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Disclaimer: 

Please note that these proceedings may only be redistributed to persons in countries participating in 
the IEA Wind TCP Task 11. 

The reason is that the participating countries are paying for this work and are expecting that the 
results of their efforts stay within this group of countries. 

The documentation can be distributed to the following countries: Denmark, Republic of China, 
Finland, Germany, Ireland, Italy, Japan, Mexico, the Netherlands, Norway, Spain, Sweden, 
Switzerland, United Kingdom and the United States. 

After one year the proceedings can be distributed to all countries, that is May 2018 

Copies of this document can be obtained from:   
PLANAIR SA 
Rue Galilée 6, 1400 Yverdon-les-Bains Switzerland 
Phone: +41 (0)24 566 52 00 
E-mail: ieawindtask11@planair.ch 

For more information about the IEA Wind TCP see www.ieawind.org

http://www.ieawind.org/
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International Energy Agency 

Implement Agreement for Co-operation in the 

Research, Development and Deployment of Wind 

Turbine Systems (IEA Wind) 

The IEA international collaboration on energy technology and RD&D is organized under the 

legal structure of Implementing Agreements, in which Governments, or their delegated agents, 

participate as Contracting Parties and undertake Tasks identified in specific Annexes. 

The IEA’s Wind Implementing Agreement began in 1977, and is now called the 

Implementing Agreement for Co-operation in the Research, Development, and Deployment of 

Wind Energy Systems (IEA Wind). At present, 26 contracting parties from 22 countries, the 

European Commission, and Wind Europe, participate in IEA Wind. Austria, Belgium, Canada, 

Denmark, the European Commission, EWEA, France, Finland, Germany, Greece, Ireland, 

Italy (two contracting parties), Japan, Republic of China, Republic of Korea, Mexico, 

Netherlands, Norway (two contracting parties), Portugal, Spain, Sweden, Switzerland, United 

Kingdom and the United States are now members. 

The development and maturing of wind energy technology over the past 30 years has been 

facilitated through vigorous national programs of research, development, demonstration, and 

financial incentives. In this process, IEA Wind has played a role by providing a flexible 

framework for cost-effective joint research projects and information exchange. 

The mission of the IEA Wind Agreement continues to be to encourage and support the 

technological development and global deployment of wind energy technology. To do this, the 

contracting parties exchange information on their continuing and planned activities and 

participate in IEA Wind Tasks regarding cooperative research, development, and 

demonstration of wind systems. 

Task 11 of the IEA Wind Agreement, Base Technology Information Exchange, has the 

objective to promote and disseminate knowledge through cooperative activities and 

information exchange on R&D topics of common interest to the Task members. These 

cooperative activities have been part of the Wind Implementing Agreement since 1978. 

Task 11 is an important instrument of IEA Wind. It can react flexibly on new technical and 

scientific developments and information needs. It brings the latest knowledge to wind energy 

players in the member countries and collects information and recommendations for the work 

of the IEA Wind Agreement. Task 11 is also an important catalyst for starting new tasks within 

IEA Wind.  
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IEA Wind TASK 11: BASE TECHNOLOGY INFORMATION EXCHANGE 

 
The objective of this Task is to promote disseminating knowledge through cooperative 

activities and information exchange on R&D topics of common interest. Four meetings on 

different topics are arranged every year, gathering active researchers and experts. These 

cooperative activities have been part of the Agreement since 1978. 

 

 

 

 

 

Carballeira Wind Farm - Spain 

Two Subtasks 
The task includes two subtasks. 

The objective of the first subtask is to 

develop recommended practices (RP). In 

2013 were edited RPs on “Social 

Acceptance of Wind Energy Projects”, 

“Wind Integration Studies” and. “Ground- 

Based Vertically Profiling Remote Sensing 

for Wind Resource Assessment”. 

The objective of the second subtask is to 

conduct topical expert meetings in research 

areas identified by the IEA R&D Wind 

Executive Committee. The Executive 

Committee designates topics in research 

areas of current interest, which requires an 

exchange of information. So far, Topical 

Expert Meetings are arranged four times a 

year. 

