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Annual report 2004

Frede Blaabjerg, AAU-IET

Jens Nørkær Sørensen, DTU-MEK

Goals of the Danish Academy of Wind Energy (DAWE)

The overall goal of the PhD graduate school is to strengthen the research in wind energy in order to maintain and further develop the leading position of Danish Industry in this area. This is accomplished by attracting the best students and internationally recognized guest researchers to participate in research projects within the field of Wind Energy. For the moment about 30 PhD students plus a number of MSc students are involved in the PhD graduate school and the school is a hub in a network among all students in the Wind Energy area in Denmark. Finally, it also maximizes the synergy and collaboration in research between the collaborating partners. 

The PhD graduate school is highly interdisciplinary and covers research themes within all aspects of wind energy conversion, including aero-elasticity, aero-dynamics, control and monitoring, meteorology and siting, power electronics, grid connection, power systems, energy planning and socio-economic aspects. The graduate school offers continuously state-of-the-art courses in the field; supports post docs and guest professors, supports co-funded PhD scholarships with industry and arrange 1-2 summer schools every year.

DAWE was established in 2002

Organisation in DAWE
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The Danish Academy of Wind Energy is a strategic important part of the Danish Research Consortium of Wind Energy which is realized through a collaboration agreement between Risø, Technical University of Denmark, Aalborg University and the Danish Hydraulic Institute (DHI). Fig. 1 shows the organization of DRC.

Fig. 1. Structure of the Danish Research Consortium in Wind Energy. 

The area marked grey has a minor coordination in the consortium.

Each activity has its own leader with representation from all relevant institutions. The research consortium is acting through an annual planning with goals and activity plan. Two times every year the Steering Committee has meetings to follow up on the plans and solve potential problems. The Steering Committee has representatives from the four involved institutions, wind turbines industry, utilities, consulting companies. The activity in DAWE reports back to the Steering Committee. DAWE is an essential part of the education-leg in DRC and it has a board consisting of:

Professor Frede Blaabjerg, Aalborg University, IET


Professor Jens Nørkjær Sørensen, DTU-MEK


Adj. Professor Søren E. Larsen, Risø-VEA

Quarterly meetings are held every year. Focus is both on the research education and on the education on Master level in order to strengthen the wind turbine education in general.

Activities 2004

As a part of the Danish Research Consortium of Wind Energy DAWE is preparing a document in the annual plan. Following plans for 2004 were listed:

	Goal: 

To ensure a dynamic and international research education at highest level in Wind Energy



	Part goals:
· Recruitment of researchers/Ph.D.’s (1/3-1/3-1/3 funding)

· Continue networking of Ph.D. students  

· Recruit the best student (national/international)

· Attract international specialists
· Organize summer schools, Ph.D. courses and symposia


	Milestones 2005:

· PhD-course: ” Wind Turbine Aerodynamics and Aeroacoustics” (DTU, Risø), 2004 (5 ECTS)

· PhD-course: “Electrical Aspects of Wind Turbine Systems” (AAU), June 1-4, 2004 (4 ECTS)
· Ph.D. Course ”Short term prediction in Wind Energy” (Risø, DTU)
· Ph.D. Course ” Analysis and Design Optimization of Laminated Composite Structures”, May 18-19, June 9-10, 2004 (AAU)
· Ph.D. Course “Energy Planning” in September/October 2004 (AAU-Risø)
· Poster-session at DANWEA in October to all Ph.D. students in DAWE, October/November 2004
· Attract two or three specialists in the field of Wind Energy
· Initiate new Ph.D. projects



The issues marked by bold are fulfilled in 2004. More specific details later in the report. The most important part of the research school is the Ph.D. activities and in 2004 35 Ph.D. students were enrolled. The table below shows the names, title, supervisors and time-period. It can be seen most projects are done in close collaboration between the partners and industry.

