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University of Stuttgart

• Founded in 1829

• 23 000 Students , 5 000 Employees

• Focus on:
• Natural Sciences
• Engineering 

• Engineering:
• Mechanical
• Automotive
• Electrical
• Aerospace
• Aeronautical..



Baden-Württemberg Bavaria

Windenergie 
Forschungscluster 
Süddeutschland
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What is WindForS?



Tradition
Ulrich Hütter: pioneer work on wind turbine design and GRP (1950s)
F.X. Wortmann: airfoil design, LWT (IAG)
Test site Schnittlingen: UNIWEX (ICA)
Wind Energy (SWE, since 2004)

Current Research Fields • Testing and Measurement 
• Conceptual Design and System 

Simulation 
• Control, Optimization and Monitoring

• Aeroelasticity (IAG & SWE)

• Automated 
composite 
manufacturing 
techniques

• UAV • Aerodynamics and 
aeroacoustics with CFD

• Airfoil design, wind tunnel tests
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Wind Energy Research at University of Stuttgart

• Multibody Dynamics
• Particle simulation

• Control Theory
• System Theory
• Applications

IFB

ITMIST



Institute of Aircraft Design 
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Beginning of the 
Offshore Wind 
Energy: 
 
WE-10 Hütter Algaier 
Wind Turbine in 1958 
on an Oil Platform  

1/20/2016 



20.01.2016 Source: EWEA  

Universität Stuttgart, Stuttgarter Lehrstuhl für Windenergie am Institut für Flugzeugbau 
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Where will the installed wind energy capacity be in 2030     

Wind Energy as Seen by Policy Makers    

• Currently EU has 

ca.169 GW of 

installed capacity, 

153 GW onshore, 

16 GW offshore. 

• 15.6 GW were 

installed in 2017, 

12.5 GW onshore 

and 3.1 GW 

offshore 



20.01.2016 Source: EWEA  

Universität Stuttgart, Stuttgarter Lehrstuhl für Windenergie am Institut für Flugzeugbau 
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Is the central scenario of EWEA for offshore wind energy realistic?  

Development of Offshore Wind Energy   

• 2017 was a record 

year for Wind, 

Germany and U.K. 

accounts for 90% of 

the 3.1 GW new 

installed capacity 

• Political uncertainty 

in the biggest 

offshore wind 

energy market UK 

• Changes to the 

EEG (2012, 2014, 

2016) in Germany  

• Unknown technical 

risks 

 

DENMARK: Dong Energy is set to upgrade all 273 

turbine blades at its 5-year-old 209MW Horns Rev 2 

offshore project in the North Sea.(2015) 

Horns Rev reveals the real hazards of offshore wind 

1 October 2004  

Offshore grid congestion  
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Where are we today in term of the market    

Current State of Development   

• Currently the levelized cost of 

energy of offshore wind is still 

significantly higher than onshore 

wind  

• Significant cost reduction has been 

achieved. 100€/MWh is achievable 

before 2020 (Borssele 1 and 2 

€72.2 (700MW) and Kriegers Flak 

49.9€ (600MW), subsidy free in 

2024? 

• To sustain cost reduction a market 

size sufficiently large is necessary 

to achieve economy of scale, 

Supportive national policies crucial       

 

• Installed capacity currently at ca. 18 

GW that is less than 5% of the total 

installed capacity of wind energy  

• Geographically concentrated, U.K 

Germany, Denmark, Belgium, The 

Netherlands represents almost 90% 

of the installed capacity 

• Dominated by two suppliers, 

Siemens and Vestas-MHI 
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Where are we today in term of technology  

Current State of Development    

• Reliability has improved 

continuously but is still a issue for all 

the offshore wind turbines, blade 

erosions  

• Installation and logistics need to 

keep up with the turbine technology 

development, cost reduction 

potential still not exhausted  

• Significant cost reduction possible 

through innovation of service and 

maintenance        

 

• Direct drive versus gear concept 

(including medium speed concept)  

• 6-7 MW is the current size of the 

wind turbine.  

• 7-9 MW installation will accelerate in 

the next few years  

• 10+ MW machine is on the horizon  

• Scaling becomes an issue (very low 

RPM, high tower top mass) 

• Tower top mass can be a crucial 

factor for the foundation design and 

logistics         
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Where are we today in term of technology  

Current State of Development    

• Size of offshore wind turbine to 

approach 10 MW. MHI-Vestas,DTU, 

Sandia.   

