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I. EXECUTIVE SUMMARY

INTRODUCTION

IEA's commitment to wind energy dates
back to 1977, when the Implementing
Agreement for Co-operation in the
Research and Development of Wind
Turbine Systems (IEA R&D Wind) began.

In the more than 20 years since the
Agreement began, modern wind energy
systems have developed from preliminary
concepts to commercial products. The
development and use of wind energy has

become possible and continues to advance
thanks to vigorous efforts by each country
in research, system deployment, demon-
stration, and financial incentives. By
providing a flexible framework for cost-
effective joint international research
projects and information exchange, the
IEA R&D Wind has played and continues
to play an important role in the develop-
ment of wind energy.

Since the inception of IEA R&D Wind,
worldwide deployment of wind energy
has expanded significantly. As IEA R&D
Wind approaches its 27styear, global
deployment of wind power has risen to
around 9,500 Megawatts (MW) with
annual growth rates sometimes exceeding
33o/c per fear.

Leadership in the manufacture of wind
turbine generators has been assumed by
the European wind industry. Several
manufacturers in Europe are now building
and shipping new turbines at the rate of
one megawatt per day. Furthermore, in
efforts to reduce pollution, many European
countries have established higher than
market prices to suppliers of electricity from
wind turbines and offer other attractive
financial incentives. These factors have
accelerated the deployment of wind energy
in Europe and make the European market
for wind turbines very promising.

Countries around the world are building
both new grid-connected wind power
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plants and off-grid power projects. For
example, the European Union's (EU) White
Paper on Renewable Energy estimates that
EU wind power installations will total
more than 40,000 Megawatts (MW) by the

end of 2010. The United States expects to
have between 10,000 and 30,000 MW of
wind power by 2010. Non-OECD countries
such as India and China have also set

challenging goals for wind energy utiliza-
tion. With this rising global interest, the
wind industry's sales in 1998 were
estimated to be more than USD 2 billion.

The development and maturing of wind
energy technology has resulted from
evolutionary national programs. As
national R&D programs have changed,
the character of the cooperation within
IEA R&D Wind has also been changing.
For example, as countries have introduced
substantial incentive programs to stimulate
market development, IEA R&D Wind has

developed tasks to promote information
exchange on incentive and deployment
issues. Also, advanced technology research

is still needed to improve wind turbine
performance and reduce costs.

When the contracting parties extended the

IEA R&D Wind implementing agreement
through 2003, they adopted a Strategic
Plan outlining objectives for the coming
years. The mission of the IER R&D Wind
Agreement continues to be to encourage
and support the technological development
and global deployment of wind energy
technology. To do this, the contracting
parties exchange information on their
continuing and planned activities and

participate in IEA R&D Wind tasks

regarding co-operative research,

development, and demonstration of wind
systems. Specifically, members agree to

the following objectives for the extension
of the agreement.
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. Encourage cost-effective international
cooperation on advanced wind energy
related research and development.

. Exchange information and state-of-the-
art assessments on wind energy
technology, policy, and deployment.

r Extend cooperation to non-participating
OECD countries, as well as promotion
of wind energy in developing countries
and in Eastern Europe, preferably in
cooperation with the World Bank and
other international financing institutions.

NATIONAL PROGRAMS

The national wind energy programs of the
participating countries are the basis for
the IEA R&D Wind collaboration. These
national programs are directed toward the
evaluation, research, development,
demonstration, and promotion of wind
energy technology. They are concerned
with work both within their own countries
and elsewhere. A summary of progress in
each country is given in the following
Chapters.

At present, 19 contracting parties from 17

countries and the European Commission
participate in IEA R&D Wind. Australia,
Austria, Canada, Denmark, Finland,
Germany, Greece, Italy (two contracting
parties), |apan, Mexico, the Netherlands,
New Zealand, Norway, Spain, Sweden, the
United Kingdom, and the United States
are now members. Recently there has been
increasing interest in IEA participation
from countries both within and outside the
Organization for Economic Cooperation
and Development (OECD). This interest is
being encouraged and prospective members
attend IEA Wind Executive Committee
(ExCo) meetings to observe first-hand the
benefits of participation.

COLLABORATIVE ACTIVITIES

Participants in the IEA R&D Wind Agree-
ment are currently working on five Thsks,
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called Annexes, and several additional
Tasks are being planned. To date, 11 Tasks

have been successfully completed. The
level of effort on a Task is typically the
equivalent of several people working for a
period of three years. Some Tasks have
been extended to continue their work. 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. Some Tasks are a combination of
cost- and task-shared work. Reviews of
the progress in each active Task are given
in Chapters 2 - 5. A brief account of the
status of Tasks follows here. To obtain
more information about these activities,
contact the Operating Agent for each task.
Contact information for Operating Agents
is listed in Appendix B.

Task XI - Base Technology Information
Exchange

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

There are two main activities of this Task.

1. To prepare documents in the series
"Recommended practices for wind
turbine testing and evaluation" by
assembling an Experts Group for each
topic needing recommended practices.

2. To conduct Topical Expert Meetings
and Joint Actions in specific research
areas designated by the IEA R&D Wind
Executive Committee (ExCo).

The original Thsk expired in 7997 . Members
voted to extend the Task through 1999.

Recommended Prsctices

Ln7998, the Experts Croup on point wind
speed measurements finalized a draft
recommended practices volume that will
be ready for distribution in 1999.

IEA R&D Wind Annual Reoort 1998
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Expert Meetings and loint Actions

In7998, the 12th symposium within the

Joint Action on Aerodynamics of Wind
Turbines was held in Lyngby, Denmark.
IEA also supported the 31st Meeting of
Experts on the State-of-the-Art on Wind
Resource Estimation at RISZ National
Laboratory, Denmark.

Task XV - Annual Review of Progress in
the Implementation of Wind Energy by
Member Countires of the IEA.

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

This task, initiated in 1995, has produced
three annual overviews of the progress in
commercial development of wind turbine
systems in the IEA R&D Wind member
countries. The reports are intended for
decision makers in government, planning
authorities, the electricity supply industry,
financial institutions, and the wind
industry. A final report combining
information for 1995,7996, and 7997 wlll
be available in 7999.

Extension of this task is under consideration
by the ExCo.

TASK XVI. WIND TURBINE ROUND
ROBIN TEST PROGRAM

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

The objectives of this program are to

validate wind turbine testing procedures,
analyze and resolve sources of discrepan-
cies, and improve the testing methods and
procedures. A standard turbine is under-
going tests at several different sites around
the world. Preparation for testing includes
drafting test plans, initiating anemometer

wind tunnel calibrations, and initiating
site calibration measurements.
Anemometers from eight countries have

been calibrated in ten wind tunnels. Site

calibration measurements have been

completed at NREL and RISO.

International Energy Agency

Three standard turbines underwent tests

in 1998. One at Canada's Atlantic Wind
Test Site, one at the United States NREL
National Wind Technology Center, and one

in Denmark at RISO. The turbine under
test in Denmark was shipped to CRES in
Greece for installation and testing in 7999.

A status meeting was held to continue for-
malizing the test plan. The ExCo voted to

extend work on this Task for another year.

TASK XVII - DATABASE ON WIND
CHARACTERISTICS

Operating Agent: RISO National
Laboratory, Denmark.

A new Task was adopted by the ExCo to

extend, maintain, and make available a

database on wind characteristics developed

under a European Union project DG XII

flOULE). The database was developed by
14 institutes from 13 different European

countries to provide wind turbine designers

easy access to quality-controlled field data

in a standardized format. The final text of
this Annex to the Implementing
Agreement is under review at IEA
Headquarters.

TASK XVIII - ENHANCED FIELD
ROTOR AERODYNAMICS DATABASE

Operating Agent: Netherlands Energy

Research Foundation - ECN, the

Netherlands

In 1998, the ExCo approved a proposal for
a new Task XVIII to extend the database

developed in Task XIV and to disseminate

the results so that extensive use of the

database can be expected for years to come.

The work of Task XIV was documented in
7997 Final Report of IEA Annex XIV: Field

Rotor Aerodynamics. As a result of the four
years of work, a well-documented data-

base of measured aerodynamic profile
characteristics under three-dimensional,
rotating atmospheric turbulent conditions
is available on CD-ROM and is accessible

on an ftp site at ECN.
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EXECUTIVE COMMITTEE ACTIVITIES

Officers

R. Rangi (Canada) and F. Avia (Spain)

served as Chair and Vice-Chair during
7998. At the fall meeting, J. 't Hooft (the

Netherlands) was elected Chair and F. Avia
(Spain) was re-elected to serve as Vice-
Chair for 1999.

Participants

In 1998, total membership continued to be
79 organizations participating. See

Appendix B for an updated list of Members,
Alternate Members, and Operating
Agents. During the year, the Executive
Committee invited Brazll, China, Ireland,
and Portugal to attend ExCo meetings as

observers.

Meetings

The Executive Committee normally meets
twice a year for members to review
ongoing Tasks; it reports on national wind
energy research, development, and deploy-
ment activities (& D&D); it identifies, plans,
and manages cost-effective cooperative
actions under the Agreement.

The 41st ExCo meeting, scheduled to be
held in May in Copenhagen, Denmark
was canceled due to a transportation
strike in the host country.

The 42nd ExCo meeting was held on
September 8-10, 1998 in Copenhagen,
Denmark. There were 29 participants
representing 14 of the 19 contracting
parties. In addition, a representative from
IEA Headquarters attended the meeting.

Operating Agents reported on progress
since the last meeting. ExCo members
approved an End of Term Report (summa-
rizing IEA R&D Wind activities from 1993
to 1998) and the New Strategic Plan for
the Implementing Agreement. Then the
members voted unanimously to extend the
Implementing Agreement for Co-operation
in the Research and Development of Wind
Turbine Systems for another five years
(through September 30, 2003).

The Secretariat budget for 7999 was
approved as a draft. The audit report for
1997 was accepted.

The Newsletter Committee was expanded
and authorized to continue its assessment
of future directions for this ExCo publication
and as well as publication of information
in an Internet site.

The Annual Report for 7997 was distributed
to members.

On September 70,7998 the Committee
visited the Vestas manufacturing facilities
and the MW-scale wind turbines at the
Tjeborg/Esbjerg test site.

IEA Wind Energy Newsletter

Two final issues of the current Newsletter
(#12 and #13) were published, reviewing
the progress of the joint Tasks and the
wind energy activities in the member
countries. The Executive Committee acts as

the editorial board for the Newsletter with
a technical editor overseeing production.
A committee is reviewing the content and
purpose of the newsletter to present
proposals about format, content, and pro-
duction of future issues to the full ExCo.

IEA R&D Wind Annual Reoort 1998



II. IEA R&D WIND PROGRAM

CHAPTER I

The lmplementing
Agreement
The IEA co-operatiot't in wind energy
began in 1977 when The Implementing
Agreement for Co-operation in the
Research and Development of Wind
Turbine Systems was written. Referred to

as IEA R&D Wind, this agreement has

been signed by 17 countries and the
European Commission. IEA R&D Wind
currently governs the co-operation of 19

organizations, called contracting parties,

designated by these 17 countries and the

European Commission. Contracting par-
ties participating in activities for 1998 are

listed in Table 1.1.

The The objectives of IEA R&D Wind are

to exchange information on the planning
and execution of national large-scale wind
system projects and to undertake collabo-
rative R&D projects, called Tasks.

Overall control of information exchange
and the R&D Tasks is vested in the

Executive Committee (ExCo). The ExCo

consists of a Member and an Alternate
Member from each contracting party that
has signed the Implementing Agreement.
Most countries are represented by one

contracting party, mostly government
departments or agencies. Some countries
have more than one member if each con-

tracting party has one rePresentative.

Australia

Austria

Canada

Denmark

European Commission

Finland

Germany

Greece

Italy

Japan

Mexico

Netherlands

New Zealand

Norway

Spain

Table 1.1 Contracting Parties to the lmplementing Agreement for Co-operation in the Research

and Development of Wind Turbine Systems-1998

j:Hr:":'

,n"* *"ruur.n * *"",.Oment CorPoration

The Reoublic of Austria

Natural Resources Canada

Riss National Laboratory

The Commission of the European Communities

The Technical Research Centre of Finland (WT Energy)

Forschungszentrum Ji.ilich GmbH

The Ministry of Industry/Energy and Technology (CRES)

ENEL S.p.A. and ENEA Cassaccia

The Government ofJapan

Instituto de Investigaciones Electricas (llE)

The Netherlands Agency for Energy and the Environment
(NOVEM)

The Electricity Corporation of New Zealand Ltd.

The Norwegian Water Resources and Energy Directorate
(NVE)

Instituto de Energias Renovables (lER) of the Centro de

Investigaci6n; Energetica Medioambiental y Tecnologica
(crEMAT)

Energimyndigheten

Department of Trade and Industry

The U.S. Department of EnergY

Sweden

International Energy Agency



THE IEA R&D WIND PROGRAM

Table 1.2 Participation per Country in Current Tasks. OA indicates Operating Agent

XI XV XVI XVIII
Technology Annual wind Round robin Enhanced field rotor
information energy review test program aerodynamics database

COUNTRY TASK

Australia

Canada

Denmark OA

European Commission x

Finland

Sweden

United Kingdom x

United States x

Germany x x

Greece x x

Italy x x

Japan x

Mexico x

Netherlands x x

New Zealand x x

Norway x x

Spain x

x

x

OA

X

OA

x OA

___l
Member countries also share the cost of
administration for the governing body of
the Agreement, the ExCo. The ExCo meets
twice each year to exchange information
on their respective country R&D programs,
to discuss work progress on various Tasks,
and to plan future activities. Decisions are
reached by majority vote.

The R&D Tasks performed under IEA
R&D Wind are approved by the ExCo as

Annexes to the original Implementing
Agreement. (They are sometimes referred
to as Annexes.) Each Thsk is managed by
an Operating Agent, usually one of the
contracting parties in the IEA R&D Wind
agreement. The level of effort varies for
each Task. Some Tasks involve only
information exchange and require each

6

country to contribute less than 0.1 person-
year of work. Other Tasks involve test
programs requiring several people work-
ing over two or more years. Some of these
R&D projects are "task shared" by each
country performing a subtask; other
projects are "cost shared" by each country
contributing to the budget for a designated
lead country to perform the Task. Some
Tasks are organized as cost-shared and
task-shared. The technical results of Tasks
are shared among participating countries.

All Tasks undertaken to date are listed in
Table 1.2.

Current Tasks and participating countries
are listed in Table 1.3.

IEA R&D Wind Annual Report t998



THE IEA R&D WIND PROGRAM

Table 1.3 IEA R&D Wind Tasks Defined in Annexes to the Implementing Agreement

Task I

Task ll

Task lll

Task lV

Task V

Task Vl

Task Vll

Task Vlll

Task lX

Task X

Environmental and meteoroloqical aspects of wind energy conversion systems
Operating Agent: The Nationa-l Swedish Board for Energy Source Development
C6motet6d ii 198l.

Evaluation of wind models for wind energy siting
Operating Agent: U.S. Depanment of Eibrgy -Battelle Pacific Northwest Laboratories
c6motetdd i; 1983.

Integration of wind power into national electricity supply systems

Qpe-ratinB Agent: 1(ernforschungsanlage J i.il ich G mbH' Germany
Lompleteo In r7oJ.

Investigation of rotor stressing and smoothness of operation of large-scale wind energy
conversion systems

Qperati nB Alent: 1(ernforschungsanlage Ji.i lich GmbH' Germany
LomDleteo In lvuu.

Study of wake effects behind single turbines and in wind turbine parks
Opeiating Agent: Netherlands Energy Research Foundation
Completed in 1984.

Study of local flow at potential WECS hill sites
Opeiatine Asent: Naiional Research Council of Canada
C6motet6d i; 1985.

Studv of offshore WECS
Ope'rating Agent: UK Central Electricity Generating Board
C6molet6d ii 1988.

Study of decentralized applications for wind.energy
Cj;;i.ii"; As;;t' 0( t("lionut Engineering Laboiitory Technically completed in 1989.

Final report published in 1994.

Intensified study of wind turbine wake effects
ODerating Agent: UK National Power plc
C6molet6d ln 1997.

Systems interaction
Deferred indefinitely.

Task Xl Base technology information exchange
Ooeratine Aeejit: Department of Fliid Mechanics, Technical University of Denmark
C6ntinuing through 1996 and 1997.

Task Xll Universal wind turbine for experiments (UNIWEX)
Op"otins Agent: institute fo'r Computer Applications, University of Stuttgart, Germany

Cirmplet6d ln 1994.
Final 

'report published in 1995.

Task Xlll Cooperation in the development of large-scale wind systems
Ope'ratins Asent: National RenewableTnergy Laboratory (NREL)' USA

c6moletdd i; 1994.
Final report published in 1 995.

Task XIV Field rotor aerodynamics
Operating Agent:' Stichting Energieonderzoek Centrum Nederland (ECN)'
the Netherlands
Final report Published in 1997.

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
Td be coipleted in 1998.

Task XVI Wind turbine round robin test program
Ooeratins nsent, the N"iion.i RenZwable Energy Laboratory (NREL), United States

To be coilpl-eted in 1998'

Task XVll Database on wind characteristics
Operatins Asent: RISZ National Laboratory Denmark'
Final text-for-this Annex is under review at IEA Headquarters'

Task XVlll Enhanced field rotor aerodynamics database
Operatins lg"nt, N"theriinJs Energy Research Foundation - ECN, the Netherlands

iit"n] tti" f,atabase developed in Tik XIV and disseminate the results.

International Energy Agency



THE IEA R&D WIND PROGRAM

CHAPTER 2

Task Xl - Base Technology
lnformation Exchange
The objective of this Task is to promote
wind turbine technology by cooperative
activities and information exchange on
R&D topics of common interest. These
particular activities hae been part of the
Agreement since 1978, when they were
carried out before the formal annex was
adopted in 7987. Over the eleven years
since Task XI (also known as Annex XI)
was initiated, 31 volumes of proceedings
from expert meetings and 10 documents
in the series of Recommended Practices
have been published. Five of the
Recommended Practices have come out in
revised editions. The Annex was extended
in7997 for the years 1998 and7999.

The Base Technology Information
Exchange task includes activities in two
subtasks. The first subtask is to develop
recommended practices for wind turbine
testing and evaluation by assembling an
Experts Group for each topic needing
recommended practices. For example, the
Experts Group on lightning protection of
wind turbine generator systems drafted a
document published in7997. Also pub-
lished in 1997 were the documents drafted
by the Experts Group on noise immission
measurements. In 1998, a draft has been
finalized by an Experts Group on point wind
speed measurements and the document
will be ready for distribution in 7999.

The second subtask is to conduct joint
actions in specific research areas desig-
nated by the IEA R&D Wind Executive
committee. The Executive Committee sets
up Joint Actions in research areas of cur-
rent interest, where a periodic exchange of
information is deemed necessary. So far
foint Actions have been initiated in
aerodynamics ot'zuirrd turbines, t'atigue of
wind turbine blades, wind characteristics, and

8

Figure 2.1 With coordination by IEA R&D Wind,
experts assemble to discuss the technical issues
surrounding wind turbines capable of
generating several megawatts (MW) of
electricity.

deployment ot' ot'fshore wind systems. In each
of these topic areas symposia and
conferences have been held.

In 7998, the 12th Symposium within the
Joint Action on aerodynamics of uind
turbines was held in Lyngby, Denmark.
There were 18 participants from six coun-
tries. Thirteen papers were presented.

In addition to Joint Action symposia,
Topical Expert Meetings are arranged
once or twice a year on topics decided by
the IEA R&D Wind Executive Committee.
ln 7998, the 31st Meeting of Experts on
State of the Art on Wind Resource
Estimation was held at RISZ National
Laboratory, Denmark. There were
19 participants from 11 countries and
13 presentations were made. Proceedings
from topical expert meetings are called
Meetings of Experts. They can be obtained
by contacting the Operating Agent.

The Operating Agent of Annex XI also acts
as the official IEA observer on Technical
Committee No. 88, Wind Turbine Generator
Systems, of the International Electrotechnical
Commission (IEC TC88). The IEC is an
international standardization body which
generates international standards in coop-
eration with ISO. The standards which are

IEA R&D Wind Annual Report 1998



THE IEA R&D WIND PROGRAM

Table 2.1 List of Documents in the Series Rccomnruded Prnctices fLtr Wirtd Turbina Tcsting nrrtl

Eaaluation

IST ED. 2ND ED. 3RD EDVOLUME TITLE

t0

tl

POWER PERFORMANCE TESTING
Describes in detail in what way
measurements shall be performed
in order to get correct Power curve
for a wind turbine.

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

FATIGUE LOAD CHAMCTERISTICS
The correct procedure is described for getting
a valid estimite of the fatigue life for the
comDonents of a wind turbine.

MEASUREMENT OF NOISE EMISSION
Noise being one of the potential nuisances
caused bv iwind turbine, the correct
measurement of noise outPut is vital.

ELECTROMAGNETIC INTERFERENCE
This other oossible source of disturbance
caused by d wind turbine must be evaluated
carefully and accurately.

STRUCTURAL SAFETY
Outlines a rational procedure for setting up

standards of safety.

QUALITY OF POWER
The ouality of the power output from a wind
turbirie ne'eds to bb described unambiguously.

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

LIGHTNING PROTECTION OF WIND
TURBINE GENEMTOR SYSTEMS

NOISE IMMISSION MEASUREMENTS

POINT WIND SPEED MEASUREMENTS

t982 1990

| 983 1994

t984 1989

1984 1988 1994

| 986

| 988

t984

t987 1993

1997

1997

In preparaflon

Technical University of Denmark, 2800

Lyngby, Denmark) and from representa-

tives of countries participating in Task XI
(Australia, Canada, Denmark, European

Commission, Finland, Germany, Greece,

Italy, Mexico, Netherlands, New Zealand,

Norway, Spain, Sweden, United Kingdom,

and United States).

emerging often take the IEA Recommended

Practices as precursors.

Documents produced under Task XI,

published by the Operating Agent, are

available from the Operating Agent
(Department of Energy TechnologY,

Attn. B. Maribo Pedersen, Building 404,

International Energy AgencY
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Table2.2 List of Topical Expert Meetings Held Since 1978

I

2

Seminar on structural dynamics

Control of LS WECS and adaotation 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 major
wind installations

3

4

5

6

7

I

9

t0

| | General environmentar asDecs

12 Aerodynamic calculation methods for WECS

l3 Economic aspects of wind turbines

l4 Modelling of atmospheric turbulence for use in
WECS rotor loading calculations

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
or variable soeed

22 Effects of environment on wind turbine safety
and performance

23 Fatigue of wind turbines, full-scale blade testing
and non-destructive testing

24 Wind conditions for wind turbine design

25 Increased loads in wind power stations
(wind farms)

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

29-30 Apr 1993 Riso, Denmaru

3-4 Yay 1993 Gothenburg,
Sweden

8-9 Yar i.994 Milan, ltaly

12 Oct 1978

4 Apr 1979

26-27 Sept 1979

2l-22 Apr 1980

25-26 Sept 1980

29-30 Apr l98l

8-19 Nov l98l

26-27 Vay 1982

7-8 Mar 1983

l2- l4 Oct 1983

7-9 Vay 1984

29-30 Oct 1984

30-3 | May 1985

4-5 Dec 1985

2 Dec 1987

l7- 18 Oct 1988

I l-12 Apr 1989

27-28 Nov 1989

3-4 May 1990

7-8 Mar 199 |

7-8 Oct 199 |

l6-17 )une 1992

l5- l6 Oct 1992

Munich, Germany

Copenhagen, Denmark

Blowing Rock, USA

Stockholm, Sweden

Munich, Germany

Aalborg, Denmark

Copenhagen, Denmark

Stockholm, Sweden

Greenford, UK

Palo Alto, California

Munich, Germany

Copenhagen, Denmark

Petten, Netherlands

Stockholm, Sweden

Hamburg, Germany

Rome, ltaly

Herndon, USA

Petten, Netherlands

London, England

Stockholm, Sweden

Gothenburg,Sweden

Wilhelmshaven,
Germany

Golden, Colorado,
USA

Utrecht,
Netherlands

Lyngby, Denmark

Milano, ltaly

Athens, Greece

Lyngby, Denmark

27 Current R&D needs in wind energy technology I l- 12 Sept 1995

28 State of the arr of aeroelastic codes for wind turbines | | - I 2 Aor | 996
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CHAPTER 3

Task XIV - Field Rotor
Aerodynamics/Task XVI I I

Enhanced Field Rotor
Aerodynamics Database
(EFRAD)
Task XIV (also known as Annex XIV) was

established to coordinate full-scale aero-

dynamic test programs on wind turbines
in order to acquire the maximum experi-
mental data at minimum cost. After more

than four years of close cooperation
among participating institutes, the task

was completed in 7997 and a final report
has been published which includes
conclusions and recommendations arising
from the work.

In 1998, Task XVIII was apProved by the

Executive Committee to maintain and

extend the database developed in Task XIV

and disseminate the results so that extensive

use of the database can be expected for
years to come. In addition, the project will
work to define the problem of angle of
attack and dynamic Pressure.

The partners in Annex XVIII include:

r The Ministry of Energy (Denmark)

. The Netherlands Agency for Energy

and Environment (NOVEM)
(Netherlands)

. The Department of Energy (US)

. The Ministry of International Trade and

Industry (Japan)

As a result of the original project, a well-
documented database has been created

with aerodynamic measurements on all
participating facilities. The database is

accessible on an ftp site at ECN and on

CD-ROM available from the Operating
Agent. For parties not participating in the

original Task, the data can be obtained

International Energy AgencY

under the condition that feedback will be

delivered on the experiences with the

database. So far a total of five parties have

requested the database and accepted this
condition.

Under Task XIV a total of five full-scale
aerodynamic test Programs were

coordinated by:

Delft University of Technology, DUT
Netherlands

Imperial College, IC and Rutherford
Appleton LaboratorY, RAL, United
Kingdom

Netherlands Energy Research Foundation,
ECN, Netherlands (Operating Agent)

National Renewable Energy Laboratory,
NREL USA

RISO National Laboratory, Denmark'

In these full-scale test programs local

aerodynamic quantities ( forces, inflow
velocities, inflow angles, etc) are measured

at several radial positions along the blade.

The local aerodynamic data these test

programs supply is a maior step forward
in understanding the very complicated
aerodynamic behavior of wind turbines.

In conventional test programs only blade
(or rotor) quantities are measured.

Usually these quantities are integrated

over the rotor blade(s) and they are not

only influenced by aerodynamic effects,

but also by mass effects. In this case the

local aerodynamic properties of the blade

can only be derived indirectly, introducing

an uncertainty.

The work of Task XIV has been docu-

mented in Final Report of IEA Annex XIV:

Field Rotor Aerodynamics, ECN-C-97-027,

in June 1997 . The rePort, written bY

J.G. Schepers et al, was published by the

Netherlands Energy Research Foundations'

The report contains the following series of

tl
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conclusions and recommendations stem-
ming from the work.

1. IEATask XIV served as a platform
where very specific knowledge
associated with aerodynamic
measurements could be exchanged.
All participants agreed that this has
been very instructive and has enabled
the acceleration of their experimental
programs.

2. A unique, well-documented database
was developed in which detailed
aerodynamic measurements are
stored. About 125 time series of aero-
dynamic field measurements are
available. The measurements are
obtained on five very different wind
turbine configurations. The diameter
of these turbines ranges from 10 to
27 meters. Measurements have been
supplied for very different conditions.
As a result, more accurate aerodynamic
models can be developed and
validated.

3. In order to create the database, a joint
measurement program was agreed
upon. It was agreed that measurements
should be supplied in which the angle
of attack ranges from negative values
to deep stall values. Also, measure-
ments at yaw misalignment and at
stand still have been supplied. The
data file formats and the conventions
have been harmonized in order to
make the database easily accessible.

4. In interpreting the measurements and
when comparing field data with wind
tunnel experiments, it should be kept
in mind that the definition of angle of
attack, dynamic pressure , and aero-
dynamic coefficients is less straight-
forward than in the wind tunnel case.
Several methods are applied by the
IEA Task XIV participants for the
determination of these quantities.
Although the project results indicate
that the mean angle of attack and

t2

dynamic pressure which result from
the different methods yield a reasonable
mutual agreement, the differences in
standard deviations are considerable
and more investigation on this subject
is required.

5. There is a clear need to maintain the
database. The objective of Task XIV
was to develop the database, not to
use it. Extensive use of the database
in the near future and over the long
term will identify "gaps" and methods
to fill them. Furthermore, most of the
experimental facilities that contributed
to the database are still operational.
Several very useful measurements are
still expected and the storage of these
data will definitely improve the quality
of the database.

6. There is a clear need for the wind
energy community to reach consensus
about common conventions, definitions,
notations, and reference systems for
wind turbines. Within IEA Task XIV
much effort had to be spent on the
exact definition of wind turbine
conventions, notations and reference
systems. This item was essential in
the present project where data from
different institutes had to be harmo-
nized. This required the participants
to reprocess their data files. Several
data exchange rounds were necessary
before all participants supplied the
measurements according to the
common specifications.

IEA R&D Wind Annual Report 1998
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CHAPTER 4

Task XV - Annual
of Progress in the

Review lqtqipalls
Denmark

European
Commission

Germany

Greece

Italy

The Ministry of Energy

Directorate General Xll

Forschungszentrum Jiilich
GmbH

The Ministry of
lndustry/Energy and
Technology

Ente per le Nuove
Tecnologie, I'Energia
el'Ambiente (ENEA); and

ENEL, Societi per Azione

The Government ofJaPan

The Netherlands AgencY
for Energy and the
Environment (NOVEM)

Electricity Corporation of
New Zealand (ECNZ)

The Norwegian Water
Resources and EnergY

Administration (NVE)

The National Board for
lndustrial and Technical
Development (NUTEK)

Deoartment of Trade and
Industry

The Deoartment of
Energy

lmplementation of Wind
Energy by the IEA
Member Countries
This Task was initiated on June 1,7995,

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.

4.l OBJECTIVE

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
oresentation 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.

4.2 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 1997 is included in this

Annual Report, 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 Years on

completion of the Annex.

International Energy AgencY

Japan

Netherlands

New Zealand

Norway

Sweden

United Kingdom

United States

.:ii
&"":

Figure 4.1 Technical and institutional issues of

ofishore wind turbines are being explored by

some IEA R&D Wind mcmber countries'
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CHAPTER 5

Task XVI - Wind Turbine
Round Robin Test
Program
5.I INTRODUCTION

International recommended practices for
developing and testing wind turbines are
being developed by the International
Energy Agency (lEA). 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 l,oad tests of full
turbines for certification programs in
different countries may reveal important
differences. A basis for exchanging test
reports should be established to demon-
strate that these tests can be reliably
conducted in different locations by
different testing agencies and achieve
similar results. Results from this demon-
stration would facilitate international
certification harmonization efforts.

A series of round robin comparison tests
at participating national laboratories and
other interested test stations have been
suggested as a means of validating test
procedures and establishing reciprocity
between different certification testing

t4

laboratories. All participating laboratories
will test identical machines at their own
facilities, using comparable test instru-
mentation and data acquisition equipment.
Discrepancies in the test data will be
resolved and serve as the basis for
improvements in testing procedures and
calibration methods. This effort could also
serve as justification for mutual recognition
of foreign certification.

s.2 OBIECTTVES

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

Task descriptions

r development of test and analysis
plan,

. procurement and installation of test
turbines,

r preparation of test sites,

. testing of standard turbines and data
analysis.

Pnrticipants

. Riss Test Station for Wind Turbines.
Denmark

. Italian Agency for New Technology,
Energy and the Environment (ENEA),
Italy

r Center for Renewable Energy Sources
(CRES), Greece

r Atlantic Wind Test Site, Canada

o National Renewable Energy
Laboratory (NREL), United States of
America.

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

IEA R&D Wind Annual Report 1998
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Stntus

This annex to the Wind Energy Agreement
was approved with a starting date of
April 1996. After the program kickoff
meeting, in April 7996, participants began
detailed preparations for testing. These

included drafting of test plans, initiation
of anemometer wind tunnel calibrations,
and initiation of site calibration measure-
ments.

Wind tunnel calibrations were conducted
in cooperation with a European Wind
Turbine Standards program/ MEASNET,
in which anemometers from eight coun-
tries are being calibrated in ten wind
tunnels. Final calibrations have been
completed, but the results have not been
made available. Annex participants
agreed to conduct follow-on calibration of
anemometers at CRES. These tests are

scheduled for completion in March 1999.

NREL and Riss have completed site
calibration measurements, which quantify
wind speed differences between the
anemometer tower and the wind turbine.
Other participants plan to conduct site
calibration tests in 1999.

Tlre Standard Turbine is an AOC 75/50, a

50 kW free-yaw turbine that is relatively
easy to transport and install. Participants
will test three of these turbines, one at
Canada's Atlantic Wind Test Site, one at
the United States' NREL, and one at
several European test stations. The first
two turbines have been in operation for
several years. However, their turbine was
damaged by a lightning strike in 1998.

They now plan to begin testing in late
1999 in accordance with procedures
defined for this Annex. NREL staff have

completed power performance and noise
tests of their turbine. They expect to
complete load tests by June 1999.

The third turbine was shipped to Denmark
and began operation at RISO in early
December, 1997. RISA staff completed
power performance and loads tests in

International Energy Agency

June 1998. The turbine was then shipped
to CRES. Original plans called for testing
at ENEA but difficulties with funding
have forced indefinite postponement of
that installation. Instead, the turbine was
shipped to CRES. CRES anticipates
installation in late Spring of 7999 and test

completion in autumn of 1999.

A status meeting was held at RISO in June
1998 to discuss results to date, continue
formalization of the test plan, and plan
the transfer of the RISO test turbine to
CRES. Another meeting was held in
February 1999 at CRES for additional
discussions of status and plans. At that
meeting participants agreed to conduct
their tests in accordance with the schedule
described above and to recluest a one-year
extension of the Task. Activities would then

extend to October 2000 to accommodate
these plans.

Figure 5.1 Three of these Stanclarc-l Turbines
are being tested in Canacla, the U.S., Denmark,
and Greece.
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III. NATIONAL ACTIVITIES

Chapter 6

Overview
6.1 INTRODUCTION

Wind energy activities in the individual
countries participating in IEA R&D Wind
are reported regularly to tl're Executive
Committee of the Implementing
Agreement and published in the Annual
Reports of the Committee. A need has been

identified for an overview of the national
reports to compare approaches to promoting
the technology. This work is carried out in
Task XV Annual Review of Progress in the
Implementation of Wind Energy by the
Member Countries of the IEA.

The activity to produce an overview
started with a review of the national
reports for 7994 and then reviewed reports
for 1995 and 1996. This fourth annual
overview draws from the national reports
for 7997 and supplementary information
provided by Executive Committee members.

It includes information from the overviews
of 1994-96, where appropriate for
comparison. By its nature, an overview is
a generalization and readers who wish
detailed information or clarification for
individual countries sl'rould refer to the

specific national annual report in the lEA
Wind Encrgy Annusl Report 1997. National
reports for 1998 were not reviewed for
this overview, but can be consulted in
Chapters 7-23. Where information relates

to a specific country, a two-letter national
identification code is included in paren-
theses. If information on a specific aspect

of wind energy development is not
reported by an individual country, that
country is omitted from the analysis and a

blank entry is shown in the accompanying
table or figure.

To allow comparison, all costs and prices
are presented in US dollars. A list of the
monetary conversion factors used in this
report is given in Table 6.5. The data used

International Energy Agency

to produce the figures is presented in
Tables 6.6 And 6.7.

6.2 GOVERNMENT POLICIES

6.2.1 Ainrs and Objectives

All countries participating in IEA R&D
Wind are evaluating wind energy technology
ar-rd its potential contribution to their
national energy supply, taking into account

economic viability and environmental
concerns. The reduction of greenhouse gas

emissions is one of the main drivers in
this policy. Diversity of enerp;y supply
and the development of a sustainable
wind energy market to develclp national
industries and other commercial activities
are also seen as advantageous for most

countries.

6.2.2 Strategy

The strategies adopted by the countries tc'r

achieve their aims and obiectives vary
greatly. All have government-funded
research, development and demonstration
(R, D&D) programs aimed at assessing the

technical, environmental, and economic
prospects for the technology but with
widely different levels of funding and

types of support. These programs are

usually collaborative between industry
and major utilities, which are often state

owned.

Some countries l'rave introduced market
stimulation to allow large-scale demon-
stration of the tecl'rnology. The main
market stimulation instruments used in
participating countries are investment
subsidies, tax incentives, payment of
premium energy prices, and "green

electricity" (specific tariffs which encourage

investment in renewable energy). All
countries also offer support for industrial
development in some form or other. In

some countries central government incentives

are complemented by regional funds.

t7
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Table 6.1 The Six Main Support Activities in National Programs.

ACTIVITY AU CN DK SF DE GR IT JP MX NL NZ NO ES SW UK US

oaoaaooaooaooaaoGovernment-funded
R,D&D program

Capital investment
subsidies

aaaaa

Premium price for
generatron

oaa oooo

Green electricity .O ooa
Suppon for industrial
development

ooaaoooo oaaoooa

Tax incentives

Table 6.1 lists the six main support
activities and indicates their use by the
IEA member countries.

6.2.3 Targets for Installed Capacity

About half of the national governments of
the participating countries have announced
formal targets for the amount of wind
power capacity they wish to see installed.
The years for realization of these targets
are usually 2005 to 2010. Progress toward
the targets is uneven across the countries.
Germany and Denmark are ahead of
schedule. The Spanish target (based upon
a summation of regional targets) has been

2500

greatly increased. By 7997, deployment in
Spain had reach a modest 427 MW
compared with a national target of
8,000 MW Denmark and the Netherlands
also have additional long-term targets
with significant contributions coming
from offshore wind energy. The targets are
shown in Figure 6.1 along with the total
installed wind energy capacity achieved
to date.

6.2.4 Market Stimulation Instruments

As shown in Table 6.2, the trend is away
from investment subsidies and toward the
payment of a premium price for energy i

t
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AU CN DK SF DE GR IT JP MX NL NZ NO ES SW UK US

Figure 6.1 Total Installed Wind Power Capacity in Participating Countries Compared to
National Targets.
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Table 6.2 The Main Market Stimulation Instruments in the Participating Countries.

COUNTRY MARKET STIMULATION INSTRUMENTS

Australia Green Power

Canada capital investment write-off (30olo per annum of the declining balance), Green Power

Purcnase Program.

Denmark Production subsidies for energy produced by private Senerators and utilities; buy-back

rates linked to utility production'costs from conventional fuels; Low voltage connection

paid by owner. Grid reinforcement costs paid by utilities

Investment subsidies-up to 40o/o total costs depending on level of technical innovation.

Production subsidy for wind and other small local energy Production'

Germany Electricity feed law fixes buy-back price atgOo/o of.average private consumer tariff.

Individual states may offer capital subsidies or soft loans.

Up to 45o/o capital investment subsidies and possible 45o/o soft loan. Premium price for

energy since end 1995.

Premium price for renewable and assimilated energy sources. Some Regional Authorities

orovide investment subsidies (up to 70olo in Sicily).

Subsidy for installation - | 00o/o wind measurements, 50o/o dlsign costs, 50olo construction

.ortr. so.e finance at preferential rates and tax incentives for profitable companies.

Buyback price negotiated between generator and utility.

Mexico None at Dresent.

Netherlands Deduction of 40olo of wind turbine investment from comPany profits and accelerated

depreciation. Income from "Green Funds" exemPtfrom income which,re.su[s tn,lo_1v91

i"i!r"rt 1.3t., on capital borrowed. Premium price for energy produced...3c^RegulatorT

Energy Tax paid to generators. "Green Label" program introduced for 1998'

Federal subsidies of USD 0.0 | s/kwh, adiusted annually for inflation, in form of tax credits

for investor-owned utilities and production incentive Payments for municipal (tax-exempQ

power producers. Wide range of individual state incentives (e.g. waiving of sales or
proPerty taxes).

New Zealand None at present.

Norway Shared development and operation costs within small budget (up to 50olo)'

Spain Investment subsidies up to 30o/o in particular applications. Premium price for energy

produced.

Investment subsidy of l5olo. Household tariff minus administration costs for small power

producers (< | 500kVV).

UK Premium price for energy produced. Contracts awarded after competitive bidding.

US

t9International Energy AgencY
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generated. 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 are awarded
to the lowest bidders. In a number of
countries customers are being offered
"green electricity" at slightly higher rates
than electricity generated from conven-
tional sources. Green electricitv is usuallv
offered by electricity suppliers in deregu-
lated markets although often with initial
government support when wind power is
first established. This is providing another
source of funding for wind energy projects.

6,3 MARKET DEVELOPMENT

The primary constraint on market
development is the low cost of conventional
generation arising from cheap fuel and
surplus capacity. These low costs make
wind energy economically unattractive
where it has to compete on the open
market (AU, CN, SE JP, NZ, NO).

In countries where premium buy-back prices,
and/or tax incentives, and/or capital
investment subsidies make the generation
of electricity by wind power economically
viable, the main constraint on the rate of
development is the difficulty of obtaining
land use planning consent for projects.
Objections to projects are often made
because of environmental concern, in par-
ticular the visual impact of wind farmi
(DK, DE,IT, NL, SW UK, US).

In the majority of countries, planning of
Iand usage is a local matter taking account
of broad national guidance. Hence planning
consent decisions and imposed conditions
on wind farm develop*entt can be
subjective and depend on how national
guidance is interpreted at the local level.

Integration of large-scale wind generation
into the electricity distribution system is
seen as a potential, but not immediate,
problem.

6.4 COMMERCIAL IMPLEMENTATION
OF WIND POWER

6.4.1 Installed Capacity

The annual installed wind power capacity
in the IEA R&D Wind participant countries
increased in 7997 by 1,230 MW compared
to 880 MW in7996,863 MW in 1995, and
521 MW in 7994. This brought the total
installed capacity in the participating
countries to 6,333 MW at the close of 7997.
The number of new turbines rose to 2,253
(compared to 1 ,796 in 7996, 1 ,957 in 1995,
and 7,523 in 1994) as the trend toward
machines of higher rated capacity continued.
The average rating of the turbines
installed during 7997 is around 550 kW.

Figure 6.1 shows the total wind power
capacity installed in each country com-
pared to the announced national targets.
The numbers above the bars indicate total
installed capacity.

Figure 6.2 shows the annual installation
rate for each year from 7994 to 7997. The
numbers above the bars indicate 7997
only

The rate of installation rose in the maiority
of countries in 1997 although it fell slightiy
in Italy. Significant increases occurred in
Denmark and Germany with Spain estab-
lishing itself as the third-largest European
market. In the US, the restructuring of the
electricity supply industry continued to
delay some projects although 600 to 800 MW
of new projects were either under con-
struction or planned for construction in
the next few years. The total capacity and
numbers of turbines for all member
countries are shown in Table 6.3 where the
upward trend in rated capacity of turbines
over the years is clearly discernible.