Ph.D. education 

	Name
	Title
	Supervisors and institution
	Study period

	Clemens Jauch
	Stability and Control of Wind Farms in Power Systems
	Birgitte Bak-Jensen,  AAU

Poul E. Sørensen,  Risø

Risø
	2003-2006

	Lise Marie Frohn
	Model Performance Optimisation for Ultra-High Resolution, Inhomogeneous Conditions
	Peter Ditlevsen, KU

Jørgen Brandt, NERI

Torben Mikkelsen, Risø

Risø
	Finalized 2004

	Pedro Rosas
	Power Quality and Stability Issues of Integration of Large Wind Farms
	Arne Hejde Nielsen, DTU

Everaldo Feitosa, UFP, 

Poul Sørensen, Risø

Henrik Binder, Risø

Risø
	Finalized 2004

	Jean-Francois Corbett
	Modelling of Wind Flow Over Complex Terrain
	Lars Landberg, Risø

Aksel Wallø Hansen, KU

Risø
	2002-2005

	Ebba Dellwik
	Development of a Microscale SVAT-model Over a Closed Beech Forest Canopy
	Niels Otto Jensen, Risø

Karsten Høgh Jensen, DTU

Risø
	Finalized 2004

	Find Mølholt Jensen
	Ultimate Strength of a Large Blade Design
	Henrik Stang, DTU

Jakob Wedel-Heinen, DNV

Kim Branner, Risø

Risø
	2003-2006

	Merete Bruun Christiansen
	Satellite Sensing of Off-shore Wind
	Inge Sandholt, KU

Henning Skriver, DTU

Charlotte Bay Hasager, Risø 

Risø
	2003-2006

	Alfred Joensen
	Short-Term Wind Power Prediction
	H. Madsen, DTU

L. Landberg, Risø

Risø
	Finalized 2004

	Andreas Hansen
	Flow over Complex Terrain
	Niels N. Sørensen, Risø

Jens N. Sørensen, DTU
	2003-2006

	Menghau Zhao
	Optimisation of the Electrical System for Off-shore Wind Farms by A Genetic Algorithm Approach
	Zhe Chen (AAU)

Frede Blaabjerg (AAU)

Aalborg University
	2003-2006

	Sigrid Bolik
	Avanced Modelling and Control of Variable Speed Wind Turbines with Induction Machines
	Torben Werge Møller, Vestas

Frede Blaabjerg, AAU

Poul Sørensen, Risø

Aalborg University
	2001-2005

	Jacob Berg Jørgensen
	Particle Tracking studies of Turbulence and wing motion
	Peter Ditlevsen, KU

Jakob Mann, Risø
	2003-2006

	Lennart Kühlmeier
	Hybrid CFRP/GFRP Main Spars for Wind Turbine Rotor Blades: Analysis, Design and Experimental Validation
	Ole Thybo Thomsen, AAU

Erik Lund, AAU

Kaj Morbach Halling, VESTAS

Aalborg University
	2002-2005

	Michael S. Koefoed
	Modeling and Simulation of the VARTM Process for Wind Turbine Blades
	Erik Lund, AAU

Lars Lilleheden, LM Glasfiber A/S

Aalborg University
	Finalized 2004

	Jan Stegmann
	Analysis and Optimization of Composite Shell Structures
	Erik Lund, AAU

Aalborg University
	Finalized 2004

	Anders Lyckegaard
	Analysis, Design and Optimisation of Sandwich Panels with Discontinuities
	Ole Thybo Thomsen, AAU

Aalborg University


	Finalized 2004

	Lars Terndrup Overgaard
	Structural Instability Phenomena in Wind Turbine Blades
	Erik Lund, AAU

Ole Thybo Thomsen, AAU
	2004-2007

	Daniel K. Jensen
	Multidisciplinary Analysis and Optimization of Composite structures Taking Manufacturing into Account
	Niels Olhoff, AAU

Ole Thybo Thomsen, AAU
	2003-2006

	Poul Valsgaard
	Terminating Plies in Composite and Sandwich Laminates: Analysis, Failure Prediction and Design
	Ole Thybo Thomsen, AAU

Aalborg University
	

	Jesper Winther Larsen
	Aeroelastic Stability of Wind Turbines
	Søren R.K. Nielsen, AAU

Aalborg University
	

	Morten Liingaard
	Bucket foundation of offshore wind turbines
	Lars Bo Ibsen, AAU

Aalborg University
	

	Kim André Larsen
	
	
	

	Nicolai Heilskov
	Aeroacoustic Noise Modelling of Noise Emission from Wind Turbines
	Jens Nørkær Sørensen, DTU

