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Wave energy



Wave energy

• Origin

• Potential

• Characteristics of wave: velocity, amplitude, wavelength, period

• Principles of conversion

• Sample cases
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Wave: Physical principles

Ocean waves are generated by wind passing over stretches of water. 
The precise mechanisms involved in the interaction between the 
wind and the surface of the sea are complex and not yet completely 
understood. Three main processes appear to be involved.

1.  Initially, air flowing over the sea exerts a tangential stream on the 
water surface, resulting in the formation and growth of waves.

2.  Turbulent air flow close to the water surface creates rapidly varying 
shear stresses and pressure fluctuations. Where these oscillations 
are in phase with existing waves, further wave development occurs.

3.  Finally, when waves have reached a certain size, the wind can exert 
a stronger force on the up-wind face of the wave, causing additional 
wave growth.



Wave

Physical characteristics: velocity, amplitude, wavelength, period



Wave: calculation of power



Wave: statistical distribution

Leads to wave rose similar to wind rose



Wave: statistical distribution

• one day

• different days



Wave: statistical distribution

Scatter diagram and wave rose



Wave power: world capacity



Wave power

Effect of water depth



Wave power: UK view



Harnessing wave power

Case 1: TAPCHAN (TAPered CHANnel)



Harnessing wave power

Case 2: Oscillating water column (OWC)



Harnessing wave power

Case 3: A point absorber

Power Buoy developed by 
Ocean Power Technology (OPT)
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Working principle of point absorber control
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The point absorber model
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Optimal Control Formulation

• Control objective: maximize wave energy extraction while 
maintaining the safe operation.

• Constrained optimal control problem:

Case 3: A point absorber

Li G and Belmont MR (2014). Model predictive control of sea wave energy 
converters–Part I: A convex approach for the case of a single 
device. Renewable Energy vol. 69, 453-463. 



Our control strategy can double the energy output!
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Li G et al. (2012). Wave energy converter control by wave 
prediction and dynamic programming. Renewable Energy, vol. 
48, 392-403. 

Figure: Energy comparison when a scaled model is controlled by different methods.

• First realistically feasible 
WEC control strategy.

• Naturally integrate sea 
wave prediction.
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Harnessing wave power

Case 3: A point absorber



Wave Energy Farm Control

New control challenges in 
wave farm:
• Strong wave coupling 

between WECs.
• Farm modelling 

complexities.
• Large computational load 

for control.
The wave farm control 
objectives:
• Coordinate devices,
• Maximise farm energy 

output,
• Improve power quality.
• Maintain safe operations,
• Distribute computational 

load.
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Harnessing wave power

Case 4: Pelamis wave energy converter

Pelamis Wave Energy Converter



Harnessing wave power

Case 5: Edinburgh Duck

Edinburgh Duck


