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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, 24 contracting parties from 20 countries, the 

European Commission, and the European Wind Energy Association (EWEA) participate in 

IEA Wind. Australia, Austria, Canada, Denmark, the European Commission, EWEA, Finland, 

Germany, Greece, Ireland, Italy (two contracting parties), Japan, the Republic of Korea, 

Mexico, the Netherlands, Norway (two contracting parties), Portugal, Spain, Sweden, 

Switzerland, the 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. 

 

 

Two Subtasks 

The task includes two subtasks. The 

objective of the first subtask is to develop 

recommended practices for wind turbine 

testing and evaluation by assembling an 

Experts Group for each topic needing 

recommended practices. For example, the 

Experts Group on wind speed 

measurements published the document 

titled “Wind Speed Measurement and Use 

of Cup Anemometry”. A document dealing 

with Sodar measurements are presently 

under development. 

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 60 volumes of 

proceedings have been published. In the 

series of Recommended Practices 11 

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 

 

CENER 

Félix Avia Aranda 

Urb. La Florida. C/ Somera 7-9, 1ª 

C.P.: 28023 - Madrid – Spain  

Phone: +34 91417 5042 

E-mail:favia@cener.com 
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COUNTRIES PRESENTLY PARTICIPATING IN THE TASK 11 

COUNTRY INSTITUTION 

Canada National Resources Canada 

Denmark Risø National Laboratory - DTU 

European Commission European Commission 

Finland Technical Research Centre of Finland - VTT Energy 

Germany Bundesministerium für Unwelt , Naturschutz und Reaktorsicherheit -BMU 

Ireland Sustainable Energy Ireland - SEI 

Italy CESI S.p.A. and ENEA Casaccia 

Japan National Institute of Advanced Industrial Science and Technology AIST 

Republic of Korea POHANG University of Science and Technology - POSTECH 

Mexico Instituto de Investigaciones Electricas - IEE 

Netherlands SenterNovem 

Norway The Norwegian Water Resources and Energy Directorate  - NVE 

Spain 
Centro de Investigaciones Energéticas, Medioambientales y Tecnológicas  

CIEMAT 

Sweden Energimyndigheten 

Switzerland Swiss Federal Office of Energy - SFOE 

United Kingdom Uk Dept for Bussines, Enterprises & Regulatory Reform - BERR 

United States The U.S Department of Energy -DOE 
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1. INTRODUCTORY NOTE 
Prepared by SenterNovem, in cooperation with the Dutch Ministry of Defence and the Dutch Ministry 

of Economic Affairs 

 

1.1 INTRODUCTION 
 

Two IEA Topical Expert Meeting on the Topic “Radar, Radio Links and Wind Turbines” were 

organized in March 2007 (Oxford, UK) and March 2005 (London, UK). The last meeting was very 

well-attended with 34 participants, representing seven countries. There was general consensus that the 

meeting brought to light the varying methods and attitudes, adopted by IEA member countries, in 

handling issues that exist as a result of interference between radar/radio link systems and wind 

turbines.  

One of the main conclusions about the continuation actions within this area was to arrange future 

TEM’s in this issue, that should include a session for ‘break-out’ workshops to enable technical Sub 

Groups to discuss specific topics.  

Since the development of wind energy there seems to be a conflict between a sustainable energy 

supply and air traffic safety as well as safeguarding national security.  

The development of wind farms onshore and offshore as a rational and sustainable source of 

renewable energy interferes with radar surveillance and radio communications. Wind turbines produce 

shadow in radar beams, the moving blades cause reflections and the intermittent clutter can create 

false tracks, obscure or seduce real targets. The rotating blades defeat traditional Moving Target 

Indicator processing. In short: wind turbines cause a lot of trouble.  

As the wind turbines and the wind energy sector are the new-comers many wind energy initiatives 

are frustrated or even put on hold. Different countries apply different rules but as wind energy booms, 

methods for dealing with the conflict are emerging.  

