




FOREWORD

fhe eighteenth Annual Report reviews the Progress during 1995 of the activities in the

I Implementing Agreement for Co-operation in the Research and Development of
Wind Turbine Systems under the auspices of the International Energy Agency (lEA)
The Agreement and its program, which is known as IEA R&D Wind, is a collaborative
venture between parties from 16 IEA member countries.

The International Energy Agency, founded in 1974 within the framework of the

Organization for Economic Cooperation and Development (OECD) to collaborate on
comprehensive international energy programs, carries out a comprehensive program of
energy cooperation among 23 industrialized countries.

The report is published by the National Renewable Energy Laboratory (NREL) in
Colorado, United States, on behalf of the IEA R&D Wind Executive Committee.
It is edited by K. Steer-Dierderen with contributions from M. Carr (Australia),
R. Rangi (Canada), P Nielsen and B. Maribo Pedersen (Denmark), E. Peltola (Finland),

R. Windheim (Germany), P Vionis (Greece), C. Casale and L. Pirazzi (ltaly),
H. Matsumiya (Japan), J. 't Hooft (the Netherlands), E. Solberg (Norway),
E. Soria (Spain), H. Ohlsson (Sweden), I. Page (United Kingdom), D. Ancona and
G. Strahs (United States).
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lnfroduction

Commitment of the TEA to wind energy
dates back to 1977, and has since been

acting through the "Implemcnting
Agreement for Co-operation in the
Research and Development of Wind
Turbine Systems" (lEA R&D Wind). The
objectives for action are directed to four
main areas:

. advanced technology rescarch;

. state-of-the-art assessmenti

. informationexchange;

. extended cooperation to increase the
inVolvement of industry and utilities
and non-member countries.

Production of electricity from new
renewable energy forms such as wind
power is increasingly attracting thc
public's interest in spite of the current
availability of plentiful and inexpensive
resources of conventional fucls. The cost-
benefit ratio of wind turbines has

improved considerably over the last five
years, thanks to a 20-year commitment of
researchers, wind turbine manufacturers
and plant developers, with the support of
governments and intemational
organizations. That makes wind energy
more economically competitive today.
Furthermore, widespread concern about
greenhouse effect and pollution by
thermal power plants, as well as fears of a

possible shortage of fossil fuels, with
consequently hear 1 rise in lheir pricc,
have promoted the deployment of wind
energy and other renewable energies.

Today, it can be stated that wind energy
has become one of the most economically
practical and both technically and
environmentally attractive of all the new
renewable energy options. Wind can make
an appreciable, albeit supplementary,
contribution to a counhy's electricity
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demand mainly through power plants
made up of tens or even hundreds of
wind turbines connected to the grid (so-

called wind powcr plants or wind farms).
Thcsc plants run in parallel with
conventional plants and make thelr
contribution whcnevcr cxploitable wind
spccd is available.

The use of wind power is projected to
expand rapidly during the next 10 to 20

years. The World Energy Council (WEC)
projectcd in their July 1993 report
"llenewable energy resources:
opportunities and constraints 1990 - 2020"
that, undcr an ecologically driven
scenario, wind would provide 215 million
tons of oil equivalent of energy annually
by thc year 2020 (corresponding to about
970 TWh of electricity). Recent studies
project wind energy installed capacity to
rcach 1'1,500 and 10,000 MW respectively
in Europe and the United States by 2010.

The continuing growth in the wind
energy market is due to the increasing
cost effectiveness of the technology. This
is the result of several factors:

. decreasinB production costs JrisinB
from improved manufacturing meth-
ods and the trend towards larger
commercially available machines
(currently with an electrical power
output of about 1 MW);

. dccreasinB project development costs
as the industry matures;

. increasing energy conversion efficien-
cies, arising from a better understand-
ing of the technology;

. the increasing reliability of the wind
power plants.

Research, development and
demonstrati0n programs funded by
governments and other organizations;
e.9., the European Union, have also
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proved to be a major factor and are set to
continue in the next years. In the IEA
R&D Wind member countries, overall
annual funding of these programs has
increased in recent years and is now
(1995) the equivalent to approximately
USD 180 million. In 1996, there has bcen a

shift in some countries toward
commercial research, development and
demonstration using indirect Bovernment
sponsored incentives.

