


fhe nineteenth Annual Report
I the Implementing Agreement

Wind Turbine Systems under the
The Agreement and its program,
venture between parties from 16

FOREWORD

reviews the progress during 7996 of the activities in
for Co-operation in the Research and Development of
auspices of the International Energy Agency (IEA).
which is known as IEA R&D Wind, is a collaborative
IEA member countries and the European Commission.

The International Energy Agency, founded in1974 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. Tromly (NREL) with contributions from A. Chegwidden (Australia),
R. Rangi (Canada), P. Nielsen (Denmark), E. Peltola (Finland), R. Windheim (Germany),
P. Vionis (Greece), C. Casale and L. Pirazzi (Italy), H. Matsumiya (Japan), J. 't Hooft
(the Netherlands), D. Chand (New Zealand), E. Solberg (Norway), F. Avia ( Spain),
H. Ohlsson (Sweden), M. Legerton (United Kingdom), D. Ancona (United States)and
K. Steer-Diederen (United States).

Daniel F. ANCONA
Chairman of the Executive Committee

International Energy Agency



Page

EXECUTIVE SUMMARY ..... ....1
THEIEAR&DWINDPROGRAM .......7

ThelmplementingAgreement .......7
TaskXI Basetechnologyinformationexchange .... ........10
TaskXIV Fieldrotoraerodynamics.... ........1.4
Task XV Annual review of progress in the implementation of wind energy . .1.6

Task XVI Wind turbine round robin test program . . . . . .17

NATIONALACTIVITIES ........19
Summary . .. ..19

Australia .....25
Canada .......27
Denmark .....31
Finland .......43
Germany ...,.45

Greece . .. .. ...61

Italy . ........71,

|apan ..,.....87
TheNetherlands. ....95

NewZealand.... ...107

Norway ..,..109

Spain. .......115
Sweden ......123
UnitedKingdom .,..133

UnitedStates. ......141

APPENDICES .... ..,,..1,49

I.CurrencyConversionTable. ....1'49

Il.The36thExecutiveCommittee... .....151
III. List of Executive Committee Members and Alternate Members . . . . . .153

Intemational Energy Agency



INTRODUCTION

Wind energy is now being deployed
worldwide at a rapidly increasing rate
and the International Energy Agency
(lEA) has a changing role in its growth.
Recently there has been increasing interest
in IEA participation from both
Organization for Economic Cooperation
and Development (OECD) and non-OECD
countries. Because of its diverse
international makeup, the IEA is viewed
as a source of reliable technical and
economic information. The World Bank
has approached the IEA R&D Wind
Executive Committee to assist in the
expansion of wind deployment. In
addition, IEA is expanding from R,D&D
programs to include tracking of
implementation incentives offered by its
member countries.

lnterest in the Agreement has also been
expanded to include countries that are
beginning to develop and deploy wind
systems. The overall question of
expanding participation in the Wind
Energy Agreement activities has broad
and far-reaching consideration, both to
the operation of the Agreement and in
encouraging the large scale deployment of
wind turbines. To consider these
questions an Ad Hoc Task Force has been
formed in 1996.

Commitment of the IEA to wind energy
dates back to 7977, and has since been
acting through the "lmplementing
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 research

. state-of-the-artassessment

r information exchange

International Energy Agency
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r extended cooperation to increase the
involvement of industry and utilities
and non-member countries.

To date, the IEA R&D Wind Agreement
has been signed by 19 parties from 16

countries and the European Commission:
Australia, Austria, Canada, Denmark,
Finland, Germany, Greece, Italy, Japan,
the Netherlands, New Zealand, Norway,
Spain, Sweden, the United Kingdom and
the United States. In addition, several
other countries are in the process of
joining.

Since 1990, wind power has risen over
20006, representing an annual growth rate
of 33"1'. The European wind industry has
grown at an explosive pace during
7995 /96. Europe's leadership stems from
the financial incentives and high purchase
prices established for renewable energy
in response to concern about atmospheric
pollution. Several manufacturers in
Europe are now building and shipping
new turbines at the rate of one megawatt
per day. Countries around the world are
starting new grid-connected wind power
plants and off-grid power projects. The
IEA estimates wind power installations
worldwide will grow from 2 GW in 1990

to 6.2 in 1996 to over 12 GW bv the end
of 2000.

Just as wind energy development has
taken off in Europe, it has stalled in the
United States, the main reasons being
uncertainty about the future structure of
the electricity industry. The restructured
utility industry should provide new
opportunities for wind energy
development. Meanwhile, in developing
nations wind power development is
picking up pace. The leader so far is
India. It has been estimated that these

developing countries could generate 50"1,

of the world's electricity bv 2030.
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NATIONAL PROGRAMS

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 member
countries and elsewhere. A summary of
progress is given in the chapter National
Activities, see page 19.

COLLABORATIVE ACTIVITIES

Tasks

The IEA R&D Wind Agreement is

currently working on four Tasks, called
Annexes, and one additional Annex is

planned. To date, 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

joint 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 follows.

TASK XI - BASE TECHNOLOCY
INFORMATION EXCHANGE

Operating Agent: Department of Fluid
Mechanics of the Technical University of
Denmark.

During 7996, the European Commission
joined Task XI. There are now 14

participants 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 exchange
of information is considered necessary,

and the organization of Topical Expert
Meetings.

2

Recommended Practices

The Expert Group preparing a
recommendation on "Noise emmission
measurements" met twice, and a final
document has been completed. A
recommendation on "Point wind speed
measurements" is in preparation and the
first draft of the document has been
prepared. The Expert Croups on
"Lightning protection and related issues"
had its first meeting and a first draft
document has been prepared. Both
should be completed in 7997.

loint Actions

Within this subtask the fourth symposium
on "Wind turbine fatigue" was held on
February I/2,1996, in Stuttgart, Germany.
Proceedings have been printed and
distributed.

Topical Exper t meetings

The 28th Topical Expert Meeting was held
on April 17 / 12, 7996, in Lyngby, Denmark
on "State of the art of aeroelastic codes for
wind turbine calculations."

TASK XIV - FIELD ROTOR
AERODYNAMICS

Operating Agent: Netherlands Energy
Research Foundation - ECN, the
Netherlands.

A joint research project involving five
laboratories in four countries (Denmark,
the Netherlands, United Kingdom, and
United States). The project aims at
coordinating measurement programs on
existing experimental wind turbines,
equipped with instrumented blades, to
measure pressure distributions around the
profiles or aerodynamic forces on blade
sections. The data will be used to verify
aerodynamic models.

The work of this Task is almost completed
and has resulted in a unique documented
database of aerodynamic measurements
on different wind turbines.

IEA R&D Wind Annual Reoort 1996
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TASK XV - ANNUAL REVIEW OF
PROGRESS IN THE IMPLEMENTATION
OF WIND ENERGY BY THE MEMBER
COUNTRIES OF THE IEA

Operating Agent: Energy Technology
Support Unit (ETSU), United Kingdom.

Arising from a review of the strategic
plan, this Task was initiated in 1995. The
objective is to produce an annual review
giving an overview of the progress in the
commercial deployment of wind turbine
systems in the IEA member countries
participating in this Agreement. The
review will be 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 likely
to be of interest to decision makers. Key
topics will include government initiatives,
market growth, progress towards national
targets, economic trends, progress in
addressing environmental issues and
public reaction.

Two annual reviews have been completed.

TASK XVI - WIND TURBINE ROUND
ROBIN TEST PROGRAM

Operating Agent: National Renewable
Energy Laboratory - NREL, United States.

This 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 testing methods and
procedures. A series of round robin
comparison tests at participating national
laboratories and other interested test
stations will be the means of validating
test procedures and establishing
reciprocity between different certification
testing laboratories. All participating
laboratories will test identical machines at
their own facilities, using comparable test
instrumentation and data acquisition
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equipment. Discrepancies in the test data
will be resolved and form the basis for
improvements in testing procedures and
calibration methods. This will also serve
as justification for mutual recognition of
foreign certifications. A joint report on
the results of noise tesrs, power
performance and load tests will be
published. Due to technical problems the
completion of the Task is delayed until
June 1998.

EXECUTIVE COMMITTEE ACTIVITIES

Officers

D.F. Ancona (United States) and R. Rangi
(Canada) served as Chairman and Vice-
Chairman during 7996. At the fall
meeting, R. Rangi (Canada) and F. Avia
(Spain) were elected Chairman and Vice-
Chairman for 7997.

Participnnts

In1996, the European Commission signed
the R&D Wind Agreement, thereby
increasing the membership to 18

participants. During the year, the
Executive Committee invited Brazll and
Mexico to join the Agreement. Israel and
Poland have shown interest in
membership.

Several changes on the Executive
Committee were announced: the United
Kingdom requested to change its
Contracting Party from the United
Kingdom Atomic Energy Agency to AEA
Technology plc. See Appendix II for an
updated list of Members and Alternate
Members.

Meetings

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

The 37th meeting took place on May 28
and 29,1996 in Helsinki, Finland.



EXECUTIVE SUMMARY

The attendance was 19 participants,
representing 9 of the 17 member countries
and Operating Agents, and including
observers from Brazil and Mexico.

The Executive Committee established a

Task Force to studY waYs the IEA can

assist non-member countries considering
the use of wind power. Some of the

largest markets for wind power are in
countries that are not members of the

OECD. The Task Force has completed a

Wind Theme Note for the World Bank

presenting the fundamentals and the

current status of wind energy technology
development. Two additional papers will
focus on grid-connected and off-grid
wind power applications drawing on the

broad experience in the IEA member
countries.

The 1995 status report of Annex XV -
Review of progress in the implementation
of wind energy by the member countries
of the IEA - was presented.

Annex XVI - Wind turbine round robin
test program - started its program with a

first kickoff meeting at NREL, United
States. The attendees agreed to the
overall program objectives to

r determine how closely wind turbine
test results compare when tests are

conducted according to methods
specified by IEC standards

o identify the likely causes of differ-
ences in cases where test results
differ.

Discussion of a new Annex was initiated
to compile detailed wind characteristics at
typical sites in the participating countries.
High resolution, time series wind speed

measurements will be stored in a data
base that will be used by the participants
in the design of new turbines for
operation in a variety of environments.

On May 30, \996, the Committee visited
the Kemijoki Oy arctic wind turbine test

station in Lapland.

The 38th meeting was held on October 29

and 30, 1,996 in Emden, Germany, and was

attended by 21' participants, representing
14 of the 17 member countries and

including an observer from the World
Bank.

The Executive Committee approved the

1997 budget and decided to Print an

uodated version of the IEA R&D Wind
biochure, aimed at informing the general
public about the IEA's and member
countries' commitment to wind energy.

Annex XIV - Field rotor aerodynamics - is
almost completed and has resulted in a

unique documented data base of
aerodynamic measurements on different
wind turbines. A draft version of the final
report is complete.

Annex XV was expanded to include the

collection of wind power plant
performance data at six or more sites in
member countries and possibly other
locations in non-member countries. These

data will be compiled in cooperation with
the World Bank and the World EnergY

Council.

The Executive Committee discussed plans
on organizing international wind energy
business symposiums in an effort to
disseminate information on the wind
energy technology and deployment. The
first of these regional meetings will be
held in conjunction with an Executive
Committee meeting being planned for late
7997 or in 1998 in New Zealand. Senior
officials from governments, utilities,
financial institutions and other key
organizations will be invited to briefings
and open discussion on a full range of
technology diffusion topics.

A decision was made to review and
update the August 7993 Strategic PIan

1994-1998. This revision will take into

IEA R&D Wind Annual Repon 1996
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account the further expansion of the wind
industry and the changing role of the IEA.