As renewable energy supply, national security and air traffic safety are all of high public interest, it 

is important to find solutions that satisfy all interests. In the last decade a dialogue has evolved and we 

see new developments in energy, in air surveillance system as well as new scientific insight. This 

dialogue and technical developments lead to new possible policies and technical solutions to resolve 

the conflict. 

 

1.2 EXCHANGE OF KNOWLEDGE 
 

In the previous IEA R&D Topical Expert Meetings on the subject “Radar, Radio and Wind 

turbines” the effects of wind turbines on radar and radio systems have been presented from the 

perspective of wind farm and radar system operators. Mitigating techniques and ways to work around 

the policy issues have been discussed. 

The exchange of knowledge and ideas proved to be fruitful as it helped to achieve a common 

understanding and to overcome differences in the perception of the problem. It was helpful also to 

share knowledge of the differences in national (planning) policies. 
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The latest Topical Expert Meeting concluded that further research was needed and that an 

international standard for safety and acceptance would be helpful. The questions put on the agenda 

were: 

- What criterion /specification is needed to be met by technologies? 

- What is an acceptable limit of interference? 

 

What is the situation two years on? What new insights have occurred and what answers to these 

questions have been found. What are the developments in the conflicting systems (radar and wind)? 

 

In the meeting to be organised in November 2009 experts on this subject from science, radar 

industry, wind turbine industry, radar system operators and policy makers are invited to exchange 

knowledge and to come to a common understanding of the developments, conflicts and their solutions. 

 

1.3 RECENT DEVELOPMENTS 
 

Without being exhaustive several developments show that the challenges of enabling radar 

surveillance to coexist with wind energy development are on the brink of being found.  

In the USA new energy policy promotes the proliferation of wind farms and new rules for siting are 

discussed. In Sweden research projects lead to the conclusion that a more flexible approach will enable 

resolution of more conflicts between wind turbines and radar. 

In the UK new Guidance to air traffic and wind turbine industries has been developed and 

published.  

The radar industry is actively developing mitigation strategies to counter the negative effects of 

Wind Farms upon radar coverage. BAE Systems, Raytheon, Thales and others all work hard on new 

techniques for enabling continued aircraft detection within wind turbine clutter. But also knowledge 

institutions develop new insights which are of increasing interest to the radar and wind turbine 

communities. 

Within NATO dedicated SET group meetings on the subject were organised between air traffic 

controllers and radar industry.  

In responses to increasing reports of interference between surveillance sensors and wind turbines, 

the EUROCONTROL Surveillance Team established a Wind Turbine Task Force. In June 2009 

EUROCONTROL presented draft “Guidelines on how to assess the potential impact of wind turbines 

on surveillance sensors”. The consultation process has started and will end on 29 January 2010. 

 

1.4 TOPICS 2009 
 

When wind turbines are located in the line of sight of a radar system a variety of interference 

effects may occur, as shadowing, cluttering, false tracks, loss of track etc. These phenomena have an 

effect on the air surveillance system and can therefore adversely affect wind farm development. The 

main topic for this meeting is therefore the emerging standards for safety and security. 

Topics for the discussion at this meeting will be: 

- Policies 

o  Development of standards and measuring tools  
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o Terms and definitions for safeguarding the level of performance of air surveillance 

systems  

o  Planning policies, institutions and tools 

o  Expanding the energy system and increasing safety and national security 

- Types of interference  

o Interference between a single turbines or a farm and radar systems  

o Understanding explanation  

o Categorizing, calculating  

o Predicting  

- Technical possibilities to mitigate 

o Software & technology in the radar system 

o Location & shielding in the energy system 

o Stealth technology, materials 

o Other Innovations  

 

 

1.5 PAPERS AND PRESENTATIONS 
 

Experts who plan to attend the meeting are invited to write a paper and/or present their findings in 

the two day meeting. The presentation and paper should address one of the topics above and might 

answer one of the following questions:  