• Rotor Size is still increasing but the 

tip speed will become an issue  

• Take out the reserve of the wind 

turbine through better use of the 

generator reserve (Power boost 9-

9.5 MW)   

• Alternative concepts still prototype 

stages (2 blade 2-B Energy, 

Downwind Hitachi)   
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The game on the tower top mass  

Comparison of Current Commercial Offshore Wind Turbines     

Turbine  Rotor Diameter (m) Rated Power  (MW) Tower Top Mass* (t)  

Siemens 154 7.0 360** 

Vestas-MHI  164 8.0 490 

Adwen 180 8.0 550 

Senvion 152 6.2 490 

GE 150 6.0 480 

Estimated mass  

Source: Siemens, Innowind 

Universität Stuttgart, Stuttgarter Lehrstuhl für Windenergie am Institut für Flugzeugbau                                                                  ** Unclear whether it includes rotor 

Siemens 



* Estimated weight per MW 

Source: MAKE Consulting  

University of Stuttgart, Stuttgart Wind Energy (SWE) @ Institute of Aircraft Design 
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Nacelle Weight per MW  

1/20/2016 

• SWT7.0* 
• SWT8.0* 
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Blade Mass versus Rotor Diameter 

1/20/2016 

LM88.4P 



20.01.2016 Source:Umass, Rechargenews, GE Renewables, Senvion  

Universität Stuttgart, Stuttgarter Lehrstuhl für Windenergie am Institut für Flugzeugbau 
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When offshore wind energy started  

History  

 

 

• Historical Design from Bill Heronemus of University of Massachusetts   

Vindeby 450KW (1991) 

 Arklow 3.6 MW (2003) 

 Beatrice 5 MW (2007) 

Milestones of offshore wind  



20.01.2016 Source : Abfad, Dong Energy, Trelleborg Offshore  

Universität Stuttgart, Stuttgarter Lehrstuhl für Windenergie am Institut für Flugzeugbau 
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What did we learn from the past   

History  

• Corrosion of steel structures 

• Manufacturing quality for offshore operating environment, generator, transformer, 

reliability of gearbox, blade damages 

• Monopile-TP grouting, damage of export cables, scour protection     



20.01.2016 Source : Durham University, Seacat Services 

Universität Stuttgart, Stuttgarter Lehrstuhl für Windenergie am Institut für Flugzeugbau 
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What did we learn from the past   

History  

• Reliability Availability Mantanability should be taken into account during design  

• Accessibility affects significantly the availability  

• Failure probabilities and downtimes are not necessarily correlated 

• Monitoring and making sense out of the data to drive preventive maintenance         



20.01.2016 Source : Dong Energy, EEW special pipes, RWE and CarbonTrust 

Universität Stuttgart, Stuttgarter Lehrstuhl für Windenergie am Institut für Flugzeugbau 
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What did the industry learn from the past   

History  

• Focus on cost reduction potential both on turbine, installation and BoP   

• Innovative foundation design (suction bucket jacket) and installation concepts 

(vibrohammering of piles) 

• Push the limit of the old design XXL monopile (large diameter) 

• Reduce offshore activities to a minimum     

 

• World largest monopile 

• 7.8 meter diameter 

• 84.5 meter length 

• 1300 tonnes 
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Where is the offshore wind energy heading to  

Future   

• Europe 

Offshore wind will provide a significant part of the electricity production. Europe will lead 

in term of installation and technology development driven by UK and Germany. Offshore 

will achieve cost competitiveness sooner than predicted if stable market size, favourable 

market  conditions and supportive policies     

• Asia 

Mainly driven by China, Japan and Taiwan. In China mainly driven by industrial policy to 

develop offshore wind energy supply chains. In Japan mainly driven by government policy 

to drive floating wind energy development. In Taiwan driven by government policy to 

increase the share of offshore wind energy     

• Americas 

Mainly driven by US, very competitive (wind) energy market, potential projects driven by 

east coast states renewable policy    



Source: Sandia National Laboratories, NREL, Hitachi   

University of Stuttgart, Stuttgart Wind Energy (SWE) @ Institute of Aircraft Design 
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New Concept- Down Wind + Fixed Foundation or Floating 

1/20/2016 

• 5.2 MW  

• 136 Meter  Rotor 

Diameter  

10 MW Conceptual Study  



Source: Groningerkrant, 2-B Energy 

University of Stuttgart, Stuttgart Wind Energy (SWE) @ Institute of Aircraft Design 
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New Concept- Down Wind + 2 Blades 

1/20/2016 

• 2-B Energy 6 

• 6 MW rated power  

• 140 meter rotor diameter 

• Down wind rotor  

• 3 stage gearbox 

• DFIG and partial power 

conversion  

• Intergarted jacket+ tower    



Source: Borg-DTU, NREL, INFLOW 

University of Stuttgart, Stuttgart Wind Energy (SWE) @ Institute of Aircraft Design 
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A Possible Comeback in Floating Offshore Wind? 

