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Foreword

This is the fourteenth Annual Report of the IEA collaboration in wind
energy, reviewing the activities during 1991. It is also the first rePort
under the amended R&D Implementing Agreement, as of 1 |anuary 1991,
for Co-operation in the Researdr and Development of Wind Turbine
Systems (IEA R&D Wind). The amended R&D Agreement incorporates
the activities of the previous Large-Scale WECS Agreement which was
discontinued by 31 December 1990.

The report is published by Nutek, the Swedish Contracting Party to the
Agreement, on behalf of the IEA R&D Wind Executive Committee. It is
edited by B Pershagen with contributions from D F Ancona (USA),
F Avia (Spain), K A Braun (Germany), P W Carlin (USA), H G Douma
(the Netherlands), P Nielsen (Denmark), E Sesto (Italy), W G Stevenson
(UK) and R Windheim (Germany).

Petten and Nykdping in January 1992

H J M Beurskens
Chairman of the
Executive Committee

B Pershagen
Secretary of the
Executive Committee
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Executive Summary

The report reviews the progress during 1991 in the Agreement for Co-
operation in the Research and Development of Wind Turbine Systems
(IEA R&D Wind), operated under the auspices of the International Energy
Agency (IEA).

IEA R&D Wind is an agreement for carrying out joint research, develop-
ment and demonstration prolects. Since 1 January 1991, the activity also
includes the exchange of information on the planning and execution of
national programmes for the design, construction, operation and evalua-
tion of largescale wind turbines with a rated power of approximately
1 MW or more.

IEA R&D Wind has 16 signatories from Austria, Canada, Denmark,
Germany, Italy, Japan, the Netherlands, New Zealand, Norway, Spain,
Sweden, the United Kingdom and the United States.

Wind energy continues to stand out as one of the most promising new
renewable energy source in the near term. Significant progress was made
during the year in the member countries. The number of wind turbines
increased to about 21 000, corresponding to about 2200 MW of rated
power. The performance of wind systems continues to improve as the
technology matures.

Most of the installed capacity is in the form of arrays or clusters of small
and medium size units, known as windfarms. About 1600 MW of
windfarm capacity is found in California, USA. Megawatt size u/indfarms
are in operation or under construction also in Canada, Denmark,
Germany, Italy, the Netherlands, Norway, Spain, Sweden and the United
Kingdom. The first offshore windfarm of 11x450 kW units started opera-
tion in mid-1991 near Vindeby, Denmark.

Today's utility-interconnected wind systems in the USA are reported to
produce elechicity at costs of 0,06 to 0,10 USD/kWh. These costs are
nearly one third those of ten years ago. Corresponding average costs for a

sample of eight operating windfarms in Denmark are equivalent to 0,07
USD/kWh, including 0,01 USD/kWh for operation and maintenance.
Investment costs for the Danish windfarms were equivalent to
1250 USD/kW, of which about 2/3 was wind turbine costs.

The average unit size in today's windfarms is about 100 kW. The rating
of new machines is increasing and was, on the average, 160 -180 kW
during 1990 - 1991. Commercial wind turbines rated at 400 - 450 kW were
delivered during the year. The trend toward larger sizes is partly
explained bv the better land area utilization of the lareer machines.



a computerized information system containing design and performance

J"iu ul *. as incident/ accidint reports and national programrne funding

summanes.

Much of the information exchange takes place at the Executive

Committee meetings twice a year when the national wind energy

activities are reviewed with emPhasis on large-scale systems The

hiAhlights are summarized in the Wind Energy Newsletter, of which the

flrst isiue was published during the year'

The world's larqest vertical-axis wind turbine, the 4 MW EOLE, erected at

CaD Chat, QueSec, Canqda, has been operating in automatic mode since

Ivjrch 1988 and qenerated more than 8600 MWh during more than 13 000

hours. A blade ciack was observed in May 1991 After repair the turbine

wcnt back into oPeration at the end of June Two large windfarrns of
medium-sized machines are under construction in Alberta'

As of 31 December 1991, the total capacity of grid-connected wind turbines

it Denmark was 410 MW in 3230 units (up 791). The first 100 MW utility
programme will be fully implemented by the end of 1992 

-It 
is exPected

ihat"another 100 MW will bL installed before the end of 1993' The annual

power generation was 730 000 MWh, corresponding to 2,3 %.of the Danish

electricitv consumption Denmark has nine large wind turbines in

operation, all of thl three-bladed horizontal-axis tyPe: a 2 Mw unit at

Tvind, two 630 kW units at Nibe, five 750 kW units at Masnedo and a 2

MW unit at Tiereborg. A 1 MW advanced turbine is being designed for
installation at Avedore in 1993.

In Cermany, the totally installed wind power approached 1O0 MW at the

end of the year, about a third of which in the framework of the 250 MW
Wind progiamme. Five large-scale wind turbines are in operation,
including ihree 640 kW single-bladed Monopteros machines, the three-

bladed 1;2 MW WKA 60 on Heligoland and the advanced WKA 60 at

Kaiser-Wilhelm-Koog, which was put into oPeration during the year' The

2 MW Aeolus II and the 750 kW HSW turbines are in advanced stages of

construction and will be installed next year'

In ltdly, the two state-owned organisations ENEA and ENEL-together with
Italian wind turbine manufacturers are engaged in a national wind energy
proqramme aiming at 300 to 600 MW of wind power by the year 2000.

ihree machine ptototyp"t have been developed: a medium-scale MEDIT
(225 kw) and M30 (200 kW) in oPeration at the AIta Nurra test site in
Sardinia, and the large-scale 1,5 ]i'fw GAMMA 50 to be installed at Alta
Nurra in 1992. ENEL is constructing two 10 MW windfarms in Sardinia
and the Apennines. Series fabrication of MEDIT 320 and M30 for the

windfarmi is going on. ENEA is Promoting two feasibility studies of large
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windfarms. A first module of 1,5 MW was placed into operation at
Bisaccia in 1991.

The national wind energy programme in lapan i,s part of the Sunshine
Project. A windfarm of approximately I NfVV rated power is being
constructed in Miyako, Okinawa for completion in 1992. A 500 kW
prototype wind turbine is being developed during 1991 -1995. These
projects are implemented by NEDO. The programme also includes wind
observation and resource assessment by NEDO, and basic research at the
Mechanical Engineering Laboratory, Tsuruba.

l^ the Netherlands, around 80 MW of wind turbine capacity was installed
by the end of the year and l0 MW were under construction. The national
goal aims at 1000 IvtW installed by the year 2000 and 2000 MW by 2010.
The electricity distribution companies plan to have 250 MW erected by
1995. The total wind power capacity by 1995 is estimated at 400 MW.
The national wind energy programme, known as TWIN, for '199-l-7995

includes subsidies for wind turbine investments and support of industrial
development and technological research. The total costs are estimated at
42 MNLG, excluding subsidies. Over 80 % of the presently installed
capacity consists of windfarms of 1 MW or more. A 750 kW prototype
unit (Windmaster) was put into operation during the year at Halsteren.
A 1 MW Nedwind 50 prototype is being designed for installation in 1993.

Norway has excellent wind conditions in coastal areas. The current wind
energy programme aims at having 4 MW of wind power instaUed by 1992.
The first windfarm of thlee 400 kW units was inaugurated in October at
Vikna, north of Trondheim. In addition, two 400 kW turbines were
installed duling the year in the Vesterelen islands north and west of
Narvik. At the present time, however, new hydro power stations
generate electricity at about half the cost of wind power, on the average.

The current national renewable energy plan in Spain foresees about
100 MW of wind power installed by 1995. During 1991, the construction of
three large windfarms was initiated: a 3 MW plant at Cabo Villano and
the 20 MW PESUR and 10 MW E.E.E. windfarms in the Tarifa area near
the Straits of Gibraltar. Another two windfarms are in the planning stage.
Ai the 1,2 MW AWEC-60 wind turbine at Cabo Villano, a crack in the
main spar of a blade was detected in May 7997. After repair the machine
was back in operation in October

Suteden has two large-scale wind turbines in operation, the 3 N{!V
machine at Maglarp and a 750 kW unit at Risholmen. The Maglarp
turbine, installed 1982, holds the world's record for energy production
from a single lnir 27 740 MWh during 21 538 h on line (by November
1991). The 2 MW N?isudden wind turbine was dismantled during 1990 -
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1991 to prepare for the installation of the Nasudden II machinery on top
of the eiisting tower. A government-sPonsored market stimulation
programme through investment subsidy was introduced during the year.

The lareest installation so far is a windfarm of seven 225 kW units near
Varberg on the Swedish west coast.

In the Urifed Kingdom, modifications have been carried out on the 60

m, 3 MW wind turbine on Burgar Hill, Orkney. Total running time to
end May when the machine was shut down was 3511 h with a cumulative
outDut of 4336 MWh. The 750 kW turbine on Susetter Hill, Shetland has

returned to service after repeated shutdowns for modification and repair'
The 1 MW machine at Richborough, Kent is Performing well. The
500 kW vertical-axis VAWT-850 at Carmarthen Bay, South Wales
suffered a blade failure in February. Blade redesign is being undertaken
Prospects of commercial windfarm installation have been stimulated
during the year by the government's commitment to the Non-Fossil Fuel

Oblig;tion. The proposed windfarms have met with delays due to
difficulties in obtaining planning consent

The world's largest horizontal-axis wind turbine in oPeration is the 98 m,
3,2 lvlvv Mod 58 at Kahuku Point, Hawaii, Ilnitcd States. As of the end of
September, the turbine had logged 19 253 operating hours and generated
25 344 MWh. During the spring the machine attained a one month
capacity factor of 53 7o. Fourteen of the 600 kW Westinghouse machines
at Kahuku Point are back in operation following repair and modification.

Since 1981 approximately 1600 MW of windfarm caPacity has been
installed in California, totalling more than 15 000 units. The energy costs
are now nearly one third those of ten years ago Thele are Promising
signs for windfarm installation also in areas outside of California.

The U.S. federal wind technology ProSram is increasing its emphasis on
working closell, with utilities and industry to apply new technology and
to develop new markets. Three contracts to study advanced wind turbine
conceptual design have been awarded. High Potential comPonents and

subsystems will be developed and field tested. ApPlied research and
testing is continuing at the National Renewable Energy Laboratory and
the Sandia National Laboratories. The wind technology budget for fiscal
year 7992 is 21,2 MUSD, increased from 11,1 MUSD the Previous year.

12



The IEA R&D Wind Programme

1.1 The Implementing Agreement

Two IEA Agreements in wind energy were made in 1977:

. A Programme of Research and Development on Wind Energy
Conversion Systems (the "R&D Agreement")

. CGoperation in the Development of Large-Scale Wind Energy
Conversion Systems (the "LS Agreement")

Effective 1 fanuary 1991, the two Agreements were merged. The title of
the R&D Agreement was amended to read "Implementing Agrecment for
Co-operation in the Research and Development of Wind Turbine
Systems", or IEA R&D wind for short. The text of the Agreement was
amended to include the activities of the former LS Agreement.

At present, there are 16 Contracting Parties from 13 countries;

Austria

Canada

Germany

Italy

Japan

Netherlands

New Zealand

Norway

The Republic of Austria;

The Department of Energy, Mines and
Resources;

Forschungszentrum Ji.ilich GmbH;

Ente per le Nuove Tecnolgie, l'Energia e

f Ambiente (ENEA);
Ente Nazionale per I'Energia Elettrica (ENEL);

The Government of Japan;

Stichting Energieonderzoek Nederland (ECN);

The Government of New Zealand;

The Directorate of Energy of the Norwegian
Water Resources and Energy Administration;

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



Sweclen

Unitcd Kingdom

United States

Task IV

Task V

Task VI

The National Board for Industrial and Technical
Development (NUTEK);

UK Atomic Energy AuthoritY;
National Power plc;
Scottish Hydro-Electric Plci

The Department of EnergY.

The eeneral obiectives of IEA R&D Wind are to undertake collaborative
R&D"proiects, called Tasks, and to exchange information on the planning

and eiecution of national largescale wind systems.

The Tasks arc defined in Annexes to the Implementing Agreement To-

dale twelve Tasks have been initiated, as shown below. Seven Tasks have

been successfully comPleted. Two Tasks (VIII and IX) are technically
completed but the final report is pending

Task I Environmental and Meteorological Aspects of Wind Energy

Conversion Systems
Operating Agent: The National Swedish Board for Energy

Source Development
Completed in 1981

Evaluation of Wind Models for Wind Energy Siting
Operating Agent: US DePartment of Energy - Battelle Pacific

Northwest Laboratories
Completed in 1983

Integration of Wind Power into National Electricity SupPly
Systems
Operating Agent: Kernforschungsanlage Jiilich GmbH
Completed in 1983

Investigation of Rotor Stressing and Smoothness of
Operation of Large-Scale Wind Energy Conv€rsion Systems

Operating Agent: Kernforschungsanlage Jiilich GmbH
Completed in 1980

Study of Wake Effects behind Single Turbines and in Wind
Turbine Parks
Operating Agent: Netherlands Energy Research Foundation
Completed in 1984

Study of Local Flow at Potential WECS Hill Sites

Operating Agent: National Research Council of Canada
Completed in 1985

Task II

Task III

14



Task VII

Task VIII

Task IX

Study of Offshore WECS
Operating Agent: UK Central Eleckicity Generating Board
Completed in 1988

Study of Decentralised Applications for Wind Energy
Operating Agent: LIK Central Electricity Generating Board
Technically completed in 1989

lntensified Study of Wind Turbine Wake Effects
Operating Agent: [rK Central Electricity Generating Board
Technically completed in 1990

Systems Interaction
Never entered into force

Base Technology Information Exchange
Operating Agent: Department of Fluid Mechanics, Technical
University of Denmark
To be completed in 1993

Universal Wind Turbine for Experiments (UNIWEX)
Operating Agent: Institute for Computer Applications,
University of Stuttgart, Germany
To be completed in 1992

Co-operation in the Development of Large Wind Turbine
Systems
Operating Agent: National Renewable Energy Laboratory
(USA)
To be comDleted in 1993

Task X

Task XI

Task XII

Task XIII

In Tasks VIII, IX and XI, the participants contribute manPower and work -
usually in their home countries - to a ioint programme coordinated by the
Operating Agent. The total level of effort is typically about ten manyears
per Task. Tasks XII and XII are mixed cost- and task-shared. the
Darticipation in current Tasks is shown in Table 1.1.
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Table 1.1 Parlicipation per country in current Tasks.
OA indicates Operating Agent

Country Task

vilt x xl xll xlll

Canada
Denmark
Germany
Italy
Netherlands
New Zealand
Norway
Spain
Sweden
United Kingdom
United States

x
x

OAx
x

xx
x
x

xx
x

xx
xxOA

x
xx
xxx
x
xx
xxx
xxx
OAOAx
xxx

1,6



1.2 Task VIII Decentralised applications for wind energy

This Task was set up in 1985 and has involved ten countries in a task-
sharing arrangement, coordinated by the UK National Engineering
Laboratory. The overall objectives were to:

. Define cost effective models and techniques suitable for obtaining
wind and load data necessary for planning and specifying
decentralised wind energy conversion installations;

. Apply and further develop models suitable for analysing the
performance of wind-diesel systems.

Nine technical meetings were held during 1985 - 1989, involving about
thirty experts from the particiPating countries. At an early stage a desire
was expressed to produce a work of reference which would convey to a
wider community the potential difficulties and stage of develoPment of
wind-diesel technology. The final rePort of the Task should therefore
take the form of a handbook on the siting and implementation of wind-
diesel systems.

A revised draft manuscript of the final report, called the Wind-Diesel
Guide Book, was distributed to the Executive Committee members and
Task participants in September 1991. The authors comPrise the foremost
experts from the participating countries, who by discussion and
information exchange have agreed upon the contents, which include:

1 Wind-diesel options and their aPPlicability
Matching the wind-diesel system to the community
Assessing the wind resource
Designing a system
Wind-diesel case studies
Modelling techniques
Installation and setting up wind-diesel systems
Assessing the economics

The Executive Committee has agreed to have the book published on the
open market. A contract has been negotiated with Cambridge University
Press, who intend to publish the book and distribute it on the open
market.

The Executive Committee decided at its fall meeting to set up a Joint
Action on Wind-Diesel Systems in Annex XI (see seciion 3.3) for
continued communication among Task participants .

2
3

5
6
7
8

77



Participating organisations

Canada

Denmark
Netherlands
New Zealand
Norway
Spain
Sweden

Switzerland

United Kingdom

United States

Department of Energy, Mines and Resources
AtmosDheric Environment Service
Riso Nitional Laboratory
ECN Research Centre
NZ Meteorological Service
Norwegian Electric Power Research Institute
Instituto de Energias Renovables
State Power Board
Chalmers University of Technology
Federal Office of EnergY
Oekozentrum Langenbruck
AIDha Real AG
Ruiherford Appleton LaboratorY
National Engineering LaboratorY
Department of EnergY
Solar Energy Research Institute
University of Massachussetts
Atlantic Orient CorPoration

Operating Agent

United Kingdom National Engineering Laboratory

18



1.3 Task IX Intensified study of wind turbine wake effects

This Task was set up in 1985 as a flow-on from the earlier Task V study of
wake and cluster effects. The study has involved eight countries in a task-
sharing arrangement, coordinated by the UK Central Electricity
Generating Board, later National Power plc The overall obiective has

been to improve the knowledge of aerodynamic interaction between wind
turbines operating in a windfarm.

The Task has seen the development of more reliable wake models, and
the acquisition of considerable amounts of data from single turbines, pairs
of interacting turbines, and from full size windfarrns. Four technical
meetings have been held, when data were exchanged and models
compared. The experimental data and theoretical techniques were
brought together in a benchmark exercise based around NAsudden
(Sweden) for the evaluation of single wakes and Tendpipe (Denmark) for
the evaluation of windfarm models.

The revised final report was submitted to the Executive Committee in
October. The report outlines the national contributions to the Task and
summarizes the work .omPleted. It then highlights the Principal results
and conclusions from the studies and assesses those areas where further
work may be required.

To cope with the wide divesity of array configurations, the study has seen

the development of more reliable wake models and the acquisition of a

considerable quantity of experimental and analytical data. The PrinciPal
conclusions are:

. Site- and machinespecific factorshave a very strong influence on
array behaviour.

. Array energy losses are real and significant at sPacings below 7
diameters, but less than predicted by earlier wind tunnel tests.

. Turbulence is enhanced in arrays, again less than earlier model
studies indicated, but sufficient to cause measurable increases in
fatigue damage rates.

It is recommended that further work be considered in the following areas:

- Defining initial conditions for wake models
- I-ocal flow effects and atmospheric stabilify
- Overlapping wakes and rules for superposition
- Prediction of turbulence within windfarms
- Windfarm performance in hilly terrain
- Wake-induced blade loads and rotor fatigue within windfarms

19



The large body of data which is building uP from existing windfarms and
the theoretical models now in existence would form a firm base upon
which to build studies in these areas.