On October 30, the Executive Committee
visited the Stadtwerke Emden, the
prototype 1.5 MW Tacke TW 1500 and the
Enercon manufacturing plant where the
prototype E-66 7.5 MW was inspected.

Planning Committee

The Planning Committee met on October
28,1996 in Emden, Germany.

IEA Wind Energy N ewsletter

Two issues of the Wind Energy Newsletter
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.I.Templin and produced in Canada.

International Energy Agency



lrirll

TI]E IMPLEMENTING AGREEMENT

The IEA cooperation in wind energy
started in7977. Presently 19 parties,
designated by the governments of 16

countries and the European Commission
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 The Energy Research
and Development
Corporation (ERDC)

The Republic of
Austria

The Department of
Natural Resources
Canada

Finland

Germany

Greece

Italy

THE IEA
R&D WIND
PROGRAM

the Environment
(NOVEM)

New Zealand The Electricity
Corporation of New
Zealand Ltd.

Norway

Spain

The Norwegian Water
Resources and Energy
Administration (NVE)

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

The National Board for
Industrial and

Austria

Canada

Denmark The Ministry of Energy

European Union The Commission of the
European Communities

Japan

The Technical Research
Centre of Finland
(vrr)
Forschungszentrum

Jtilich GmbH

The Ministry of
Industry/Energy and
Technology

Ente per Ie Nuove
Tecnologie, l'Energia
el'Ambiente (ENEA);
and ENEL, Societd per
Azione

The Government of
Japan

Netherlands The Netherlands
Agency for Energy and

International Energy Agency

Sweden

Technical Development
(NUTEK)

United Kingdom AEA Technology plc

United States The Department of
Energy.

The general objective 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
Operating Agent: The National
Swedish Board for Energy
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Source DeveloPment
Completed in 1981.

Task II Evaluation of wind models for
wind energY siting
Operating Agent: U.S.

Department of EnergY - Battelle

Pacific Northwest Laboratories
Completed in 1983.

Task III Integration of wind power into
national electricity suPPlY

systems
Operating Agent:
Kernforschungsanla ge Ji.ilich
GmbH, Germany
Completed in 1983.

Task IV Investigation of rotor stressing
and smoothness of operation of
large-scale wind energy
conversion systems
Operating Agent:
Kernforschungsanlage Jr.ilich
CmbH, Germany
Completed in 1980.

Task V Study of wake effects behind
single turbines and in wind
turbine parks
Operating Agent: Netherlands
Energy Research Foundation
Completed 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
Operating Agent: UK National
Engineering Laboratory
Technically completed in 1989.

Final report published in1994.

Task IX Intensified study of wind
turbine wake effects
Operating Agent: UK National
Power plc
Completed in7992.

Task X Systems interaction
Deferred indefinitely.

Task XI Base technology information
exchange
OperatingAgent: 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 in1994.
Final report published in 1995.

Task XIII Cooperation in the
development of large-scale
wind systems
Operating Agent: National
Renewable Energy Laboratory
(NREL), USA
Completed in1994.
Final report published in 1995.

Task XIV Field rotor aerodynamics
OperatingAgent: 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.

Task XVI Wind turbine round robin test
program

IEA R&D Wind Annual Reoort 1996
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Operating Agent: the National
Renewable Energy Laboratory
(NREL), United States
To be completed in 1998.

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 man years of work for several
years. Several Tasks are mixed cost- and
task-shared. The participation in current
Tasks is shown in the following table.

Table 1. Participation per Country in Current Tasks. OA indicates Operating Agent.

COUNTRY TASK

XI XIV XV XVI
Technology Field rotor Annual wind Round robin
information aerodynamics energy review test Program

Australia

Canada

Denmark

x

x

OA

European Union x

Finland x

Germany

Greece

Italy

X

x

X

X

X

X

x

x

x

X

X

OA

X

Japan

Netherlands x

New Zealand x

Norway x

Spain x

Sweden x

United Kingdom x

United States x

OA

OA

International Energy Agency



TASK XI THE IEA R&D WIND PROGRAM

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

INFORMATION EXCHANGE has two subtasks

The objective of this Task is to promote a. Development of recommended prac-
wind turbine technology by cooperative tices for wind turbine testing and

activities and information exchange on evaluation

Table 2. Documents in the Series of Recommended Practices for Wind Turbine Testing
and Evaluation.

VOLUME TITLE IST ED. 2ND ED. 3RD ED.

I POWER PERFORMANCE TESTING 1982 I99O
Describes in detail in what way
measurements shall be oerformed
in order to get correct power curve
for a wind turbine.

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 valid estimate of the fatigue life for the
comDonents of a wind turbine.

4 IJIEASUREMENT OF NOISE EMISSION 1984 1988 1994
Noise 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 oossible source of disturbance
caused by a wind turbine must be evaluated
carefully and accurately.

6 STRUCTUML SAFETY 1988
Outlines a rational procedure for setting up
standards of safety.

7 QUALTTY OF POWER t984
The quality of the power output from a wind
turbine needs to be described unambiguously.

8 GLOSSARY OF TERMS 1987 1993
A comprehensive collection is compiled of the
special terms used in the trade, with their
proper definitions.

9 POINT WIND SPEED MEASUREMENTS 1997

l0 NOISE EMISSION MEASUREMENTS in preparation

| | LIGHTNING PROTECTION OF WIND in preparation
TURBINE GENEMTOR SYSTEMS

IEA R&D Wind Annual Reoon 1996



THE IEA R&D WIND PROGRAM TASK XI

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
countries.

The Experts Group preparing a

recommendation on "Noise emmission
measurements" held three meetings
during 1996 (on March 25/26 at NWTC in
Boulder, Colorado, on August 5/6, at
ETSU, United Kingdom, and on
November 25/28 at ENEL, Milan,Italy).
The final document will be printed in
1997.

The Experts Croup which will prepare a
recommendation on "Point wind speed
measurements" met at NEL, Glasgow,
United Kingdom on February 22/23,7996.
The first draft of the final document will
be published at the end of the year.

The Experts Group on "Lightning
protection of wind turbine generator
systems" had their first meeting at AEA,
LTI Culham, United Kingdom on
February 7, 7996. A final document will
be printed in 1997.

B. Joint Actions

Joint Actions are set up by the Executive
Committee in a specific research area of
current interest, in which 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

I nternational Energy Agency

national members of the Executive
Committee. So far, three Joint Actions
have been initiated:

. Aerodynamics of wind turbines

. Fatigue of wind turbine blades

. Offshore wind systems.

The fourth symposium within the Joint
Action on "Fatigue of wind turbine
blades" was held on February 1./2,7996 at
DLR, Stuttgart, Cermany.

The tenth symposium with the Joint
Action on "Aerodynamics of wind
turbines" took place on December 75 / 17 ,

7996 in Edinburgh, United Kingdom.

IEA supported a conference on off-shore
wind energy systems in Mediterranean
and European seas organizedby ENEA
and planned for April 10 / 1I, 1997 in
Maddalena, Italy.

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

Topical Expcrt Meeti ngs

Topical Expert meetings are arranged
once or twice a year, as decided by the
Executive Committee. Attendance is by
invitation through the national Executive
Committee member, and the number of
participants is limited to a few per
country. The 28th Expert Meeting was
held in Denmark on April 77 /72,7996, on
"State of the art of aeroelastic codes for
wind turbine calculations."

Proceedings are published by the
Operating Agent.

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

Pn rt ic i pn t i nt O rgn n izn t iorts

Australia

Canada

The Energy Research
and Development
Corporation (ERDC)

Department of Natural
Resources Canada

ll



TASK XI THE IEA R&D WIND PROGRAM

Table 3. IEA Wind Energy Expert Meetings.

I

2

3

4

5

6

7

8

9

r0

il
t2

t3

l4

Seminar on structural dynamics

Control of LS WECS and adaptation of wind
electricity to the network

Data acquisition and analysis for LS WECS

Rotor blade technology with
special respect to fatigue design

Environmental and safety aspects
of the oresent LS WECS

Reliability and maintenance problems of LS WECS

Costing of wind turbines

Safety assurance and quality control of LS WECS
during assembly, erection and acceptance testing

Structural design criteria for LS WECS

Utility and operational experience from maior
wind installations

General environmental asDects

Aerodynamic calculation methods for WECS

Economic asoects of wind turbines

Modelling of atmospheric turbulence for use in
WECS rotor loading calculations

29-30 Apr 198 | Aalborg, Denmark

8-19 Nov l98l Copenhagen, Denmark

26-27 l/.ay 1982 Stockholm, Sweden

7-8 Mar 1983 Greenford, UK

l2- l4 Oct 1983 Palo Alto, California

Munich, Germany

Copenhagen, Denmark

Petten, Netherlands

Stockholm, Sweden

Hamburg, Germany

Rome, ltaly

Herndon, USA

Petten, Netherlands

London, England

Stockholm, Sweden

29-30 Apr | 993

3-4 May 1993

8-9 Mar 1994

Gothenburg,Sweden

Wilhelmshaven,
Germany

Golden, Colorado,
USA

Riso, Denmark

Gothenburg,
Sweden

Milan, ltaly

Utrecht,
Netherlands

Lyngby, Denmark

7-9 Ylay 1984

29-30 Oct 1984

30-3 | May 1985

4-5 Dec 1985

2 Dec 1987

l7- l8 Oct 1988

I l-12 Apr 1989

27-28 Nov 1989

3-4 May 1990

7-8 Ylar l99l

Wind conditions for wind turbine design

lncreased loads in wind oower stations
(wind farms)

Lightning protection of wind turbine generator
systems and EMC problems in the associated
control systems

Current R&D needs in wind energy technology | | - | 2 Sept | 995

State of the art of aeroelastic codes for wind turbines I l- l2 Apr 1996

| 2 Oct 1978

4 Apr 1979

26-27 Sept 1979

2l-22 Apr 1980

25-26 Sept | 980

Munich, Germany

Copenhagen, Denmark

Blowing Rock, USA

Stockholm, Sweden

Munich, Germany

l5 General planning and environmental issues of
LS WECS installations

16 Requirements for safety systems for LS WECS

17 Integrating wind turbines into utility power systems

l8 Noise generating mechanisms for wind turbines

l9 Wind turbine control systems-strategy and problems

20 Wind characteristics of relevance
for wind turbine design

2l Electrical systems for wind turbines with constant 7-8 Oct 199 |

or variable soeed

22 Effects of environment on wind turbine safety
and performance

l6-lTJune 1992

23 Fatigue of wind turbines, full-scale blade testing l5- l6 Oct 1992
and non-destructive testing

24

25

26

27

28

IEA R&D Wind Annual Report 1996



THE IEA R&D WIND PROGRAM TASK XI

Denmark Department of Fluid
Mechanics, Technical
University of Denmark

EuropeanUnion EuropeanCommission

Finland VTT

Cermany KFA Jtilich

Greece CRES

Italy ENEA

Netherlands ECN

New Zealand ECNZ

Norway NVE

Spain CIEMAT/IER

Sweden FFA

United Kingdom ETSU

United States Department of Energy

Opernting Agent

Department of Fluid Mechanics of the
Technical University of Denmark

International Energy Agency



TASK XIV THE IEA R&D WIND PROGRAM

TASK XIV - FIELD ROTOR
AERODYNAMICS

A joint research project involving five
laboratories in four countries (Denmark,
the Netherlands, United Kingdom, and
United States), the project aims at
coordinating measurement programs on
existing experimental wind turbines,
equipped with instrumented blades, to
measure pressure distributions around the
profiles or aerodynamic forces on blade
sections. The data will be used to develop
and verify aerodynamic models.

The work of this Task is completed. The
final report was published in 1997. (1) The
Task has resulted in a unique documented
data base of aerodynamic measurements
on different wind turbines. A total of
about 125 time series of aerodynamic field
measurements is available.