Documentation 

Since these activities were initiated in 1978, 

more than 70 volumes of proceedings have 

been published. In the series of 

Recommended Practices 16 documents were 

published and five of these have revised 

editions. 

All documents produced under Task 11 and 

published by the Operating Agent are 

available to citizens of member countries 

participating in this Task. 

Operating Agent 

Planair SA 

Rue Galilée 6   

1400 Yverdon-les-Bains 

Switzerland 

Phone: +34 948 25 28 00  

E-mail: ieawindtask11@planair.ch 
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COUNTRIES PRESENTLY PARTICIPATING IN THE TASK 11 

COUNTRY INSTITUTION 

Denmark Danish Technical University (DTU) - Riso National Laboratory 

Finland Technical Research Centre of Finland - VTT Energy 

Germany Bundesministerium fur Umwelt, Naturschutz und Reaktorsicherheit -BMU 

Ireland Sustainable Energy Ireland - SEI 

Italy Ricerca sul sistema energetico, (RSE S.p.A.) 

Japan National Institute of Advanced Industrial Science and Technology AIST 

Mexico Instituto de Investigaciones Electricas - IEE 

Netherlands Rijksdient voor Ondernemend Nederland (RVO) 

Norway The Norwegian Water Resources and Energy Directorate - NVE 

Republic of China Chinese Wind Energy Association (CWEA) 

Spain Centro de Investigaciones Energeticas, Medioambientales y Tecnologicas CIEMAT 

Sweden Energimyndigheten - Swedish Energy Agency 

Switzerland Swiss Federal Office of Energy - SFOE 

United Kingdom CATAPULT Offshore Renewable Energy 

United States The U.S Department of Energy -DOE 
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 INTRODUCTORY NOTE  

(by Helge Aagaard Madsen and Athanasios Barlas) 

 

Background  
 
In the past, two TEM´s on the same topic have been held; in 2006 at Delft University with about 30 
participants and in 2008 at Sandia Laboratories with 22 participants. Since 2008 there has been a considerable 
research activity within the field like the Smartblades project1 in Germany led by DLR (2013-2016) and the 
INDUFLAP projects2 (2011-2018) in Denmark coordinated by DTU Wind Energy.  
By “smart structures” or “SMART blade “ is meant a wide range of different technologies but with the overall 
aim to provide a distributed control of the aerodynamic loads along the blade span with the objective to 
reduce fatigue and ultimate loads and increase the power production of the rotor.  
With the continuing upscaling of turbines the SMART blade technology is becoming even more attractive as 
the time varying loads along the blade span cannot be controlled efficiently by the present technology using 
the pitch as this gives the same control along the blade span. Upscaling has also had the impact that the pitch 
bearing design has become even more challenging caused by the huge blade root bending moments.  
Due to this continuing research on the SMART blade technology and because the development has reached a 
stage that is close to the first industrial prototype testing it is an appropriate time for a new TEM on the topic.  

 
1 http://www.smartblades.info/News.html   
2 http://www.induflap.dk/    
 
Objective of the meeting  
The objective is to provide an overview and status of research and development activities on the SMART blade 
technology and discuss where new research initiatives are needed.  
 
The research areas of the SMART blade technology  
The SMART blade technology is highly interdisciplinary and comprises several disciplines:  
 
Aerodynamics and design tools  
• The principles of changing the lift and drag of an airfoil with control elements: TE flaps, microtabs, boundary 
layer suction or blowing or other means of modifying the camber or pitch of the airfoil  
• Modelling aspects: How to incorporate the above aerodynamic options in our aerodynamic and aeroelastic 
models?  

http://www.smartblades.info/News.html
http://www.induflap.dk/
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Actuation technology  
• Wind turbine blades are huge and existing actuation technology used on airplanes and helicopters cannot 
just be transferred to wind turbine blades so robust actuation solutions for wind turbine blades of 100m span 
or more are required  
• Morphing structure technology  
 
Control  
• Control algorithms adopted from the pitch control can be adopted for e.g. flap control but in order to utilize 
the option for distributed control along the blade span new control schemes targeted for this is needed  
• Transition from advanced controllers to industrial application  
• System identification and model based control  
 