20 IEA R&D Wind Annual Repon 1998
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Figure 6.2 Wind Power Capacity Installed From

Participants.

6.4.2 Type of Development and
Ownership of Installed Plants

In most countries the new capacity was in
the form of wind farms, typically consisting

of 10 or more turbines. Ownership of new
wind farms depends to a large extent on

whether or not the electric utilities are

government owned. In countries with
government-owned utilities, the govern-
ments use the power generation and/or
distribution companies as vehicles for
demonstration. In countries with privately
owned utilities, the spread of ownership has

been much wider, including private com-

panies as well as independent generators.

As turbine and project size increases, the

resources of utilities and limited companies

are more frequently used' However,
private financing was used for a 100-MW

wind power plant in the United States.

Small-scale developments have only
become established on a significant scale

in Denmark and GermanY.

JP MX NL NZ NO ES SW UK US

1994-1997 (to nearest MW) in IEA It&D Wind

6.4.3 Performance of Installed Plants

El c ctricity G e n e r at i ott

The total amount of electricity generated

from wind power in the participating
countries was 10,800 GWh during 1997

compared to 8,500 GWh in 1996;

7,100 GWh in7995; and 6,250 GWh in
1994. Figure 6.3 shows the generation in
each country for the years 1994-97.

Ausilnbility nrd Load Fnctors

Information on performance of installed

plants continues to be sparse. One reason

is because few countries have an official
reporting system in operation' Another
reason data is scarce is that performance
information is regarded as commercially
sensitive. Most commercial plants were

reported to be operating with availabilities

of 97-99%.

6.4.4 Operational ExPerience

In general, the installed turbines performed

well with few operational difficulties'

rable 6.3llacitr"YYY. orlulies in

1994

I nstalled capacity (MVl/)

Number of turbines t,523 r ,951

Average turbine capacity (kW)

International Energy AgencY

IEA R&D Wind ParticiPants.

t995 1996 1997 TOTAL

521 863 880 r,230 6,333

t.796 2,253 Jt,261

:,1994
n t995
I t996
4t997

340 440 490 550 200
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Figure 6.3 Total Wind-Generated Electricity in

Lightning strikes and icing resulting from
extreme weather conditions were the main
operational problems in some locations.
No major problem was reported on the
integration of output into the electrical
distribution systems. Large-scale electrical
integration was identified by several
countries as a potential constraint on
development in sparsely populated areas
although the benefits of embedded
generation were also stressed.

6.5 ECONOMICS

6.5.1 Manufacturing and Project Costs

Nine of the reporting countries (CN, DK,
DE, IT, IP, NL, ES, SW, US) had turbine
manufacturing industries while seven
(US, DE, DK, ES, NL, SW UK) had more
than 100 MW of plants in operation. This

JP* MX NL NZ NO ES SW UK US

IEA R&D Wind Participants during 1994-1997.

information allows good estimates of
manufacturing, project, and generation
costs to be made.

During 7997, the ex-factory costs of turbines
fell slightly from the 1996levels probably
due to increased demand and reduced
production costs per rated kW as the size
of turbines increased. In7997, the reported
prices ranged from USD 670-960 per
rated/kW with an average of around
USD 800/kW. Figure 6.4 shows the ranges
reported for the ex-factory costs of turbines.

Total project costs also decreased in7997
compared to 1996, with average reported
costs varying in the range USD 880-
1430/installed kW with an overall average
of around USD 1,080/installed kW. The
variation in these costs would be expected
to arise from differences in the size of
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Figure 6.4 Ex-factory Costs of Commercial Wind Turbines in IEA R&D Wind Participants
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projects, the degree of difficulty of work-
ing in the terrain in which the wind farm

is installed, and the ease of access to the

electricity network. Currency exchange

rates can also have a significant effect on

project costs in countries where the majority
of turbines are imported. Figure 6.5 shows

the ranges reported for the total project
costs.

6.5.2 Electricity Prices and Value of
Generated EnergY

The market price available to wind energy

producers is a matter of national policy
and varies among countries. In an attempt

to compare market prices in different
countries, Figure b.6 shows the reported
range of wind energy market Price
compared to the price of electricity for

0. t4

0. t2

0.1

AU CN DK

Figure 6.6 Wind Energy Market Prices Compared to Industritrl Electricity Prices-
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industrial users in each country (source:

IEA, Energy Prices and Taxes, 4th Quarter
of 1,996). These estimates are approximate
and intended only as guidelines. The

price charged to industrial users is shown

as a dot while the range of the market

price for wind-generated electricity is
shown as a vertical line' Figure 6.6 shows

that, for most countries, the market prices

are close to the industrial tariffs'

6.5.3 Invested CaPital

The capital investment in commercial
wind power can be calculated from the

installed capacity and estimated total

project costs Per installed kW. Assuming

that plants installed during 1997 cost on

average USD 1,080 Per installed kW
(see Figure 6.5),1996 Plants cost

0.20

0. r0

o
3 o.oa
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0. t5
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I rlII
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I Price charged to industrial users

f Market price for wind-generated
electricitY
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Figure 6.7 Estimated Capital Investment in Wind Power plants for 1992.

USD 1,200/kW, and plants over all other
years cost USD 1,350 per installed kW.
The aggregate investments in wind
energy generation by the reporting
countries are very approximately
USD 1,340 million during 7997 and
USD 8,100 in total. It should be recognized
that these investment costs are very
approximate and are only indicative of
the magnitude of the investments. The
capital investments are shown in
Figures 6.7 and 6.8.

6.6 MANUFACTURING INDUSTRY

6.6.1 Status of Manufacturing Industry

The status of the wind turbine manufac-
turing industry in the individual countries
depends strongly on the internal program.
Most countries see wind power as an
opportunity to develop an industrial
manufacturing capability and aim to use a
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high proportion of nationally produced
machines. In several countries, wind
manufacturing industries flourish (DE, IT,
NL, ES, and US). The industry is even
stronger in Denmark which, as well as
having a national installation program,
exports turbines to many countries, both
in the IEA regions and elsewhere.

Table 6.4 summarizes the national situa-
tions.

6.6.2 Technical and Business
Developments

The trend of installing turbines with
increased rated capacity for the commercial
market continued during 7997. The
600/750-kW machines were further
refined and manufacturers began producing
commercial machines rated at or over
1 MW. Smaller machines continued to be
developed ("advanced machines"), usually

o
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Figure 6.8 Estimated Total Capital Investment in Wind power plant.
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through value engineering to make them

lighter and more cost-competitive.

6.6.3 Supporting Industries

As the sales of wind turbines grow, the

market has become more buoYant for
component manufacturers, especially as

the local sourcing of components is
favored in some countries.

Table 6.4 Status of National Manufacturing Industries'

STATUS OF TURBINE
MANUFACTURING INDUSTRY

6.7 ENVIRONMENTAL IMPACT

The benefit of low greenhouse gas

emissions from renewable sources of
electricity, including wind, continues to

increase in importance as governments
seek to limit climate change. Public opinion
nolls in several countries have shown that

ihese environmental advantages of wind

NUMBER OF MANUFACTURERS

Australia None exist for large turbines. 2 small manufacturers of remote area

systems.

Canada Small/medium but growing. I VAWT manufacturer (150 kW)
3 Joint Ventures with foreign manufacturers.

Denmark Strons-founded on subsidies during
forma-tive years. Component industry
including large blade manufacturer'

7-8 major manufacturers, more than l0 in
total. Numbers steady.

Finland None exist for large turbines,

Germany Strong as a result of 250 MW
demonstration Program.

Two large (dominating sales), several small.

Greece None exist for large turbines,
2 small turbine manufacturers. some
components including towers.

Italy Medium-collaboration with
government-sPonsored Programs.

Japan Strong through overseas sales. 2 manufacturers ofturbines rated >250 kW

Mexico None at present excePt for small

turbine manufacturer.

Strong-founded on subsidies during
formitive vears. Blade manufacturers

New Zealand At PrototyPe stage.

Norway Small components industry

Spain Strong-government suPPort for 4 Spanish companies and 3 ioint ventures
using foreign technologY.industry

Sweden Small-relies on Sovernment R,D&D 3

suPPort

UK At prototype stage, also components 0

includins blade manufacturer-can
receive 

-government R,D&D suPPort.

Consolidating as rate of commercial
deployment is slowed bY utiliry
restructuring and low energy Prices:
government R,D&D suPPort.

International Energy AgencY
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power are recognized and, in general, the
majority of the public are supportive of
wind energy installations.

However the environmental impact of
wind energy developments continued to
be of concern during 1997 which has
caused difficulties for developers trying to
obtain construction consents from planning
authorities. In attempts to resolve these
difficulties, more countries are introducing
legislation on both the siting and the
operation of wind farms. Land planning
studies are in progress in several other
countries.

Most countries require a planning
application to include an environmental
impact assessment that addresses the
following topics.

Visual Intrusion

Visual intrusion continued to be a major
issue in obtaining planning consent for
projects and, as would be expected, the
concern was greatest in countries with a
high population density. Thus the concern
is greatest in European countries and less
so in the other countries.

Noise Emission

The assessment of noise levels from
turbines is seen by most countries as a
Iocal issue but national statutory limits are
already in force in Denmark, Italy, the
Netherlands, and Germany and are being
considered in others. Developers and
manufacturers in all countries regard
noise emissions as a technical problem
which can be solved through good
engineering practice. However the com-
plexity of sound transmission, especially
in hilly locations and the subjective nature
of sound perception means many acoustic
studies are being undertaken within
national programs.

Impact on Bird Lit'e

Concern continues in all countries about
wind turbines killing birds. Bird kills were
reported as minimal and studies

26

carried out in several countries suggest
that compared to other human activities
turbines have no significant impact on
bird life. The problem of birds varies
greatly from site to site and the vast
majority of wind power plants report no
problems.

Ecology

Planning consents usually lay down
conditions for the development of a wind
farm site and for its restoration afterwards.
Little or no long long-term damage to the
ecology has been reported from the
installation of wind farms.

6.8 GOVERNMENT SPONSORED
R, D&D PROGRAMS

6.8.1 R, D&D Funding

There are government-sponsored
programs in all the countries. These
programs are funded either by the central
government through departments or
agencies, or funded and managed by
government-owned companies. The
reported 7997 annual budgets for direct
R&D work, excluding support for large-
scale demonstration, range from less than
USD 1 million (AU, CN, SE, MX, NZ, NO,
SW), through USD 1.0 to 10.2 million
(DK, DE, GR,IT,lP, tlL, ES, UK) to
USD 28.6 million for the US.

The reported 7997 annual budgets are
shown in Figure 6.9 and compared with
budgets for 7996,7995, and7994. AII
funding for basic applied research and
development are included, as well as
funding of specific demonstration
projects. Subsidies and indirect support
for large-scale demonstration are not
included although these represent lost
revenue to the government. In Europe,
overall R&D funding levels are actually
higher than indicated because additional
funding is available through the European
Union which, of course, originates from
the contributions of the individual
national governments. The 7997 national

IEA R&D Wind Annual Reoort 1998
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Figure 6.9 Budgets for Governmeut Sponsored

funding levels show only small changes

compared to those of 7996.

6.8.2 Priorities

The main R, D&D priorities reported by

each country can be divided into two
basic categories. The first covers concerns

with national issues, such as the available
resource and the impact of turbine siting,

and the second includes concerns with the

development of the technologY.

Nnfiorml lssues

Resource evaluation (wind measurements,

modeling); Planning consent (siting of
turbines); Environmental impact (noise,

visual intrusion); Electrical issues
(integration, power quality); Standards

and Certification.

Technolo gy D euelopment

Improved efficiency (aerodynamics,

variable speed operation); Cost reductions
(value engineering, component develop-
ment); Advanced turbine development
(new concepts); Noise reduction; Safety
(structu ra I loads); Reliability (lightning).

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'

JP MXx NL NZ NO ES SW UK US

R&D Programs from 7994-7997.

6.8.3 New R, D&D DeveloPments

The main trends in turbine development

during 1997 continued to be towards

lighter, more flexible turbines, the use of

direct-drive generators, and variable

speed operation. The development of
turbines with higher rated capacity for the

commercial market also continued. New

concepts under develoPment are

described in the individual national
reports.

6.8.4 Offshore Siting

Interest in the offshore siting of turbines is

mainly limited to those countries where

there is a shortage of suitable sites on land

(It SW) or where population density
precludes extensive on-land development

t".u,tt" of environmental intrusion
(DK, NL, UK). BY the end of 7997,

Denmark had two offshore wind farms

of 5 MW in oPeration while the

Netherlands (4 x 500 kW) and Sweden
(7 x220 kW, 5x500 kW Planned) had

mounted demonstration projects. Both

Denmark and the Netherlands have

announced sizeable targets for offshore

deployment.

6.8.5 International Collaboration

International collaboration takes place in

the IEA R&D Wind activities called Tasks'

0.9 ,g- 1.0 ::i

International Energy AgencY
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These are described in Chapters 2-5 of
this Annual Report.

For R, D&D studies there is also strong
multi-national collaboration in Europe
through numerous IOULE and THERMIE
projects which are partially funded by the
European Commission. The United States,
Denmark, Germany, Netherlands, Spain,
and the European Commission have
bilateral technical assistance agreements
with several countries. In seeking to
establish overseas trade, most countries
are actively seeking collaboration with
countries with large potential markets
(e.g. India, China and South America).

COUNTRY CURRENCY MTE/USD

Australia AUD

Canada CND

Denmark DKK 6.733

Finland FIM 5.367

Germany DDM

Greece GRD 307.000

Italy ITL | 741.000

Table 6.5 Monetary Conversion Factors Used in This Report.

Japan JPY

Mexico MPS 8.480

Netherlands NLG r.990

New Zealand NZD t.835

Norway NOK 7.337

Spain SPP

Sweden SEK /.580

United Kingdom GBP 0.602

United States

Source: Federal Reserve Bank of New York, May 6,

28
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Table 6.6 Capacity and Output Data.

COUNTRY

NATIONAL

INSTALLED

CAPACITY

(GW)

WIND

TARGET

CAPACITY

1997

(MV9

TOTAL

WIND

CAPACITY

END I997

(MW)

TOTAL

INSTALLED

MACHINES

END I997

ANNUAL INSTALLED CAPACITY

(Mw) (MV9 (MVv) (MVv)

ANNUAL OUTPUT

1995 1996

(GWH) (GWH)
1994

(GwH)

t997

(GwH)

z
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z
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0.0 0.02 7.5 7.5
Australia 37.25 3.9 2l

Denmark

26.0 86 r8.9 0.6 0.20 3.5 35.4 5s.0 64.0
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COUNTRY

TOTAL PROJECT EX_FACTORY

cosT (t997) TURBTNE COST
usD/0vH USD/ruVH

FROM TO FROM TO

WIND ENERGY

MARKET PRICE INDUSTRIAL 94

USD/IQVH CONSUMER USD
FROM TO tEA t996 (M)

GOVERNMENT R&D FUNDING
95 96 97 INVESTED CAPITAL

USD USD USD TOTAL 1997

(M) (M) (M) (MUSD) (MUSD)

Australia 955.50 t274.00 0.00 0.00 0.00 0.00 0.0460 0.00 0.00 0. t6 0. t3 4.944 t. t34
Canada 0.00 0.00 0.00 0.00 0.00 0.00 0.49 0.45 0.4s 0.45 33. | 80 3.780
Denmark 89 r. t3 | 039.66 699.09 858.46 0.08 0. r0 0.0721 5.57 5.9 | 5.94 6.77 | 363.260 309.960
Finland 93t.62 | | t7.94 0.00 0.00 0.03 0.04 0.0620 0.69 0.6 | 0.93 14.688 4.968
Germany 0.00 0.00 0.00 0.00 0. r0 0.0 | 0.0790 3.96 3.9 | 3.t2 3.t2 2599.620 576.720
Greece t075.00 r303.02 0.00 0.00 0.06 0.06 0.0589 0.8 | 0.65 0.98 0.98 40.500 3.240
Italy t034.00 il48.95 787.61 787.61 0.tl 0.tl 0.r t04 4.60 3.79 4.94 3.30 | | 9.235 30.780

Japan 0.00 0.00 0.00 0.00 0.tl 0.0 | 0.t572 5.6 | 5.39 6.99 7.65 24.645 7.020
Mexico 0.00 0.00 0.00 0.00 0.04 0.04 0.0398 2.t263 0.000
Netherlands 876.5 | t2t4.76 734.28 734.28 0.06 0.08 0.0695 6.78 6.03 7.04 10. r5 44t.420 47.520
New Zealand 0.00 0.00 0.00 0.00 0.03 0.04 0.0440 0. r8 0. t3 4.504 0.000
Norway 0.00 0.00 0.00 0.00 0.03 0.04 0.08 0.20 0.27 0.07 5.265 0.000
Spain 0.00 0.00 0.00 0.00 0.08 0.08 0.0788 2.00 2.00 2.00 2.00 498.525 22t.400
Sweden r055.4 | t434.04 736.s4 865.02 0.03 0.04 0.045 | 0.92 0.92 0.92 0.69 | 54.650 | 8.360
United Kingdom 1245.00 14 il .00 747.00 962.80 0.05 0.06 0.0702 6.47 5. t5 4. t5 2.82 395.970 9t.260
United States 800.00 | 100.00 670.00 750.00 0.03 0.0s 0.0400 30.40 34.s0 3 t.40 28.60 24t0.020 I t.880
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CHAPTER 7

7.1 GOVERNMENT PROGRAMS

7.1.1 Policy

The Commonwealth Government released

a discussion paper in 1996 entitled
Sustainsble Energy Poliry t'or Austrnlin to

stimulate public consideration of a

sustainable energy policy. The obiective of
the policy is to establish a framework that

will ensure the Australian energy sector is

well placed to caPitalize on the economic

and environmental opportunities and

challenges tliat will emerge domestically

and internationally over the next 25 years'

Essential elements under formulation in

the paper to achieving that objective

include the following.

1. Provision of an efficient, open and

competitive energy market that will
provide market signals to enable the

emergence of new technologies,

including the renewables,

2. Improvement of the efficiency with
which energy is suPPlied and used

which is vital to economic competi-
tiveness and environmental obiectives,

3. Investment in innovative technologies,

management sYstems, education, and

training that will offer opportunities
to simultaneouslY reduce costs,

improve international competitive- 
-

neis and mitigate the environmental
impacts of energY suPPlY and use,

4. Cooperation with the international
community and positioning to influ-
ence develoPments that maY affect

trade and investment opportunities,
and

5. Ensure sufficient diversify in the

energy supply and reduce exposure to

energy supPlY risks'

AUSTRALIA

The sustairtable energy policy is expected

to be completed in the first half of 7999.

In recognition of the importance o[
reducing greeultouse g,as emissions, the

Commonwealtl"r Government is develop-

ing a National Greenhouse Strategy
(begun in 7996) or Greenhouse Policy ttr

provide a strategic framework for
Australia's greenhouse response and to

meet international greenhouse reduction

target commitments. The increase in the

proportion of renewable energy in the

energy supply mix is one of the corner-

stones in that PolicY.

7.1.2 Strategy

The current broad strategies for the

development of renewables include the

following:

Support Grattr electricity sclrcmes

Establish a mandated target for the uptake

of renewable energy by specifying a Pro-
portion of renewables in new generatlon

requirements.

Fund the development, commercialization
and demonstration of renewable energy

and greenhcluse technologies.

The strategies are being implemented

through the Commonwealth Government

agencies including the Australian
Cooperative Research Centre for Renewable

Eneigy (ACRE) and Australian Greenhouse

Office (AGO), and State Government

agencies, inch.rding Sustainable Energy

Development Authority as cliscussed

below.

The Sustainable Energy Development

Authority (SEDA) was created to bring

about a reduction in the levels of green-

house gas emissions and other adverse

3l
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by-products of the production and use of
energy in New South Wales, through
assisting the development, commer cializa-
tion, promotion and use of sustainable
energy technologies. SEDA's Green Power
scheme has in 1998 been widened to
encompass all of Australia.

The Australian Greenhouse Office
(established in 1998) is the key Common-
wealth agency on greenhouse matters.
AGO is responsible for both the coordination
of domestic climate change policy and for
managing the delivery of major Common-
wealth climate change and greenhouse
programs including the Renewable Energy
Showcase, Renewable Energy Commercial-
ization Program and Renewable Energy
Equity Fund. The government, through
the AGO, is working with the States ind
Territories to set a mandatory target for
electricity retailers to source an additional
percentage of their electricity from renew-
able energy sources by 2010.

This strategy is expected to accelerate the
uptake of renewable energy in grid-based
electricity and provide a larger base for the
development of commercially competitive
renewable energy.

The Australian Cooperative Research Centre
for Renewable Energy (ACRE) was estab-
lished in 7996 to facilitate the development
and commercialization of renewable
energy and greenhouse gas abatement
technologies. ACRE seeks to create an
internationally competitive renewable
energy industry in Australia and operates
through cooperative arrangements
between universities, government
organizations and industry. ACRE currently
has eight programs. Those programs that
address the application of wind power
cover Power Generation, Power
Conditioners, and System Integration and
Demonstration projects.

7.7.3 Targets and Market Stimulation

The application of wind turbine technology
is being stimulated by government
instruments, non-profit industry bodies,
and external factors as described below.

The government has set a mandatory
target for electricity retailers to source an
additional two percent of their electricity
from renewable energy sources by 2010.
Renewable and electricity industrv bodies
have estimated that the yearly total oul
put of between 4000 GWh and 9000 GWh
from new renewable energy sources will
be required to meet the target. The
estimated contribution from wind energy
would necessitate the installation of more
than 500 MW of wind turbines.

A Renewables Target Working Group has
been established to develop proposals
that will assist the implementation of the
mandatory target. The Renewable Target
Working Group is represented by States,
Territories and industrv and chaired bv
the Australian Greenhouse Office. It is
currently proposed that the mandatory
target for new renewables would include
arrangements for establishing a Green
Premium. The mandatory target operating
arrangements are expected to be in place
by 2000.

The Australian Greenhouse Office in 1998
called for grant applications for the first
program in a set of three renewable
energy industry development programs.
The total is AU $60 million in grants
programs over 5 years. The grants are
planned to foster investment and
commerciali zation of renewable energy
technologies and to demonstrate some
leading edge "showcase" projects. The
funding is to be allocated to renewable
energy R, D&D projects that both promise
a significant contribution to increaied
local employment and have export potential.
It is expected that these programs will
stimulate interest in the development of
the manufacture of small turbines and

IEA R&D Wind Annual Reoort 1998
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components and in the formation of
committed tecl-rnology transfer schemes

associated with long-term and/or large

wind farm construction Programs'

Sustainable EnergY DeveloPment
Authority's renewable energy program

has significantly contributed to the

demand for renewable energy and the

provision of capital by promoting Crye1

io*". in New South Wales (NSW). Eight

electricity retailers in NSW and Victoria

offer accredited Green Power products as

an option. Around 17,000 customers now

support Green Power in NSW
AU S43 million of new investments itr

renewable energy infrastructure under

construction or in operation is attributed to

Green Power. This includes AU $30 million

in wind farm Proiects'

In 1998, there has been an improvement in

the alignment of the renewables industry

interest groups with the establishment of

an industry body called the Sustainable

Energy Industry Association' This body

includes ACRE and the International

Centre for Application of Solar Energy

(CASE). lts aims include the promotion of

energy sources that reduce greenhouse

gas emissions, lobbying of gclvernment,

ind establishing appropriate standards

for equipment, practices and services'

The Electricity Supply Association (ESAA),

the national body representing the interests

of the electricity supply industry, is ttr

become the new signatory to the IEA R&D

Wind Implementing Agreement following

the demise of ERDC. R&D Wind will join

a number of other IEA ImPlementing

programs that are already administered

by ESAA.

There has been significant improvement

in the development and implementation

of government policy and programs- for

renewable energy in 1998. There is, how-

ever, still uncertainty at the end of 1998 as

to the detailed operating arrangemetrts for

the2Vo mandatory target for renewables'

I nternational EnergY AgencY

In the meantime, the re-focusing of
funding support for renewables through

ACRE, AGO, and other programs and the

continuing support for Green Power

schemes by electricity customers is

continuing to stimulate the development

of wind farms in Australia.

7.2 COMMERCIAL IMPLEMENTATION
OF WIND POWER

7.2.1 Installed Wind Turbine Capacity

lncreases in wind power capacity in

Australia for 7998 have for the first time

involved significant grid-connected wind
farms while development of wind-diesel

power systems continue to occur in

suitable remote sites.

Approximately 5 MW for grid connected

o"a' t VW of remote wind-diesel machines

has been added bringing Australia's total

capacity to about 10 MW at the end of 1998'

See Table 7.7 for further details'

7 .2.2 lnstalled Conventional Capacity

Australian generation capacity totals

38,116 MW. Total electricity generated- is

more thau 160,000 GWh. The States of

New South Wales, Victoria, .rnd

Queensland account for almost 80'l of

Australian electricity consumption' Coal

acctrunts for 931 of electricity generatiou

capacity in NSW 90% 1n Victoria, and

98% in Queensland. Overall, coal-fired
generation meets 82% of Australian
Ilectricity needs with the balance coming

from hydro-electric power (9%) and

natural gas (8%).

NSW, Victoria, and the Australian Capital

Territory have an interconnected electricity

supply system with the Snowy Mountains

hydro-electric scheme an important com-

p'onent. Victoria and South Australia have

i SOO-nz| W transm ission intercotrnectiott'

Development of interconnection between

NSW and Queensland is in the planning

stages, and interconnection between

J)
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Victoria and Tasmania via an underwater
cable is being considered.

7.2.3 Numbers/Type, Make of
Turbines/Ownership

TWelve wind turbines were installed in
1998 by State Government-owned electric
utilities-eight in New South Wales by
Pacific Power at Crookwell, three on King
lsland by the Hydro-Electric Corporation,
and one in Western Australia by Western
Power Corporation.

The Crookwell Wind Farm was commis-
sioned and officially opened in Augus! 199g.
There has been great community support
for the wind farm and many visitors make
use of the viewing area. The Crookwell
Wind Farm consists of eight Vestas 600-kW
wind turbines. The wind farm was a joint
venture between Pacific Power and Great
Southern Energy, with all the output being
sold to Great Southern Energy for use in
their green energy Earth Saver scheme.

The installation of the three 250-kW
machines on King Island was completed
in February 1998. The stall-regulated
Nordex turbines on 30-m towers form
part of an off-grid wind diesel power
system designed to reduce fuel costs.
Wind generation to date has been

between 74% and217o of the total monthly
power station generation with minimal
loss of power quality on the system.

Western Power Corporation completed the
installation of a single 230-kW Enercon
turbine, on a 50-m tower, in a small diesel
grid at Denham. The installation was
designed to both save diesel fuel and to
test the suitability of variable speed
turbines on "soft" grids. Central to the
project has been a computer control
developed to control the diesel/wind
interaction and the use of blade pitching
and inverter systems to limit the turbine
power output. The project has been very
successful. lnstantaneous penetration has
exceeded 60%o and, on uueiuge, about23Vo
of the town's electricity load is being met
from wind energy.

Several wind farms were also in various
stages of development at the end of 199g.

A development application has been
Iodged for the biggest wind farm in
Australia at Blayney in NSW. The wind
farm, which would be connected to the
grid, would consist of 15 wind turbines of
total 1O-MW capacity installed on private
grazing Iand. Subject to final studils and
development approval, the wind farm
would be operational in early 2000.

Table 7.1 Wind Turbine Installations in Australia at end of 199g (greater than 25 kW)
LOCATION MANUFACTURER NO. TOTAL
Malabar

Breamlea

Flinders ls.

Salmon Farm

Cooper Pedy

Ten Mile Lagoon

Kooragang

Thursday ls.

Armadale

Huxley Hill
Crookwell

WindMaster

Westwind

Westwind

Nordex

Vestas

Vestas

Vestas

Nordex
Vestas

Enercon

lx 150

lx60
lx55
lx25
6x60
lx 150

9 x225
I x600
2 x225
lx30

3x250
8x600
I x230

0.r50
0.060

0.080

0.360

0.150

2.025

0.600

0.450

0.030
0.750

4.800

0.230

leeo
qqlqr
*estimated

TOTAL

IEA R&D Wind Annual Reoort l99B
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Following an AU $lmillion grant from the
Australian Greenhouse Office, Western
Power will be adding two more variable
speed 230-kW Enercon turbines, batteries
and inverter at Denham in 1999. This
project will then become a wind/diesel/
battery/inverter system that will allow
the community of 800 to rely at times
completely on wind energy. The diesels
supplement the system. An average
penetration of 70% is the aim. The
difficult control necessary is being devel-
oped with the Northern Territory firm,
Powercorp, who specializes in such power
station automation and control.

In 7998, Western Power also began a feasi-
bility study into a nominal grid-connected
20-MW wind farm at Albany in the South
of Western Australia. Presently community
consultation, transmission and environ-
mental approval processes have begun,
and wind monitoring is continuing from
two 65-m masts installed following several

years of wind prospecting in the area.

Present study results are very encouraging.
Simultaneously, a site in Geraldton on the
State's mid West Coast is also being
monitored for a possible wind farm site of
a similar size to Albany.

EnergyAustralia is in the early planning
stages of a wind farm of up to 5 MW to

meet growing demand for a Green
electricity scheme.

In the Northern Territory, an 80 kW wind
turbine is planned to be installed in a

remote Aboriginal community hybrid
power system.

7.2.4 Plant Types and Form of Ownership

AII new wind turbine installations use

medium to large-size machines with less

than 10 in number. No megawatt size

machines are located in Australia.

Government-owned utilities have
developed and own most of the wind
turbine installations developed in
Australia over the last decade. A few are

owned by private companies or individuals.
The ownership profile could change over
the next decade with increasing interest in
the development of wind farms by private
companies.

7.2.5 Performance

An estimated 9.7 GWh of energy was
produced by wind generation in 1998 and
is almost 30% higher than that produced
in 7997. This is despite another below
average wind year experienced in the
southern states. Estimates of the energy
generated are shown in Table 7.1.

COMMISSIONING OWNERSHIP APPLICATION t998 GWH*

| 986

1987

| 988

t996
| 989

t99 |

| 993

t997

t997
t997
t998
| 998

| 998

Government Utility
Private Individual

Private Company

Private Company

Government Utility
Government Utility

Government Utility
Government Utility
Government Utility
Private Company

Government Utility
Government Utility
Government Utility

Grid Connected

Grid Connected

Wind Diesel

Wind Diesel

Wind Diesel

Wind Diesel

Grid Connected

Wind Diesel

Grid Connected

Wind Diesel

Grid Connected

Wind Diesel

0.t60
0.r80
0.040

0.800

0.275

5.700

0.r00

0.600

0.080
r.8t0

r0.000

0.340

I nternational Energy Agency

TOTAL 20.080
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7.2.6 Operational Experience

No wind turbine operational experience
data is available for Australian
installations in 1998.

7.3 MANUFACTURING INDUSTRY

Manufacturing continues to be limited to
small size machines and a number of low
volume manufacturers of small size
machines and turbine components.

The expected development and commer-
cialization of a new 3-kW to 5-kW Power-On
machine in 7999 may dramatically
increase the production of Australian
small turbines in the next few years. There
is also an increased expectation that the
market volume for medium to large grid-
connected wind turbines in Australia will
become sufficiently high within the next five
years to make local manufacturing and/or
assembly facilities an attractive invest-
ment.

7.4 ECONOMICS

7.4.1 Electricity Prices

The electricity supply industry has
completed major reforms to structure and
operation in 1998 and there has been
continuous assessment of the public
support for changes of ownership from
the public to the private sector.

A competitive National Electricity Market
(NEM) has been developed on the south-
eastern seaboard. By the year 2000, all
business customers and possibly all
domestic customers in the region will be
able to choose their electricity supplier.
The electricity market is designed around
a competitive spot market in which all
generators with nameplate capacity
beyond 30 MW must participate in central
bidding to the pool and dispatch.

Before NEM, electricity prices varied State
by State. Currently, generators from
Victoria, New South Wales, and South
Australia are bidding on the spot market
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to supply electricity and wholesale
purchasers (retailers and large customers)
buy electricity at the spot price set every
half hour. The introduction of the NEM has

established a common price for electricity
for the participating eastern states. The
daily weighted average spot price for
electricity generation on the spot market
has typically varied from about
AU $0.01/kWh to AU $0.02lkwh

Although wind energy is not currently
subsidized and is therefore uncompetitive
in the electricity spot market, the proposed
mandatory target operating arrangements
for a Green Premium described earlier
should improve its competitiveness when
implemented in 2000-2001.

7.4.2 Turbine/Project Costs

Although the cost of the 500-kW to 750-kW
class of machines appears to have decreased
in 1998, this cost decrease has been
substantially offset in Australia by a
worsening in the exchange rate between
the manufacturing countries in Europe
and Australia. This, plus the cost of
freight for shipping the machines from
manufacturing facilities in Europe to
Australia, means that the estimated costs
have stayed about the same this year.
Estimated costs including towers and
excluding foundations remain at about
AU $1300/kW to AU $1500/kW installed.

Wind farm projects are currently costing
from AU $5000/kW installed for small
wind-diesel applications to about
AU $2000/kW for small wind farms
connected to the grid. There is the potential
for a drop towards AU $1500/kW for
larger wind farms over the next few years
as exchange rates improve and production
costs further decrease.

7.5 MARKET DEVELOPMENT

7.5.1 Market Stimulation Instruments

For complying R&D projects, accelerated
tax concessions are available.

IEA R&D Wind Annual Report 1998
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7.5.2 Planning and Grid Issues

There is currently a degree of uncertainty
in the planning process associated with
wind farms as they are a relatively new
type of development for most local and
state governments and as such they have
little experience in their assessment. Only
in some isolated areas have efforts been
made to allow for future wind turbine
developments in planning schemes and
land management plans.

The level of wind energy development to
date has not been significantly constrained
by grid connection cost or integration into
the local grid. Wind turbine installations
have typically taken place at sites relatively
close to transmission lines. Although
current low levels of wind power devel-
opment in the local feeders of centralized
electricity grids have not caused concern
regarding integration of wind turbines
into either the grid or power system, the

issue is being monitored. ProPosed devel-
opment of wind farms distant from strong
points in the grid are in some instances
being constrained by the need for long
new transmission lines.

7.5.3 Institutional Factors

Green Premiums from the proposed
mandated new renewables strategy and
promotion of Green Power are emerging
as the most likely mechanisms for
encouraging increased rates of wind
power development over the next few
years, particularly the mandated targets.

Uncertainty in the introduction of the

mandated renewable operating arrange-
ments will dampen the actual rate until
the strategy is implemented in 2000-2001.

The rate is then expected to increase
dramatically to meet the target capacity
by the 2010 deadline.

7.5.4 Impact of Wind Turbines on the
Environment

Wind farm developments are new to
Australia and, as most sites are in remote

International Energy Agency

locations, they have attracted little
opposition in the planning and government
approval processes. This is now changing
as the scale of the developments increase
and farms are developed closer to provincial
townships.

In Victoria, the private developer Energy
Equity Corporation has lost a planning
appeal for a 25-MW wind farm that was
to be located at Cape Bridgewater on the
grounds that the benefits from Green
Power did not outweigh the coastline's
aesthetic importance. The farm was stated
as posing a threat to the landscape and
the area's existing and future tourism
income. Of particular concern were the
proximity of the wind farm to the coast-
line and a walking trail of high historical
significance.

Concerns about possible impacts of the
Kooragang wind turbine on bird life in
the area have proved to be unfounded.
Monitoring studies by The University of
Newcastle's Department of Biological
Sciences have concluded that the impact
has been negligible.

There are no reports of significant
environmental concerns with either the
other new or the established wind farms.

7.5.5 Financing

Hurdle rates for assessing the economic
viability of government-owned utility
projects is currently about 6% to 8%.

7.6 GOVERNMENT-SPONSORED
R, D&D PROGRAMS

7.6.1 Funding Levels

The Commonwealth Government is to
provide AU $60 million in funding for the

Australian Greenhouse Office climate
change and greenhouse programs over
the next five years. The Renewable Energy

Showcase program consisting of
AU $10 million over the three years,

starting in7998 has been allocated to
qualifying renewable energy projects. In
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the showcase program, AU $lmillion was
allocated for a high wind penetration
wind/diesel/inverter/battery power
system. Other programs are the Renewable
Energy Commercialization Program of
AU $30 million and Renewable Energy
Equity Fund of AU $20 million that is to
be allocated over the next four years
starting in 7999.

The budget for the Commonwealth
Government-funded and industry-
supported Australian Cooperative
Research Centre on Renewable Energy
(ACRE) totals about AU $25 million
spread over the next four years for all its
programs. About 10Vo are allocated to
programs that directly benefit the devel-
opment of wind energy.

The NSW Government continues to be
committed to funding the Sustainable
Energy Development Authority's
operations, at a total budget of about
AU $13 million for 1998. An identifiable
funding allocation within that program
for wind energy has not been made.

7.6.2 Priorities

The funding for Australian Greenhouse
Office programs is planned to be allocated
to renewable energy R, D&D projects that
promise a significant contribution to
increased local employment and have export
potential while contributing to a reduc-
tion in Australia's greenhouse emissions.

Other Government priorities include the
development of viable wind turbine or
component manufacturing capability and
improvement to the performance of wind
diesel power or hybrid power systems.

7.6.3 New Concepts

Western Australia has continued develop-
ment of several small wind turbines
through the Australian Cooperative
Research Centre in Renewable Energy,
with new 5-kW and 20-kW machines
being developed for the remote area
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power market to compliment existing
2.5-kW and 10-kW machines. These sizes

of machines are proving popular with
export markets, especially to Asia.

Testing and design refinements are

continuing on the 5-kW Power-On wind
turbines being developed in a partnership
among The University of Newcastle,
EnergyAustralia, and industry (BEST).

7.6.4 MW rated Turbines

R&D is currently not being conducted for
MW-class wind turbine technology.

7.6.5 Offshore Developments

There is little interest currently in the
development of offshore wind farms.

IEA R&D Wind Annual Report 1998
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CANADA
CHAPTER 8

8.1 GOVERNMENT PROGRAMS

8.1.1 Aims and Objectives

The focus of the Canadian National
Program continues to be on R&D to

develop safe, reliable and economic wind
turbine technology, to support field trials,
and to exploit Canada's large wind
potential.

8.1.2 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.

8.2 COMMERCIAL IMPLEMENTATION
OF WIND POWER

8.2.1 Installed Wind CaPacitY

Total installed capacity at the end of 7998

of 73.5 MW.

1. Canadian Niagara Power Co. (Ontario)

18.9 MW (Southern Alberta) Keneteck

350-kW turbines,

2. Vision Quest Windelectric (Alberta)

2.4 MW (Southern Alberta) Vestas

600-kW turbines,

3. Le Nordais (Quebec) 50 MW (GasPe,

Quebec) NEG-Micon 750-kW turbines,

4. Various other installations with a total

capacity of 2.2 MW'

8.2.2 Installed Conventional Capacity

The total installed conventional capacity
in Canada at the end of 7996 (the most
recent year for which statistics are

available) was 116,939 MW which
includes coal, oil, natural gas, nuclear, and

hydro-power plants.

International Energy Agency

8.2.3 Number,Type, and Make of Turbines

Keneteck, 350-kW turbines; NEG-Micon,
750-kW turbines; Tacke, 600-kW turbines;
and Vestas, 600-kW turbines are operating
in Canada.

8.2.4 Operational Experience

Most of the wind turbines presently
operating in Canada are privately owned,
which makes it very difficult to obtain
their operating performance data.

An 80-kW Lagerwey turbine was installed
at Cambridge Bay, NWT in October 1994'

It has been performing verY well.

Polymarin Huron ComPosites Inc'
(formerly Tacke Windpower of Huron Park,

Ontario) has installed a Tacke 600-kW

turbine near Kincardine, Ontario as per an

agreement with Natural Resources Canada.

The turbine, modified for cold weather
conditions, has been operating very well'
After more than three years of continuous
production, it has achieved its highest
output ever,175 MWh, in the harsh

weather of December 1998.

8.3 MANUFACTURING INDUSTRY

8.3.1 Status/Number/Sales of
Manufacturers

l. Dutch Industries (water PumPs),
Regina, Saskatchewan,

2. Koenders, (water PumPers and

aerators) Englefield, Saskatchewan,

3. Wenvor-Vergnet of Guelph, Ontario is

manufacturing 25-kW, single- and

three-phase wind turbines for grid-
connected, remote communities and

for stand-alone aPPlications,

4. Polymarin Huron Composites Inc.,

Huron Park, Ontario is manufacturing
blades for 750-kW to 25-kW wind tur-
bines,
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5. Some components for the Atlantic
Orient 50-kW and for Lagerway
80-kW are also manufactured in
Canada.

8.3.2 Support Industries

Control system, inverter, tower manufac-
turers operate in Canada.

8.4 ECONOMICS

8.4.1 Electricity Prices

Electricity prices varied depending on the
province and sometimes varied even
within the same province. The price range,
in fanuary 7997 was:

1. For residential customers: from
CAD 0.067 / kWh to CAD 0.i51lkwh,

2. For commercial customers: from
CAD 0.067 / kWh to CAD 0.134lkwh
(based on 100 kW billing demand),

3. For industrial customers: from
CAD 0.048/kWh to CAD 0.0s4lkwh
(based on 1,000 kW billing demand).

8.4.2Invested Capital

The budget for the Wind Energy R&D
(WERD) program of Natural Resources
Canada is about CAD 650,000 with
contribution of about CAD 1.5 million
from contractors, research institutions,
and provinces.

In addition, the Canadian government has
established the Technolo gy Early Action
Measures (TEAM), providing funds for
activities falling under the Climate Change
initiative. These include renewable energy
deployments. TEAM's support is condi-
tional upon 50% minimum participation
from the private sector. In terms of specific
renewable energy programs, such as wind,
the requirement is for 25% of the project
cost, resulting in a 3:1 leverage ratio.

8.5 MARKET DEVELOPMENT

8.5.1 Market Stimulation Instruments

Currently, Class 43.1 of the federal Income
Thx Act provides an accelerated capital cost
allowance (30% capital cost allowance rate
computed on a declining balance basis)
for certain types of renewable energies -equipment used to generate electricity or
to produce thermal energy for direct use
in an industrial process.

In addition, the government has legislated
the extension of the use of flow-through
share financing currently available for
nonrenewable energy and mining projects
to include intangible expenses in certain
renewable projects. This was accomplished
by creating a new Canadian Renewable
and Conservation Expense (CRCE)
category in the income tax system. Through
CRCE, the Income Tax Act also allows the
first, exploratory wind turbine of a wind
farm to be fully deducted in the year of its
installation, in a manner similar to the one
in which the first, exploratory well of a

new oil field is being written off.

Natural Resources Canada and
Environment Canada have iointlv estab-
lished a Green Power Purchase program
which allows developers of wind turbine
and other renewable energy sites to sell
power through power utility lines to
facilities owned by these two federal
government departments at premiums
negotiated through a competitive process.