The measurements are obtained on five
different wind turbines. The diameter of
these turbines ranges from 10 to 27 m.
Very different blades have been
considered:

. blades without twist and taper

o a blade with twist but without taper

. blades with twist and taper.

Measurements have been supplied for
very different conditions, including yaw
misalignment. The angles of attack range
between negative values and deep stall.
The angle of attack has been varied by
means of a variation in wind speed or
eventually pitch angle or rotor speed.

All parties have provided:

o an aeroelastic model description to
aid in the interpretation of the mea-
surements

. measurements of ambient conditions

. measurements of operational condi-
tions;

. measurements of global blade and
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rotor data (i.e. blade loads);

. measurements of local aerodynamic
forces and inflow conditions.

The supply of local aerodynamic data is a
major step forward in understanding the
aerodynamic behavior of a wind turbine.
In conventional experimental programs
only integrated blade (or rotor) quantities
are measured from which the local
aerodynamic properties can be derived
only indirectly.

The access to the data base is made as

easy as possible. Therefore the files are
stored in a uniform format. In addition,
the conventions that have been applied in
the data base are uniform and the file
names are prescribed. Furthermore,
statistical overviews are supplied for
every file, which will assist the user to
select relevant data.

The data base can serve as a validation
base for the development and validation
of aerodynamic models.

In interpreting the measurements and
when comparing field data with wind
tunnel experiments, it should be borne in
mind that the definition of angle of attack,
dynamic pressure and aerodynamic
coefficients is less straightforward than in
the wind tunnel case. Several methods are
applied by the IEA Annex XIV
participants for the determination of these
quantities. A number of investigations
were performed on behalf of Annex XIV
or by the participants independently that
addressed the problem of angle of attack,
dynamic pressure and aerodynamic
coefficients:

e In general, no conclusion could be
drawn about the accuracy of the
methods because no values for the
"real" angles of attack and dynamic
pressure were available to compare
with.

r A mutual comparison of results and a

IEA R&D Wind Annual Report 1996
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comparison with non-rotating wind
tunnel data (from DUT and NREL)
has led to the following indications:

o The mutual agreement between
the mean angles of attack from
the different methods was
reasonable, at pre-stalled
conditions often excellent.

o The mutual agreement between
the dynamic pressure from the
different methods was good.

" Although the unknown reference
pressure can introduce
uncertainties in the aerodynamic
coefficients, the introduction of a

method that did not suffer from
this problem indicated that this
uncertainty is limited.

It must be noted that the above men-
tioned indications are still premature
and only based on measurements of
turbines with untwisted untapered
blade. More investigation is required
in order to draw more thorough con-
clusions.

The project served as a platform
where very specific knowledge associ-
ated with aerodynamic measurements
could be exchanged. This has been
very instructive for all participants
and enabled the acceleration of the
experimental programs.

J.G. Schepers, A.J. Brand, A. Bruining,
J.M.R.Graham, M.M. Hand, D.G.
Infield, H.A. Madsen, R.j.H. Paynter,
D.A. Simms: "Final report of IEA
Annex XIV. Field Rotor
Aerodynamics." ECN-C -97-027 , lune
7997.

(1)

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

This Task was initiated on June 7,1995,
and will remain in force for a period of
three years. It may be extended by
agreement of two or more participants
acting in the Executive Committee. ETSU,

on behalf of the United Kingdom, is the
Operating Agent for this Task.

Objectiae

The objective of this Task 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 that are likely to
be of interest to decision makers rather
than to produce detailed statistics of
installations and their performance.

Means

The annual review will be based on the
annual national reports submitted to the
Executive Committee. A summary of
progress in the implementation of wind
energy during 7996 is included in this
Annual Report (see page 19), and a full
review will be published shortly
afterwards as a stand-alone document,
with references to the annual report, for
those seeking more detailed information.
A final report will be prepared after three
vears on completion of the Annex.

Participants

Australia The Energy Research
and Development
Corporation (ERDC)

The Ministry of EnergyDenmark

t6

Forschungszentrum

Jnlich CmbH

The Ministry of
Industry/Energy and
Technology

Ente per le Nuove
Tecnologie, l'Energia
el'Ambiente (ENEA);
and ENEL, Societd per
Azione

The Government of
Iapan

The Netherlands
Agency for Energy and
the Environment
(NOVEM)

The Norwegian Water
Resources and Energy
Administration (NVE)

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

The National Board for
Industrial and
Technical Development
(NUTEK)

AEA Technology plc

The Department of
Energy

Germany

Greece

Italy

Japan

Netherlands

Norway

Spain

Sweden

United Kingdom

United States
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TASK XVI - WIND TURBINE ROUND
ROBIN TEST PROGRAM

International recommended practices for
developing and testing wind turbines are
being developed by the International
Energy Agency. International norms and
standards are being developed by the
international Electrotechnical Commission
Technical Committee 88 (IEC-TC88) and
other agencies. When countries adopt
these new standards, a mechanism should
be in place to ensure that turbines are
tested and certified to common criteria.
Common criteria could enable different
countries to accept foreign certification in
lieu of their own. However, countries
have found that there can be
discrepancies between tests conducted in
different locations using different test
equipment. A round robin test of
anemometers demonstrated that even
simple wind speed measurements can be
significantly affected by different
anemometer calibration procedures.
Power curve, noise, and load tests of full
turbines for certification programs in
different countries mav reveal important
differences. A basis foi exchanging test
reports should be established to
demonstrate that these tests can be
reliably conducted in different locations
by different testing agencies and achieve
similar reSults. Results from this
demonstration would facilitate
international certification harmonization
efforts.

A series of round robin comparison tests
at participating national laboratories and
other interested test stations has been
suggested as a means of validating test
procedures and establishing reciprocity
between different certification testing
laboratories. All participating laboratories
will test identical machines at their own
facilities, using comparable test
instrumentation and data acquisition
equipment. Discrepancies in the test data
will be resolved and used for the basis for

International Energy Agency

improvements in testing procedures and
calibration methods. This effort could also
serve as lustification for mutual
recognition of foreign certification.

Objectiae

The objective of this program is to
validate wind turbine testing procedures,
analyze and resolve sources of
discrepancies, and to improve the testing
methods and procedures.

Task DescriptiLtns

r Development of test and analysis plan

. Procurement and installation of test
turbines

r Preparation of test sites

o Testing of standard turbines and data
analysis.

The Operating Agent is the National
Renewable Energy Laboratory (NREL) in
the United States.

Pnrticipants

Danish National Laboratory (Riso,
Denmark)
ENEA (Italian National Agency for New
Technology, Energy, and the Environment,
Italy)
CRES (Center for Renewable Energy
Sources, Greece)
Atlantic Wind Test Center (Canada)

National Renewable Energy Laboratory
(USA)-Operating Agent

Stattrs

After the program kick-off meeting, in
Aprll 7996, participants began detailed
preparations for testing. These included
drafting of test plans, initiation of
anemometer wind tunnel calibrations, and
initiation of site calibration
measurements. Wind tunnel calibrations
are being conducted in cooperation with a

European Wind Turbine Standards
program/ MEASNET, in which
anemometers from eight countries are
being calibrated in ten wind tunnels.

t7
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Site calibration measurements (which
quantify wind speed difference between
the anemometer tower and the wind
turbine) are being conducted by Riso and

NREL. Tests at other test sites are

expected to be conducted late in 1998'

The key element of the Annex is the

Standard Turbine, an AOC 15/50. It was

initially proposed by NREL and
subsequently accepted by participants at

the April 1996 kickoff meeting. The
turbine is a 50-kW free-yaw configuration
that is relatively easy to transport and
install. However, the manufacturer,
Atlantic Orient Corporation, initially had
difficulties with suppliers and financing.
As a result, the Annex has been delayed
bv one vear. The turbine has now been
dlhvered, checked by NREL and sent to
Riss for installation. A second turbine has

been installed and tests are being
conducted at NREL. Power performance
and noise tests are expected to be
complete by spring of 1998 at both NREL
and Riso. After tests are complete at Riso
and the data is reviewed, the turbine will
sent to Italy for testing by ENEA and
CRES.
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SUMMARY

The National Reports in this volume
describe in some detail the wind energy
activities and developments in the
individual countries. This overview
collates the information given in the
National Reports on the status of the
industry. When information relates to a
specific country, its two letter national
identification code is included in
parentheses.

A full review comparing all aspects of
national approaches to promoting the
technology will be published in 7997 as a

stand-alone document for those seeking a

more detailed overview.

1. MARKET STIMULATION INSTRU-
MENTS

The main market stimulation instruments
used in participating countries are
investment subsidies, tax incentives and
payment of premium prices for the energy
produced. About half of the countries
also offer support for industrial
development. The trend is towards the
payment of a premium price for energy
generated and away from investment
subsidies.

The premium price is usually set in
relation to the national electricity tariffs
except in the UK where a bid-in system is
used and contracts awarded to the lowest
bidders.

2. MAIN CONSTRAINTS ON MARKET
DEVELOPMENT

The primary constraint affecting market
development is the low cost of
conventional generation arising from
cheap fuel and surplus capacity, which
makes wind energy economically less

attractive where it has to compete on the
open market (AU, CN, SF, JP, NZ, NO). In
countries where premium buy-back prices
make the generation of electricity by wind

International Energy Agency
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power economically viable,
the main constraint on the rate of
development is the difficulty of obtaining
planning consent for projects, often on the
grounds of environmental concern (DK,
DE,II NL, SW UK, US). Only Germany
reports integration into the electricity
distribution system as a potential
constra in t.

3. COMMERCIALIMPLEMENTATION
OF WIND POWER

3.1. Installed Capacity

The annual installed capacity in the IEA
member countries rose in 1996by 913 MW
compared to 863 MW in 1995 and 519 MW
in 7994. This brought the total installed
capacity in the member countries to
5152 MW. The number of new turbines
actually fell slightly to 1849 (compared to
1951 in 1995 and 1518 in 1994) as the
trend to replace smaller and older
machines with larger ones of higher rated
capacity continued. The average rating of
the turbines installed during 1,996 was
around 500 kW

The annual installed capacities and
numbers of turbines foi tER member
countries from 1994 to 7996 are shown on
the following page. The increase in
average rated capacity over the three
years is apparent.

Worldwide the growth in wind system
installations is continuing. During 1996,

the total capacity increased approximately
1267 MW to 6772 MW. This includes wind
systems in countries that are not members
of the IEA Wind Agreement, e.9., India
with 820 MW; Costa Rica,20 MW; and
China,57 MW. The regional expansion in
wind power plant capacity is shown in
Figure 1. Growth was fastest in Europe
and India and expansion is expected to
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Table 1. Annual Installed Capacities and Numbers of Turbines for IEA Member Countries,
1994-1996.

COUNTRY
ANNUAL INSTALLED

CAPACTTY (MW)
ANNUAL NUMBER OF
MACHINES INSTALLED

t994 | 995 t996 t994 | 995 t996

Australia

Canada

Denmark

Finland

Germany

Greece

Italy

Japan

Netherlands

New Zealand

Norway

Spain

Sweden

United Kingdom

United States

t8.9

s2.0

0

309.0

0.7

t0.2

0.9

22.0

0

0

23.4

t.v

33.0

42.0

J.U

0.6

98.0

2.0

505.0

0.7

0.6

3.7

r00.0

0

0

47.0

28.8

35. r

4t.6

0

0.2

t69.0

428.0

0

48.4

4.4

47.0

3.5

0

96.5

38.0

70.4

7.2

s4.0

t42.0

0

834.0

3.0

36.0

8.0

93.0

0

0

86.0

28.0

74.0

r60.0

t8.0

t.0

r99.0

4.0

r070.0

2.0

t.0

t3.0

255.0

0

U

t49.0

62.0

7 t.0

t24.0

0

2.0

343.0

808.0

0

t05.0

t6.0

t29.0

7.0

0

220.0

84.0

t22.0

r3.0

Totals

Average (MW)

5 r9.0 866.0 9t4.0 t5 t8.0

.t4

r969.0 t849.0

.44 .49

increase in China and the United States in
7997 and7998.