1. Process and policy  

- What standards are formulated by whom to safeguard the level of performance of air 

surveillance systems, and in what terms and definitions;  

- How are these standards integrated in planning policies and institutions; 

- What kind of tools are used to measure the standards, or the performance; 

- Which policies meet the challenge to expand the energy system whilst maintaining required 

levels of air safety and national security; 

- Which effects are acceptable and to what extent; can their impact on the mission of the radar-

system be negligible; 

- In what terms and how are the aim and expected results of the respective mission (ATC, 

Weather forecast, national security) formulated; 

- For each country is there a process of formulating mission standards and what does this 

process look like; 

- How can formulated safety standards be translated into a level of probability of detection; 

- What effects influence the probability of detection most and when concurrently; 

- Which effects occur with just one turbine and which effects occur for multiple turbines. 

 

2. Technical issues 

- How is energy system technology evolving with respect to stealth design, use of materials and 

sitting; 

- What recent research has been done; 

- How is radar system technology evolving with respect to data fusion, multi radar tracking, 

software, filters etc. and hardware; 

- What kind of mitigating measures are effective and feasible; 

- What questions have still to be answered by whom (further research). 

  



 

 

The International Energy Agency Implementing Agreement for 
Co-operation in the Research, Development, and Deployment of Wind Energy Systems  

AGENDA 
 

Wednesday, November 18, 2009 
 

9:00 Registration. Collection of presentations and final Agenda  

9:30  Introduction by Host 

Jansen Albert, Senior Programma Adviseur , SenterNovem , NL 

9:50 Introduction by AIE Task 11 Operating Agent. Recognition of Participants 

 Felix Avia, Operating Agent Task 11 
 

10:10 Presentation of Introductory Note 

Jansen Albert,  Senior Programma Adviseur , SenterNovem , NL 

10:30 Overview of Present Situation 

  Mike Watson, Pager Power Limited 

 

11:00 Coffee Break 

 

1
st
 Session Individual Presentations: 

 

11:30 Wind Radar Issues in the USA: a 2009 Update 

  Gary Seifert, Idaho National Lab, USA   

12:00 Impact of Wind Farms on Marine Radar 

 Anthony Brown, Univ.of Manchester-Faculty of Engineering & Physical Sciences, UK  

12:30 On the need to identify small, slow & low flying targets 

 L.S Buurma, Military Aviation Authority NLD, Netherlands 

 

13:30 Boat Trip and Lunch 

 

2
nd
 Session Individual Presentations: 

 

16:00 Development of a wind turbine acceptance tool 

  Arne Theil,  

16:30 Radar disturbances by obstacles 

  Gert Brussard, Radicom Consultant, Netherlands 

17:00 The position of the European Wind Industry 

  Nicolas Fichaux, 

 

17:30  Coffee Break 

 

18:00   Monitoring effects of wind parks at sea 

  Anton Klip 
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18:30 Wind Turbines in the radiation field of systems from an analysis and 

coexistence point of view " / EUROCONTROL Guidelines 

  Gerhard Greving, NAVCOM Consulting; Germany 

 

19:30  Adjourn 

20:00 Dinner at Marine Kazerne 

 

Thursday, November 19, 2009 

 

4
th
 Session Individual Presentations  

 

09:00 EUROCONTROL Guidelines 

  Michel Borely, Eurocontrol, Belgium 

09:25 Theoretical and Measurement results of the effects of wind turbines of 

military radar systems and technical assessment methods 

  Andreas Frye, EADS Deutchland GmbH, Germany 

09:50 Simulating the electromagnetic interaction between wind turbines and 

radars 

  Markku Sipilä, VVT Technical Research Centre of Finland, Finland 

10:15 Measures in 2D Primary Air Surveillance Radars to Reduce Wind 

Turbine Echo Interferences 

  Chistoph Neumann, EADS Deutchland GmbH, Germany 

 