A decisive, vigorous boost to wind energy
installations has been given by substantial
incentives granted by governments and
Iocal authorities to wind-generated
electricity in many OECD-countries.
Particularly, premium tariffs and/or tax
relief for energy produced have proved to
be much more effective tools, in
promoting efficient wind power plants,
than mere subsidies to plant capital costs.

Mention should also be made of the part
played by electricity utilities, which have
recently been more and more involved in
this sector as technical and financial risks
of wind power plant investments have
been reduced. Unlike in the past, when
nearly all wind power plants were
installed and operated by independent
producers selling energy to utilities, an
increasing number of utiJity companies in
America and Europe have recently
embarked on wind power plant projects
on their own or through subsidiary
companies.

Export of wind turbines is also
encouraged and supported by some

countries in the OECD. Germany has

successfully deployed turbines in Brazil,
China and other countries under the
Eldorado program, Denmark has offered
favorable financing and other incentives
that have helped with the introduction of
more than 100 MW of Danish turbines
into lndia and other countries.

National progrants

The national wind energy programs are
the basis for the IEA R&D Wind
collaboration. These national programs
are directed variously towards the
evaluation, development and promotion
of the technology both in the mernber
countries and elsewhere. A summary of
progress is given in the chapter
NATIONAL ACTIVITIES - see page 19.

Co I I a bo r at i,,.t e ac t i,,t i t ies

Tttsks

To date, 15 projects, called Tasks, have
been initiated, and 11 Tasks have been
successfully completed since the start of
the IEA Co-operation. The total level of
effort is typically several man years per
Task over a period of three years. The
projects are either cost-shared and carried
out in a lead country, or task-shared,
when the participants contribute in-kind,
usually in their home organizations, to a

ioint program coordinated by an
Operating Agent. Reviews of progress in
each active Task are given in the chapter
IEA R&D Wind Program. In brief the
status of current Tasks is:

TASK XI - BASE TECHNOLOCY
]NFORMATION EXCHANGE -
During 1995, Greece joined Task XI. There
are now 13 participating countries. The
main activities include the preparation of
documents in the series "Recommended
practices for wind turbine testing and
evaluation", the undertaking of Joint
Actions in specific research areas where a

periodic erchange of information is

considered necessary, and the
organization of Topical Expert Meetings.
Considering the importance of this Task
the Executive Cornmittee decided to
continue the work of this Annex for two
more years.

IEA R&D Wind Annual Repon 1995



EXECUTIVE SUMMARY

I

I

I

Recr,tmmendeLl Pr ac t ices

The Expert Group Preparing a

recommendation on "Noise emission
measurements" met twice, and a final
document is scheduled for 1996. A
recommendation on "Point wind speed

measurements" is in preparation and

expected to bc finalized in 1996. Work is

about to be8in on a guide for "Lightning
protection".

loint Actions

Within this subtask the ninth symposium
on "Aerodynamics" was held on
December 71/ 1,2,1995 in Stockholm,
Sweden.

Topical Expert Mrcf ings

The 27th Topical Expert Meeting was held
on September 1l/12,1995 in Utrecht, the

Netherlands, on "Current R&D needs in
wind energy technology".

TASK XII - UNIVERSAL WIND TURBINE
FOR EXPhRIMENTS (UNIWEX) -

This Task was completed in 1995 with the
publication of the final report. The project
comprised experimental studies of wind
turbine aerodynamics, operational
behavior, load spectra and control
strategies, and the Validation of computer
codes for wind turbine design. Use has

been made of the UNIWEX experimental
wind turbine at the Ulrich Hiitter wind
test site near Schnittlingen, Gerrnany.
Three countries (German, the
Netherlands, and Sweden) participated in
the project, which included an extensive
measurement program and numerical
simulations.