3.2. Performance of Installed Plant

Electricity Gener ation

The aggregate numbers for generation for
the participating countries was 8,500 GWh
during 1996 compared to 7,100 GWh
during 1995 and 6,250 GWh in 1994. This
increase could have been larger except
several northern European countries
reported an exceptionally low wind year.

Aaailnbility and Load Factors

Information on performance of installed
plant continues to be sparse as few
countries have a reporting system in
operation and outside of these the

20

information is regarded as commercially
sensitive. Most commercial plants are

reported to be operating with
availabilities in excess of 95% and
capacity factors as high as 0.4. Wind
plant energy production depends on the
wind speeds at the sites, with the best
sites over 0.5 capacity factor. Spain
reported the national average for all sites
during 1995 was 0.28.

3.3. Operational Experience

In general the installed turbines
performed well with few operational
difficulties. Lightning strikes and icing
resulting from extreme weather
conditions at a few sites were the main
operational problems.
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Figure 1. Wind energy capacity worldwide.

No major problem was reported on the
integration of output into the electrical
distribution systems. Large-scale
integration was identified by several
countries as a potential constraint on
development in sparsely populated areas
although the benefits of embedded (often
called distributed) generation were also
stressed.

4, ECONOMICS

4.1. Turbine Manufacturing and Project
Costs

Ten of the reporting countries (AU, GR,
NO, NZ and SF excluded)have turbine
manufacturing industries while six (US,
DE, DK, ES, NL, UK) have over 100 MW
of plant in operation, which allows good
estimates of manufacturing, project and
generation costs to be made.

During 7996, the ex-factory costs of
turbines fell slightly from the 1995 levels

International Energy Agency

probably due to increased demand and
reduced production costs per rated kW
as the size of turbines increased. In1996
the reported prices ranged from
USD 635-1000 per rated/kW with a

median of around USD 900/kW.

Total project costs also decreased in
1996 compared to 1995, with average
reported costs varying in the range
USD 940-1440/installed kW with
an overall average of around
USD 1200/installed kW. One would
expect the variation in these costs to
arise from the difficulty of working in
the terrain in which the wind farm is
installed and the ease of access to the
electricity network

4.2. Invested Capital

The capital investment in commercial
wind power can be calculated from the
installed capacity and estimated total

2l
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project costs per installed kilowatt. On the

assumption that a plant installed during
1996 is costed at an average figure of
USD 1200 per installed kW, and plants
over all other years are costed at

USD 1350 per installed kW (which is
recognized as being only indicative), the

aggregate investments in wind energy

generation by the reporting countries are

very approximately USD 1100M during
1996 and USD 6900M in total. Assuming
that higher shipping costs overseas are

offset by lower labor costs, the worldwide
investment was more than USD 1500

million during 1996 alone.

5. MANUFACTURINGINDUSTRY

5.1. Status of Manufacturing Industry.

The status of the wind turbine
manufacturing industry in the individual
countries depends strongly on the internal
program of installation of capacity as

most countries see wind power as an
opportunity to develop an industrial
manufacturing capability and use a high
proportion of nationally produced
machines. Thus the manufacturing
industry flourishes most strongly in DE,
IT, NL, ES, SW and US. The industry is

even stronger in DK, which as well as

having an internal installation program/
exports turbines to many countries, both
in the IEA regions and elsewhere. Two
exceptions to the general trend are JP,

which is maintaining a manufacturing
potential mainly aimed at exports, and the
UK where only one manufacturer
survives due to the competitive nature of
the support for installations which has

resulted in developers importing cheaper
turbines from overseas.

5.2. Technical and Business Developments

The trend toward turbines with increased

rated capacity for the commercial market
continued during 1996. Several
600/750 kW machines were available and
manufacturers began producing

22

commercial prototypes rated at or over
1 MW. Smaller machines,less than
50 kW, continued to be developed, usually
through value engineering to make them
lighter and more cost competitive.

5.3. Supporting Industries

As the sales of wind turbines grows, the

market has become more buoyant for
component manufacturers, especially as

local sourcing of components is regarded
favourably in several countries.

6. GOVERNMENT SPONSORED
R,D&D PROGRAMS

6.1. R,D&D Funding

There are government-sponsored
programs in all the countries either
funded by the central government
through government departments or
agencies, or funded and managed by
government-owned companies. The
reported 1996 annual budgets for direct
R&D work, excluding support for large
scale demonstration, range from less than
MUSD 1 (AU, CN, SF, NZ, NO, SW),
through MUSD 1.0 to 7.5 (DK, DE, CR,IT,
JR NL, ES, UK) to MUSD 31 for the USA.

In Europe, overall R&D funding levels are

higher than indicated as additional
funding is available through the European
Union which, of course, originates from
the contributions of the individual
national governments. The 1996 national
funding levels show only small changes
compared to those of 1995.

6.2. Priorities

The main R,D&D priorities reported by
each country can basically be divided into
two categories-the first concerned with
national issues, such as the available
resource and the impact of turbine siting,
and the second concerned with the
development of the technology itself.
Topics of interest include the following:

IEA R&D Wind Annual Reoort 1996
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National issues

. resource evaluation (wind measure-
ments, modelling)

r planning consent (siting of turbines)

r environmental impact (noise, visual
intrusion)

o electrical issues (integration, power
quality)

. standards and certification.

Technology development

o improved efficiency (aerodynamics,
variable speed operation)

. cost reductions (value engineering,
component development)

. advanced turbine development (new
concepts)

r safety (structural loads).

In general, work on national issues is
directed by government departments or
agencies while technology development is
undertaken in collaboration with, and
often partially funded by, industry.

6.3. New R,D&D Developments

The main trends in turbine development
during 1996 continued to be towaids
lightea more flexible turbines, the use of
direct-drive generators and variable-speed
operation. The development of turbines of
increased rated capacity for the
commercial market also continued. New
concepts under development are
described in the individual national
reports.

6.4. Offshore Siting

Interest in the offshore siting of turbines
is, in the main, limited to those countries
where there is a shortage of suitable sites
on land (Il SW) or where population
density precludes extensive on{and
development because of environmental
intrusion (DK, NL, UK). BV the end of

I nternational Energy Agency

1996, Denmark had two offshore wind
farms of 5 MW each in operation. The
Netherlands (4 x 500 kW) and Sweden
(1 x 220 kW, 5 x 500 kW planned) had
mounted demonstration projects and Italy
had a small R&D program. In the UK,
some developers have begun to formulate
plans for the siting of turbines in near-
shore waters.

6.5. International Collaboration

There is strong multi-national
collaboration from Europe through
numerous JOULE and THERMIE projects
which are partially funded by the
European Union. The US has bilateral
technical assistance agreements with
several countries. In seeking to establish
overseas trade, most countries are actively
seeking collaboration with countries and
regions with large potential markets (e.g.,
India, China and South America).
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The end of 1996 saw some uncertainty as
to the future of wind energy in the newly
deregulated electricity market in
Australia, though substantial new
commercial wind projects have been
announced, which should see the installed
capacity rise by 250"1' to 10 MW by the
end of 1997. Some of these
announcements have followed a new
interest by utilities in the "green energy//
market, typically in which the utility
offers the customer a renewable energy
tariff or the opportunity to install their
own renewable energy equipment.
Customer response so far is positive.
These announcements have also formed
part of the electricity community's
contribution to greenhouse gas abatement
in Australia.

In New South Wales (NSW), a continuing
wind monitoring program by Pacific
Power has seen them announce the
development of the first wind farm in
NSW at Crookwell, in the state's southern
highlands. The farm, with a nominal
5-MW rating, is still to pass the planning
and environmental approval process but
is expected to be operating by the end of
1997, at which time it will be the largest
wind farm in Australia. Pacific Power has
also recently refurbished its 150-kW
Windmaster turbine at Malabar in Sydney,
and has an ongoing study to identify the
types of turbines best suited to the wind
regimes in NSW. Another wind energy
development is being undertaken by
energyAustralia at Kooragang Island in
Newcastle, where a single 500-600 kW
turbine has gone to tender and should be
operating by June 1997. This single
machine is to supply some of the energy
for energyAustralia's renewable energy
tariff, which was launched in August 1996
to a trial area. This tariff will be
eventually offered to all of

International Energy Agency
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energyAustralia's three million customers,
and more turbines are expected to be
installed to meet the future tariff demand.

In Tasmania, The Hydro-Electric
Corporation announced the development
of an AUD 2.5 million wind farm at
Huxley Hill, on King Island, which lies in
Bass Strait between the Australian
mainland and Tasmania. The average
wind speed at the site is better than 9 m/s
at a 30-meter height, making it ideal for
wind energy. The farm will initially
consist of between two and five turbines
feeding into the existing diesel powered
grid, with a maximum expected
penetration of about 18'2,. Presently four
1200-kW diesel generators power this
grid. A similar off-grid wind/diesel
turbine installation was announced for
Queensland by the Far North Queensland
Electricity Board for a two turbine
installation on Thursday Island, just off
Cape York in Torres Strait between the
Australian mainland and New Guinea.
The tendering process has already been
completed for this installation with two
Vestas 225-kW turbines being selected.

In mid-1996, the ETSA Corporation of
South Australia announced an
AUD 0.5 million commitment to conduct
a study to determine the commercial
viability of a 5-MW wind farm in that
state. A site in the Fleurieu Peninsula has
been selected, with a 4O-meter wind
monitoring mast installed to supplement
the two years of wind monitoring already
completed at 10 meters and provide for a

more accurate prediction of the wind
energy potential. The overall study is
expected to be completed by the end of
June 7997.

In Western Australia, the two wind power
plants owned and operated by Western
Power at Esperance in the state's south
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continued successful operation with a

combined output tn1996 of 7 GWh,
saving about two million liters of fuel oil
in the area's 14-MW diesel powered grid.
Western Power also continued
assessments for more wind turbine
installations at both remote area grids and

for their large interconnected
southwestern grid, where the inclusion of
a large wind power plant is being
investigated. At the end of 7996, the
diesel-powered grid at Denham is the

most likely next turbine installation, with
a variable speed Lagerwey 30 /250
expected to be installe d in 7997 . An option
being pursued for the Denham site is the

inclusion of a large zinc bromide battery
set for grid regulation.

During 7996, the federal government
formed the Australian Co-operative
Research Centre for Renewable Energy
(ACRE), aimed at assisting the
development of a world competitive
renewable energy industry in Australia
through research and innovation. ACRE
manages a partnership between
government research institutions,
universities, and private companies, and
will in time have eight separate but
interconnected programs involving a wide
range of renewable energy technologies
and issues. One of these programs, the
Power Generation Program, involves the
development of small independent wind
turbines up to 50 kW. This should result
in a range of turbines designed and
operating in various locations in Australia
within the next few years, with the wind
program expected to run for a total of
seven years with total funding, including
private commitments, of around
AUD 4.5 million. Total ACRE funding for
all programs for the same period is in
excess of AUD 50 million.
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CANADA

1. GOVERNMENT PROGRAMS

1.1. Aims and Objectives

The focus of the Canadian National
Program continues to be in R&D support
and field trials.

1.2. Strategy

The main elements of the Wind Energy
R&D program are Technology
Development, Resource Assessment, Test
Facilities, and Information/Technology
Transfer. Field trial projects are selected to
evaluate the performance of the
equipment under special environmental
conditions or for specific applications.