10:40  Coffee Break 

 

5
th
 Session Individual Presentations  

 

11:00 Gapfiller concept solution - Sheringham Shoal offshore wind farm 

  Eldar Aarholt, Teleplan Consulting, Norway 

11:25 Radar shadow and how it affect surveillance of the sea 

  Kjell-Ake Eriksson, Swedish Defence Materiel Organisation, Sweden  

11:50 The effects of wind turbines on the operational use of a radar: a case study 

Mathisi Shouten, TNO, Netherlands 

12:15 Radar and Wind Turbines 

Rene de Jongh, Thales Netherland, B.V. 

12:45 Microwave links and UHF Telemetry  

Kai Frolic, Pager Power Limited, UK 

 

13:15 Lunch  

14:00 Discussion  

15:30 Summary of Meeting 

16:00 Adjourn  
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1.6 EXPECTED OUTCOME  
 

The goal of the meeting is to gather knowledge on recent developments to make maximum growth 

of wind energy possible whilst maintaining an acceptable level of safety and security.  

By gathering and exchanging information we hope to achieve a common understanding of issues.  

These issues are the way wind turbines interfere with radar systems and the developments to handle 

this interference be it via process, workaround, changing standards, hardware or software of radar 

systems or via mitigation and developments of wind turbines and farms. 

 

1.7 INTENDED AUDIENCE 
 

The national members will invite potential participants from research institutions, utilities, 

government other organizations willing to participate in the meeting by means of presenting proposals, 

studies, achievements, lessons learned, and others. 
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Summary of IEA RD&D Wind – 60th Topical Expert Meeting  

 
Michael Watson (Pager Power), and Félix Avia (CENER; OA Task 11 IEA Wind), 

 

Background 
The development of wind farms interferes with radar surveillance and radio communications. Wind 

turbines produce shadow in radar beams, the moving blades cause reflections and the intermittent 

clutter can create false tracks, obscure or seduce real targets. The rotating blades defeat traditional 

Moving Target Indicator processing.  

As renewable energy supply, national security and air traffic safety are all of high public interest, it 

is important to find solutions that satisfy all interests. In the last decade a dialogue has evolved and we 

see new developments in energy, in air surveillance system as well as new scientific insight. This 

dialogue and technical developments lead to new possible policies and technical solutions to resolve 

the conflict. 

 

Participants / Presentations  

A total of 27 persons registered for this meeting. They represented the following countries: Belgium, 

Finland, Germany, Sweden, Netherlands, Norway, UK and the USA. A total of 18 presentations were 

given. 

The participants represented a great variety of stakeholders related to the topic. Those were: research 

organizations, universities, consultants, government and military organizations and some manufactures 

of equipment.  

Presentations covered the following topics: 

- Policies 

o Planning policies, institutions and tools 

o Terms and definitions for safeguarding the level of performance of air surveillance 

systems  

o  Development of standards and measuring tools  

- Types of interference  

o Interference between a single turbines or a farm and radar systems  

o Microwave links and UHF Telemetry 

- Technical possibilities to mitigate 

o Software & technology in the radar system 

o Location & shielding in the energy system 

o Stealth technology, materials 

o Other Innovations  
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A total of 18 presentations were given by: 

 

• Michael Watson (MW), Pager Power, UK 

• Gary Seifert (GS), Idaho National Lab, USA 

• Anthony Brown (AB), Univ. of Manchester-Faculty of Engineering & Physical Sciences, UK 

• Luit Buurma (LB), Military Aviation Authority, Netherlands 

• Arne Theil (AT), TNO Defence, Security and Safety, Netherlands 

• Prof.dr.ir. Gert Brussaard (GB), Radicom Consultants, Netherlands 

• Nicolas Fichaux (NF), Head of Policy Analysis, European Wind Energy Association 