Sensors  
• The distributed control that is possible the SMART blade technology requires that more detailed information 
than what normally is used for pitch control. Information about the detailed inflow to the rotor is one option 
but also detailed information about blade position and movements from e.g. accelerometers or GPS can be 
used for such controls  
 
Integrated aerodynamic and structural blade design  
• The distributed control option should be taken into account from the start of the blade design and requires 
an integrated aerodynamic and structural design optimization tool  
• Passive systems (e.g. twist flap coupling) or combined active and passive systems are important and can be 
achieved indifferent ways by e.g. suitable fiber orientation in the blades or by blade sweep  
• Aeroelastic simulations of wind turbines with smart blade features close to the industrial certification  
• Cost modelling and estimation for SMART blade technology  
 
Expected outcome  
• Provide an overview SMART blade research activities  
• Indication of the interest for a new IEA Annex on the SMART blade technology  
 
 
Time and place of meeting  
Thursday 27th and Friday 28th of April 2017 at DTU Wind Energy at Campus Risoe, Roskilde, Denmark. 
 

 AGENDA 

Thursday, Apr. 27th, 2017 

 
09:00 Registration and coffee  
10:00 Welcome by host DTU – Helge Aa. Madsen (DTU) 
10:10 Introduction of IEA Task 11 by Vice Chair of IEA Wind – Stephan Barth (ForWind) 
 and by Operating Agent of IEA Task 11 - Davy Marcel (PLANAIR) 
10:25 Recognition of participants 
10:45 Introduction to the meeting topic - Helge Aa. Madsen (DTU) 
 
10:55:11:10 Coffee break 
 
Session 1 
 
11:10 SMART BLADE GmbH & HFI TU Berlin: 10 years of wind turbine smart rotor R&D overview – George 
Pechlivanoglou (Smart Blade) 
 
11:30 Passive/active load alleviation – Flemming Rasmussen (DTU) 
11:50 Advances in smart blades - Morphing flap design and aeroservoelastic simulations – Thanasis Barlas 
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(DTU) 
 
12:15-13:15 Lunch break 
 
 
Session 2 
 
13:15 Smart but simple: load alleviation by passive technologies – Pietro Bortolotti (Technische Universität 
München) 
13:35 Focus on blades with active trailing edges – Johannes Riemenschneider (DLR) 
13:55 Experiences with passive and active controls in Aerospace, Automotive and wind field – Giuseppe 
Calise (Unina) 
14:15 Sandia Smart Rotor project summary – Jonathan Berg (Sandia) 
14:35 Prototype casting of flexible rubber trailing edge – Tom Andersen (DTU) 
 
15:00-15:20 Coffee break 
 
15:20 The rotating test rig and examples of measurement results  – Anders Olsen (DTU) 
15:40 Development of blade response measurements – Marcel Poodt (ECN) 
16:00 Focus on blades with adaptive leading edges – Michael Hölling (ForWind) 
16:20 Focus on passive technologies – Elia Daniele (Fraunhofer IWES) 
16:40 Discussion - Round up 
 
17:00 End of day 1 
 
19:00 Dinner at Restaurant Snekken in Roskilde 

Friday, Apr. 28th, 2017 

 
09:00 Introduction by host – summary of day 1 
 
Session 3 
 
09:10 HAWC2 Near Wake modelling of flaps – Georg Pirrung (DTU) 
09:30 Blade optimization/design of blades with flaps – Michael McWilliam (DTU) 
9:50 Rotor design at Suzlon – Leonardo Bergami (Suzlon) 
10:10 Smart Rotor Research using DBD plasma as flow control actuators: An overview of TUDelft’s activities 
– Ricardo Pereira (TUDelft) 
 
10:30 – 11:00 Group photo and Coffee break  
 
11:00 Active trailing edge flaps in turbine design – a mature technology? - Peder Enevoldsen (Siemens Wind 
Power) 
11:20 Integrated Design Optimization of Wind Turbines: Challenges, Methods, Applications - Carlo Botasso 
(Technical University of Munich) 
11:40  The Poul la Cour Tunnnel – The Danish Aerodynamic and Acoustic Wind Tunnel - Anders S. Olsen 
(DTU) 
 
12:00-13:00 Lunch break 
 
13:00-13:30 Discussion and conclusions 
13:30-13:45 Interest for new IEA Annex on SMART blade?  – Davy Marcel (PLANAIR) 
 
14:00  Closure of meeting 
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 SUMMARY 

In brevity, the following topics were presented and discussed. 