2, COMMERCIALIMPLEMENTATION
OF WIND POWER

2.1. Installed Wind Capacity

. CWT Power 1.2 MW
The Adecon turbines were inspected
thoroughly and some modifications,
e.g., strengthening blade root, have
been carried out. The turbines have
been put into service. All of the
machines will be fitted with a new
control system that has been designed
and tested.

. Canadian Niagara Power Co.
18.9 MW
9 MW - Kenetech 350-kW turbines in
operation since January 7,1994

9.9 MW - Kenetech 350-kW turbines
in operation since September I,1994

. Various other small installations with
a total capacity of 2.5 MW

2.2. Installed Conventional Capacity

The total conventional installed capacity
in Canada at the end of 7995 (the most
recent year for which statistics are
available) was 11.4,470 MW, which
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includes coal, oil, natural gas, nuclear and
hydro power plants.

2.3. Numbers/Type, Make of Turbines

100-kW and 150-kW VAWT Adecon
turbines with external support frame
constant speed, stall controlled.

33 M-VS, 350-kW Kenetech turbines with
variable speed, variable pitch blades and
lattice tower.

2.4. Performance

The total wind energy production in1996
was 61 CWh.

2.5, Operational Experience

Operating experience with the two main
wind power plants (CWT Power and
Canadian Niagara Power), is limited to
energy output figures.

An 80-kW Lagerwey turbine was installed
at Cambridge Bay, Northwest Territories
(NWT) in October 1994. The turbine is
performing very well. The oil in the yaw
mechanism became thick during very cold
weather in January 1995. This slowed the
rate of yaw considerably. The oil was
changed to a grade more suitable for cold
weather and it cured the problem. This
lead to two additional Lagerway turbines
being installed at Coppermine, NWT.

Tacke Windpower Inc. (TWP) of Huron
Park, Ontario, as per an agreement with
NRCan, has installed a 600-kW turbine
near Kincardine, Ontario. The turbine,
modified for cold weather conditions, has

been undergoing evaluation since the
beginning of October 1995. The turbine
has been performing trouble free. It was
producing more power than the generator
rating due to higher density. This was
fixed by changing the blade pitch. TWP
has started to manufacture and export
blades for the Tacke 600 wind turbine.
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The 150-kW Bonus turbine installed on
the Haeckel Hill (1450 m height) near
Whitehorse in Yukon was commissioned
in August 1993. The turbine's energy
output in 7996 was 453,875 kWh.

The turbine is located on the west side of
Whitehorse and near a major migrating
corridor used by many thousands of large
waterfowl. On the east side of Whitehorse
also close to this corridor, there are some
microwave communication antennae and
radio transmission towers on top of the
Grey Mountain ridge. Both of these

locations were thought to be likely sites

for bird strikes since the elevations for
these two mountains are similar. These

two mountains are about 20 km apart.
Observations of bird flights were carried
out during the spring (mid April to mid
May) and fall (September 20 to October)
migrating periods. No dead birds were
found. Bird monitoring will continue for
another year.

3. MANUFACTURING INDUSTRY

3.1. Status/Number/Sales of
Manufacturers

o Dutch Industries (water pumps),
Regina, Saskatchewan

. Koenders, (water pumpers)
Englefield, Saskatchewan

. CWT 150 kW is the only turbine
designed and manufactured in
Canada by CWT Power International
Ltd. of Calgary.

. Tacke Windpower Inc, Huron Park,
Ontario is manufacturing sets of
blades for Tacke 600-kW wind tur-
bines.

o Some components for the Atlantic
Orient 50 kW and for Lagerway
80 kW are also manufactured in
Canada.

3.2. Support Industries

r Control system, inverter, tower manu-
facturers

4. ECONOMICS

4.1. Electricity Prices

Electricity prices varied depending on the
province and sometimes even within the

same province. The price range in January
1996 was

. for residential customers: from
CAD 0.066/kWh to CAD 0.141lkwh

r for commercial customers: from
CAD 0.067 /kWh to CAD 0.142lkwh
(based on 100 kW billing demand)

. for industrial customers: from
CAD 0.048/kWh to CAD 0.085/kwh
(based on 1,000 kW billing demand)

4.2lnvested Capital

The budget for the Wind Energy R&D
program of Natural Resources Canada is

about CAD 650 K with contribution of
about CAD 1.5 million from contractors,
research institutions, and provinces.

5. MARKET DEVELOPMENT

5.1. Market Stimulation Instruments

Curently, Class 43.1 of the federal Income
Tax Act provides an accelerated capital
cost allowance (30o1, capital cost
allowance rate computed on a declining
balance basis) for certain types of
renewable energies-essentially
equipment used to generate electricity or
to produce thermal energy for direct use

in an industrial process.

As well, the government is considering
now the extension of the use of flow-
through share financing currently
available for non-renewable energy and
mining projects to include intangible
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expenses in certain renewable projects, by
creating a new Canadian Renewable and
Conservation Expense category in the
income tax system.

5.2. Constraints

The main constraints for the wind energy
development in Canada are the surplus
installed capacity and low cost of
conventional energy.

5.3. Environmental Impact

There have been no bird kills reported
from Haeckel Hill installation and the five
wind turbines at the Atlantic Wind Test
Site in Prince Edward Island (PEI).

5.4. Financial Aspects

The only subsidy for Renewable Energies
in Canada is under the Class 43 of the
Income Tax Act. This clause allows capital
write-off at 307, per year on the remaining
balance.

6. GOVERNMENTSPONSORED
R,D&D PROGRAMS

. Development of the High-
Penetration-No-Storage Wind/Diesel
system by Hydro-Quebec and the
Atlantic Wind Test Site (AWTS) has
been completed. Hydro-Quebec is
now evaluating the implementation
of a full scale system in a remote com-
munity.

o The Lagerwey 80-kW wind turbine is
undergoing testing at AWTS and is
being fitted with a control system and
an inl,erter. The Northwest
Territories Power Corporation has

installed two additional units at
Coppermine, NWT.

The program also supports two test sites:

. Atlantic Wind Test Site at North
Cape, PEI, for testing electricity gen-
erating wind turbines and
wind/diesel systems, and

International Energy Agency

o Alberta Renewable Energy Test Site at
Pincher Creek, Alberta, for testing
wind and PV r.r'ater pumping
sysrems.

Canadian industry has collaboration with
Tacke Windtechnik of Germany, Lagerwey
of the Netherlands and Atlantic Orient
Corporation of Vermont, USA.

Figure 1. The 80-kW Lagerway wind turbine
opcrated bv Dutch lndustries Ltd. at
Cimbridge Bay, Northwest Territories.
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1. GOVERNMENT PROGRAM

1.1. Aims and Objectives

ln 7973, Denmark's need for primary
energy was almost totally covered by
imported fuel. Therefore, the first reaction
to the oil crisis was to encourage all kinds
of oil saving initiatives, such as the
conversion of power stations from oil- to
coal-firing and the expansion of the use of
waste heat from the condensing process
for district heating in urban areas. The
next step was to promote research and
development of renewable energy
systems, wind energy conversion systems
being one of them.

Due to production of oil from the North
Sea, the prime motivation, however, has
shifted in the nineties from oil savings to
reduction of gaseous emissions from coal-
fired power stations. Development of a

competitive Danish wind industry has
also become an important political
objective.

1.2. Strategy

The strategy for development of wind
energy systems has been implemented in
two ways. Development of large-scale,
electricity producing wind turbines was
jointly sponsored by the national
government and the Danish electric
utilities. At the same time, a number of
small- and medium-sized industrial firms
initiated a development process of small-
scale wind turbines to be used by private
individuals who were encouraged to buy
and install the machines by a combination
of investment and production subsidies.

From the late seventies and up to 1989,
the government used both investment and
production subsidies as stimulation
instruments for the development of small-
scale turbines. By 1989, investment
subsidies were no longer needed, so a

International Energy Agency
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production subsidy is now the only
incentive for private installation of wind
turbines in Denmark.

In order to establish a steady growth of
installed capacity, and also a stable home
market for the development of the wind
turbine industry, an agreement was
reached in 1985 between the government
and the Danish electric utilities,
committing the utilities to install 100 MW
in wind power plants over the next five
years. This agreement was fully
implemented by the end of 1992.

A second 100-MW agreement between
government and utilities reached in 1990

was finally implemented in 7996 after a

delay of about 2.5 years due to various
siting problems. According to a third
executive order from the government, the
electric utilities are now committed to
install an additional200 MW of wind
power before 2000,120 MW in the Elsam
area and 80 MW in the Elkraft area. In
view of the increasing problems of finding
acceptable onshore sites, much work and
many investigations are carried out to
find offshore sites. Despite this, the effort
to finish the ongoing planning work
regarding onshore plants continues, as all
Danish municipalities have been asked to
prepare municipal planning for siting of a

relevant number of wind turbines within
their districts.

1.3. Targets

Recently, the government has published a

new action plan called "Energy 21." In the
section dealing with wind energy, it is
specified that the final target for 2005 is a

capacity of 1500 MW of wind power,
supplying 70'% of the country's electricity
demand. This calls for an average
installation rate of about 100 MW per
year, including both private and utility
installations.

3l
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2. COMMERCIAL IMPLEMENTATION
OF WIND POWER

2.1. Installed Wind Capacity

Installation of modern grid-connected
wind turbines in Denmark began in1976,
but no significant progress was seen until
ten years later. Cumulated data for
number and power capacity by the end of
1986 was about 1250 turbines and 80 MW.

As of 31 December 1996, the total number
of grid-connected wind turbines in
Denmark, privately as well as utility
owned, was 4168 units with a total
electrical output capacity of 785 MW.

Data on privately owned turbines were
3545 units, totalling 590 MW installed
power. The corresponding numbers for
utility owned machines were 623 turbines,
totalling 195 MW of capacity.

The total increase in 7996 was 343

turbines with an output capacity of
169 MW. The utilities installed 32 new
turbines with an output capacity of
16 MW. Private individuals installed 307

turbines with a total capacity of 152 MW.

Table 1. Utility Wind Power Plants in Denmark.

In comparison, the total increase in 1995

was 136 turbines with a capacitv of
80 MW.

The average capacity of all new
installations in 1996 was 495 kW: 500 kW
for utility turbines and 495 kW for private
machines.

2.2. Installed Conventional Capacity

As of 31 December 1996, the maximum
continuous net capacity of the Danish
power generation system was iust more
than 10,000 MW (including wind
turbines). Installed wind power capacity
was 785 MW; i.e.. 7.85"1, of the total
national capacity. The domestic
consumption of electricity in 1996 was

about 32.000 GWh.