• Ir. Anton Klip (AK), Movares Netherland B.V. – MBM, Netherlands 

• Dr.-Ing. Gerhard Greving (GG), NAVCOM Consult, Germany 

• Michel Borely (MB) – Secretary of the EUROCONTROL Wind Turbine Task Force, Belgium 

• Dr- Ing. A. Frye (AF), EADS – MAS, Signature Technology, Germany 

• Markku Sipilä (MS), Johan Sten, VTT Technical Research Centre of Finland, Finland 

• Christoph Neumann1 (CN), EADS Deutschland GmbH 

• Dr Eldar Aarholt (EA), Statoil ASA / Teleplan AS, Norway 

• Kjell-Ake Eriksson (KE), Swedish Defence Materiel Organisation, Sweden 

• Mathijs W. Schouten (MW), TNO, The Netherlands 

• Rene de Jongh (RJ), Thales Netherland, B.V. 

• Kai Frolic (KF), Pager Power Limited, UK 
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Discussion  

 

Following the two days of presentations the floor was opened and a general discussion took place. A 

number of different topics were handled. The discussion was coordinated by Michael Watson (MW). 

In particular, the following topics were discussed: 

- Air Traffic Control (ATC) and National Security 

- Assessment Methodology 

- Mitigation options 

- Who has to pay the cost of mitigation options? 

- Future actions under the umbrella of IEA Wind  

 

Air Traffic Control ATC and National Security 

 

First topic discussed was the different approaches for air traffic control [ATC] and National 

Security. The conclusion is that both sectors are working in parallel directions, trying to find 

solutions. 

The solutions should be available in a short period of time, not longer than two years. The 

progress needs time, but comparing the situation two years ago when the Oxford meeting was held 

to the present time, it is clear that we have moved from the discussion about ideological positions to 

the present situation, where the problem is clearly identified and the work is focussed on finding 

solutions. It is clear that there is a real problem and real work has been done, and now it is time to 

move one step further, working out how to develop and implement the existing and identified 

solutions to solve the problem. Publication of the draft EUROCONTROL guidelines is a good 

example that real progress has been made. 

There are different problems and solutions for both ATC and National Security. The tools and 

approach used for both are similar although acceptance criteria are different. 

One of the first issues discussed was the size of the targets to be detected. For ATC in general 

larger target sizes are of interest, whereas for National Security, there is requirement to detect 

smaller targets with radar cross section below 1m
2
. 

It was concluded that it is very important to coordinate the work in the two sectors, stimulating the 

cooperation between the responsible organizations. 

 

Assessment Methodology 

 

The participants agreed that it is crucial to have a harmonised assessment process, in all countries, 

to analyse the impact of wind turbines on radar and to facilitate the understanding between air traffic 

control entities, national security organizations and wind developers. The actual situation is that 

several assessment methodologies are used, as was evident from the various studies presented. 

In 2005 the EUROCONTROL Wind Turbine Task Force (WTTF) was established, to define a 

common ECAC methodology for assessing and avoiding or minimising the potential impact of wind 

turbines on ATC Surveillance systems. This methodology aims to maintain the necessary levels of 
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safety and efficiency of surveillance related Air Traffic Services whilst supporting to the maximum 

extent possible the installation of wind turbines. The WTTF has published the “Guidelines on How 

to Assess the Potential Impact of Wind Turbines on Surveillance systems”, that is now open for 

consultaion until January 2010, before being approved. These guidelines define a flow diagram of 

the impact assessment process, but not the assessment methodology to be used. 

It was discussed a specific assessment methodology should be recommended under the umbrella 

of IEA Wind, or if it would be better to adopt the existing EUROCONTROL methodology focussing 

any IEA activityon improving it. The conclusion was that the EUROCONTROL guidelines are a 

good starting point and resources would be best spent on improving these. 