A oroposal for extended wake effect studies has been submitted to the
Exicuiive Cornmitte by one of the LIK Contracting Parties. A draft Annex,
entitled "Performance of Arrays Wind Turbines", focusing on oPerational
data from full-scaled installations, has been prepared and is being
considered for approval.

Participating organisations

Belgium
Denmark
Italy
Netherlands
Spain
Sweden
United Kingdom

United States

Operating Agent

UK Central Electricity Generating Board, later National Power plc

RUCA Antwerp
Riss National Laboratory
ENEL
TNO
Universidad Politecnica de Madrid
University of Uppsala
Central Electricity Generating Board (later
National Power plc)
ETSU for the Department of Energy
Garrad-Hassan Consultants
Department of Energy

20



1.4 TASK)C Base technology information exchange

The objective of this Task is to promote wind turbine technology by co-
operative activities and information exchange on R&D toPics of common
interest. The Task has two subtasks:

Development of Recommended Practices for Wind Turbine
Testing and Evaluation

Ioint Actions

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

At its fall meeting, the Executive Comrnitte decided to extend the durati-
on of the Task by two years until 31 December 1993. An uPdated
workplan was adopted.

Recommenileil practices for uincl turbine testfug anil eoaluation

The aim of this subtask is to propose recommendations for wind turbine
testing to address the development of internationally agreed test
procedures. So far, recommendations have been published in eight
areas. see Table 1.3.1. The documents are available from selected
representatives in the participating countries.

A Standing Committee (SC) is established to review the needs for
revising existing recommendations or for preparing new
recommendations. The SC takes the necessary steps for establishing ad
hoc expert groups, as decided by the Executive Committee, for PreParing
proposals for revised or new recommendations.

At the suggestion of the SC. the Executive Committee agreed at its fall
meeting to have revised editions prepared of Vol 2 Costing of Wind
Turbine Systems, Vol 4 Acoustics, and Vol 8 Glossary of Terms. An
expert group will be convened to evaluate anemometry issues in power
performance testing (power curve).



Table 13.1 Documents in lhe series ol Recommended Practices for Wind
Turbine Testing and Evaluation

Ioint actions

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

. Aerodynamics of Wind Turbines

. Fatigue of Wind Turbine Blades

. Offshore Wind Systems

. Wind-Diesel Systems

In the Joint Action on Aerodynamics, the sth SymPosium was held on
3-4 December at the University of Stuttgart, Germany. Proceedings of the
4th Symposium, held in November 1990 at the ENEA Casaccia Centre,
Rome, Italy, were published during the rePort period.

Vol Title 1st Ed 2nd Ed 3rd Ed

'1 Power Performance Testing 1 982 1 990

2 Estimation of Cost ol Energy from
Wind Energy Conversion Systems '1983 In prep

3 Fatigue Characterislics 1984 1989

4 Acouslics. Measurement of Noise
Emission f rom Wind Turbines 1 984 1988 In prep

5 Electromagnetic Interference 1986
(Preparatory lnformation)

6 Structural Safety 1988
(Preparatory Information)

7 Ouality of Power. Single Grid"
Connected WECS 1984

8 Glossary of Terms 1987 ln PreP

22



In the Joint Action on Fatigue, a workshoP was held on 22-23 APril at

Riss, benmark. As a specific result, a proPosal for normalization of
fatigue data for composites was prepared.

The 3rd workshoP in the Joint Action on Offshore WECS took Place 23'74

September in CoPenhagen, Denmark, including a visit to the Vindeby
offshore windfarm.

A foint Action on Wind-Diesel Systems was established at the fall
meeting of the Executive Committee. This Action will enable continued
communication among the ParticiPants of the concluded Annex VIII'

Toyical expert rneetings

In the framework of this Annex XI, toPical expert meetings are arranged

once or twice a year, as decided by the Executive Committee. Attendance

is by invitation 
-through 

the national EC member, and the number of
purii.ipuntr is lirnited to a few Per country' Proceedings are published by
ihe German Contracting Party, the KFA fnlich.

The 20th Topical ExPert Meeting took Place on 7-8 March at FFA,

Stockholm, Sweden on Electrical Systems for Wind Turbines with
Constant or Variable Speed. The 21st meeting was held on 7-8 October at

Chalmers University of Technology, Gothenburg, Sweden on Wind
Characteristics of Relevance for Wind Turbine Design. A complete list of
the meetings held so far is shown in Table 1.3.2.

P art ic ip at in I or g an is at i on s

Department of Energy, Mines and Resources
Department of Fluid Mechanics, Technical University
of Denmark

Canada
Denmark

Germany KFA Jiilich
Italy ENEA
Norway NVE
Netherlands ECN
Spain CIEMAT/IER
Sweden FFA
United Kingdom ETSU
United States Department of Energy

Operuting agent

Department of Fluid Mechanics of the Technical University of Denmark



Table 1 .3.2 IEA Wind Energy Expert Meetings

No TitIE

5

6

7

1

2

3

9

10

11

12

13

14

Seminar on Structural Dynamics

Control ol LS WECS and Adaptation ol Wind
Electricity to the Network

Data Acquisition and Ana:ysis for LS WECS

Rotor Blade Technology with
Special Respecl to Faligue Design

Environmental and Salely Aspecls
ol the Present LS WECS

Reliability ard Mairtenance Problems ot LS WECS

Costing ol Wind Tu|bines

Saletv Assutarre and Ouality Controlol LS WECS
durin6 Assembly, Ereclion and Acceptance Testing

Struclural Oesign Ctiteria lor LS WECS

Utility and Operational Experience trom Maior
Wind Installatbns

General Erwitonrnenial Aspecls

Aerodynamic Cabulation Melhods for WECS

Economic Aspecls ol Wind Turbines

Modelling of Atnpsphe.ic Turbulence lor Use in
WECS Rotor Loadino Calculations

General Planning and Environmental lssues ol
LS WECS lrElalhtions

Requirements to. Salety SystemE for LS WECS

Integrating Wnd Turbines into Utility Power Syslems

Noise Genetating Mechanisms tor Wind Turbines

Wind Turbine ConlrolSystems -

Slrategy ard Problems

Wind Charac{e.istics ol Relevance
lor wind Tudine Des€n

Electrical Systerns for wind Turbines with conslant
or Variable Sp€ed

3-4 May 1990 London, England

7-8 Mar 1991 Stockholm, Sweden

7-g Oct 1991 Gothenburg,Sweden

12 Ocl78

4 Apr 79

26-27 Sep 79

21-22 Ap( a0

25-26 Sep 80

29-30 Apr 81

8-19 Nov 81

26-27 May 82

7€ Mar83

12-14 Oct 83

7-g May U

29-30 oct 84

30-31 May 85

4-5 Dec 85

2 Dec 87

17-r8 oct 88

11-12 Apr 89

27-28 Nov 89

Munich, Germany

Copenhagen,
Denmark

Blov,/ing Rock, USA

Stockholm,
Sweden

Munich, Germany

Aalborg, Denmaft

Copenhagen

Stockholm

Greenford, UK

Palo Alto, Califomia

Munah, Germany

Copenhagen

Pelten, Netherlands

Stockholm, Sweden

Hamburg, Germany

Rome, ltaly

Herndon, USA

Petten, Netherlands

15

16

17

18

19

20
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1.4 TASK )ilI Universal windhltine for experiments
(UNIWEX)

UNIWEX is a computer-controlled, two-bladed experimental wind
turbine of 16 m rotor diameter installed at the (tlrich Hiitter wind test
field near Schnittlingen, Germany, see Figure 1.5.1. The main goals of thc
proiect are the experimental study of aerodynamics, operational
behaviour, load spectra and control strategies for different hub concepts,
as well as the validation of computer codes.

Seven organisations from three countries are participating:

Germany Forschungszentrum Jiilich GmbH (KFA);
Institute for Computer Applications (ICA), University
of Stuttgart;

Netherlands NetherlandsEnergyResearchFoundation(ECN);
Delft University of Technologie (DUT);
Stork Product Engineering (SPE);

Sweden NUTEK (NE);
Aeronautical Research Institute of Sweden (FFA)

Operating Agent: Institute for Computer Applications (ICA), University
of Stuttgart

Participants met on the following occasions during the year:

. Four technical meetinSs (25 March, 76-17 July,14 June on the
testfield;l4 June at Maastricht, the Netherlands)

Two measurement campaigns (76-"17 luly,13-15 on the
testfield)

28th IEA R&D Wind Executive Committee meeting (21 October at
Lyngby, Denmark)

EWEC '91 (14-18 October in Amsterdam, the Netherlands)



Main Technical Activities

At lCA, Germany

A Experiments

Investigation of different rotor tyPes (compare Figure 1.5.2).

Up to 65 channels were monitored with sarnpling rates uP to
20b Hz. The following hub concepts were operated for a variety of
control strategies within a wide range of values for parameters like
wind speed, rpm, power outPut (cp-values):

- Rigid hub (different coning angles, rotor tilt, tower tilt)

- Teetering hub (different teeter springs)

- Individually flapping blades (different flap springs)

- Individuallylead-laggingblades

- Combination of flaP and leadJag

- Teetering hub with flap-pitch couPling

- Individual flaPPing with flap-pitch coupling

Recording of load spectra

The blade flap bending moments are correlated with different
coning, rotor and tower tilt angles for rigid, teetering and flapPing
hub configurations.

Operation in upwind configuration has been started

Different methods for evaluating short-time measurements for the
set-up of cp-lambda diagrams were investigated

Runs with different generator behaviour ("generator stiffness")

Runs with constant rpm by Pitch control

Several controllers were simulated via Direct Digital Control. For
the promising ones, data were registered and are being evaluated.

Runs with constant rPm or constant torque by Senerator control
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Runs with operation at optimum tip speed ratio (torque - rpm2)

Many measurements were carried out within the possible wind
and rpm range (3,5 to 8,0 m/s;30 to 80 rpm).

Runs with active and passive yawing

Active yawing was used to measure reactions under different yaw
angles C 60 to + 60 degrees). For passive yawing, yaw excursions
could be observed and monitored for different hub configurations.

Runs with power control by active yawing

Power versus stationary yaw angle was measured for the rigid hub
configuration in the range of - 60 to + 60 degrees. The reactions of
the rigid and teetering hub configurations for several constant yaw
rates were monitored and recorded.

Investigations of some aerodynamic effects (runs with stall control)

Verification of Numerical Simulation Codes

Identification and adaptation of the model

The whole model was re.idealised, taking into account hardware
changes and correcting inaccuracies in the old model.

Further extension of post-processing and evaluation software

Simulation and comparison with experiments

Simulations with the program ARLIS (Aeroelastic analysis of
Botating tlnear Systems) were performed for one rigid, two
teetering and one flapping hub concept, with realistic stiffness and
damping parameters and in an rpm and wind speed range also
covered by experiments. Numerical and experimental results have
been compared, showing tolerable discrepancies (compare
Figure 1.5.3)

Simulation and evaluation

Part of the "critical" hub configurations and rpm regions was
already simulated.
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At ECN, the Nethetlands

The Dutch participation in the UNIWEX programme considers the

followine tasks:

Experimental study of system dynamic behaviour for different
rotor and drive train concePts

Validation of computer programs used for the design of wind
turbines or components

Design of controllers and experimental validation of their
behaviour.

'r)

tl

3)

A number of experiments have been requested to be used.for the different

tasks, the major part of which has been executed and is being analysed'

Particularly for 1) and 2), measurements were made with a teetering hub
and with individually free flapping blades under stall conditions, uP to
almost standstill, to explore ttie staUitity limits of teetering and flapping
motion. Also, measurements with lead-lag flexibility were performed
This type of measurements is not available in the literature.

With regard to 2), the effect of reduced aerodynamic damping on flap
loads is measured and will be compared with calculational results.
Information on wakeinduced inflow dynamics will be obtained from
executed measurements with pitching transients. Finally, yaw dynamics
and power control can be studied from a number of measurements with
yaw misalignment, and active yawing with different yawing speeds. Most

^e"srr.ements 
were done both with constant rpm control and with

constant torque control, so that the imPortant question of sPe€d control
benefits can also be studied.

As regards 3), an ''exPerimental model" of the UNIWEX (in the form of
transfer functions) wls estimated from special measurements with
random excitation signals on the pitch setting or torque control throttle
valve. Based on this, some aspects of the DIJWECS response Programs
were validated and a number of pitch controllers was designed and

experimentally evaluated. Some of this work was rePorted in [8] and [12]

In conclusion it can be stated that the UNIWEX is Presently delivering
experimental results of high interest, the analysis of which will take the
Dutch particiPants well into 1992.
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At FFA, Sweden

The modified UNIWEX turbine was modelled and simulations were
made with the aeroelastic program GAROS. Evaluation and comparison
with ARLIS results are underway.

Publications in 1991

1 K A Braun, M Miiller, H Snel, M Soderberg, Status Report on

UNIWEX, presented at the 27th IEA R&D Wind EC MeetinS,
Trondheirn, Norway , 16 April 1991

2 B Dressler Einfluss perschiedener Abwindmodelle auf die
Ergebnisse der aeroelastischen Untersuchung einer Windturbine
mit horizontaler Axis, Studienarbeit, Universitat Stuttgart, 1991

3 M Drescher; Aeroelastische Analyse einer EirtblLtt-Windturbine
und Vergleich mit entsprechenden Zwei- und Dreiblatt- Anlagen ,
Diplomarbeit, Universitat Stuttgart, 1991

4 H P Klatt, lnstallation, Enoeiterung und Austesten des
Programmsystems A'f ACYT zur Schalen-Balken Konaersion,
Studienarbeit, Universitet Stuttgart, 1991

5 H P Klatt; Computeruntersttitzte Auslegung do Struktur eines
Windturbinen-Rotorblattes, Diplomarbeit, Universitat Stuttgart,
7997

6 H Arnold, H Schwartz; Beschreibung der Programme zur
Auswertung und Darctellung der Messdoten im Proiekt UNIWEX,
Interner Bericht, Universitet Stuttgart, 1991

7 K A Braun, A Finkel; Compilation of Data for the the UN/WEX
Wind Turbine, Stuttgart, Juty 1991

8 H Arnold, G van Baars, P M M Bongers, M Miiller, H Schwartz;
Experitnents and Validation of Dymmic Models Linked with
UNIWEX - First Results, EWEC '91, Amsterdam, the Netherlands,
14-18 ocrober 1991

9 K A Braun, A Finkel, A Hopf, M Soderberg; Two Computer Cocles

for Aeroelastic Analysis ot' HAWT'S, Comparison with
Experime ts, EWEC '91, Amsterdam, the Netherlands,
14-18 October 1991
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10

11

H Arnold, K A Braun, A Finkel, A HoPt M Miiller, H Schwartzi
Stttus Report oz IINIWEX, presented at 28th IEA R&D Wind EC

Meeting, Lyngby, Denmark, 21 October 1991

J Argyris, K A Braun, ARopf; Dynambchc Analyx det .,
Rotirgondel rler LlNlWEX-Versuchswindturbine mit Hilfe der
Methode der finiten Elemente (AS(A), ICA-Bericht Nr 31,
Universitet Stuttgart, 1991

G van Baars; Expeimmtal Validation of the lJNlWEx wind
Turbine, Delft University of Technology, 191
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Figurc 1.5.1 The Universal Tesl Wnd Turbine UNIWEX at the Ukich
Hiitter Wind Test Field near Schnittlingen, Germany
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1.6 Task XIII Cooperation in the development of large-
scale wind systems

The Annex governing this Task was formed following the merger of the
two IEA wind energy agreements: IEA R&D WECS and IEA LS WECS.
The calendar year 1991 is the first of the designated three year duration of
the Annex.

The function of the Task is to provide a basis for the free exchange of
information on planning and execution of national Programmes for large
wind turbine systems. For the purpose of this Task, a Large Wind
Turbine System (LWTS) is either a single wind machine of approximately
one megawatt rating or a group of machines which act together to suPply
at least one megawatt.

The workplan prepared by the Operating Agent was circulated to the
participants prior to the IEA R&D Wind Executive Committee meeting in
Trondheim, Norway. It was reviewed and approved by the EC following
some minor changes.

In order to expedite the flow of information to and from the Annex, the
Annex member from each participating country designates one or more
persons known as Contact Persons (CP). These persons are usually closely
associated with an electric utility or some aspect of wind energy in their
resDective countries. Contact Persons in consultation with their Annex
XIIi Member contribute LWTS information and accident,/incident reports
as appropriate to the Operating Agent. In exchange they receive the
Annex compiled information.

To facilitate the implementation of the Task, an information system will
be established and maintained. It will contain specification of all large
prototype and many commercial wind machines. The system will
receive, circulate to participants, and archive accident/incident reports.
Also to be archived and reported by the Operating Agent are total
national installed wind power capacity, annual national ra/ind energy
generated, and national government plans in support of LWTS. The
material which has been submitted so far is being entered into the
information system.

A graphical representation of the function of the Operating Agent, as it is
presently understood, is shown in Figure 1.6.1.

On 23 and 24 September 1991, a workshop for Annex members and their
designated contact persons was held near Tehachapi, California. Contact
persons or Annex members or both were present from Canada, Denmark,
Italy, the Netherlands, Norway, Sweden, United Kingdom and United
States.
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At thc meeting it was agreed that the OPerating Agent should sirnplify
some of the citegories of the LWTS data that will be archived, and should
further refine th; definitions of some technical terms and the duties of
some of the participants. These changes are to be circulated before the

next EC meeting.

The workshop was held in conjunction with a meeting of the U S Utility
Wind Interes[ Group (UWIG). The UWIG was formed by the U'S' DOE

and the Electric Power Research Institute (EPRI) for the Purpose of
furthering the development and integration of wind energy-by electric
utilities. lt is a group made of rePresentatives from twelve U S electric
utilities which either are now using wind generated energy, or are

actively exploring the Possibilities for wind. Also included are

representatives from EPRI and DOE and their consultants'

By holding these meetin8s at the same location, the informal exchange of
informatio-"n and views by the members of both groups was facilitated'

The region adiacent to Tehachapi is the site of one of the three maior
windfirm disiricts in California' One of the local windfarm developers,

the Zond Corporation, hosted both the IEA and the LJiITr'IG groups on a
tour of the new "Wind River" extension of their facility. This
installation includes 340 turbines for a total Power of 77 'lvfV'/ '

An abbreviated summary of design and performance data for wind
turbines larger than 500 kW as of October 1991 is shown in Figure 1'5 2'

Participating organisations

Canada
Denmark
Germany
Italy
Netherlands
Norway
Spain
Sweden

United Kingdom
United States

Operating agent

The United States National
Golden, Colorado.