2.3. Numbers and Types of Wind Turbines

All wind turbines installed in Denmark
are of Danish origin. About 20% of
installed power is installed in wind Power
plants. The location of the utility-owned
wind power plants is indicated in
Figure 1, and the specifications are

outlined in Table 1. With some exceptions,

LOCATION MANUFACTURER
NUMBER/
CAPACITY

TOTAL
MW

SITING
YEAR

Masnedo

Syltholm l-3

Kyndby

Bavnebanke

Kappel

Ora

Vindeby, offshore

Nojsomheds Odde

Avedore

Jenslev

Vestas/DWT

Vestas/DWT

Danwin

Danwin

Vestas/DWT

Micon

Bonus

Vestas

Bonus

Vestas

5x750kW

25 x 400 kW

2l x 180 kW

7 x225 kW

24 x 400 kW

5x200kW

llx450kW
23 x 225 kW

5x300kW

5x225kW

| 985

| 988/90

| 988

| 990

| 990

| 990

t99 |

t992

t992

| 993

3.750

r0.000

3.780

t.575

9.600

t.000

4.950

5.1 75

t.800

r.t25

Utility wind power plants, Elkraft Area: 42.755 MW
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Table 1. Utility Wind Power Plants in Denmark (continued)

LOCATION MANUFACTURER
NUMBER/
CAPACITY

TOTAL
MW

SITING
YEAR

Hollandsbjerg

Rvi

Narrekar Enge I

Norreker Enge 2

Torrild

Velling Marsk I

Velling Mersk 2

Vederso Ker

Dreby Fedsodde

Brsns

Fjaldene

Abitd

Rejsby Hede

Tuns Knob,

Klim

Hanstholm

Veldbek

Emmerlev

offshore

Wincon

Nordtank

Nordtank

Bonus

Vestas

Vestas

Vestas

Vestas

Wind World

Micon

Vestas

Wind World

Micon

Vestas

Vestas

H. msllen

Nordtank

Micon

Nordtank 30x l30kW

2x300kW

20x99kW

3x200kW

36x l30kW

42 x 300 kW

16x l50kW

34x90kW

2x200kW

29 x 225 kW

77 x225 kW

12 x 220 kW

8x400kW

l3x500kW

5x500kW

39 x 600 kW

l0 x 500 kW

l3x600kW

3x525kW

3x500kW

4x600kW

4.500

2.580

4.680

t2.600

2.400

3.460

6.s25

6.075

2.640

3.200

6.500

2.s00

23.400

5.000

7.800

r.575

r.500

2.400

| 988

| 988

| 988

| 990

| 989

t987

| 990

| 990

t99 |

t992

t994

t994

| 995

| 995

t996

1996

1996

t996

Utility wind power plants, Elsam Area: 99.335 MW

a wind power plant is defined as a

cluster of wind turbines comprising five
or more adjacent units. Details regarding
siting of private wind power plants were
given in the IEA Wind Energy Annusl
Report 7995, see Reference 3.

2.4. Plant Types and Form of Ownership

Wind turbines installed in Denmark are

owned by utilities, private co-operatives,
and individuals. Utility proiects are
managed by utilities on the basis of

International Energy Agency

tenders from manufacturers and
subcontractors. Private individuals are

normally assisted by consultants or
government-financed information offices
(Energy Offices).

Utility turbines are operated by utility
staff. The strategy for maintenance is

decided by the local power comPanies,
which means that the work in some cases

is done by utilities and in other cases by
manufacturers or private service
companies. Private turbines are usually
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operated for an initial period of two years
by the manufactures and in the following
years are maintained by private service
companies.

Developers, Iike those in the United
States, do not operate in Denmark.

2.5. Performance of Wind Power Plants

Cumulated electricity generation by wind
turbines in Denmark during the years
1976-7986 was about 300 GWh. By the
end of 7996, the total output over all years
increased to about 7952 GWh.

ln 7996, the total electricity production by
wind turbines was 1245 GWh, which
supplied about 4.6"/o of the annual Danish
electricity consumption. For privately and
utility owned turbines, the numbers were
respectively 939 GWh and 310 GWh
(provisional data).

2.6. Operational Experience

The technical availability of new Danish
wind turbines is usually in the range of
98%-99%. The capacity factor, also for
new turbines, is site-dependent, but a

typical value is in the range of 0.23-0.27
for sites with roughness class 1. This
corresponds to 2000-2400 full load hours
per year.

On a voluntary basis, operational statistics
for about 2500 wind turbines installed in
Denmark are reported every month to the
Danish edition of the Wind Stats

Newsletter, published by the Windpower
Monthly News Magazine. In addition to
monthly production records, all
operational incidents/accidents are
reported, subdivided into 15 categories.
As far as possible, failure causes are also
reported frequently, as well as lightning
strikes and loss of grid accidents.

Over the years, much work has been done
on assessments of power quality. No final
rules regarding number of turbines per
feeder line have yet been established.

34

Hopefully, ongoing research will lead to
general guidelines.

The problem of generation of "surplus
power" by wind turbines has also called
for attention. The Elsam utility has

recently announced that the grid as a

whole now faces that problem during
about 1000 hours each year.

3. Manufacturing Industry

A Danish home market for wind turbines
and a wind turbine industry was first
established during the years 7979-1987,
strongly stimulated by an installation
subsidy of 30'/o, which was gradually
reduced during the following years and
finally expired in August 1989. Later, the
Californian market (1985 being the most
spectacular year) offered excellent export
opportunities, which in turn greatly
served to stimulate the development of
the Danish wind turbine technology.

The number of Danish wind turbine
manufacturers has been rather steady for
several years. They are, in alphabetical
order, Bonus, Micon, Nordex, Nordtank,
Vestas, Wincon, and Wind World.

Sometimes wind turbine blades are
imported, but as a main rule, turbine
blades are manufactured in Denmark.
One turbine manufacturer (Vestas) is self-
supplying; all other manufacturers have
most of their blades supplied by LM
Clasfiber A/S. This company also exports
turbine blades worldwide.

As of December 1996, about 9500 people
were employed by the Danish wind
turbine industry: 7970 by manufacturers
and 7530 by subcontractors, consultants,
and service companies.

The number and capacity of domestic
installations was reported in Section 2.1.

Cumulative figures for the number of
turbines and capacity sold abroad are
approximately 12,425 turbines with a

capacity of about 1950 MW. The total

IEA R&D Wind Annual Reoort 1996
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value of this production volume equals
about DKK 13,350 million, and, assuming
30'1, of this amount being the value of
imported components (gearboxes,
generators, etc.), the net value is about
DKK 9250 million.

Danish exports in 1996 accounted for
944 wind turbines (complete units) with a

total capacity of 505 MW and a total value
of about DKK 3000 million. This
represents a slight decrease in relation to
1995. In return the home market
expanded by about DKK 460 million. The
total turnover in the industry was about
DKK 4100 million. The turbines have over
the years been sold to about 45 countries
all over the world.

As mentioned earlier, the volume of
exports is increasing year by year. In
order to minimize transportation costs
and stimulate co-production in the
recipient countries, most Danish
manufacturers have established local
subsidiaries. This way, advantage is taken
of local expertise and labor.

The latest development trend shows that
the well-known "Danish design" is
unchanged: three-bladed, upwind rotors,
active yawing, and induction generators
connected to the low-voltage level at
380 Volts. Stall regulation and pitch
control are used for power limitation.

The power range is rapidly expanding.
Machines with ratings of 600 kW are now
commercially available, and at present,
three Danish manufacturers (Bonus,
Nordtank, and Vestas) have designed and
installed one 54-ml1-MW and two
60-m/1.5-MW prototype machines at
Tjereborg in Jutland. These prototypes
were ordered by the Elsam utility in order
to promote the technological development
of wind turbines. They are cofunded by
the European Union, DG XII and XVII.

The Test Station for Wind Turbines at Riss
and the Department of Fluid Mechanics at

International Energy Agency

the Technical University of Denmark have
been main consultants for the wind power
industry, but other university
departments and technological
institutions could also be mentioned.

4, ECONOMICS

4.1. Electricity Prices

The development of private, small-scale
wind turbines is no longer promoted by
public installation subsidies. Reasonable
buy-back rates and exemption from
electricity taxation is now the main
economic incentive.

At the present time, the average consumer
price for a Danish low-voltage customer
consuming about 3000 kWh per year is
about DKK 0.94 per kWh, including
taxation and VAT (generation: 0.28,

distribution: 0.10, electricity tax: 0.27,

CO2 tax: 0.10, VAT: 0.19).

The present accounting rules for wind-
generated electricity are regulated by a
statutory order issued by the Ministry of
Energy on November I, 7993. On average,
the electric utilities now pay private wind
turbine owners about DKK 0.58 per kWh
delivered to the grid. This price is
calculated as 85o1, of total generation and
distribution costs (DKK 0.31)plus a

government subsidy of DKK 0.27 per
kWh. The subsidy is considered to be
partial reimbursement of the carbon
dioxide and general electricity taxes paid
by the wind turbine owners as private
consumers.

The subsidy for 7995 for private
production was DKK 0.27 per kWh, with
a total of DKK 258 million paid out bv the
government.

The utilities get a production subsidy of
DKK 0.10 per kWh of electricity generated
in utility wind power plants as

reimbursement of the general carbon
dioxide tax. For utility production, the
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Figure 1. Utility prototypes and wind power plants in Denmark 1996.
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level of subsidy for 1995 was
DKK 22 million paid out.

4.2. Invested Capital

It is difficult to calculate the total invested
capital over the years exactly, but
government subsidy figures give an
indication. In the ten-vear period
1979-1989, cu m u lati ve insta I la tion
subsidies for about 2550 private wind
turbines were DKK 275 million. As
previously mentioned, the installation
subsidy expired in 1989.

Invested capital in Denmark for 7996,
assuming installation of 168 MW and an
average cost of DKK 6500 per kW,
amounts to DKK 1092 million. Assuming
an average installation cost for all years of
DKK 9.750 per kW, the total cost of the
installed 785 MW is calculated at
DKK7654 million.

The Danish Energy Agency has published
a report in which the value of wind
generated electricity is related to
cumulated savings in a conventional
electricity generating system. Three cost
items were taken into account: fuel
savings (coal), transmission losses, and
capacity credit. Including costs of flue gas
purification, the total savings are about
DKK 0.30 per kWh.

Adding the CO2 tax, DKK 0.10, to this
figure, the value of electricity produced
by utility turbines amounts to DKK 0.40
multiplied by the power generation in
1996.That is DKK 124 million.

The value of privately wind-generated
electricity is DKK 0.58 multiplied by the
power generation in 7996. That is
DKK 545 million.

4.3. Turbine and Project Costs

The total installation costs for 500-600 kW
wind turbines installed in wind power
plants are at present time in the range of
DKK 6000-7000 per kW. Assuming a
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depreciation period of 20 years, a real
interest rate of 7"/", and O&M costs of
2.5"h per year of installed costs, the total
production cost is in the range of
DKK 0.27-0.35 per kWh depending on the
wind regime at the specific sites.

The ex-factory cost of machines is by
experience 65"1'-70"/,, of the total costs,
including all site costs.

Neglecting the discussion about capacity
credit, it can be added that new coal-fired
plants generate electricity at an average
price of DKK 32-35 per kWh, including
distribution costs. The average cost on a

national basis is about DKK 36.5 per kWh.

4.4. Financing and Warranties

Over the years, financing new wind
turbine projects at the commercial stage
has not raised major problems. Utility
wind power plants and clusters of wind
turbines are financed in the same way as

conventional power stations and
transmission lines, and the costs incurred
are paid by the consumers and included
in the regular electricity bill.

Private wind turbines are usually owned
by co-operatives, and currently the most
common financing is by a bank loan
covering up to 100'X, of the total costs of
the project. The security for such a bank
loan is an agreement which requires that
all income from electricity generation be
paid directly to the bank. The
depreciation period is 10-15 years, and
the annual interest rate is currently
about 10'X,.

During the depreciation period, the
investors will receive a tax credit only if
they have procured financing by prir,'ate
loans. Within certain limits, income from
electricity generation by wind turbines is
exempted from taxation.

For the first two years, new wind turbines
are serviced by the manufacturers free of
charge. Then the parties enter into various
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service agreements. In addition, an all risk
insurance warranty is mandatory for the

first five years covering machine
breakdown, electricity production
according to power curve and wind
regime, and third-party liability. After the

initial five years, the insurance warranty
only covers machine breakdown and
third-party liability.

5. MARKET DEVELOPMENT

5.1. Market Stimulation Instruments

According to a statutory order of October
7992, the cost of grid connection is split
between the wind turbine owners and the

electric utilities. The wind turbine owners
must bear the costs of the low voltage
connections, while the utilities must carry
the costs for reinforcement of the 10- to
20-kV power lines when improvements
are needed.