 

 

Mitigation options 

 

Data fusion is an excellent option to mitigate and solve the interference to radar systems from 

wind turbines. One of the main limitations is that no process is defined covering different aspects of 

data fusion, for example reliability requirements, the level of information required to pass, the 

acceptability of data (what data is valid or not), etc. 

The first option discussed was the possibility to share data between the ATC sector and National 

Security sector. The problem is that for security reasons, it is sometimes not possible to share this 

data.  

Several European Radar networks already exist in different sectors, (OPERA in meteorology, 

RADNET for air traffic control, etc) with the target of harmonizing and improving the operational 

exchange of radar information between national organizations. The air traffic control organizations 

of the Netherlands, Belgium, Luxembourg and Germany, and the EUROCONTROL Agency jointly 

operate the RADNET network for supplying control centres with radar data.  

The problems associated with data communication were also discussed. There are already 

different options and in particular the use of optic fibre for data transfer, but in general there is a 

consensus that communication it is not going to be an important problem (GB). The RADNET 

network, that connects different radar stations located in the four states, converts different radar data 

formats into one standard, as well as into different output formats. 

The option of using an additional radar was also analysed. The solution presented by EA on the 

Gapfiller concept solution for the Sheringham Shoal offshore wind farm, is a clear option to solve 

the problem, but it is an expensive solution.  

 

 

Who has to pay the cost of mitigation solutions? 

 

As renewable energy supply, national security and air traffic safety are all of high public interest, 

it is important to find solutions that satisfy all interests. However, the general assumption is that 

wind farms developers should have to pay the cost associated with the required mitigation solutions, 

due to the fact that aviation and radar installation were installed first. However, some of the radar 

installations that could be affected are old installations (more than 30 years old) and will need to be 

modernised, irrespective of any adverse wind farm effects.  
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Due to environmental and strategic reasons, society clearly requires wind energy systems to be 

developed over the coming decades. Consequently governments should provide funds to stimulate 

the development of these systems. The sectors affected by these new installations should take the 

actions required and should ask their governments for support to cover tassociated costs. The idea of 

having a centralised funding body in Europe to cover the cost does not seems viable. 

In the UK the Crown Estate will cover the initial cost of the modifications required to guarantee 

ATC systems and National Security, and subsequently will charge the cost to the developers by 

yearly payments. 

All sectors require wind farm developers to pay costs associated with any indirect impacts. It is 

necessary to reach a reasonable agreement between different groups (developers, manufacturers, 

airport authorities, national security organizations, etc.) negotiating the contribution that should be 

paid by each actor. As an example reported, it has been stated that the cost associated with the 

modifications required to connect a wind farm to the grid has been shared between TSO and wind 

farms developers (NF).  

However no solution seems easy to find, and any solution will require a clear organizational 

process involving all actors. 

 

 

Future actions under the umbrella of IEA Wind  

 

At the end of the meeting future actions that could be done under the IEA Wind umbrella were 

discussed. Most participants were in favour of the establishment of a new Task Group within the 

IEA’s R&D Wind Task 11, to analyse the impacts on radar systems of wind turbines at selected 

sites, using the same assessment methodology. The output of the study would be very useful for 

developers, air traffic control organizations and national security departments. 

  

A working group to put forward a proposal to set up a ‘new’ task area, which specifically 

addresses Radar, Radio and Wind Turbines topics and issues will be created to prepare the Task 

document to be distributed at the next Ex Co meeting. Gary Seifert will coordinate this action. The 

IEA operating agent offered assistance to progress documentation and to facilitate these process. 
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INFORMATION WHICH SHALL NOT BE USED, REPRODUCED OR DISCLOSED TO THIRD PARTIES WITHOUT
PRIOR WRITTEN AUTHORIZATION BY THALES NEDERLAND B.V. AND/OR ITS SUPPLIERS, AS APPLICABLE.1
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Content 

� Introduction
� Environment seen by radar
� Thales radar design philosophy
� Wind turbines and radar
� Wind turbine characteristics
� Wind turbine classificator in radar
� Life trials results
� Conclusion
� Summary
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The littoral environment from a 
radar perspective

The environment, as seen by the radar, can be depicted as objects,
characterized by “radar-cross section” and “radial speed”.