As a result of these incentives. and bv
creatively combining them, Vision Quest
Windelectric Inc., a private wind power
producer, has secured contracts with
Enmax (Calgary's Electric System), Suncor
Energy, West Kootenay Power, a number
of municipalities, businesses and private
consumers. To supply the demand, Vision
Quest installed two Vestas 600-kW wind
turbines in 7997, and another two 600-kW

IEA R&D Wind Annual Reoort 1998
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units in 1998. Plans for 1999 are to install
at least two more turbines of similar size.

A key aspect to the success of Vision

Quest is the sale of Emission Reductions
to customers, who may use them, or trade
them to other parties. Enmax is re-selling
wind energy purchased from Vision Quest
to the federal departments of Natural
Resources Canada and Environment
Canada, as well as to over 1,000 residential
consumers in Calgary.

8.5.2 Constraints

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

8.5.3 Environmental Impact

Observations of bird flights were carried
out during the spring (mid April to mid
May) and fall (September 20 to October)
migrating periods, at the Haeckel Hill site

of the 150- kW Bonus wind turbine, which
is installed in the proximity of bird migra-
tion routes. Monitoring was carried out
for five years, and there have been no bird
kills reported from that installation, nor
from the five wind turbines at the Atlantic
Wind Test Site.

8.5.4 Financial Aspects

The only financial support for Renewable

Energies in Canada comes from these

sources: Class 43 of the Income Tax Act
which allows capital write-off at 30% per
year on the remaining balance; CRCE

which allows the first, exploratory wind
turbine of a wind farm to be fullY
deducted in the year of its installation; and

the Green Power Procurement program'

8,6 GOVERNMENT-SPONSORED
R, D&D PROGRAMS

Development of the Wind/Diesel
Integrated Control System (WDICS) at the

Atlantic Wind Test Site (AWTS) has been

completed and the system has been fully
tested on the AWTS wind/Diesel test bed.

lnternational Energy Agency

The implementation of a full scale system
in a remote community is now being
evaluated.

The program also supports the Atlantic
Wind Test Site (AWTS) at North Cape, PEI

for testing electricity generating wind
turbines and wind/diesel systems.
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CHAPTER 9

9.1 GOVERNMENT PROGRAMS

9.1.1 Aims and Objectives

Denmark has had several energy strategies

over the last 20-25 years, and the aims of
these strategies have shifted from securing

energy supplies after the crisis of 7973-74

to plans for sustainable development of
the energy sector. The present "Energy 27"

published in 7996 is the fourth of the

energy strategies. It lays down the energy

policy agenda for the time period up to
2030.

Development and implementation of
wind energy have been included in all
Danish energy strategies. Both detnand pull

uolicu instrtmenfs (financial and other
incentives) and teclmology push policy

instrwnents (certification schemes and

R,D&D programs) have been used as tools
in the strategies.

9.1.2 Strategy

To achieve the overall targets for wind
energy utilization in Denmark a number

DENMARK

of policy instruments have been used in
1998 (See Table 9.1).

Ene rgy 21 generally considers new, large

wind turbines as one of tl-re cheapest

technologies for reducing CO2 emissions

from power production. The most
economical way is still to erect wind
turbines on land, rather than at sea. But

area resources on land are limited when

housing, nature, and landscape considera-

tions are taken into account. Furthermore,
wind conditions at sea are considerably
better than at sites on land and wind
turbines erected offshore are expected to

become competitive in step with the

development of technologY.

Energy 21 predicts that a significant part
of the expansion of wind power until 2005

will take place on land. The increase of
wind turbine capacity on land after 2005

will have to be effected, among other things,

by renovation of wind turbine areas as

well as by removal or replacement of
existing wind turbines in accordance with
regional and municipal planning. In the

Table 9.1 Policy Instruments used in 199t] to Promote wind Turbine Technology and Installations

TECHNOLOGY PUSH INSTRUMENTSDE!4ry?IqlLl\lrME\IS
lncentives
. Taxation

. Production subsidies

' Programs for developing countries

Other regulation and policy instruments

. Resource assessment

. Local ownership

' Agreements with utilities

' Regulation on grid connection

' Buy-backarrangements

. Information Programs

' Spatial planning Procedures

lncentives

' R&D programs

. Test station for wind turbines

. International cooPeration

Other regulation and policy instruments

' Approval and certification scheme

. Standardization

I nternational Energy AgencY
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longer term, the main part of new devel-
opment will take place offshore.

The government of Denmark intends to
continue its promotion of employment
and export opportunities for wind power
development by continued research and
development.

9.1.3 Targets

Denmark has one of Europe's best
climates for utilizing the wind for power
production. Only countries with a coast-
line directly on the Atlantic Ocean have
better conditions in general. Wind energy
could, in theory, provide more energy
than is consumed in Denmark today.
However, economical viability and siting
difficulties limit this vast theoretical
potential.

Denmark is a densely populated country,
so the Danish onshore wind resource is
primarily limited by zoning restrictions
and the balance between wind energy
development and other claims or interests
in the open land. Therefore most of the
205 municipalities have prepared wind
turbine plans. The Danish Energy Agency
has analyzed this local planning and esti-
mates the onshore wind energy potential
to be between 1,500 MW and 2,600MW.

Several investigations of offshore wind
resources have been prepared since 7977.
As a result, two demonstration projects
have been finalized. In July 7997 a plan of
action for offshore wind farms was
submitted to the Minister of Environment
and Energy. The plan was prepared by the
two utility associations, Elkraft and
Elsam, together with the ministry's Energy
Agency and Environmental Protection
Agency.

In the PIan of Action, eight available areas
with water depths up to 15 m are included.
The wind speeds in the areas allow
3,530 "net full load hours" at the North
Sea (Horn's Reef) and between 3,000 and
3,300 hours in interior Danish waters.
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(Hub height of 55 m and rotor diameter of
64 m is anticipated). This should be
compared to inland conditions of
2000-25000 hours.

Total capacity for electricity production
has been estimated. On shore there could
be 2,600 MW realistic capacity with a

realistic production of 5.7 TWh or 17-I8Va
of annual electric consumption. Offshore
there could be 12,000 MW iealistic installed
capacity with a realistic production of
30-40 TWh or nearly 70070 of annual
Danish electric consumption.

ln Energy 21 the targets for wind energy
are 1,500 MW of wind power bv 2005
(12?o of electricity consumption) and
5,500 MW of wind power by 2030, of
which 4,000 MW is offshore (40-50% of
electricity consumption).

9.2 COMMERCIAL IMPLEMENTATION
OF WIND POWER

9.2.1 Installed Wind Capacity

During 1998, approximately the same
amount of new capacity was added as in
1997. By the end of 7998, the total
installed capacity of wind turbines was
approximately 1,400 MW. This data is
based on manufacturer information.

9.2.2 Number /Type, Make of Turbines

During 7998, approximately 400 wind
turbines were installed bringing the total
number of turbines in Denmark to 5,250.
AII turbines in Denmark are horizontal
axis machines of the "Danish concept"
type. There is no available overview of
market shares on the Danish market.

9.2.3 Plant types and Form of Plant
Ownership

Wind turbines in Denmark are typically
installed in clusters of three to seven
machines. Clusters of wind turbines are
preferred by local and regional planning
authorities. In a few places, larger wind
farms are allowed. Denmark's largest

IEA R&D Wind Annual Report 1998
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wind farm (in capacity) is Rejsby Hede
with 42 machines of 600 kW each.

Different groups own wind turbines:
private individuals, private co-operatives,

private industrial enterprises, municipalities
and power utilities.

Local ownership of wind turbines has

been promoted politically by the Danish
government and the Parliament. The

reason is that wind power's environmental
advantages are on a global and national
level, whereas, wind power's environmental
disadvantages are on a local or neighbor-
hood level. Such local disadvantages can

lead to a lack of public acceptance of wind
farms. Local ownership of wind turbines
(i.e. allowing local farmers, co-operatives

or companies to benefit from the wind
turbines) can secure local acceptance of
projects. Co-operatives have been encour-
aged that spread ownership of a wind
turbine among 20 to100 families in the

vicinity of the wind turbine.

During the 1980s and early 1990s, most

new turbines were installed by co-operatives.

Since the mid-1990s, primarily farmers
have installed wind turbines. This devel-

opment is due to several factors: general

interest rates have decreased, prices for
wind power electricity have increased

slightly, laws for facilitating structural
changes in the farminS; sector have

unintentionally left open possibilities for

farmers to purchase small pieces of land
for wind turbines.

9.2.4 Performance of Wind Power Plants

In 1998, new machines in Denmark
(mostly 600 kW and 750 kW) were often
placed in areas corresponding to roughness

classes between 1.0 to 1.4 (Beldringe data

in the European Wind Atlas); equal to

6.7 m/s as annual mean wind sPeed at

50-m height. For a 750-kW turbine with a

48 m rotor on a 45-m tower, this means an

average production of approximately
1,800 MWh annually.

The total electricity production in 1998 is

estimated to be approximately 2,800 GWh,

equal to 85% of the total electricity
consumption in Denmark. Corrected to a

"normal wind year," this equals 7.3% of
Denmark's annual electricity production.
The wind's energy index in 1998 was 101.

(Numbers are based on an estimate by

E&M-Data.)

9.2.5 Opera tional ExPeriences

The technical availability of new wind
turbines in Denmark is usually in the

range of 987c-700%. The Danish wind
turbine owners' association is responsible

for recording operational experiences. The

results are published in the association's

magazine N nt trrlig Enargi. Operational
data are voluntarily reported on 2,830

turbines with a total installed capacity of

700 MW in this database.

Table 9.2 Status of Wind Turbines in Denmark by the end of 1998

TURBINES ADDED MW ADDED TOTAL TURBINES TOTAL MW
OWNER TYPE

2 t0.0

63.0

28.0

7.0

Private individuals

Private cooperations

Power utilities

Municipalities, industries,
otners

2305

2277

707

tu6

308

93

40

tl

77 t.0

402.0

248.0

46.0

Total 308.0 t467.0
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Technical lifetime or design lifetime for
modern Danish machines is typically
20 years. Individual components are to be
replaced or renewed in a shorter interval.
Consumables such as oil in the gearbox,
braking clutches, etc. are often replaced at
intervals of one to three years. Parts of the
yaw system might be replaced in intervals
of five years. Vital components exposed to
fatigue loads such as main bearings and
bearings in the gearbox might be replaced
halfway through the total design lifetime.
This is dealt with as a re-investment.

Operation and maintenance costs include
service, consumables, repair, insurance,
administration, lease of site, etc. The
Danish Energy Agency and RISO National
Laboratory have developed a model for
annual operation and maintenance costs.
The model is based on statistical surveys
and analyses for 7997, 7994, and 7997. The
model includes a large re-investment after
the tenth operational year of 20% of the
cost of the wind turbine. This re-investment
is distributed over the operational years
10 to 20. (See Table 9.3.)

9.3 MANUFACTURING INDUSTRY

9.3.1 Status/Number/Sales of
Manufacturers

Danish-based manufacturers of large
commercial wind turbines in the 150-kW
to 2 MW range are: Bonus Energy A/S,
NEG-Micon A/S, Nordex Energi A/S,
Vestas Wind Systems A/5, Wind World af
7997 A/5, Wincon West Wind A/S. In
1998, NEG-Micon A/S took over Wind

World af 1997. Two companies produce
smaller turbines in the 5.5-kW to 22-kW
range. Calorius-Westrup A/S produces a

5-kW heat producing turbine.

The wind turbine manufacturers had a
turnover in 1998 of more than 6.5 billion
DKK. Total wind turbine manufacturing
in Denmark was more than 1,200 MW of
which 280 MW was sold domestically.
Increasingly more manufacturing takes
place in foreign subsidiaries and joint-
ventures and does not appear in the
Danish export numbers.

9.3.2 New Products/Technical
Developments

Industrial development in 1998 focused
on refining the 600-kW to 1,500-kW size
of turbines. This includes, among other
things, upgrading turbines with larger
generators and larger rotor diameters. In
the aufumn, Bonus introduced a commercial
2.O-MW machine.

9.3.3 Support Industries

A number of industrial enterprises have
developed important businesses as
suppliers of major components for wind
turbines. LM Glasfiber A/S is a world-
leading producer of fiberglass blades for
wind turbines. DanControl Engineering
A/S, Mita Teknik A/S and DWC A/S
produce controller and communication
systems. Svendborg Brakes A/S is a
leading vendor of mechanical braking
systems. AIso Danish subsidiaries of large
international industries such as Siemens.

Jable 9,3- A1rytal Operational and Maintenance Costs as a Percentage of the Investment
in the Wind Turbine

MACHINE SIZE YEAR I-2 YEAR 3_5 YEAR 6_IO YEAR I I-I5 YEAR I6_20

l

7.0

5.U

4.5

6.1

4.0

3.5

3.3

2.6

2.2

t.6

2.2

t.9

t.7

t.0

t.0

t50 kw

300 kw

500-600 kw
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ABB, SKF, FAG, etc. have developed
businesses in the wind power industry.

Service and maintenance of the more than

5,000 wind turbines in Denmark is carried
out by the manufacturers' service
departments. In addition, a handful of
independent service companies have been

established. These are companies such as

DWP Molleservice A/S and DanService

A/S. Some of the electricity companies

service their own turbines.

Other industrial service enterprises have

created important businesses in servicing
the wind power industry. For example,

companies are specialized in such fields

as providing cranes for installations of
wind turbines; providing transport of

turbines, towers, and blades domestically
and for export; insurance; etc. The major

Danish consultancies in wind energy

utilization are BTM Consult Aps, E&M
Data, ElsamProiekt A/S, WEA APs and

Tripod Aps. There is one major independent

developer of wind farms in Denmark:

Jysk Vindkraft A/5, which sells turnkey
projects to farmers and co-operatives.

9.4 ECONOMICS

9.4.1 Electricity Prices

The average electricity price from power
distribution utilities varies from 0.295 to

0.442 DKK / kWh. For private consumers
(connected to the 400/230-Volt distribution
grid) a number of taxes are added to this

price, including a 25oh VAT. In 1998, the

average consumer price for Danish low
voltage customers was between

1.2 DKK/kWh and 1.35 DKK/kWh.

9.4.2 Turbine/ Project Costs

Ex factory cost of wind turbines has

decreased significantly with the Iatest

750-kW generation (M848 m rotor diameter)'

For new 750-kW machines the ex factory

cost is typically 4.2 million DKK.

Additional costs depend on local circum-

stances, such as condition of the soil, road

conditions, proximity to electrical grid
sub-stations, etc. Additional costs on typical

sites can be estimated as 20Vo of total

project costs. Only the cost of land has

increased during recent years. See Table

9.4.

Table 9.4 Cost of a 750-kw wind Turbine Project Based on a statistical Analysis

COMPONENT AVEMGE KDKK
(000)

4 t00

200

385

26

20

r35

52

47

25

t25

5lt5

Turbine ex works

Foundation

Grid connection

Electrical installations

Communication

Land

Roads

Consulting

Finance

InsurlTe

TOTAL
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9.4.3 Production Costs

The production costs for wind-generated
electricity per kWh have decreased
rapidly over the last 18 years and today
the costs are getting close to the cost of
electricity produced from a new coal-fired
power station based on condensation. The
estimated costs are shown in Figure 9.1.

9.5 MARKET DEVELOPMENT

9.5.1 Market Stimulation Instruments

A production subsrdy of 0.10 + 0.17 DKK/k\\rh
is paid to private wind turbine owners.
There are limitations to the wind farm
developments to which the above
incentives apply. Private individuals, for
example, are only allowed to connect one
turbine to the grid, and this turbine must
be placed on the owner's land. Similarly
each shareholder in private co-operatives
is limited to ownership of shares equal to
30,000 kWh. The shareholders must live in
the same municipality where the turbine
is installed. The utilities receive
0.10 DKK/kWh in production subsidy.

Buy-back rates are related to the utilities'
production costs (tariffs). A law requires
power utilities to pay wind turbine
owners a kWh rate of 857o of the utility's
production costs. Average production cost
in 1998 was 0.328 DKK/kwh. Since most
Danish electricity production is based on
coal, the wind energy buy-back rates are
closely related to the coal prices on the
world market.

Favorable taxation schemes have been
used to stimulate private wind turbine
installations. The taxation schemes have
changed over time. Today, income from
wind turbines, by and large, is taxed as
other income.

Private persons and companies can
choose between two models for taxation
of their income from wind turbines or
shares in wind turbines. Owners of
individually-owned or company-owned
turbines often choose to pav income taxes
in the same way as they pay on income
from other investments. That is, full tax
on the income, but with deductions from

€ 0.8

\z
Yo 0.6

Figure 9.1 Estimated Costs of Wind-Generated Electricity in Denmark, Based on 2g-year
Depreciation, 5% Interest Rates, and Siting Roughness Ciass 1
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the annual depreciation of the investment
and expenditures to operations and main-
tenance costs, according to the usual tax

regulation. Shareholders in private co-

operatives can chose a "simplified model,"

according to which the first 3,000 DKK of
income from sale of wind power is tax

free and 60% of the rest is taxed with the

usual marginal income tax percentage;
usually 60%. No deductions are allowed
with this scheme. The simplified income
tax model gives a tax incentive for owners
of small shares in a wind turbine. The

smaller the share, the larger the relative
incentive. Thus this instrument spreads the

ownership of wind turbines to as many

citizens as possible. For owners of turbines
acquired before the present taxation rules,

a number of other rules exist.

All wind turbines with an annual
turnover of more than 20,000 DKK must

have a VAT-number. Tl're wind turbine
owner or the co-operative charges a

25% VAT on the electricity sold to the

utility, but not on the 0.27 DKK subsidy.

The wind turbine owners transfer this

collected amount to the government.

9.5.2 Planning and Grid Issues

Spatial (or land-use) planning establishes

a framework for siting wind turbines on

open land and balances the interest of

wind energy against other interests,

including how existing urban features and

landscapes can best be protected. Tasks

related to environmental protection are

increasingly integrated in the work of
spatial planning. Spatial planning in
Denmark is carried out at three levels:

local and municipal planning in the

municipalities, regional planning in the

counties, and national planning co-ordinated

by the Ministry of Environment and Energy.

The Ministry can influence planning
through regulation, national planning
directives, and the dissemination of
information. The location of wind turbines

and high-voltage transmission lines in

International Energy AgencY

rural landscapes are two examples in
which the Spatial Planning Department
influences planning.

AII counties have prepared guidelines for
regional planning. These guidelines lay

down the overall conditions for wind
turbine deployment in each particular
region/county.

Municipalities (local planning authority)
prepare local wind turbine plans and issue

both zoning permits and installation
permits according to the law on spatial
planning. Local wind turbine plans

typically prescribe where turbines are to

be installed (distances to roads, dwellings,
etc.), how they are to be installed (individual

machines, clusters, parks), and their
appearance (tower type and color).

In lqq8, there has been discussion of
requiring specific environmental assess-

ments for wind turbine developments.
Balancing the interests of wind energy

utilization against other interests in open

land are usually contained in the legisla-

tion on each area.

A wind turbine's noise emission must be

verified according to the rules in the

Ministry of Environment and Energy's

statutory order no. 304' According to this

order, 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. As tonal noise is often a source of

annoyance 5 dB(A) is added to the mea-

sured broadband noise if tonal noise is

clearly audible at the location where the

noise level is being measured. A simple

method for calculating the noise emission

of a wind turbine is specified in the

statutory order.

According to a statutory order, the costs

of grid connection of wind turbines are

split between the wind turbine owner and

the power utility. The wind turbine owner

must bear the costs of low voltage
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connections, whereas utilities must carry
the costs for reinforcement of the 10-20-kV
power lines when such is needed.

9.5.3 Impact of Wind Turbines on the
Environment

Utilizing wind power is one of the cheapest
methods of reducing CO2 emissions from
electricity production. Production from the
750-MW large-scale offshore wind farms
will be approximately 2.5 million MWh of
CO2- free power per year. Replacing other
generation with this wind-generated
electricity will reduce CO2 emissions by
2.1 million tons per year or 77.57o of the
total national reduction objective for 2005.

Although modern wind turbines conform
to current noise requirements, their size
alone means that it is not appropriate to
install them too close to inhabited areas.
As there are very few open areas in
Denmark without dwellings, utilizing the
open sea has great advantages.

The possible impact on wildlife is one
important consideration. Studies on land-
based wind farms conclude that wind
turbines do not pose any substantial
threat to birds and other wildlife. All of
the appointed areas for offshore wind
farms lie outside of EU bird sanctuaries
but there are also important areas for
birds in several of the sites. Studies have
already been conducted on possible
impact on sea birds at the Tuno Knob
installation. Although the final result of
the studies is not yet available, the studies
reveal that the eider ducks have not been
frightened away from the Tuno Knob area
by the establishment of an offshore wind
farm. The eider ducks that winter there
are much more influenced by the presence
of food than by the presence of the wind
turbines.

9.5.4 Financing

Availability of capital for wind power
projects is not a problem. Financial
institutions compete efficiently in this

50

market and different financial packages
have been developed.

ln 1998, individually owned projects
(farmers) typically financed projects over
10 years with an annual interest rate of
67o to 7%.

9.5.5 Institutional Factors

The Danish approval scheme for wind
turbines has been established to fulfill the
common desire of wind turbine manufac-
turers, owners and authorities for a
coherent set of rules for approval of
turbines installed in Denmark. An
approval is based partly on a type
approval of the turbine and partly on a
certified quality assurance system which,
as a minimum, describes production and
installation of the turbine. Today all
manufacturers have an ISO9000 qualitv
assurance system.

A set of rules have been developed and
adopted in Teknisk Grundlag for
Typegodkendelse og Certificering af uindmotler
i Dnnmark (Technical Criteria for Type
Approval and Certification of Wind Turbines
in Denmark). Several recommendations
are affiliated with the Technical Criteria.
In the future, the recommendations are to
be replaced by IEC or CENELEC standards
and the Technical Criteria are to be
harmonized on a European level.

The Danish Energy Agency is responsible
for administration of the approval scheme.
On behalf of the Danish Energy Agency, a
group at RISO National Laboratory acts
as secretariat and information center for
the approval scheme. To assist the Danish
Energy Agency, an advisory committee is
formed with representatives from the
wind turbine manufacturers' association,
the wind turbine owners' association,
insurance companies and the power
utilities. For discussion of technical and
administrative matters regarding the
approval scheme, a technical committee is
formed consisting of the authorized

IEA R&D Wind Annual Reoort 1998
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Table 9.5 Bodies Authorized by the Danish Energy Agency to Provide Services under the

Dinirn S.n.me for c.iitriiulirn ana type-.RppirivalE for'Wind Turbines (by end of 1998)

SERVICE AUTHORIZED BODY

i

Production and installation certification

Type approvals

Basic tests

Power curye measurement

Noise measurement

Germanischer Lloyds Certification GmbH
Det Norske Veritas Certification of Mgt' Systems

Bureau Veritas Quality Insurance
Dansk Standard

Riso, Approval Office
Det Norske Veritas
Germanischer LloYds

Tripod Consult Aps
Riso, Test & Measurements

DEWI, Wilhemshafen
WindTest, Kaiser-Wilhelms-Koog GmbH
Tripod Consult Aps
Risa, Test & Measurements

DEWI, Wilhemshafen
WindTest, Kaiser-Wilhelms-Koog GmbH
Wind Consult GmbH
Oilfn ltustit & Vibration { bodies approved by DELTA

bodies. As several authorized bodies are

non-Danish enterPrises, the technical

committee's meetings are held in English'

Minutes and other communications from

the committee are primarily distributed in

Danish. A separate technical committee is

set up for household turbines.

Since 1979, RISZ has been authorizedby
the Danish Energy Agency to issue licenses

or type-approvals for wind turbines,

including the test and measurements

required for the approvals. Today the

^o.k"t 
for these services is liberalized and

private enterprises can be authorized to

perform type approvals, certifications, tests

and measurements' This market is open

for international competition and several

foreign enterprises are active' See Table

9.5.

9.6 GOVERNMENT-SPONSORED
R, D&D PROGRAMS

9.6.1 Funding Levels

The Danish governmental sponsored

programs consist of two Programs.

9.6.1 .1 Ministrrl of Enuironmcrrt nrrd

Energy's Energy Resenrch Progrnm (EFP).

I nternational EnergY AgencY

During recent years, a part of the research

program has been allocated to energy issues

in Eastern Europe and tl-re former Soviet

Union. The Energy Agency administers the

program. Practically all projects are initi-.

ited through the annual call for proposals

issued by each Research Committee' The

deadline for project proposals is normally
in the beginning of September. Projects are

normally run over two or three years and

funding will be given by the end of each

year. In almost all projects, several Partners
participate and industrial participation
and co-financing is encouraged' The

Danish Energy Agency typically finances

50% to 85% of the total cost. In the 1998

round (processed in7997), nine projects

were initiated with a total support from

the Danish EnergY AgencY of
15.11 million DKK.

9.6,1.2 Mitristry of Ertuironrnt'rtt nrtd

Ene rgy's Progrnm t'ttr DcaeloPment,

Deminstrntion and Informntion of Reneuable

Energy (UVE).

The Energy AgencY administers the

program. The program so far has been

renewed every three years. In tl're present
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period, projects are initiated through a
standing call for proposals. There is no
deadline for project proposals, but they
are debated at the regular meetings of the
Technical Advisory Committee. Projects
are always shorter than three years. In
1998, projects were supported by the
Danish Energy Agency with a total of
14.45 million DKK.

For the program areas of wind energy,
biomass, and solar energy, the Ministry
and the Energy Agency are advised by
Technical Advisory Committees. The
Technical Advisory Committee on Wind
Power is identical with the Research
Committee in the Energy Research program.
This ensures a good co-ordination of the
activities within the two programs.

As a part of this program, the Danish
Energy Agency operates test stations for
different renewable energy technologies.
One is the Test Station for Wind Turbines
at RISZ National Laboratory. The activities
of the Test Station for Wind Turbines are
negotiated each year. The budget for the
Test Station task at RISO was 2.9 million
DKK in 1998.

The total budget for the Danish Energy
Agency's wind energy activities amounted
to 38.3 million DKK. This is a little smaller
than in 1997.

9.6.2 Priorities

The overall aims of the energy research
program are the following.

1. Contribute to realization of the goals
of the energy policy through short-
term research activities,

2. Support long-term and strategic
research, which significantly can
improve the Danish energy situation
in a long-term perspective and
establish the basis for new political
initiatives,

3. Contribute to achieving other political
goals than those affiliated with energy

JI

issues, such as the country's economical
development, environmental improve-
ments, industrial development,
employment, export, etc.,

4. Contribute to a global sustainable
development through dissemination
of Danish developed technology and
knowledge adapted for the conditions
in developing counties and countries
in Eastern Europe.

At least one-third of the resources of the
energy research program must be aimed
at long-term perspectives (beyond year
2005). Project titles in the 1998 round of
the research program were the following.

1. Rotor investigations,

2. Program for research in aeroelasticity
(98-9e),

3. Modeling the damping for edgewise
vibrations,

4 Investigation of wind climate in
connection with double-stall,

5. Validation of Gaussian turbulence,

6. KAMM/WAsP engineering-
a numerical wind resource atlas,

7. Power quality and connection of wind
farms in weak grids,

8. DC connections for wind farms,

9. Simplified assembling of offshore
foundations.

Descriptions (in Danish) of the projects
are available on the Danish Energy
Agency's web pages.

The overall aims of the wind part of the
renewable energy development program
are the following.

1. To promote the technical possibilities
for utilization of wind power in
Denmark through reseirch, develop-
ment and demonstration of new and
better wind power technology,

IEA R&D Wind Annual Reoort l99B
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2. To support the optimal utilization of
the available sites,

3. To participate in removing barriers
for sustainable utilization of wind
energy/

4. To strengthen the Danish contribution
in international cooPeration,

5. To stimulate Danish industrial devel-

opment and exPort.

The list of project titles is very long, and

contains very different projects such as

development projects, demonstration
projects of small household turbines,
information activities, economy surveys/

in co-financing of some EU projects, etc.

The Test Station for Wind Turbines activities

for 1998 were more or less the same as the

preceding years and included the following.

1. Information activities,

2. International cooperation with other
test stations for wind turbines,

3. Secretariat for the Danish certification
and type-approval scheme,

4. Spot-check of type approved turbines,

5. Inspections of major break-down of
turbines,

6. International standardization,

7. Development of test methods for
wind turbines,

8. Development of test methods for
blades,

9. Participation on the IEA annex on

Round Robin test of a wind turbine'

9.6.3 New ConcePts

During recent years, a development and

demonstration program for so-called
"household" turbines in the range

5 to 25 kW has been a part of the Danish

Energy Agency's development program
(UVE). A number of concepts different
from the traditional "Danish concept"

International Energy AgencY

have been developed including a multi-
bladed turbine, a two-bladed teeter hub

design, and a two-bladed stiff hub design

for a heat producing machine' Almost 100

such small turbines have been installed both

within and outside the demonstration
program.

9.6.4 Offshore Proiects

In the years to come, utilization of tl're Danish

offshore wind resources will have a high

priority in the Danish energy research and

development programs' TodaY two
demonstration farms are in operation:

Vindeby 4.95 MW and Tuns Knob 5 MW'

Studies financed by power utilities,
Danish Energy AgencY, and EU/JOULE

indicate a substantial cost reduction for
new 100-200-MW offshore projects: 56olo

reduction compared to Vindeby. More

accurate assessment of the offshore wind

climate and prediction of wind loads are

important research issues.

In 1998, the power comPanies and the

Danish Energy Agency have started the

implementation of the first phase of the

Plan of Action for offshore Wind Power in

Danish Waters. According to the agreement,

750 MW in five large offshore farms will
be erected between 2001 and 2008' The

turbines will be the newest commercial

technology in the coming years. For the

first offshore farm, 1.5 to 2.0-MW turbines

will be used.

9.6.5 International Collaboration

International co-operation on wind energy

R&D is emphasized by the Danish Energy

Agency. Denmark has participated in the

international co-operation in IEA R&D

Wind since its establishment.

Danish universities, research centers,

power utilities, and the manufacturing
industry participate in the European

Union's RTD programs. No quantitative

data are available.
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Active Danish participation in interna-
tional standardization in IEC and
CEN/CENELEC has a high priority and
R&D efforts supporting international
standardization are encouraged.
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CHAPTER IO

The Non-Nuclear Energy Programme of
tl're Fourth Framework Programme
( l9q4-1998) is one of the miirr means by
which the European Commission iras
been supporting scientists, developers,
manufacturers, and users. The European
Commission supports research, develop-
ment, and demonstration of renewable
energy technologies aiming at safe,
reliable, efficient, and envirorrmentally
friendly alternative energy sources.

This program came to an end in December
1998, and the cumulative results of the calls
for proposals can be summarized as follows.
One hundred and twenty-three proposals
out of the 381 received from the wind
energy sector were accepted for funding
totaling Euro 75.4 million. The project
funding was subject to the successful
conclusion of the contract negotiation.

JOULE, the R&D part of tl-re Non-Nuclear
Energy Programme, allocated financial
support of Euro 43.3 million to 79 wind

EUROPEAN COMMISSION

energy projects during the period 1995-98.

This represents260/, of the total number of
renewable energy projects and 19.6% of
the total support of Euro 220.7 million
allocated to them.

THERMIE, the demonstration part of
the Non-Nuclear Energy Programme.,

allocated financial support of
Euro 32.1 rnillion to 44 wind energy
projects during the period 1995-98. This
represents 21"/,' of tl're total number of 213

renewable energy projects ancl 22o1, of the
total support of Euro 148.7 million allocated
to them.

The Figure 10.1 presents the number of
the wind energy projects supported by the
Non-Nuclear Energy Programme cluring
the period 1995-98, compared to the
nnmber of projects for the other renewable
energy sectors.

Figure 10.2 presents the distribution of
funds between the RES sectors.
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Figure 10.2 Distribution of funds for Supported
tlre Fourtlr Framework Program (1995-7998)

The general objective of the program was
to encourage market penetration and
greater utilization of wind energy in Europe.
Therefore the calls for demonstration
proposals sought projects to provide
innovative solutions to well-known
technical and non-technical barriers facing
the sector. For example, given the scarcity
of sites available for wind farming, support
was allocated to projects which allowed
for the operation of the wind turbines on
sites with specific environmental charac-
teristics outside the normal conditions
which are presently being commercially
exploited. Another of the calls for proposals
explored the innovative integration of
wind turbines and their operation in weak
electricity grids while avoiding possible
negative interactions. In addition, given
that the reduction of both installation and
operation costs will make the wind energy
production more competitive, projects
aiming to demonstrate such a reduction
through innovative techniques were also
supported.

Throughout the years, priority has been
given to new wind turbines of larger sizes.
It is worthwhile mentionins that 20 out of

56

Non-Nuclear Projects per Sector in RES under

the 122 projects are using wind turbines
larger than 750 kW with 12 of them using
wind turbines of capacity larger than 1 MW.
In terms of commercial applications of
Iarge wind turbines, their share of installed
capacity has increased from less than 1%

in7994 to above 6Vaby the end of7998.

Some of the representative and successful
projects supported by the Non-Nuclear
Energy Programme during the above
period include the following.

1. The OPTI-OWECS study on the
structural and economic optimization
of bottom-mounted offshore wind
energy converters,

2. MEASNEI Network of European
Measuring Institutes, is a result of the
co-operation among different national
test centers involved in developing
measurement standards to ensure that
measurements are performed to a

high quality. It is an offspring of the
project on "European Wind Turbine
Standards II." Harmonized anemometer
calibration, power performance,
noise, and power quality measure-
ment procedures which take into

t07.8
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75.
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4
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r3.5I t.8
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account the existing standards
supplemented by MEASNET
recommendations will be performed
in future publicly funded plants,

3. Wind Energy for Cold Climates
(WECO) including studies of icing of
wind turbines is another research area
which is investigated with the partici-
pation of interested members of the
industry. Initial project results show
an emerging market with interesting
applications,

4. A 3-MW wind farm in a remote area
of Ireland incorporating innovative
control systems for its connection to
the weak electricity grid,

5. A comparatively low cost 2.5-MW
offshore wind farm in Sweden (one of
the three offshore projects supported
during the period 1995-1998),

6. The prototype innovative, gearless,
variable speed, stall-regulated, direct
drive and modular generator of
750 kW, connected directly to the
rotor and, through an inverter, to the
electrical grid,

7. A3 x 750-kW wind farm in a moun-
tainous turbulent remote site with
annual mean wind speed of 72.5 m/ s.

The Fifth Framework Programme (FPV)

sets strategic guidelines for the European
Union in the areas of science and technol-
ogy for the period 1998-2002.I1 was
adopted on December 22, 7998 with an

overall budget of Euro74.96 billion. The
specific programs were adopted on

January 7,1999. Details about the FPV
the specific programs, implementation
procedures, specific criteria (participation
rules, procedure for the selection of
projects etc.), financial resources and, most
importantly, the research activities to be

supported and rules for the participation of
developing countries can be found on the
CORDIS website
http : /l,vww.cordis .1u/ fpl / sr d pr oerammes.htm).

International Energy Agency

Wind energy RTD, being part of the
renewable energies, is found under the
activities for Promotirrg Competitive and
Sustainable Growth (first activity), Theme
IV- Energy, Environmerrt and Sustainable
Development, undcr the key actions:
Cleaner energy systems, including renew-
able energies (key action 5) and Economic
and efficient energy for a competitive.
Europe (key action 6).

The first calls for proposals for RTD
projects on the basis of tl-re specific work
program are expected to be launched by
mid-March 1999.

EU-funded research and the awarding of
projects will become more selective arrd
more demanding in terms of results and
achievements. In aclclition, the benefits of
EU-supported It&D should be visible to
both the industry involved and the
participating researchers and should serve
European citizens.

The EU-15 wind energy installed capacity
at the end of 1998 excee'ded 6.6 GW. It is
expected that the goal of 8 GW installecl
capacity by 2000 will be reached. However,
if the target of 40 GW installed power is

to be achieved by 2010, the present annual
rate of installation should increase from
1 GW/year in 199t1 to at least 2GW /year
bv the end of 2002.

FIGURE 10.3 Cornbinirrg Pleasure with
Energy Production Offshore.
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FINLAND
CHAPTER I I

11.1 GOVERNMENT PROGRAMS

11.1.1 Aims and Objectives

The Finnish government published a new
energy strategy in 7997. In this strategy,
the role of renewable energy is stressed.

However, because unemployment in
Finland is still high, energy politics is
dominated by the wish for economic
development. Thus, economic arguments
dominate and environmental discussions
such as the international discussions of
CO2 emissions, while recognized, are

considered of less importance.

Renewable energy has, in general, good

support in national energy politics, but
the interest is focused on the use of
bioenergy, especially wood or otl-rer

residue from the forest industry. Wind
energy is considered less significant. Wind
energy has local support in some areas

but only on the Aland islands has such

support been transformed into a real

political issue.

Wind energy is still seen onlY as a

marginal energy resource, which could
reach a level of "some" percent of energy

production only after 2015.

11.1.2 Strategy and Targets

Wind energy has been supported bY a

specific wind energy action progr.lm since

1993, that aimed at having 100 MW of
installed capacity by the year 2005. The

main actions in this program have been

an investment subsidy and a national
energy research program. This action
program will be reformulated into a

general support program for renewable

energy that will be based on the national
energy policy document and the European

Union White Paper on renewable energy'

The activity to reformulate existing devel-
opment programs has started and will be

presented to the government during the

spring of1999.

11.2 COMMERCIAL IMPLEMENTATION
OF WIND POWER

11.2.1 Installed Wind CapacitY

Beginning in 1997, there was evidence of a
new start for wind energy development in
Finland. The trend continued in 1998 with
5.6 MW of new capacity installed, a growth
rate of 47o/".Wind energy has also attracted

several newcomers among Power and

energy companies. See Table 11.1.

Wind energy activities seem to be concen-

trated in three different regions. In the

autonomous region of the Aland islands

in the Southwest, development is focused

around a specific wind energy co-operative

with more than 2,000 shareholders and

significant local support. Although, the

Table 1.1.1 Installed Capacity and Production of wind Energy in Finland

NEW CAPACITY
(MW)

TOTAL CAPACITY
(MW)

PRODUCTION
(GWh)

YE4L
t992

| 993

1994

| 995

t996

1997

| 998

3.0

t.8

0.9
,t. b

5.6

t.5

4.6

4.6

6.4

7.2

r r.8

t7.4

2.4

4.4

7)
r0.8

I t.0

t6.6

23.5

I nternational Energy Agency
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co-operative does not own all the turbines
installed, it is nonetheless the dominant
player in the region.

In the area around the northern part of
the Gulf of Bothnia, several players are
active. The most significant is a utility
with a clear strategy to develop wind
energy "step-by-step." The 1.2 MW
turbine installed this year is already the
third initiative of the utilitv. As the utilitv
is clearly committed, the interest has
spread to the neighboring municipalities
and utilities which are taking action.

The third area with significant wind
energy activity is Lapland in northern
Finland. Here the power company
Kemijoki is developing both technology
and its own strategies to have a significant
share of wind energy in the future. See
Figure 11.1.

11.2.2 Comparison With Gross Electricity
Consumption

The annual gross power consumption rose
in1997 to 73 TWh. The annual growth is
expected to be about 2-4Vo for the next

25.0

20.0

r5.0

Figure 11.1 Installed Wind Energy Capacity in Finland

60

few decades. The current power production
capacity during years with normal rainfall
amounts to about 75 TWh.

11.2.3 Numbers, type and ownership of
machines

Nine new turbines were installed in
Finland during 1998 bringing the total
number to 40. All installations are single
turbines or small groups of up to four
turbines. Most turbines, so far, are owned
by power companies, utilities, or companies
partly owned by utilities. Still, a large share
is owned by co-operatives or specific
wind energy companies. See Table 11.2.

77.2.4 Performance and Operational
Experience

For wind energy, 1998 was not a good year.
Annual production rose quite modestly to
23.5 MWh despite the rapid growth in
capacity during the last two years.

Turbines in standard operation had an
average availability of947o in 1998.
Several turbines suffered long downtime
periods due to gearbox and generator

25.0

20.0

r5.0

=(,

r0.0

IEA R&D Wind Annual Reoort 1998
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Table 11.2 Number of New Wind Turbines in Finland Installed Each Year

YEAR < IOO KW 200-300 kw 450-600 kw

t99 |

t992

t993

1994

| 995

t996

t997

| 998

4

I

tl

breakdowns. The specific ice-preventing
equipment that is necessary in northern-
most Finland has been modified on some

of the turbines operating under especially
harsh conditions. In addition, some of the

turbines are not operated under complete
commercial terms but are undergoing
testing of materials and components and
therefore have slightly lower performance.

11.3 MANUFACTURING INDUSTRY

11.3.1 Status of Manufacturing Industry

There are no wind turbine manufacturers
in Finland. However, main components
such as gearboxes and induction generators

are produced and sold to the main wind
turbine manufacturers. Also materials like
steel plates and glass-fibre are sold to the

wind industry. The total turnover of this
"sale of components" is estimated at

about FIM 400 million in 1998. The sales

have increased steadily during the 90s.

The industry has been very successful in
supplying components to medium-sized
wind turbines up to 750 kW. The transition
towards larger wind turbines of 1-1.5 MW
might change the situation. The components
industry is developing its product range

to fit the large-scale turbines. This has

required some investment in new
production facilities.

A blade heating system for wind turbines
operating under icing conditions was

International Energy Agency

J5j kW and above TOI+

4

L

6

6

6

t7

t7

2l

23

3l

40

released as a commercial product in 1998.

It has been developed mainly for the

domestic market but also for export' The

first delivery to Sweden was made in 1998.

1'1.3.2 Support Industries

Four Danish manufacturers have selling
agents operating in Finland. Further, there

are several small and one large consulting
company working in the field of wind
energy. They carry out a wide range of
activities, such as feasibility studies,

engineering, environmental analyses, and

potential studies. They are also offering
full turn-key delivery and O&M services,

but, because of the slow development of
the market, they have not yet been able to

carry out these activities.

11.4 ECONOMICS

The Finnish electricity market was liberal-
ized in 1995 and, since early 7997, small
consumers are able to act in the market.

Since September 1998, households can buy
their power from any producer without
hour-wise measurements. This means that
power sales are separated from distribution
and that anyone can buy Power from any-

where and receive the power through the

common grid. Every producer has, how-
ever, a balance responsibilitY.

Specific co-operatives and wind energy
producers have started activities to use

the free energy market and to sell wind
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energy to dedicated customers. Also the
power companies and utilities have taken
measures to have some wind power in
their product-line, in order to satisfy their
customers.

Thus there is no fixed price at which wind
power is rewarded by the utilities. Rather,
every producer has to find its own customers
and find an agreement on the retail price.
Several utilities offer their customers a

"green power tariff" with an extra charge
of FIM 0.02-0.04lkwh that is allocated
directly to the wind energy producer. For
example, the Society for Nature Protection
Finland offers a "green energy certificate"
to the production of renewable energy
(including old hydro-power plants). The
success of these tariffs has, however. so
far been modest.