TASK XIII - COOPERATION IN THE
DEVELOPMENT OF LARGE-SCALE
WIND SYSTEMS -

A final report was published 1995. This
Task consisted of cooperative action and

exchange of information on the Planning
and execution of national R,D&D
programs lor the development of large

wind turbine systems. A comPuterized

Intemational Energy Agency

system was established for the collection
and dissemination of information on
national wind energy installations, design
and operation of prototype wind turbines
and selectcd wind power plants. The
progress in the development of large-scale
wind turbines and wind Power plants as

well as information on government
funding levels will continue to be
reported to the Executive Committee by
its members.

TASK XIV - FIELD ROTOR
AERODYNAMICS -
A joint research proiect involves five
laboratories in four countries (Denmark,
the Netherlands, United Kingdom and the

United States). The project aims at
coordinatinfi measurement programs on
existing experimental wind turbines,
equipped with instrumented blades, to
measure pressure disiributions around thc
profiles or aerodynamic forces on blade
sections. The data will be used to verify
aerodynamic models.

A large number of interesting additional
new measurements from the participating
laboratories became a vailable d u ring
1995, and the Executive Committee
decided to extend this Task into 1996.

TASK XV - ANNUAL REVIEW OF
PROGRESS IN THE IMPLEMENTATION
OF WIND ENERGY BY THE MEMBER
COUNTRIES OF THE IEA -

Arising from a review of the strategic plan
this new Task was initiated in 1995. The

objective is to produce an annual review
giving an overview of the progress in the
commercial development of wind turbine
systems in the IEA member countries
participating in this Agreement in a form
suitable for presentation to decision
makers in government, planning
authorities, the electricity supply industry,
financial institutions and the wind
industry. The aim is to identify major
trends in initiatives and attitudes which
are Iilely to be of interest to decision
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makers. Key topics will include
govemment initiatives, market growth,
progress tow.rrds nation.rl ta rgets,
economic trends, progress in addressing
environmental issues and public reaction.
ETSU, on behalf of the United Kingdom,
is the Operating Agent for this Task.

TASK XVI - WIND TURBINE ROUND
ROBIN TEST PROGITAM -
This new Task was initiated in 1995. The
objective of this project is to validate wind
turbine testing procedures, analyze and
resolve sources of discrepancies, and to
improve the tcsting methods and
procedures- A series of round robin
comparison tests at participating national
laboratories and other interested resr
stations will be the means of validating
test procedures and establishing
reciprocity bctwcen different certification
testing laboratories. All participating
laboratories will test identical machines at
their own facilities, using comparable test
instrumentation and data acquisitlon
equipment. Discrepancies in the test data
will be resoh'ed and form the basis for
improvements in testinB procedures and
calibration methods. This will also serve
as justification for mutual recognition of
foreign certifications. A joint report on the
results of noise tests, power performance
and load tests will be published.The
Operating Agent is the National
Renewable Energy Laboratory (NREL),
the United States.

EXECUTIVE COMMITTEE ACTIVITIES

Oft'icers

Dr. E. Sesto (Italy) and D. Ancona
(United States) served as Chairman and
Vice-Chairman during 1995. At the fall
meeting, D. Ancona and R. Rangr
(Canada) were elected Chairman and
Vice-Chairman for 1996.

Participints

In 1995, the Ministry of Industry, Energy
and Technology of Greece, and ihe Energy

4

Research and Development Corporation
(EttDC), designated by the Government of
Australia signed the R&D Wind Agreement,
thereby increasing the number of member
countries to 16. During thc yeat the
Executive Committee invited the
European Commission to join the
Agreement. Brazil, Isracl, Mcxico and
Poland have shown interest in
mcmbership.

Several changes on the Executive
Committee were announced - see
Appendix III for an updated list of
Members and A lternate Members.

Mcttitlgs

The Executive Committee meets
traditionally twice a year to review
ongoing Tasks, national wind energy R&D
and deployment activities, and to plan
and manage co-operative actions under
the Agreement.

The 35th meeting took place on April 26
and 27,1995 in llympton, United
Kingdom. The attendance was 22
participants, representing 12 of the 15

member countries and Operating Agents,
and including observers from Australia
and the CADDET Centre for Renewable
Energy. The Committee stressed the need
for close cooperation and coordination of
CADDET activities with other IEA
organizations in order to ensure
consistent and high quality products.