Department of Energy, Mines and Resources
Ministry of Energy
Forschungszentrum Ji.ilich GmbH
Ente Nazionale per l'Energia Elettrica (ENEL)

Stichting Energieonderzoek Nederland (ENC)

Directorate of Energy
Instituto de Energias Renovables
National Board for Industrial and Technical
DeveloDment (NUTEK)
Scottish Hydro-Electric Plc
Department of Energy
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National activities
2.1 Canada

Introduction

The annual wind energy R&D budget is around CAD 700 000 The effecti-

ve budget is increasedwith co-funding from- the reciPient or other insti
tutionsl A few basic research proiects are fully funded'

The study "Canadian Wind Energy Technical and Market Potential"

,pon.or"i by the DePartment of Energy, Mines and Resources (EMR) is

nearing completion.

EMR continues to suPPort two test facilities, the Alberta Renewable

Enersv Test Site (AR'ETS) in Alberta and the Atlantic Wind Test Site

teWi'Sl in Prince Edward Island. These facilities are also co-funded by

iheir respective provincial governments. The ARETS, which tests wind
and phoiovoltaici water puhping systems, is in the process of being

-ouid fo* Lethbridge to Pincher Creek. The AWTS concentrates on

testins mainlv electriiity generating wind turbines, wind/diesel test bed

and rlsource'assessment of two sites to find a suitable windfarm site'

Adecon Energy Systems are testing SL-38, a 150 kW- VAWT, near Toronto

and are also ii."ti',Utit g a 300 kW VAWT Adecon is Soing to install ten

of the SL-38 machines in their Pincher Creek, Alberta, windfarm (see

below).

Lavalin Inc has completed the design of a 250 - 300 kW VAWT The

manufacture of this design is uncertain due to the reorganisation of
Lavalin.

Next year IREQ, Hydro Quebec, is Planning to set up a high-Penetration
wind/diesel demonstration at AWTS. The system would consist of four
wind turbines (30 to 80 kW range) and two 50 kW diesel generators with
appropriate dump loads.

Five machines that will make the first phase of the two Alberta wind-
farms (9 and 1,2 MW) are being installed.

The utility of the province of Saskatchewan has invited proposals for a

10 MW windfarm.

j
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Proiect AQUILO

The 500 kW VAWT, manufactured by Indal Technologies Inc of
Mississauga, Ontario, is continuing its testing at AWTS after rePairing the
bottom bearing, which took a few months.

Proiect EOLE

The 4 MW VAWT, called EOLE, was installed at CaP Chat, Quebec, in

fanuary 1987. The machine has been running in automatic mode since

its commissioning in March 1988. Currently the machine is being
operated up to a maximum of 13,5 rpm and a cut-out wind speed of
17 m/s. The corresponding maximum outPut is about 2,4 lv{VV.

The rotor was inspected during August 190. The most critical ,oints, the
blade/strut ioints, were insPected for cracks and tightness of bolts. No
cracks were detected and all the bolts were found to be properly torqued.

However, a crack in rotor blade was discovered on 1 May 1991. In the
days preceding the discovery, an unfamiliar noise warned the oPerator
until the crack became visible.

The crack occurred on the second blade section below the lower strut, a

location which was not exPected to be too hiShly stressed. A local defect
could be the source of the crack. The crack was cleaned uP to stoP the
propagation, and double steel Plates (16 mm thick, '140 mm wide) were
bolted around the cracked blade section, on the inner and outer surfaces
and the leading and trailing edge webs. The turbine was back in oPera-
tion on 21 June. So far the repair s€ems to be working.

The performance summary for EOLE up to 10 SePtember is as follows:

The monthly energy production is given in table 2.1.1

Total electricity generated
Generating hours
No. of starts/stops

kwh
h

EO

I582707
't3 027
4737
93,73
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Tabte 2.1.1 EOLE Net Energy Produclion (kwh)

Total net production: 8 071 774kwh3l

1) insDection ol turbine
2\ blade crack rePair
3i including 618 380 kwh lrom 'll September 1987 to July'1988

Windfarms

3|-Turbine windfarm in Alberta

On 1 February 1991, the Alberta Office of Renewable Energy Technology
announced the project of a 30-turbine windfarm to be located at Cowley
Ridge, southwest Alberta. The windfarm will consist of ten U.S.

Windpower turbines of 100 kW, 16 m rotor diameter, variable pitch,
downwind, and twenty of 400 kW, 33 m diameter, variable speed/pitch,
upwind. lt will be capable of generating 9 MW of elechicity, which will be

sold to TransAlta Utilities Corporation at about 5 cents/kwh.

The wind farm is expected to cost 11,4 MCAD over three years and will be
financed entirely by U.S. Windpower. Construction, oPeration and
maintenance of the windfarm will be performed by Wind Power Inc, an
Alberta company.

The siting has been approved and conshuction began in October. Nine
100 kW turbines will be installed before the end of the year.

71 540
100 520
247 520
161 560
361 130
334 670
266 280
282 660
264 390
152 180
85 330
56 770

80 000
122 230
193 200
276 500
225 540
422 660
245 000
278 300
312 700
197 000
153 300
120 900

172 500
2 300r )

'174 200
1 57 700
220 100
326 100
326 100
302 300
1 75 400
'I 54 400

5 4002)
38 8002)

155 400
211 714

40



lq-Turbine Winrlftrm in Alberta

On 31 March 1991, the energy minister of Alberta announced another
windfarm proiect, a lGtubine windfarm to be built near Pincher Creek
in southwest Alberta. The windfarrn will be capable of generating
15 MW of electricity, which will be sold to TransAlta utilities at about
5 cents/kwh. The 150 kW vertical-axis turbines will be supplied by
Adecon Energy Systems, which will establish a subsidiary in Alberta to
construct, service, and operate the windfarm.

The proiect cost is estimated at 2 MCAD of which up to 600 000 CAD will
be provided by Southwest Alberta Renewable Energy Initiative. The
siting has been approved and construction has started. Two turbines will
be erected before the end of the year and the others will be installed next
sPring.

10 MW Windlarm in Saskatchaoan

SaskPower, the utility of the province of Saskatchewan, has initiated
proposals for a 10 MW windfarm.



20 m laminated wooden blades. Since then, the machine has operated
satisfactorily.

It is intended to prolong the the lifetime of both turbines by 7 to 10 years
in order to test their operation with the wood technology. The average
wind speed at the site is 7,1 m/s at hub height (45 m). Assuming 100 7o

availability, the annual energy production will be about 1300 MWh per
turbine.

The Masneds windfarm

ELKRAFr Power Co Ltd, the regional utility of .kaland, operates a
windfarm comprising five units of WNDANE 40, manufactured by
Danish Wind Technology Ltd. The site is on Masnedo, a small island
close to the southern coast of Zealand. The main specifications for these
machines are similar to those fcrr Nibe B.

As of 31 December 1991, the operating statistics were as follows:

Turbine: MAV 81 MAV 83 MAV 84 MAV 85
Running time, hrs 766n 17'160 la 037 17 968
Energy output, MWh 4316 82 4752 5436
Average power, kW E9 2'15 264 303

The five turbines were installed in late 1985. Comrnissioning progressed
well until October 1987 when a fire completely destroyed one of the
turbines (MAV 82). It has now been rebuilt and placed back into
operation. The design of the new wind turbine is in many ways an
improvement over the previous one. This means among other things
that the machine is more cost effective.

Most of the turbines have had gearbox failures. As a result they have all
been modified. As a safety precaution, the maximum power output of all
turbines is temporarily limited to 450 kW, until the power control system
is able to prevent excessive power peaks caused by wind gusts.

Surface cracks have been observed in a number of turbine blades. Until
recently, provisional repairs were made, either at the site or in the
workshop. Two turbines are now equipPed with new wooden blades, and
the remaining three turbines are provided with new fibreglass blades.

The Tiarebotg wind turbine

In 1988, ELSAM, the regional utility of Jutland and Funen, commissioned
a 2 MW wind turbine at Tiareborg south of Esbjerg on the west coast of
futland. This machine has a 60 m upwind rotor with three pitch-
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controlled cantilevered fibreglass blades and a 1: 68 epiryclic gearbox. The
generator is of the induction type. The 60 m to\,ver is made of concrete.

As of 31 December 1991, the machine had operated for 629 hours and
produced 4444 MWh of electricity.

In August 1989, one year after the turbine was commissioned, its gearbox
failed by fracture of the main gear wheel. The damaged parts were
quickly replaced by the manufachrrer, but then high temperature was
found at the two bearings of the output shaft. This has further reduced
the number of operational hours, but the installation of an improved
bearing with better lubrication and cooling has now solved the Problem.
Recently, a 1P sound from the first main bearing was observed. This is
caused by friction between the bearing and the main shaft, but until
further notice, the machine will run in normal unattended oPeration.

The Avedore wind turbine

ELKRAFT is designing a 50 rn,/l MW wind turbine with blades that can
be used in both pitch and stall control. The machine is scheduled to be
installed in March 1993 at the Avedore power station .l0 km south of
Copenhagen.

Small-scale wind turbines

Data accumulated over the past five years for both private and utility-
owned turbines are shown in Figure 2.2.1.

By the end of 1990, the total number of grid-connected small-scale wind
machines was 2881 units. The total electric capacity was 343 MW and the
annual power production was 604 GWh, which corresponds to 2 % of the
Danish electricity consumption. The corresponding numbers at 1 October
'1.99"1 arct 311,1 units,385 MW and 520 GWh (nine months period).

The latest development trend shows that the traditional Danish design
concept is unchanged. Stall regulation is still the most common means
of power limitation, although pitch control is gaining ground.

Generally, two types of towers are used: steel lattice towers or tubular
towers; in both cases they are 30 to 35 m high.

The power range is rapidly expanding. In 1991, machines with ratings of
400 to 450 kW have been sold by the manufacturers. This will soon also
apply to 500 kW machines, for which prototype testing is underway.



Utility rvindfarms

In 1985, an agreement was reached between the Danish government and
the utilities, committing them to install 100 MW in windfarms over the
next five years. There has been a delay, however, caused by difficulties in
getting planning permissions. At mid-91, a total of about 85 MW had
been installed, and the agreement will be fully implemented by the end of
7992.

Table 2.2.1 shows the experience and economv of Danish utilitv
windfarms, illustrated by data from the first;ight windfarms in the
ELSAM area on futland covering the period 198&1990. The rePorted
O&M costs are based on experience.

The average cost of energy for these windfarms is 0,0563 ECU per kwh
assuming 20 years lifetime and a real interest rate of 5 7o. With an
interest rate of 7 70, the average cost of energy would be 0,064ti ECU/kWh.
Detailed studies show that from 7987 to 1990, the cost of wind-Senerated
energy decreased by about2s 7o.

Table 2.2.2 shows a cost break-down for the above-mentioned eight
ELSAM windfarms. Data from windfarms and clusters of wind turbines
in the ELKRAFT area would show a similar result.

Offshore windfarm

The first Danish offshore windfarm was comrnissioned in mid-1991. The
site is in the ELKRAFT area at Vindeby, northwest of Lolland in the Baltic
sea. The windfarm consists of 11 wind turbines in two rows. The water
depth varies between 2 and 6 m. The distance from the shoreline ranges
from 1200 to 2400 m, and the distance between the turbines is approxima-
tely 300 m. Each turbine is rated at 450 kW, and the hub height and rotor
diameter are 37,5 and 35 m. FiBuJe 2-2.2 shows the transportation of the
concrete foundations to the site at sea, and Figure 2.2.3 shows the
completed windfarm.

Vindeby is a pilot protect motivated by the increasing difficulty of getting
acceptance of onshore windfarm siting. Although the specific energy
output is expected to be abowt 60 % higher than for average onshore sites,
or about 1130 compared to 700 kwh per m2 of swept rotor area, the cost of
energy produced by this windfarm (0,08 ECU/kwh) is estimated to be
50 % higher than for average inland sites. It is anticipated, however, that
this figure would be lowered by using larger turbines on the same
foundations, as the design criterion for these has been ice load. The total
costs of the project, including a two-year measurement programme, were
10.5 MECU.
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Total inslalled capacity
Number of units
Swept area per kW
Average unit size
Tolal investment per kw

[/TW

m2
KW
ECU
ECU
kwh
"h
ECU
years
ECU
ECU

42,7
240
2,5
'178

1 028
410

2005
22,4

0.008s
20

o,0478
0,0562

otal investment per m2
Annual output per kW
Capacity faclor
O&M costs per kwh
Depreciation period

costs per kwh, 5 o/o pet fear
Capital cosls per kwh, 7 o/o 

Per \ear

Cost of energy, incl O&M, a15 o/oly(

Cost ol energy, incl O%M, ai7 oklYl
ECU/KWh
ECU/KWh

0,0563
0,0648

Tabte 2.2.1 ELSAM-Area: Experience and Economy for Eight Windfarms

Table 2.2.2 ELSAM Area: Cost Break-Down for Eighl Windfarms

(Costs in thousands) KECU

1783
29757

3763
34 51
2386

J5/

'1198

289

Project management
Wind turbines
Foundations
Local el. installations
Grid con nection
Control cenlres
Roads
Land costs
Miscellaneous

4,1
67,8

8,6

0,8
)1
)7

100,0Total costs, incl site costs 4 3886
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Utility turbines
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Figure 2.2.1 Accumulated data for wind turbines in Denmark
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Figure 2.2.2 ConcrstE ,oundaiion for an otfshor€ windfarm
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Figure 2.2.3 Offshore windfarm al Vindeby
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2.3 GermanY

Introduction

In Germany, the develoPment of wind power is suPported by.the Federal

Ministrv of Research an-d Technology (BMF[) since 1975, and by the

Federal States. The general objective is to develop reliable wind energy

conversion systems iwECS) and to stimulate the commercialization of
wind power, particularly through demonstration- Projects and the large

scale 'i250 lvfvv wind" Programme. R&D activities now concentrate on

"drrurlced 
medium-sizei niachines and new large-scale wind turbines (LS

WECS) NI.

This reDort describes the technical status of LS WECS development in
Germaiy and also includes information on medium-scale wind turbines

with LS technology, the "250 MW Wind" Programme, and the installed

wind power in Germany.

The main activities on medium- and largescale WECS are:

. Wind measurements

o Technical R&D

. Turbine development

' APPlications

. General issues

As turbulence and other variations in the wind inflow are the Principal
source of fatigue loads and resulting stresses for a wind turbine of any

size, detailed knowledge of the wind as the source of energy is necessary'

wind measurements ;ith meteorological towers corresPonding to the

heisht of the top of the rotating blade (130 m for AEOLUS tr, see below)
ani numerical 

'modelling have been carried out and are continuing'

Technical R&D covers the aerodynamics of the rotor blades, structural
dynamics, advanced comPonents, and optimized systems' For example,

the UNIWEX pro.iect at the University of Stuttgart aims at investigating
improved desiqn strategies in order to reduce investments and improve
tecirnical reliabllity. Thi decisive Parameters such as rotor shessing,

smoothness of opiration, and aeroelastic stability are being investigated
both experimentally and numerically This Proiect is-a cooperative task

in the IEA R&D Wind Progamme (see section 3.5). The results of this
kind of research influence turbine develoPment. For example, the 28 m

blade for the 640 kW Monopteros 50 wind turbine by MBB is made of
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composite fibre material (CRP, GRP) with supporting foam- It has an
airfoil of special quality (Wortrnann FX84W) and a mass of only 2l ton.
This technology will be used by MBB also for the blade of the 3 lvfw
Aeolus II (see below); the blade mass will be reduced from 21 ton
(existing Swedish Ndsudden I) to about 8 ton.

Examples of LS WECS development and applications are shown in Table
2.3.1. The table indudes medium-sized hrrbines of advanced design.
The titles of the projects indicate the relationship with the underlying
five activities already mentioned. They cover single-bladed turbines and
turbines with two or three blades. The machines are generally
characterized by advanced rotor blades and improved mechanical
engineering as well as optimized operational behaviour. Through these
advanced technical concepts it is hoped to achieve a further decrease in
the cost of electricity from wind. The EOLE D development line is no
longer included in the table, since it was abandoned by Dornier GmbH in
Auturnn 1990.

General issues include studies of environmental impact (noise) and
safety, and technical support for the approval of turbines. They also cover
investigations of the wind energy potential in the FRG, recently re-
considered with respect to the new Federal States in Eastern Germany [21.
A new wind map, including Eastern Germany, is shown in Figure 2.3.1.
Also worth mentioning is the proiect "Study of Offshore Wind Energy in
the European Community", funded by the CEC, the BMFT and the UK
Department of Energy and carried out by Germanischer Lloyd AG and
Garrad Hassan and Partners Ltd.

Developrnent lines

Moropt e/os

As shown in Table 2.3.1, this development line started abeady in the late
seventies. The aim was an advanced concept of a single-bladed wind
turbine with a counterbalance as proposed by F X Wortmann. A develop-
ment up to 1 lvfvv turbine size was only being pursued in Germany. A
successful experimental unit, Monopteros 400 near Bremerhaven, see
Table 2.3.2, with a rated power of 400 kW, formed the basis of the projects
"Adaptation of the Development of Monopteros 50" and for the "Jade
Windpark:3 Monopteros 50". The new 640 kW Monopteros 50 has a soft
tower and a generator system with a speed range. A steel shell tower with
no guys allows a wide operational flap angle from minus nine to plus
twenfy degrees for the downwind rotor. The three Monopteros 50 were
completed in 1989, see Figure 2.3.2. First operational results have been
published [3].
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Wind measurements at the Jade WindPark with a 130 m mast shall
support the measuring Programmes for the MonoPteros turbines and the
Aeolus II, see also No 3 in Table 2.3.2.

WKA 60

The WKA 60 is a typical rePresentative of the European one-megawatt
class of three-bladed wind turbines, which includes similar turbines in
Denmark, Great Britain, the Netherlands and Spain. The first machine,

with a rated power of 1,2 lvfw, was installed on the 2 km2 island of
Heligoland, I,ocated 65 krn NW of Cuxhaven in the Heligoland Bight, see

T able 2.3.2.

The turbine is erected in the harbour near the mole. The concrete
foundations are about 10 m offshore in apProximately 5 m deeP water.
Even if this machine is of "conventional" design, it still takes into
account the special conditions of the island regarding meteorology and
the energy system available. Special wind conditions, caused by the
island's iteep sandstone rock, influence the load assumPtions for the
rotor (height of rock:50 to 60 m, distance from turbine:900 rn in a
direction of 300 to 350 degrees). Results from a special wind
measurement programme with an 80 m lattice tower will supPlement
existing wind data. The annual outPut is estimated at 5,1 GWh (90 7"

availability, Z8 m/s annual mean wind sPeed at 10 m).