Average prices of electricity for industry is
in the range of 0.31-0.38 FIM/kWh and for
domestic consumers 0.33-0.60 FIM/kwh,
depending on location and the time of day.

11.5 MARKET DEVELOPMENT

11.5.1 Market Stimulation Instruments

The Ministry of Trade and Industry (MTI)
can subsidize installations bv un to 45Vo

of the investment. The percentage is
decided upon on a project-by-project basis
and handling time has been rather long,
up to over half a year. Preference is given
to projects that include some kind of
technical innovation.

Beginning in 1997, the taxation was
moved from energy production to energy
consumption. Where the production tax
was CO2-related, the consumption tax is a
general electricity tax that does not consider
fuel or any environmental impact. Howeveq,
wind energy and other small local energy
production methods receive extra support
of FIM 0.04lkwh, corresponding to the
electricity tax for industrial consumers.
For other small local energy production,
the support is 0.02 FIM/kWh.

62

11.5.2 Institutional Factors

Regional Environmental Centres have
authority regarding planning and envi-
ronmental issues in the respective regions.
Some of them have a strong negative
attitude toward wind energy. Several
prospective projects have been stopped,
either by local or regional councils, due to
the difficulty in getting planning permission.

ln 7997 , a working group of the Ministry
of Environment published a draft report
concerning how wind turbines should be
considered in local and regional planning
and which factors should be concerned in
the handling of applications for planning
permissions for wind turbines. The final
report is expected soon and is directed
towards local and regional planning
authorities.

11.5.3 Impact of Wind Turbines on the
Environment

The visual impact on the landscape is the
most difficult planning problem related to
wind energy and, after economics, this is the
most significant obstacle to development.
The reason is simply that the regions with
the most wind are also very picturesque
and environmentally valuable. In particular,
the Finnish archipelago is significant in
shaping our national identity. Further,
many Finns have summer cottages in the
countryside, especially in the archipelago
and other coastal regions. At their summer
cottages, people want to have a close
relation to untouched nature. They do not
want modern technology, like wind turbines,
nearby.

11.6 COVERNMENT-SPONSORED
R, D&D PROGRAMS

11.6.1 Funding levels

The national research program, NEMO2
for Advanced Energy SysGms and
Technologies, came to its end in 1998.

Therefore, there is no dedicated program
in 7999 for wind energy R&D. Most of the

IEA R&D Wind Annual Reoort 1998
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Lammasoaivi
2x450kW
I x600kW

Paljasselkd 65 kW

Olos2x600kW

220 kw

Kuivaniemi 500 kW 3 x 750 kW

Hailuoto 2 x

i2x300kW2x600kW

2x300kW

Korsnds4x200kW

Figure' 11.2 Location of Installed Wind Turbines in Finland
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Figure 11.3 Pictured are two of the three
600-kW turbines Installed in October 1998 on
an island about 700 m from the shore in
Kuivanimei.

R&D related to wind energy has been
carried out since 1989 within NEMO2 and
its predecessor NEMO, funded by the
Technical Development Centre Tekes. An
assessment of the future needs and
organization of wind energy R&D is
underway. Wind energy research projects
are still funded by Tekes, but decisions are
made on a project-by-project basis. Wind
energy projects have received public
funding of about FIM 5 million per year.

11.6.2 Priorities

Priority is given to projects that have an
industrial benefit, i.e. projects leading to
results that can be rapidly utilized by the
industry. An indicator of this is usually
the amount of direct financing by the
industry. Regarding wind energy, priority
is given to projects that strengthen the
position of the component industry and
projects that increase the value added of
material supplies.

11.6.3 Offshore Developments

R&D on offshore installations is focused
on foundation technology. In addition to
wave and wind loading, the foundation
also has to take ice loads into account.
The sea in offshore locations is covered
with ice up to 100 days every year. To
make matters worse, the whole ice field is
moving and on the shorelines can build ice
ridges that can reach up to 30 m height.
Despite these difficulties, large-scale off-
shore installations are possible with the
foundation technology used in other
applications, such as lighthouses.

R&D on offshore technology used to focus
on the numerous small rocks and islands
that were recognized as natural foundations
for wind turbines. Due to environmental
concern it has, however, been impossible
to get planning permission for any such
project.

1 i.6.4 International Collaboration

Most international R&D collaboration is
carried out within the European Union's
research programs. There is also active
participation in the dissemination programs.

R&D projects funded by the EU programs
can be co-funded wp to 20% by TEKES if
the projects fit in with the general targets
for technical R&D, that are described above.

A working group for bilateral co-operation
with Russia in the field of renewable energy
was started in 1995. The main objectives
are to maintain the research potential in
Russian research institutes and to assist
broader international co-operation.

Figure 11.4 Two 600-kW turbines are
installed in October 1998 on top of the
Olostunturi Mountain in Laoland.

IEA R&D Wind Annual Reoort 1998
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CHAPTER I2

12.1. GOVERNMENT PROGRAMS

12.1.1. Aims and Objectives

The actual program, the "4th Program for
Energy Research and Technology", has

been in force since 7996 and l'ras again

been carried out by the Federal Ministry
for Education, Science, Research and
Technology (BMBF). The development of
wind power is a part of this program. By

December 1, 7998, the new government in
Germany transferred the department for
applied energy research of BMBF to the

Ministry of Economics, forming the new
Ministry of Economics and Technology
(BMWi). The development of wind power
(Research and Technologie, "250 MW Wind"

-Program, ELDORADO) was included in
this transfer.

The program follows consistently the

goals of the former Programs to conserve

limited resources, to improve the security
of the German energy supplY, and to
Drotect the environment and the climate.
iwo general objectives are emphasized.

1. Creation of the necessary prerequisites.

2. Contribution to the modernization of
the national economy, to maintain the

German technologY Position and to
improve the exports.

Research and technology policy should
set boundary conditions which allow the

development of a sufficiently broad

spectrum of technical oPtions.

12.7.2Strategy

The strategy of the R&D funding of the

4th Program follows three aims.

1. Improvement of the performance and

reliability of existing techniques,

2. Development and demotrstration of
technological cor-rcepts for the future,

lnternational Energy Agency

GERMANY

3. Support of basic research for 1. and 2.

above.

In thc short and medium term, an impor-
tant 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.

In the medium or long term, renewable

energies are expected to contribute
significantly to the German energy supply

and to reduce CO2 emissions' Technically
rather advanced, but not in all cases

economically competitive, is the utilization
of heat (solar tl'rermal, heat PUmPS/
biomass) and electricity (wind power, waste

contribution, biomass, photovoltaic).

Tlie full range of strategy measures covers

various tecl'rnologies. For this report, the

item Renewable Energies and Rational
Use is of special interest.

R&D of Rcnewable Energies are supported

in photovoltaic energy, wind power
(including the "250 MW-Wind"-Program),
biomass, geothermal energy and other
renewables as well as in application
systems for southern climatic conditions.

Supported R&D fields of Rational Energy

Use/Saving of Fossil Energy for Consumers

are solar thermal Power and heating of
buildings, heat storage, and energy-saving
industrial processes.

Including the corresponding R&D in large

German research facilities, bclth areas in
1998 disposed of a total budget of about
260 million DEM (Renewables have about

200 million DEM).

12.1.3 Targets

The "4tl-r Program for Energy Researcl'r

and Energy Technologies" is related to the

political target of the German government
to reduce CO2 emissionsby 25o/,' by the
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Table 12.1 Development of Wind Power in Germany: "250 MW Wind" and Total by
October 31.7998

DATE NUMBER OF WECs RATED POWER
(MVv)

WIND ELECTRICITY
PRODUCTTON (to'kwh)

250 MW
WIND

TOTAL 250 MW TOTAL
WIND

250 MW TOTAL
WIND

t2t3vt989

t2l3t 1t990

t2l3tlt99l

t2l3tlt992

t2l3til993

tzl3t,|994

tuSt lt99s

t2l3t 1t996

t2l3t t997

t2t3t t998

15.0 256.0

r87.0 506.0

439.0 806.0

738.0 t2 | .0

1058.0 1797.0

| 3 t7.0 26t7.0

t466.0 3528.0

1552. | 4326.0

t5 il.0 5 t93.0

t5 t0.0 6205.0

0.58

0. t3

0.28

0.50

t.00

t.50

2.00

3.00-3.30

1.4

30.8

72.2

t2t.3

t83.9

255.5

3 il.0

335.0

343.8

345.0

20.0

60.0

|| t.0

r83.0

334.0

643.0

I t20.0

t546.0

2082.0

2874.0

0.0003

0.0 t60

0.0890

0.20 t0

0.3020

0.4620

0.5430

0.5230

0.5800

year 2005 from 1990 levels. Sustained
implementation of the program will con-
tribute to reaching this target together
with measures taken in other fields, such
as traffic. German industry will contribute
to the government obligation, as declared
on March 7996,by reducing its specific
CO2 emissionsby 20Vo by the year 2005
compared to 1990 levels.

Governmental targets for wind energy in
Germany are not specified. In governmental
publications, yearly wind electricity
production of up to several per cent of
total electricity production is considered
to be possible. Within the "250 MW Wind"
Program a total rated power of about
345 MW will be reached (250 MW refers
to the WECS power at 10 m/s wind speed),
corresponding to a yearly electricity
production of all turbines (including the
early, smaller WECS) of roughly
1800 h x 390 MW x.70% = 0.7 x 70e kWh t
I0To, or almost 0.2Vo of the total electricity
actuallv produced.

Two German Federal States published
specific targets. Lower Saxony: 1,000 MW
by the year 2000 (status by December
7998: 872 MW) and Schleswig-Holstein:
actual produced 1,200 MW by the year
2010 (Status by December 7998:746MW).
The corresponding actual share of the
electricity consumption in Lower Saxony
is 3.8% and in Schleswig-Holstein 73.4%.

12.2. COMMERCIAL IMPLEMENTATION
OF WIND POWER

12.2.1 Installed Wind Capacity

By December 3\,1998, the number of
installed wind turbines was 6,205, with a
total rated power of 2,874 MW. Some
1,103 turbines with a total of 841 MW
were installed in 1998.

The total number of turbines in operation
by December 37,7998 within the "250 MW
Wind" Program was 1,510 (24% of all
WECS), corresponding to a total of 345 MW
(72% of the total capacity). The develop-
ment of wind power in Germany is shown
in Table 12.1. The distribution of wind
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Table 72.2 Distribution of Wind Power for the German Federal States 1998

FEDERAL STATE MTED POWER

TOTAL

NUMBER OF WECS

TOTAL

Schleswig-Holstein

Niedersachsen

Nordrhein-Westfalen

Mecklenberg-Vorpommern

Hessen

Brandenburg

Sachsen

Sachsen-Anhalt

Rheinland-Pfalz

Thiiringen

Bayern

Hamburg

Baden-WUrttemberg

Bremen

Saarland

Berlin

746.0

8 r2.0

325.0

2t6.0

t55.0

t48.0

r36.0

93.0

8t.0

7 t.0

3 r.0

r8.0

22.0

t667

t7t5

856

425

290

300

250

t86

203

t22

67

39

52

20

t3

3

8.0

6.0

t.0

power for the 16 German states is given in
Table 72.2.

The total rated power of wind turbines by

the end of1998 in the three coastal Federal

States Niedersachsen (Lower Saxony),

Schleswig-Holstein, and Mecklenburg-
Vorpommernwasl,Tg4 MW (62% of the

total installed power) corresponding to

3,807 WECS.

72.2.2 Comparison with Conventional
Public ElectricitY ConsumPtion

The total public electricity consumption in
Germany for 7998 was 436 x10e kWh.
According to the data given in the

Table 72.1, it follows that during 1998

wind power contributed 0.68% to German

International Energy A6ency

public electricity consumption (7996: 05%).

The contribution of all renewables, mostly

lrydro-power, is around 5o/o.For 1998 the

wind power contribution to Public
electricity consumption will increase

again and should surpass 1%.

12.2.3 Numbers/Type, Make of
Turbines/OwnershiP

The statistics of different WECS types are

available for WECS within the "250 MW
Wind" Program, see Table 12.1. The table

represents the situation from the begin-
ning of the program in about 1990 until
today. In 1990, many smaller WECS-no
longer on the market-came into operation.

Thanks to the "250 MW Wind"-Program,
the statistics of ownership are known.
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Table 12.3 Ownership of WECs of "250-MW" Wind Program by January 7999

OWNERSHIP

Private individuals

Farmers

Trade and industry

Communities

Electricity companies

PROJECTS

594

250

237

5l

3l

MTED POWER
(MW)

t2t.6

35.7

t65.3

7.41

20. I

RATED
POWER (kW)

t79

t39

366

30

304

WECS

678

257

452

57

66

See Table 12.3. Private individuals and trade
and industry (including the so-called
power investors) erected by far the largest
part of the total rated power, but trade
and industry is leading with the average
WECS size. For the number of turbines
installed in 1998 and in total we refer to
the previous section and Table 12.4.

These numbers again reflect the develop-
ment of wind power in Germany since
7989 /90. Farmers and private individuals
bought the smaller WECS available at that
time, whereas today trade and industry,

mostly new firms, invest in projects with
WECS of the commercial500- to 600-kW
and MW class of European manufacturers.

72.2.4 Performance and Operational
Experience

The average technical availability for 1997
was 997o. That means an average stand-
still time of about 85 hours per year per
unit. The performance of wind turbines in
Germany is recorded within the "250 MW
Wind" Program. For this purpose, ISET
carries out a Scientific Measurement and

20o/o

l8o/o

l60/o

8o/o

60/o

4o/o

Full-load hours (h)

Figure 12.1 WMEP: Distribution of Full Load-Hours in Germany
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Evaluation Program, WMEP, on behalf of
BMBF.

Figure 12.3 shows examples of failure
statistics and statistics of repaired and

exchanged parts. More than 50% of the

causes of failure are identified with com-

ponent failure and control system of the

WECS, a quarter of the causes are identified
with external influences (high wind, grid
failure, lightning, and icing).

12.3 MANUFACTURING INDUSTRY

12.3.1 Market Shares

Table 72.4 shows the shares of the suppliers
on the German market in 1998. This
indicated that the MW-size turbines are

increasingly popular. Table 12.5 shows a

typical snapshot of wind power develop-
ment in Germany. The table shows that, in

October 1998, no small WEC was erected

and that wind power develoPment
continues to grow in inland Federal States.

12.3.2 New Products and Technical
Developments

The excellent availability of the WECS

installations in Germany, as well as the

average installed power of 762 kW/turbine
for new turbines in 1998, indicate a rapid

Table 12.4 Market Shares 1998 in Cermany

technical development of wind power. This

is not limited to German manufacturers,
as shown in Table 12.4 Market Shares. The

share of new installed WECS with a rotor
diameter of more than 48 m was about
407o in this period.

12.3.3 Business DeveloPments

The number of direct and indirect employees

in the German wind power industry is at

r:resent around 10,000. The total commerce

ionnected with WECS in Germany in 7997

amounted to 1.3 billion DEM. In addition,
service teams had to be set up. On the

average, one service Person is required for
each installed capacity of 20 MW. These

jobs are needed for the lifetime of the

turbines. Good service teams are most

important to maintain the excellent avail-

abljities (averaging 99%) obtained in
Germany. Special data for 1998 are not

yet published, but the estimated total

volume of capital investment in the first
six months of 1998 adds uP to about

675 million DEM.

12.4. MARKET DEVELOPMENT

The rated power of installed turbines has

increased significantly over the years' In
1989 and 1990, the market offered WECS

MANUFACTURER MTED POWER

o/o

WECS

o/o

ENERCON

NORDEX

VESTAS

ANWINDENERGIE

TACKE WIND

NEG MICON

DEWIND
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33. I
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Table 12. 5 New Installations in October 1998 in Germany

NUMBER WEC MODEL
(lw)

MTED POWER HUB HEIGHT
(M) (M)

ROTOR FEDEML STATE
DIAMETER

L

I

I

I

2

4

3

AN Bonus
I MW54

DeWind 48

DeWind 48

Enercon E 40

Enercon E 40

Enercon E 40

Enercon E 40

Enercon E 40

Enercon E 40

Enercon E 40

Enercon E 66

Enercon E 66

Enercon E 65

NEG Micon NM
600- | 50/48

NEG Micon NM
600- | s0/48

Nordex N 22150

Nordex N 43/600

NordexN 54/100

Tacke TW 1.5

Tacke TW 600e

Vestas V 471660

Vestas V 6611.65

| 000

600

600

500

500

500

500

| 500

600

600

t50

600

| 000

| 500

600

660

| 650

with a maximum power of 250 kW. These
were soon followed by turbines producing
300 kW. Nevertheless, the maioritv of
plants still had a rated nominal power of
100 kW or even less. The typical operator
was assumed to be a farmer who produced
electricity for the needs of his own farm
and fed the surplus electricity into the
grid. This situation has rapidly changed
owing to the technical and economical
development of WECS.

Most of the WECS erected in 7997 and
1998 have a rated power of 500 kW and

72

more. In 7997 the introduction of the
1,500-kW class started very successfully.

Market constraints, especially in the
German coastal areas, include complaints
that wind turbine installations are
destroying the landscape and disturbing
wildlife and birds. Neighbors of WECS
complain of noise and shadow effects.
Germany has a high population density
and is short of good wind sites, where
different users are often competing.
Owing to the necessity of noise emission
reduction, a distance of about at least

500

500

500

| 500

| 500

70

60

60

5l

65

65

65

65

65

65

70

70

54.0

48.0

48.0

40.3

40.3

40.3

40.3

40.3

40.3

40.3

66.0

66.0

66.0

48.0

48.0

27.0

43.0

54.0
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Nordrhein-Westfalen
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Nordrhein-Westfalen
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500 m to the next resident is recommended

for large-scale WECS. Although the land

around a WECS can still be used as farm-
land, there are a lot of complaints. Over
the past few years, it has become more
and more difficult to get a construction
permit for WECS.

12.5. ECONOMICS

The rapid market development the late

eighties to the nineties was driven by the

favorable financing conditions in the

period. The "250 MW Wind" Program, at

that time the "100 MW-Wind" Program, of
BMBF led the way.

The "Electricity Feed Law" (EFL) became

effective by January 7 , 7997. Since then,

the utilities have been obliged to pay the

same 90% of the average tariffs per kWh

that private consumers have to pay, with
taxes of 15% excluded. In 1997 this
amounts to 0.1715 DEM/kWh and

0.1679 DEM/kwh in 1998. EFL and
"250 MW Wind" Program are cumulative'

In April 1998, a modification of the EFL

within the reformation the energy law
came into force. The changes in the EFL

do not affect this refunding, but specify
the financial charges of the different
utilities of tl-re German grid and set a date

for reconsideration of these specifications
by the Bundestag (7999).

The discussion of possible changes of the

EFL1997 caused considerable concern in
the German Wind Power Market. But the

final result for 7997, an additional 534 MW

of wind power in GermanY, was even

better than in 1995. In 1998, there was an

increase of the newly installed capacity of
5/"k over IYY/.

In addition to the reimbursement accord-

ing to the EFL, a wind turbine operator
might get soft loans. The Deutsche

Ausgleichsbank offers soft loans for
WECS, while some other states, especially

in the German inland, still conduct

International Energy AgencY

programs with clirect funding (Nordrhein-

Westfalia).

Over the last eight years, a market for wind
turbines has been established in Germany
which does not depend on clirect funding'
This market depends on the conditions for
reimbursement regulated in the EFL; the

development of turn-key prices of WECS;

and the interest rate for loans and mort-
gages. High interest rates for mortgages

with a pay back time of 10 Years was

reaclred at about 10%by April1991. This

was followed by a fluctuating decrease to

less tlran 5o/o in 1998. Assuming a pay back

time or a depreciation time'of 10 years, it
can be calculated by established methods

that a decrease of three percent in interest

corresponds to a price decrease of 25ok.

The revenue from WECS is mainly deter-
mined by the electricity production, which

can be expressed by hours of operation
per year at nominal power. Under German

meteorological and financial conditions, it
is more or less generally accepted that for

a WECS erected in 1998 the revenue will
be higher than the expenses when 2,200

hours at nominal power are obtained. At
good sites close to the German or to the

Baltic Sea, where the mean wind velocity at

a lrr-'ight of l0 m is between 5.5 .rnd 6 m/s,
the majority of WECS have lower produc-

tion costs than revenue per kWh according

to the EFL. The inland situatiorr, where

typical wind velocities of 4 m/s dominate,

might be different. The actual distribution
of full load hours for different site

categories for WECS within the "250 MW
Wind" Program is shown in Figure 12'2'

The broad distribution of full load hours

is remarkably broacl for the three site

categories. This indicates that, besides the

general wind regime, other factors like the

size and type of the turbine and the local

wind conditions may influence the full
load hours considerablY'
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Financing of WECS is often managed with
low equity. Even on inland sites, the
projects are sometimes financed completely
by loans. Here, the revenue from the
WECS is needed in the first ten years to
pay for the capital costs, the insurance,
and O&M. But the investor may neverthe-
less make some profit. A depreciation
time for WECS of ten years was possible
until mid-1997.Fromjuly 1st, the
depreciation time is 12 years. With a
linear depreciation, investors can reduce
their taxable income by about ten percent
of the turn-key costs per year. This
corresponds to approximately DEM 100,000
per annum. With an assumed tax rate of
thirty percent, the taxes to be paid by the
investor will be reduced by about
DEM 30,000 per annum. Under the
circumstances considered, almost no
corporate taxes will have to be paid in the
first ten years. Reducing the taxable income
is one of the driving forces of the German
WECS market. On average, every investor
is reducing annual taxes considerably.

1 2.6. GOVERNMENT-SPONSORED
PROGRAMS

12.6.1 Funding7997

The BMBF 1998 funding levels of wind
power were (1997 in brackets) the
following:

R&D
"250 MW Wind"
ELDORADO
Total

DEM 4.5 (5.5) million
DEM 37.2 (35.3) million
DEM 1.3 (6.3) million
DEM 43.0 (47. l) million

In addition, the Federal Ministry of
Economics supports renewable energies
within special guidelines for the period
7995-7998. The guidelines include the
investment grants for wind turbines of
rated power from 450 kW to 2 MW at sites
with average wind speeds up to 4.5 m/s
at 10 m height above ground. About 10
projects per year with a total of around
DEM 1 million are being realized.

72.6.2 R&D/WMEP

Recent R&D projects by BMBF are shown
in Table 72.6.The projects include the
engineering of a 4-MW, 110-m turbine, to
be erected in about two years. The Scientific
Measurement and Evaluation Program,
Phase III (WMEP) involves a DEM 13,683
million contract for the period of July 1,996
to |une 2000.

In autumn 1998, experts reviewed the
future of R&D for wind energy technology
on behalf of BMBF. Despite the fact that
this technology has made a rapid technical
development in the last 10 years and that
markets for wind power have opened
worldwide, there is still much work left to
be done in many technical areas to fulfill
the potential of wind power as a key
contributor among renewables to the
world-wide energy supply.

72.6.3 "250-MW Wind" Program

The goal of the "250 MW Wind,, program
is to carry out a broad test of the applica-
tion of wind energy on an industrial scale,
which extends over several years. As an
incentive for their participation in the
"250 MW Wind" Program, operators of
the wind turbine,/wind farm receive
grants for the successful operation of their
installations.

The current subsidy for operators in the
"250 MW Wind" Program is either
DEM 0.06 or DEM 0.08 per kWh, depend-
ing on whether the energy is fed into the
grid or is being used by the owner of the
WECS. The latter applies for instance to a
farm, a factory or a private household,
and also to a utility as a WECS owner.
The grants are limited to a maximum of
257o of the total investment costs. In
certain cases (private individuals and
farmers) a subsidy of the investment,
limited to DEM 90,000, is possible.

The interest in support of the "250 MW
Wind" Program was high. Until the

IEA R&D Wind Annual Reoort 1998
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Table 12.6 Energy R&D Projects,1,997 and the WMEP Phase III

SUBJECT PERIOD

Wind powered desalination
plant, Riigen

Processing of wind measurement
data up to | 50 m for planned
archive of wind data

Special wind data and programs
for complex terrain

Phase lll of 250MW wind
measurement and evaluation
program WMEP

Early recognition of turbine failure

Fatigue loads WECS

MW WECS inland

Control LS WECS

Active stall rotor blade

Lightning protection WECS

Development of a 4MW WECS

06193-0st97

04192-0t 198

07193-06197

07 t96-06197

0v94-t2197

0719s-06197

0619s-09t99

07195-06t99

08196-07198

10196-09t99

08/98-2000

cosTs
!DEI)
3,89 | .50

607.00

t,64 r.90

t3,683.50

t,43 | .80

443.60

4,893.60

|,192.60

2,505.98

600.00

t0,000.00

BMBF

ry)
70.00

r00.00

t00.00

r00.00

50.00

s0.00

20.43

40.00

50.00

50.00

35.00

closing date for proposals (December 31,

1995), more than 6,000 proposals were
registered. This corresponded to a total
rated power of more than 3,500 MW.
During the development of the program/
a total of 7,223 proposals were approved/
correspondingtoT,5T3 WECS and 384.5 MW.
The last approvals were for some projects
with the new MW-size turbines erected in
1998. The program will end around the
year 2008 after 10 years of WMEP
participation of the MW-size turbines.
It is expected that the total support will
exceed DEM 350 million. The costs of the

measuring program are not included in
this sum and could reach an additional
DEM 60-70 million for the period 1990 to
around 2007.

12.6.4 "ELDORADO Wind" Program

BMBF's interest also includes the applica-
tion of wind energy in overseas countries.

According to a study by the World Bank,

almost 50Vo of the inhabitants in developing
and threshold countries do not have access

to central energy supplies (electricity, oil,
gas, and so forth). They could be assisted

by decentralized concepts, and renewable

energies are considered to be an option
for decentralized energy supplies.
Therefore, BMBF launched the
"ELDORADO Wind" Program in7991,
which is now being jointly carried out with
10 oartner countries. The aim of BMBF is

to encourage a large number of users in
southern climatic zones to construct and

operate WECS in co-operation with
German partners. By October 31,7998,
29 projects were approved by BMB!,
most of them with installations in opera-

tion. The total rated power is 30 MW
(see Table 12.7).

International Energy Agency
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GREECE
CHAPTER I3

13.1 GOVERNMENT PROCRAMS

There has been no revision of the National
Program of Greece during 1998. Greece is

one of the European countries possessing
high wind energy potential. It is among
the aims of the government to replace
expensive imported fuel, currently used
for electricity production in a large part of
the Greek territory, by exploiting the
country's wind potential. Government
support for wind energy exploitation is

part of a larger new policy, concerning
renewable energy sources. The major
strategic goals of the national policy for
the development of the renewable energy

sources are the following:

1. Increase of the efficiency of the
energy system.

2. Protect the environment by decreasing
the emission of atmospheric pollutants.

3. Improvement of the safety of the

energy system by diversifying energy

supplies.

4. Reduce CO2 emissions by 2000 to the

levels of 1990.

5. Decentralize energy production.

6. Actively involve Greek industry in
creating new jobs.

7. Develop new technologY.

Ln7995, a target of 350 MW of installed
wind energy capacity by the year 2005

was announced by the MinistrY for
Development (MD). A new legal frame-
work gave significant stimulus to the

development of wind energy in Greece.

The new Law 2244/94. dealing with and
regulating electricity production from
renewable energies, was followed by a
ministerial decree detailing its implemen-
tation. The main features of the new
framework regarding wind energy are the

opening of the market to the private

International Energy Agency

sector and the precise definition of tariffs
for energy produced. In addition, the Public
Power Corporation of Greece (PPC) is

obliged to buy tl-re wind-produced electricity
through contracts l'raving a 1O-year duration,
with the possibility of a 1O-year extension.

There are two national programs currently
supporting wind energy projects. First,
wind projects may be subsidized up tcr

45'/a of the project cost and get up to 40%

reduced interest rate soft loan (up to 20'/n

of the project cost). This is implemented
within a continuous program according tcr

the "Law for the Economic Development"
2601/98 of the Ministry for National
Economy launched in 1998.

Second, the so-called Operational Program

for Energy (OPE)-Renewables within tl're

Community Support Framework, for the

years 1994-1999, rs implemented by the

Ministry for Development. The total
budget for renewables, including private
contributions, is 50 billion drachmae.
Financial support for wind energy is 40'/o,

considering the maximum subsidized
project cost 350,000 drachmae/kW.

During 7997, there were two calls for pro-
posals in the framework of the OPE. After
ihe first call, five proposals for wind
projects were accepted, with a total budget
of 8.5 billion drachmae, corresponding to

22.8MW installed capacity. The results of
the second call were announced during
1998. Fifteen projects of 106.4 MW total
installed capacity were accepted for
funding having a total investment budget
of 37.8 billion drachmae.

1 3.2 COMMERCIAL IMPLEMENTATION
OF WIND ENERGY

The first large-scale private wind farm
was put in operation this year on the

island of Crete. A 10.2-MW wind farm,
comprising seventeen 600-kW Bonus
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wind turbines was inaugurated in May
1998, and it is now fully operational. In
total, 19 WECS having an installed
capacity of 11.45 MW were connected to
the electricity supply network in 1998,
bringing the total installed wind energy
capacity to39.6l|i4W (777 machines).

The development of wind energy within
the last nine years is shown in Figure 13.1,
where the total installed capacity per year
is depicted.

The energy produced from wind turbines
during 1998 is approximately 71 GWh,
while the energy produced in 7997,7996,
and 1995 was 38 GWh,37.2 GWh, and
33.4 GWh, respectively. Figure 13.2 shows
the electricity produced from wind turbines
for the last eight years and the corresponding
capacity factors.

In 1998, major repairs were undertaken at
the two biggest wind farms of PPC. These
farms, totaling 5.1 MW each (17 x 300 kW
Windmaster), have been out of operation
since the beginning of 7994 due to serious
damage to their rotor blades. The wind
farm on Crete has been fully operational

since May 1998, and the second wind
farm is close to having repairs completed.

13.3 MANUFACTURING INDUSTRY

Except for a couple of small wind turbine
manufacturers (typical range 1.0-5.0 kW),
there is no wind turbine manufacturing
industry in Greece. However, all the
tubular towers for imported machines of
PPC were constructed in Greece by two
private companies, following the original
drawings. The steel industry is quite
developed in the country and can easily
support wind turbine manufacturing. In
the past, the Hellenic Aerospace Industry
(HAI) was involved with the construction
of wind turbines for PPC. But its activities
were limited to a program of 50 machines
based on imported Danish know-how.

A certificate from a certifying authority is
required to operate a wind turbine in
Greece with a rating of more than 20 kW,
unless it is owned by PPC. The Center for
Renewable Energy Sources (CRES) is, by
law, the certifying authority for wind
turbines in Creece. However, CRES accepts
approval certificates issued by authorized
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Figure 13.1 Cumulative Installed Wind Capacity in MW
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Figure 13.2 Wind Irower Annual Output and Capacity Factor

institutions, while it is working on certifi-
cation procedures and standards to be

followed nation-wide, taking into account
the individual climate characteristics of
Greece.

13.4 ECONOMICS

The system of power generation in Greece

is divided into two categories: the so-called

interconnected system of the mainland
and the autonomous power plants of the

islands. PPC is the only utility responsible
for production, distribution, and exploita-
tion of electricity. Despite the different
production costs iu the two systems/ a

single price for electricity is charged all
over the country, depending on the iden-
tity of the corlsumer and the voltage class.

The following tariffs for the three voltages

have been valid since July 15, 1998.

1. Low Voltage 26.60 Drs/kWh,

2. Medium Voltage 21.51 Drs/kWh and
994Drs/kW (peak power value),

3. High Voltage 14.05/ 7.22/9.74Drs/kWh,
peak/min load/rest hours respectively
2797 Drs/kW (peak power value),

The prices paid by PPC for renewable

energies are based on the actual selling
price. For the autonomous island grids, the

prices are set at 90% of the low voltage
tariff, i.e. 23.94Drs/kWh. For the inter-
connected grid, the tariffs have two
components: energy and power (capacity

credit). The e'nergy conponent is set at

90'k ctf the mediurn or high voltage tariffs,
depending on the type of grid connection
of the wind power plant. The power com-

ponent is set at 50% of the respective PPC

power charge.

1 Medium voltage 19.359 Drs/kWh and
497.0 drs/kW x P (P: the maximum
measured power production over the

billing period),

2. High vcrltage 12.645 / 6.498 /8.766
Drs/kWh, peak/min load/rest hours
respectively 1128.5 Drs/kW x P
(P: the maximum measured Power
production betwcen two successive

mcdsurcmclrts in the pcak hour zone).

The total cost of wind power projects

depends on the type of wirrd turbine, its

size, and its accessibility. It varies between

330,000-400,000 Drs/kW. The generated
wincl power cost coulcl be assumed til be

International Energy Agency
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between 9.0 and 16.0 Drs/kWh, depending
on the site and project cost.

The typical interest rate for financing any
project without subsidies is about 74%.

However, many investments including
wind projects may profit by reduced soft
loans according to the so called "Law for
the Economic Development" 2607 / 98.

13.5 MARKET DEVELOPMENT

Low selling prices in conjunction with the
restriction of power generation from the
private sector (with the exception of auto
production) strongly affected wind energy
development, although the first wind
turbines have been operating since 1984.

As a result, wind energy was limited to
the activities of PPC and of some public
organizations.

As soon as the new Law 2244/94was
issued in early 1995, the private sector
showed a great interest in developing
wind power projects. According to the
law, anyone can develop power plants up
to 50 MW from renewable energy and sell
electricity to PPC, marking the end of the
monopoly of PPC on power generation
from wind energy. Other features affecting
the development are more simplified
procedures (less bureaucracy) and attractive
buy-back prices. Until now, applications
for a total of 1,500 MW have been submitted
to the Ministry of Development from
which approximately 169 MW have
completed the licensing procedure and
been issued an installation license. Wind
farms of approximately 50 MW capacity
are under construction.

Due to the landscape characteristics of
Creece, almost all wind power plants are
sited in remote areas, thus minimizing
complaints of visual and noise problems.
In addition, no bird kills have been reported.

Although strong opposition defeated a

projected wind farm on Lesvos Island due
to archaeological interest in the area, there
has been no other significant opposition

80

against wind energy to date. The public
attitude is rather positive in general;
however, special attention should be
given when planning projects on small
tourist islands with strictly traditional
architecture.

13.6 COVERNMENT-SPONSORED
R,D&DPROGRAMS

The Ministry of Development promotes
all R, D&D activities in the country.
Government sponsored R, D&D activities
include applied and basic R&D as well as
demonstration projects.

Key areas of R&D in the field of wind
energy in the country are the following:

. wind assessment and integration;

. standards and certification;

o development of wind turbines;

. aerodynamics, structural loads, blade
testing,

. noise, power quality,

. wind-powered desalination and,

o integration in autonomous power
systems. There is no activity in Greece
concerning MW-size wind turbines or
offshore deployment.

13.6.1 Research and Development

A project for the development of a
450-kW wind turbine was initiated within
the framework of the EPET-II National
Program in 1995. The project is aimed at
both the development of a 450-kW
variable-speed, stall-regulated wind
turbine and the development of blade
manufacturing technology. The prototype
is expected to be installed at the test site
for extensive measurements in 1999.

CRES is the national organization for the
promotion of renewable energy in Greece
and, by law, the certifying authority for
wind turbines. CRES is mainly involved
in applied R&D and is active in the field

IEA R&D Wind Annual Reoort 1998
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of aerodynamics, structural loads, noise,
power quality, variable speed, wind-
desalination, standards and certification,
wind assessment, and integration.

The development of a national certification
system for wind turbines is considered a

crucial parameter for the successful
implementation of new strategic plans for
extensive use of wind energy in the country.
CRES' Wind Energy Department is

continuing the development of the
National Certification System, as well as

participating in the standardization work
carried out by the Hellenic Organization
for Standardization (ELOT) in the frame-
work of European and International
organizations, regarding wind energy
matters. In 1998 Greece has been actively
involved in the activities of IEC TC-88,
CLC/BTTF83-2, and its wind geuerators.

The CRES blade testing facility is going to
be used as an integral part of the certifica-
tion system underway. The facility is fully
operational and several blade tests have
already been conducted. The blade testing
facility, which is one of the most advanced
testing facilities in the world, can be used

for static, dynamic or fatigue testing of
blades up to 25-m long.

The CRES Wind-Diesel Hybrid Laboratory
System, which simulates the small
autonomous grid operation common in
the islands of the Aegean Sea, has been
fully operational and several tests have been

made. The system can be effectively used
in optimizing the integration of renewable
energies in such small applications.

A number of research projects that were
running or initiated at CRES during 1998,

were co-funded by DGXII and GSRT (the

Greek Secretariat for Research and
Technology). Their goals included the
following.

1. Characterizing the main features of
complex or mountainous sites, because

most of the favorable for wind energy

International Energy Agency

development sites are of such
topography); and identifying the
crucial parameters affecting both the
power performance and the loading
of different types of wind turbines
operating in such environmetrts. In
that directioll, new techniques are
under development for power-curve
measurement of wind turbines
operating in complex terrain,

2. Developing new techniques for power
quality measurement and assessment,

3. Contributing know-how to wind
turbine standardization procedures,

4. Developing blade testing techniques
within the in-house experimental
facility,

5. Understanding generic aerodynamic
performance of wind turbine blades
through CFD (Computational Fluid
Dynamics) techniques,

6. Developing cost-effective micro-siting
techniques for complex terrain
topographies,

7. Developing GIS (Geographic
Information System) techniques for
optimum wind-energy planning on
a local level,

Basic R&D on wind energy is mainly
performed at the country's technical
universities. The Fluids Section of the
Mechanical Engineering Department of
the National Technical University of
Athens (NTUA) is active in the field of
wind modeling, rotor aerodynamics, load
calculation, fatigue analysis noise and
wind farm design. ln1998, the R&D
activities concerned mainly theoretical
work related to numerical simulations.
More specifically this work included the
following.

1. A complete software for assessment of
noise in wind parks was developed.
The software includes: a siting module
for the mean wind flow a wind park

8l
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module which introduces the wake
effects, a machine model which
calculates the noise spectrum of the
machines and a noise propagation
module,

2. A new viscous-inviscid interaction
model has been completed for airfoils.
The model predicts lift and drag with
state-of-art accuracy even beyond
maximum lift. Its extension to unsteady
light stall situations has been also
concluded,

3. The development of a Navier Stokes
flow solver for rotating blades has
been concluded based on a multi-
block architecture. Testing is foreseen
for next year,

4. An aeroelastic code of the complete
turbine has been concluded and
successfully tested over several
turbines. A shareware version is
available upon reguest.

The Applied Mechanics Section of the
Mechanical and Aerospace Engineering
Department of the University of Patras
(UP) has, since 1990, focused on educa-
tional and R&D activities involving
composite materials and structures.
Emphasis has been placed on anisotropic
material property characterization,
structural design and dynamics of
composite rotor blades of wind turbines.
Experience has been acquired by partici-
pating in several research projects funded
by Greece and by the European Commission.

The UP has successfully completed struc-
tural designs for a 5.5-m and a 10-m GRP
blade, the verification of which was
performed by full-scale static and modal
tests at the CRES blade testing laboratory.
During 1998, in the framework of the
EPET-II National Program, a 19-m GRP
rotor blade was designed by UP and is
currently under construction by a Greek
industrial partner, Geobiologiki S.A.

In the JOULE-III program, UP is partici-
pating in the project "AECIS-Acoustic
Emission Proof Testing and Damage
Assessment of W/T Blades" by contributing
to the design of small blades and failure
characterization of composite materials
using advanced numerical techniques for
pattern recognition and analysis of NDT
signals. UP is also participating in the
project "ADAPTURB-Adaptation of
Existing Wind Turbines for Operation on
High Wind Speed Complex Terrain Sites;

kWh Cost Reduction," mainly contributing
in numerical prediction of blade structural
integrity under prescribed static and
fatigue loading.

Other research activities of the Applied
Mechanics Section are

(a) fatigue failure prediction of multidi-
rectional laminates under combined
stress state and variable amplitude
Ioading,

(b) probabilistic design of composite
structures and,

(c) fatigue characterization of composite
materials using non-destructive
testing.

The Electrical Engineering Department of
NTUA has been actively involved in the
field of wind energy since the beginning
of the 1980s, participating in R&D projects
sponsored by the European Union and
other institutions and co-operating with
universities and research centers from
many European countries.

In 1998, the Electric Power Division of
NTUA focused its research activities on
issues relating to the power quality of
wind turbines and wind parks, the
technical constraints and problems in the
integration of wind power into the electrical
grids, the design of electrical components
for variable speed machines, and ground-
ing systems for lightning protection.
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In collaboration with the Fluids Division
of NTUA and CRES, codes for simulating
the IEC electrical and control fault tests

are being developed to permit accurate
evaluation of the behavior of grid-
connected wind turbines in case of
electrical faults of any type.

In the field of power quality, the
investigations continue, including the
implementation of a flicker meter algorithm
according to the IEC standards and the
evaluation of the flicker severity of various
types of wind turbines, fixed or variable
speed. Algorithms for evaluating the slow
voltage variations caused by wind parks
are also available.

In collaboration with CRES and the Greek
industry, the design of a 20-kW variable
speed wind turbine equipped with a

permanent magnet synchronous generator
and state-of-the-art electronic converters
is under way. The contribution of the
Electric Power Division mainly focuses on

the design of the electrical generator, the

converters, and the associated controls.

Other activities include the analysis and
design of grounding systems used for the

lightning protection of wind turbines, as

well as the development and implementa-
tion of GlS-based algorithms for optimal
site selection of wind parks and their
integration in the distribution networks.

13.6.2 Demonstrations

The main demonstration programs in wind
energy currently under way in Greece are

financed within the framework of the
THERMIE Programme of the European
Union. The following demonstration
projects were on-going in 1998.

1. Large advanced autonomous wind/
diesel/battery power supply system
in Kythnos (THERMIE Programme).
The aim of this pro;ect is to demon-
strate tl're technical feasibility of
integrating a very high penetration of
wind energy into large supply systems.

I nternational Energy Agency

This large modular system for the
island of Kythnos combines diesel
generator sets, battery storage, a

rotating pliase shifter, five small wind
energy converters, and one additional
large wind energy converter. This
large wind energy converter with a

power output of 500 kW will supply a
great portion of the power demand. It
will be the first time that 50% of energy
demand will be met by wind turbines.
Thanks to the wind turbines, the
diesel generators can be stopped
when the power output of the wind
turbines is sufficient. Furthermore,
the 100-kW PV system and the 5

Aeroman 33-kW energy converters
will be integrated into the wind/diesel/
battery system. The project will be

carried out by PPC and SMA. The
wind turbine was erected in mid 1998

but the commissioning was delaYed

due to the complexity of the system.

A 2.5-MW wind farm in the island
Mytilini (THERMIE Programme). The

project concerns the installation of a
2.5 MW wind farm on the island of
Mytilini,located in the North Aegean

sea. The wind farm will consist of five
500-kW variable-speed, pitch-regulated
wind turbines, manufactured by
Enercon. The power performance of
the wind farm will be monitored and

evaluated in relation to local grid
penetration capability. Measurements
of the wind potential in the area have

been conducted during 1997-1998.