At the meeting, final reports of Task XII
"UNIWEX - r-rniversal wind turbine for
experiments", and Task Xtll "Cooperation
in the development of large-scale wind
systems" were submitted to the Executive
Committee. The IEA legal office approved
the new Task XV "Annual review of
progress in the implementation of wind
energy by the member countries of the
IEA" and the Operating Agent presented
the first draft review.

I

1
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On April 28, 1995, the Committee visited
wind power plants in Cornwall (Cold
Northcott, Delabole and St. Breock).

The 36th meeting was held on October 1l
and 12, 7995 in Vouliagmeni, Greece, and
was attended by 22 participants,
reprcsenting 11 of the l5 member
countries and including obscrvers from
the European Commission and Australia.

The Executive Committee approved the
1996 budget. A new IEA R&D Wind
t'rochure, aimed at informing the general
public about the IEA's and member
coulltries' commitment to wind energy,
was presented and will be distributed
widety.

Action was taken creating one new Task

ald extending two others. A final version
of a new Task XVI "Wind turbine round
robin test program" proposal was
discussed and approved. Considering the
importance of Task XI, the Committee
decided to continue the work of this
Annex for another two years. The
scheduled end date of Annex XIV was
October, 1995, and was extended for
another year because interesting new
assignments have been added to the
project.

Information exchange programs with the
lmplementing Agreement on Photovoltaic
Power Systems and GREENTIE were set

up in 1995.

A visit to the 1.5 MW wind power plant
on Andros took place on October 13, 1995.

A he IEA/UNIPEDE - rhe International
Union of Producers and Distributors of
Electrical Energy - conference on May 22-

24,1995 in Paris, the Chairman
contributed with the paper "Present and
prospective role of wind energy in
electricity supply".

The Chairman presented also a report on
the progress on work under the
Agreement and prospects of wind energy

Intemational Energy AtencT

applications and R&D wind activities at
the IEA Working Party on Renewable
Energy Technology (REWP) meeting on
Ociober 30-31, 1995 in Paris.

Planning Conu ittee

The Planning Committee met on April 25,

1995 in Plympton, United Kingdom.

IEA Wind Energy Newsletter

Two issues of the Wind Energy NetL,sletter

were published, reviewing the progress of
the joint Tasks and the wind energy
activities in the member countries. The
Executive Committee acts as an editorial
board for the Newsletter, which is edited
by R.J. Templin and produced in Canada.



THE IMPLEMENTING AGREEMENT

The IEA cooperation in wind energy
started in 1977. Presently 18 parties,
designated by the governments of 16

countries, are participating. The
cooperation is governed by "The
Implementing Agreement for Co-
operation in the Research and
Development of Wind Turbine Systems",
or IEA R&D Wind for short. The
Contracting Parties are:

Australia

Austria

Canada

Denmark

Finland

Cermany

The Energy Research
and Development
Corporation (ERDC);

The Republic of
Austria;

The Department of
Natural Resources
Canada;

The Ministry of
Energy;

The Technical Research
Centre of Finland
(VTT);

Forschungszentrum
Jiilich CmbH;

Greece The Ministry of
Industry,/Energy and
Technology;

Italy Ente per le Nuove
Tecnologie, l'Energia
el'Ambiente (ENEA);
and ENEL, Societir per
Azrone;

Japan The Covernment of
Japan;

Netherlands The Netherlands
Agency for Energy and
the Environment
(NOVEM);

International Energy ASency
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New Zealand The Electricity
Corporation of New
Zealand Ltd.;

Norway The Norwegian Water
Resources and Energy
Administration (NVE);

Spain Instituto de Energias
Renovables (IER) of the
Centro de
Investigaci6n;
Energetica
Medioambiental y
Tecnologica (CIEMAT);

Sr.r,eden The National Board for
lndustrial and
Technical Development
(NUTEK);

United Kingdom UK Atomic Energy
Authority;

United States The Department of
Energy.

The general obiective of IEA R&D Wind is
to undertake collaborative R&D projects,
called Tasks, and to exchange information
on the planning and execution of national
large-scale wind systems. Each Task is

managed by an Operating Agent, usually
one of the Contracting Parties. Overall
control of the program is vested in the
Executive Committee, where each
Contracting Party is represented.

