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MOTIVATION 
What is so interesting about 
decentralized offshore energy storage? 
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Expansion of Wind Energy 

Total Number of Wind Turbines in the EU (1991 - 2010)  

(onshore – left axis; offshore – right axis) 
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Expansion of Wind Energy 

Estimated Energy Production from onshore and offshore  

Wind Energy Plants according to the NREAPs (National Renewable Energy Action Plans) 
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Expansion of Wind Energy 

Estimated Energy Production from Onshore und Offshore Wind 

Energy Plants in the EU (2000-2030) 
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DIE ZEIT 8.September 2011 

74 Million kWh 
wasted in one year 

Compensation: Energy Demand ⇔ Energy Supply 
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VDI Nachrichten, 28.Oktober 2011 

withdrawal of nuclear power 
& lack of energy storage possibilities 
        demand for new conventional  
power plants 

Compensation: Energy Demand ⇔ Energy Supply 
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Compensation: Energy Demand ⇔ Energy Supply 

Source: Aufleger, Markus (2008): Strom fließt – Wasserkraft 2020, Bauingenieur, Band 83, Juli/August 2008  

Wind Power Stations in Germany (2007)

Pump storage plants (>100MW)Pump storage plants (>100MW)

Installed Capacity
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DIE ZEIT WISSEN – April/Mai 2011 

EIN SUPERNETZ wäre die Lösung 
- mit Norwegen als Batterie 

Ausgleich: Strombedarf ⇔ Stromproduktion 
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Source: Die Zeit – Wissen, Mai 2011, Burkhard Straßmann 

 800 to1100 kV Voltage 

 Germany alone still needs 

3600 km of high-voltage 

power lines 

 Estimated costs: 

10 Billion Euros 

(Germany) 

SUPERGRID: High Voltage DC Transmission 

        the SUPERGRID 
solution is cost-intensive 
and requires extensive 
authorization procedures! 



Buoyant Energy 
Floating Hydraulic Energy Storage 
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Concept of “Hydraulic Energy Storage” 

Water Reservior 

Additional Load 

Pump-Turbine 

Ventilation Pressure Head 
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Concept of “Hydraulic Energy Storage” 

Flow Direction  
In Turbine Mode Pressure Head 
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Concept of “Hydraulic Energy Storage” 

Flow Direction  
in Pump Mode Pressure Head 
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Variation 1: Flexible Mooring Lines 

Flow Direction in  
Turbine Mode 

Flexible  
Mooring Lines 
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Variation 1: Flexible Mooring Lines 
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Variation 1: Flexible Mooring Lines 



University of Innsbruck 
Hydraulic Engineering Dept. 

Variation 1: Flexible Mooring Lines 



University of Innsbruck 
Hydraulic Engineering Dept. 

Variation 1: Flexible Mooring Lines 
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Variation 1: Flexible Mooring Lines 
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Variation 2: Mooring Lines attached to Buoys 

Flow Direction  
in Pump Mode 

Buoys 
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Variation 2: Mooring Lines attached to Buoys 
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Variation 2: Mooring Lines attached to Buoys 
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Variation 2: Mooring Lines attached to Buoys 
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Variation 2: Mooring Lines attached to Buoys 
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Variation 2: Mooring Lines attached to Buoys 
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Variation 3: Reversed Energy Conversion 

Flow Direction  
in Turbine Mode 

Buoyant Bodies 
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Variation 3: Reversed Energy Conversion 
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Variation 3: Reversed Energy Conversion 
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Variation 3 
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Variation 3 
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Variation 3 
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Gaseous Buffer 

Flow Direction 
In Pump Mode 

Variation 4 
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Variation 4 
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Variation 4 
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Variation 4 
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Variation 4 
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Variation 4 



Unique Traits 
Unique Traits of floating hydraulic 
energy storage plants based on the 
Buoyant Energy principle. 



University of Innsbruck 
Hydraulic Engineering Dept. 

Unique Traits 

 Highly efficiency 

Due to low hydraulic losses; constant pressure head possible 

 Unlimited number of cycles 

 Response time is within the range of a few seconds 

 Self-discharge rate is irrelevantly small 

 Rapid load changes are possible 

Hydraulic short circuit 

 Robust proven technology in a new environment 
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Unique Traits 

 Decentralized energy storage at the site of production 

Minimal expansion of the transmission network 

 Diverse combination possibilities 

Demand for offshore energy, aquaculture and transport 

infrastructure (“offshore terminals”, maritime service platforms) is 

growing 

Hydraulic energy storage plants can be combined with just about 

any other platform design 
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Unique Traits 

 Combination of floating offshore infrastructure with energy 

storage: 

 Platforms with functional buildings (“Floatels”, Aqua-farms, etc.) 

 Service platforms (maintenance, floating container port, etc.) 

 

 

 

Source: http://www.floatinghomes.de/ 
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Unique Traits 

 Combination of floating offshore infrastructure with energy 

storage: 

 Platforms with functional buildings (“Floatels”, Aqua-farms, etc.) 