Note that wind turbines have 
similar cross section and 
spectrum as helicopters

Note that wind turbines have 
similar cross section and 
spectrum as helicopters
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Radar design philosophy

3D measurement
Range, azimuth, elevation

High dynamic range
Detection of small targets

Accurate Doppler
Fast track initiation
Enhanced track maintenance
Feature extraction

Multiple beams
on receive

Azimuth 
scan

70 deg
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Wind turbines and radar

Wind turbines can cause:
Obscuration,
False plots and
False tracks 

Characteristics wind turbine detections by 
S-band radar

Wind turbine RCS often larger than the moving and 
hovering helicopter RCS
Both, helicopters and wind turbines, show a wide 
Doppler spectrum due to the rotating blades
Wind turbine spectrum  strongly depends on the aspect 
angle and Line of Sight
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Experimental validation 
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S-band recorded wind turbine 
spectrum

Example of 
Wind turbine spectra.

Example of 
Wind turbine spectra.
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S-band recorded wind turbine 
spectrum

Positive Doppler more pronounced then 
negative Doppler due to aspect angle
Positive Doppler more pronounced then 
negative Doppler due to aspect angle
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S-band recorded wind turbine 
spectrum

Negative Doppler more pronounced then 
positive Doppler due to aspect angle

Negative Doppler more pronounced then 
positive Doppler due to aspect angle
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Robinson R22 helicopter spectrum and blade 
response at S band

R22 spectrum

R22 blade 
analysis

Robinson R22
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Plot output with enabled / disabled wind 
turbine classified plots

Enabled Disabled Enabled Disabled Enabled Disabled

60% increase of wind turbine plots if  the
wind turbine classificator is disabled
60% increase of wind turbine plots if  the
wind turbine classificator is disabled
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Operational S-band plot with/without 
wind turbine classificator

Enabled Disabled Enabled Disabled Enabled Disabled

Plot density increases
if wind turbine classificator is disabled

Plot density increases
if wind turbine classificator is disabled
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S-band operation air picture

Zero wind turbine induced tracksZero wind turbine induced tracks

Wind Turbine

Classificator OFF

Wind Turbine 

Classificator ON
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Moving and hovering helicopter 
over a wind park

Hover 

positions

Helicopter 

hover 

positions

>90% reduction of 

wind turbine plots
>90% reduction of 

wind turbine plots

Wind Turbine

Classificator OFF

Wind Turbine 

Classificator ON
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Conclusion

Effectiveness wind turbine classificator:
Life trials at sea with regular air targets showed that no 
radar performance degradation
Life trials of helicopter over wind farm showed:
> No false track generation induced by wind turbines
> No track lost of a slow moving helicopter and 

hovering helicopter over a wind farm
> No track lost if the helicopter took cover behind the 

wind farm

> More than 90 % of the wind turbine detections are 
classified as wind turbine detections
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Summary

Classical MTI  radars hardly can cope with wind 
turbine detections without operational 
performance degradation

Thales successfully proved, implemented and 
made operational wind turbine classificator in 
the latest multibeam S-band radars

Sensor sensitivity unchanged
No false tracks induced by wind turbines
No track lost of moving and hovering helicopters over 
wind parks
No helicopter track lost after helicopter took cover 
behind the wind turbine park
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SURFACE RADAR

Back-up slides
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Radar environment

The operational environment for radar changes 
continuously.

The spectrum of wanted and unwanted objects, natural 
and man-made clutter overlaps
Radar systems must be able to classify these detections 
accordingly to prevent false track initiation 

Thales latest S band multibeam radar systems 
are already enhanced with a wind turbine 
classification capability.