The Tasks are defined in Annexes to the
Implementing Agreement. To date 15

Tasks have been initiated. Eleven Tasks
have been successfully completed

Task I Environmental and
meteorological aspects of wind
energy conversion systems
Onpr;tina Aopnt Thp \ational
Swedish Board for Energy
Sourcc Development
Completed in 1981.
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Task II Evaluation of wind models for
wind energy siting
Operaiing Agent: US
Department of Energy - Battelle
Pacific Northwest Laboratories
Completed in 1983.

Task III Integration of wind power into
national electriciiy supply
systems
Operating Agent:
Kernforschungsanlage J0lich
CmbH, Gerrnany
Cornpleted in 1983.

Task lV Investigation of rotor stressing
and smoothness of operation of
large-scale wind energy
conversion systems
Operating Agent:
Kernforschungsanla ge Jiilich
GmbH, Germany
Completed in 1980.

Task V Study of wake effects behind
single turbines and in wind
turbine parks
Operating Agent: Netherlands
Energy Research Foundation
Cornpleted in 1984.

Task VI Study of local flow at potential
WECS hill sites
Operating Agent: National
Research Council of Canada
Completed in 1985.

Task VII Study of offshore WECS

Operating Agent: UK Central
Electricity Generating Board
Completed in 1988.

Task VIII Study of decentralized
applications for wind energy
Operaiing Agent: UK National
Engineering Ldboratory
Technically completed in 1989.

Final report published in 1994.

Task lX lntensified study of wind
turbine wake effects
Operating Agent: UK National
Power plc
Completed in 1992.

Task X Systems interaction
Deferred indefinitely.

Task XI Base technology information
exchange
Operating Agent: Department
of Fluid Mechanics, Technical
University of Denmark
Continuing through 1996 and
1997.

Task XII Universal wind turbine for
experiments (UNIwEX)
Operating Agent: Institute for
Computer Applications,
University of Stuttgart,
Germany
Completed in 1994.

Final report published in 1995.

Task XIII Cooperation in the
development of large-scale
wind systems
Operating Ageni: National
Renewable Energy Laboratory
(NREL), USA
Completed in 1994.

Final report published in 1995.

Task XIV Field rotor aerodynamics
Operating Agent: Stichting
Energieonderzoek Centrum
Nederland (ECN), the
Netherlands
Continuing through 1996.

Task XV Annual review of progress in
the implementation of wind
energy by the member
countries of the IEA
Operating Agent: ETSU, on
behalf of the United Kingdom
To be completed in 1998.

IEA R&D wind Annual ReDon 1995
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Task XVI Wind turbine round robin test
program
Operating Agent: the National
Renewable Energy Laboratory
(NREL), United States
To be completed in 1997.

The level of effort varies for each Task.

Some Tasks involve only information
exchange with each country providing
less than 0.1 man years of effort, while
other Tasks involve test programs needing
several rnan years work for several years

Several Tasks are mixed cost- and task-
shared. The participation in current Tasks

is shown below in Table 1.

f,

Table l. Participation per country in current Tasks. OA indicates OPerating Agent

COUNTRY

XI XIV XV )or'I
Technolog/ Field rotor Annualwind Round robin
informatign aerodynamics energy review test Program

Australia

Canada x

Denmark OA

Finland x

Germany x

Greece x

Itat x

J"pan

Nethedands x

New Zealand x

OA

X

x

x

x

x

x

x

OA

x

Norway

Spain

Sweden

x

x

United Kingdom x

United States x OA

Intemational Energa Agency



TASK XI THE IEA R&D WIND PROGRAM

TASK XI - BASE TECHNOLOGY R&D topics of common interest. The Task

INFORMATION EXCHANCE has two subtasks:

The objective of this Task is to promote a. Development of recommended
wind turbine technology by cooperative practices for wind turbine testing and
activities and information exchange on evaluation

Table 2. Documents in the sedes of recommendetl Practices f()r wind turbine testing
and evaluation

VOLUME TITLE

I POWER PERFORMANCE TESTING
Describes in detail in what way
measurements shall be performed
In order to 8et correct power curve
for a wind turbine.

t982 t990

2 ESTIMATION OF COST OF ENERGY FROM 1983 1994
WIND ENERGY CONVERSION SYSTEMS
States all the various elements and assumptions
that enter a cost calculation.