Helge Aagaard Madsen, Technical University of Denmark, “Welcome.”: 

Why 9 years after the TEM about smart blades topic? The industry was not ready to take the 

risks by this time. The technology hugely developed since then, especially in terms of size. 

Could we setup regular meetings concerning this topic?  

 

Davy Marcel, IEA Wind (Planair), “IEA Task 11 presentation”:  

As consultant, we obtained the mandate of task 11 Operating Agent recently. Task 11 is 

special transverse task (potentially concerning any special technical area within power). 

Among our activities, we are co-organizing events such as this TEM. The higher goal of 

TEM is the emulation of international technical resources in order for further development of 

IEA wind (creation of new tasks etc.). 

 

George Pechlivanoglou, Smart Blade GmbH, “10 Years Smart Blade Research & 

Development”:  

 Lots of knowledge in old car industry (knowledge partially lost with electronics).  

 Major limitation today: no guarantees for blades equipped with actuators.  

 Topics recommended to consider for new task: Actuator and wind farm control. 

 

Comment from Envision: there are two markets: Extreme loads Vs fatigue loads. 

 

Flemming Rasmussen, Technical University of Denmark, “Perspectives in aeroelastic 

tailoring of blades”: 

 With years, more design parameters appeared.  

 Increasing length = increasing pre-bending 

 Big challenges related to derating (e.g. a 50% derating leads to stability issues) 

 

 

Thanasis K.Barlas, Technical University of Denmark, “Advances in smart blades”: 

Looking back, several challenges raised 10 years ago have been managed. Everybody 

profited of industrial practices (robustness improved). 

 

Carlo L.Botasso, Technical University Munich, “Smart but Simple: Load Mitigation by 

Passive Technologies”: 

No notes 

 

Johannes Riemenschneider, DLR, “Progress on Blades with Active Trailing Edges”: 

What should be our research drivers? What can we sell to the industry (lifetime, fatigue, tip 

deflection etc.)? Siemens answer: Bigger rotors! 

 

Giuseppe Calise, Unina, “Experiences with passive and active controls in Aerospace, 
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Automative and wind field”: 

 consortium Seapower has a more than 20 years of experience in the field of applied 

research in renewable energies (wind, tidal and wave) and in the wind field, Seapower 

experience is mainly related to small/medium wind turbine (up to 60kW). Activities 

in design: loads prediction according to IEC 61400-1 requirements, manufacturing, 

installation  and field testing.  

 During the last 25 years, different wind turbine design approaches have been 

employed: upwind, downwind, stall and pitch controlled, furling, fixed and variable 

speed.  

 experience in using active and passive flow control (unsteady blowing and synthetic 

jets) for streamlined and bluff bodies employing both numerical and experimental 

techniques. 

  UniNa Smart Structure Laboratory (SSL), belonging to the same University, has 

developed several aircraft morphing structures within several European projects, 

achieving NASA technology readiness level equal to 6. 

 

Jonathan Berg, Sandia National Laboratories, “Smart Rotor Project Summary”: 

Around 15 people are working on wind, over nearly 10’000employees in Sandia, 

Opinion: Blades tip defection is a design driver, rather than fatigue. 

 

Tom Løgstrup Andersen, Technical University of Denmark, “Prototype casting of flexible 

rubber trailing”: 

Today we see more a mix between glass and carbon fiber in the blades (e.g. the LM world 

longest blade). 

 

Helge Aagaard Madsen, “The Rotating Test Rig and Examples of Measurement Results”: 

Turbulence leads to various angle of attacks along the blade, so we use active slats for 

manipulating the angle of attack. 

 

Marcel Poodt, ECN, “Development of blades response measurements”: 

No notes 

 

Michael Hölling, Forwind, “Progress on Blades with Adaptive Leading Edges”: 

Turbulence leads to various angle of attacks along the blade, so we use active slats for 

manipulating the angle of attack. 