Efficiency of the wind turbine classificator better 
than 90%  
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Offshore wind turbine  parks 
booming industry

The Dutch government has appointed 4 regions in the North Sea as
spots for new offshore wind turbine parks.

By 2020, the offshore wind turbine parks will have approx. 1500 to 2000 
wind turbines which should produce 6000 megawatt (the equivalent of 6 
big coal plants) of energy. Currently, the North Sea houses 2 parks with 
96 wind turbines delivering 228 megawatt. 
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Understanding the Impact of Wind Turbines on 
Communications

Microwave Links and UHF Telemetry

Understanding the Impact of Wind Turbines on Radar

•Microwave Communications and UHF Telemetry Links

•Interference Mechanisms and Clearance Calculations
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Microwave Links and UHF Telemetry

Microwave Communications Links

•Systems require Line of Sight to work correctly

•Used in communications between satellites and base 
stations e.g. Emergency Services

•‘Backbone’ carriers for cellular systems

Microwave Links and UHF Telemetry

Microwave Communications Links

Bi-directional Communications Links have a Microwave Antenna at either 
end and require a clear ‘Line of Sight’:

Transmitter Receiver

Line of

Sight
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Although turbine blades are not of metallic construction, they can obstruct 
radio paths, and reflect and diffract radio waves.

Because of their large moving surfaces their effect is difficult to predict.

Interference Mechanisms

Transmitter Receiver

A turbine located in proximity to a mast end, whilst not directly interfering 
with the path, can still cause reflection issues.

Interference Mechanisms

Transmitter Receiver
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Diffraction

•Signals travel as waves rather than as 
rays.

•Signals tend to bend around 
obstructions, reducing the obstruction 
effect.

•Signals have associated zone around 
direct line between transmitter and 
receiver (Fresnel zones).

Huygens’ Principle

Diffraction

Transmitte
d Signals

Diffraction losses are greatest for
Diffracted signals beneath the
Blocking Point
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Exclusion plotting and clearance calculation

Fresnel Zone Calculation

Using the correctly surveyed data, an exclusion zone around the link path 
can be calculated.

This exclusion zone is based on the second ‘Fresnel Zone’

This method is the approach recommended by Ofcom in the UK, when the 
exact antenna locations are known

Pager Power also include an additional 25m ‘buffer zone’

Exclusion plotting and clearance calculation

Fresnel Zone Calculation
(Frequency information required)

Conservative approach

Separation

Distance

Line of Sight

Antenna AntennaFresnel Radius
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Microwave Links and UHF Telemetry

UHF Telemetry Links

•Operate at a lower frequency (usually UHF)

•Do not need full line of sight

•Used by utilities 
e.g. Gas, Water & Electricity companies

Inaccuracies and Surveying

When link information is obtained it is very often inaccurate 
– the provided co-ordinates for mast ends are often only to 
the nearest100 metres.

The link operators will often request large exclusion 
zones around the link paths in order to protect their links.

Only by surveying the mast ends, can link ends be plotted 
accurately as constraints on a proposed development
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Exclusion plotting and clearance calculation

When correct data about link 
end co-ordinates has been 
obtained, Fresnel zones are 
calculated and links can be 
plotted as constraints against 
a site – to illustrate potential 
issues 

Represent turbines

Represent link 
exclusion zones

Detailed calculations 

can be undertaken to 
determine exactly 
how close a turbine 

would be to a link –
or how far it needs to 
be moved in order to 

gain clearance.

Exclusion plotting and clearance calculation
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Sometimes it can be 

demonstrated that a 
link path will pass 
over or under the 

turbine blades, and 
clearance can be 
obtained by looking 

at the issue in 3D

Exclusion plotting and clearance calculation

G

B

F

E

C

A

D

H

2nd

Fresnel 
Zone

Additional 
Clearance 

Buffer

Understanding the Impact of Wind Turbines on 
Communications

Microwave Links and UHF Telemetry
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