Construction work is expected to start
early ir-r 1999.

Autonomous Wind-Desalination sys-

tem on the island of Therasia (APAS

Programme). The project concerns the

installation of an autonomous wind
powered small desalination system in
Therasia. Therasia is a small island in
the Aegean Sea, very close to the

island of Santorini. The desalination
svstem is based on Reverse Osmosis

2.

3.
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4.

technology with a nominal water
production capacity 5m3 per day. The
wind furbine, manufactured by Vergnet
SA, has a rated power of 15 kW.
Purpose of the project was to
demonstrate the feasibility of devel-
oping off-grid autonomous wind
desalination units in remote areas. The
monitoring phase of the project is
currently ongoing.

CRES 2.5-MW Wind Farm in complex
terrain (National Operational Program
of Energy) The wind farm will
comprise five different types of wind
turbines with rated capacity from
500 kW to 750 kW each. The purpose
of the project is to study the effects of
complex topography on the perfor-
mance of the wind turbines as well as
of the overall wind farm. The project
is within the National R&D program
and the first machine will be erected
in mid 7999. All the machines are
expected to be commissioned in 7999.

A 300-kW induction wind turbine
connected to the desalination plant of
Mykonos Island (THERMIE
Programme). The aim is to couple
a medium-size wind turbine to a
desalination plant and to have the
option of operating it as a standard
grid-connected machine, if necessary.
During 1998, site preparation was
executed. A NTK 300-kW wind turbine
manufactured by NEG Micon will be
installed in mid-1999.

A 500-kW wind turbine direct coupled
to a desalination plant on Syros Isiand
$OULE-THERMIE Programme). An
Enercon E40 500-kW wind turbine
was installed on the Island of Svros.
the capital of the Cyclades Islands,
late in 1998. The aim of the project,
which is managed by the National
Technical University of Athens, is to
demonstrate the successful operation
of a wind-desalination system.

The wind turbine is directly coupled
to a desalination plant of 900m3/day
capacity. The grid connection
alternative has also been foreseen.
The commissioning of the wind
turbine is currently ongoing.

5.

o.
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ITALY
CHAPTER I4

14.1 GOVERNMENT PROGRAMS

14.1.1 Aims and Objectives

In Italy, the share of electricity generated
from renewable energy sources (RES) is

currently around 22% of yearly domestic
production. For the most part, this energy
is provided by hydro-electric and (to a
lesser extent) geothermal plants. For
several years now however, the Italian
government has also taken an interest in
new RES such as wind, solar energy and
biomass with a view to increasing diversi-
fication and security of supplies, improving
the balance of trade (ltaly depends heavily
on imported fuels and has also bought
nearly 75Vo of its electricity demand from
abroad in recent years), safeguarding the
environment, and providing new oppor-
tunities for employment and social
development.

As far as wind energy is concerned, in the

past the Ministry of Industry, Commerce
and Trade (MICA) co-ordinated a number
of research and demonstration programs
carried out by the state agency ENEA (the

Italian National Agency for New Technology,

Energy, and the Environment) and the
electricity utility company Enel S.p.A.,
formerly the Italian National Electricity
Board.

As to the most effective measures so far
taken to deploy commercial wind farms,
special mention is to be made of Directive
No. 6 issued by CIP (the Interministerial
Committee for Prices) on 29th April1992.
This Directive provided for premium
prices to be paid for electricity fed into
the grid from RES or from other sources

recognized as "assimilated" (e.g. combined
heat and power plants). These incentives
raised a striking surge of interest among
private investors, who presented MICA
with a large number of wind farm projects.

At present, however, the benefits of CIP
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No. 6/92 l'rave been limited to plants
already in operation or under construction
at tlre beginning of 7997-727 MW of
wind projects ranked by MICA in its first
six classifications (those drawn up before
30th June 1995). A part of these projects
l-ras already been implemented, thus
contributing to the growth of Italy's wind
capacity. Hopefully, tl're whole 721MW
capacity should come on stream following
the Program Agreement signed in 1998.

More recent projects (such as the 1,498 MW
wind capacity in the last 3 MICA classifi-
cations) have not been entitled to any
premium energy price. New provisions
like CIP No. 6/92 are only intended for
really renewable sources (thus leaving out
the so-called assimilated sources). They
have long been awaited by developers but
have not yet been issued. In 1998, llow-
ever, two major events took place in Italy
which are likely to have a strong, positive
effect on the deployment of RES.

The first event was the National Conference

on Energy and the Environment, held in
Rome on November 25-28,1998, which
was organized by ENEA with the support
of the Italian government. During the con-

ference some major initiatives (already

adopted or under discussion for approval
in the Parliament) concerning, in different
ways, RES dissemination, were illustrated
and debated at length. The main topics

were the following.

1. The reorganization of the electricity
sector.

2. The resolution of CIPE (Interministerial

Committee for Economic Planning)
aimed at pursuing the targets of the
Kyoto protclcol.

3. The levying of a carbon tax.



4. The signing of the Agreement for Energy
and the Environment by a large
number of public and private bodies.

5. The publishing of a White Paper on
RES by ENEA in co-operation with the
main subjects involved in this sector.

The second major event was, in late 1998,

the Decree on the electricity market drafted
by the Minister of Industry to implement
the European Union's Directive 96/92/EC
giving common rules for the EU internal
market. Based on the general principles of
the Directive, this Decree has actually
taken one of Europe's more advanced steps
towards liberalization of the electricity
sector, where Enel has so far had a
predominant role in Italy. Among the chief
points of the Decree (under discussion in
the Parliament in early 7999), it is worth
mentioning that no company should be
allowed to control more than 50Vo of
Italy's production, an independent body
should be entrusted with energy dispatching
over the national transmission grid,
"eligible" customers could choose their
energy suppliers among producers on the
market, and the whole distribution sector
should be streamlined, with separation
between network operations and energy
sales. As for RES, among others, a

particularly promising point can be found
in Article 11, which states that those who
import or produce more than 100 GWh/
year should be obliged to generate (or buy)
20Vo of their energy from RES (renewable
portfolio standard).

14.1.2 Strategy and Targets

Regarding RES, the Government's plan is
to follow the proposals introduced in the
aforementioned national White Paper on
RES, the main goal being to double the
RES contribution to the energy balance
within 2010. This requires an increase in
Italy's energy production from RES up to
24 Mtoe in comparison with 12.7 Mtoe of
7996. To achieve this goal, the Decree will
support the electricity market by adopting
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the renewable portfolio standard. Further
support for RES production will ensue
from the recent stipulation of the Program
Agreement among Government, Regions,
ENEA, Enel, Operators, Italian Bank
Association, and others. The aim of this
stipulation is to bring on line, by the end
of 2001, RES plants (totaling 2,300 MW)
that are entitled to the premium energy
price granted by CIP Directive No. 6/92.

According to this strategy, wind energy
should therefore play an important role,
and approximately 3,000 MW of wind
power capacity is the target currently set
for Italy by 2070.

There also exist plans and targets at
Regional level in favor of RES, and in
particular of wind energy. For the time
being, these have been implemented by
Apulia, Campania and Sicily within the
framework of plans named POP (Programmi
Operativi Plurifondo). In particular, Apulia
and Campania have funded some wind
farms (already built) with the help of the
European Union. In Sicily, RES plants
financed by the same means will be real-
ized during 1999. Wind farms on Sicily
totaling 55.2 MW have obtained building
permits and financing, but all the projects
still must have an agreement with the
utility Enel S.p.A. for grid connection.

14.2 COMMERCIAL IMPLEMENTATION
OF WIND POWER

14.2.1 Installed Wind Capacity

During 7998,753 wind turbines correspond-
ing to 79.7 MW were installed in ltaly-a
very large increase over the previous year
(Figure 14.1). Turbines were put in service
in the Val Fortore area, in the province of
Benevento (Campania Southern Italy);
20 turbines (320-kW Lambda machines
made by WEST of the Ansaldo Group)
located at Monte Arci in Sardinia; and
10 turbines (350-kW M30-S2 machines
made by Riva Wind Turbines RWT, a
subsidiary of Riva Calzoni) installed at
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San Benedetto Val di Sambro, in the

Apennines in the Bologna province
(Emilia). The S. Benedetto wind farm is
the first one ever built in Northern Italy.

Almost all the turbines installed in Val

Fortore are very close to one another, so it
is practically impossible to distinguish
visually which municipality and wind
farm project they belong to. The terrain, at

850-950 m a.s.l., is pretty flat. The installa-
tions include 20 Enercon E-40 units, 500 kW
each; and 95 Vestas V-42 and V-44 units,
rated at 600 kW manufactured by Vestas

and Italian Wind Technology (IWT, a joint
venture of Vestas and WEST). The

Enerconones are operated by Riva Wind
Power (RWP, formerly a subsidiary of
Riva Calzoni and currently controlled by
Edison), the latter ones are run by Italian
Vento Power Corporation (IVPC). Also in
Val Fortore, an additional eight M30-S2

machines have been installed by RWP and

ISMES (a company of the Enel Group) in a
small area on a mountain toP.

At the end of 1998,ItalY's total wind
capacity was 180 MW (see details in
Table 14.1). More increases in capacity are

expected in 7999. Even during the winter
of 7998-99 civil engineering work
(depending on weather conditions) is in
progress at sites in the Benevento and

Foggia provinces. IVPC, RWP alone or in
partnership with ISMES, and Filippo
Sanseverino are the private investors
engaged until now.

74.2.2 PlantType

IWI with its 65 machines installed in7998,
is now becoming the largest manufacturer
acting in ltaly's wind sector' The turbines

produced areY-44 machines, rated at

600 kW and have, until now, been mounted

on a lattice tower 50 m hieh.
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SITE OPERATOR
GRID

CONNECTION NO, WTG TYPE
WTG

POWER
(kvv)

ROTOR TOWER
DIAMETER HEIGHT

PI.ANT
POWER

(MVV)(m) (m)

Alta Nurra ENEL S.p.A. Nov. 89

Mar. 9 |

Apr. 9 |

Ylay 92

M30

MS-3

WD34

GAMMA 60

200

300

400

| 500

33

33

34

60

33

25

32

66

0.20

0.30

0.40

t.50

Bisaccia Regione Campania )an. 92

Apr. 93

Jan. 92

Apr. 93

4

2

3

t3

Lambda

MEDIT I

AtT-o3

ArT-03

320

320

30

30

33

33

t0

t0

26

26

t2

t2

t.28

0.64

0.09

0.39

Bisaccia Alenia Rei 320 33

Com. Montana

Pen. Sorrentina

Apr. 93 MEDIT I 33 26 0.64

Palena

(Sangro)

Consorzio Bonifica
del Sangro

Feb. 94

Feb. 94

Feb. 94

3

I

I

MEDIT I

VESTAS V27

VESTAS V2O

320

220

r00

33

27

20

26

3l

24

0.96

0.22

0. r0

Acqua Spruzza
(Frosolone)

ENEL S.p.A. Winter 94

Winter 94

Winter 94

Winter 94

2

z

2

2

M30

MEDIT I

MS-3

WD34

200

320

300

400

33

33

33

34

33

26

25

32

0.40

0.64

0.60

0.80

Comuniti Montana
Sannio

Frosolone t994 MEDIT I 320 33 0.32



z
a
d
z
t-

o
=
-.t
m(t

tt

f

o
I
p
i'
l
!l
m
o

o?

@
o
f

a

SITE OPERATOR
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CONNECTION WTG TYPE
WTG
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ROTOR TOWER
DIAMETER HEIGHT

(.) (m)

PLANT
POWER
(MW)

Carloforte June 94 320 33.0 0.9626

Monte Uccari

(Nurra)

Consorzio Bonifica

di Nurra

End 94 Lambda r.60320 33.0

San Simone

(Nurra)

Consorzio Bonifica

Sardegna

Jan. 93 M30 200 33.0 33

Brunestica

(Nurra)

Consorzio Bonifica

di Nurra

t994 MEDIT I 320 33.0 26

Tocco da

Casauria

Comune June 92 M30 3333.0200 0.40

Thble 14.1 Grid-Connected Wind Plants Installed in Italy (continued)

Campanedda Consorzio Bonifica

di Nurra

t994 M3O A 3333.0250

Consorzio Bonifica

di Nurra

t994 M3O A 250 3 3.0 33

Villacidro (CA) Consorzio Industriale N.A.

Spring 87

| 995
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2
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2

200

t60

225

2 t.8

27.0

2t

3l

0.40

0.32

0.45

Villa Favorita Societir Villa Favorita 2 t.8t50N.A. HtlZ
Windmaster

0. t5

Collarmele (AQ Marsica Gas July 93 Riva M30 A 250 33.0 33 0.25



Other wind turbine models operating in
Italy are the single-bladed M30-S2 (350 kW)
by RWI the Lambda (320 kW) by WESI
the V-42 (600 kW) by Vestas, and the E-40
(500 kW) by Enercon. Some Bonus units
of 600 kW each will be located in the
Benevento province in 7999.

The average size of the turbines installed in
10 wind farms, during 1998, was 520 kW,
a little more than in 7997 . The total number
of turbines in Italy rose to 403 by the end
of 7998, with an average rated power of
446kW.

A little less than 507o of installed machines
were manufactured in Italy (Figure 14.2)

and such percentage should increase in
the next two, three years, since IWT is
now in a position to provide the highest
contribution, in terms of number of tur-
bines and rated power, to wind plant
deployment in Italy.

14.2.3 Installed Conventional Capacity

The conventional net generating capacity
in Italy totals nearly 70 GW, of which over
56 GW belong to the utility Enel S.p.A.

74.2.4 Performance

Italy's electric energy production from
wind plants totaled 231 GWh in 1998.
Production in the Foggia and Benevento

provinces (where most wind farms belong
to IVPC) was particularly good and better
than at other Italian sites. Here, load factors
were often around 0.28. Machine avail-
ability was generally more than95%, and
even reached 997a at some sites in the last
months of the year. The two 600-kW
turbines operated by Filippo Sanseverino
also had good performance with a load
factor approaching 0.25.

Regarding reported failures or accidents,
only a rotor was damaged very seriously
by lightning at the Sant'Agata di Puglia
wind farm and a few electric generators
have been replaced.

14.3 MANUFACTURING INDUSTRY

14.3.i Manufacturers

At the moment, three wind turbine
manufacturers are acting in Italy: RWT,
WEST and IWT all their factories are
situated in the Apulia Region. Another
manufacturer of small machines began its
activity in 1998, in the same Region.

RWT

About 20 turbines were manufactured,
during 1998,by RWT (Riva Wind Turbines,
a subsidiary of Riva Calzoni) in the factory
of Foggia, where 14 people are engaged in
assembling and testing the nacelle of the
single-bladed M30-S2 machine. In7999, a

VESTAS lNf 22o/o

Fig_ure14.2 Manufacturer's Market Share of all Wind Turbines Installed in Italy at the end
of 1998
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larger number of turbines will be

produced and installed in Apulia and,
perhaps, in Basilicata, Tuscany, and
Campania.

WEST

The completion of Enel's Monte Arci wind
farm, made up of 34 Lambda machines
totaling around 11 MW, was achieved.
Previously installed 320-kW Medit units
were replaced by the new Lambda version,
a machine also rated at 320 kW, but
equipped with a teetering hub. The
company is also involved in the character-
ization of wind sites and some other
activities with local administrations.

IWf
As a result of a long negotiation, Vestas and
WEST have set up a 50/50 joint venture to

manufacture Vestas wind turbines in Italy.
The name of the new company is Italian
Wind Technology (IWT). It has begun its
first phase of activity producing blades and

assembling turbines from components
supplied by Vestas of Denmark.

During 7998, 65 turbines were delivered
by IWT to IVPC. From now on, a very high
percentage of the Vestas V-44, 600-kW
machines to be installed in Italy will be

assembled in the IWT factory in Taranto.

One hundred people are currentlY

employed, and, after reorganization of the
factory, annual production of more than
150 wind turbines is anticipated.

Support and Component lndustry

Several consultants and component
suppliers give an important contribution
to the development of wind technology in
the country. The main Italian and foreign
firms are: Garrad Hassan & Partners
(consultant); Flender, Hamsen, Valmet
(gearboxes); Leroy-Somer, ABB, Weier
(generators); Atout Vent (blades);

Elettroadda, Magrini Galileo (electrical

components); Monsud (lattice towers);and
Siderpali (tubular towers).

14.3.2 Wind Plant Investors

NPC

At the end of 1998, the IVPC share of the

Italian wind market reached 65%

(Figure 14.3) and this percentage should
increase in7999 and 2000, according to
the Iatest forecasts. During1998, work was

concentrated in Val Fortore, where little
Iess than one hundred units, supplied by
Vestas and IWT, were set up. The people
directly employed by IVPC are around 50,

but many more are engaged in civil
engineering work, construction of lattice
towers, installation of electrical sub-

stations, etc.

Figure 14.3 Contribution by Electricity Producers to Wind Power in Italy at the end of 1998
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The next step of IVPC (ltalian Vento Power
Corporation) concerns the completion of
installation of another 30 turbines, totaling
18 MW in Val Fortore, anticipated in
January 1999. Then, in February, activities
will start at Alberona for adding 30 MW
to the former windfarm already operating
at this site in the Apulia Region.

RWP and Edison

RWP (Riva Wind Power, formerly set up as

a subsidiary of Riva Calzoni) is the second
investor in Italy, in terms of capacity. In
November 7998, a 3.5-MW wind farm made
up of 10 single-bladed, M30-S2 units was
inaugurated in Northern Italy and, in
December, 20 Enercon 500-kW turbines
were connected to the grid in Val Fortore
(Campania).

On December 2,7998, Edison, the lead
company of the Montedison Group in the
energy sector, also got involved in the wind
market by acquiring 607o of the stock of
RWP. According to the Edison strategy,
this is the first step of a development plan
in the sector of renewable sources, in Italy
and abroad, for the next five years.

Filippo Sanseuerino

At the end of 1998, Filippo Sanseverino
began the construction of a 30-MW wind
farm. So far work has been in progress,
and 16 Bonus 600-kW machines will be
installed and connected to the grid in
February 1999.

The Enel Group

The Enel Group (including the Enel utility
and some subsidiaries such as ISMES) has
already taken some steps to implement a
commercial policy in the wind energy
field. Specifically, in 1997ISMES signed
an agreement with Riva Calzoni by which
ISMES joined in three wind-farm projects
launched by Riva Calzoni (now RWP).
These three wind farms are to be built in
Southern Italy for a total capacity of
22.4MW. A first cluster of 2.8 MW (with

92

eight,350-kW M30-S2 machines made by
RWT) became operational at Foiano di Val
Fortore (Campania) in1998 (See Figure 14.4).

The Enel Group has also been considering
further possible wind-farm projects. In
particular, for eight sites in Sicily and
Southern Italy totaling a potential of about
100 MW, projects are already at an advanced
stage as far as permitting and designing
aspects are concerned. Plant construction
could get started in a short time if suitable
conditions were ascertained from the point
of view of energy and/or capital cost
subsidies and bank financing.

14.4 ECONOMICS

In this report, currency conversion has
been made assuming 1 USD = 1650ITL.

In ltaly, electricity is currently sold to final
customers at prices that can vary over a
wide range depending on quite a large

:.r$.$$Qffis&ss

Figure 14.4 Erection of 350-kW M30-S2,
Single-Bladed Wind Turbines at Foiano di Val
Fortore (Campania)
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number of variables. Roughly speaking,
the selling price to typical domestic
consumers ranges from ITL 100 to ITL 300/
kwh (USD 0.06 to 0.18/kwh). The selling
price to industrial consumers ranges from
ITL 90 to ITL 180/kwh (USD 0.05 to 0.11 /
kWh). These are all net prices without taxes.

According to CIP Directive No.6/92,
buying prices for wind generated electricity
fed into the grid, were fixed in 1998 at

these two levels:

LTL202.4/kwh (USD 0.123lkWh) for
the first eight years of plant operation
(on condition that the plant makes

available its whole capacity or a fixed
share of it)

ITL 102.8/kwh (USD 0.062lkWh) for
the remaining lifetime.

According to CIP 6/92,in case of subsidies

to capital cost, the extra amount is to be

reduced, in 7998, by ITL 38.3/kWh, thus
bringing the overall price down to
ITL 764.1 / kWh (about USDO.099/kwh).
As said, the above-mentioned CIP 6/92
prices are now actually available only for
plants that were already operating or
under construction in early 1997 or whose

projects had been included in the MICA
classifications before June 30, 1995.

The total project costs are strongly depen-

dent on the size of wind-farms and the

characteristics of sites and grids. In Italy,
the costs given by investors for the latest

wind-farm projects are in the range of
ITL 1.8-2 million/kW (about USD 1,100-

7,200/kw).

The ex-factory cost of the 350-kW RWT

M30-S2 wind turbine is around ITL 480

million (more or less USD 290,000), while
the cost of the 600-kW,IWT V-44 turbine
produced in Taranto (nacelle and blades)

is about ITL 600 million (about USD

364,000), not including the 50 m lattice
tower cost, more or less ITL 100 million
(around USD 60,000).

International Energy Agency

14.5 MARKET DEVELOPMENT

14.5.1 Market Stimulation Instruments

In addition to market stimulation measures

already dealt with in the foregoing (such

as CIP 6/g2provisions), mention should
be made here of the forthcoming govern-
ment Decree on the electricity market,
which is now under discussion in the

Parliament for approval. In this Decree,

some outstanding measures that can well
help RES deployment have been introduced
including the following.

1. Priority is assured to electricity from
RES in energy disPatching over the

transmission system,

2. Those who import or Produce more

than 100 GWh/year will be obliged to

generate at least 20% of their energy

from RES or to buy the same amount
of energy from other RES Producers
or traders,

3. The authorization to build new power
plants will be conditional uPon

construction of RES plants that con-

tribute at least 1% of the energy fed

into the grid,

4. The renewal of hydro-power conces-

sions is granted subject to an increase

in energy production or installed power/

5. RES willbe given PrioritY in the

development of weak isolated networks,

6. For each RES, multi-year objectives will
be set and resources for incentives
will be assigned to Regions and

Autonomous Provinces; these will
also grant incentives from their own
resources through comPetitions,

7. Operation of RES plants not exceed-

ing 20 kW, even if connected to the

grid, will be subject to simPlified
regulations and taxation.

As mentioned earlier, some Regions have

also taken initiatives to boost RES

deployment. Campania, Apulia and Sicily,
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through their Regional Plans named
Programmi Operativi Plurifondo (POP),

partially funded by European Union's
Structural Funds, have supported or insured
wind plant projects, until now, with
around ITL 120 billion (USD 72.7 million).
The contribution is awarded in variable
percentages of the eligible cost.

14.5.2 Planning and Grid Issues

An additional cost item to be carefully
considered by wind plant developers is that
related to grid connection. All relevant
technical and financial aspects have to be
agreed with the utility involved (mostly
Enel). According to CIP 6/92, one third of
the cost of grid-connecting lines should be
borne by the plant developer and two
thirds by Enel (at least in areas with an
energy deficit, as is commonly the case in
Italy's wind-farming areas). Otherwise
this ratio should be reversed.

In this respect it should also be recalled
that developers intending to set up sub-
stantial wind capacities in the same area
(as has happened in the Apennines area
between Campania and Apulia) have been
required by Enel to deliver their power
directly into the 150-kV system. In these
cases, Enel has shared grid-connection costs
only as far as the 150-kV line is concerned,
while developers have had to bear all
costs of intermediate step-up sub-stations
and lower-voltage power collection lines.
With special regard to the Apennines area
mentioned above, where even larger capac-
ity is likely to be added shortly, Enel has
recently designed a new power collection
scheme. In this scheme, all wind farms will
eventually feed their power into seven
dedicated sub-stations, from which 150-kV
dedicated lines will carry power up to the
high-voltage (380 kV) transmission grid.

14.6 COVERNMENT-SPONSORED
R,D&D PROGRAMS

14.6.1 ENEA's R&D Program

The Italian government supported wind
energy programs by financing ENEA
activities in the RES sector through the
Program Agreement between the Ministry
of Industry (MICA) and ENEA. This
Program Agreement, begun in 1,994,

closed at the end of 1998.

Funding

The budget of the activities carried out by
ENEA in 1998 was around lTL2.3 billion
(USD 1.4 million).

Ongoing Actiaities

At the end of 7997 the Minister of Industrv,
Commerce and Trade, with the Minister
of the Environment and the Minister of
University and Technological & Scientific
Research, entrusted ENEA to organize a
new National Conference on Energy and
the Environment in November 1998.
National, institutional, industrial and
social organizations participated.

The main goals of this conference were to
evaluate the new conditions of energy
problems in relation to the environmental
objectives, occupation, European unification,
and so forth; and to identify the energy
policy guidelines and, in particular, the
proper instruments in order to guarantee
effective legislative measures (tariffs, fiscal
measures, incentives and regulations).

The conference was a great success, in terms
of participation, items developed and, in
particular, for the importance of some
engagements taken by the Government in
energy and environmental fields, also
through the signing of an Agreement with
operators, social parts, users, and so forth.

ENEA, in this framework, could confirm,
and add to its traditional activity in tech-
nological development and scientific
research, the role of public instrument in
the field of new technologies, energy and

IEA R&D Wind Annual Reoort 1998
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the environment, which provides a techni-
cal support to the public administration
and, at the same time, is involved in the

productive process of the country by
transferring technological knowledge to

small and medium industry.

Among the conference themes, one was

devoted to renewable energy sources. In
this framework, a very important goal

regarding a Program Agreement for real-

izing renewable energy plants, as already
said above, has been achieved. The first
sector of such Program Agreement concerns

wind energy, for which the completion of
the 721MW previously authorized is

anticipated by 2007.

The main aims of the initiative are to

overcome some barriers such as lack and

weakness of the electric grid in the most
promising windy areas, to define some

general rules about the permission process,

in order to get the authorization for
installing wind farms in a shorter time,
and finally to establish with ABI (Italian
Bank Association) better and clearer

conditions of project financing. Before the

Conference in November, an important
meeting on renewables was held in
Naples on June 4-5,7998. The meeting
was attended by the Minister of the

Environment, the President of Enel, a

member of the Regulatory Authority for
Electricity and Gas, with over 700

representatives of industry, university,
public administration. Several topics were
presented, with a particular emphasis on

the opportunities for economY and

enterprise, taking into account environ-
mental aspects.

In the meantime, ENEA has also been

involved in other activities concerning
siting, wind tunnel testing, as well as an

information campaign in the wind energy

sector, giving the support requested by
the public administration. Information on

wind energy is another activity in which
ENEA has been involved, since schools

International Energy Agency

and local Administrations are very
interested in improving their knowledge
in the sector.

In 2000, the next European Seminar on

Offshore Wind Energy OWEMES, jointly
organized by ENEA and the Italian
Association of Naval Engineering
(ATENA) will be held in SicilY.

14.6.2 ENELs R,D&D Program

The electricity utility Enel S.p.A' has, for
several years now been involved in wind
energy research and demonstration through
its R&D Department (SRI). At Present,
these activities are gradually slowing
down while the company is turning to a

more commercially-oriented attitude even

as far as wind energy is concerned,

following its transformation into a joint-

stock company, and the new trends in
Italy's electricity market. Although SRI

will remain in charge of some research and

technology monitoring also in the next
few years, Enel is now mainly considering
the undertaking of wind-farming ventures

that can be financially profitable.

Funding

The expenditure borne by ENEL for R, D&D
activities on wind energy in 1998 was

around ITL 8.73 billion (USD 5.3 million)'
The 7999 budget is around ITL 4.52 billion
(USD 2.74 million).

Otrgoittg Actiuities

In early 1998, after several months of
experimental operation under the suPer-

vision of SRI, the 9-MW demonstration
wind farm of Collarmele in Abruzzo
(36 machines supplied by Riva Calzoni)
was taken over bY Enel's Production
Division as a regular generating plant. On

the whole, the performance of this plant
has since been reported as fairly satisfac-

tory, with an energy yield in accordance
with the foreseen amount of 14 Cwh/yt.

This year also saw installation of the

34 machines at the 11-MW Monte Arci
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demonstration wind farm in Sardinia
(Figure 14.5). This plant was originally to
be equipped with Medit machines
manufactured by WEST. Construction
work suffered considerable delay after
WEST found problems with Medit
machines already operating at other,
non-Enel sites. This led WEST to develop
a new version of Medit, named Lambda
that featured a teetering hub instead of
the previous fixed hub plus a number of
other improvements. Commissioning tests
and preliminary operation were in
progress at Monte Arci all through 1998,
following SRI's request to adjust and
monitor carefully these units, which were
actually new machines, before taking
them over. This wind farm, too, is now
going to be transferred to Enel's Production
Division for regular operation.

Performance monitoring and structural
stress measurements have continued at
the Acqua Spruzza mountain test site
(hosting eight machines totaling 2.5 MW)
with special attention to the behavior of
wind turbines and instruments in winter
months. Experience has further confirmed
that wind turbines have to face peculiar
problems in such an environment

(1350 m a.s.l.), mainly ensuing from icing,
sudden snowfalls, heavy turbulence and
Iightning.

As for the Alta Nurra test site in Sardinia,
the medium-sized machines have been
partly operated and partly stopped; the
latter ones are going to be dismantled.
The 1.5-MW GAMMA60 prototype made
by WEST has been out of operation since
mid-1997, as SRI is no longer interested in
experiments on this machine. Three stand-
alone systems have also been under test;
one of them is equipped with a small
wind turbine and two are of the hybrid
type (wind and photovoltaics).

Besides completing ongoing R, D&D
activities, SRI has also provided technical
assistance to commercial joint ventures
undertaken by the Enel Group through
ISMES for 22.4 MW projects. Other
possible wind-farm projects already
available for the Enel Group for a total of
about 100 MW have been based on wind
surveys and siting work carried out by
SRI. As in previous years, in 1998 SRI also
took part in a number of international
wind energy research projects funded by
DC XII of the European Commission.

Figure 14.5 Partial View of Enel's Monte Arci Wind Farm in Sardinia, With 35 Lambda Machines
Totaling 11 MW

IEA R&D Wind Annual Reoort 1998



NATIONAL ACTIVITIES

JAPAN
CHAPTER I5

15.1 GOVERNMENT PROGRAMS

15.1.1 Aims and Obiectives

At the UN Climate Change Conference in
Kyoto, in December 1997, the Japanese
government agreed to reduce the output
of greenhouse gases by 67oby 2008-2072

from 1990 levels. In September 1998, the

government adopted a new energy supply
plan to stabilize CO2 emissions by 2010 as

shown in Table 15.1. In a simulated case,

the ratio of petroleum could be reduced

from 55.2% (1996 level) to 47.2V,' (2010),

while that of new energy sources could be

increased from 7 .7Vo to 3.7% . Wind energy

is included in the new energy sources.

15.1.2 Strategy

Since 1978, after the oil crisis, the Japanese
government has conducted its wind
energy R&D program aiming at energy

security. This is a part of a general R&D
Program for renewable energy called the

"New Sunshine Proiect." It is directed by

the New Sunshine Program Promotion

Headquarters (NSS H.Q.) in the Agency of
Industrial Science and Technology (AIST)

of the Ministry of International Trade and

Industry (MITI). After concern about
Global Warming arose, the New Sunshine

Project's objective became to develop
innovative technology to create sustainable

growth, while solving both energy and

environmental issues.

In1995, MITI started a new subsidy system,

the "Field Test Program" to stimulate the

introduction of wind energy plants. This

program played a remarkable role in
introducing wind energy to the people. The

Law on Special Measures for Promotion of

Utilization of New Energy (New Energy

Law) was enacted in fune, 1997. This law
made wind businesses suppliers of grid-
connected energy for the first time in Japan,
although wind farms are not considered

as independent power Producers.

15.1.3 Targets

The original target for wind energy

1996 20rO (CONTINUOUS CASE) 2010 (STIMULATED CASE)

Total Supply 597.00 Gl*Ratio (o/o) 693.0 GlRatio (o/o) 616.0 GlRatio (o/o)

Table 15.1 The New Primary Energy Supply Plan by 2010

Petroleum 329.00 Gl 55.2

Coal 329.60 Mtx

358.0 Gl

145.0 Mt

145.9 Mt

480.0 TWh

r05.0 TWh

r05.8 Gl

9.4 Gl

29 | .0 Gl 47.2

124.0 Mt

480.0 TWh

r05.0 TWh

t05.8 Gl

5 t.6

Natural Gas 329.20 Mt

Nuclear 302.00 TWh

Hydro 82.00 TWh

Geothermal 82. l0 Gl

New Energy 6.85 Gl

Mt

r2.3

3.4

0.2

t5.4

3.4

0.5

3.8

0.6
I

xgl = giga-liters in petroleum equivalent, Mt = Million ton in coal equivalent

International Energy Agency
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capacity in ]apan was 20 MW by 2000 and
150 MW by 2010. Because this modest goal
for wind energy capacity has already been
attained, the government increased the
goal in the latest Primary Energy Supply
Plan from 150 MW to 300 MW for 2010.

15.2 COMMERCIAL IMPLEMENTATION
OF WIND POWER

15.2.1 Installed Wind Capacity

During 1998, 40 new units with 14,370 kW
of total capacity were newly installed.
This brings the cumulative installed
capacity in Japan to 31.6 MW. This value
exceeds the government's target of 20 MW
by 2000. There are plans to install an
additional of 87 turbines for an additional
capacity of 68 MW Ln7999.If these turbines
are installed as planned, the cumulative
capacity will be 100 MW by 2000 as shown
in Figure 15.1. This is five times of the
government's original target.

15.2.2 Installed Conventional Capacity

The demand for electric power generation
in 7996 was 904 TWh. The contributions
of the different primary energy resources
in1996 are shown in Table 15.3.Imported
primary energy resources amount to 827o.

15.2.3 Plant Type

Out of a total of 77 plants,32 are for
R, D&D, 15 are for power supply, 22 are
for wind business, research, and the
remaining three are for display. The types
of machines installed during 7998 are
NEG-Micon 225-600 kW, MHI300-500 kW,
Enercon 230-500 kW, Lagerwey 80-250 kW,
Vestas 225-600 kW, WindWorld 170 kW,
Nordex 150-250 kW Fuhrlander 130-300 kW.
The size of newly installed machines is
increasing year by year. Lagerwey 750-kW
machines are now under construction.
According to the proposed projects,
around 50 units of 1-MW machines will
be installed ]n 7999.

Table 15.2 Installation of WTGS in Japan

YEAR
TOTAL NUMBER

OF UNITS

INSTALLED
GENERATION

(MW)

AVEMGE POWER
IN KW

PER UNIT

| 989

| 990

r99 |

1992

| 993

t994

| 995

1996

t997

| 998

t999

9

r3

t4

0.358

0.89 |

0.99 t

2.899

4.982

5.856

9.496

r3.495

t7.t98

3 r.568

99.358

39.8

68.5

70.8

126.0

t42.3

142.8

t75.9

201.4

2 r5.0

263.1

480.0

23

35

4l

54

67

80

129

207
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Figure 15.1 Time History of Installed Capacity

15.2.4 Forms of Ownership

There are five types of wind plant owners:

manufacturers, research institutes, local

governments, electric power companies,

and private companies. Numbers of plants

by ownership are: manufacturers: 3;

research institutes: 6; local governments: 15;

electric power companies: 22; and private

of WECS in fapan

companies: 25. Two windfarms of 2G-30 MW
capacity are planned by the private sector

as wind businesses.

15.2.5 EnergY OutPut

Statistical data on wind turbine operation

are not collected systematically; however,

NEDO will start collecting numbers in7999'

Table 15.3 Supply Structure of the Primary Energy Resources of Japan (in 1996)

| 989 1994

Year

1996

Contribution of Primary Energy Resources

oil

Coal

Nuclear

Natural Gas

Hydropower

Geothermal

Renewable energy

Percent

5s.2

16.4

t2.3

|.4

3.4

0.2

t.l
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15.2.6 Technical Performance

Table 15.4 shows the operational technical
performance of the two largest wind
power stations at Tappi and Miyako. Both
stations have excellent annual mean wind
speed about 8-10 m/s.

15.2.7 Operational Experience

No significant technical problems were
reported, although Japan presents several
siting problems. fapan is located in the
main path of typhoons, is subjected to
frequent earthquake, and experiences
high turbulence at hilly sites. However,
since rather many plants have recorded
very poor capacity factors, siting and
planning must be performed much more
carefully.

15.3 MANUFACTURING INDUSTRY

The japanese wind turbine manufacturers
are Mitsubishi Heavy Industries, Ltd.,
Ishikawajima-harima Heavy Industries
Co., Ltd., Houkoku Kougyo, Ltd.,
Matsumura Kikai-Seisakuio, etc. Other
machinery manufacturers deal with
foreign wind turbines as shown in
Table 15.5.

15.4 ECONOMICS

Because it is still in the early stages of
commercial development in Japan, a
statistical evaluation of economics of wind
generation can not be properly done. In
general, wind energy generation has been
considered to be about two times more
expensive than conventional energy.
However, the fact that a few wind farms
are planned as commercial businesses in

Table 15.4 operational rechnical Performance of wind power stations

TAPPIWIND PARK
(TOUHOKU EPC)

MHI275KW-5UNITS
MHt300kw-5uNtTs

MIYAKO WIND POWER STATION
(oK|NAWA EPC)

MHI25OKW-2UNITS
NEG-Micon 400 kW - 3 UNITS

Year/Month
Generation

(kwh)
Capacity Factor

(o/")
Generation Capacity Factor

(kwh) (dt")

t997t I

t99712

t997t3
t99714

t99715
t99716

t99717

t99718

t99719

t9971 t0
t997ltl
t9971 t2
t998ll
t998t2
t99813

t99814

t998ls
t99816

t998t7

830,400
67 |,200
774,200
603,000

685,200
42t,700
398,600

483, | 00
27t,t00
599,200

5t7,100
794,t00
752,900
656,500

696,400

578,600

491,200

779,100

46 r,000

38.8
36.3

36.0

28.9

31.7
20. I

r8.3

22.3

t3. I

27.8

24.8

37.0

35. I

35.5

32.3

27.6

22.6

37.3

2t.4

64,325
39 | ,590
285,780

223,721
235,040

230,9 r0
t98,8 t0
3 r8,230
3 r7,8 r0

308,690
443,370
437,330

467,t60
338,970
329,640

263,940
| 38,239
293,730
223,580

34.6

33. I

22.6
r8.3

t8.6
t8.9
t5.7
25.2

25.1

24.4

36.2

34.6

36.9
29.7
26.1

2t.6
r0.9

24.0

t7.7
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Table 15.5 Wind Turbine Manufacturers and Dealers in Japan

MANUFACTURERS OR DEALERS WIND TURBINE TYPE

Mitsubishi Heavy Industries, Ltd.

lshikawalima-harima
Heavy Industries Co., Ltd.

Houkoku Kougyo, Ltd.

Matsumura Kikai-Seisakuio

NEG-Micon, Ebara Co.

NKK Co,

Ltd.

1999, implies that the economics of wind
have improved.

15.4.1 Electricity Prices

Electric power companies purchase the
surplus electricity from WTGS through
contracts. The price is usually the same as

that of household customers' contracts,
between 14.44 yen/kWh and 18.10 yen/
kWh, depending on the power company
and the season. The Agency of Natural
Resources and Energy estimated the cost
of energy from wind generation as

32 Yen/kWh a few years ago. However,
NEDO's Field Test Program has reduced
the cost of energy to approximately
20 Yen/kWh. Furthermore, several new
projects supported by NEDO's New
Energy Business Supporting Program
show estimated costs ranging from
8.6 Yen/kWh to 13.9 Yen/kWh, depending
on the annual mean wind speed, capacity
factor, and other external conditions.

MHI 250,275,300,500,600, and 1000 kW

tHt 300 kw.
Nordex 150, 250, 600, 800, | 300 kw

5.2 kW Riva Calzoni 350 kW

MWG-50, 300, and 800 kW

Enercon 230, 280,500,600,850, and | 500 kW
Vestas 225, 500 and 600 kW

Neg-Micon 225,400,600, 750, 1000, and 1500 kW

Lagerway 80, 250, and 750 kW

DeWind 490. 500. | 250 kw

Tacke 600 kW Fuhrlander 40,

FUH 70W - l0 kW
800 kw

15.4.2 Invested Capital

The installed cost of a wind plant ranges
from 0.23 to 0.33 Mil-Yen/kW in the New
Energy Business Supporting Program.

15.4.3 Turbine and Project Costs

On average, the ratio of the turbine cost to

the project cost is 46Vo in the Field Test

Program and 69Vo in the New EnergY

Business Supporting Program.

15.4.4 New Purchase Price System

Prior to 1998, wind turbine owners could
sell surplus electricity to the power
companies at a selling price around
15 yenlkWh with a contract period of
1 year. Howevet in7998, the electric
power companies agreed to new guide-
Iines for purchasing electricity from wind
turbines. In the new offering, the price is
11.5 Yen/kWh with 1S-year contracts on

average.

International Energy Agency t0l
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15.5 MARKET DEVELOPMENT

15.5.1 Market Stimulation Instruments

Aiming at developing 150-MW capacity
by 2070, NEDO's Field Test Program,
started in7995, provides incentives for
developing wind markets in iapan. This
program has raised interest in wind
energy among developers, Iocal authorities,
private companies, and individuals. The

|apanese government doubled the capacity
target for 2010 to help realize the target of
CO2 emissions reduction after the Kyoto
protocol. In addition the New Energy
Business Supporting Program stimulates
development of wind business in the public
sector and private sector. The minimum
capacity of a wind power plant must be
800 kW for private business entities and
1200 kW for municipal corporations or
companies connected with municipal
corporations. The subsidy covers approxi-
mately 7/4toI/3 of the initial cost.

15.5.2 Planning and Grid Issues

In Japan, the problem of complex terrain
affects the design of turbines. They must
be designed for mechanical strength to
withstand gusty and turbulent winds. The
turbulent conditions also demand special
designs to maintain high quality of
electrical output. Complex terrain also
increases the cost of transportation,

erection, and grid-connection. In Japan, the
most promising wind sites are located in
regions with weak electric grids. Here the
quality of electricity is very important and
further technical developments are needed.

15.5.3 Impact of Wind Turbines on the
Environment

There have been no severe objections to
wind turbines on the basis of noise,
visual impact, or risks to birds. But, quite
recently, a group of the residents are

opposing a new project.

15.5.4 Financing

There are several schemes that support wind
developers by subsidy or tax reduction.
Among them, NEDO's subsidy programs
mentioned above are most influential.

15.6 GOVERNMENT-SPONSORED
R,D&D PROGRAMS

The national wind energy activities in
|apan are shown in Table 15.6.

15.6.1 Funding Levels

Table 15.7 shows the history of the budget
of MITI for wind energy R&D in the
NSS Project and Field Test/New Energy
Business supporting Programs.