The island's main energy supply system consists of diesel units
(2 x 7,7 lvIlt'l for electricity) with waste heat utilization including a heat
pump and a desalination Plant. The minimum demand for electric
oowir is about 1 MW and the maximum 2,5 MW. The wind turbine
operates parallel to the diesel units and is equipped with a special "shaft-
driven" generator system of a tyPe which is often used on ships. Since
the shaft speed can vary within wide limits, a frequency converter system
is needed to provide constant supply frequency. The electrical system
thus consists of a synchronous generator, a static inverter and a rotating
phase shifter.

WKA 60 was completed in Auhrmn 1989. The turbine is in normal
operation since April/May 1990. From March 1990 to SePtember 1991 it
generated 1900 MWh during 4050 hours connected to the island's grid.
Examples from a detailed measurement Programme are shown in
Figure 2.3.3.

The new energy supply system including WKA 60 was realized in the
framework of the "Demonstration Programme for Wind Energy" of the
CEC. The CEC also supported the Spanish-German machine AWEC-60
(cf section 2.8). This is also a 1,2 MW three-bladed machine, which is
based, in principle, on WKA 60 but includes some important innovations
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in the framework of Spanish4erman cooperation. The proiect aims at
developing, manufacturing and testing the turbine. Contrary to the
demonstration proiect WKA 60, the AWEC-60 proiect has an R&D
character. This is evident particularly in the subsystems, such as the
electrical system, the design of the glassfibre reinforced blades and the
control strategy. Table 2.3.3 shows a comparison of the WKA 60 and
AWEC-60 turbinet including the new WKA 60 II turbine, see below.

The main aim of this advanced development is a further cost reduction
for the generated electricity. Cooperation with the German partner
consisted on the one hand of the adaptation of the WKA 60 concept to the
Spanish turbine, and on the other hand of R&D work for the innovative
subsystems mentioned. In addition, the German manufacurer, M.A.N. -
Niirnb€rg delivered the drive train. AWEC-60 was completed in
Autumn 1989.

Wind energy progr ntne PreussenElektra

Since the beginning of 1987, the utility PreussenElektra AG has been
engaged in a wind energy programme for electricity production by the
operation of advanced l,S WECS. Further knowledge of the long-term
behaviour of the turbines and of the expected decrease in wind electricity
coss will also be obtained. The programme is part of recent activities by
several German utilities to investigate renewable energy sources in an
advanced approach. ln particular, these activities cover photovoltaics
(300 kW up to 1 MW in a later phase, Rheinisch-Westfiilische
Electricitatswerke AG), solar energy in combination with hydrogen
technology (several 100 kW plant with 350 kW photovoltaics, Solar-
Wasserstoff Bayern GmbH), and wind/solar-energy supported pumped
storage plant (@0 kW Monopteros, Hamburger Electricitatswerke AG, see
below).

In particular, PreussenElektra AG proposed to erect and operate two LS
WECS at two different German coastal sites, The PreussenElektra AG, the
BMFI, the coastal states I-ower Saxony and Schleswig-Holstein agreed to
share the installation costs in the ratio PreussenElektra/BMFT/coastal
state = 5O/25/25. In the meantime, PreussenElektra AG has shified its
wind energy activities to two new companies, the PreussenElektra
Windkraft Niedersachsen GmbH and the PreussenElektra Windkraft
Schleswig-Holstein GmbH.

Projects in connection with the wind energy programme are listed under
heading 3 in Table 2.3.1. A planning phase for the following LS WECS
demonstration proiects has been running since May 1987 and was
completed in December 1989. Two special IS wind turbines will be
oDerated:
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An advanced Aeolus II, based on the Swedish 2 MW Nasudden

-l.rl]""-o" ift" Itland of Gotland in the Baltic' and developed in

Swedish/German cooperation Site: Jade Windpark near

Wilhelmshaven in Lower SaxonY'

An advanced WKA 60 II, based on WKA 60/AWEC-60 technology'

ilt", k"ls"r-wif helm-Koog in Schleswig-Holstein on the

foundation of Growian.

The sites of the two turbines are marked on the maP in Table 2 3 2 The

a*"r oi A-f"t II is alredy erected, see Figure 23'2 Other components

;r" ;;;- manufactured, see Figure 2'3 4 Aeolus II will be installed in

;;;; i;dt-M;in data, status-10/91, are shown in Figure 2-3 5' wKA 60

ir'*"i "i*r"a 
at Kaiser-Wilhelm-Koog in late Summer 1991' see Figure

2.3.6.

Other wind energy Proiects in the PreussenElektra Programme include

i,i"J -nut"t"^""tits' at'the Jade Windpark, and financial support for

farallel engineering proiects at MBB and M A N-' the manufacturers of

Aeolus II and WKA 60 Il.

Windlsolar-energy supported pumped-storage plant

In this case, the already existing pumped-storage plant Geesthacht' about

lO i.- "utr"f 
rfu^Urlrg, witt be Lisea, t"t ^"p 

in Table 23-2 This is a 2'8

-iUio,l rng basin on aiidge 85 m above the river Elbe The Power of the

oiun, ir rzo MW, and the-capacity 600 N{vVh The owner is.Hamburger

[i".ni.rt"tt-*t" AG (HEW) H'Ew plans to supPort the filling of the

;;;i.h; p"^p driven by electriciiy from the-wind rhe wind power

*lii-u" a"ri"i."a by a 540 kw Monopieros from MBB Photovoltaic

oo*", oi oo kW (A'EC) will supply the control system The aim of the

;;;il,i; io J"^ot t*"," the cbmbination of different subsystems At the

iu-" ti-" this extended plant will be used as a reference with

...rii"t"Uf" potential foi further applications around the world- The

nwff 
"na 

th^e Federal State of Schleswig-Holstein supPort the Proiect

flnunciuttv. The project is delayed due to difficulties in getting the

U"ifai"n ii."".".'Fiist rotation of the wind turbine is expected in late

199?-

HSW 750

This is the largest wind turbine to be built by Husumer S^chiffswerft lt
'i{'ill be install;d in 1992, see map in Table 2 3 2 HSw 750 is a three-

bladed upwind machine with a rotor diameter of 40 m and a rated rotor

."""a 
"i'ss 

rpm The hub is fixed, and the rotor tiPs are pitch-controlled'

il;;i;Jp.;". is 750 kw at 14 m/s wind velocity Tle-project is jointlv

frt a"a Uyit 
" 

CnC (28,3 %) and the BMFT (20,7 E = 1'5 MDEM)



New medium-sized wind turbines

E-36 is a new development of the manufach.rrer Enercon. E-36 is a 400
kW wind turbine with a direct-driven generator without gearbox. The
three-blade rotor has a diameter of 35 m, and the hub heiSht is
approximately 40 m. The variable speed of the rotor ranges from 15 to 37
rpm. The turbine will be installed in Spring 7992 and oPerated by the
Energieversorgung Weser-Ems AG (EWE). The turbine will be integrated
in the 3,3 MW Windpark Hamswehrum NW of Emden at the mouth of
the river Ems. Enercon plans to enlarge the concePt uP to 1 MW.

The HM-Rotor-3oo is a vertical-axis wind turbine, manufactured by
Heidelberg Motor and erected at the Kaiser-Wilhelm-Koog Wind Test
Site. Like the E-36, this turbine has no gearbox and a directly driven
generator. The low rotor speed also helps to reduce nois€. The
development and installation of this turbine is funded at 50 7o by the
BMFI. More HM Rotor 300's are planned for installation at sites near the
North Sea coast from 1992. The manufacturer believes that the design
can be economically scaled-up to 1 MW.

TW 500 is a stall-controlled 500 kW wind turbine, manufactured by Tacke
Windtechnik. The threebladed rotor has a diameter of 36 m. The airfoil
of the GRP blades is the NACA 53-200 series. The steel tower carries the
nacelle at a hub height of 35 m. The annual energy production at the site
(Borkum Island, North sea) is estimated at 1 GWh. The machine will be
operated by Windkraft Nordseeheilbad Borkum GmbH. The final
construction permit is not yet obtained since many areas of the island are
protected as nature reserves and since the island is located in the national
park "Niedersdchsisches Wattenmeer". So far, the manufacturer has no
plans to scale-up the wind turbine size.

Funding

For details of funding, budget and policies reference is made to the
governmental annual report [1]. Many details of s€lected LS WECS
projects may be obtained from Table 2.3.1. For 1991, the funding of wind
energy R&D projects, including demonstration but excluding the 250 MW
Wind programrne, was about 105 MDEM. For 7992,9.2 MDEM are
already tied up in ongoing projects. BMFI support is about 50 % of the
total costs. Additional funding may be provided by the Federal States,
some examples may be seen in Table 2.3.1. Further support is obtainable
from CEC programmes.

The support for the 250 MW Wind programme can be roughly estimated
since it depends on wind turbine technoloS, availability and particularly
on the site. As the "250 MW" refer to a wind speed of 10 m/s, this
corresponds to a rated power of about 375 MW (factor of 1,5). If the
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annual operational time (equivalent hours at rated Power) is taken as

between i300 h (inland) 
"ttd 

zooo h (coastal area) and the support is 0,06

DEM/kWh (see below), the required funding is 30 to 60 MDEM per year'

fo. 
"".tr 

ptolu.t, the duration of the support is timited to 10 years' These

numbers ire.no allocations, see ref [1], but they demonstrate the

magnitude of this large-scale experiment.

Highlights 1991 and future activities

The total wind power caPacity is growing rapidly especially because of the

250 MW progrimme. Since ihe beginning in Summer i989' nearly 50

l,lW h"" i""i lttttaUed by the turn;f the year' Further research for the

utilization of wind energy is nevertheless considered necessary New

materials will help to improve not only the costs but also the lifetime of

wind power planis. For butputs of 400 kW and more, development work

i, ,,eei"d to ibt"it more reliable data on the technological as well as the

economic side. This aim is supported by wind turbine demonstration

programmes and, in principle. by the 250 MW programme'

Research and develoPment could be continued for LS WECS, stimulated

bv the increased inte;est shown by the utilities' Three LS WECS of more

than 1 MW rated power will produce data on availabilily, dynamic

stresses in correlaiion with gusts, and grid interconnection issues'

Cunent investiSations confiim earlier studies that a considerable

contribution in'ihe t Z range to the country's electricity production could

be obtained preferably with- LS WECS. First recommendations, taking

into account the charicteristics of the grid and the limited number of sites

in a densely populated country, are to concentrate the wind turbines in
certaln areas.

In other fields, Particularly those involving smaller plants, R&D work is
expected to be brought to an end lnformation important to the utility
industry, such as reiiability. maintenance, lifetime, annual electricity
r:roduciion and installation costs, have moved into the foreground of
interest. The following Points are characteristic of the present situation:

. LS WECS projects are being realized more and more within the

framework of internationaf cooPeration to combine different
technical approaches in the Partner countries This is also

stimulated by CEC programmes (WEGA).

The increasing Positive attitude towards renewable energy sources

in Gerrnany ls ievealed by the recent foundation of new research

institutes in several federal states. A German Wind Energy

Research Institute has been initiated in Wilhelrnshaven, initiated
by the federal state of Lower Saxony. In June 1989, Schleswig-
Fiolstein announced a permanent test station, which uses the
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infrastructure of the site of the concluded 3 MW Growian
experiment.

The German parliament has passed a bill for new electricity prices
for renewable energy fed into the grid. Payment for produced wind
electricity to private wind turbine operators by utilities increased
from max 0,092 DEM to 0,166 DEM (in general 90 qo of the
utilities' selling price to the end consumer) as of 1 January 1991.

Interest in participating in the 250 lvfw programme was
permanently high in 1991. By the end of 1991,2888 applications
for 686 MW19 (measured at 10 m/s wind speed) had been
submitted, counted from the beginning of the programme in 1989.

Although applications for around 180 MWro have been withdrawn
meanwhile for various reasons, the remaining applications give
the BMFT enough flexibility for its selection process. By the end of
1991, applications for 79 MWto had been approved. From these 79
MW around 34 MW are in operation (334 turbines, 245 approved
applications). Next year a further 50 MWlg are expected to be
approved. So far no t,5 WECS participate in the 250 MW
programme/ but the average turbine size - presendy about 200 kW -
is growing as well as applications for windfarms.

The 250 MW pro$amme foresees two types of grants. In the
normal case. the operator receives a grant in proportion to the
generated electricity. If it is used by himself he receives 0,08 DEM
for each generated kWh, and if he feeds it into the grid he gets 0,06
DEM. In the latter case he receives an additional comDensation fee
of 0,156 DEM/kWh paid by the utility. As an exception and as an
alternative to the normal case, private applicants and farmers can
choose an investment grant for one wind turbine, which depends
on the geometric dimensions of the turbine and which is now
limited to 90 000 DEM.

In any case, the 250 lvfvv programme involves a compulsory 10-
year scientific measuring and evaluation programme WMEP to
obtain long-term experience of wind turbine operation. Each wind
turbine, for which grants have been accorded by the BMFT, is
connected to a central processing unit collecting relevant data for
further evaluation. This long-distance measuring network will be
the largest of its kind in Germany. In addition, the operators have
to report any anomalities during the lO-year observation trrriod.
BMFT'S contractor for WMEP is ISET in Kassel, who will publish
all relevant data [4]. These publications should contribute to the
further oDtimization of wind svsrems.
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Planning and construction permits by local authorities are an

increasing problem. Especially at the North S€a coastal line, the
authorities are increasingly confronted with both the interests of
renewable energy users and those who are defending the existing
landscape or ari outright opposed to wind turbines. Therefore,
some communities have started to designate special sites for
possible wind systems in their community plans, preferably for
*itrdf"t^s. This procedure, however, will take some time and

thus leads to delays in the realization of planned wind turbines
Advanced planning guidelines are already developedty three
ministries of the federal state of Schleswig-Holstein [5) Generally,
sood wind turbine sites are limited. Therefore, LS WECS may be a
possibility for using the best places in an effective way.

As aheady mentioned, all analysis shows a tendency towards
larger wind turbines. An ad hoc committee on large wind 

_

installations has been set uP in May 1991 who will submit their
final report in early 1992.

The number of operating wind turbines is rapidly increasing.
According to Windkraft-lournal 3/91,605 wind turbines with a

rated power of 80,8 MW were noted Together with a further
completion of the 250 MW programme since Summer 1991 of
about 15 tvtw, corresponding to about 120 turbines, the total
installed wind power in Germany may reach 96 MW by the end of
7991.

Due to the 250 MW programme and the investment Programmes
of the different state governments, wind Power is growing rapidly,
particularly in Schleswig-Holstein. Here, wind power now
supplies about 1 Vo of the electricity consumption with abuot 300
turbines and about 60 MW installed capacity. In Autumn 1991, the
utility Schleswig-Holstein AG counted 513 further applications for
grid connection of single twbines with a total rated power of about
130 MW and 167 applications for windfarms with a total rated
oower of about 150 MW.
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Tabte 2.3.1 LS WECS (rated power > 400 kW) Projects in the Federal
Republic ol GermanY

1 lilol{OPTEROS DEVELOPIiIEIr Lll{E

- Srngl€-blade LS WECS MONOPTEFOS manuractun.g oocrmsntalron ror lhe 5 MW prolotYpe and
.onsrruclion ot an erDerimenlalun Dlanl
MONOPTEFOS 4@ {MAB. Munich)i01.07.76-31.12.82iOM 28.5 million (BMFT: 1m%)

- Measudnq progEmme MONOPIEROS 1OO (MBB. Munichl i 0l .07 82-30 06 E5: DM 10 0 million
IBMFI:lm%)

- Long term test ot MoNoPTEFOS 400 (MAA, Munich) i 0l 07 85-30.09 a7 i OM 0 176 million (BMFr: 100 %)

- Adaptalion deElopmonl ro. MoNoPIERoS 50 (MBa. Munich)r 01@'85-31078a: oM 870 million (BMFr:
50%)

- JADE windpalk: 3 MONOPIEFOS 50 (JwE wilholmshav€n): sinco Mav 85; DM 246 milrion (C E C DM 2'3
million: Federal Slat€ ol Lowor Saronv DM 14.8 milllon)

- wind measurcm€nls wilhshshavon (univgBitv ol Hanov€r' Hanov€r)i 010487-300492i OM l'67 million
lBMFT]100%)

2 WXA 60/AWEC 60

- oevsropm€nt ol a medNh-s2od wlnd lurbin€ around 1 Mw (MAN Tschnologi€ GrnbB, Munlch)l
01 08 84-3006 E9:DM 9.8 ry'ilnon {BMFT:65%)

- En€rgy Syslen H€ligolend lc€m6r'de H€lgol.nd. Hergolandl 010884-3'1?89: OM314 n'lhor: lBMi-T:
? 4€ mrlronDM lor DM 11.54 nrllon wind iulbli6)

- AwEc 60 spanish/German Coop€lal on (M.a. N. t6chnologl6 GmbH/ASINEL) i 01 03.87 - 31 12 89l
oM 3.3 million (BMFT:50%)

- wlnd moasursmsnls Heligoland (Gsrman WeEih€r S€ruica. S€awan€ramt Hamburc)i 010887-31 121992i
OM 1.8 million (BMFT: 100%)

- wKA 60 measurement prog.amms {M.A.N. tochnologis GmbB, Munich); 01 11 88_31 12.92i OM 3 7 million
IBMFT:50%l

WIXD PROGBAI'IIE PREUSSET{€IEKTRA
WI DXRAFT IEDERSACHSEN/SCHLESWIG HOLSTEII{ GI,IBH

- utilization oi wind energy by LS wECS lphnning Phas6) (fteussenElsldra aG): 01 05 87 ' 31 .12.88 i

DM 0.7 million (BMFIT50%)

- Dsvelopmenr or the AEOLUS llrcior blade (MBB. Munich);01@ 87'30 @ 91;DM 5 9 million (BMFT:50%)

Engrneennq tor rh€ adaplalion ol a wKA 60 lype lurbine - wKA 60 ll (M a N Technologie GmbH Munrch):
01 05a8-310391. DM 16 m'llon iBMFT 50%)

- AEOLUS II
(Prcus$nElekira windkan Niedsrsachssn GmbH, Hanover).0109EE 31.03.92iDM 214million
IBMFT: m 5%. Land Niedersachsen: 20 5%)i in addition DM 4 15 million lo manracrurer MBA fiom C'E C

lPreussenElektn windkrail schlsswiq-Holsi€in GmbH, Hanov€r); 01.02 89-30 06 92ioM 14 3 million

IBMFI:25%, LandSchleswg-Holstein25%)

- Measuring programme AEOLUS ll (PreussonEl6klra Windkratl Niedersachs€n GmbH, Hanov€r):
01.10.91-31.05 95 OM 0,6 milllon (BMFr:500 )

- Moaslnno Drooramme WhA 60 ll (ProussenEloklra Windkratl Schleswig Holstein GmbH Hanover)l
01.1091-11.0545 oM 0,6 mrll'on (BMFT:50%)

