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• Big 
• Cheap 
• Resistant 
• “Marinised” 
• Easy to maintain 

 

Materials dilemma 



• The European Technology & 
Innovation Platform for Ocean 
Energy 
 
• Identify Research Priorities 
• Writing a Research Strategic 

Agenda 
 

• Advice the European 
Commission on Ocean Energy 
for Research and Horizon 2020 

Writing the Ocean Energy 
Strategic Research Agenda 
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TP Ocean - Structure 
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Legend: 
• WG1 Modelling 
• WG2 Logistic 
• WG3 Device 
• WG4 Component  

Important 
bottleneck 



 We need to build 
devices and deploy 
then in real sea 
condition. 

Andritz Hydro – AH1000 - Tidal turbine 



• Resource characteristics 
• Heavy 
• Low velocity 

 
• Most Ocean Energy structures 

need to be large, thus cheap to 
minimise overall cost, but also 
very durable in seawater, and 
resistant to fatigue  
 

Big: 10s of meters! 



 The collector is made from 
BISTEEL a sandwich of steel-
concrete-steel. And has been 
described as containing a higher 
density of steel than a nuclear 
bunker 
 

 21m width  
 3 water columns in concrete tubes 

each measuring internally 6m by 
6m 

 Inclined at 40 degrees to the 
horizontal giving a total water 
surface area of 169m2  

Wavegen – Limpet -  Wave Energy Converter 
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Levelised Cost of Electricity 
(including construction, financing, fuel, 

maintenance, taxes, insurance, 
decommissionement and incentives…) 

Levelised Cost of Electricity

Cheap: 0.15€Kw/H? 

Carbon Trust - UK 

Is needed: 
Reduction of the  
CAPEX and 
OPEX, 
Increase of the 
reliability, 
survivability and 
Power Take-Off  



 Energy density is not 
as high as Oil & Gas 

 The cost of the device 
needs to be low for 
Wave, Tidal, Salinity 
Gradient and OTEC 
 

Diver installation of offshore pipeline 



1. Use very cheap materials such as 
low cost concrete (bulked up with 
recycled material for example) to 
give required mass and size, 
while keeping cost low (i.e. Wavegen 
– Limpet)  
 

2. High quality materials such as 
composites for parts that are 
under high stress, or to 
minimalize the structure and 
therefore loading (Sustainable Marine 
Energy Plat-O with Schottel tidal turbines) 

2 approach to build a cheap 
Ocean Energy device 

1 

2 



The predominant 
structural material is 
steel, turbine blades are 
made of composite 
materials 

 The predominant 
structural material is 
steel 

Carnegie– CETO5 -  Wave Energy Converter 



 The majority of ocean 
energy converters are 
fabricated from steel, a 
metal that offers good 
(and well understood) 
fatigue and stress limits. 
 

 Some device developers 
are investigating the use 
of Steel Reinforced 
Concrete 

Fred Olsen– Life Saver -  Wave Energy 
 



 Cyclic loading: 
 Hydraulic cylinder in wave energy 

device will make one stroke every 
6-7sec 24/7 365 days a year, 
comparing this to the operations of 
a hydraulic digger and its life 
expectancy a wave energy device 
will only operate for 3 months, 
after that a conventional hydraulic 
piston will be broken…  
 
 

Resistant: i.e. Hydraulic 
digger VS Wave 



 In particular with wave 
needs to be built for 
extremes  

 But also get built in the 
harshest environments in 
terms of loadings we have 
in the ocean! 



 Fibre Reinforced Polymer 
(FRP) is used for certain 
components.  

 Turbine blades are made 
of composite materials 
 

 Sea water diffusion, 
ageing processes and 
high mechanical loads 
can result in very severe 
loading conditions. 

DCNS– Open Hydro-  Tidal turbine 



 FRP offers some cost and weight saving 
advantages over steel, but the fatigue 
and stress limits are not yet well 
understood in comparison to steel.  
 

 This material has been proven in the 
marine environment, albeit in a very 
different application to ocean renewable 
energy, and is used extensively in other 
applications such as civil infrastructure 
and boat design.  

  
 Other wave devices are being designed 

to use rubber or other flexible materials 
as the main structural component. 

Fibre Reinforced 
Polymer (FRP) 



Rubber Wave 
Energy Device 



 If we translate the Offshore Wind 
industry budget to Ocean Energy then 
20-25% of the budget would go in 
electrical systems! 

 There is no off-the-shelf component 
due to the harsh condition of Ocean 
Energy 
 

 Array enabling technology are 
needed: 
• Electrical Submarine Hub 
• Recovery systems 
• Remote Operated Vehicles 
• Monitoring… 

 

“Marinised”: Electric system 
under the sea water 



 Easy to maintain…  
 Operation windows to 

work offshore, in 
particularly harsh location 
are rare! 



 We need better/more 
suitable materials 
assemblage techniques 
 

 Novel power take off 
techniques are being 
researched which may 
require large amounts of 
rare minerals 

Ocean Energy demands 



 Composite materials and anti-fouling 
coatings have been in use within the 
shipping industry 
 

 Several innovations within the 
shipping industry are being explored 
within the ocean energy sector, such 
as sea-water lubricated bearings.  
 

 Mooring and foundations with both 
permanent and dynamic loading 
requirements represent further areas 
of know-how 

Synergies with other 
industries, i.e. shipping  



 Materials for Ocean 
Energy – Radical 
concept needed? 

http://www.rochester.edu/newscenter/superhydrophobic-metals-85592/ 



 The idea of a radical concept may 
challenge the fundamental principles of 
operation of an Ocean Energy converter, 
or it may look at revolutionary materials 
that have not yet been used within the 
sector.  
 

 Current “first” generation concepts use 
sea bed mounted devices, but radical 
new concepts are looking to:  
• Remove the need for large foundation 

structures 
• Making greater use of buoyancy and 

tensioned cables 

Radical concept must 
allow cost reduction 



 There is scope for alternative materials 
to be considered as a substitute for 
steel which is widely used in present 
technology.  
 

 New materials will bring different 
challenges in terms of manufacturing 
tolerances, and the scale of component 
that can be created. 
 

 By their very nature, radical concepts are 
not necessarily proven technologies, and 
they must be distinguished from fully 
fledged, working, demonstration 
prototypes 

The next materials for 
Ocean Energy 



pierrecarreau.com
 

Thank you… 
Nicolas Wallet – Ocean Energy Europe 
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