Table 15.6 Recent and Future National Wind Energy Activities in Japan

New Sunshine Project (R&D)

l. Wind resource measurement

2. R&D of LS-WTGS (500 kw)

3. Demonstration of a MW-class wind farm

4. Generic, innovative R&D

5. Advanced WTGSs for remote islands

6. Local wind flow simulation technology

New Promotion Project

Field Test Program/new energy business support

Standard

rEc, rso, Jrs

t978-
t9901 t994

t9901 t997

t99vt998
t978-

t99912004

t99912003

t997-

| 988

NSS-H.Q.

NEDO

NEDO/MHl/Iohoku EPC

NEDO/Okinawa EPC

MEL

NEDO

NEDO

MITI

NEDO

MTTyJEMA/MEU

I ndustries/etc.
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15.6.2 Priorities

1. New Sunshine Project: Research &
Development, Demonstration:

In7978, the fapanese government
started its wind energy R&D program
that is a part of general R&D Program
for renewable energY called "New
Sunshine Project". It has been directed
by the New Sunshine Program
Promotion Headquarters (NSS H.Q.)

in the Agency of Industrial Science and

Technology (AIST) of the Ministry of
International Tiade and Industry (MITD,

Activities in this program are described

in Table 15.6. NEDO carries out the

first three, while MEL undertakes the

fourth. NSS will start two new R&D

projects, shown as the 5th and 6th in
Table 15.6. These two new R&D
projects have focused on the wind
technology for special Japanese condi-
tions such as hilly or island areas of
complex terrain with high turbulence,

2. Promotion of Introduction with
Subsidies:

NEDO's Field Test Program and New
Energy Business Supporting Program

promoted bY MITI have PlaYed and

continue to play an important role in
promoting the introduction of wind
turbines among private companies, as

well as with local governments, as

mentioned above,

3. IEC standard and JIS standard:

The national Programs include
cooperation in the IEC Standard

activities in the wind energy category.

MITI is also promoting international
consistency in standards. Therefore, there

International Energy AgencY

are plans to publish national JIS standards

for wind turbine generator systems.

15.6.3 R&D Results in 1998

In March 1998, a MW-class wind farm
(1,700 kW) on Miyako Island was demon-

strated. The test data demonstrate
satisfactory electrical quality-frequency
variation below 0.3H2 from 60.0 Hz at a

penetration ratio of 12%.ln March 1999,

itr. RCO of LS-WTGS of 500 kW capacity

will be completed. There have been no

significant problems with these installations

*h"." large wind turbines were erected at

hilly sites with high turbulence. These R&D

installations demonstrate that the technology

exists for introducing large-scale turbines

rating at 500 kW or more into faPan.

15.6.4 New ConcePts

Under the NSS's R&D Program, MEL has

tested two fully flexible wind turbines-
WINDMEL-I and WINDMELIL The

research-operation of the WINDMEL-II
demonstrated that the flexible design

reduces mechanical stresses and helps to

stabilize power output. This work will apply

to NEDO's new R&D Proiects as well'

1 5.6.5 International Collaboration

The main activities are IEA Wind R&D

cooperation and IEC standards develop-

ment for wind turbine generators. Many

individual international collaborations are

also undertaken at research institutes and

universities.

15.6.6 Wind EnergY Resources

In 1,994, NEDO comPleted an atlas of
wind energy potential in Japan. The atlas

displays three scenarios, from optimistic
to rather realistic, as shown in Table 15'8'

r03
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Table 15.8 Wind Energy Potential

Area km2
(ratio to total
land surface

in %)

Potential
CAPACITY

MW
(ratio to total in 96)

Potential
WIND GENERATION

G\ffh (ratio to total
generation in 96)

Number of
Units

(s00 kw
wTGS)

23,280
(6.4%)

3,s99
(r.0%)

| 25,5 t9-
565,278

t8,430-
70,481

2,792-
13,743

759
(0.2%)

not completed

9,22013s,240
(4.61Wt7.62%l

,44016,870
(0.7Wo13.43%)

not completed

8,916134,t27
(tw3.u%)

1,32516,537
(0.tswo.74%)

r04 IEA R&D Wnd Annual Reoort t998
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CHAPTER I6

16.1 GOVERNMENT PROGRAMS

Specific plans for integrating a meaningful
capacity of wind power plants into the
national electric system have not been
established. However, promoters of wind
energy have pointed out that the exploita-
tion of the main wind resource in Mexico
could lead to installation of 3,000-5,000 MW
of wind power plants. The main deploy-
ment of wind energy in Mexico could take
place at the south of the Tehuantepec
Isthmus in a 3,000-km2 region known as

"La Ventosa." Average annual wind
speeds from 7 to 11 m/s at 30 meters
above ground have been measured in this
region. It is estimated that up to 2,000 MW
of wind power plants could be installed
there with technical and economic advan-
tages. (See Figure 16.1).

In October 1998, an "International Seminar
on Renewable Energy for Electricity
Generation: Current State and Outlook"
was held at the initiative of the Advisory

Council for the Development of
Renewable Energy (COFER) and the
National Commission for Energy
Conservation (CONAE). About 150 people
attended the seminar, including participants
from the Ministry of Energy (SE), the
Federal Mexican Congress, the Federal
Electricity Commission (CFE), the Energy
Regulatory Commission (CRE), the Electrical

Research Institute (IIE), the National Solar
Energy Association (ANES), universities,
financial institutions, and several private
companies. International participants
included delegates from the World Bank,

the U.S. Agency for International Develop-
ment, Natural Resources Canada, Winrock
International, Lahmeyer International
GmgH, and British Petroleum. General
discussions on opportunities and
constraints for deploying renewables in
Mexico were held. It is expected that
conclusions of this meeting can lead to
favorable initiatives, which could emerge

during 1999.

Figure 16.1 Distribution of Wind Turbine Installations in Mexico

International Energy Agency t05
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16.2 COMMERCIAL IMPLEMENTATION
OF WIND POWER

In the third quarter of 7998, a 600-kW wind
turbine was connected to a pre-existing
diesel power station in the isolated village
of Guerrero Negro in the middle of the
Baja California Peninsula. The Federal
Electricity Commission (CFE), owner and
operator of the facility, undertook the
project. The Spanish manufacturer
Gamesa E6lica won the bid to supply and
install the wind turbine. The diesel power
station, which is rated at 16 MW, supplies
electricity to an isolated grid that is
located far away from the nearest point of
connection to the electric system of Baja
California. According to the CFE, the per-
formance of the facility will be assessed in
order to decide whether it is feasible to
increase the wind capacity up to 3 MW.

By the end of 1998, the total installed
capacity of wind turbines in Mexico was
3.1 MW (See Table 16.1).

16.3 OPERATIONAL EXPERIENCE

Electricity production from "La Venta"
wind power station was 5.18 GWh during
1998. The facility operated with an annual
capacity factor of 37.6Eo. The overall avail-
ability was only 89.6Vo, due to failures on
three wind turbines. In two of the machines,
the gearbox failed due to inadequate shaft
alignment when the electric generators
were replaced by the manufacturer. One
gearbox was repaired by the manufacturer,
while the other was repaired by a Mexican
company. In the third turbine, the electronic
control box caught fire (this was the second
occasion in which this kind of problem
occurred in the plant). The operators of
"La Venta" wind power station have gained
experience on maintenance requirements;
nowadays, a number of problems are being
overcome solely with local technical support.

During the commissioning phase of the
600-kW machine recently installed at
Guerrero Negro, automatic shutdowns
happened due to an inbalance of reactive
Ioads in the electric circuit. This oroblem
has been solved.

Table 16.1 Wind Turbine Installations in Mexico by the end of 7998

WIND
TURBINES CAPACITY COMMISSIONING

LOCATION MANUFACTURER (KVY) (MVY) DATE OWNER*

22 0.077

2 0.020
3 0.030| 0.00s3 0.0 t5

Guerrero Negro, B.C.S Mitsubishi I x 250 0.250 1985 (l)
LaVenta, Oax. Vestas 7 x225 1.570 1994 CFE
Ramos Arispe, Coah. - Zond I x 550 0.550 1997 (2)
Guerrero Negro, B.C.S. Gamesa Eolica I x 600 0.600 1998 CFE

4t 3.t l0

* ( | ) Compaffia Exportadora de Sal (salt producer); (2) Cementos Apasco (cement factory); (3) rural communities; and
(4) private individuals

t06 IEA R&D Wind Annual Reoon 1998
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Table 16.2 Wind Power Plants under Negotiation ']

PROMOTER LOCATION CAPACITY (MW)

I

2

3

4

5

6

Federal Electricity Commission (CFE)

Cozumel 2000

Gaja California 200

Fuerza E6lica del lstmo

Electricidad del Sureste

Energia Renovable

La Venta, Oax.

Cozumel, Q. Roo.

La Rumorosa, B.C.N

La Ventosa, Oax.

La Mata, Oax.

La Ventosa, Oax.

54.0

30.0

60.5

30.0

27.0

240.0

Total 441.4

I

)

I

The 550-kW wind turbine at Ramos

Arizpe has been working without major

problems. However, onlY a moderate
wind resource is available at this site.

Construction of the 54-MW wind power
station proposed by the Federal Electricity
Commission since 1996 was postponed
again. Another five Projects, led by private

companies, continue in the negotiation

phase. (See Table 16.2). The Energy
Regulatory Commission (CRE) has already

issued permits to build proiects 2 to 5;

nevertheless, all these have to overcome

some pending constraints before construc-

tion can be started. Proiect 6 is still in the

promotion phase, but it is interesting to

note that the proposal includes the

construction of a wind turbine assembling

facility in Mexico using Vestas technology'

16.4 INSTALLED CONVENTIONAL
CAPACITY

The total installed conventional capacity in

Mexico by the end of 1996 was34,797MW,
made up of the following sources: oil (47Vo),

hydro (28.8%), coal (7.SVo), orl/coal (6Vo),

oilTgus (5.5%), gas (4.8Vo), nuclear (3'8%),

geothermal (2.1%), and oil/diesel (0.3V")'

installed capacity is expected to grow by
73,782 MW in the Period 1997-2006.

16.5 MANUFACTURING INDUSTRY

Except for a manufacturer of small (5-kW)

wind turbines, there is no wind turbine

I nternational EnergY AgencY

manufacturing industry in Mexico.

However, there is an increasing interest

from private investors to establish wind
turbine manufacturing joint ventures.

According to a recent study by the IIE,

several wind turbine comPonents
(e.g. towers, nacelle, electrical devices,

.ables, transformers, and others) could be

manufactured in Mexico using existing

infrastructure. It is expected that a mean-

ingful level of activity in local integration

of wind turbines could impel the deploy-

ment of wind energY in Mexico.

16.6 ECONOMICS

Electricity prices to consumers vary
depending on the region, the time of day,

and the supplied voltage' For electricity

billing purposes, the country is divided
into eight regions. Each region has its-own

timetable for electric tariffs over a 24-hour

period. Table 16.3 shows ranges for 
,

medium and high voltage valid for the

whole country.

In December 1998, domestic customers
paid MP 0.346 for each of the first 75 kwh,
Mp o.+OA for each kWh in excess of the

firstT5 kW, and MP 1.19 for each kWh in

excess of the first 125 kW. The tariffs for

public lighting range from MP 0.82 to

Vtp t.OZ; this is an opportunity niche for

wind energy.

No special buy-back price for wind energy

has been set in Mexico. Therefore, electricity

t07
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Table 16.3 Examples of Electricity Prices in Mexico (in Mexican Pesos - December 1998)

TARIFF* PEAK INTERMEDIATE BASE

HM (r)

HS (2)

0.85-t.06

0.79-r.r0

0.294.40

0.26-0.35

0.234.29

0.22-0.27

* ( | ) HM-Hourly tariffs for general service in medium volage (power > 300 kW); (2) HS-Hourly tariffs for general
service in high voltage (less than 400 kV)

from private wind-power plants would be
paid by the CFE according to active tariffs.
This implies that the revenues would
depend not only on the amount of electricity
fed into the grid, but also on the time of
day the electricity is produced.

According to the CFE, project cost for "La
Venta" wind power station was USD 1,352
per installed kW (1994). Detailed cost for
the "Guerrero Negro" wind turbine has
not been released yet, but it is known the
cost was higher than USD 1,400 per
installed kW (1998).

{'l
t
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CHAPTER I7

17.1 GOVERNMENT PROGRAMS

17.1.1 Aims and Objectives

The Dutch energy policy aims at an overall
stabilization of CO2 emission and fossil
fuel use (at the level of 1990). This is
considered necessary because of the limits
to fossil fuel resources, the increasing
vulnerability of energy supply and
international environmental problems,
specifically imminent effects of climatic
change. The energy targets are set down
in the Third Energy Memorandum, issued in
December 1995 by the Ministry of
Economic Affairs.

In order to achieve these objectives, the
philosophy of the Trias Energetica includes
the following guiding principles.

1. First, limit energy demand as much as

possible,

2. Then, meet the remaining demand
with renewable energy and,

THE NETHERLANDS

3. Finally, if fossil fuels are still required,
use them as cleanly and efficiently as

possible.

At present, less than 1% of Dutch energy
consumption is met by renewable sources

such as solar, wind, and water. The Third

Energy Memttrnndwn sets the targets for
renewable energy to a3% contribution in
2000 and a 10% contribution in 2020. The

targets have been set in annual saving of
fossil fuels, expressed in petajoules
(See Table 17.1). The total national energy

consumption is 2.700 PJ.

77.7.2 Strategy

The strategy to reach the targets of the
Third Energy Memorsndum is set down in
the action plan Reneruable Energy on the

March (DEIO) published in March 7997 by
the Ministry of Economic Affairs. This
plan emphasizes the need to accelerate

efforts of concerned parties and lists the

measures required before 2000.

ble 77.1 Renewable Energy Targets in Annual Avoided Fossil Primary Energy (Pl)

SOURCE 2000 2007 2020

Ta

I

I

l

Wind Energy

Solar Energy PV

Solar Energy Thermal

Hydro Power

Biomass (incl. waste)

TOTAL RENEWABLES

Geothermal

Cold and Heat Storage

Heat Pumps

TOTAL SUSTAINABLES

REN EWABLES AN D SUSTAI NABLES

45

t0

t0

3

t20

t88

2

t5

65

82

33

2

5

3

8s

t28

0

I
50

58

186

t5

I

2

I

54

74

0

2

7

9

83

International Energy Agency 109

270
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The required actions are the following.

1. Improve the price-performance ratio,

2. Stimulate market penetration,

3. Address administrative bottlenecks.

For a description of the measures that affect
the wind energy program refer to the lEA
Wind Energy Annual Report of 1997.

Table 17 .2 Rough Estimate of Installed
Capacity to Meet the Targets for Wind Energy

*=" r-r^-tl
FUEL, PJ 

I

| 990

| 995

2000

2007

7020

wind capacity (See Table77.2). From the
2,750MW in2020, it is expected that
about 1,250 MW will be installed offshore.

17.2 COMMERCIAL IMPLEMENTATION
OF WIND POWER

77.2.1 Installed Wind Capacity

Ln1998,60 wind turbines, with a total
capacity of nearly 41 MW were installed
and nine wind turbines, with a total
capacity of less than 2 MW, were
removed. This brings the total operational
capacity by the end of 7998 to 364 MW
with 1,195 wind turbines and 864,595 m2
swept area (See Figure 17.2).

17.2.2 Numbers /Type /Make of Turbines

The average installed capacity per wind
turbine in 1998 was more than 680 kW,
the average ratio, between swept area and
capacity was 2.5 m2/kW, and the average
hub height was 50 m.

Of the installed capacity in1998, almost
50% was manufactured by Dutch
manufacturers, as is shown in Table 17.3.

20 r0 20t 5 2020

YEAR CAPACITY
MW

50

250

750

2000

2750

0.6

4.0

t2.0

33.0,ri 
I

17.1.3 Targets

The governmental targets for wind energy
are set in annual avoided fossil primary
energy in petajoules (See Table 17.1). These
can be translated into needed installed

3000

2500

500

3: 2000
*
'o
(!

d rsoo

;
E 1000

c

*: Land
. r.,. Offshore

- 
Total Z

| 995

Figure 17.1 Expected

il0

2000 2005
Year

Wind Capacity 7995-2020

IEA R&D Wind Annual Reoort 1998



NATIONAL ACTIVITIES THE NETHERLANDS

t20

r00

=:x
160 'E

(!
6
U
dc

100 .9

L
C'

t40 .g

=E
=80u

3

d80
c)

E

&. oo
L
o

_g

E40
;
E- ro(!
U

>1986 t987 1988 1989 l99o l99l 1992 1993 1994 t995 t996 t997 1998

Year

Figure 17.2 Installed, Removed, and Operational Wind Capacity

Removed were six Bouma wind turbines
of 160 kW with a rotor diameter of 20 m
and 1 Tacke TW600 wind turbine with a

rotor diameter of 43 m.

Table 17.3 Distribution of New Wind Turbines by Manufacturer

INSTALLED

77.2.3 Plant Types and Form of Plant
Ownership

In 1998, one large wind farm was installed
consisting of 19 wind turbines of 1 MW
each. In addition, five small wind farms
and 20 individual wind turbines were

ROTOR AREA
m2

48,465

30,987

t4,989

5,417

3,770

l
MANUFACTURER

NedWind

NEG-Micon

Vestas

Bonus

Enercon

TURBINES

2l

22

t0

4

3

MW

20.0

I r.5

5.7

2.1

o/o

49

28

t4

5

4

ill
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installed. The distribution is given in
Table 77.4.

Of the installed wind turbines, SSVy are
owned by utilities and 42Vo are privately
owned.

77.2.4 Performance of Installed Plants

Wind energy production in the period
October 1997-September 1998, was
547 GWh. Average specific production in
this period was 797 kWh/m2. Total
production in 1998 is estimated to be
700 GWh. This would avoid 6.i PJ primary
energy. Monthly energy production from
wind energy can be found at the internet
si te http: //wwwkema.nl

17.2.5 Installed Conventional Capacity
And Electricity Consumption.

Installed conventional capacity in 1998
has not changed from7997 and was
around 18 GW, of which around 3.5 GW

|2

I

1994
I

t996

was in decentralized combined heat and
power plants. Electricity consumption
was 81,170 GWh in 1997. No numbers for
1998 are available.

17.2.6 Operational Experience

There were no major accidents or incidents
in 1998.

17.3 MANUFACTURING INDUSTRY

17.3.1 Status/Number/Sales of
Manufacturers

After the take-over of wind turbine
manufacturer NedWind by NEG-Micon
from Denmark and the demise of
Windmaster, there are two Dutch wind
tu rbine manufacturers.

There are also two Dutch blade
manufacturers: Aerpac and Rotorline.
Aerpac is established in Almelo and
Haaksbergen in the Netherlands, but also

0

| 986 | 988
I

t992
Year

| 998

Figure 17.3 Average Capacity, Area/Power, and Hub Height of Installed Turbines in the Period
1986-1998
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makes blades in Scotland and Spain.
Aerpac employs about 170 people.

The total number of people who were
employed directly by wind turbine and
blade manufacturers in 1998 was about
300. It is estimated that another 680 are
employed with subcontractors, consulting
firms, service companies, research
institutes and universities.

17.3.2 New Products/Technical
Developments

In 1998, Dr. Gijs van Kuik was appointed
as a new wind energy professor at the
Delft University of Technology. In his
inaugural speech, which he held on june
77,1998, van Kuik highlighted different
aspects of wind energy: social acceptance,
industrial involvement, market issues,
economics, wind energy implementation
in the Netherlands and wind farms. He
stressed that wind energy offers good
opportunities.

Van Kuik is convinced that the Dutch
wind industry should co-operate if they
want to play a significant role in the
world market. He therefore strongly
supports the initiative of blade manufac-
turers, wind turbine manufacturers,
engineering firms, and research institutes
to co-operate in the development of future
large offshore wind turbines. The devel-
opment costs of such a 5-MW turbine,
with a 3-MW demonstration version, are
estimated at NLG 80 million.

The gearless, pitch-controlled Lagerwey
750-kW,50-m diameter wind turbine with
variable rotational speed was tested
successfully and placed into production.
The synchronous ring generator was
designed in close co-operation with the
Delft University of Technology.

17.3.3 Business Developments

In mid-1998, NEG-Micon from Denmark
took over the Dutch wind hrrbine manufac-

turer NedWind. The companies expect
that the combination will be able to gain a

world market share of 20Vo. NedWind is
convinced that, in today's market, only
Iarge companies can survive, especially in
the realization of offshore projects. The
combined companies will work on devel-
opment of offshore wind turbines. More
than2SVo of the total installed Dutch wind
capacity was installed by either NedWind
or NEG-Micon (formerly Micon and
Nortank).

In a press release of August 17,1998, the
Dutch manufacturer of rotor blades,
Aerpac, announced that they intended to
take over the Dutch rotor blade manufac-
turer Rotorline from Heerhugowaard.
However, by the end of the year, it
appeared that the intended take-over
caused more problems than expected,
and therefore Aerpac abandoned the
take-over.

In December 7998, Windmaster went
bankrupt. However, the Dutch wind
turbine manufacturer Lagerwey took over
the bankrupt estate Windmaster Nederland
in Lelystad and the shares of a number of
her daughter companies. Also part of the
staff went to Lagerwey. The main activities
will be concentrated in Barneveld and
project development in London. Lagerwey
has decided to add to its own range of
wind turbines (80 kW 250 kW and 750 kW)
to the 600-kW wind turbine of Windmaster.
Lagerwey is to date the only wind turbine
manufacturer, which is fully in Dutch
hands.

77.3.4 Support Industries

Major banks and insurance companies are
increasing their activities as a result of
financing through the Green Funds. In
1998 the offshore industry started to show
interest in participating with the
preparations for large offshore wind farms.

IEA R&D Wind Annual Reoon 1998
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17.4 ECONOMICS

17.4.1 Electricity Prices

The total rate of reimbursement is currently
15 to 16 NLG per kWh. See also Section
17.5.1 Market Stimulation Instruments.

77 .4.2 Turbine/ Project Costs

There are no statistical data available yet
for the year 1998. We assume that prices
have slightly fallen to a specific investment
per kW installed capacity on average of
2,000 NLG/kW, plus or minus 20%.The
specific investment per m2 swept area
averages 800 NLG/m2. Turbine costs are
still around 707o of total project costs.

17.4.3 Invested Capital

Based on the averages given in 77.4.2 the
invested capital for 7998 was 82 million NLG.

17.5 MARKET DEVELOPMENT

17.5.1 Market Stimulation Instruments

For electricity from renewable energy
generators the Dutch Ministry of Economic
Affairs and the association of Dutch energy
utilities EnergieNed have jointly laid down
compensation regulations comprising
three components. These have been in
force since January 7,7998 and are
intended to stimulate the implementation
of renewable energy.

1. Basic reimbursement

The basic price is computed by taking
into account the avoided purchasing
prices of the energy provided by the
distribution companies. Wind power
reimbursement currently stand at
8.1 Dutch cents per kWh,

2. The Eco tax (CO2 tax)

After a tax reform, the consumer pays
a surcharge of 295 Dutch cents for
every kWh, with every household
having a tax-free conlingent of 800 kWh.
The rate of the tax is set anew by the

Dutch government every year and is
directly collected by the energy
provider. These additional funds then
flow either into the state coffers,
making tax breaks elsewhere possible,
or are disbursed to the in-feeders of
renewable energy,

3. Green Labels

The energy distribution companies
voluntarily committed themselves to
supply 3.27o of electricity from
renewables in the year 2000. About
one-third of this amount is expected
from wind energy, corresponding
with 750 MW of installed capacity.
To prove this, the companies have to
show a corresponding amount of
green labels. One label for 10,000 kWh
is issued by the energy producer for
the production of renewable energy.

The labels can be freely sold by the
owners, for example, by the operator
of wind turbines. Currently they are

trading at 5.2 Dutch cents per kWh.
Most wind millers plan to guard
against possible price fluctuations by
long-term contracts over ten years.

But the power company can itself
produce eco-electricity and keep the
corresponding labels itself. Trading of
Iabels between utilities is also possible.
A "stock exchange" was set up by the
association of distribution utilities in
March 1998. Up to now is has not led
to a fully transparent market and
much of the trading has been done
outside the exchange. (lnformation
available at
http: / / www.groenlabel.nl).

Other market incentives are related to
reduced tax payments by companies. For

a more detailed account on the Energy
Investment Deduction Scheme, the
Accelerated Depreciation on Environmental
Investment Scheme, and the Green Funds
see the IEA Wind Energy Annual Report 7997.

International Energy Agency
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Figure 1,7.4 Windfarm Moerdijk is seen over the estuary Hollands Diep against a background of
petrochemical plants. The turbines are NedWind 1 MW, 55-meter diameter on a 70-meter mast.

Various energy distribution companies
started green pricing. They offer their
customers green, nature, or eco-electricity.
Customers can voluntarily buy all or a
share of their annual electricity consump-
tion as green electricity at a 5 to 8 cents
higher-than-normal price. The CO2 tax is
included in this price. Creen pricing
proved to be very successful in 1998.

17.5.2 Financing

There is an abundance of capital available
through the Green Funds. Green funds of
the three major banks are competing to
invest in wind energy projects with low
interest rates. The green interest in 1998

was 3 to 5%, depending on the term of the
loan-2, 5, or 10 years. Average interest
rates on the regular capital market in 1998

were 4.5 to 77o. All non-utility investors in
wind energy finance their projects through
the Green Funds. Utilities finance their
investments from their own cash flow and
calculate with an internal rate of return of 5%.

17.5.3 Planning and Grid Issues

The newly installed capacity has dropped
dramatically since 1996, mainly because
the development of sufficient sites with
building permits for wind turbines is
increasingly difficult.

il6

To address the problem of the availability
of sites, Novem started a national
campaign, Space for Wind Energy, in 7997.
It addresses primarily local decision-mak-
ers. In 1998 the campaign was intensified.

The backbone of the campaign is a series
of products and services that can be used
to assist local authorities to create space
for wind energy. Some examples follow.

1. A quick scan to get a quick estimate
of local wind energy potential. More
than fifty local communities applied
for a quick scan in 1998,

2. A detailed guideline for planning
officials to help them incorporate wind
energy in their physical planning
schemes,

3. Excursions to wind farm sites,

4. Support to organize information
meetings about wind energy in the
municipality for the public and,

5. Process management support.

17.5.4 Institutional Factors

ln 7997, the twelve (influential) provincial
Environment Foundations and the
(powerful) Foundation Nature and
Environment published a common view

IEA R&D Wind Annual Reoon 1998
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and position on the role of wind energy in
the Netherlands. It was seen as a major
breakthrough, as their view is positive
and pro-active.

ln 7998, these foundations participated in
the preparation for a 100-l\4.4/ demonstration
offshore wind farm by formulating their
conditions for location, bird studies, and
so forth. Moreover, they compiled a

memorandum in which the issues are
listed that should be addressed when
starting wind farms offshore. It shows
that these influential bodies are closely
involved in the further development of
wind energy in the Netherlands.

17.5.5 Impact of Wind Turbines on the
Environment

Generally, in the Netherlands, it is felt that
enough data has been collected on the impact
of wind turbines on the environment,
especially on birds. These data, however,
only concern inland sites. Hardly any off-
shore data are available. Because of the
plans to develop wind farms near shore
and offshore, some studies into the
possible impact of wind turbines offshore
on the maritime environment were started
in 1998. Especially interesting is the project
of radar tracking birds 10 kilometers
outside of the coast of Ijmuiden with
equipment of the Ministry of Defense.

17.6 GOVERNMENT-SPONSORED
R,D&D PROGRAMS

17.6.1 Funding Levels

As a result of the R, D&D policy laid out in
the action plan Rennuable Energy on the March,

the Novem budget for the wind energy
programme (TWIN-2) was raised from
9 million NLG in 7996 to 14.1 million NLG
for the years 7997 to1998 and to 16 million
NLG for 7999 to 2000.

17.6.2 Priorities

The Netherlands R€tD-Strategy Wind Energy,
formerly the NRW-plan, has been revised

International Energy Agency

for the period 7999-2003. The workshop
during which the strategy was discussed
was attended by representatives of wind
turbine and blade manufacturers,
engineering firms, end users (utilities,
insurance companies, and certifying
institutes) and the program managers
ECN, TU Delft and Novem. Priorities for
30 R, D&D areas were set. The strategy
will be the basis for the research programs
in 7999 and 2000 of ECN, TU Delft and
Novem.

The priority subjects are the following.

1. New developments: Offshore,
Innovative materials and recycling,

2. Testing and measuring: Condition-
monitoring systems, wind turbine test
facilities,

3. Databases: Failure statistics of wind
turbines and components,

4. Design tools: Reliability, wind turbines,
control, aerodynamics.

17.6.3 New Concepts

A Joule project coordinated by the Delft
University of Technology was completed
in 1998: Structural snd Economic

Optimizntion ot' Bottom-Mounted Ot't'shore

Wind Energy Conaerters @pti-OWECS). lt
was the particular mission of the project
to extend the state-of-the-art, to determine
required methods and to demonstrate
practical solutions, which will signifi-
cantly reduce the electricity cost. This
should facilitate the exploitation of true
offshore sites on a commercial basis in a
medium time scale of five to ten years

from now.

In several fields, such as support structure
design, installation of the offshore wind
energy converters, operation and
maintenance, dynamics of the entire
offshore wind energy converter, structural
reliability considerations, etc. The study
demonstrated new propositions which
will contribute significantly to a mature
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offshore wind energy technology. The
project was carried out by a consortium of
leading industrial engineers and researchers

from the wind energy field, offshore tech-
nology and power management.

An innovative design methodology devoted
particularly to offshore wind energy
conversion systems was developed and
successfully demonstrated. The so-called
integrated OWECS design approach
considers the components of an offshore
wind farm as part of an entire system.
Therefore interactions between sub-systems
are considered in as complete and practical
a form as possible so that the design solu-
tion is governed by overall criteria, such
as levelized production costs, adaptation
to the actual site conditions, dynamics of
the entire system, installation effort as

well as OWECS availability.

Also, a novel OWECS cost model was
developed, which led to the identification
of the main cost drivers, such as annual
mean wind speed, distance from shore,
and operation and maintenance aspects,
including wind turbine reliability and
availability. A link between these results
and a database of the offshore wind
energy potential in Europe, developed in
a previous joule project, facilitated the
first consistent estimate of energy cost
over entire regions of Northern Europe.

17.6.4 MW-rated Turbines

The second NedWind 52.6 m,1-MW wind
turbine built on the existing tower of the
NEWECS-4S at Medemblik produced
2.04 GWh in the period from October 7997

through September 1998. The specific
production was 939 kWh/rnz. Another
19 NedWind i-MW wind turbines were
installed at Zeewolde in November 7998.
No production data are available yet.

17.6.5 Offshore Developments

Maximum wind capacity for land-based
sites is estimated to be around 1,500 MW
in 2005 to 2010. The national goal is

il8

2,750 MW in 2020. It is believed that the
1,250 remaining MW can be realized with
offshore installations. Therefore several
studies are being carried out, focusing on
implementation of wind turbines offshore.

In 1997 , Novem carried out a feasibility
study into a 100-MW near-shore wind
farm. It concerns a demonstration project
and aims at gaining experience and
knowledge of offshore installation,
construction and operation. See IEA Wind
Energy Annual Report 7997 . Preparatory
activities started in 1998 mainly concern
legal and administrative procedures. The
government has decided to choose the
location in a clear and careful manner.
Therefore the procedure of the Planological
Core Decision is being followed. This is a
step-by-step procedure of public enquiries
and decision making. The procedure
started in july 1998 with the publication
of a memorandum. At the same time, the
procedure of the Enaironmental Effect
Report was started. In September, public
hearings were held to discuss aspects like
energy, biotic and abiotic environment,
landscape safety, use of space, economy,
and technology. Speakers were not only
from the Ministry of Economic Affairs,
but also from the foundation, Nature and
Environment, which supports the demon-
stration project. The Dutch parliament has
to agree to the location, which is going to
be selected. Actual building of the 100-MW
wind farm is expected to start in 2001.

For the longer term, Novem has carried
out a preliminary feasibility study into the
possibilities of offshore wind farms, more
than 20 km from the Dutch coast. The
study has resulted in a Planning Scheme for
Ot'fshore Wind Energy, and it shows that
there is still a long way to go before the
first wind farm far offshore can be
installed. The administrative and legal
procedures will take a long time, mainly
because legislation on offshore wind
farms is currently lacking. In 7999 the first

IEA R&D Wind Annual Reoort 1998
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steps will be taken toward building the
first far offshore wind farm in 2005.

Proposals for a 300-MW wind farm along
the 32-km Afsluitdijk connecting the
Dutch provinces Friesland and North
Holland have been approved by the
Friesian Provincial Council, bringing the
ambitious plans one step nearer to
realization. The scheme was launched last
year by the utilities NUON and ENW.

17.6.6 International Collaboration

For a detailed list of projects see the IEA
Wind Energy Annual Report L996.

lntemational Energl {genqy |9
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CHAPTER I8

18.1 GOVERNMENT PROGRAMS

The New Zealand government's state

policy for energy is to ensure the continuing
availability of energy services at the
lowest cost to the economy as a whole,
consistent with sustainable development.
Direct government funding is not available
for the development or assistance of
renewable energy. However, the Energy
Efficiency and Conservation Authority
(EECA) is funded by the government for
the purpose of promoting the uptake of
energy efficiency and conservation and
renewable energy. With respect to renew-
able energy, EECA s primary function is to

disseminate information on potential
energy sources and their application.

1 8.2 COMMERCIAL IMPLEMENTATION
OF WIND POWER

The total grid-connected wind turbine
capacity in New Zealand remains at just

under 4 MW. The installed wind turbines
include seven Enercon E40 turbines
(the 3.5-MW Hau Nui wind farm), a Vestas

V27 owned by the Electricity Corporation
of New Zealand (ECNZ), and various
small turbines owned by other parties.

New Zealand's first commercial wind
farm (Hau Niu) completed its second year

of operation. The predicted energy

production for the 1997-1998 year was

72.6 GWh, based on an average wind
speed of 9.7 m/s. The owners, the local

power company, Wairarapa Electricity,
recorded an actual energy production of
14.35 GWh for the year to June 1998.

Availabilities of the Hau Nui turbines to

date have been high, achieving an average

greater than99%.

The ECNZ Y27 wind turbine in Wellington
produced 1.09 GWh in the year to June
1998, with a capacity factor of 57.2o/o. The
availability was just over 98Vo. The energy

International Energy Agency
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produced was a new record for the
machine. The research and demonstration
wind turbine generator has produced an

average of 0.96 GWh per year for the five
years to fune 1998.

Construction started in October 1998 on
the biggest wind farm in the Southern
Hemisphere. When completed in April7999,
the Tararua Wind Farm will compromise
48 Vestas V47 660-kW turbines (total

31.7 MW) on 40-m lattice towers. The

wind farm is located 10 km from the city
of Palmerston North, in an area with
above 10 m/s annual mean wind speed'

With a net capacity factor of 50% and the

predicted annual energy outPut of
136.7 GWh, it will be one of the most

productive wind farms in the world.

Planning for the proposed ECNZ wind
farm at Makara near Wellington is on

hold due to the impending split of the

government owned utility into three

separate generators. Other power companies

and developers continue to monitor and

assess various potential wind farm sites

around New Zealand.

In New Zealand, the maiority of electricity
is produced by hydro-power stations with
an installed capacity of approximately
6,140 MW. The remainder of the nation's

electricity is produced by fossil fuel and

geothermal power stations, which
together have an installed capacity of
approximately 2,860 MW.

18.3 ECONOMICS

New Zealand has a deregulated wholesale

electricity market in which wind power
competes directly with other forms of
generation without subsidies or incentives.

The overall average wholesale power price

for 1998 was approximately 4.5 NZ cents/
kWh, with some large spot price variations
occurring in the newly implemented
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electricity market. Extra charges are
applied to the wholesale price for trans-
mission of the electricity.

Wind power plants constructed at the best
sites in New Zealand are expected to
produce electricity at a cost of between
5.0 and 7.0 NZ cents/kWh, given current
wind turbine prices.

18.4 MARKET DEVELOPMENT

1n7998, the New Zealand government
passed legislation to enact major changes
to the electricity industry. In addition to
the previously mentioned split of the major
generator, ECNZ, into three competing
but still government-owned companies,
there has been a fundamental change to
the retail end of the market. Local distrib-
ution and retail companies have been
forced to separate their line and energy
businesses, leading to most selling their
customer bases to the five or six large
generators in the market. There is expected
to be an appreciable reduction in the
wholesale price of electricity in the short
run. Consequently, retail prices are also
expected to drop, spurred further by full
contestability for customers.

The changes in the electricity market have
had an adverse impact on proposed wind
development. The expected price reductions
will make wind energy even less economic
and, together with the current excess
generation capacity, means further wind
energy development is not expected in the
near future, unless a strategic or niche
opportunity exists.

18.5 GOVERNMENT SPONSORED
R, D&D PROGRAMS

The New Zealand government is funding
wind power related research work through
its contestable Public Good Science Fund
(PGSF). A number of wind energy related
projects were approved in the 1998 funding
round and these are currentlv underwav.
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NORWAY
CHAPTER I9

19.1. GOVERNMENT PROGRAMS

19.1.1 Aims and Objectives

The government policy is that Norway, in
a year with average rainfall, should be

self-sufficient with electricity from renew-
able energy sources. So far this has meant
mainly hydro-power. Because remaining
new hydro-power projects are limited
both in size and quantity, more emphasis
will be placed on wind energy. So far no

specific target for wind energy use has

been defined.

19.2 COMMERCIAL IMPLEMENTATION
OF WIND POWER

19.2.1 Installed Wind Capacity

The first new wind turbine projects since
1993 were commissioned during 1998,

increasing the total national installed
capacity from 3.9 MW to 9.3 MW.

One wind farm consisting of five Wind
World turbines, each rated at 750 kW, was

erected at the southernmost tip of Norway,
Lindesnes, by the utility company Vest-

Agder Energiverk. Estimated annual
production is about 12 GWh/year.

Table 19.1 Wind Turbines and Output

The utility company Nord-Trondelag
Elektrisitetsverk installed a 1.65-MW
turbine at Hundhammerfjellet, quite close

to the existing wind farm at Vikna.
Estimated annual production is

4.8 GWh/year. If this unit works
successfully, and economic conditions
allow it, the owner is planning to extend
the project by nine more units at 1.65 MW
each.

An overview of the Norwegian wind
turbines and the energy production, both
in 1998 and accumulated, is shown in
Table 19.1.

One case of a turbine blade destroyed by
lightning was reported during 1998. No
other serious incidents have been reported.

19.2.2 lnstalled Conventional Capacity

The total Norwegian electricity generating
capacity is about 27,687 MW, whereof
98.9Vo is hydro-power. The mean energy

production from hydro-power is

112.9 TWh/vear.

TOTAL PRODUCTION ACCUMULATED
NO. POWER 1998 PRODUCTION

uNrrs (kv10 (GwH) (GWH)

t.634
7.212
2.079
0.459
5.792
7.t51
7.999

4t.869
1.461
4.80 |

l
WIND TURBINE
PROJECTS YEAR

Froya
Froya
Vallersund
Kleppe
Smola
Andaya
VesterSlen
Vikna | & ll
Hundhammarfjellet
Lindesnes

| 986
| 989
t987
| 988
| 989
t99 |

199 |

t99l
| 998
| 998

55
400

75
55

300
400
400

2200
| 650
3750

0. r48
0.926
0.t70
0.037
0.70 |

t.046
0.929
5.909
1.461
4.80 |

5
I

5

TOTAL t8
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9285 16.t27 80.457
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19.3 MANUFACTURING INDUSTRY

19.3.1 Status

There are at present no manufacturers of
complete wind turbines in Norway, due to
the fact that the market for wind turbines
is too small. However Kverner Energy is
developing a 3-MW wind turbine, and
expects to have at least two installations
ready by the end of year 2000.

19.3.2 Technical Developments

Some industrial companies provide
components and related services for wind
turbines. During 1998, the Norwegian
Research Council did grant support to the
following projects related to technical
wind energy development.

The company F.K. Smith has recently
patented a system measuring power
transmission in rotating machinery. The
system was initially meant to be used for
marine purposes, and the project has now
been extended, in collaboration with
RISO, to be tested full-scale on a test wind
turbine in Denmark

One cast iron foundry, Kristiansand ]ernst
Peri, has started a project to develop
new and better products for large wind
turbines (1.5 MW and upwards) in
collaboration with the Casting Development
Centre at the University of Birmingham, UK.
The test samples will be analyzed with
respect to stress and fatigue characteristics.

19.4 ECONOMICS

19.4.1 Electricity Prices

The Norwegian spot market price of
electricity in 7997-7998 at the main grid
level is shown in Figure 19.1. The average
price in 7997 was 135 NOK/MWh and in
7998 776.3 NOK/MWh.
(1 NOK = 100 re = USD 0.133) This price
may represent the typical buy-back price
for wind-generated electricity, delivered
into the transmission grid system.

In addition to the spot market price, costs
covering transmission, capital costs on
investments, operation and maintenance,
and taxes must be included to estimate
the resulting wind energy price.

I r50

:
\Z
oz t00

Month

Figure 19.1 Spot Market Price of Electricity in Norway 1997 / 7998
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19.4.2 Invested Capital

The cost of the Norwegian wind turbines
erected in 1998 is about 47 MNOK, of
which about 75% were government
grants.

19.4.3 Project Costs

Estimations on production costs from
sites with favorable wind conditions
suggest a production cost of as low as

25-30 NOK/MWh, or 25-30 relkWh.
(1 NOK = 100 re = USD 0.133), including
capital costs, operation, and maintenance.
Thus, compared with the shown sPot

market electricity price, wind energy
cannot compete on commercial terms'
However, compared with the price of new
hydro-power projects, some wind energy

projects are almost competitive.

19.5 MARKET DEVELOPMENT

In order to enhance the introduction of
wind energy in Norway, several measures
have been introduced in 1998, effective

January 7,7999. One is an exemption from
the investment tax for wind turbines and

related equipment. Another recentlv
introduced measure is an energy production
support, equaling half of the general

electricity levy. Furthermore, there will be

a need for financial support, which very
likely will be given to projects based on a

competition between them. One common
criteria related to these measures is that
each unit should be at least 500 kW and

the total project installation should be at

least 1.5 MW.

Both wind turbine installations realized
during 1998 were granted support of
about 75% of the investment cost.

Three project developers applied for
licenses to install new wind power plants
in 1998, with a total capacity of 9.8 MW.

In addition, preliminary plans for nine
large wind farms have been presented,
as the basis for identifying the entire
consequences of the projects. The total
capacity of these plants is about 520 MW

I nternational Energy Agency

with an estimated annual energy production
of about 1,560 GWh/year. The estimated
need for financial support to establish
these plants is roughly 625 million NOK.
It is not likely that all the preliminary plans

will be realized, due to various reasons.