4 wl o/SOLAR SUPPORTED PUlilP STORAGE PLArt
whd IMON 50) Sol4 (@ kwl suppod€d plmp slorage Plant Ga€slhacht (Hamburger El€ctricitatswo*€ AG

Harburc).20 0289-31051993 DMII8mlho"IBMFT 40!b. Lard Schleswg_Holsle n 10%l

HSW 750

Oevdopment ad test ol a 3-bladed 750 kw windlurbin€ (Husumer Schifisw€rt Husum) i 01 .04 89 - 31 12 1992 i

OM 7.1 million (BMFTr20%, CEC:29%)

6 E-36
Eroction oi an ad€nced.lOO kW lwbin€ wilh a direclly drivon g€neralor wilhoul gear box (Ene€i6v6.sorgung
WeserEmsAG.Oldenburg)01.09.91 -2802 1992: DM l.24million (SMFT:50%)

7 TW500
Erecrion ol a stall conrrolled 5OO kw turbine on th€ island Eorkum (windkrafi Nordseeheilbad Eorkum GmbH
Sorkum);01 r2.90-30.061992r OM 1 lTmillion(AMFT 25%. LowerSaronv:25%)
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BERt-r{

%
Tvp Location a Power Realization

'1 MON 400
MON 50

Weddewarden
Wlhelmshaven

400 kw
3a640kw

82-90
Summer 89

WKA 60
AWEC 60

Helgoland
Cabo Villano (Spain)

1.2 MW
1.2 MW

Antumn 89
Summer 89

AEOLUS II
WKA 60 II

Wilhelmshaven
Kaiser Wilhelm-Koog

3MW
1.2 MW

91t92
Autumn 91

4. MON 50 Geesthacht 640 kw 92/93

HSW 750 Husum 750 kw 91/92

6. E-36 Hamswehrum 400 kw Spring 92

7. TW 5OO Borkum 500 kw Spring 92

Table 2.3.2 Prototype LS WECS, rated power > 4OO kW, in Northern
Germany. Numbers 1...7 refer to Table 2.3.i.
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Table 2.3.3 System Data wKA 60/1VKA 60 ll/AWEC-60

WKA 60 wKA 60 tl AWEC 60

Rotor
Number ot blades
Diameter m

Hub
Hub heigt
Rated speed rpm
Speed range rpm
Tilt angle degree
Orienlaiion

3
60
Fixed
60
23
18 - 25,3
4

3
60
Fixed
60
23
16 - 25,3
4

3

60
Fixed
46
23.3
N,7 - .6

Rotor bladog
Material
Airfoil
Max. power coeftizienl

GFRP
NACAzl4... series
0.465

GFRP
NACA i14... series
0.465

GFRP
NACA {4... series
0.465

Gealbox
Type 2 planetary, 1 spur

57.7

2 planetary, 1 spur
57,7

2 planetary, 1 spur
47,8

Conlrol
Blade Full span blade pitch

control
(hydraulic acluaior)
Generatot torque
conlrol

Full span blade pitch
control
thydraulic actuator)
Generalor torque
conlrol

Full span blade pitch
conlrol
(hydraulic acluator)
Generator torque
control

Yaw d.lve Sv3ten
Type
Yaw rate '/s

hydraulical
0,3

hydraulical
0,3

hydraulical
0,8

Tower
Type

Malerial

1. Bending Mode Hz

cylindrical/conical
base
steel concrete

0,75-0,78

cylindrical

prestressed concrete.
prefabricated
0,64 - 0,65

cylindrical/conical
base
steel

o,7

Gongraloa
Typ6

Rated power kW

Synchronous with
Ac/static frequency

1200

Synchronous with
Ac/static frequency

't200

Asynchronous with

cascade
1200

Operallon

Raied
Cul-oul
Max design

m/s
m/s
m/s

5

12

24
65

4,8
't2

24
64

5,2
12.1

24,0
65
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Fig.2.3-r: Wn.l ,t.p C.rm.nt. N..a Annu.l Wn l Sp..d lon .bora g.ouod
l.t l. G.n.n Wc.lh.. Sefilc.,

Wind Map of Germany. Mean Annual Wind Speed
1 0 m Above Ground. Prepared by the German Weather
Service

Figure 2.3.1
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Figure 2.3.2 Jade Windpark with the three single-bladed
Monooteros 50 and the tower for the 3 MW Aeolus ll
Summer 1 991

snqte-bladed MONOPTEROS 50
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Figure 2.3.4

l.'lhr***:

Aeolus ll. Manufacturing of lhe CRP/GRP rolor blades



Material
Heighl
Diameter

reinforced concrete
88m
6.20-4.5m

Rolor
Hubheighl
Numb€rolblades
Diameter
Speed
Rotorposition
Control
Tiltangle
G€artyp6

92m
2
80m
16-21RPM

Pitch
8"
Epicyclic/Bevel

RotorBlades
L6n9th
Mal€rial
Airfoil
Chord length

38.8m
CRP/GRP reintorced d€posils
FX84-W-series

El€ctrical 3ystem
Generator syst€m
Variable sp€ed
Raied pow€r
Voltage

Synchron, converter
1 1,lO- 1500 RPM
3,0 MW
ca.'1000v

Design Data (at hub h.igh$
Windspe€d cut in

rated
cul out
suwlval

Lif€ time
Energyollpul
(90 o/o availabililY)

6 m/s
14.15 m/s
25 m/s
75 rvs
25 years
7.3 GWh/aat 8.6m/s

Welght3
Blad66
Hub
Nac€ll€complet€

8.0teach
19.0t
95.0t
't410t

Figure 2.3.5 Aeolus ll. Main design data, status 10/9'l



Figure 2.3.6
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2.4 Italy

Getetal

For some years the main wind energy activities have been carried out
within the framework of a national programme providing for
cooperation between two state-owned organisations, ENEA and ENEL,
and the Italian wind turbine manufacturers.

Specifically, ENEA (the Italian Board for New Technologies, Energy and
the Environment) has been supporting a number of wind energy projects
both financially and technically, while ENEL (the National Electricity
Board, i e the main electricity utility of Italy) has been engaged in both
wind turbine testing and the siting and planning of wind power plants, to
comply with the lines laid down in the Government's National Energy
Plan, which sets a target of 300 to 600 MW of wind generating capacity to
be installed by the year 2000.

Italy's maior wind turbine manufacturers are WEST and Riva Calzoni.
Up to now, these manufacturers have developed three machine
protot)?es, on which detailed information was given in previous reports,
with support from ENEA, ENEL, and DG XVII of the Comrnission of
European Communities:

- MEDrr Q3 m,225 kW) by WEST
- M30 (33 m, 200 kW) by tuva Calzoni
- GAMMA 60 (60 m, 1500 kW) by WEST.

The MEDIT and M30 protot'?es have been operating continously at
ENEL'S Alta Nurra site in Sardinia, while industrialized versions of both
machines have been, or are in the process of being, developed. Riva
Calzoni has also been engaged in the design of a 55m, 800 kW machine,
the M55, based on the M30 concept.

The nacelle of the GAMMA 60 prototype has been undergoing long-term
tests at the WEST workshop, in view of the erection of the unit at Alta
Nurra.

As for programmes relating to wind power plants for production
purposes, ENEL has been working on a project launched in 1989 and
aimed at installing two 10 MW windfarms. In addition, in October 1991
ENEL'S Board of Directors decided to plan for a further number of wind
power plants for an overall capacity of 40 MW, so as to achieve the goal of
60 lvfvv wind generating capacity within the next five years.

ENEA, on its part, is promoting two feasibility studies, each regarding the
setting up of a windfarm of about 10 MW capacity.



It is also worth recalling that imPortant legislative measures have

recently been taken in Italy to encourage Private investors rn the

renewable energY field.

On 14 November 1990, the Italian Government fixed at 170 ITLlkWh' for

a period of five years, the price ENEL has to Pay-to Private Producers or

m'""icipat utilities who 
""il 

th" 
"tte.gy 

produced by their own giid-
connecied wind Power Plants.

Additional incentives have then been provided by law No 10 of 9 January

ifoi. e..otai"g to this law, the use oi renewable energies is to be consi-

a"t"a i" tttu p"6ric interest, and the various regions of Italy are expected 
.

to choose the most suitable areas to be devoted to renewable energy instal-

iutlotrt I-u- No t0 also provides for grants for those who-carry out feasi

bility studies on, or set up Senerating Plants from, renewable- energy

souices. With regard to wind power it may be Pointed orrt that' among

.ir,"iirlmjt, pr"tits over 3000 kw in c"pacity are entitledto a Srant of up

to 30 70 oith; investment cost (50 % for demonstration plants)'

Wind turbine ileoeloPment

This section provides information on the Progress of the more significant
..,i"iti"" of itali"t manufacturers to develoP competitive medium-sized

wind turbines for the Present market, as well as advanced large-sized

machines

The WEST comPanY

WEST (Wind Energy Systems Taranto) is an Alenia (IRI Finmeccanica

Group) company f6i the development and manufacture of wind energy

svsteils within ihe Alenia Commercial Systems sector' WEST is the

iidustrial exploitation of the experience and technology which have

become avaiiable within Alenia (formerly Aeritalia) over many years of
advanced projects.

a) MEDIT 320

The series fabrication of the MEDIT 320 wind turbine of 320 kW rated

oower has aheadv started at the WEST Production facilities to cover

iarious orders, including one from ENEL for 38 units for the first 10 MW
windfarms in Sardinia and in the Apennines (see below)' MEDIT 320 is

the industrial model derived from the 225 kW PrototyPe, installed at Alta
Nurra and extensively tested to identify performance and design margins
as well as possible design imProvements of both cost and performance'
The main features of MEDIT 320 are shown in Table 2.4 1
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Table 2.4.1 Main dara for MEDIT 320

um
Rotor diameter m 33
Rotor position upwind
Hub height m 26
Hub rigid
Gearbox oscillating
Power regulation pitch conlrol
Yaw control active

Rated power kW 320
Wind speed @ 10 m:

cut in fiVs 3,2
rated rTvs I'l,5
cut out rn/s 17,5
survival nvs 50

b) Campania Wind Power Plant Module

A first windfarm module of 1,5 MW, which includes four MEDIT 320 and
three small wind generators of the AIT 03 tyPe (30 kW) has been put into
operation at Bisaccia in the Campania region (southern ltaly), see Figure
2.4.1. Its annual energy production is estimated at about 3000 MWh. The
module represents the initial phase of a large windfarm with the
possibility of having more than 12 MW of installed capacity.

c) GAMMA 50

GAMMA 60 is a large.sized wind turbine with innovative features to
make a cost-effective machine. The main features (teetered hub, fixed
pitch, broad range variable speed, yaw control), already described in
previous Annual Reports, have been designed in order to increase the
annual energy yield, on the one hand, and to eliminate all control
components from the rotating parts, on the other, thus allowing for a
simpler machine with lower manufacturing and maintenance costs.

All the GAMMA subsystems were completed by the end of fune 1990, and,
after successful workshop tests, assembly of the nacelle and erection of the
tower were performed, in the WEST workshop and at the Alta Nurra site
in Sardinia, respectively.

After completion of the assembly in 1991, an extended series of tests has
been conducted, first on the hydraulic and mechanical systems, and then,
after installation of the control and data acquisition system, on the overall
system, without blades, see Figure 2.4.2.



The final tests, which were comPletd in 1991, were carried out by means

of a special feedback simulator, controlled by a VAX computer. -The
purpose of these tests was to simulate the oPeration of the machine in
eveiy conceivable oPerating mode in order to check:

the adequacy of the interface of the control and data acquisition
system with sensors and actuators;

the correct op€ration of the data acquisition;

the correct implementation of the regulation algorithms;

the correct behaviour of the electric and hydraulic actuation
devices;

the stability of the behaviour during long runs (endurance tests);

- the validity of the machine modeling (identification

The installation of the machine at the site will occur during
months of 1992.

The Rioa Calzoni Company

tests).

the first

Since the beginning of 1991, Riva Calzoni activities have been re'
orsanised. The wind enersv department is now part of the new (organised. energy department is now Part of the new division
DEA (Divisione Energia e Ambiente), which concentrates Rive Calzoni's
activities in the energy field.

In this frame the industrial Production of the M30, the single-bladed
machine developed in cooperation with MBB from Germany with Partial
support from ENEA and CEC, was stard.

Besides the M30, Riva Calzoni is Soing to develop a much larger single'
bladed wind h.rrbine, the M55, a MW size unit. This will represent the
most cost-effective single-bladed machine obtainable with the Present
Riva Calzoni industrial technology.
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a) M30

Up to 1991, about 20 units have been manufactured, see Figure 2.4.3,
according to a programme, meant to satisfy the order of ENEL for 38 M30
to be installed in the first two Italian windfarms (see below). In the
meantime many efforts were rnade to optimize the desiSn of the
prototype, presently operating in Sardinia. Further improvements have
been defined and will be implemented on a new version of M30 during
the next year. The main improvements are as follows:

increase of the rated power from 200 to 250 kW;

completely new concept for the hub design;

new blade, specially designed for the highest energy efficiency
with the lowest noise.

Several experimental activities on the prototyPe in Sardinia are also
progress. Among these activities an R&D Project is in progress with
cooperation of Garrad & Hassan within the CEC JOULE Programme.

b) Ms5

The design phase for the M55 development started in 1990. The M55
design, see Table 2.4.2 and Figure 2.4.4, originated from the Positive
experience with M30. M55 represents the maximum size version
achievable by a single.bladed unit with a typical medium size technology.
However, many features are absolutely innovative, folllowing frorn Riva
Calzoni's experience on single-bladed units. They are meant to exploit
the advantages deriving from the single-bladed conceptr

possible adoption of two different generating systems:
. low range variable speed - two generators;
. broad range variable speed - one generator;

rotor design according to a completely new concepu

further conceptual improvements (with respect to the M30) in the
flap, pitch and yaw systems;

new computer control system to allow the highest level of
adaptation to the site conditions;

steel or concrete tower will be available depending on the specific
requirements.

tn
the
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I

In spite of the unit being Particularly suited for low wind areas, the single

blade concept allows a Jale installation even in sites where wind
characteristics (turbulence, survival wind sPeed etc) are the worst'

Table 2.4.2 Main dala for M55

Type of wind lurbine
Orienlation
Diameter
Number ol blades
Blade material
composite
Power regulalion
Pitch control system
Rated tip speed ratio
Optimal tip speed ratio
Gearbox
Type
Number ol stages
Ratio
Generutor

ype
Rated power
Number of poles
Yaw system
Tower
Type
I/aterial
Height
Performance
Wind speeds (at hub heighO

cuI-ln
rated
cut-out

horizontal-axis
downwind
55
1

fibre

aerodynamac
lull span
7,4

parallel axis
2
'l:49,2

inductio n
800/1 60
4t6
adrve

cantilever
steel
co

m/s
m/s
m/s

3,5
13
25

Progress of current windfarm proiects

As already mentioned, ENEL and ENEA have embarked on a number of
projects aimed at installing Italy's first large wind Power Plants for
i"*otrrt.ution purposes as well as to Promote a volume of demand,

sufficient to iustify-the manufacture of wind turbines in Italy on an

industrial scale and in line with prices on the world market.

ENEL'i actirities

In early 1989, ENEL launched a programme aimed at constructing two
demonstration windfarms. Each plant should have an installed capacity
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around 10 MW, and should be made of medium-sized machines. Before
starting construction of these plants, the programme provides for a
preliminary phase of technology comparison, in which the state of the art
of Italian medium-sized wind turbines should be checked by running
Italian units side by side with similar foreign-made machines. This
comparison is to be performed at two typical environmental situauons,
reprcsenting almost all the prospective sites so far pointed out by wind
cnergy surveys in Italy:

- a site with seaboard climatic conditions;

- a mountain site in the Apennines,

a) Preliminary machine testing

As for the seaboard site, comparative tests started in April 1991 at the Alta
Nurra facility in Sardinia, Figure 2.4.5. Since then, a 300 kW MS-3
machine, made by the Wind Energy Group from the United Kingdom,
and a Windane 34 machine by Vestas-DWT from Denmark, have bcen
operating together with the MEDIT and M30 prototypes aheady
mentioned. At the end of the year, a 320 kW MEDIT unit has also been
installed to have a wider experience of the behaviour of this machine.
Even though preliminary conclusions on the machines' performance are
at present being drawn, an overall testing period of two years is
considered necessary for the complete assessment of all technology
aspects.

As for the mountaineous environment, a new test site will be constructed
in the Apennines in Central Italy. The area chosen is located at Acqua
Spruzza, in the commune of Frosolone, at an altitude of 1360 m a s L
Eight machines, namely two units of each of the Italian and foreiqn
models under test at Alta Nurra, will be installed. This will maka it
possible to assess their performance in a harsh environment with heavy
snowfalls, ice accretion, and high turbulence. ENEL has also received
financial support from DC XVII of the CEC for construction of this facility.

At present the executive plans of the test site have been completed, the
eight machines delivered, and the construction contracts assigned. All
building permits required have also been obtained from local authorities,
although with considerable delay due to unexpectedly complex and
lengthy procedures. For this reason the construction phase will not be
allowed to start until the spring of 7992, no civil engineering work is
possible at the site during the winter months. Completion of the plant is
expected during the first half of 1993.
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b) Windfarmconstruction

The first 10 MW windfarm will be located in Sardinia, in a seaboard

climate, and will consist of 40 units of the MEDIT and M30 models The

site will be an area on Monte Arci, a mountain ridge near the coast at

about 750 m a s l. The preliminary design of the Plant has been completed

and the procedures for permits from planning authorities are now in
prog.ers. Construction ihould start in the second half of 1992'

The second windfarm should be set up in the APennines' This will
involve 32 machines of the MEDIT and M30 models to be installed at

Acqua Spruzza, thus enlarging the test area, or at another site in the

Apinnin'es. Construction 6f this ptant will start after the viability of wind
eriergy plant in a harsh mountain environment has been shown by tests

in the Acqua SPruzza test field.