The accounting rules for electricity
produced by wind turbines are described
in Section 4.1.

5.2. Constraints

The subject is dealt with in the following
two sections.

5.3. Institutional Factors

Planning Policy

All Danish municipalities have been
requested by the Ministry of Environment
to initiate planning for siting of a
reasonable number of turbines within
their districts. This planning material was
supposed to be available by July 1,1995,
but several municipalities failed to meet
this requirement. They have now been
asked to finish the planning work without
further delay.

However, this does not mean that
planning permissions are issued on this
basis. A normal planning procedure,
including public hearings, is to follow.
Experience shows that this tends to

J6

reduce the number of acceptable sites. For

more details, see Reference 1.

Certification

In May 7991., a new approval and

certification system for Danish wind
turbines was introduced as the result of
two years of preparation by the Danish
Energy Agency, the Test Station for Wind
Turbines at Riso, the Danish
manufacturers, the Danish Wind Power
Association, and various insurance and

certification companies. The previous
system of type approval consisted mainly
of a general design review and a review
of the load and strength calculations. The

general purpose of the new approval and
certification system is to improve the
quality level of Danish wind turbines
regarding efficiency and lifetime.

The new approval system for wind
turbines specifies requirements for
documentation of all design criteria, such
as load cases and loads, fatigue
evaluation, safety levels, power curves,
noise emissions, quality procedures for
manufacturing, transporting, installing
and subsequent servicing of the wind
turbines. The manufacturers must also
have a fully introduced and certified
quality assurance system, usually
according to ISO 9001 and 9002.

All wind turbines installed in Denmark
after |uly 7,1992, must be approved and
certified according to the new system.
Furthermore, it is a condition for
obtaining export guarantees from the
Danish Wind Turbines Guarantee A/S
that wind turbines must be approved and
certified according to the new system.

The new approval and certification
system is managed by the Danish Energy
Agency assisted by the certification
secretariat at Riso. Lately, Norske Veritas
and Germanischer Lloyd have also been
authorized to certify wind turbines in
Denmark.

IEA R&D Wind Annual Repon 1996
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In case of major accidents or incidents,
full information must be given to the
certification secretariat at Riso.

Safety Aspects

Implementation of the new certification
system will also serve to fulfil the safety
requirements for wind turbines. The
intention is that wind turbines must be

designed and manufactured in such a way
that they are inherently safe. Therefore,
safety distances are not required in siting
criteria.

5.4. Environmental Impact

Visual Intrusion

The public attitude in Denmark is, in
general, in favour of wind energy but the
"not in my backyard syndrome" is
becoming more widespread. This means

that the planning procedure for both
turbines and wind power plants is more
complicated than in earlier days.
Visualization studies are now normally
required by authorities as part of
planning applications. Manufacturers are

trying to take the public attitude into
account by reducing the wind turbines'
noise level and improving the aesthetic
design of the turbines.

Acotrstic Noise Enissiorr

lnl99\, a statutory order was issued by
the Ministry of the Environment stating
that the owner of wind turbines shall
prove to the county council that the noise

level from the wind turbines will not
exceed preset limits. This proof shall be

given prior to the installation of one or
more wind turbines and shall be based on

a prediction of the noise level according to

an authorized, simple propagation model.
A simple method for calculation of the
noise emission (source strength) of the

chosen wind turbine type is also specified
in the order. If the county council has not
objected to the development project
within four weeks, construction can start,
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provided that all other permissions have
been granted.

Noise from wind turbines must not
exceed 45 dB (A) outdoors at the nearest
habitation in rural areas and 40 dB (A) in
residential areas and other noise-sensitive
areas. Tonal noise (pure tone noise) from
gearboxes is often a source of annoyance,
so 5 dB(A) is added to the measured
broadband noise, if tonal noise is clearly
audible at the location where the noise
level is being measured.

5.5. Environmental Studies

Intpact on Bird Lifc

The impact of wind turbines on bird life
has been studied in relation to both the

Nibe turbines (198a) and the Tjereborg
wind turbine (7986-1990). In the first
study, it was concluded that no birds were

found whose deaths were attributed to
collision with the turbines. In the second

study, the deaths of seven birds could,
with some certainty, be said to have been

caused by collision with either the turbine
itself or one of the two meteorological
masts. Radar observations at this site

during night hours showed that in
general, birds are able to detect and avoid
the wind turbine (see Reference 2).

The general conclusion from the latest

study is that, compared to other human
activities such as farming and traffic, a

wind turbine in a bird sanctuary does not
have an especially significant impact on

bird life, though it does affect it. The birds
in question-not birds of prey, but all
kinds of waterfowls, waders, seagulls,

etc.-just seem to move away from the

turbine for breeding, staging, and

foraging. There is some evidence,
however, to indicate that when
construction and commissioning are ovet
birds get familiar with wind turbines and

tend to move back.

The latest initiative in this area is

implementation of a comprehensive study
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of bird life around an offshore wind
power plant installed at Tuno Knob, see

Section 6.5.

Ecology

In some parts of the world, installation of
wind turbines has a damaging effect on
ground conditions and vegetation caused
by earth work and traffic. This is not so in
Denmark. The sites are normally on
farmland, and after installation and
commissioning, the areas are brought
back to initial conditions as far as

possible.

5.6. Financial Aspects

Utility wind power plants are financed by
utilities and the quoted interest rate is the
so-called real interest rate. Private wind
turbines are usually financed by a ten-
year bank loan at the current bank rate.

6. GOVERNMENT SPONSORED
R,D&D PROGRAM

6.1. Funding Levels

Total government funding of R&D work
during the years 1976-7996 was about
DKK 350 million, and for demonstration
projects the funding was about
DKK 170 million.

The total amount being spent by the
Danish government on R&D for 1995 was
DKK 40 million. Of this amount,
DKK 12 million was used as support for
generic research (60% of the total
amount). Approximately DKK 18 million
was spent on support for industrial
development and demonstration (with
support ranging from 40o/" to 100% of the
total cost). DKK 10 million went to
support the Test Station at Riso and
miscellaneous minor projects.

6.2. Priorities

Key areas of research and development
are rotor aerodynamics, design basis for
wind turbines, structural loads, safety
systems, reliability analysis, forecasting of
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power production, acoustic noise
emissions, power quality, and variable-
speed operation. Recently, interest is also
focused on new generator concepts, i.e.,
gearless machines.

6.3. New Concepts

The three-bladed Danish wind turbine
concept is still predominant, but in view
of the fact that the two-bladed concept is
in widespread use all over the world, the
test station at Riso has, during recent
years, made experiments with a small
two-bladed machine. A final conclusion
will not be drawn until planned work on
rotor optimization is finished. It is a very
flexible, downwind test machine with free
yawing.

During recent years, much design and
construction work has also been spent on
new small-scale wind turbines (5-25 kW).
The motivation for this effort is that such
a turbine often suits the needs of
individual farmers, and it may also be a
good candidate for stand-alone purposes.

6.4. MW-rated Turbines

The status for the development of MW-
sized machines was briefly mentioned in
Section 3, and status for the older large-
scale projects at Nibe, Masnedo and
Tjereborg has been reported regularly in
the Wind Energy Newsletter published by
the IEA.

The new 50-m/1-MW wind turbine at
Avedore south of Copenhagen was
inaugurated in September 7994 and is
performing well. It has for two years been
operated in the stall mode, and lately
additional experiments with vortex
generators on the blades have increased
the power production at wind speeds
below rated power. The next step in the
test procedure is to use pitch control for
power limitation.

Status for the three new large-scale
prototypes at the Tjereborg site is as

IEA R&D Wind Annual Repon 1996
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follows: the Bonus machine
(50 m / 750 kW) installe d in 7994 suffered
from an overspeed accident in October
1995, causing serious damage to the rotor.
The accident was caused by failures in the
pitch bearings preventing the blades to
move to the stop position. A new and
bigger machine (54m/7 MW)is now in
operation. The Nordtank machine
(60m/1.5 MW)was installed in September
1995 and the Vestas machine
(60 m/1.5 MW) at mid-1996. In all cases

commissioning is now progressing well.

6.5. Offshore Siting

The first Danish offshore wind power
olant was commissioned in 1991. The site
is at Vindeby, Northwest of Lolland in the
Baltic Sea. The wind power plant consists
of 11 turbines in two rows. Each turbine is
rated at 450 kW, and hub height and rotor
diameter are respectively 37.5 m and
35 m. The total installation costs of the
project were DKK 7 million, and
assuming a depreciation period of 20

years and a real interest rate of 5'lu, the
cost of energy is calculated at DKK 0.56

per kWh. In addition to the installation
costs, the running measurement program
accounts for DKK 4 million. The reported
availability exceeds 96%.

A second Danish offshore wind power
plant was installed by ELSAM in 1995 at
Tuno Knob in the area between Jutland
and Samso. Installed capacity is 5 MW
consisting of 10 Vestas V39 turbines. The
total installation costs were about
DKK74 million, and by experience from
the first 6 months of operation, the cost of
energy is expected to be about DKK 0.47

per kWh. This calculation is based on the
following assumptions: annual
production 15 GWh, depreciation period
20 years, interest rate 5.5o1, and O&M
costs DKK 0.055. The above-mentioned
installation cost does not include about
DKK 5 million to finance a comprehensive
study of bird life around this offshore

International Energy Agency

wind power plant, because it is located in
an environmentally sensitive area.

6.6. International Collaboration

Over the years, Danish companies and
institutions have been involved in a great
number of projects funded by the
European Union (JOULE and THERMIE
programs). An updated list of projects and
funding does not exist.
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The Finnish wind energy R&D activities
are carried out under the new energy
technologies research program NEMO2,
coordinated by Helsinki University of
Technology and funded by the
Technology Development Centre. The
public funding level has been maintained
on a level of about 2 MFIM/year and it
accounts for 60"1, of the funding (the rest
is from industry, utilities and the research
organizations). The focus has been on the
development and adaptation of wind
technology for the northern climate. The
turbine blade heating system developed
at the Pyh;itunturi test site has had its first
commercial application in two 450-kW
Bonus turbines, operated by a daughter
company of the utility Kemijoki Oy.
Future activities will concentrate on
further product development of the
heating system. Research and
measurements on ice loads will also be
emphasised at the Pyhiitunturi test site.
A project to develop foundations suitable
for offshore areas with notable sea-ice
loads has been started with partial
funding by two utilities opeiating on the
coastal areas. The first offshore
installation is planned to follow in 1998 in
the Culf of Bothnia. The development of
direct drive generators using permanent
magnets is at the prototype stage.

VTT and the Finnish Meteorologic
Institute have been active in participation
in a number of EU |OULE projects.
Among them, FMI is coordinating the
project Wind Energy production in Cold
Climate (WECO) and VTT a feasibility
study for Kola-region in Russia. The
NEMO2 program comes to an end in
1998. The R&D program is planned to be
continued with emphasis on the
components for wind turbines. A number
of projects that fit under this theme have
been started or are in planning and

International Energy Agency
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funding stages. These include two JOULE
projects concerning blade materials and
design.

The Finnish industry continues to supply
wind turbine components such as

generators, gear boxes, blade materials
and, as a new product, towers and their
parts have been exported to a value of
about 250-300 MFIM in 1996. The growth
of the wind industry in general has been
notable for the component manufacturers.