 

Georg Pirrung, Technical University of Denmark, “HACW2 near wake modeling and 

application on rotors with flaps”: 

No notes 

 

Michael Mc William, Technical University of Denmark, “Blade optimization/design of 

blades with flaps”: 

 Presented investigations of rotor design optimization with smart-blade technology. 

 Demonstrated that smart blade technology can improve AEP without increasing loads 

 Discussed how sensitivity analysis could help guide the development of smart blade 
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technology 

 

Elia Daniele, IWES Fraunhofer, “Progress on Passive Blade Technologies”: 

 Reduction of fatigue loads on the IWT-7.5-164 reference turbine more effective via 

geometrical bend twist coupling w.r.t. the structural one. 

 Multivariable individual pitch control leads to effective reduction in terms of damage 

equivalent loads and duty actuator cycle. 

 Multiscale testing at coupon level needs ad hoc design of grips for off-axis specimen. 

 Direct roving placement would be soon tested for a blade segment production. 

 

Leonardo Bergami, Suzlon, “Rotor Design in Suzlon”: 

 Suzlon owns its own WTGs builts in blades, etc (vertical integrated) 

 Within industry, it is not enough reducing the blades loads – you also need to translate 

it to a cost reduction 

 To convince industry, solutions have to be simple and proven 

 

Ricardo Pereira, TU Delft, “Smart Rotor Research using DBD Plasma as Flow Control 

Actuators: an Overview of TUDelft’s Efforts”: 

 IBL method is quick  

 Plasma is not problematic in relation with lightnings 

 

Peder Enevoldsen, Siemens, “Active trailing edge flaps in turbine design – a mature 

technology?”: 

No notes 

 

 

Carlo L.Botasso, Technical University of Munich, “Integrated Design Optimization of Wind 

Turbines: Challenges, methods, applications”: 

 Cost model difficult & case per case but mandatory for final result 

 Main take away: increasing rotor size to decrease costs 

 Various laminates materials tests ongoing (we have a relative freedom) 

 The task 37 10MW WTG will be very similar to the DTU 10-MW WTG (the wtg 

reference data are public) 

 

Conclusions:  

 powerful tools, but we have to be careful how to use them 

 A continuous sweep would not be fully realistic 

 Tests various combination of tower heights with rotor sizes 

 

 

Tom Logstrup, Technical University of Denmark, “The Poul la Cour Tunnel – The Danish 

Aerodynamic and Acoustic Wind Tunnel”: 
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 Brand new wind tunnel, inspired by state of the art wind tunnel (e.g. car industry), 

opening this year 

 Open for services to any actor (e.g. manufacturers) 

 

Final discussion and synthesis (led by Thanasis K.Barlas): 

 

 There are still some open discussion about concept of actuator (we still need concrete 

comparisons) 

 Simulation tools: how do we sell our services to companies? 

 Consider a double research track : a fast track and a detailed track  

 Consider assessing new technologies in failure situations?  

 What the new task would focus on? It could be (1) all systems engineering items (not 

covered by task 37) (2) development of a universal tool, or about (3) testing the blade 

behaviour without bearings, or (4) design and behaviour of flaps (5) a combination of 

benchmarking and certification to support the industry (6) creation of a common 

platform in order to compare various concepts  (further discussions needed to define the 

task perimeter) 

 There has been many tests everywhere in the world but no common agreement about 

where we should start first (priorities definition, structured plan). 

 

Take aways: 

 We agree that Denmark, Germany, and Netherlands would be the three country 

involving resources for a new task project (Denmark/DTU would lead) (remark: 

Jonathan checks USA position). 

 The interest for creating a new task shall be mentionned in the next Eco meeting and 

the request (similar to a business case) shall be prepared prior the second 2017 Exco 

meeting (expected november 2017). 

 

 

Remarks: 

 We need to do some EU lobbying as we tried to include smart blades subject in the call 

for 2020, but Bruxelles basically replies « mature technology so no need for support » 

(Stephan Barth input) 

 Ignacio Marti is now head of structure and WTG design in DTU 
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