 Service platforms (maintenance, floating container port, etc.) 

 

 

 

Source: AZ Island, A Floating World Concept 
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Unique Traits 

 Combination of floating offshore infrastructure with energy 

storage: 

 Platforms with functional buildings (“Floatels”, Aqua-farms, etc.) 

 Service platforms (maintenance, floating container port, etc.) 

 

 

 

Source: Megafloat 
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Unique Traits 

 Combination of energy production and energy storage 

 floating solar power plants and ocean current power plants 
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Unique Traits 

 Combination of energy production and energy storage 

 Floating Offshore-Wind Farms – “Floating Wind Turbine” 

Source: Siemens-Pressebild, „Hywind“ Source: Siemens-Pressebild 
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Storage Capacity of an Ideal System 
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Storage Capacity of an Ideal System 
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Challenges 

 Mooring system 

 Design of the pumps and turbines 

 Design of “large” floating structures 

 use of proven technology! 

 

 

 

e.g. Construction of the Drogdentunnel and the Öresundtunnel 

Concrete Ship 
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Challenges 

 Mooring system 

 Design of the pumps and turbines 

 Design of “large” floating structures 

 use of proven technology! 

 

 

 



Areas of Application 
Possible economical use of 
Buoyant Energy technology 
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Areas of Application 

 Balancing the fluctuations between energy supply and 

demand 

 Integrating renewable energy into the energy market 

Use of Buoyant Energy as a component of any renewable energy 

power plant (“Floating Wind Turbine”) 

 Peaking power market 

 Use in combination with off-grid electrical supply systems 

 Especially applicable to natural and artificial islands 



Outlook 
Future scientific work 
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Outlook 

 Examination of economic efficiency 

Highly dependent on future political changes (future standardized 

tariffs for the availability of storage capacity) 

Comparison: Grid expansion⇔ Storage costs 

 Economic efficiency of combining Buoyant Energy  with other 

renewable energy sources 

 Design-Study 

 Forms of implementation 

Construction Methods 

Materials 

 Plant components 
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Floating Wind Turbine 

 Combination of a wind turbine with a floating energy storage 

system as a renewable combined power station 

Source: http://www.tomorrowisgreener.com 
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Floating Wind Turbine 

Design Assumptions: 

 offshore Wind turbine: Capacity P = 2 MW  

 ideal hydraulic storage plant (Cylinder) 

 energy storage: Storage Capacity E = 1 MWh 

h A Radius R Weight W 

[m] [m²] [m] [to] 

20 3669.7 19.3 36 697 

30 1631.0 12.9 24 465 

40 917.4 9.6 18 349 

50 587.2 7.7 14 679 

60 407.7 6.4 12 232 

70 299.6 5.5 10 485 

80 229.4 4.8 9 174 

90 181.2 4.3 8 155 

100 146.8 3.9 7 339 
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Floating Wind Turbine 

Design Assumptions: 

 offshore Wind turbine: Capacity P = 2 MW  

 ideal hydraulic storage plant (Cylinder) 

 energy storage: Storage Capacity E = 1 MWh 
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Possible Layout Design 
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R = 10 m 
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Possible Layout Design 
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R = 5 m 
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Possible Layout Design 
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Wind power 

Gravitational Force 

Center of buoyancy: 
Centroid of volume of 
immersed part 

Weight of stabilizing load 
+ 
Buoyant force due to 
type of anchorage 

Center of gravity: 
Righting 
moment 

Tilting torque 
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Floatation Stability 
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Floating Wind Turbine 

 Advantages 

 Standardized production 

No elaborate flotation devices 

 Simple maintenance and service 

 Significant storage capacity when placed in clusters 

 Location in the water is irrelevant (no limits to water depth)  
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Hywind – slender cylinder concept 

 

 

 

 Main facts about Hywind: 

 Siemens SWT 2.3 MW 

 Turbine weight: 138 tons 

 Draft: 100 m 

 Displacement: 5300 m³ 

 Diameter at water line: 6 m 

 Water depths: 120-700 m 

 one prototype is currently operating near Karmøy, Norway 

…example for a visionary 
Floating Wind Turbine - concept. 
However there is no storage device 
 integrated into the design! 
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Source: Statoil, „Hywind – The world’s first floating wind turbine”, Congress proceedings, Lisboa November 5th, 2009. 

 Åmøyfjorden, April 22nd, 2009 



Source: Statoil, „Hywind – The world’s first floating wind turbine”, Congress proceedings, Lisboa November 5th, 2009. 

 Upending of substructure on April 26th, 2009 



Source: Statoil, „Hywind – The world’s first floating wind turbine”, Congress proceedings, Lisboa  November 5th, 2009. 

 Official opening September 8th, 2009 
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office@buoyant-energy.com 
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 Thank you for your attention! 

BUOYANT ENERGY 
smart concepts for energy storage 
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