19.6 GOVERNMENT-SPONSORED
R, D&D PROGRAMS

The following projects during 1998 were
financed by The Norwegian Research

Council and/or by the Norwegian Water

Resources and Energy Directorate, NVE'

1. The companies Triad AS and Contec

Design have developed a Patented
system for measurement of wind
speeds with very high resolution both
in space and time. The system range

is from above ground up to altitudes
of approximately 400 meters' The

system is based on the interaction
between radio transmission equip-
ment and an acoustic sYstem of
200 loudspeakers in a grid sYstem.

2. The comPany Vector is running a

project using numerical flow
simulations based on existing wind
measurements, to form a rough wind
atlas, as a basis for deciding where to
locate wind farms.

3. SINTEF Energy Research has investi-
gated the feasibility of establishing a

wind energy center in NorwaY. The

study concludes that there is a

marked need for such a center to

serve Norwegian utilities and indus-
try. A decision on whether or not to
establish the center is expected during
1,999.

4. Within the framework of IEC, SINTEF

Energy Research is heading the devel-
opment of a new standard on Power
quality requirements for grid-connected
wind turbines. The standard is now
present as a committee draft for
comments.
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5. The research on wind energy at the
Institute for Energy Technology in
1998 has been focused on meso-scale
modeling of atmospheric flow and
optimization tools for wind turbine
rotors. Both tasks have been carried
out as Ph.D studies

t26 IEA R&D Wind Annual Report 1998
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SPAIN
CHAPTER 20

20.1 GOVERNMENT PROGRAMS

20.1.1 Aim and Objectives

Spain is a country with excellent wind
resources and a well-developed technology
in the wind energy field. This technology
has come from the very active participation
of Spanish industry in research and devel-
opment programs during the past years.

At the present time, wind energy has a
very promising future in Spain. The total
power installed at the end of 1998 was

833.7 MW and more than 2,500 wind
turbines were in operation. The estimate
for the next year is that over 650 MW will
be installed in new wind farms. This will
allow reaching the milestone of 1,500 MW
of wind power operating in Spain by the

end of the millennium.

The main participants in the structure of
the Spanish electric supply system are

coal-thermo plants (47Vo,) hydroelectric
plants (36Vo) and nuclear plants (16E").

The targets relating to the use of renewable
energy sources are described in the Energy

Saving and Efficiency Plan (P.A.E.E.)

Figure 20.1 Due to excellent resources and a
well-developed technology, wind energy has

an excellent future in Spain.

lnternational Energy Agency

contained in the Spanish National Energy
Plan. This PIan foresees an increase of
25% in the use of renewable energy for
the year 2000 compared to t990.

The Spanish government is supporting
the use of renewable energies and its
policy is in agreement with the general
objectives defined in the European Union:
economic growth, creation of employment,
maximum self-sufficiency, and raising the

quality of life of inhabitants through
improved environmental conditions. The

new Royal Law 2878/7998-23 December
1998, about the Electrical Special Regime

for renewable energy plants connected to

the grid, has the target of "the contribu-
tion of the renewable energies to the

Spanish energetic demand, will be at least

12Vo for the year 2010."

The wind goal of 168 MW bY the Year
2000 foreseen in the P.A.E.E. has been

widely surpassed reaching and exceeding

such amount in the year 7996.

20.1.2 Strategy

The strategy followed for the develop-
ment of wind energy in Spain has been

implemented in several steps. At the

beginning and during the period 1980 to

1985, the program focused on assessing

national resources and also developing
the national technology. As a result of the

programs (national, and utilities pro-
gram), two of the present leaders of the

Spanish industry, Made and Ecot6cnia

emerged with wind turbines developed in
the range of the 20-30 kW. During the

period 1985-90, the continuation of the

resource assessment at the regional level
and the demonstration program launched
by the public organization IDAE (Institute

for Diversification and Saving of Energy)

for installation of several small wind
farms allowed the consolidation of the

newly created industry.
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Table 20.1 Estimated Power by Region

REGION ESTIMATED POWER
(MVf)

YEAR

Galicia

Aragon

Navarra

Andalucia

lslas Canarias

Catalufra

Castilla-Leon

Murcia

Pais Vasco

2800

| 000
2500

220
650

s00

t50
300

300
| 000

250
| 000

50

500

2007

2007
2012

2000
20 r0

2000

| 998
2002

200s
20 t0

2000
2005

2000

2005

At that time, CIEMAT, the main public
research center in the field of energy
research in Spain, started activities in
wind energy through the development of
the AWEC-60 project (a 60 m diameter,
1,200-kW wind turbine) inside the R&D
program of the DG XII of the European
Union.

Finally, in the period 7990-7995, the
definitive impulse (once the Spanish
industry was ready to fulfill the require-
ments of the future market) was the
publication of Royal Law of 2366/1994.
This law guarantees the electricity price to
be paid by the utilities to the wind power
plants. This was the beginning of a new
era of wind energy in the country.

20.1.3 Targets

The majority of the autonomies have
regional wind energy programs that add
to a total target of more than 8,000 MW to
be installed in the next decade. Table 20.1
Estimated Power by Region, shows these
estimates.

t28

20.2 COMMERCIAL IMPLEMENTATION
OF WIND POWER

20.2.1 Installed Capacity

In'1998, another 407 MW of wind energy
were installed, and total capacity at the
end of December 1998 was 833.7 MW.
Installed capacity doubled from
December 7997 (427 MW) to December 1998.
(See Figure 20.2)

The predictions for the year 1999 foresee
the installation of around 650 MW in new
wind farms. At the end of 1999, the total
power installed will reach 1,500 MW.
Galicia and Navarra are the autonomous
communities with the most activity
during 1998, with 137.6 MW and 129 MW
installed in 1998. The new wind farms are
large and medium-sized, mainly owned
by consortiums formed by utilities,
regional institutions involved in local
development, private investors, and, in
some cases, the manufacturers. Private
individuals are not taking an important
role in the development of wind energy in

IEA R&D Wind Annual Report 1998
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Table20.2 Growth of Wind Generation Capacitv

YEAR

POWER
INSTALLED

(Mw)

ACCUMULATED
POWER

(MV\0

ANNUAL
GROWTH

RATE

1994
| 995
1996
1997
1998

23
46
95

2t3
407

73
il9
214
427
834

460/o
630/o
80o/o

l00o/o
95o/o

Spain. Table 20.3lists the new wind farms
installed in 1998.

The wind turbines installed are between
300 to 700 kW of rated Power. The majority
of the new capacity installed in 1998 was

wind turbines manufactured in Spain
(Gamesa E6lica, Made, Ecot6cnia, Desa

and Bazan-Bonus). Table 20.4 lists the 32

new wind farms connected to the grid
during the year.

20.2.2 Oper ational ExPerience

The production data of wind Power
plants for 7996 (the most recent year for
which we have data) is summarized in
Table 20.5.

From the analysis of the production data

of the wind turbines operating in Spain in
7996, the average capacity factor is 0.29,

equivalent to2584 hours per year at full
load. Table 20.6 shows the result of the

analysis.
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Figure 20.2 Wind Installations in Spain
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Table 20.3 Total Installed Capacity and New Installations During 1998

AUTONOMOUS
COMMUNITY

NO. OF
PROIECTS

tN 't998

POWER
INSTALLED IN

| 998 (kVV)

TOTAL
POWER
(Mv9

Andalucia
Arag6n
Canarias
Castilla y Le6n
Catalufra
Galicia
Murcia
Navarra

I

5

7

2

2

8
I

5

30,000
52,340
20,635
t5,450
t5,t00

137,6 t0
5,940

t29,000

il5
t28
79
t6
20

232
6

237

TOTAL 32 406,075 834

Table 20.4 WECS Installed in Spain During 1998

PROJECT MANUFACTURER
NO. OF

MACHINES
TOTAL
POWER

(kw)
Tahivilla
Valdecuadros
Muel
Coriscada I

Remolinos*
La Plana lllx
Planas de Pola (phase l)
Aguimes
La Vereda
Bahia de Formas ll
Granadilla lI-ITER
Centro Ciea-lTC
OlVega
Faro de Fuencaliente
Finca de Mogan
Paramo de la Lora
El Pradell (phase ll)
La Llacuna
Coriscada (phase ll)
Zas
Barbanza
Muras I

Vicedo
A Capelada*
Bustelo
Sierra de fucoy
Serralta
San Gregorio
Echague
Alaitz
lzco
Aibar

D.E.S.A.
TIAM-NEG-Micon
TIAM-NEG-Micon
Gamesa-Eolica
Gamesa-Eolica
Gamesa-Eolica
Gamesa-Eolica
A.C,S.A.
A.C.S.A.
Enercon
Enercon
Enercon
Made
Made
Made
Made
Ecotecnia
Enercon
Gamesa-Eolica
D.E.S.A.S.
Made
Gamesa-Eolica
Bazan-Bonus
Made
Made
Gamesa-Eolica
Ecotecnia
Ecotecnia
Gamesa-Eolica
Gamesa-Eolica
Gamesa-Eolica
Gamesa-Eolica

r00
I

27
20

3

t0
4l

2
I

4
tl
2

45
5

35
I

66
I

20
80

I

37
4l
45
76

9
25
25
35
40
50
25

30,000
600

r6,200
r2,000
t.980
6,500

27,060
450
22s

2,000
5,s00

460
t4,850

r,500
r0,500

600
14,850

250
r2,000
24,000

660
24,420
24,600
t4,850
25,080

5,940
rs,000
r5,000
23, | 00
26,400
33,000
r6,500

TOTAL 884 406,075

*second phase of the project
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Table 20.5 Production Data of Wind Power
Plants

Power Installed 12131196 216 MW

Energy Produced 370 GWh

Average Capacity Factor 0.29

Specific Annual Energy 1074 kWh/m2

Equivalent Full Load Hours 2584

Table 20.5 Wind Turbine Capacity Factors for
7996

Capacity Factor, o/o o/o of the Wind Turbines

<20 5.8

20-30 s0.0

30-40 39.0

>40 7.2

The average value of specific energy Pro-
duction (ratio between annual energy and

rotor area of the wind turbine) for 1996

was1074 kWh/m2. (See Table 20.5 for
detailed distribution.)

Table 20.8 shows the comparison with the

previous years.

There was an increase in the average

capacity factor and in the specific energy

for the year'1996 over the years 1994 and

7995.

Table20.7 Wind Turbine Energy Production
for'1996

Specific Energy
(kWh/m2) o/o of the Wind Turbines

<500 2

500-1000 35

r000-rs00 52

> 1500 l0

20.3 ECONOMICS

20.3.1 Electricity Prices

In December 1,994, the Spanish government
introduced Royal Law 2366, which regu-
lates the price to be paid to self-generators.

This covers cogeneration, minihydro,
photovoltaic, and wind Power plants.

this regulation brings the existing regula-
tions together in a single text and develops

the basic criteria for technical and economic

relations between owners and utilities'
The regulation applies to wind Power
plants up to 100 MW.

The newer law of November 27,1997

D. 54 / 1997) Iiberalized the electrical
power market, opening the market to

private enterprises. The liberalization
policy is compatible with the target
objectives such as energy efficiency,

consumption reduction, and environmental
protection. Measures to encourage the

exploitation of renewable energy sources

are incorporated into the Law.

Table 20.8 Wind Turbine Production Data

1994 | 995 1996

Power Installed by December 3 |

Average Capacity Factor

Specific Annual Energy

Equivalent Hours at Full Load

70 MW

0.26

981 kWh/m2

2277

I25 MW

0.28

1040 kWh/m2

2453

22r MW

0.29

1074 kWh/m2

2584

International Energy AgencY r3l
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The new Royal Law 2878/1,998-23
December 1998, about the Electrical Special
Regime for renewable energy plants con-
nected to the grid, fixed the conditions of
the plants to be included in this special
regime. This law is a new step in ihe
strategy for promoting the use of renewable
energies, with the specific target that "the
contribution of the renewable energies to
the Spanish energetic demand, will be at
least 72Vo for the year 2010." All the
installations using renewable energies as a
primary source, with an installed power
less than or equal to 50 MW could be
included in that regime. The regime gives
two choices to the producers. One is a
fixed price for the kWh generated, and the
second option is a variable price, calculated
from the average price of the market-pool,
plus a bonus per kWh produced. The fixed
price and the bonus will be up-dated
every year by the Spanish Ministry of
Energy and Industry according with the
annual variation of the market price. The
values for 1999 are presented in the
following table.

It is important to remark on the excellent
conditions for the small solar plants-
around 0.4 Euros/kWh. That is about four
times the price per kWh charged to the

consumer. The average sale price of the
electricity to the consumers in 1998 was
13.19 Pts/kWh.

20.4 INDUSTRY

All this important activity in the wind
energy field has stimulated the develop-
ment of the Spanish wind industry. This
industry includes not only the manufacture
of complete wind turbines, but also the
manufacture of components for the wind
industry: blades, generators, gear boxes,
towers, wind sensors, etc. Also the service
sector (installation, maintenance,
engineering) grew in the last year.

Six companies are leading the national
Spanish industry: Ecotecnia, Made,
Bazan-Bonus, Gamesa E6lica, Desa, and
Taim-Neg Micon.

Ecotecnia started activities in wind tech-
nology development in 1981, meaning it
now has more than eighteen years of
experience in that field. During 1998,
Ecotecnia installed 116 wind turbines of
the model 28/225 of 225 kW and ECO/44
of 600 kW. Both designs are three-bladed,
stall-controlled wind turbines, incorporating
a very advanced design in the drive train.

Euro = 166.4 Pa* Solar plants for electricity production: PV plants and solar thermal power plants** Primary biomass: agricultural crops; secondary biomass: agricultural and forest residues

Table 20.9 Total Installed Capacity and New Installations During 199g

RENEWABLE
SOURCE

BONUS ADDED TO
THE BASE PRICE

rN t998
FIXED PRICE

(PST/kWh)
FIXED PRICE
EURO/kWh)

Smdl Hydro
Solar Plants* (< 5 kvu
Solar Plants* (> 5 kvu
Wind Plants
Geothermal
Wave

Tide
Primary Biomass**
Secondary Biomass*x

5.45

60.00
30.00
5.26
5.45

5.45

5.45

5.07
4.70

I t.20
66.00
36.00

11.02
I r.20
I t.20
I t.20
t0.83
t0.46

0.067
0.397
0.2 t6

0.066
0.067
0.067
0.067
0.065
0.063
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MANUFACTURER
NO. OF

MACHINES

TOTAL
POWER

(kvv)
NO. OF

PROJECTS

Table 20.10 Manufacturers of Wind Turbines Installed in 1998

Gamesa-Eolica
D.E.S.A.
Made
Ecotecnia
Bazan-Bonus
TAIM-NEG-Micon
Enercon
ACSA-Vestas

290
r80
t78
il5
4l
28
t8

3

r88,900
54,000
68,040
44,850
24,600
r6,800
8,2 r0

675

tl
2
7
3

I

2
4
2

TOTAL 884

Made is another of the pioneer companies

in Spain that has developed ten different
models of wind turbines since 1982. At
the present time, Made is concentrating
their commercial effort on the model
MADE AE-30 (330 kW) and MADE AE-41
(600 kW). During 1998, Made installed
178 wind turbines, making a total capacity

of 68 MW

One new prototype (pitch control regulated

of 500 kW), the AE-41, is in the testing phase

at the Monte Ahumada Wind Farm, in the

Tarifa area. Another prototype undergoing

tests is a 660-kW MADE AE-46 that is

specially designed for low wind conditions'

Gamesa E6lica is manufacturing wind
turbines of 600 kW, the G-42 using Vestas

Technology. The majority of the components

are already manufachrred in Spain (including

blades). During 1998, Gamesa installed

290 units for a total capacity of 189 MW'

Desa manufactures wind turbines of
300 kW and is develoPing a new wind
turbine in the range of 600-700 kW.

Bazan-Bonus manufactures models of
600 kW 1 MW and 1.2 MW of Bonus in a
factory located in El Ferrol (La Corufla ).

During 1998, the comPany Produced
41 units of the MK IV-600 kW model, and

expects production of 80 units in 7999.

International Energy AgencY

406,075

Also there are other Spanish manufacturers

active in the wind energy industry using

foreign technology (Taim-Nordtank, Acsa-

Vestas) that will increase the capacity of
the Spanish industry to supply the domestic

and international market. In particular
Spanish manufacturers are participating
in the planning of projects in North Africa
(Tunisia, Morocco, EgyPt, and so forth)'
They are also increasing their marketing

activities in other countries (lndia, China,

and South American countries).

In the sector of small wind turbines, the

company Bornay is the leadet with more

than 150 units installed during 1998, not

only in Spain but also in other European

countries (Germany, Portugal, Italy,

Greece) and in South America (Venezuela,

Dominican Rep., and so forth). Bornay is

manufacturing eight models from 60 W to

12 kW.

20.5 RESEARCH, DEVELOPMENT AND
DEMONSTRATION PROGRAM

The main R&D organization in the field of

wind energy in Spain is CIEMAT, a public

center for research in the technological

and environmental asPects of energy pro-

duction. Within CIEMAI the Department

of Renewable Energies (DER) is active in

several projects including resource

evaluation, prediction models, blade

32
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development and testing, and wind
turbine testing (MEASNET network).

A new project has been launched, devoted
to the development of stand-alone systems,
with a broad field of activity, from the
development of the components (small
wind turbines, flywheel storage systems,
control management units, etc.) to the
testing of the whole system, in a new test
center for isolated systems located in the
CEDER plant in Soria.

Other research centers are also verv active.
as for example ITER and ITC in the
Canary Islands, both centers involved in
R&D projects in desalination of sea water
using wind energy plants.

As a consequence of the increasing activities,
the number of Universitv Departments
working in projects is rapidty increasing.
In particular the Politechnical University
of Madrid continues the work studying
wakes in wind turbines, electrical systems,
and blade technology. The University of

Figure 20.3 Several of Spain's windfarms are
located in mountainous areas.

t34

Navarra is actively working on lightning
in wind farms. Vigo University is devel-
oping a simplified methodology for flicker
analysis and voltage and frequency
variations in wind farms. The University
of Las Palmas (Canary Islands) works on
wind farms' impact on grid stability. They
are also working on desalination plants
powered by wind energy systems.

The majority of the R&D activities in
wind energy in Spain are developed
under the umbrella of the European R&D
programs. The main European projects
that Spain participates in are listed in
Table 20.11.

At the present time, the Spanish manufac-
turers are starting to develop large wind
turbines. However, the attitude about
large wind turbines is not as enthusiastic
as in other European countries, mainly
due to the particular Spanish topography.
In Spain, the windy areas are located
mainly in mountainous regions, with
difficult access that makes the transport
and erection of large machinery expensive.
Thus, the use of large turbines in moun-
tainous areas is not as advantageous as
when they are located off-shore or on flat
terrain.

IEA R&D Wind Annual Reoon 1998
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Table 20.11 European Wind Projects with Spanish Participation

PROGRAM COORDINATOR
SPANISH

PARTICIPANTS PROJECT T|TLE

JOULE CRES (GR)

JOULE CRES (GR)

JOULE

CIEMAT
ECOTECNIA

CIEMAT
ECOTECNIA

CIEMAT

Univ. of Madrid
CIEMAT

rrc-ctEA
CIEMAT
Univ. Las Palmas

ITER

CIEMAT
ENDESA

CIEMAT
C.A. MURCIA

CIEMAT

ITER
CIEMAT
Univ. Las Palmas

Investigation of design aspects
and design options for wind
turbines operating in complex
terrain environments
(coMTER.rD)

Adaptation of existing wind
turbines for operation on
high wind speed complex
terrain sites. (ADAPTURB)

European wind turbine
standards ll (EWTS-Il)

Smart technologies applied to
wind turbine blades
(SMART-BLADES)

Seawater desalination plants
connected to an autonomous
wind energy system
(SDAWES)

Modular desalination systems
for wind energy

Integration of renewable
energies in the southern
Mediterranean countries

Addressing social and
institutional barriers to wind
energy installations

Utilization of wind, solar and
biomass resources in
Mediterranean rural regions

Jbwards the large scale devel-
opment of decentralized
water desalination (Prodesal
- Pro Desalination)

JOULE

JOULE

JOULE

THERMIE

THERMIE

APAS

APAS

EUREC AGENCY

Univ. of Madrid (SP)

rTc-crEA (sP)

wrP(D)

oME(FR)

crNAR(GR)

LAMDA
(GR)

|TER (SP)

International Energy A6ency r35
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SWEDEN
CHAPTER 2I

21.1 GOVERNMENT PROGRAMS

21.1.1 Aims and Objectives

The objective of Sweden/s energy policy is
to secure the long-term and short-term
supply of energy on internationally
competitive terms, and to promote
economic and social development based

on environmental sustainability. The
policy specifies that the national energy
supply is to be secured by an energy
system based as far as possible on
sustainable, preferably indigenous and
renewable, resources and on energy
efficiency. Sweden's energy policy approach
places considerable emphasis on economic
and environmental objectives.

On February 4,7997 an inter-party Energy
Policy Agreement between the Social
Democrats, the Centre Party, and the Left
Party was reached. One reactor was to be

closed down before July,7 7998
(Barsebdck I), and the second reactor
(Barseb;ick II) before July 1, 2001. A new
long-term transformation program to
develop an ecologically sustainable energy
supply system has been decided. The
resolution to close down the first reactor
has however been inhibited. So it is now
uncertain when it will be shut down.

The authority responsible for transforming
the Swedish energy supply system into an

ecologically sustainable system is the
Swedish National Energy Administration,
which was formed January 1, 1998. The
finance program has a total budget of
MSEK 1300 for 1998.

21.1.2 Government R,D&D

Sweden has a good wind energy resource
and was one of the first countries to embark
on a wind energy program in 1975. The
government is supporting the develop-
ment and installation of wind turbines in
two programs managed by the Swedish

International Energy Agency

National Energy Administration (Statens

energimyndighet).

1. A fully financed research program
with a three-year budget of SEK 46.8

million for 7998-2001. (The program is

described below),

2. A development and demonstration
program for wind systems, with a

maximum of 50o/o support.

The utilities are engaged in studies,
demonstration, and evaluation projects.
Since 1994, the research and development
activities of these utilities have been coor-
dinated in a jointly owned company,
Elforsk AB, which initiates projects and
finds sponsors in the field of power
generation. In addition to the activities of
Elforsk AB, the largest utility, Vattenfall
AB, has a substantial wind energy devel-
opment program of its own.

21.2 COMMERCIAL IMPLEMENTATION
OF WIND POWER

27.2.7 The Electricity Market-Regulations
for Small-Scale Production

On January 1,7996 a new Electricity Act
came onto force, replacing the old one
from 1902. The aim of the new act is to
introduce competition in the electricity
market thus creating the conditions for
efficient pricing and a more open market
in electricity. Competition in the electricity
market makes it possible for buyers to
choose freely among different vendors.
Until now one obstacle for buyers in the
free market has been the cost of the
required meter for measuring hourly
electrical use. However, since

November 7,7999, the requirement for an

electricity meter will probably be

eliminated and be replaced by
"metering" with statistical profiles for
consumption.

t37
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With the aim of protecting the small
power producers during the transition to
a new competitive electricity market, a

delivery concession was introduced in the
Act, for a five-year period, from 1996 to
2000. Holders of a delivery concession are
responsible for purchasing electricity from
each power generation plant (<1500 kW)
located within their region.

The price is set equal to the household
tariff, minus reasonable costs for adminis-
tration and profit. The wind turbine
owner also gets an income from the net
owner related to the value of the
decreased net losses. The deregulated
market also allows wind turbine owners
to sell their electricity to any customer.
This creates a "wind electricity market."

On November 1,7998 a government
committee for evaluating the system of
supply concessions started its work of
evaluating the rules on the deregulated
electricity market. The results will be
presented on November I,7999.
The regulations after the year 2000 for

250

200

=u t50

t00

50

0

Figure 21.1 Wind Power Generation
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small-scale electricity producers are

uncertain until then.

27.2.2 lnstalled Wind Energy Capacity

The increase in annual power generation
from wind turbines and the installed
capacity in Sweden by December 31 each

year is shown in Figures 27.I and 27.2.

The total installed wind power capacity in
Sweden was774 MW on December 37,7998

-an increase of 52 MW since December
31,7997 (+43%).[n7998, the number of
wind turbines has increased by 87 to 427

turbines (+26%).ln 1998, wind power
generation was 300 GWh-an increase of
46Va since 1997 (205 CWh). The total
installed electricity capacity and genera-
tion in Sweden is shown in Table 21.1.

21.3 MANUFACTURING INDUSTRY

21.3.1 Status/Numbers/Sales of
Manufacturers

Two manufacturers have developed large
wind turbines in Sweden: Kvaerner
Turbin AB and Nordic Windpower AB.

350

300

IEA R&D Wind Annual Reoon 1998



NATIONAL ACTIVITIES SWEDEN

t50

I roo

50

t982

Figure 21.2 Wind Power Capacity

Kvaerner Turbin AB has developed and
sold Niisudden I (2000 kW) and
Niisudden II (3000 kW). Vattenfall AB is
the purchaser of both turbines. Kvaerner
has also been part of the OPTI OWEC
project for offshore wind turbines in
Europe within the THERMIE Programme.

Nordic Windpower AB has developed
and sold Nordic 1000 (1000 kW at
Niisudden. Gotland). Vattenfall AB is the
purchaser of the turbine.

| 990

Year

21.4 ECONOMICS

21.4.1 Electricity Prices

The prices in the market for high-voltage
electricity paid by certain customers,
industrial plants, and distributors may be

close to the bulk power price. In the
market for low-voltage electricity, the
distribution costs are considerably higher.
The price of bulk power as a proportion
of the price paid by the end customer is
consequently relatively low at just under

Table 21.1 Total Installed Electricity Capacity and Generation in sweden-1998.

GENEMTORTYPE
| 998
MW

| 998
TWh

HYDRO POWER

NUCLEAR POWER

THERMAL POWER PRODUCTION
(CHB cold condensing)

WIND POWER

NET IMPORT

t6,246

r0,056

4,805

174

73.2

70.2

9.7

0.3

- t0.4

TOTAL 3 t ,281 t43.0

International Energy Agency t39
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one-third of the price, excluding taxes,

payable by a household without electric
heating (Table 21.2). The prices charged to
various customer categories are deter-
mined by tariff systems, which are made
up of a mixture of variable and fixed
charges.

21.4.2 Turbine / Project / Generation Costs

At good sites, today's commercial wind
power plants can produce electricity at a

cost of SEK 0.26-0.32lkwh (without state
subsidy) depending on the site. In Sweden,
support is generally required for wind
power to be economically viable.

The wind power plants that are erected
today have a capacity between 250 and
1500 kW with a majority of 600 kW wind
energy conversion systems.

21.4.3 Value of Generated Power

The price paid for electricity produced by
wind turbines during 1998 was around
0.25 SEK/kwh (including net value
payment). The value is increased by an

"environmental bonus," at SEK 0.152lkwh.
The "environmental bonus" is a subsidy
from the government and corresponds to
the electricity tax for households.

21.5 MARKET DEVELOPMENT

21.5.1 Market Stimulation Instruments

In addition to the environmental bonus, a

second market stimulation program, a

15% investment subsidy, began on fuly 1,

1997 . The investment subsidy has a five-
year budget total of SEK 300 million. By
the end of 7998, the Swedish National
Energy Administration had received
applications for investment subsidies
with a total investment value of
SEK 7,900 billion. Total subsidies
granted under the program amounted to
SEK 135 million. Subsidies for 1998 alone
totaled SEK 42.3 million. These projects
had a capacity of 94.3 MW. The invest-
ment subsidy and the environmental
bonus for wind turbines remain in effect
for 7999.

Table 21,.2 Price of Network Service and Electricity, Excluding Taxes, on january 7, 7998 in Sales
of Electricity under the Terms of a Delivery Concession to Various Typical Customers

CUSTOMER TYPE
NETWORK SERVICES

ore*/kWh
1997 1998 o/o Change

ELECTRICAL ENERGY
ore/kWh

1997 1998 o/o Change

Apartment

Single-family house without
electric heating

Agriculture or forestry

Smdl industrial plant

4t.t 42.3

36.2 37.1

29.2 29.0 -0.7

27.6 26.8 -2.8

25.9 25.1 -2.9

24.9 24.t -3.3

25.6 24.1 -5.9

24.4 23. | -5.4

23.4 22.0 -6.0

2.8

2.5

Single-famif house with 21.6
electric heating

22.5

t6.5

20.7

21.7

14.8

-4.3

-3.4

-t0.1

Medium-sized industrial plant 9.3

Electric-intensiveindustrial plant 2.6

Source: "Prices of electrical energy and network service in 1998," El7 SM 980102, Statistics Sweden

xl00 ore = SEK I
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21.5.2 Constraints

Public attitudes toward wind power,
especially its impact on the landscape, is a
very important factor that influences
practically every wind project. Noise
emission is also important, but largely as

a technical problem. So far the impact on
bird life has been minimal.

Objections from the military have also
stopped many wind projects. The military
sees risks for disturbances of military
microwave links, radat intelligence
activities, and aircraft flying at low altitudes.

Public Attitudes

A series of investigations on public
attitudes towards wind power plants has

been carried out. The investigations have

included both inhabitants and summer
residents around the plants, and politicians
and civil servants from the municipality.
A majority of those interviewed had a

positive attitude towards wind power.
Among the summer residents, there were
more doubts about wind Power plants.
Public attitudes are also being investigated

in a research project, examining how
attitudes can be improved, including
public consultation in the permission
process for wind power.

Noise

Noise is a subject frequently discussed in
wind turbine projects. Assessments of
wind turbine noise have shown that not
only the sound level and its temporal
pattern, but also several other factors are

important for subjective responses. Work
is continuing on how to describe the noise

disturbances in physical terms. Research

has started on how people experience
different sounds/noises, and what kinds
of sounds are preferred compared to others.

Disturbances to Military Activities

A research project is developing a valid
model of the disturbances wind turbines
cause to the military microwave links,

International Energy Agency

radat and intelligence activities. Thus far,

the results show that the disturbance due

to wind turbines on radar has been quite
overestimated.

21.5.3 Institutional Factors

In April 1998, the Ministry of the
Environment set up a government com-

mittee to analyze conditions for siting and

permission procedures for wind farms in
Sweden. The committee was also to report
on the need for strengthening local
electricity grids. A progress report was

published in December 1998. It describes

the present wind energy system, experi-
ences from wind power exploitation and

permission procedures, plans of the

expanding wind energy enterprises,
influences on the local environment,
considerations in the planning and

exploitation work, and the need for better
wind resource mapping in the northern
mountain areas and offshore. The committee

also analyzes the visual experience of
different wind turbine projects in different
types of landscape. The final committee
report will come out in June 1999.

21.6 GOVERNMENT-SPONSORED
R, D&D PROGRAMS

21.6.1 Research and DeveloPment

Scope

The overall goal for the Swedish wind
energy research program is to develop
knowledge in wind energy so it will be

possible to manufacture and develop
wind turbines and utilize wind energy

efficiently in the Swedish Energy system.

Financing

On july 7 , 7998, a fully financed research

program started with a three-year budget
of SEK 46.8 million for 7998-2001' The

budget has been increased since the

previous period and the number of sub-
jects of research has also been increased.
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The subjects of research are meteorological
data and power performance; aerodynamics
and structural mechanics; loads and
design; electric system and control tech-
nology; acoustics; and socio-technological
aspects.

The work has mainly been carried out and
administrated by the Wind Energy
Programme VKK (VKK stands for wind
energy-knowledge-competence). VKK
was formed in 7994, and is led by the
Aeronautical Research Institute of Sweden
(FFA). More information can be found at
the following WWW-page:
http: / / www.ffa. se / winde ner gy /
windenergy.html.

Research Topics

Some of the current research projects are
presented here.

Direct-Driuen Generators for Wind Turbines

The interest in direct-driven generators
for wind turbines is increasing because
they make the gearbox unnecessary. In
Figure 21.3, a conventional drive train
consisting of a four-pole induction
generator with a gearbox and a direct-
driven generator are shown. Without the
gearbox, the cost can be reduced, the
energy efficiency can be increased, and
the total weight of the machinery can be
reduced.

It is, however, not certain that all of these
goals will be reached by using direct-driven
generators. Because of the low turbine
speed,32 rpm for a 500-kW turbine, the
rated torque becomes high. The direct-
driven 500-kW generator has a rated
torque of 148 kNm, which is as high as

the rated torque of a turbo generator of
47 MW. Because of the high rated torque,
direct-driven generators need a large
diameter, and the losses at rated load will
be high.

The purpose of this research has been to
select a generator type, which can lead to
small, light and efficient generators.
Generators from 30 kW to 3 MW of the
selected type have been designed and
optimized.

Directly grid-connected synchronous
generators of the conventional type are
not suitable as direct-driven wind turbine
generators. At 32 rpm, a generator needs
188 poles to generate 50 Hz. The pole
pitch of electrically excited grid-connected
generators cannot be much smaller than
200 mm. A smaller pole pitch leads to
poor load angle damping and high
excitation losses. The high pole number
and the large pole pitch will lead to a

large diameter, while the active stator
length will be very short. The generator
design will be very unfavorable and
become very heavy and inefficient.

Figure 21.3 A Conventional Generator
Generator, Both for a 500-kW Turbine

142

F

fr

with Gear and a Direct-Driven Permanent Magnet
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Used today

| 00 ton
l0 m diameter

20olo losses

Figure 21.4 Comparison of Three Different Types of 500-kW Direct-Driven Generators

Conventional generator
direct connected to the grid

I

tl

Unrealistic

Conventional generator
with frequency converter

I
tl

Permanent magnet generator
with frequency generator

I
tl
tl

Under development

weight of the generator. The efficiency
will also be increased.

To achieve a high efficiency, low active
weight, and a small diameter, the generator

should have permanent-magnet excitation
and be connected to a frequency converter.

To keep the generator small, the frequency

converter should have a forced-commutated
rectifier. The energy efficiency of a direct-
driven generator can be higher than the

efficiency of a conventional induction
generator and gearbox, although the

full-load efficiency is lower.

Wind Conditions Offshore

Ongoing experimental and modeling
research is increasing our understanding
of mean wind and turbulence conditions
both offshore and in coastal areas.

Results so far show that conditions in the

marine atmospheric boundary layer are

affected by sea waves to a much higher

If the generator is connected to a frequency

converter instead of directly to the grid,
the diameter can be decreased. The pole
pitch cannot be reduced much since that
would lead to large excitation losses, but
the frequency can be allowed to be less

than 50 Hz. The diameter of this generator
type will be approximately half of the

diameter of the directly grid-connected
generator, and both the weight and the

Iosses will be reduced a great deal. This
generator type is used today. Figure 21.4

compares it to a conventional directly
grid-connected generator and a permanent
magnet generator.

Using permanent magnets, instead of
electrical excitation, eliminates the

excitation losses completely and, as a

consequence, the pole pitch can be

reduced. The small pole pitch and the

elimination of the excitation losses make

it possible to reduce the diameter and

Table 20.4 Proiect Data Bockstigen, Valar 2.5 MW

Capacity

Calculated average wind, 40 m height

Calculated annual electricity production

Calculated construction cost

5x500 kW

8 m/s

8 GWh

32.2 million SEK

International Energy Agency
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degree than expected. For example, as a
consequence of the interaction with the
waves, the wind shear offshore may vary
over a wide range, from a large shear
corresponding to conditions over forested
areas, to a very small shear as expected
over smooth surfaces.

In a number of experiments in the Baltic Sea

area, it has been found that wind maxima
at low heights (50-300 m, so-called low-
Ievel jets) are very common, and that
these maxima affect both the mean wind
climate and turbulence conditions to a

high degree offshore. One important
origin of the jets is inertial oscillations
originating at the coasts for offshore flow
when unstable thermal conditions prevail
in the atmospheric boundary layer over
land, while at the same time the stratifica-
tion is stable over the sea. As the Baltic
Sea is surrounded by land in all wind

Figure 21.5 Meteorological Tower at
Ostergarnsholm, Gotland.

144

directions, we may thus expect lowlevel
jets over the Baltic Sea to be found very
often, especially during spring and early
summer. We think that they affect the off-
shore wind climate over the whole Baltic
Sea area.

It has been shown both in experimental
data (aircraft measurements iogether with
tower data and balloon measurements)
and in modeling results, that it is not only
the low-level jets which may affect the
winds over large offshore areas, but also
in the case of very stable conditions over
the sea, sea breeze circulations and with
offshore flow may have effects. It has been
verified with both data and modeling
results that the offshore wind field may be
affected to distances of 100 km from land
or more. That is the distance between the
Swedish mainland and the island of
Cotland.

Wind Energy Research at Sweden's First
Offshore Wind Farm

Partially financed by THERMIE, five stall-
controlled, semi-variable speed, 500-kW
wind turbines were built and put into
operation by Vindkompaniet in 7997-1998.
The location is Bockstigen,3 km west of
Burgsvik and 3 km south of Niisudden in
the Southwest corner of the island of
Gotland in the Baltic. A technical evalua-
tion, primarily focusing on the electrical
characteristics of the connecting weak grid,
is required within the THERMIE
Programme. A more comprehensive
technical evaluation, described below, is
to be carried out by the Swedish National
Energy Administration.

The foundations are of the monopile type,
which have the potential for lowering the
installation cost, thus making offshore
installations more cost effective. Vertical
holes 10 m deep were drilled into the
limestone rock and the tubular steel
structures were put into the holes and
secured by concrete.

IEA R&D Wind Annual Reoort 1998
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The monopile and tower of one of the

turbines have been equipped with strain
gauges at several depths and heights.
Transfer of tower loads to the rock as well
as wave and ice loading are examples of
issues to be analyzed. Also the evaluation
of the dynamic behavior of the semi-

variable speed turbine is of interest as the

dynamic properties for a monopile-
mounted wind turbine are expected to be

significantly different from a "standard"
onshore-mounted turbine. All mechanical

measurements are continuously recorded

on shore at20 Hz, via a S-km optical fibre
cable.

The electrical output and wind speeds at

the nacelle are continuously recorded and

will be evaluated regarding a) energy

content relative to nearby onshore locations,

b) wake effects, c) usability of nacelle wind
speed anemometers for the assessment of
power performance in "simple" terrain,
and d) electrical characteristics.

A 40-m meteorological mast is to be placed

in the wind farm enabling continuous
measurement of atmospheric conditions
including wave height and water velocity,
power performance, and wake effects. The

foundation chosen for the meteorological
mast is of the lattice type secured to the

bottom by the use of cemented rods. As

this type of foundation might be usable

also as foundation for offshore wind
turbines, it has been equipped with strain
gauges as well. There are three masts

from which meteorological data are con-

tinuously recorded; a 145-m inland mast,

a 60-m mast onshore, and the 40-m mast

mentioned above.

21.6.2 MW-Rated Turbines

Niisudden II

Since it began operation, the 3000-kW

Niisudden II has generated 25,088 MWh
during 23,837 operating hours as of
December 3I, 7998. Its generation during
1998 was 5,465 MWh and availability was

85Vo.

International Energy AgencY

Nordic 7000

Since start up, the 1-MW Nordic 1000 has

generated 5,888 MWh during 21,285

operating hours as of December 3I,7998.
During 1998 it generated 2,426MWh and
its availability was 95%.

21.6.3 Offshore Siting

Nogersund

Since 1991, there has been a research

program concerning the impact on the

environment from the 220-kW offshore

wind power station at Nogersund.

Bockstigen, Valar

An offshore demo-plant began operation
4 km offshore of N?isudden on Gotland.
The project consists of five plants, each

500 kW. The Bockstigen Valar project is

sponsored by EU (THERMIE) and the

Swedish National Energy Administration.
The turbines delivered their first electricity
to the main grid in March 1998.

Utgrunden

The company Vindkompaniet has applied

for permission for a 10-MW wind energy

project in the sound between the city of
Kalmar and the island Oland.

Lillgrund

In the sound between Sweden and Denmark,

the company Eurowind has applied for
permission for an offshore wind energy

project with 48 wind turbines of the

1.5-MW size.

Oft'shore 3 MW turbine t'arm

West of the city of Karlskrona in southeast

Sweden, the utility Vattenfall has begun a

feasibility study for an offshore project with

3 MW wind turbines. In the citY's

preliminary oversight, planning for the

offshore site includes about one hundred

large MW wind turbines.
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21.6.4 Complex Terrain and Cold Climate
Siting

Suoraa in Lappland

At one of its large hydro-power dams in
the Lule River valley, the utility Vattenfall
erected a 600-kW wind turbine with a

Finnish-Danish non-icing system in the
blades (see Figure 27.6) in October 1998.
Suorva is situated 100 km north of the
Arctic Circle. Since 7995, a 35-m mast with
four anemometers has documented a
good local wind resource equivalent with
the island of Gotland. An evaluation
program will be operated for three years.
The project is sponsored by the Swedish
National Energy Administration.

Rodoadlen in Hrirj edalen

The company Agrivind has erected three
wind turbines on a mountain top in
Hlirjedalen in the middle of Sweden. One
turbine has a capacity of 750 kW and two
have a capacity of 600 kW each. The
objective of the project is to contribute to
the development of wind power technology
in cold climates. The project is sponsored
by the Swedish National Energy
Administration.

21.6.5 International Collaboration

International cooperation has increased
significantly during the last years. Most of
the cooperation is carried out in the
framework of European Union and
International Energy Agency. Sweden
participated in a number of }OULE II and
IOULE III projects during 7996.The
experiences from these types of projects
are very positive. They provide the
opportunity to exchange and develop
knowledge in a structured way. The joint
financing also makes possible projects
which otherwise could not have been
carried out. Swedish researchers and
companies are therefore looking forward
to continued work within IEA and the EU
5th framework program.

Figure 21.6 Suorva 600 kW

IEA R&D Wind Annual Report 1998
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CHAPTER 22

22.1 GOVERNMENT PROGRAMS

22.1.1 Aims and Objectives

Policy.

Former government policy has been to
stimulate the development of new and
renewable energy sources wherever they
have prospects of being economically
attractive and environmentally acceptable
in order to contribute to the following.

. Diverse, secure and sustainable
energy supplies,

r Reduction in the emission of
pollutants and,

r Encouragement of internationally
competitive industries.

The present government ProPoses a new
and strong drive to develop renewable
energy sources in line with its manifesto
commitment and believes in increasing
the amount of the UK's energy resources
that come from renewable energy. A policy
review announced by the Minister for
Science, Energy and Industry is considering
what will be necessary and practicable in
order to achieve 70Vo of the UK's electricity
needs from renewables by the year 2010.

An announcement is expected during 1999.

22.7.2 Strategy

The government has initiated a market
enablement strategy to implement its
policy, stimulating the development of
sources and industrial and market infra-
structure so that new and renewable
sources are given the opportunity to

compete equitably with other energy
technologies in a self sustaining market.
For wind energy, the strategy seeks to

encourage its uptake by the following
actions.

. Stimulating an initial market via the
Non-Fossil Fuel Obligation,

International Energy Agency
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. Stimulating the development of the
technology as appropriate,

. Assessing when the technology will
become cost effective,

. Quantifying the associated
environmental improvements and
disbenefits,

o Removinginappropriatelegislative
and administrative barriers,

. Ensuring the market is fully informed.