3 FATIGUE LOAD CHAMCTERISTICS 1984 1989
The correct procedure is described for getting
a \ralid estimate of the fadgue life for the
components of a wrnd (urbine.

4 MEASUREMENT OF NOISE EMISSION 1984 1988 1994
Noase being one of the potential nuisances
caused by a wind turbine, the correct
measurement of noise output is vital.

5 ELECTROMAGNETIC INTERFERENCE 1986
This other possible source of disturbance
caused by a wind turbine must be evaluated
carefully and accuratelY.

6 STRUCTUML SAFETY 1988
Oudines a rataonal procedure for setting up
standards of safety.

7 QUALITY OF POWER 1984
The quality of the power output from a wind
turbine needs to be described unambiguously.

8 GLOSSARY OF TER|'4S t987 1993

A comprehensive collection is compiled of the
special terms used in the trade, with their
proper delinitions.

9 POINT WIND SPEED MEASUREMENTS in preparation

l0 NOISE EMISSION MEASUREMENTS in Preparation

| | LIGHTNING PROTECTION OF wlND in preparation
TURBINE GENERATOR SYSTEMS

IST ED. 2ND ED. 3RD ED.

IEA R&D Wind Annual Report 1995
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b. Joint Actions

As part of subtask B, Topical Experts
Meetings are arranged, as agreed by the
participants, acting in the Executive
Committee.

A. Recommended Practices for Wind
Turbine Testing and Evaluation

The aim of this subtask is to propose
recommendations for wind turbine testing
to address the development of
internationally agreed test procedures. So

far, recommendations have been
published in eight areas (see Table 2).

The documents are available from the
Operating Agent and selected
representatives in the participating
countfles.

The Experts Croup preparing a

recommendation on "Noise emission
measurements" held two meetings
during 1995 (on March 6, in
Wilhelmshaven, Cermany, and on
September 25, in Lyngby, Denmark). A
final document is scheduled for 1996.

The Experts Group which will prepare a

recommendation on "Point wind speed
measurements" met on October l9-20,
1995 in Lyngby, Denmark. A final
document is scheduled for 1996.

The Experts Group on "Lightning
protection of wind turbine generator
systems" will have their first meeting on
February 6-7, 1996.

B. Joint Actions

Joint Actions are set up by the Executive
Committee in a specific research area of
current interest, where a periodic
exchange of information is deemed
necessary. The Joint Actions have taken
the form of workshops or symposia.
Participation is by invitation from the
national members of the Executive
Committee. So far, four joint Actions
have been initiated:

. Aerodynamics of wind turbines

lnternational Energy Agency

. Fatigue of wind turbine blades

. Offshore wind systems

. Wind conditions,/turbine loads

The ninth symposium within the Joint
Action on "Aerodynamics" was held on
December 11-12, 1995 at the Aeronautical
Research Institute of Sweden in
Stockholm.

Proceedings from Joint Action symposia
are published by the Operating Agent.

Topicnl Expert Meetings

Topical Expert meetinBs are arranged
once or twice a yeat as decided by the
Executive Committee. Attendance is by
invitation through the national Executive
Committee membet and the number of
participants is limited to a few per
country. The 27th Expert Meeting was
held in Utrecht, the Netherlands, on
September 11-12, 1995 on "Current R&D
needs in wind energy technology".

Proceedings are published by the
Operating Agent.

A complete list of the meetings held so far
is shown in Table 3.

P ar tic ipating Or ganizations

Canada

Denmark

Finland

Germany

Greece

Italy
Netherlands
New Zealand

Norway
Spain

Sweden

Department of Natural
Resources Canada

Department of Fluid
Mechanics, Technical
University of Denmark

VTT

KFA Jiilich
CRES

ENEA

ECN

ECNZ

NVE

CIEMAT/IER
FFA

United Kingdom ETSU

United States Department of Energy