For two years now, ENEL has been engaged in mjcrositing studies all over

the area;f Monte Arci and Acqua SPruzza, involving both. on-site

survevs by 15 m and 40 m meaiuring masts, and the use of mathematical
modeis, to define the optimal layout of machines'

In this connection it might be recalled that micrositing activities have also

been undertaken by ENit- at Celle San Vito, in the Puglia region, to define

the possible site wirere a plant with the first two 1"5 MW GAMMA 60

uniti could be set up aftei successful testing of the GAMMA 60 Prototype'

ENEA's actiuities

ENEA is promoting two feasibility studies of windfarms-in the Emilia-

Romagna and Campania regions. If constructed, these plants would be

financid by their respective regional authorities, wtrich would-be the

o*rr".", 
^nd 

would feed the power produced into the local ENEL grid'

The study of a possible 10 MW Plant in Emilia-Romagna (northern ltaly)
has been entrusied to Riva Calzoni. The search has lead to the
pinDointing of ten possible sites, where wind measurements are now
Leing perf;rmed irr cooPeration with ENEL to select the oPtimal site'

The second study, relating to the CamPania region in southern Italy, has

been committed io AlenitWEST and is also underway. As already

mentioned, a small grid-connected cluster of four 320 kW MEDIT and

three 30 kW AIT-03 units has been installed near Bisaccia in 1991 In
principle, it could be the starting Point of a capacity up to 12 Mw'
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Figure 2.4.1 The four MEDIT units of the Wind Power Plant Module at
Blsaccia (Campania)\]\]
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Figure 2.4.2 The GAMMA 60 nacelle under test at the WEST workshop



Figure 2.4.3 M30 units under fabrication at the Riva Calzoni workshop



Figure 2.4.4 Main f€aturgs of the 800 kW M55 machine
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2.5 Japan

enefgy proSrarnfie

The Tapanese wind energy Programme is Part of the Sunshine' Proiect'

'^'::;i;;;""." of tnd*usiriaiscience and Technology (AIST) of the.
under ihe AgencY of
ilffi d'"ifl;;i"il ;i i;a; a nd Ind ustry (M^IrIl 

-:*,:::"1t"Tl*;';#i.il;;;,'* t{ the Agene-for irtational 5"::".T::,?::,:":ig(rK:fttt;:iffi;'u'J tv "i'"' 
g"'""'"'i'""1"r. u8"1:'-1-t^1^111':t:l: tn"'"

;;;;;;;;gt"-*", th"'" arJ several wind Jnergy Proiects in the

private sector.

The Sunshine Proiect restructured its wind energy R&D Programme

iurins rgso - t99i. Four subprogrammes are in progress:

Wind observation and resource assessment

Development of utilization technology for WECS

Development of 500 kW class WECS

Basic wind energY research

tNind

The first tkee subProgrammes are imPlemented by t\e rygw ery1Sl 
"19

i;;;;;;f i;"h".t'og/oevelopment (irganisation (NEDo)' established in

iiao. iiEoo t total 
"budget was equivale:nt to 745 MUSD for fiscal year 

-

iffi. il,h" ;t.J 
"r,"rg! 

ri"ta, Nioo has comp]911d Proiecls such as the

i"tJ.o-"t, "i 
u "loo"iw class pilot Plant" and "Basic technology for

v1,,', irSs wnCs;. Naoo't budget foi wind energy is equivalent to

g,f f"n:ISp for FY 1991 and 6,5 MUSD for FY1992'

Wind obsemation and resource assessrneflt

Iaoan has strong winds in the northem Parts and on southern islands

*in 
"s 

Ot i"a*i To comPlement the existing network ot ordlnary

meteorological observations, NEDO has been measurlng wrnq

il";#;il; hlln masts (+o - 140 m) at selected sites since-1983' In

iS90 th" nr*U"t oflbservation sites was increased by 13 and in.1991

"".if*t 
fo sites were Put into oPeration The measurements vill be used

;;;iJ;;i; estimite of the iountry's wind energy Potential and to

seek suitable areas for wind turbine siting'

Deaelopment of utilization technology for WECS

The obiective of this proiect, which started in 1990' is to develoP control

il;;i;;;'".d ;uiuiiiolr"tutio""t data for windfarms An exPerimental

;i;f;;'.i;;pt*imatety r Mw rated power will be constructed at
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Nishi-hennazaki on the island of Miyako, Okinawa. Two 250 kW wind
turbines and six smaller units will be installed during 1991 - 1992.

Operational tests and integration studies into a small-scale grid are
scheduled to start in 1992.

Deaelopment of 500 kW class WECS

The objective of this proiect, which started in 1991, is to develoP a cost-
effective 500 kW wind turbine. As an initial step a full-scale Prototype
will be designed and constructed during 1991 to 1995. Further develoP-
ment of a demonstration plant will also be carried out. Testing and
operation of the prototype will be performed in the subsequent two years
In 1996, the test results will be assessed and the schedule for developing
the demonstration plant reviewed.

The prototype will be a three-bladed upwind pitch-controlled machine
with a rigid hub. The specifications are shown in Table 2.5.1.

Table 2.5.1 Specifications of 500 kW Class WECS

Basic research

Basic studies are carried out since 1978 at the Mechanical Engineering
Laboratory (MEL), Tsuruba, on rotor aerodynamics, control systems, noisc
and vibration, and airfoil sections. Operational tests are performed on a
small experimental wind turbine.

i

Wind Turbine
Rated output
Rotor diameter
Rotor speed
Number of blades
Rated wind speed
Cut-in wind speed
Cul-out wind speed

Gene ralo r
TYPe
Rated output
Voltage, phase, pole
Frequency

Tower
Type
Hub height

Control syslem
Power regulation
Yaw orientation

500
38
32
3 (GFRB material)
13
o

lnduction
500
6000, 3-phase, 4-poles
50

Monopole
38

Pitch-control
Yaw-control

KW
m
rpm

m/s
m/s
m/s

KW

Hz

)



2,6 The Netherlands

Introduction

In the last few years, two government-sponsored Programmes in
particular have been essential to wind energy developments in the
Irletherlands. The 1986-1990 Integral Wind Energy Programme (IPW) was
intended to initiate the large-scale aPPlication of wind energy in the
Netherlands and to provide an incentive for the further development of
cost-effective wind turbines. The 1985-1990 National Wind Energy
Research Programme (NOW) was intended to back this endeavour with
technological, economical and environmental research, and as such
became the follow-up of the the first two NOW phases, which formed the

basis of wind energy research in the period 1976-"1985.

These programmes have facilitated the develoPment of wind energy as a

rcalistii energy option for the coming decades- An examPle of this
d€velopment is evident in the energy distribution comPanies' Plans to
invest in the erection of enough wind turbines to Senerate 250 MW
next few years. The implementation of the IPW has contributed to
maturing of the industry involved in wind energy, the Presence on
market of reasonably reliable wind turbines, and to the creation of a

useful impression of their siting possibilities. Furthermore, the NOW
has contributed to the accumulation of wind technology know-how in the
Netherlands.

Meanwhile, the interest in energy conservation and sustainable sources of
energy has increased significantly, partly due to a concern for the environ-
meni. At the same time, energy prices have risen less than Predicted, and
the technology required for cheap and reliable wind turbines has proved
more problematic than expected. As a result of these developments, the
promoting role played by the government will, for the time being, remain
necessury for further apPlication of wind energy. The Ministries of
Economic Affairs and of HousinS, Regional Development and the
Environment have therefore requested Novem to develop a new
programme for the support of this apPlication. This National SupPort
Programme for the Application of Wind Energy in the Netherlands
(TWIN) integrates implementation support, industrial product
development and support research into one Programme This
integration was considered useful as the market parties involved, the
operators and manufacturers, are currently in a position which allows
them to play a more guiding role in relation to these activities.

lnl
the
the
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The inboduction and application of wind energy in the Netherlands

In 1976, the wind turbine made a comeback on the energy supply scene.
After a hesitant start, more and more parties became interested. A
number of manufacturers in the Netherlands pioneered the development
and production of wind turbines, and the first hrrbines were erected,
partly due to WIR (former Dutch legislation for encouraging industrial
investment) and non-profit subsidies.

This development threatened to cease in around 1986. The wind turbine
technology proved more problematic than initially expected and the costs
fell reluctantly, due to the lack of demand. Consequently, prospective
investors adopted a reserved attitude towards wind energy. Sales
stagnated, making it impossible for manufacturers to invest adequate
funds in the further development of reliable and cost-effective wind
turbines. The vicious circle had closed, only to be broken again in 1986
with the Integral Wind Energy Programme (IPW 1986-1990), which was
commissioned by the Ministry of Economic Affairs and carried out by
Novem.

In the IPW, the government expressed its opinion on the desirable extent
of wind energy application in the Netherlands. The basic aim of
government policy on this issue since 1986 has been the installation of
enough wind turbines to produce 1000 MW by the year 2000. The
publication of the Energy Conservation Paper by the Ministry of Economic
Affairs in mid-1990 added an energy conservation target of 33 PJ per year
by 2010, which corresponds to an installed capacity of about 2000 MW,

In the last few years these goals have started to reach fruition under the
IPW. The installed capacity prior to 1986 amounted to over 16 MW. The
IPW target - the development of a wind energy capacity of 100 to 150 MW
- will be realized. The growth is expected to continue. The energy
distribution companies have announced plans to invest in a wind energy
capacity of 250 MW until the year 1995. Private investors are also expected
to remain active. The government has announced a new system of
subsidies to bolster these activities.

In the light of the above, the installed wind energy capacity is likely to
increase to around 400 MW in 1995.



The results of th€ IPW and NOW Programmes

The vear 1986 saw the launch of the 1986-1990 Integral Wind Energy

Proeiamme (IPW) and a new phase of the National Wind Energy

Proiramme (NOW 1986-1990).The obiectives of the IPW focussed on

achieving the following bY 1991:

an installed wind turbine caPacity of 100 to 150 MW;

the availability of reliable and cost-effective wind turbines'

The purpose of the NOW 19867990 was: "to conduct general suPport

,ur"u."h' to render a contribution to the government Policy targets

reqardinq the introduction of wind energy in the Netherlands, namely

th! deveiopment 150 MW of wind power by 1991 and 1000 MW by the

year 2000.';

The situation at the start of the prograrnme was that a number of Parties
were prepared to invest in wind energy, provided that cheaper and more

reliabie wind turbines would be available A large number of
manufacturers were prepared to answer these requirements, Provided
that a sufficient numler-of orders were placed. The primary aim of IPW

was to break this deadlock. It Proved successful.

The current situation is that subsidies have been granted for the

development of a total wind Power caPacity of 128 MW;- the
price/performance ratio of wind turbines has improved by approximately
io E" ina the Dutch wind tr.rrbine industry has continuity prosPects' The

current price/performance ratio amounts to an average kwh rate,

calculated on the basis of all wind turbines, of about 010 NLG; the average

kwh rate of the latest turbines placed at the ProPer locations amounts to

approximately 0,20 NLG.

The target regarding the cost price of wind energy has not yet been

reached-, however. This is due in particular to the fall in energy prices

after 1985. Consequently, government suPPort for furrher apPlication of
wind energy will rirnain necessary for the time being. In addition, the

IPW has shown that the siting of wind turbines frequently encounters

obstacles. Noise pollution, harm to birds or landscape disfigurement and

the resulting administrative Problems necessitate a follow-up of the

guidance activities in the IPW.

In the period 7986-1990, the NOW offered a framework for suPPort
research. This comprised technological research, aimed at the develop-
ment and improvement of wind turbines, and research into landscaPe,

integration and other aspects. As regards techrological research, the
NOfo contributed to the accumulation of a solid basis of know-how in
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the field of materials and fatigue properties, load effects, possibilities for
the reduction of noise emission, and flexible components for advanced
turbines (tip adjustment, blade attachement and the like). Furthermore,
international developments were monitored in a number of fields,
including that of stail control. The know-how developed in the NOW in
the fields of noise emission reduction, material expertise and fatigue
properties has led to concrete improvements of existing turbines. In other
fields, the results have assumed rather a "proof of concept" form. They
have been tested in theory and (laboratory) practice but still require
further development for concrete application.

With regard to environmental and other aspects, the NOW produced an
effective insight into the energy output of wind turbines, the danger to
birds and the possibilities of generating electricity offshore. With the pilot
wind power plant in Sexbierum, the Netherlands has a unique opportu-
nitv to studv the effects of windfarms. Table 2.6.1 summarizes the
ach'ieve^et ts of the NOW 1,986-1,990.

Continuation of the support research activities is crucial to the further
development of wind energy applications. However the place and
position of those activities will have to be adjusted. The initiative of the
public utility companies and the concentration of the wind turbine
manufacturers allows and necessitates further exploration of the market.
In addition to consolidating the knowledge base, technological
developmcnts in the coming years will have to concentrate particularly
on the concrete application of know-how by the various market parties.
Research into environmental and other asoects will have to focus on
supporting wind energy proiects to be carried out in the coming years.

Present state of affairs

In late 1991, the installed wind turbine capacity in the Netherlands
amounted to approximately 80 MW, with another 10 MW under
construction. The system of investment subsidies run by the Ministry of
Economic Affairs and the wind energy plan adopted by the energy
distribution companies are particularly important to the further
expansion of this capacity in the coming years. They contribute to
continuity on the market, enabling manufacturers to concentrate on
improving their products, enabling them to benefit from the effects of
large.scale production. The power companies'plan to erect 250 MW of
wind power in the coming years is of crucial importance, offering the
suppliers a clear perspective of continuity.

The last few years have seen a distinct concentration on the supply side.
Newinco and Bouma have merged into Nedwind under the Hollandia
Kloos' flag, while Holec and Windmaster Nederland have also been
combined to one concern (Begemann). In addition to thes€ two Dutch
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turbine manufacturers, with their caPacity for 250 kW or.larger units' two

other manufacturers are active in the produchon ol smaller turornes'

Table 2.6.1 Main results ot the NOW programme

Scope of the NOW Main results 1986-1990

Load and ratisue research : ::11,9,[fl'Jffi:tt$E;1etfl"
soedrum. model for wake effects in
windfarms

NEWECS 45 ' turbine evaluation

Wind turbine adiustment ' theoretical model

Siting research ' IOOO MW feasibility study

Bird research ' inventory of nuisance 10 birds' e'g'
at the Urk windfarm

Enersy outpur : il1F"t3,:'#i"T:"ri?liT#iJ'o
supply

Draft data ' manual of draft wind data l' ll and
Il

Noise

Certificalion

Offshore

Flexhat

. RHOAK calculation model

. improvement of Holec turbine

. NEN 6096/2 guideline

. national consensus

. preliminary research

. delinilion ol salety strategy ol
conversion and control system

. design and testing ol Passive tiP

adjustement. design ol flexible hub and rotor
with tio control
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Large-scal€ systems

IPW installed and under construction
Planned IPW capacity
IPW result
(IPW goal: 100-150 lvfw)

Windfarms

Urk (+ extension)
Lelystad (+ extension)
Maasvlakte

Wind twbines > 500 kW:.

90 MW
35 MW
125 MW

HMZ 300 15 MW
HMZ 300 10,5 MW
Newinco 500 8 MW

Over 80 Vo of the installed capacity consists of 20 windfarms of I MW or
more. The larqest windfarms are:

Newecs 45 1000 kW Medemblik routine operation
Newinco (Nedwind) 500 kW series
Windmaster 500 kW Halsteren six units
Holec 550 kW Urk prototype
Windmaster 750 kW Halsteren prototype

The 1 MW Nedwind 50 prototype under design will be installed in 1993.

Government policy on the application of wind energy

The government's current concern for the development of sustainable
energy sources/ including wind energy, originated in the seventies. The
club of Rome and two oil (price) crises made the western world aware of
an imminent shortage of fossil fuels and the risks of dependence on oil
imports. In response, the Dutch government and the other OECD
countries formulated a new energy policy. The core of this new policy
amounted to the diversification of energy sources and the increased
efficiency of energy consumption (conservation).

The policy has contributed to a reduction, though not elimination, of the
dependence on mineral oil. The recent history of the Gulf once more
demonstrated the vulnerability of the oil supply. In addition, another
important development has become appareht in the last few years. It is
becoming increasingly clear that the current volurne of fossil fuels being
consumed has unacceptable consequences for the global climate.
Acidification and the greenhouse effect are maior issues. In the National
Environmental Policy Plan (NMP and NMP-plus), the government has
expressed its ambition to cope with these problems. This has significantly
increas€d the importance of economizinq on the issue of fossil fuels.

89



The Energy Conservation Paper (Policy Plan concerning Energy-

Conservalion and Recurring Energy Sources, June 1990), published in
concurrence with the National Environmental Policy Plan Plus, sets

ambitious goals with resPect to energy conservation and diversification'
As regards wind energy, the goals envisage a realization of wind Power
amou-nting to 1000 MW by the year 2000, which would save 17 PJ of
primary fuel per year, and to an expansion of that power to 2000 MW in
)OrO. fhlr is intended to realize a siving of approximately 33 P| of
primary energy per year. To implement these obtectives, the Energy

bon"eruution-document provides for the following activities:

- The government will continue to suPPort investments in wind
turbines for the Seneration of electricity.

- With resPect to the siting problems, the Ministries for Housing,
Regionai Development ;d the Environment and of Economic
Aff:airs have takan initiative of prornoting consultations with the

provinces and municipalities. Realization of the obiectives will
ieouire considerable tdministrative endeavours at local, regional
and national levels.

- Legislation and agreements are to be established on Payments to
pri-vate operatorslor electricity returned to the grid, certification
of wind turbines and adiustment of siting policy.

- General information will be distributed to oPerators, local
government and the general public, and technical information
;ill be provided to designers, assembly companies and local
government.

- Technological development and innovation in the Production of
wind turbines will continue to receive suPPort.

In addition, great importance will be attached to the energy distribution
companies' initiative to install 250 MW of wind power in the Period to
1995.

The long-range TWIN prograrnme 1991-1995 expands on Sovernment
policy pians in this field. This policy provides more than ever before for
in inlegral approach to the development of wind energy applications in
the Netherlands. It devotes attention to Providing suPPort in the
operation, stimulating develoPment of wind turbines which perform
better and are more cost-effective. This integration is made possible,
partly due to the IPW, by the develoPment of a solid market demand for
iarqe numbers of wind turbines, while the industry is capable of
incorporating the results into their Products in cooperation with the

scientific community.
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Besides the integration of market and technological developments, the
TWIN programme also breaks with the earlier trend, which can be
characterized with the term "technological push". The development of a

mature industry and an ambitious market demand allows and
necessitates extension of the role to be played by the market in the further
development of the wind energy option. Accordingly, TWIN explicitely
provides for the market parties involved to play a guiding role.

Developrnents of research in the Netherlands

In the last few years, Dutch research efforts in the field of wind energy
have to a considerable extent been directed and financed by means of
various national research programmes in this field. In addition, other
activities in the Netherlands are important: research and development
shaped by the industry, wind energy research conducted by the ECN
(Netherlands Energy Research Cenhe) and the TNO (Dutch Organization
for Applied Scientific Research) within both institutes' basic and target
subsidy programmes, university research activities financed by the
Ministry of Education and Science, research carried out by the electricity
industry (distribution firms, KEMA IDutch quality-control institute for
electrical materials and appliancesl, SEP [Cooperative electricity
production companiesl) and research within the scope of international
development. The TWIN prograrnme reacts to this with a view to
efficient use of public funds.