Vertical Axis versus Horizontal Axis  

1/20/2016 

• Complex dynamics 

and  Instability  

• Fluctuating 

aerodynamic thrust 

• Non standardized 

components 

• Emergency stops  

• Lower center of 

gravity  

• Easy access of 

machinery and 

electrical 

components 

• Simplified 

installation  

 
 



20.01.2016 Source: Vestas Wind System 

Universität Stuttgart, Stuttgarter Lehrstuhl für Windenergie am Institut für Flugzeugbau 
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Innovative concepts for offshore wind turbines?   

Future   

• Scaling rules will make it increasingly difficult to build 

a larger and larger rotors. The 8MW has rotor speed 

ranging from 4.8 rpm  to 12.1 rpm 

• Multi-rotor concept is not new, but is probably not the 

answer. Vibration and control issues are pre-

programmed. Wake induced vibrations already can 

be observed in current offshore wind turbines 

• Direct drive may win the race of larger offshore wind 

turbines through new generator concepts and new 

materials to keep the tower top weight down   

• Vertical axis wind turbine is unlikely to return for 

offshore wind energy 

• Modularity and exchangeability of components are 

keys to drive down the costs 

• Incremental innovation rather than disruptive 

innovation       



Source: Heiner Dörner  

University of Stuttgart, Stuttgart Wind Energy (SWE) @ Institute of Aircraft Design 
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Dynamics and Control is a Big Challenge  

Long History of Multi-Rotor Concepts  

1/20/2016 

Hermann Honnef 

• Due to asymmetry of the flow the loading on the 

rotors are not equal which cause load fluctuations on 

the structure 

• Control of the blade pitching can add additional 

dynamic excitation to the tower  

• Flow interference between the rotors      



20.01.2016 Source: Dong Energy 

Universität Stuttgart, Stuttgarter Lehrstuhl für Windenergie am Institut für Flugzeugbau 
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How will the offshore wind energy technology develop  

Future   

People who don‘t understand history 

and learn from the history are 

doomed to make the same mistake    

 

• Incremental innovation in wind 

turbine technology, size will 

continue to increas (uprating)  

• Focus shifts from wind turbine to 

wind farm control, increase power 

output (active wake control), 

optimize power output and life time    

• Grid Integration and energy 

storage- Power to X  



Source: Innwind 

University of Stuttgart, Stuttgart Wind Energy (SWE) @ Institute of Aircraft Design 
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Load Reduction and Optimization  

Future: Passive versus Active Blade   

1/20/2016 

• Load reduction through active blade 

control – flaps, shapes 

• Potential reliability Issues with active 

elements 

• Increase performance through better 

control of the local aerodynamics  

• Reduce noise  

 

 

 

 

• Passive control  

• Bend-twist coupling 

• Aeroelastic tailoring  

• Passive control elements integrated in 

the blade  

   



Source: Innwind 

University of Stuttgart, Stuttgart Wind Energy (SWE) @ Institute of Aircraft Design 
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Further Reduction of the Tower Top Mass and Turbine Size Increase  

Future: New Generator Concept  

1/20/2016 

In order to increase the 

turbine size beyond 10 

MW, light weight generator 

concept with high torque 

density will be needed. 

 

Very large offshore wind 

turbine will be most likey 

direct drive due to the very 

large torque and low RPM 

which will result in very 

large gearbox  

 



Source: NREL 

University of Stuttgart, Stuttgart Wind Energy (SWE) @ Institute of Aircraft Design 
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Load Reduction and Power Performance Increase 

Future Lidar for Wind Turbine Control  

1/20/2016 



Source: NREL, TUM 

University of Stuttgart, Stuttgart Wind Energy (SWE) @ Institute of Aircraft Design 
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Increase Power Output of the Wind Farm through Wake Steering  

Wind Farm Control  

1/20/2016 

• It is possible to increase the power output of the wind 

farm by steering the wake so that it will not affect the 

subsequent wind turbine. Lidar feedback can be used 

to improve the control in order to make sure that the 

wake is not affecting the wind turbines negatively by 

increasing the loads 
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Concept Convergence and Incremental Improvement  

Offshore Foundation Types 

1/20/2016 

Increasing water depth 

Gravity 

Based 

Structure, 

GBS 

Suction  

Bucket 

Monopile 

 

(lateral 

loaded) 

 

Tripod Jacket Floating Concepte 

 
(tension leg platform,   

spar buoy, semi-sub ?) 
(axial & lateral 

loaded) 

economically interesting 

Suction piles for jacket 

? 