During 1996 only 0.9 MW new wind
energy was installed, bringing the total
capacity to 7.2 MW. Two turbines of
450 kW were erected on top of the fell
"Lammasoaivi" in Northern Laoland.
Several other projects were scheduled for
7996but were delayed for different
reasons. In 7997 about 5 MW new
capacity is expected. Based on current
feasibility studies and known plans, the
best estimate of total installed capacity in
2000 is 20-35 MW. The 100 MW program
of the Ministry of Trade and Industry,
launched in7993, has not yet got up to
speed. The developers have faced several
obstacles: difficulties in getting building
permission, lengthy subsidy decision
procedures and the non-existence of pay-
back rules or energy production
guidelines. A working group, set up by
the Ministry of Environment, has written
a recommendation that should make it
easier for local authorities to issue

building permits, and several regional
studies identify windy areas that have no
conflicting interests. These are now ready
for the south-western archipelago, part of
the western coast and for Lapland
mountains. The Government is at present
preparing the long-term energy strategy.
It is probable that wind energy and other
renewables (mainly biofuels) will receive
a more important role than previously.
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1. GOVERNMENT PROCRAMS

1.1. Aims and Objectives

The actual program, the 4th Program for
Energy Research and Technology, has
been in force since 1996 and has again
been carried out by the Federal Ministry
for Education, Science, Research and
Technology (BMBF) (1).

The program consistently follows the
goals of the former programs to conserve
limited resources, to improve the security
of the German energy supply, and to
protect the environment and the climate.
Two general objectives are emphasized

o creation of the necessary prerequisites
to conserve finite sources of
energy.

r contribution to the modernization of
the national economy, to maintain the
German technology position, and to
improve exports.

Research and technology policy should
set boundary conditions that allow the
development of a sufficiently broad
spectrum of technical options.

1.2. Strategy

The strategy of the R&D funding of the
4th program follows three aims.

a) Improvement of the performance and
reliability of existing technology.

b) Development and demonstration of
technological concepts for the future.

c) Support of basic research for a) and
b).

In the short- and medium- term, an
important contribution to decrease energy
consumption and to reduce CO2

emissions is expected from the
improvement of thermal power stations
and a further use of rational energy. From
today's point of view nuclear power has

International Energy Agency
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one of the largest potentials to reduce CO2
emission, but its further utilization is

politically disputed. The government
politics maintain that this energy source
should contribute to the energy mix of
Germany.

In the medium- or long-term, renewable
energies are considered to contribute
significantly to the German energy supply
and to reduce CO2 emissions: Technically
rather advanced but not economically
competitive in all cases is the utilization
of heat (solar thermal, heat pumps,
biomass) and electricity (wind power/
waste contribution, biomass,
photovoltaic). A long-term perspective for
the energy supply is controlled nuclear
fusion. Here R&D is considered to be
important and is thus supported
considerably by the program.

The full range of strategy measures covers
various technologies. For this report, the
item Renewable Energies and Rational
Use is of special interest. Table 1 shows
the technologies of this part and the
expenditure of BMBF for the period of the
3rd Program for Energy Research and
Energy Technologies (see Reference 1).

Wind energy R&D Projects are covered by
"Wind energy-project funding" including
the demonstration of large scale

prototypes. The demonstration program
250 MW Wind is covered by "Wind
energy-indirect-specific funding." The
ELDORADO Program Wind, a further
demonstration program, is part of
"Application systems for southern
climatic conditions" in Table 1.

1.3. Target

The 4th Program for Energy Research and
Energy Technologies is related to the
political target of the German government
to reduce the CO2 emissions until2005 by
25<kt compared with 1990. The sustained
implementation of the program will
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Table 1. Expenditure of the 3rd Program of Energy Research a,nd Elg.gy Technologies for the

area Renewable Energy Sources and Rational Energy Use, DEM million (1).

TECHNOLOGY | 990 r99 | t992 | 993 t994 r995

Photovoltaics-proiect fundi ng

Photovoltaics-indi rect-specific fund i ng

Wind energy-project funding

Wind energy-indirect-specific funding

Application systems for southern climatic
conditions

Biological energy storage and use

Biomass (Ministry of Agriculture)

Geothermal energy

Others and cross-section activities of
renewable energies

Secondary energy systems

Energy-saving industrial processes

Electrochemical processes and hydrogen,
electrical storage

9t.6 r0r.0

0.3 3.0

t8. | 9.8

3.8 8.0

34. | 42.4

8.5 16.0

2.1 2.6

5.6 6.6

8.7 10.0

90.4

20.7

9.3

t6.4

3s.7

25. I

3.3

5.0

l t.7

t7.t 13.4

23.2 20.8

t6.6 t2.2

22.4 25.7

00
278.6 289.6

56.4 58.0

r0.0 0

| 1.0 6.9

27.3 32.0

26.0 23.5

5.2 0

3.2 3.0

5.7 3.7

9.6 | 2.8

t0.4 t0.4 7.5

23.7 28.5 23.6

t3.4 t3.7 t0.4

25.6 29.8 32.8

0 1.0 3.5

284.9 237.3 217.7

8 t.9

30.8

7.4

24.8

34.0

6.0

7.0

4.6

t5.9

21.6

t8. I

r2.0

Rational energy use and solar energy use in 22.2
household and low power consumers,
heat-storage

Solar energy-indirect specific funding 0

Totals without large research centers 246.8
(project funding)

Large research centers (institutional funding) 44.9 54.8 85.2 67.5 78.1 77.6

Total 291.7 333.4 374.8 352.4 315.8 295.3

Preliminary estimates lor 1996, the beginning of the 4th program: wind energy-prolect funding
DEM 5.5 million and for wind energy-indirect specific funding DEM 44.3 million.

contribute to reach this target together
with measures taken in other fields like
traffic. The German industry contributes
to the governmental obligation by
reducing its specific CO2 emissions until
2005 by 20% compared to 1990, as

declared in March 1996.

Governmental targets for wind energy in
Germany are not specified. In
governmental publications, a yearly wind
electricity production of up to several
percent of electricity production is

considered to be possible. Within the
250 MW Wind Program, a total of rated
power of about 390 MW will be reached
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(250 MW refers to the turbine's power at
10 m/s wind speed), corresponding to a

yearly electricity production of all
turbines (including the early, smaller
turbines) of roughly 1800 h x 390 MW t
10"/o = 0.7 x billion kWh t 10/', or almost
0.2% of the total actual produced

electricity.

Two German Federal States published
specific targets. Lower Saxony expects
1000 MW by 2000 (status, end of 1996:

426 MW) and Schleswig-Holstein expects
1200 MW by 2010 or 25o/o of Schleswig-
Holstein electricity consumption (status,
end of 7996: 540 MW, corresponding to

IEA R&D Wind Annual Report 1996
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7.4% of Schleswig-Holstein's electricity
consumption).

2. COMMERCIALIMPLEMENTATION
OF WIND POWER

2.1. Installed Wind Capacity

By December 31, 7996, the number of
installed wind turbines was 4326, with a
total rated power of 1546 MW (2). Eight-
hundred and eight turbines with a total of
428 MW were installedin1996. The year
\996 was the first year with a slight
decrease of the annual installed wind
power in Germany. Only about 85'2, of the
wind power of 1.995 was installed in 7996.

The total number of turbines in operation
by December 3I,1996, within the 250 MW
Wind Program was l52I (35% of all wind
turbines), corresponding to a total of 335

MW (22% of the total capacity) (3).

The development of wind power in
Germany is shown in Table 2. The
distribution of wind power for the 16

German states is given in Table 3. The
total rated power of the three coastal
federal states, Niedersachsen (Lower
Saxony), Schleswig-Holstein, and

Mecklenburg-Vorpommern was 1052 MW
(68"1, of the total installed power)
corresponding to 2867 wind turbines (66o/,'

of the total number of wind turbines). For
the part of the wind turbines operating
within the 250 MW Wind Program, the
regional distribution of the rated capacity
for different rated power classes by
December 31,7995, was evaluated (3), see

Figure 1. Compared with Figure 7 in the
IEA Wind Energy Annual Report 1995, a

further increase in turbines in the
500-600 kW range is evident.

2.2. Comparison with Conventional Public
Electricity Consumption

The total public electricity consumption in
Germany for 7995 was 457 x billion kWh.
According to the data given in the Table 2,

it follows that during 1996, wind power
contributed 0.5o1, to the German public
electricity consumption (1995: 0.3%). The
contribution of all renewables, mostly
hydropower, is nearly 5%.

2.3. Numbers/Type, Make of
Turbines/Ownership

For the number of turbines installed in
1996, and in total, we refer to Section 2.1,
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Figure 1. WMEP. Regional distribution of rated capacity for different rated power classes by
December 31,1996 (3).
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Table 2 and Table 3 as well as Table 5.

German manufacturers contribute about
65% of the installed wind turbines. The

statistics of different wind turbine types
are available for the wind turbines within
the 250 MW Wind Program, see Figure 2.

The figure represents the situation from
the beginning of the program in about
1990 until today. At that time many
smaller wind turbines-no longer sold
today-came into operation. At least for
the 250 MW Wind Program the statistics
of ownership are known, see Table 4. The
table shows categories of ownership and
the related number of projects, number of
wind turbines, and the total rated power.
Private individuals and trade and
industry (including the so-called power
investors) by far erected the largest
amount of total rated power, but trade
and industry has the largest average wind
turbine size. These numbers again reflect
the development of wind power in
Germany since 1989/1990: Farmers and
private individuals bought the smaller
wind turbines available at that time,

whereas today trade and industry, mostly
new firms, invest in projects with wind
turbines of the actual commercial
500-600 kW class of European
manufacture.

2.4. Performance and Operational
Experience

The performance of the wind turbines in
Germany is recorded in some detail in the
250 MW Wind Program. For this purpose,
ISET carries out a Scientific Measurement
and Evaluation Program (WMEP) on
behalf of BMBF (3). The average technical
availability for 1996 was again more than
9B%. That means an average stand-still
time of about 80 h per year per unit.

The climatic boundary conditions of 1996
(e.g., the low wind speeds and the long,
cold winter) could be seen in the
evaluation of the operator reports: The
failure cause "storm" decreased to 27o

(7995:6%\. For the failure cause
"lightning stroke," a decease from 4'/o to
2n/o was recorded. An increase of "ice

Table 2. Development of Wind Power in Germany; "250 MW Wind": Reference (3);
Total: Reference (2).

DATE NUMBER OF WECs RATED POWER
(MW)

WIND ELECTRICITY
PRODUCTTON (to'kwh)

250 MW TOTAL
WIND

250 MW TOTAL
WIND

250 MW
WIND

TOTAL

3t.r2.r989

3t.t2.t990

3r.r2.t991

3t.t2.t992

3t.t2.r993

3t.t2.t994

3t.t2.t995

3t.t2.t996

t5.0

t87.0

439.0

738.0

r058.0

r3 r7.0

t466.0

| 552. r

256.0

506.0

806.0

r2 | t.0

t797.0

2617.0

3528.0

4326.0*

t.4

30.8

72.2

t2 t.3

t83.9

255.5

3 |.0

335.0

20.0 0.0003

60.0 0.0 16 0.s8

| | r.0 0.089 0. t3

t83.0 0.20 | 0.28

334.0 0.302 0.5

643.0 0.462 1.0

I 120.0 0.543 r.5

1546.0* appr. 0.47 appr.2.4

*Eight dismantled WECs corresponding to 2 MW rated power were subtracted.
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Figure 2. WMEP: WECs types by December 31,1996 (3).

coating" of up to 9'/' (7995:5'1,) and "grid 3. MANUFACTURINC INDUSTRY
fallure" of up to 14% (1995:9%) was, 3.L Market Shares
observed. lne otner laliure causes snow
the same order of magnitude as 1995. Table 5 shows the shares of the suppliers
Figure 3 shows examples of failure on the German market in 1996. Turbines
statistics and statistics of repaired and with a rated Dower of 500-600 kW were
exchanged parts. sold almost exclusively. Enercon could

extend its leading position, followed by
Tacke and Vestas. The fourth position was
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