Wen Zhong Shen, DTU

Finn Jacobsen, DTU
	2003-2006

	Giovanni Fatigati
	Laminar-turbulent Transition
	Jess A. Michelsen, DTU

Jens N. Sørensen, DTU

Niels Sørensen, Risø
	Stopped

	Mads Reck
	Investigation of Vortex Generators and Oscillating Airfoils
	Martin O.L. Hansen, DTU

Jens N. Sørensen, DTU

Jess A. Michelsen, DTU
	2001-2004

	Søren Hjort
	Incompressible Boundary Layer Stability and Transition
	Jens Nørkær Sørensen, DTU
	Finalized 2004

	Frederik Zahle
	Investigation of Rotor/tower interaction using CFD modelling
	Jeppe Johansen, Risø

Mike Graham, Imperial College
	2003-2006

	Flemming Buus
	Segmented Motor Drives
	Frede Blaabjerg, AAU

Peter Omand Rasmussen, AAU

Vestas Wind Systems, Grundfos
	2002-2005

	Lise Frohn
	A study of long-term high-resolution air-pollution modelling
	Torben Mikkelsen, Risø

Jøreg Brandt, DMU

Peter Ditlevsen, KU-NBI
	

	Brian Riget Broe
	Aerodynamic Noise from Wind Turbines
	Jens Nørkær Sørensen, DTU

Jakob Mann, Risø
	2004-2007

	Bjarne S. Kallesøe
	Aeroservoelasticity of Wind Turbines
	Jon Juel thomsen, DTU

Morten Hartvig Hansen, Risø
	2004-2007

	Torsten Lund
	Large scale integration of wind energy on a Nordic Grid
	Poul Sørensen, Risø

Arne Heide Nielsen, DTU
	

	Jesper Nissen
	Modelling wind in the coastal region
	Aksel Walløe Hansen, KU

Lise Lotte Sørensen, Risø
	

	Gabriele Gail
	Investigation of grid connections to offshore wind parks
	Thomas Hartkopf, TU Darmstadt

Anca D. Hansen, Risø
	

	Adrian Vasile Timbus
	Reliable grid connection detection
	Poul Sørensen, Risø

FredeBlaabjerg, AAU
	2004-2007

	Jenny Trumars
	Wave loads on offshore wind turbines
	Lars Bergdahl, Chalmers

Niels Jacob Tarp-Johansen, Risø
	

	Niels Troldborg
	Numerical Simulation of Wakes of Wind Turbines in Wind Farms
	Jens Nørkær Sørensen, DTU

Robert Mikkelsen, DTU

Wen Zhong Shen, DTU
	2005-2008

	Wei Jun Zhu
	Aero-acoustic computations of wind turbines
	Wen Zhong Shen, DTU

Jens Nørkær Sørensen, DTU
	2004-2007


More Ph.D. students will be enrolled in 2005 as many new research grants in the wind energy areas have been given.

Even though a number of projects are carried out with industry, co-funded scholarships (1/3-1/3-1/3) have been difficult to start up with companies. The main reason is the changes in industry. Therefore the last funding will be used without necessary 1/3 funding from industry.

Networking, presentations and courses

· PhD-course: ” Wind Turbine Aerodynamics and Aeroacoustics” (DTU, Risø), 2004 (5 ECTS)

About 20 students participated. 5 from industry, 8 from abroad and 7 from Denmark. A success with payment from industry.

· PhD-course: “Electrical Aspects of Wind Turbine Systems” (AAU), June 1-4, 2004 (4 ECTS)
About 20 Ph.D. students participated in the wind turbine course, with participants from Europe, Africa and Asia. A lot of new material is prepared and the course will be held in 2005 again.
· Ph.D. Course ” Analysis and Design Optimization of Laminated Composite Structures”, May 18-19, June 9-10, 2004 (AAU)
This course was held with 25 students from all over the world. A success.
 Poster-sessions at DANWEA conference in Ebeltoft, November, 2004 for M.Sc and Ph.D. students. About 18 presenters participated with posters and in total more than 150 participants at the conference. DAWE sponsored the participation of ten M.Sc. students. It was a very good success.

Web-site

A web-site has been prepared and it is continuously being updated with projects and activities. See www.dawe.org
Brochure

A brochure is printed and distributed globally in order to attract students and researchers.