In the ECN'S "own" programme, in which approximately 2 MNLG is
spent each year on wind energy, attention is focussed on aerodynamics,
durability and fatigue, electric conversion and regulation, criteria for
certification and standards, and offshore applications. The character of
this ECN target subsidy programme differs from that of the TWIN. The
latter concentrates on the stimulation of research activities, which are
deemed necessary for the relization of conrete poliry ob.jectives. The
primary purpose of the ECN target subsidy programme is the
improvement of the institute's research potential, in order to be able to
react adequately to possible assignments from third parties. In other
words, for the ECN, the target subsidy programmes are the preparatory
stage for potential Novem assignments or contract research for third
parties. The programme, therefore, is specifically oriented towards the
development of measuring methods, simulation models, test procedures
and the like.

As for university activities, the Institute for Wind Energy at the Technical
University of Delft plays an important role, both in research and in
researcher training. The research focusses predominantly on
fundamental aspects, such as aerodl'namics and loads.
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The research conducted by KEMA, which was commissioned by various
distribution companies, indudes subjects like certification, windfarrn
outputs and windfarm regulation.

Novem intends to pay particular attention to the interPlay between the
various research programmes. Possible forms of cooperation will be
stimulated. The section of the TWIN Programme concerning the transfer
of know-how will endevour to process the results of national and
international research conducted bv institutes other than Novem.

wind en€rgy subsidies

Two types of subsidy are available: an investment subsidy, provided by
the Ministry of Economic Affairs, and an incentive for the application of
wind turbines with low noise emission levels, provided by the Ministry
of Housing, Physical Planning and the Environment. The exPression to
calculate the amount of subsidy is:

Sr = kr * (1,5*A + P) NLG, where

kl = a constant which depends on the size of the machine or
the Iegal status of the (future) owner, see Table 2.6.2

A = the swept rotor area (m2)

P = the rated power (kW).

The maximum value of 51 is Sr = kz*A. For the value of k2, see

Table 2.6.2.

Table 2.6.2 Subsidy constants for wind energy projects

175

35 "/.

windlarms

240

40%

1) percentage of protect costs



There are two conditions which have to be fulfilled in order to receive
subsidies:

1) the wind turbine types to be applied have to meet the
requirements, formulated in the draft standard on the safety of
wind turbines NEN 6096/2; version 1.0, November 26, 1990.

2) The wind turbine has to be certified by ECN before April7,1991,
provided that the certification contract was signed before
Decernber 1, 1990.

the subsidy 52 for "silent" wind turbines is

Sz = 25 *A NLG in 1991, and
52 = 50.A NLG in 1992

The condition which has to be fulfilled in order to receive this subsidy is
that the immission relevant acoustic source power level Lwr(dB(A))
should meet the following conditions:

Lwr < zz]ogD + 65 dB(A) in 1991
L,a1 < 2AogD + 64 dB(A) in 1992

The main componenls of the TWIN programme

Component l: Implementation

a) Aim

To implement wind energy in the Netherlands at an average rate of
60 MW per year, thereby realizing a wind power capacity in 1995 of
400 MW that will save 7 PJ of primary energy per year.

b) Realization

The wind turbines will be commissioned by the distribution companies
and private operators. Financial support for investments and feasibility
studies is provided for in a special subsidy regulation. This regulation
was gazetted on 28 December 1990. The amount of subsidy available will
be published annually. Novem is responsible for this regulation.

In addition to implementation of this subsidy regulation, the programme
provides for the possibility of contributing to the funding of specific
shrdies and research projects which provide support in the siting of wind
turbines.
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Activities

Implementation of the subsidy regulation.
The installed wind power capacity should expand to 400 lvfw by 1995.

A subsidy regulation has been announced in view of the cost price of
wind turbines and the expected cost price develoPment. This
includes not only investment subsidies, but also subsidies for low-
noise turbines (see previous section). The main characteristics is that
the amount of the investment subsidy depends on both the rotor
diameter and the Senerator capacity. In addition, a distinction has

been made between investment subsidies for Private oPerators and
distribution companies.

Support for project realization and information
ThL realization of wind energy Proiects entails a variety of problems.
If the intended rate of imPlementation is to be achieved, a number of
problems regarding Proiect realization will have to be clearly
iecognized and resolved. For this reason, oPerators will be offered
support in the develoPment of locations, by providing them with
knbw-how, having prorect-oriented research conducted, or
mediating in conflicts, for example. Information on the relevant
results will be provided to interested oPerators, licensors, PafiiciPants
and other parties involved.

Spatial integration and information
An administrative agreement has been concluded between the
national government and seven Provinces regarding the
development of over 1000 MW of wind turbine caPacity.
Municipalities will receive support in the concrete execution of this
administrative agreement by providing supPort to a number of
sample projects. Those interested will be informed of the results of
these proiects.

Reporting the effects of birds
In accordance with the proposal made by the Coordination
Committee on Nuisance to Birds, the desirability of research into the
effects on birds will be examined per wind energy Proiect.

Monitoring
A variety of data (costs, output, malfunctions/availability, noise) on
wind turbines located in the Netherlands will be collected and
analysed. The results will be used for purposes induding the
evaluation of the TWIN programme obiectives and for directing the
research within components II and [I of this Programme.
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Component II: lndustrial deaelopment

a) Aim

Improvement of the price/performance ratio by about 30 70 and
improvement of the placement capacity of wind turbines. Reduction of
the cost price and increase in the quality, lifetime and reliability of wind
turbines should help to realize an average cost price of wind energy,
generated at the proper locations of 0,14 NLG/kWh (the current state of
technology yields a cost price of 0,20 NLG/kwh).

The improvement of safety, noise reduction and the increased size of
available turbines will contribute to oPtimal utilization of the siting
potential in the Netherlands. Concrete milestones in this respect are the
reduction of the average noise Production of the Present turbines by
6 dB(A) and the expansion of the available caPacity range with a turbine
having a rotor diameter of 40-55 m, at a cost Price of generated electricity
not exceeding 0,20 NLG/kWh.

b) Realization

Projects within this component must be initiated by the wind turbine
manufacturers. This will frequently necessitate the introduction of
scientific know-how. The activities related to tNs comPonent are
intended to support industrial research and develoPment.

This programme element implies a change compared to the Policy
conducted to date. This does not concern Seneric support, but a specific
instrument to improve the quality and price/performance ratio of wind
turbines that are selected on the basis of their significance to the further
implementation of wind energy.

c) Activities

- Product imDrovement
The energy distribution companies are chiefly responsible for the
demand of wind turbines, particularly hrrbines with rotor diameters
ranging between 25 and 35 m (250 to 500 kwh). The expectation is
that the price,/performance ratio and siting capacity of these turbines
can still be improved.

The industry is as yet unable to bear the total develoPment costs
involved. Part of these will funded from the TWIN programme,
namely the further development and improvement of the existing
wind turbine types. Wind turbine manufacturers are particularly
eligible as contract parties. The know-how available at research
institutes and engineering firms will have to be used to accomplish



the necessary improvements as efficiently as possible, including
know-how concerning aerodynamics, materials, loads, desiEn tools,
components and the like.

In addition to the wind turbine in the Netherlands, there is also a
market for special wind turbine tyPes (including very small models)
intended for export. This programme comPonent also involves a
moderate degree of support for proiects concerning the
improvement of these special wind turbines.

Turbine development
In view of the necessity of limiting emissions and the exPected
development of the price/performance ratio of wind turbines, there
are Drospects for a market after 1995. Due to the limited space
..'"itublu in the Netherlands, it is necessary for wind turbines with a
rotor diameter of approximately 40 to 55 m to be available after 1995.

Given the time at which these wind turbines will have to be
available, the development of wind turbines in this caPacity category
will have to be based on current technology. This will prevent
unnecessary risks posed by the introduction of new technology and is
linked to industrial traiectories already underway. In addition, on
the basis of current technology, wind turbines in this caPacity range
are expected to be capable of achieving a price/performance ratio
similar to the current wind turbines with a rotor diameter between
25 and 35 m. Conventional concePts are therefore applied in the
development of wind turbines with a rotor diameter of between 40

and 55 m. In relation to wind turbine develoPment, again, wind
turbine manufacturers are the first eligible contract Parties. Also, in
order to realize this development, full use will have to be made of
the know-how available at the research institutes.

Within this line of research, attention will have to concentrate on
the development of wind turbines with a rotor diameter in excess of
35 m, based on tested technology. These turbines are intended for
application after 1995 and will have to show better prospects of
spatial integration than the current turbines. To achieve this, it will
be necessary to introduce know-how in the same disciPlines as

mentioned in product improvement. The following subiects are
also imDortant:

The possibilities of stall, in possible combination with pitch
control;
Support in the design stage and the creation of an industrial
development traiectory;

96

. Support for the industrial development and testing of wind
turbines in this category.



Component lll: Technological delelopment

a) Aim

The creation of techno-scientific preconditions for continued industrial

Droduct improvement and development, and to complete a practical

ivaluation of the technological innovations currently under

development.

b) Realization

The activities related to this component will be primarily carried out by

the scientific institutes and research agencies Programme direchon

orouiaea bv the industry and operators offers the possibility to coordinatc

ih. ucc.,mrrl^tiott of know-how with the Practical situation Market
parties will be regularly consulted in regard to the pro8ramming ' 

progress
'and results of theie activities. For his purpose, a platform will be set uP to

advise Novem in broad outlines on the Proiects to-be initiated. An

uii"-ot *itt be made to increase commitment on the part of the industry'

in ordir to guarantee the applicability of the results'

A practical evaluation of the technological innovations that are being

ael"fop"a is also provided for' The technical and economic values of thc

varioui innovations will be established on the basis of a modified version

of an existing turbine, serving as a rePresentativ€ scale "reference model"'

inir proj".t iulll b" t"t up inionsultation with the industry and research

institutes.

c) Activities

- Solving technological Problems
rt 

" 
a"-*topttt""iof wind turbines requires a solid basis.of scientific

know-how. This must contribute to solving present and Potential
future problems in the industriat produ-ct -development 

and

improvement process. Research in the fields of aerodynamics'

fatigue, loads,'stall control, comPonents and malerials is considered

"".8 
t".y in t'his regard This reiearch will focus on the aPPlication of

the resuits in the (iidustrial) design process and in the international

development of standards, and will have to lead to the production of

usable design tools.

- Evaluation of technological innovations
Th" d.""t.P-""t .f wiid turbines for the longer term-is oriented

towards wind tubine tyPes which will exploit the wind energy

potential in the Netheriinds to the full This means that the

lvailable land surface must be used as efficiently as possible, while
meeting the preconditions regarding cost price, noise Production' and



integration into the landscape. This requires the availabilty of a
differentiated range of wind turbines in various size categories,
including large wind turbines. The desired wind turbine cost Price
reduction, for large turbines in particular, requires the use of simple
and relatively light designs. The required technological innovations
have already been covered in the NOW. This has led to a number of
promising results.

The research concerns load reduction by using flexible components,
allowing a lighter design. Wind turbines can be simplified through
the usebf alternative control systems. In addition to the research on
rotor aerodynamics and control, Ioads and fatigue, relevant materials
and components, attention will be devoted, in close consultation with
the aforementioned platform, to the following subiects:

. ComDletion of the current FLEXHAT research;

. Construction of the "reference model" and practical evaluation of
the various comPonents and systems. A relevant test criterion is
the question of whether these innovations will make the existing
turbines cheaper and create opPortunities for the development of
cost-ef fective large turbines;

. Definition of an industrial develoPment traiectory for large wind
turbines. The industry will have to act as an initiator. An
examination wiLl be made as to whether this develoPment can be
set up or supported at international level.

Component lV: Offshore

a) Aim

The formulation of a development trajectory for wind turbines at sea.

The main activities are to be started after 1993.

b) Realization

Potential institutes/companies that have specific exPertise in realizing
offshore proiects, the wind turbine industry and research institutes will be
involved in carrying out these activities.

c) Activities

The Energy Conservation Paper provides for the location of aPProxima-
tely 200 MW at sea. The high infrastructure costs of wind turbines at sea

necessitate the development of large wind turbines. In addition, the
corrosive climate will entail specific demands, while the requirements
regarding safety and noise production could be reconsidered.
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The development of wind turbines for use offshore can be applied more
effectively once the usability of new technical concepts for turbines with a
rotor diameter in excess of 55 m has been examined. For this reason, the
specific offshore development activities will be started at the end of this
long-range programme (in 1993). The activities of this component
mainly concern research into the planning possibilities and the specific
technical requirements important to offshore wind turbines. Moreover, a
development traiectory for offshore wind energy will be defined, and
international developments will be closely followed.

Component V: Transler of know-how and prcgrumme suryort

a) Aim

Making the available know-how accessible and usable, and carrying out
any activities required to test the current programme against market
developments.

b) Realization

The exchange of know-how and experience in the field of the
development and application of wind energy between the various parties
involved is extremely important. The research institutes, engineering
agencies, industry, operators and the administrative bodies involved will
be closely engaged in the process.

c) Activities

Activities such as organizing workshops, symposia and conferences,
publishing brochures, general data collection and the like will receive
support within the scope of this component. For this purpose, Novem
will formulate a cornmunication strategy dealing with the entire system
of know-how utilization: the generation, flow, transformation, consolida-
tion, and utilization of know-how. The strategy, which is still in the
development stage, will discuss the role of the parties involved in the
network in question and the communication activities to be developed in
that context. The development of the communication strategy will also
concern the role that information could play, particularly with respect to
the spatial integration of wind energy and the reinforcement of the social
basis.

In addition to the transfer of know-how, a certain degree of programme
support and further development of the programme is also desirable.
This will include exploratory studies, inventory of international
developments, overview studies and the like. A significant part of the
activities will also concern the promotion of international cooperation
and the exchange of know-how with foreign countries.



Timetable and financial rneans

The total costs of the long-range TWIN programme 199"1-"1995, exclusive
of subsidies for investments and feasibilitv studies, are estimated at more
than 42 MNLG.

Component I comprises support for the implementation of wind energy.
A budget of 75 MNLG is considered necessary for the purpose. Both the
Ministry of Economic Affairs and the Ministry of Housing, Regional
Development and the Environment will provide a contribution.

Compnent II focusses on the industrial product development and
improvement, for which 15 MNLG is considered necessary, allowing for
the funds that the industry believes it is capable of allocating for R&D.

Component III comprises technological development. The budget
required for this component is estimated at 15 MNLG and will be spent
on techno-scientific support of industrial product development, the
completion of the "reference model" and the intended practical
evaluation. Novem and other institutes will contribute to the research
on technological development.

The budget for component IV, offshore, is estimated at 3 MNLG, the
emphasis being on posF1993 activities.

Component V comprises activities for the transfer of know-how and
programme support, for which 1,8 MNLG is considered necessary.
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2,7 Norway

The Norwegian wind energy programme has two main activities:

r Research and development, budget 3,4 MNOK for 1991

. Introduction and demonstration, 1,4 MNOK for 1991

The objectives are to survey the wind energy potential and to assess the
utilization of wind energy, to promote Norwegian industry in the field,
to support the construction of demonstration plants and to inform
potential users of the results.

The Norwegian Water Resources and Energy Administration (NVE) is
coordinating the prograrnme, which is carried out with participation of
electric utilities, manufacturing industries, and research institutions.

Studies of the integration of wind power into existing grids show that the
conditions are favourable in certain coastal areas with high winds. The
wind energy potential along the coast has been estimated at about
12 TWh (biUion kWh) per annum in the cost range of 0,35 - 0,65
NOK/kWh. The Norwegian hydro power system can integrate a
substantial amount of wind power without problem. At the present
time, however, new hydro power generates electricity at about half the
cost of wind power, on the average.

The target of the current wind power programme is to have around
4 MW of generating capacity installedby 1992. At the end of 1991, about
2,9 MW was installed, yielding about 7 GWh per year. This is a tiny
fraction of the total electricity production in Norway, which was about
120 TWh in 1990, supplied entirely by hydro power.

The first windfarm, consisting of three 400 kW units, was inaugurated in
early October 1991 at Vikna north of Trondheim. The annual energy
output is expected to be 3,2 GWh. The installation cost was 12,9 MNOK,
50 7o of which was funded by the government. In addition, two wind
turbines, each of 400 kW rated power, were installed during 1991 in the
Vesteralen islands, west and north of Narvik.

Wind-diesel autonomous systems have been studied in Norway since
1986. A demonstration plant with a 55 kW wind turbine and a 50 kW
diesel engine has been tested against consumer load since june 1989 at
Titran on the island of Fr6ya off the coast of Trondheim. Development
of a second generation wind-diesel system started in 1990 at the Electric
Power Research Institute, Trondheim, in cooperation with EB energy, a
member of the ABB group.
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2.8 Spain

Wind energy programme

The year 1991. was a break-through for the utilization of wind energy in
the Spanish electricity generating system. During the year, the construc-

tion of three large windfarms was initiated:

- The 3 MW windfarm at Cabo Villano in the northwest corner of
the Iberian Peninsula;

- The 20 MW PESUR and the 10 NfW E.E.E. windfarms in the Tarifa
area near the Straits of Gibraltar.

Two additional windfarms have been approved and are now in the

planning stage:

- The 10 lvfw Jandia windfarm at Fuettevenhrra, Canary Islands;

- The 4 MW Tortosa windfarm at the mouth of the river Ebro'

In summary, a total of 33 MW of wind power capacity is under
construction and will be oPerational during 1992. Another 20 MW is in
the planning stage.

The third national renewable energy plan, PER-89, for the period 1989 -

1995, foresees about 100 MW of wind power by 1995. The total
investments are estimated at 13 600 MESP (= 105 MUSD), of which
slightly less than half is expected to come from public funds.

Windfarns

Presently, eight windfarms for a total of 5,31 N4W rated Power are in
operation aslndicated in Table 2.8.1. The locations are shown in
Figure 2.8.2.

Generally, the energy production is low for the windfarms installed
during 1988, because of their exPerimental character. This contrasts with
the exiellent results obtained at the new windfarms, for example Tarifa,
where availability factors of about 95 70 and capacity factors of about 36 7n

are reached.

The three large windfarms now undel construction are expected to begin
operation next year, see Table 2.8.1. The windfarms of PESUR and E.E.E

will, together with Tarifa and Monte Ahumada, Provide the largest
concentiation of wind turbines in Europe with a total of 272 units and a
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capacity of 33 MW. The annual production is expected to be about 100 000
MWh, equivalent to 175 000 barrels of oil.

The windfarm at Cabo Villano is in an advanced stage of construction
with the installation of 20 MADE AE-20 150 kW wind turbines. It is
expected that the complete windfarrn will be connected to the grid in
Spring 1992. Together with the existing AWEC-60 and the twd Vestas
machines, the total installed power will be 4,5 MW.

It is foreseen that the installation of new wind turbines will continue
during the next years. Another four windfarms are now in the planning
stage. They are expected to start operation during 1993 and 1994 with a
capacity of 20 MW. 15 MW would be installed in the Canary Islands and
the rest in the north-east of the Peninsula (Tarragona).

Including isolated installations of private owners, the total installed wind
power will be close to the proposed goal of 100 MW in 1995.