Source: EEW  

University of Stuttgart, Stuttgart Wind Energy (SWE) @ Institute of Aircraft Design 
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Veja Mate originally planned with jacket  

Water depth 40 meters - 6MW wind turbine 

Pile length 84.5 meters - Diameter 7.8 meters 

 

Monopile Moving into Jacket Territory 

1/20/2016 
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Simplification of the transition piece, load transfer from the tubular tower to the jacket 

structure, simplification of the installation procedure (suction bucket) 

 
Jacket Structure Development  



Suction Bucket Foundation 
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Source: Innwind, 

Universal Foundations   

• Use of coil steel instead of steel plate to save 

cost 



20.01.2016 Source: Henrik Stiesdal, Gicon, Statoil, Principle Power, Ideol 

Universität Stuttgart, Stuttgarter Lehrstuhl für Windenergie am Institut für Flugzeugbau 
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Fixed foundations suitable only for limited parts of the sea, North Sea, less than 50 meters 

water depth. Floating structures scale more favorably for larger wind turbines (10 MW+)      

Floating Wind Energy  

• Competition of 

concepts-> survival of 

the fittest->cost 

reduction through 

economy of scale 

• Floating wind is a 

complementary 

technology that 

increase the market 

size for offshore wind 

energy  



Introduction 
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 Technical feasibility of FOWT has been 

demonstrated  

 Reaching economical viability is the 

current main goal for FOWT design 

 FOWT Design Process relies on efficient 

application of 

 Numerical simulations 

 Model testing 

Statoil.com 

Hempel.com 

Fukushima-forward.jp 

≈15 €ct/kWh 



Classification of Floating Wind Turbines 
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Classification Floating Wind Turbines 

Method of achieving stability: 

i. Hydrostatic forces 

ii. Ballast (mass) 

iii. Tensioned moorings 

35 

Spar 

Semi-Sub 

(Floating Jacket) Tensioned 

Leg 

Platform 

(TLP) 

typically will be a combination of 

these factors, with one dominant 

[F
ig

u
re

s
: 
G

L
 G

a
rr

a
d
 H

a
s
s
a
n
] 

Dynamic cable 

Mooring 

lines 
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2 MW Wind Turbine Modified. Control of floating wind turbines to reduce tower 

top motions (can have effecs on subcomponents, gearbox  and electronic etc.)  

components  

IDEOL – Concrete Floater Making Progress   

• Different loading 

on the tower  

• Effect of the 

motion on the 

fluctuation of the 

power production  

• Wake effect within 

a wind farm  

• Yaw motion of the 

floating structure 

less damped, e.g. 

spar type structure. 

• Wind turbine 

design will remain 

the same than 

fixed offshore wind 
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5 x 6 MW wind Turbine on Spar, the main challenge is the installation procedure, the 

control of the wind turbine and the cost reduction of the spar structure (steel->concrete?)    

Moving from Floating Wind Turbine to Floating Wind Farm  

Installation (Photo: Odd Henning Gilje/NSG) 

Mooring chains. (Photo: Eva Sleire) 
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5 x 6 MW wind Turbine on Spar (Installation and Transportation)  

Moving from Floating Wind Turbine to Floating Wind Farm  

Installation Credit: Ørjan Richardsen / Woldcam/Statoil. 

Transportation Credit Siemens  

 



• Yes, in term of LCOE, installed capacity and contribution to the electricity production in Europe. In term 

of geographical locations, the center of offshore wind energy will still be Northern and Western Europe 

and Europe will lead the technology development. 

• Not so much for Americas, the onshore wind farm in the Americas are very competitive with capacity 

factors over 40%. For projects located to large and densely populated urban areas with high electricity 

prices and the right governmental policy  

• Offshore wind has the potential to contribute significantly to the electricity production in some countries 

in Asia, disparity of policies and support schemes as well as high cost will slow down the development 

• Cost reduction potential for fixed offshore wind in the installation technique and new BoP design, 

including foundations concepts and electrical infrastructure for the transmission etc. O&M cost for 

offshore wind turbines remain relatively high.  

• Floating offshore wind offers new opportunities for areas with deeper water and high population 

densities. Challenges remain in the floating structure design, dynamic cables, mooring system and 

control of floating wind turbines. Mass production is crucial for the cost reduction, however, there is no 

dominating concept at this stage           
University of Stuttgart, Stuttgart Wind Energy (SWE) @ Institute of Aircraft Design 39 

Here my personal opinion 

Offshore Wind Energy, the New Conventional Energy ? 

1/20/2016 



e-mail  

phone  +49 (0) 711 685- 

fax  +49 (0) 711 685- 

University of Stuttgart 

Thank you! 

Po Wen Cheng 

68258 

Cheng@ifb.uni-stuttgart.de 


