                08/05/2015 38 

2.4 Oscillating Wave Surge Converter (OWSC) 
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Intermezzo: Structural/survival problems 

Lessons from the past 
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Intermezzo: Structural/survival problems 

Storm during construction of OWC 

breakwater Mutriku, 2008.   

 

The water is pressed through the 

openings where the (air!) turbines 

should be placed in a later 

phase(normally only air can pass this 

opening, security valves were not yet 

installed).   
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Intermezzo: Structural/survival problems 

OceanLinx 
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Intermezzo: Structural/survival problems 
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2.5 Point absorber(s) 
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• Water particle movement device movement  mechanical rotational or linear energy  electrical energy 

• PTO (power take off) system converts mechanical movement into electrical energy 

• Proven technology: good survival characteristics 

• Cheap mooring  

• Tuning is difficult but possible! 
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2.5.1 Multiple point absorbers 
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• One reference point for multiple absorbers 

• Reduce cost of PTO by scale effects 

• Expensive/complex structure 
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2.5.1 Multiple point absorbers 
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2.5.1 Multiple point absorbers 

46 

Example: Weptos 
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2.5.2 Single Point absorber 
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• Simple structure 

• Simple mooring 

• Cost reduction engineering! 

 

 

Wavebob (UK)  

Powerbuoy (US)  

B1 --SEEWEC 
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2.5.2 Single Point absorber 
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Lysekil test site 
 
Future project: 
+- 400 convertors, total 10 MW 
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2.5.2 Single Point absorber: SEEWEC 
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Sustainable Economically Efficient Wave Energy Converter 
Co-ordinator: J. De Rouck (october 2005 – march 2009) 
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2.5.2 Single Point absorber: SEEWEC 
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Started as a multiple point-absorber with 
floating platform, but evolved into a single 
point-absorber, moored to the sea bottom. 
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Flanders electricity from the Sea 
2.5.2 Single Point absorber: FlanSea 



FACULTEIT INGENIEURSWETENSCHAPPEN EN ARCHITECTUUR 

Energy from the Sea                                          J. De Rouck                                08/05/2015 

2.5.2 Single Point absorber: FlanSea 
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• September 2010:  Start 

• December 2011:  Base case study PTO finished/scale model testing 

• 2012:                  Beginning detailed design & construction 

• Oktober 2012:  First tests at sea with small mechanical model 

•  April-May 2013:  4.4 m D, 22 ton prototype device at sea in Ostend 
     

“ A journey of a thousand miles begins with a single step” 
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2.5.2 Single Point absorber: FlanSea 
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Wave energy research: Numerical model 1D/6D 
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2.5.2 Single Point absorber: FlanSea 
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Scale testing in labo with model 1:9, D 50cm, weight 50 kg 
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2.5.2 Single Point absorber: FlanSea 
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Scale testing at Ostend Harbour, D1.8m, weight 1100 kg 
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2.5.2 Single Point absorber: FlanSea 
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Scale testing at Ostend Harbour, D1.8m, weight 1100 kg 
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Building the real life Lab 
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2.5.2 Single Point absorber: FlanSea 
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2.5.2 Single Point absorber: FlanSea 
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2.5.2 Single Point absorber: FlanSea 
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2.5.2 Single Point absorber: FlanSea 
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- 35 ton steel slab 
- 24 mm steel working cable 

2.5.2 Single Point absorber: FlanSea 
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2.5.2 Single Point absorber: FlanSea 
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2.5.2 Single Point absorber: FlanSea 
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2.5.2 Single Point absorber: FlanSea 
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2.5.2 Single Point absorber: FlanSea 
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2.5.2 Single Point absorber: FlanSea 
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2.5.2 Single Point absorber: FlanSea 
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2.5.2 Single Point absorber: FlanSea 
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2.5.2 Single Point absorber: FlanSea 
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        Cost reduction engineering will be the key to a lower Cost of Energy! 
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2.5.2 Single Point absorber: FlanSea 
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        Cost reduction engineering will be the key to a lower Cost of Energy! 
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3 Types of Energy storage 
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Chemical battery storage 

Kinetic energy storage 

Compressed air storage 

Potential energy storage (water) 
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3.1 Potential energy storage water 
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Coo Hydro Power plant: 1100 MW 

• High construction and inst cost 
• Low O&M costs 
• Height needed 
• Low Energy density(space needed) 
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3.1 Potential energy storage water 
Energy Atol 
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CONCLUSION 

The huge potential is there! 
 
Funding needed for further research in energy production & storage  

“ Those that say it can’t be done should get out of the way of those doing it.” 

        Chinese Proverb 