The government also seeks to encourage
internationally competitive industries to

develop and utilize capabilities for the

domestic and export markets.

Market Stimulation-There is a requirement
on the electricity supply companies in the

UK to provide a proportion of their supply
from renewable energy sources. The

reouirement is set out in the Government's
Renewable Energy Obligations. There are

separate obligations for England and Wales
(the Non-Fossil Fuel Obligation-NFFo),
Scotland (the Scottish Renewables
Obligation-SRO) and Northern Ireland
(the Northern Ireland Non-Fossil Fuel

Obligation-Nl-NFFO). The additional
costs incurred by the companies in buying
non-fossil fuel power to meet their
obligation are passed on to the consumers.

In September 1998, the order for the fifth
round of bidding under the Non-Fossil
Fuel Obligation was announced adding a
further 867 MW of contracted capacity. A
similar announcement of the third Scottish

Renewables Order is expected in early 1999'

Coaernment R, D and D Progrnm

The government (through its Department
of Trade and Industry-DTl) supports a

program aimed at helping industry to

improve its market share both at home

and abroad and nearly all expenditure is

now on the development, demonstration,
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and monitoring of projects to help reduce
the cost of wind energy and improve our
competitiveness. The program is also
addressing key non-technical barriers,
including public acceptability, electrical
integration, and environmental impact.
An essential adjunct is dissemination of
information arising from both directly
funded work and from projects in the
Renewable Energy Orders.

22.1.3 Targets

As discussed above, during the year a
policy review of what would be necessary
and practicable in order to achieve 10% of
the UK's electricity needs from renewables
by the year 2010 was instigated. An
announcement is expected during 1999.

22,2 COMMERCIAL IMPLEMENTATION
OF WIND POWER

22.2.7 lnstalled Capacity

A total of 13 MW of rated capacity were
installed in the UK during the year. This
brought the total installed capacity under
the Renewable Energy Orders at the end
of 7998 to 323 MW (756 turbines).
Figure 22.1 shows the growth of this
capacity with time.

During 1998, the following progress was
made on each of the Renewables Orders.

NFFO (England €t Wales). Only two of the
projects awarded contracts under NFFO-3
were commissioned with a total capacity
of 72.4 MW.In addition, a single 600-kW
project was completed with a NFFO-4
contract. In September 1998, the fifth and
largest renewables Order was announced
with a total contracted capacity of 876 MW.

Northerrt lreland NFFO. A single 1-MW
project with an NI NFFO-2 contract was
under construction, but not yet commis-
sioned by the end of 1998. The total
installed capacity now operating is 30 MW.

Scottish Reneunble Energy Order (SRO). No
new wind farms were commissioned
during 1998, leaving the total installed
capacity at 51.8 MW An announcement
on the third round of the SRO is expected
in early 1999.

Table 22J summarizes progress to date in
fulfilling the Renewable Energy
Obligations.

22.2.2 lnstalled Conventional Capacity

The total capacity of plants supplying the
national grid is around 60 GW.

- 

NFFO -------.-N|_NFFO _ SRO

Figure 22.1 Rate of Installation of Wind Energy Capacity Under the NFF), NI-NFFO, and SRO
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Table22.'1. Rate of Installation of Wind Energy Capacity Under the NFFO, NI-NFFO, and SRO

ORDER EFFECTIVE
START DATE

NO. PROJECTS
CONTMCTED

NO. PROJECTS
OPERATING

INSTALLED
CAPACITY MW

NO. TURBINES
CAPACITY INSTALLED
MW RATEDDNC MTED

NFFO-I

NFFO-2

NFFO-3 (>3.7 MW)

NFFO-3 (<3.7 MW)

NFFO-4 (> r.8 MW)

NFFO-4 (< r.8 MVV)

NFFO-5 (>2.3 MV9

NFFO-5 (<2.3 MVV)

sRo-t

SRO-2

NI-NFFOI
60

| 990

1992

| 995

| 995

1997

1997

| 998

| 998

| 995

1997

1994

9

49

3l

24

48

l7

33

35

20

7

6

7

25

7

6

4

5

t2.21

82.43

t45.92

t9.7 |

330.40

t0.40

340. | 6

27.92

45.60

43.60

12.66

28.0

t92.0
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768.0
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791.0

64.9

r06.0
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29.0
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126.0
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0.6
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Note l: DNC is declared net capacity, and takes in to account the intermittent nature of wind energy'
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22.2.3 PlantType

The capacity installed during 1998 consisted
of 25 of 25 machines, exclusively of Danish
manufacfure. The machines were installed
on three separate developments including
one wind farm of 20 machines rated at
500 kW each, one farm of four machines
rated at 600 kW each and one development
of a single machine rated at 600 kW.

22.2.4 Forms of Ownership

The major UK electricity generators
continue to take ownership of most of the
new installations. This confirms the trend
that, as the reliability and performance of
wind farms becomes proven, corporate
investment is increasing from, in particular,
the electricity generating and distribution
companies. In many cases the operators of
the wind farms continue to be the original
development companies operating under
contract to the owners.

22.2.5 Energy Output

For the year from January 1 to December 31,
1998, the total energy output from projects
in NFFO, NI-NFFO, and SRO were
557.3 GWh,99.2GWh, and 148 GWh,
respectively, with a national total for the
year of 805.2 GWh. The quarter-by-quarter

300,000,000

2s0,000,000

200,000,000

r50,000,000

r00,000,000

s0,000,000

Figure 22.2 Quarterly Wind Energy Production from NFFO,

r50

output from the projects is shown in
Figure 22.2.It is estimated that non-NFFO
turbines produced 12 GWh.

22.2.6 Technical Performance

The technical performance was good with
high availabilities (>95%) and average
load factors approaching 30Va being
reported from the wind farms. The wind
farms in Northern Ireland and Scotland
performed particularly well with load
factors approaching 0.50 in some months
due to the good wind regimes.

22.2.7 Operationa I Experience

There is an unconfirmed report of a blade
loss on a single WEG MS3-400 turbine at a
Welsh wind farm. No other operational
difficulties were reported.

22.3 MANUFACTURING INDUSTRY

22.3.1 Wind Turbine Manufacturers

The UK's leading wind turbine and blade
manufacturea WEG, was taken over by
NEC-Micon in March 1998. NEG-Micon
has retained a core team of engineers in
the UK.In addition, the wood laminate
blade business is now called Aerolaminates.
The MS4 600 has not gone into production.
In other developments, Renewable Energy

NI-NFFO, and SRO

IEA R&D Wind Annual Report 1998
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Systems sarted to build a prototype of
their 1-MW turbine.

22.3.2 Other Industries

Component Suppliers.

The unfavorable exchange rate and a

declining home market further consolidated
the market for component suppliers.
Towers and castings manufactured in the UK
continued to be supplied to foreign turbine
manufacturers. The wood-composite blade
manufacturer Aerolaminates, continued to

increase its business with full order books

for the year.

Consultsnts.

There is a continuing demand for
consultants in site exploration, performance

and financial evaluation, planning
applications, and environmental impact
statements as successive tranches of the

Renewable Energy Obligations are

announced.

22.4 ECONOMICS

22.4.7 Electricity Prices

For NFFO-4 contracts (awarded in 1998,

up to 15 years in duration) the capacity
weighted average bid-in price of large

projects (>2.3 MW) was € 0.0288/kWh
(lowest 80.0243/k\ |h, highest € 0.0310/kwh)
while for small proiects in NFFO-S(<2.3

MW) the bid-in prices averaged f.0.0457 /kWh
(lowest L 0.04ry I kY{h, highest € 0.0495/kwh).

The reductions in average bid price
compared to the previous tranche of
contracts for NFFO-4 (large and small)
were 18% andg%o, resPectivelY.

By comparison, the domestic cost of
electricity varies from 7 to 8.5plkWh
while industrial consumers can expect to

pay 4.5 to 8.5plkWh.

22.4.2 lnvested Capital

On the assumption that the average
installed cost of the wind plant already
installed was f 1000/kW of rated power

International Energy AgencY

up to 1996 and f 800/kW in 1997 and

1998, the total invested capital is circa

€ 306 million. Assuming that the average

cost of the wind plant installed during
1998 was € 800/kW the capital invested

during the past year was circa € 10.4 million.

22.4.3 Turbine and Project Costs

Based on data from developers, the

ex-factory cost of wind turbines available
for UK projects is around f 480-580 per
kW of rated power. For current projects,

the total project cost for wind farm
developments was estimated to be about
f 750-850 per installed kW and is therefore

little different from 7997 price levels.

22.5 MARKET DEVELOPMENT

22.5.1 Planning and Grid Issues

Securing planning permission l'ras become

the greatest obstacle to the development
of wind energy in the UK. Virtually all
projects submitted for planning approval
in 1998 have been unsuccessful in getting
this approval. The British Wind Energy

Association estimates that obtaining
planning permission usually takes more

than two years and costs developers more

than € 100,000. Of the 20 appeals heard

since the beginning of 7994, only four
have been successful.

In the short term, developers are able to

find suitable connection points for their
projects. However if more ambitious
medium term targets are adopted then

consideration will need to be given on

how best to incorporate a relatively large

amount of embedded generation in to the

grid system.

225.2 lnstitutional Factors

Planning,

The government continued to encourage

local authorities to establish local structure

plans which include renewable energy

developments. The government is now

monitoring the local authority structure



UNITED KINGDOM

plans to review how national renewable
energy policies are being incorporated
into local plans. The success of applications
for planning permission for renewable
energy projects is also being monitored.

Certification.

Standards for and certification of wind
turbines continue to receive attention. The
UK industry with the support of the DTI,
continues to be increasingly involved in
national and international activities in
these areas, especially with the work
ongoing in the European Union.

Machine Certit'ication requirements.

The only certification requirement for wind
turbine installations in the UK is under
the EU Machinery Directive. Standards
and certification are currently being con-
sidered by the British Standards Institute
as input to possible IEC recommendations.

22.5.3 Impact of Wind Turbines on the
Environment

Visual intrusion.

The visual impact of turbines continues to
be the prime concern in the development
of UK wind farms due to developers
seeking the best wind speed sites on high
ground, which are often in sparsely
populated areas of scenic beauty. It is
however to be expected that visual impact
would also be the main issue in landscapes
of less national importance. The conflict
between the environmental benefits of
wind energy and loss of landscape value
continues to be a major factor in obtaining
planning consent for a wind farm devel-
opment. As the number of wind farms
increases, the question of cumulative impact
is also requiring more consideration. Only
one project received consent during 1998.

Noise.

Another concern is that of the noise gen-
erated by wind turbines, largely because

t52

of the high population density of the UK
and dispersed settlement patterns. A noise
working group was set up by the DTI to
review recent experience, to define a

framework to measure and rate noise
from wind turbines, and to provide
indicative noise levels for best practice.
Following the publication of the Noise
Working Group's guidelines in September
1996, noise has become less of an emotional
issue. It is now widely accepted that,
though requiring consideraiion at the
planning stage, wind farm noise can be
properly controlled and monitored
according to requirements laid down in
planning conditions.

Public attitudes.

Public attitude toward wind turbines
continues to be a controversial subiect.
Despite several surveys indicating that
local support for wind farms is high, there
is still widespread adverse comment in
the press from both individuals and
national bodies. Organized objector groups,
co-ordinated nationally, are believed to be
largely responsible for the adverse press.
A major opinion poll is planned for 1999.

Radar.

The development of some projects has
been delayed while concerns from the
Ministry of Defence over the effect of
wind farms on radar performance are
investigated.

22.5.4 Financing

Type of funding aaailable.

Financing for wind farms is obtained
largely from corporate investors and
banks though there is a small amount of
private investment. There is no public
funding available for wind farms as the
premium prices from the Renewables
Energy Orders are considered sufficient
incentive.

IEA R&D Wind Annual Report 1998
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Typical t'inancinl interest rates.

Interest rates asked by banks are typically
1.5% above the London Inter Bank

Offered Rate (LIBOR). Equity/debt ratios
are typically 25/75, with investors requir-
ing a post-tax return on equity of typically
75% to 257o. Clearly these figures can vary
considerably from project to project.

Alternatively, larger companies will often
finance a project themselves off the

balance sheet and will expect a real rate of
return of 8% to 12%, dependent on the

associated risk.

22.6 GOVERNMENT-SPONSORED
RESEARCH, DEVELOPMENT AND
DEMONSTRATION PROGRAMS

22.6.7 Funding Levels

Around f,7.7M of the budget for DTI's
Programme on New and Renewable

Energy was allocated to wind energy

development during 1998 which is equal
to funding for the previous Year.

22.6.2 Priorities

The government continued to work in a

cost-shared program with industry, but as

the technology achieves maturity this is

subiect to review. The trend is towards
decreasing contributions from government.

22.6.3 R&D Results in 1998

A series of generic projects were recruited
during 1998 to address barriers to deploy-
ment. These barriers include cumulative
impact, visual intrusion, and integration
with the national electricity distribution
system.

22.6.4 Offshore

The Minister responsible for the UK
government's New and Renewable

Energy Programme has invited responses

from the wind industry on suitable ideas

to develop the offshore wind resource. An
announcement on this process is expected

in 1999.

International EnergY AgencY

22.6.5 International Collaboration

Formal international collaboration in the

DTI's wind energy program is through
the IEA and the European Union (EU)

programs. The DTI encourage UK
contractors to participate in EU-funded
projects, and the DTI and the EU Programs
are considered to be complementary. UK
contractors can receive supplementary
funding from the DTI, where the work is

relevant to the DTI Program.
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CHAPTER 23

23. 1 GOVERNMENT PROGRAMS

The Wind Energy Systems Program, con-
ducted by the United States Department
of Energy (DOE), focuses on research and
development (R&D) efforts to help U.S.

industry develop wind energy technology
as an economically viable energy supply
option that is competitive in the growing
domestic and global markets. In addition,
DOE supports the deployment of
commercial wind systems and other
renewable technologies by providing
financial incentives that are discussed
later in this report.

Renewable energy application projects,
some of which include wind systems, are

supported separately by the United States

Department of Defense, the Environmental
Protection Agency and the Agency for
International Development. Howevet the

largest and only federally supported
Wind Energy R&D Program is operated
by DOE and is discussed in detail below.

23.1.1 Aims and Objectives

The general objective of the DOE Wind
Energy Program is to work in partnership
with industry and electric utilities to
establish leadership in the understanding,
development and use of wind turbine
technology to achieve multi-regional
application of wind systems. Specific

obiectives of the DOE Wind Energy Program

are

. to develop improved wind energy

systems performance and reliability,

. to participate in development of
international consensus standards and

U.S.-based wind equiPment
certification capabilities, and

. and to continue research on the basic

science needed to improve future
wind energy technology, components,
and designs developed in close

I nternational Energy Agency
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cooperation with U. S. industry, for
both domestic and international
market applications.

23.1.2 Strategies

The strategy used in the DOE Program is
to conduct research that expands the
knowledge base, explores new and innov-
ative systems, and supports the cost-shared

development and testing of improved,
lower-cost turbines needed before wide-
spread markets can be developed. DOE

National Laboratories provide technical

management and direction for the Program
operated with industry, electric utilities,
universities, and other research organization

partners that are selected through open

competition. New technology developed
under this effort is field tested, evaluated,

and verified in projects that are cost-shared

by the users. In some cases, projects are

supported by financial incentives provided
by the federal government and some state

governments, to encourage commercial
deployment of wind power Plants bY

private industry and electric utilities.

The DOE Wind Energy Program is
structured into the following three areas.

1. Applied Research-to develop the basic

wind energy sciences and technology,

2. Turbine Research-to develop and test

advanced wind turbines in various
sizes from less than 10 kilowatts (kW)

to more than one megawatt (MW),

and,

3. Co-operative Research and Testing-
to support industrY in concePt
evaluation, field testing and initial
deployment of new wind energY

systems and technology. R&D efforts
are focused at the National Wind
Technology Center (NWTC), at the

National Renewable Energy Laboratory
(NREL), located in Golden, Colorado.
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Their work is designed to develop and
prove new technology and to minimize
the technical, economic, and
institutional risks for U.S. companies
deploying advanced wind energy
technologies.

23.1.3 Targets

The specific DOE cost goal for utility-scale,
grid-connected wind power systems is to
produce electricity at a cost of
$0.025/kwh by 2002 at good wind sites.
This target includes all turbines, land, and
the balance of station costs for a S0-turbine
wind power plant project located near
power transmission lines.

To meet the goals of the DOE program, it
is necessary to reduce wind energy system
cost and improve performance so wind
systems can be directly competitive with
fossil fuel energy sources on a life-cycle
basis. With the projected improvements in
wind technology and the expected energy
markets, it is estimated that an additional
1,000 MW of wind systems will be
installed in the United States in less than
five years, and that, by 2010, installed
domestic capacity will reach 10,000 MW.
An informal target is that U.S. industry
will supply 25Vo of global markets by 2005.

The DOE cost goal for the small turbine
development program is to significantly
reduce the cost of energy to less than
$0.10/kwh from machines with peak
power ratings from 5 to 40 kW. Specific
goals depend on the type of turbine and
the planned operating environment and
application requirements.

23.2 COMMERCIAL IMPLEMENTATION
OF WIND POWER

One of the fastest growing markets for
large-scale wind power plants is in the
United States. During i998, the installed
capacity in the United States increased to
about 1890 MW, up from1743 MW at the
end of 1997. New installations were mainly

t56

in the midwestern section of the country
(See Figure 23.1). Most of the new turbines
were in the 600 to 750-kW size range.

One major 107-MW project is located at
Lake Benton, Minnesota (See Figure 23.2).
It was built by Zond Energy Systems and
began operating in August 1998. This is
currently the largest single wind power
plant in the world.

During 1999, it is projected that an
additional600 MW will be installed, not
including re-powering projects, where old
outdated machines are replaced with
modern turbines.

Energy production from all wind systems
in the U.S. during 1998 was estimated to
be 4.5 terraWatt-hours, assuming that the
average plant capacity factor was 27Vo.

There are several reasons for the renewed
growth in wind power in the United States.
First, new and better turbines are now
available. Second, utility restructuring is
progressing. And even more important, at
the national level the wind energy
production tax credits are currently sched-
uled to be eliminated for plants installed
after June 30,7999. The DOE proposed to
extend the credit an additional five vears,
but this extension was not adopted. Thus
many developers are accelerating installa-
tions to qualify for the 1O-year period of
tax incentives. Currently the tax credit on
profits is $0.017lkWh, adjusted annually
for inflation. For municipal utilities that
do not pay taxes, there ii a payment of
$0,017lkwh from DOE (subject to funds
availability) under the Renewable Energy
Production Incentive. To qualify, a facility
must be constructed before September 30,
2003. The payment period is scheduled to
end with fiscal year 2013.

Off-grid commercial applications of wind
systems are also increasing in the United
States. Under a project for the U.S. Navy,
the National Wind Technology Center is
assisting in a project that may eventually

IEA R&D Wind Annual Reoort 1998
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Figure 23.2 Wind Power Plant at Lake Benton, Minnesota Using Zond Energy Systems 750-kW
Turbines

add nearly 1 MW or more of wind systems
to an existing 1O-MW diesel-based power
system located on San Clemente Island
off the southern California coast
(See Figure 23.3). Two 225-kW turbines
have been installed and are operating while
a third unit will be added early in 1999.

Additional military and government-
owned off-shore sites are being evaluated
for wind/diesel hybrid systems. The
wind/diesel installation in Kotzebue,
Alaska is partially complete. Three 50-kW
Atlantic Orient Corporation (AOC 15-50)
turbines have been installed and are
undergoing extensive operational tests at
this remote village located on the western
coast of Alaska, just north of the Arctic
Circle. Seven additional AOC 15-50
turbines will be installed at the site
during 7999, along with a prototype of the
Northern Power Systems 100 kW North

r58

Figure 23.3 Wind/Diesel Installation on
San Clemente Island, California
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Wind Polar Turbine discussed later in this

report.

Export sales of U.S.-built turbines are also

incieasing. Zond Energy Systems has

completed installations in Europe and

China. Bergey Windpower has installed

turbines in Russia and completed a joint

venture agreement to build turbines in
China.

Re-powering some of the older wind
plants is beginning to occur in California.

Some of the turbines that are approaching
20 years of operation are being replaced

with larger and more efficient machines.

During 1998, hundreds of older turbines,

less than 100 kW each, were replaced with
modern 600-750-kW turbines. Spacing is

often increased between these larger tur-
bines to minimize wake effects on power
production. In addition, some of the

project sites have capacity limitations.
Having fewer turbines has reduced the

visual impact of some projects. Data are

being collected on increases in energy

production from the re-powered projects'

23.3 MANUFACTURING INDUSTRY

The wind industry in the United States

includes about eight companies currently
manufacturing turbines and numerous

businesses building comPonents,

developing projects, and providing
engineering services and related equipment'

Fluctuations in both the domestic and

international markets have forced some

companies out of business, but some of

the larger European wind turbine manu-

facturers are establishing assembly and

component manufacturing plants here,

creating jobs for U.S. workers.

Wind turbines developed under the DOE

program meet international standards for

design and performance. Until recently

there was no recognized third party,

U.S.-based, certification agent. However,

Underwriters Laboratories (UL), which
has a long history in the field of electrical

International EnergY AgencY

equipment testing and rating, has decided

to develop a wind turbine certification

program in partnership with the National
Renewable Energy Laboratory. UL ratings

are recognized worldwide on hundreds of

other products, including fire and security

equipment, insulation, fuses, transformers,

relief valves and other safety systems, as

well as many other types of industrial and

commercial products. UL plans to coordi-

nate its background in electrical equipment

certification and manufacturing quality
reviews (lSO 9000) with NREL s turbine
testing expertise to implement the

certification program that will meet

International Electrotechnical Commission

standards (IEC 61400 Series).

Until recently, U.S. manufacturers relied

solely on European-based agents to certify

that iheir machines met the internationally

accepted standards. This was often a slow
time consuming, and expensive Process'
Currently, U.S. utilities, wind plant devel-

opers and other U.S. customers do not

require certification of entire wind systems,

but certification is needed to enter some

of the international markets. As a result,

U.S. manufacturers suPPorted and

encouraged NREL to participate in the

development of the IEC and other

harmonized international standards' In

the U.S. domestic markets, customers tend

to rely more on manufacturers' track

records, warrantees, and independent

assessments to reduce their risk. There are

no plans to significantly change that

aPproacn.

23.4 ECONOMICS

The DOE Wind SYstems Program has

made major Progress in reducing the cost

of wind-generated electricity but
important targets have been set for further

improvements. Since 1980, the cost ot

"."tgy 
from wind systems has been

reduced from $0'35/ kWh to less than

$0.04/kwh for large wind plants operating

at good wind sites with annual average
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wind speed of 6.7 meters per second
(m/s) (15 miles per hour), measured 10 m
above ground. At current costs, wind
energy can compete in selected markets in
the United States where new generating
capacity is needed and fossil fuel cost is
high, or where there are other incentives
available to encourage the use of clean
energy sources. An example of the latter
is in the State of Minnesota, where
additional wind power capacity was
mandated to offset the need for storing
nuclear plant wastes.

Additional cost reductions for wind energy
are considered to be both necessary and
technically feasible. This is the basis for
the DOE goal of $0.025/kwh for advanced
wind turbines by 2002. For wind energy
to compete in the huge windy regions of
the midwestern United States, costs must
still be reduced significantly. This is
especially true in the central region of the
country that is dominated by coal and
gas-fired plants burning low-cost fuels
and operating in this era of aggressive
competition and least-cost economics.

DOE and the Electric Power Research
Institute (EPRI) teamed up to characterize
the future characteristics ind costs for
wind and other renewable energy systems.
By 2070, wind was found to have by far
the lowest Cost Of Energy (COE), com-
pared to other intermittent technologies
(solar thermal and photovoltaics) and was
directly competitive with geothermal
energy, the lowest cost "dispatchable
technology." The basis for these estimates
and the projected evolution of wind and
other renewable energy systems are
discussed in a report titled Reneutable
Energy Technology Characterizations that is
available on the DOE Office of Power
Technologies (formerly called the Office of
Utility Technologies) web site at:
wwweren.DOE.govl.

23.5 MARKET DEVELOPMENT

The surge in market development in the
United States is expected to continue until
the Federal tax credits expire. Unless
there are changes made with new tax
legislation, the tax credits apply only to
projects that are completed prior to
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) June 30, 1999. Several proposals have been

made for extending the tax credits up to
five more years. Discussions on this are

continuing. There are a variety of incen-

tives that are implemented independently

at the state level. These incentives include

price premiums (uP to $0.02lkWh) for
"green energy" such as wind, wavers or

reductions on Property taxes for wind
energy facilities, holidays on sales taxes

for wind equipment, and mandatorY
additions of wind Power or other renew-

ables to utility generation portfolios.
Additional details are included in the IEA

1997 Annual RePort, Page 167.

Restructuring of the U.S. utility industry
is proceeding in most states. Generally,

electric utilities are being required to

reorganize into one of two tYPes of
companies. They may reorganize into
distribution companies (DistCos), which

are either regulated, investor-owned
utilities or municipally (publicly) owned

utilities; or they may reorganize into
unregulated generation companies
(GenCos). These business structures are

discussed in the previously mentioned

DOE / EPRI Renewable Energy Technology

Charecterizstions report. There is growing
interest in distributed generation, often

owned and oPerated bY IndePendent
Power Producers (IPPs). These new

structures could help to encourage the use

of wind and other renewable energy

systems, but there is still substantial

uncertainty regarding costs, generation

ownership rules and procedures, and

their impacts.

23.6 DOE-SPONSORED PROGRAMS

The overall mission of the Wind Energy

Systems Program is to enable U.S' industry

to complete the research, testing, and field

verification needed to fully develop

advanced wind energy technologies that

are cost-effective, reliable, and competitive

in international markets' DOE works with
industry under the following program

International EnergY AgencY

categories: applied research, turbine

research, and cooperative research and

testing. The program funding was $32'1

million in Fiscal Year 1998 and is $34.8

million in7999.

Most of the wind energy R&D activities

are conducted at the National Wind
Technology Center (NWTC), located on a

280-acre site near Golden, Colorado'

Supporting research is also performed at

Sandia National Laboratories in
Albuquerque, New Mexico. The NWTC

conducts a wide range of basic wind energy

research, component development and

testing. In addition, complete system

verifiiation provides test data that can be

used by industry and the Underwriters
Laboratories for the turbine certification

needed for some overseas markets'

The NWTC includes several experimental

turbines for the studY of unsteadY

aerodynamics and variable-speed operation,

a turbine blade structural test facility and

an industrial user facility. It also includes

a hybrid Power system test facility, that

integrates wind turbines with other

renewable power systems and two 60-kW

diesels in simulated village power appli-

cations. The 600-kW Advanced Research

Turbine (pictured in the 1997 IEA Annual

Report) is being instrumented for full-scale

component and sYstem testing'

Blade structural testing facilities have been

expanded to accommodate larger blades

.rp to teS feet long (See Figure 23'5)'

Fitigue testing of blades can now be done

in two directions with load actuators up

to 20,000 pounds force. The new stronger

mounting frame will accommodate up to

10 million foot-pounds torque for bending

and buckling testing of blades and

sub-components.

Dynamometer load testing equipmgni- is

also being installed that will allow full
power testing of complete wind turbine
irive systems uP to 1.5 MW. The NWTC

has become one of the most comprehensive

t6l
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(

wind energy research facilities in the
world.

23.6.1 Applied Research Program

Applied research focuses on those technical
elements that are critical to a clear under-
standing of the physics associated with
wind energy technology. Among the
elements is research on the detailed
structure and dynamics of air motion in
the boundary layer near the earth,s
surface, where wind turbines must operate.
Aerodynamics is also studied to allow the
conversion of the power in the air into
useful forms. Structural dynamics are
examined to predict the effects of
turbulence on the turbine, structural
materials and operational controls. All
these elements and their interrelationships
need to be better understood for efficieni
and effective wind energy conversion to
realize its full potential.

A joint research task underway between
NREL and Sandia is called the Long-term
lnflow Structural Test program (LIST).
Comprehensive measurements on a full
scale turbine rotor are planned, in an effort
to relate types of atmospheric events to

t6t

blade fatigue damage. A full season of
wind data will be collected at several
sites. In a related research task being done
by Montana State University, detailed
studies are focusing on the fatigue
properties of composite blade materials
and bonded joints that appear to be failing
prematurely in commercial operation. The
goal of these efforts is to determine and
extend the lifetime of blades and bonded
joints.

Avian studies are another important
research topic. Ways to reduce or avoid
bird fatalities have been the subject of
extensive and continuing research. In some
regions of California, studies indicate that
the level of bird fatalities caused by the
turbines is not biologically significant
compared to natural conditions. In other
areas/ namely parts of the Altamont pass,
a significant portion of bird fatalities is
attributed to the turbines. A test is being
run with 179 golden eagles tagged with
radio transmitters and monitored over a
three-year period. Data on the eagle
population and other biological factors
are also being collected.

Figure 23.5 Wind Turbine Blade Structural Testing at the National Wind Technology Center

IEA R&D Wind Annuat Repon l99B
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)
23.6.2 Turbine Research Program

The role of the Turbine Research activity
is to provide an oPPortunity for U.S.

industry to apply the technology break-

throughs and design tools from Applied
Research, in develoPing advanced

technology wind turbines. This role is

implemented through partnerships
between DOE National Laboratories and

U.S. companies through competitively
awarded, cost-shared contracts, typically
with 20% to 307o industry cost sharing.

The Turbine Research Program includes

development of a variety of turbines in
sizes from 6 kW to more than one MW
Next-generation turbine development will
employ advanced technology and innovative

designs to reach the target levelized costs

of electricity of $0.025/kWh (at 6.7 m/s
wind sites) around year 2002. These

machines will compete directly for bulk
electric power markets without the need

for subsidies. Subcontracts with industry
to develop next-generation turbines include

Zond Energy Systems, Incorporated in

Tehachapi, California (a subsidiary of Enron

Wind Corp.), and The Wind Turbine

Company in Belleview, Washington, to

design and test a new generation of wind
turbines, each about one MW or more'

Each company will cost-share 30% of their

$20 million contract. Innovative subsystem

development activities, currently under-

way, also support the next-generation
patn Uy exploring advanced variable

speed generators, blade and rotor
manufacturing, and control systems'

Competitively awarded contracts are

underway with five companies to develop

smaller turbines for both grid-connected

and off-grid power generation. The

companies selected to develop the new

*u.i'titt"t are: World Power Technologies,

Inc. from Duluth, Minnesota, for a 6-kW

turbine; WindLite ComPanY from

Mountain View, California, for an 8-kW

turbine; Bergey WindPower from
Norman, Oklahoma, for a 40-kW turbine

International EnergY AgencY

and Atlantic Orient from Norwich,
Vermont, for improvements to their 50-kW

machine.

In Figure 23.6 we see the turbine being

developed by Northern Power Systems

located in Moretown, Vermont. Nothern

Power Systems is developing this 100-kW

Polar Turbine under a cooperative pro-

gram between the National Aeronautics

ind Space Administration (NASA), the

National Science Foundation and DOE'

This machine is being designed for the

frigid environments of northern Alaska

and Antarctica. It includes an innovative
low-speed alternator driven directly by

the three blade rotor. NASA is considering

the design to provide Power for life-

support systems on a future Mars mission'

General characteristics of the advanced

turbines under development are shown in

Figure 23.7.

Figure 23.6 Northern Power Systems

Polar Turbine PrototYPe

100-kw
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23.6.3 Co-operative Research and Testing

Program

Work continued under the Turbine
Verification Program for the purpose of
evaluating new wind turbines and intro-
ducing utilities to wind technology. It is
the view of DOE and EPRI that if utilities
have the opportunity to gain experience

in operating small wind plants, they are

better able to decide the feasibility of
incorporating additional wind generation
capability. Under this program, the first
two projects were 6-MW installations
cost-shared with Central and Southwest
Services, a large utility whose service area

is centered in the states of Texas and

Oklahoma, and with Green Mountain
Power, a smaller utility that serves

customers in Vermont. Both of these

projects are operating well.

Beginning in 7997 , DOE and EPRI began a

new phase of the Turbine Verification
Program under the concePt known as

Distributed Wind Power Generation. This

effort is aimed at utilities or independent

power producers interested in building
smaller, dispersed wind generation plants

connected directly to a distribution line.

By the close of 1998, two of those projects

had gone on line: the Iowa Distributed
Wind Generation Project, a2.25-MW
project with a consortium of small utilities,
ind a 1.5-MW project with the Nebraska

Public Power District in the north-central
part of that state. Three additional projects

are under development with utilities in
the states of Texas, New York, and

Oklahoma.

In addition to the cost-shared distributed
power projects, the Turbine Verification
Program has also entered into agreements

with three other utilities. Under these

Associate Projects, DOE and EPRI do not

provide any direct funding toward the

cost of turbines or other major equipment.
Instead, funds are primarily limited to
support for purchase of System Control
And Data Acquisition (SCADA) systems

International Energy AgencY

and for technical assistance to the utilities.
In return, DOE and EPRI are able to gain

information on the Performance of
additional wind power projects and new

turbine types being employed by those

projects. At the close of 1998, two Associate

Projects were in place with the Wisconsin

Public Service Company and the Kotzebue

Electric Association in Alaska. A third
project in Big Spring, Texas, is being
developed by the York Research

Corporation, which will sell the wind
plant's output to Texas Utilities Electric

under a power-Purchase agreement.

International standards and certification
testing capabilities are areas of increasing

emphasis. At the National Wind Technology

Center efforts are continuing to provide a

full range of certification test capabilities '

In August 1998, the Center's procedures

for turbine Power performance and noise

testing, successfully passed an audit by
the American Association for Laboratory
Accreditation under International
Standards Organization (ISO) Guide 25'

Testing of commercial turbines has

already been comPleted bY the NWTC,

and the results have been used by several

turbine manufacturers to obtain certifica-

tions needed for some overseas markets'

Development of harmonized International
standards and recommended practices is

continuing in work with U.S. industry and

international organizations, including the

International Electrotechnical Commission

and the International Energy Agency.

23.6.4 International Programs

The DOE Wind Program provides technical

assistance to governments and utilities in

countries planning wind power projects in

Central and South America, Asia, Africa
and elsewhere. An example is a bilateral
agreement with the State Power

Corporation of China (formerly Ministry
of Electric Power) that allows the exchange

of scientists and assistance in planning
large scale grid-connected and village
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power wind projects. Under that Agreement,
a pilot project involving the installation of
several 10-kW turbines on an isolated
island community is planned for 7999.

Other international projects are funded in
part by DOE, the United States
Environmental Protection Agency, and the
Agency for International Development.
These activities include assessing
opportunities for use of renewables in
developing countries, supporting
wind/photovoltaic hybrid pilot project
tests, feasibility studies for project
financing, and supporting renewable
energy education efforts. Small turbines
have been installed in village power pilot
projects in Brazil, Chile, Indonesia, Mexico,
Philippines, and Russia. Large-scale wind
plant projects in developing countries are
supported through technical assistance
to the countries and to the regional and
multilateral banks.
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ITALY

Dr. L. BARRA (Luciano)
ENEA Casaccia
Via Anguillarese 301
I-00060 S. Maria di Galeria,
ROME,ITALY

Tel +32 2295 6469
Fax +32 2296 0627
EMAIL: sophia.fantechi@

dg12.cec.be

Tel +32 2296 0060
Fax +32 2295 0150
Email: alexandros.

kotronaros@
bxl.dg17.cec.be

Tel +358 9 456 5790
Fax +358 9 456 6538
Email: jonas.wolff@vtt.fi

Tel +358 9 8561 6637
Fax +358 9 6947846
Email: esa.peltola@
kemijoki.fi

Tel +49 2461 67 4233
Fax +49 2467 67 2840
Email: beo05}@aix.zam.

kfa-juelich.de

Tel +49 24 6161 4744
Fax +49 24 6761, 2480
Email: n.stump@

kfa-juelich.de

Tel +30 7 6039 900
Fax +30 7 6039 905
Email: afrag@cresdb.cress.

ariadne-t.gr

Tel +30 1 6039 900
Fax +30 1 6039 905
Email: pvioni@cresdb.cress.

ariadne-t.gr

Tel +39 0272245224
Fax +39 0272245253
Email: Casale@CRE.ENEL.IT

Tel +39 06 3048 3300
Fax +39 06 3048 4643
Email: barra@casaccia.enea.it
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APPENDIX BAPPPENDICES

JAPAN

MEXICO

NETHERLANDS

NEW ZEALAND M

NORWAY

I-00060 S. Maria di Galeria,
ROME.ITALY

Mr. K. MASUDA (Katsuhiko)
Sunshine Project H.Q'
NSS, MITI
Kasumigaseki 1.-3-1

Chiyoda-ku
TOKYO 100, JAPAN

Dr. H. MATSUMIYA (Hikaru)
Mechanical Engineering Laboratory
MITI
1-2 Namiki
TSUKUBA3O5, JAPAN

Mr. M.A. BORJA (Marco)
IIE
Apartado Postal 1-475

62001 CUERNAVACA,
MORELOS, MEXICO

Mr. J. 't HOOFT (faaP)

NOVEM
P.O. Box 8242
3503 RE UTRECHT
THE NETHERLANDS

Mr.L.G.J. JANSSEN (Bert)

ECN
P.O. Box 1

77sszG PETTEN (NH)
NETHERLANDS

Mr. D. CHAND (Dinesh)
Electricity CorPoration
of New Zealand Ltd
P.O. Box 930
23 Lambton QuaY
WELLINGTON 5015, NEW ZEALAND

Dr. D. COPE (David)
Ministry of Commerce
P.O. Box 1473

WELLINGTON, NEW ZEALAND

Mr. H. BIRKELAND (Harald)
Norwegian Water Resources and
Energy Directorate (NVE)
Postbox 5091 Maj
N O3O1OSLO, NORWAY

enea.it

Tel +81 3350t9279
Fax +81 335017926
Email: masuda-katsuhiko/
MITI-Lan-at-MITI-LAN@
miti.go.jp

Tel +81 298587014
Fax +81 298587275
Email: m1330@mel.go.jP

Tel +52 73 18 38 11'

Fax +52 73189854
Email: maborja@iie.org.mx

Tel +31 302393 468

Fax +31. 302376491
Email: j.t.hooft@novem.nl

Tel +31 224564664
Fax +31 22456321'4
Email: l.janssen@ecn.nl
http://www.ecn.nl/

Tel +64 44723550
Fax +64 4 4742366
Email: dinesh.chand@

ecnz.co.nz

Tel 64 4 4720 030
Fax 64 4 4739 930

Email: coped@moc.govt.nz

Tel +47 2295 9395
Fax +47 2295 9099
Email: hbi@nve.no
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APPENDIX B

SWEDEN

UNITED
KINGDOM

UNITED STATES M

Mr. F. AVIA (Felix)
CIEMAT
Departamento de Energias
Renovables
Avda Complutense 22
280 40 MADRID, SPAIN

Mr. F. MARTIN-MORILLAS (Francisco)
CIEMAT
Departamento de Energias
Renovables
Avda Complutense 22
280 40 MADRID, SPAIN

Ms. S. PERSSON (Susann)
Swedish National Energy
Administration
Box 104
5-6304 ESKILSTUNA, SWEDEN

Mr. K. AVERSTAD (Kenneth)
Vattenfall AB
Lokal Energi
SE-762 87 STOCKHOLM,
SWEDEN

Mr. R. KETTLE (Richard)
Dept. of Trade and Industry
ENT Directorate, Room 1.E.51
1 Victoria Street
London SW1H OET.
UNITED KINGDOM

Mr. N. HORNSBY (Neil)
DTI
1 Victoria Street
London SW1H OET,
UNITED KINGDOM

Mr. P. GOLDMAN (Peter)
Wind energy Program EE-11
United States Department of Energy
1000 Independence Avenue, SW
WASHINGTON, D.C.20585
UNITED STATES

Dr. R.W. THRESHER (Bob)
National Renewable
Energy Laboratory
7617 Cole Boulevard
Golden, CO 80401
UNITED STATES

Tel +34 91 346 6422
Fax +34 91 346 6037
Email: avia@ciemat.es

Tel +34 91.346 6040
Fax +34 97 346 6037
Email: none

Tel +46 765442094
Fax +46 I 687 953 2
Email: susann.persson@

stem.se

Tel +46 8739 6672
Fax +46 8739 55 62
Email: kenneth.averstad@
energi.vattenfall.se

Tel +44 171 2752648
Fax +44 177 8287969
Email: richardkettle@
hend.dti.gov.uk

Tel +44 777 215 2657
Fax +44 771 828 7969
Email: neil.hornsby@
hend.dti.gov.uk

Tel +7 202 586 1995
Fax +1 2025865724
Email: peter.goldman@

hq.doe.gov

Tel +1 303 3846922
Fax +1 3033846999
Email: robert_thresher@
nrel.gov
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APPPENDICES

OPERATING AGENTS

ANNEX XI Base Technology Information Exchange
Mr. B. MARIBO PEDERSEN
Technical UniversitY of Denmark
Lundtoftevej 100

DK-2800 LYNGBY
Denmark

ANNEX XV Wind Energy Implementation Progress
Dr.I. FLETCHER (Ian)

Energy TechnologY SuPPort Unit
8154 Harwell
DIDCOT
Oxfordshire OXl1 ORA

UNITED KINGDOM

ANNEX XVI Round Robin Test Program
Mr. H. LINK (Hal)
National Renewable
1677 Cole Boulevard
Golden, CO 80401

UNITED STATES

ANNEX XVII Database on Wind Characteristics

Tel +1 303 384 6972

Energy Laboratory Fax +1 303 384 6999
Email: linkh@

tcPlink.nrel.gov

APPENDIX B

Tel +45 45932777
Fax +45 45882427
Email: bmp@et.dtu.dk

Tel +44 01235 43 3266
Fax +44 07235 43 2331

Email: ian.fletcher@
aeat.co.uk

Tel +45 4677 5056
Fax +45 4677 5083
Email: gunner.larsen@

risoe.dk

Tel +31 224564664
Fax +31 224563274
Email: l.janssen@

ecn.nl
hhtp://www.ecn.nl/

Tel. +33 1 4057-6757
Fax +33 1 4057-6759
Email: mary.preville@

iea.org

Mr. G. C. LARSEN (Gunner)

Riss National LaboratorY
P.O. Box 49

DK-4000 Roskilde
DENMARK

ANNEX XVIII Enhanced Field Rotor Aerodynamic Database (EFRAD)

Mr. L.G.l. JANSSEN (Bert)

ECN Research Centre
P.O. Box 1

1,7552G PETTEN (NH)
NETHERLANDS

INTERNATIONAL ENERGY AGENCY
Mr. L. DITTRICK (Laurent)

Office of Energy EfficiencY,
Technology and R&D
9, rue de la Federation
9, rue de la Federation
75739 PARIS Cedex 15

FRANCE
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