International activities and relations

The Danish Academy of Wind Energy initiated the idea to establish an European Academy of Wind Energy (EAWE). An agreement was signed 2003. The core group of the European Academy of Wind Energy includes at present 11 entities, representing 4 EU countries and more than 80 % of the long-term research activity in the field of wind energy. Fig. 2 shows the structure.
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Fig. 2. Overall structure of the European Academy of Wind Energy (EAWE).

During the years, the group members have established strong links through a systematic collaboration under the European Framework Programmes and through common participation in human networks, including European and International Standardization and Certification bodies. 

All core partners have an outstanding position in their national Wind Energy research activities. The network will advance knowledge in the area of wind energy, by pooling a critical mass of competence and skills. The initial core group is structured with national nodes, represented by major wind energy research institutes with associated partners from universities or other research institutes. The national networks are well established through consortia or firm agreements of cooperation.

The core group of the proposed network includes the following entities with an outstanding experience in wind energy research:

CRES, NTUA, University of Patras - Greece
ECN, Delft University of Technology - The Netherlands

ISET, University of Kassel - Germany

RISØ, Technical University of Denmark, Aalborg University, DHI – Denmark

This academy is expected to expand with countries like Sweden and Spain in the near future. A Marie Curie application was prepared entitled “Wind Doctors” and submitted in November 2003. It was not approved in 2004 but was resubmitted in 2004. In the application Ph.D. scholarships and mobility grants were applied at about 10 mio Euro. The application is now pending.  Also the academy has applied for a large IP-project together with all major wind turbine manufacturers.

Plans for 2005

	Goal: 

To ensure a dynamic and international research education at highest level in Wind Energy



	Part goals:
· Recruitment of researchers/Ph.D.’s (1/3-1/3-1/3 funding) or less

· Continue networking of Ph.D. students  

· Recruit the best student (national/international)

· Attract international specialists
· Organize summer schools, Ph.D. courses and symposia


	Milestones 2005:

· Ph.D. Course: “Electrical Aspects of Wind Turbine Systems” (AAU), Dec. 2005 (4 ECTS)
· Ph.D. Course: ”Short term prediction in Wind Energy” (Risø, DTU)
· Ph.D. Course: “Experimental fluid mechanics and data interpretation”, August 2005 (DTU)
· Ph.D. Course: “Control of Renewable Energy Systems”, Spring 2005 (AAU)
· Ph.D. Course “Energy Planning” in September/October 2005 (AAU-Risø)
· Poster-session at DANWEA for all Ph.D. students in DAWE, October/November 2005
· Attract two or three specialists in the field of Wind Energy
· Initiate new Ph.D. projects




Internationalization grant doe DAWE

One grant is funded and below is a short status (all Ph.D. students make such a status annually). 

	Project Title
	Optimization of electrical system for offshore wind farms via a genetic algorithm

	PhD student 
	Menghua Zhao
	Age
	34

	E-mail
	mez@iet.aau.dk

	Project period
	Start
	Jan, 2004
	Finalize
	Dec, 2006

	Partners
	

	Supervisors
	Zhe Chen, Frede Blaabjerg

	Funding sources
	FUR

	Updated description
	The new trend of wind power development is offshore wind farms. However, offshore wind farm costs more money than onshore wind farm in both installation and maintenance. Due to the fast development of power electronics, more kinds of configurations for offshore wind farm are possible, which lead to different wind farm design schemes. These design schemes lead to very different costs, system reliability, power quality, and power losses etc. 

Lots of studies related to wind farm planning, and wind turbine system optimization have been proposed in the literature. The key objective of these researches has been to find the low cost and high reliability design of a wind farm. Whereas the solution is either focused on the wind turbine system or is chosen from several given candidates. 

The goal of this project is to establish an optimization platform for the electrical system of offshore wind farms. The optimization is approached by Genetic Algorithm (GA). This platform is based on a knowledge database, and composed of several functional modules such as Cost Calculation Module, Reliability Calculation module, Losses Calculation Modules, Load Flow Module etc. In addition, an interface will be present for user to input corresponding parameters.

Then, this optimization platform will be applied to a real offshore wind farm. In addition, the optimization platform will be evaluated by changing some conditions of the wind farm. 


Publications 2004

	Journal Papers
	

	Conference Papers 
	”Optimization of electrical system for a large DC offshore wind farm by genetic algorithm”. Nordic Workshop on Power and Industrial Electronics (NORPIE), 2004.
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