The AWEC-60 proiect

Introduction

The AWEC-60 proiect (Advanced Wind Energy Converter - 50 m rotor
diameter) was conceived in Spring 1985 by a Spanish-German consortium
formed by a manufacturing industry (MAN Neue Technologie GmbH),
two research organisations (CIEMAT-IER and Asinel) and a utility
(Union Fenosa S.A.). The aim was to develop, manufacture/ test and
operate a largescale wind turbine of 1,2 MW rated power. The project is
supported by DG xII of the cEc, the BMFT (Germany) and Ocide (Spain).

The first rotation of the wind turbhe took place in October 1989 and the
acceptance tests were completed in March 1990. Since then the wind
turbine is in operation under the supervision of Union Fenosa S.A. At
the end of May 1991 rnore than 800 hours connected to the grid were
completed and the cumulated energy output was 514 800 kwh.

During a programmed revision of the wind turbine in May 191, a crack
in the main spar of blade number two was detected. The blade was
dismounted for repair. It was re.assembled during the first week of
October and the machine was put into operation again during the
following week . After several houts of operation, the blade was checked
and some tests were performed which demonstrated that the repair had
been successful.
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Monitoring tnd Eoaluqtiol

Monitoring and evaluation of the wind turbine has been performed
within the scope of the JOULE programme of the CEC DG )qI, the
"Follow-up of WEGA Projects". These proiects pursue the analysis of the
results from measurements on the three wind turbines in the WEGA
programme, in such a way that a maximum of information can be
obtained in a coordinated action between WEGA proiects.

The short-term obiectives , i e those to be achieved within the time frame
of the project, arer

- To obtain better and unified technical reports from the projects and
ensure that the same weight is attached to essential issues in all
three proiects;

- To create a comprehensive and well documented data bas€
consisting of time series describing the aerodynamics as well as the
mechanica.l behaviour of the turbines.

The long-term objective is that the data base with time series shall b€
available to researchers in the wind energy and aerodynamics fields and
in this way help to inEoduce wind energy in the European electricity
supply system in an economic and safe way.

The proiect is carried out among the following LWTS owners:

- Vestkraft I/S, operating the Tieereborg wind turbine in Denmark

- Power Gen Plc, operating the Richborough wind turbine in
England

- Union Fenosa S.A. operating the AWEC-60

The reports by the contractors shall be prepared according to common
template reportt one for each subject. The following reports are in
preparation:

- Measurement System Calibration
- Duty Cycle Measurement System
- Loads Duing Normal Operation
- Extreme Loads and System Events
- Fatigue Loads Characteristics
- Aerodynamic Behaviour of the Rotor
- Control Quality Analysis
- Power Curve Sensitivity Analysis
- Cost of Operation and Maintenance
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Operation and Maintenance Experience

The statistics for the twelve-month period May "1990 through April 1991,
including cumulated operating hours and energy output, are shown in
Figure 2.8.3. The distribution of manhours for repair and maintenance
work during the same period is as follows ( see allo Figure 2.g.4):

manhours

Rotor
Pitch mechanism
Drivg train and gearbox
Generator
Yaw system
Hydraulic unit
Control system
Auxiliary systems
Other maintenance

7
o
2

20

7
14
40

The main_work on the rotor system concerned repairing, checking and
painting the blades. It &.as also necessary to make several modifiiations
in the shape of the spinner to prevent inleakage of water into the hub.

The manhours spent on the pitch mechanism reflects the incident which
occurred with the sensor of the pitch angle position, and several check-
outs in other parts of the blade actuators.

The-work_on the drive train, generator, hydraulic unit and control system
has been for trimming the systems. The main part was carried out before
April 1990.

The yaw system has required a large number of hours for repair and
maintenance, being one of the most critical parts of the wina turbine.

The auxiliary systems include the cooling system of the generator and
nacelle, the tower, the nacelle and the diesel set. The main Dart of the
maintenance took place at an early stage of the proiect (before April 1990).

Other maintenance includes the remaining parts of the plant, for instance
the meteorological mast, the electric grid, the data acqui;ition system and
the control room and shows a continuous increase in the manhours
spent. The frequent thunderstorms and gales and the very corrosive
environment necessitate a continuous maintenance programme.
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Pilot proiects and demonsttation Plants

Windldiesel plant at Epila (ZaraSoza)

The system is based on a 30 kW Ecotecnia 12/30 wind turbine and a

20 kVA diesel generator connected to an isolated grid, supplying power to

two centrifugal pumps and an irrigation system, see Figure 2.8.6

The system has two different oPeration modes. When the diesel
generutor is not connected to the 8rid, the wind turbine works directly on
iic p.,mps with a wide frequency variation margin (rotational speed of
the wind- turbine). When the diesel is connected to the grid, the whole
systcm works with constant frequency and voltage.

After several months of operation, the system configuration appears to be

a reliable solution for irrigation aPPlications. The variable frequency
driving the pumps demonstrates very good behaviour and absorbs fast

wind speed changes.

Windldiesel system for supplying electricity to a lishetmen aillage at

I andia (Fuertertentura, Canary Islands)

This protect, which is supported by the Valorem programme of the CEC,

is in ihe final stages of construction. All civil works have been comPleted
and all subsystems have been procured.

The Dlant consists of a Vestas 220 kW wind turbine and two diesel
systems of 60 kW each, see Figure 2.8.5. It suPPlies electrical energy for
the following services: revetse osmosis seawater desalination, public
lighting, domestic 115ss (lighting, household appliances etc), cold storage
room for fish conservation, and sewage water biological treatm€nt.

The plant is scheduled to start oPeration in Spring 1992.

Industrial activities

The Spanish wind turbine manufacturers have experienced a high
activity during 1991 due to the ongoing windfarm installations. During
the period August 91 - August 92, the three main manufacturers, Made,
Ecotecnia and AWP (Abengoa Wind Power), will deliver around 300
units rated between 100 and 150 kW.

New developments include the Made AE-25 with 25 m rotor diameter
rated at 300 kW. The prototype will start operation and testing in
February 7992. The Made cornpany is also working on the next
development step, a 500 kW unit which is in the stage of preliminary
design.
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Ecotecnia is working on a modification of the 20l150 model, scaling it up
for 24 m rotor diameter and rated at 200 kW. The commercial version
will be known as Ecotecnia 24/200. Ecotecnia is also marketing a new
stand-alone wind hrrbine, rated at 40 kW.

The Immetusa company continues to manufacture wind turbine blades,
under licence of Stork. From the beginning of its activity, the comPany
has fabricated more than 3000 blades.

R&D activitieg

The wind energy R&D activities are continuing at Public and private
institutes, but no new R&D programmes have been launched during
1991- Several university grouPs (Univ. Polit6cnica de Las Palmas, Univ.
Polit6cnica de Madrid, Univ. Politecnica de Salamanca) are carrying out
studies and R&D Proi€cts in different fields, for example assessment of
wind characteristics, wind-diesel systems, wake effects, and fatigue
characteristics of laminated composites for use in wind turbine blades.

The main c€ntre for R&D Proiects is the Instituto de Energias Renovables
(IER) of CIEMAT. This institute has been working in various fields of
wind energy research since 1985. Several Proiects are in Progless, e g:

- The evaluation of AWEC{0 referred to above;

- The JOULE proiect "Reference Procedure to Establish Fatigue
Stresses for LargeSized Wind Turbines";

- Activities in the field of composite materials and their aPPlication
to new blade manufachrring processes;

- Operation of the "Fatigue Test Plant for Blades of Small and
Medium-Sized Wind Turbines";

- Environmental studies. Due to the fast increase of wind energy
utiliztion in SPain with the installation of more than 300 wind
turbines during 1991 and 792, the Institute has started a number of
studies of the environmental asPects of windfarms, for example
visual impact, noise effects, imPact on animal life, and social
influence on neighbouring PoPulation.
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WNDFARMS tN OPERA|ION lN SPAIN UPDAIE Novembet 30, t99l

WNOFARMS UNDER CONSTRUC||ON UPDATE Novembe( )0, 1991

WNDFARMS Af PLANNTNG SfAGE . UPDATE Novenbe.l0. l99l

Table 2.8.1

WINOIURIIN€S

-,',,

wlNOIURBINE5
IN€RGY OUTPUT

PREDI<TTD

68 000

32 000

9.000

WINDTUiAINES
ENENGY OUTPUT

PRTOICTED
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Figure 2.8.3 Windfarm at Cabo Villano

Figure 2.8.4
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Figure 2.8.5

111



st.!.. co.rl9ur.rlon rlrh ..t. cont.ol .rla.r..

find-Diesel st Epila {Zaragoza )

T, T

Figure 2.8.6

Iind-Diesel at JA{DIA (Fuerteventura)
.srMPlrFrEO L'r.JrtrLAF OaOFA Of IHE YVhOIE 5t5l€r.,1

Schemes tor Wind-Diessl Plants at Epila
(Za@goza) and Jandia (Fusrteventura)

i

zi
8E

I

112



2.9 SWEDEN

Winil energy ptogtamftte

The government is sponsoring wind energy in three ways:

A three-year (1990-"1993) research programme with a total budget of
41 MSEK (= 7 MUSD);

Support of development and demonstration projects at maximum
50 % of the cost from the Energy Technology Fund, established in
1988. Increased priority is given to large.scale wind turbines
of approximately 1 NfVV rated power or larger;

Market stimulation by investment subsidy of wind power plants
with minimum 60 kW rated power at 25 % of the cost, effective
1 fuly 1991.

The programmes are managed by Nutek, a new government agency,
formed 1 fuly 1991 by combining the activities of three former agencies,
induding the National Energy Administration.

The utilities are increasingly involved in the development and
utilization of wind energy. They iointly own the Utilities' Wind Power
Company (KVAB) for carrying out studies and projects of common
interest, and are sponsoring the demonstration of new energy
technologies, including wind systems, through the Swedish Energy
Development Corporation (SEU). Vattenfall AB (formerly State Power
Board) has a substantial development programme for wind power.

Bqsic research

The funding of the research programme is rather evenly distributed over
the three.year period, which means about 14 MSEK (2,5 MUSD) per year.
The work is mainly carried out at universities and national research
institutes. The Aeronautical Research Insiitute (FFA), Stockholm, is
performing studies in aerodynamics, structural mechanics, materials,
acoustics, control technology, safety and standards. Basic wind research is
carried out at the Department of Meteorology, University of Uppsala
(MrutD. Electric machinery for wind systems is studied at the Chalmers
University of Technology (CTH), Gothenburg, who also operate the Wind
Turbine Test Station on the island of Hono off the west coast of Sweden.
The following ongoing research projects may be mentioned:

- Study of low-level .jets, i e strong air currents at about 100 m height
in coastal regions in spring and early summer (MftfU);
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- Wake effect studies at the Alsvik windfarm on the island of
Gotland in the Baltic (FFA, MIUU);

- Tests of stall regulation, variable rotor sPeed and teetering at Honii
(CTH. FFA);

- Study of masking effects of the background on wind turbine noise
(FFA);

- Wind tunnel tests of yaw control in cooPeration with CARDC.
Peoples Republic of China (FFA);

- Development of the rain-flow-count method for wind turbine
design (FFA).

Market stimulation

Over a five year period, 250 MSEK (= 44 MUSD) are allocated for
subsidizing-the installation of wind power plants at 25 70 oJ the

investmeni cost. This should correspond to about 100 MW installed
capacity by 1996.

By September 1991. the total installed capacity (excluding Maglarp and
Niisudden) was about 6 MW- Since the start of the new programme on
7 July 1997, about 4 MW additional capacity had been aPProved by Nutek 

-
in th-e new programme. The applicants include local utilities, farrners and

groups of private people.

The largest insiallation so far is a windfarm of seven 225 kW wind
turbine; (Vestas) near Varberg on the Swedish west coast by the local
utility, see Figure 2.9.1 The windfarm is expected to generate 3,3 GWh of
electricity pei year. Another 11 machines are being erected mainly in
South Sweden-and on the islands of Oland and Gotland in the Baltic.

To qualify for subsidy, the wind turbines must be certified. A certification
procldure has been set uP. The owners who have received a subsidy are

iaking part in an evaluation Programme of wind turbine Performance.

Maglarp

The 78 m, 3 MW Maglarp wind turbine, installed in 1982, resumed
operation on 17 March after repair and modification of the gearbox. By 29

November, the machine had Senerated 27 740lvlV'lh during 21 538 hours

^n line. The cumulated outPut is world-leading for a single wind turbine.
The Maglarp machine will continue oPeration by the Sydkaft utility,
from 1 January 1992 without government suPPort.
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Niisudden

The 75 m,2 MW Ndsudden wind turbine, installed in 1983, was dismant-
led during 1990 / 1991 to prepare for the installation of the Ndsudden II
machinery on top of the existing tower.

Ndsudden ll,/Aeolus II is a joint Swedish/German proiect for an
80 m/3 MW wind turbine. Niisudden II will be operated by Vattenfall
and Aeolus II by PreussenElektra (see section 2.3). Kvaerner Turbin AB,
Sweden are supplying the machineries and Messerschmidt-Bdlkow-
Blohm (MBB), Germany the blades. The cost of the Swedish Part of the
project is estimated at 100 MSEK (= 17 MUSD) and is financed by
Vattenfall, SEU and Nutek in the proportion 50/25/25.

The foltowing design advancements from Niisudden I to Nasudden II
may be noted:

- The blades have a new design with carbonfibre.glassfibre composite
as compared to steel-glassfibre in Niisudden I. The weight of a
blade has decreased from 20 to 9 tons in sDite of the increased rotor
diameter from 75 to 80 m;

- The rated power is increased from 2 to 3 MW;

- The nacelle has a load-carrying beam bed and a light shell in con-
trast to Nasudden I where the shell was load-carrying. The weight
of the nacelle including hub and generator has decreased from 210
to 165 tons;

- The pitch control system has been considerably simplified and all
hydraulic equipment has been moved from the hub to the nacelle;

- The rotor speed has been reduced from 25 rpm in Nasudden I to
decrease the noise emission. Nlisudden II has two fixed rotor
speeds, 14 and 21 rpm, whilst Aeolus II uses variable speed benareen
14 and 21 rpm;

- The hub height of Niisudden I and II is 79 m, Calculations show
that a larger hub height would be cost-effective. Aeolus II has 90 m
hub height.

- In summary, the energy cost from a Ndsudden II - Aeolus II unit
is predicted to be roughly half that of Nasudden I, mainly because
about 40 Eo more energy is produced with about 25 7o less material
in the nacelle.
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Delivery of the German machine is due in early 1992 and of the Swedish
unit two to three months later. Assembly of Aeolus tr is exPected during
next spring and of Ndsudden tr during Summer 1992.

The performance of the tlvo units will be compared in a three'year
evaluation programme.

A preliminary design study of a third Seneration 3 MW machine started
in late 1991 by Vattenfall together with Kvaerner industries. The aim is
to cut the costs by half as cornpared to those of Nisudden lI. If the resu.lts
are good, a group of five units rnay be built, Possibly at Ndsudden.

Risholmen

In 1988, KVAB installed a 750 kW Howden wind turbine on the island of
Stora Risholmen in the outer harbour of Gothenburg- After modification
of the blade tip actuator system, the macNne resumed oPeration in
October 1990. The machine was taken over bv the owner in December
"t991,.

The machine was shut down on 15 S€Ptember due to oil leakage in the
hydraulic system. Inspection of the tip actuator system revealed a crack
which required repair. It is expected that the machine will be back in
operation in early 1992.

The machine has produced 2368 MWh during 6615 hours on line.

wTS 400

Vattenfall has decided to install two 400 kW wind turbines at
Basteviksholmen near Lysekil on the Swedish west coast. One of the
turbines will have an advanced design, and the other will be a

commercially available machine for reference. The funding model will
be the same as for Nisudden II, i e 50 70 Vattenfall, and 25 Vo each by SEU
and Nutek.

The design of the advanced machine was completed during the autumn
by Nordic Wind Power. The unit was ordered by Vattenfall in December
for installation in August 1992. The reference machine, a 450 kW Bonus
Mk 2, has been ordered and will be erected in June 1992.

The conceptual design is for a 35 m rotor diameter, stall-controlled,
variable speed machine with a teetered hub and possibility of testing yaw
control. The main data are shown in Table 2.9.1 and a general view in
Figure 2.9.2.
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Table 2.9.1 Mdn data for wTS 40

Hub height
Rated power
Rated wind speed
Rotor speed
Number ot blades
Rotor location
Power control
Generalor
Gearbox

excl loundation

40
400
IJ
variable

upwind
stall
asynchronous
planetary
28 000

m
m
KW
nvs
rpm

A design study for a second generation advanced wind turbine in the
500 - 1000 kW rated power range is scheduled to start in mid-1992.

Siting studies

The national wind energy siting study, reported in 1988, proposed sites for
an annual elecricity production of 3 to7 TWh (billion kWh) onland and
20 TWh offshore. For comparison, the total Swedish electricity
generation in 1990 was 140 TWh

As a follow-up of the national study, Vattenfall studied the installation of
300 MW of wind power onland in their own distribution area. The study,
which was published in September, shows a generation potential of
2,3 TWh/yr for 300 m minimum distance to nearest buildings, and
7,2TWh/yr for 500 m distance, for sites having wind conditions better
than 4,0 MWh/rn2 per year at 100 m height. If wind conditions better
than 4,5 Mwh/m2.yr are required, the potential decreases to 1,5 and 0,9
TWh/yr, respectively. Installation of one hundred 3 lv{!V units in the
best u/ind energy areas is estimated to yield 0,7 - 0,8 TWh,/yr. Based on
N?isudden II technology, the cost of energy is estimated at 050 to 0,75
SEK/kWh (0,09 - 0,13 USD/kWh) with 5 70 real interest rate and 25 year
depreciation period.

Offshore WECS

Sydkraft AB installed in 1990 a 220 kW wind turbine offshore at
Nogersund in the province of Blekinge in south Sweden. The turbine is
located 250 m from the shoreline at a water depth of 7 m. It is mounted
on a steel tripod with concrete legs. During the first year of operation the
wind turbine produced about 400 000 kwh which is about 80 % of the
estimated production.

The Blekinge project for the study of a 98x3 MW offshore windfarm was
completed during the year. The wind turbine design was based on
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NAsudden II technology. The work included concePtual design of the
electrical and control system and of the suPPort sFucture, planning of
oDeration and maintenance, study of environmental conditions, and
pianning for siting approval. The cost of energy was estimated at 0,76

SEK/kWh (= 0,13 USD/kWh) with 5 7" interest rate and 25 years

depreciation time. This is not comPetitive with presently predicted
energy generation costs by other means in Sweden.

Hdnii
Risholmen

Bastcviksholmcn

Figure 2.9.7 Location of large wind systems in Sweden.



Figurc 2,92 General view of WTS {00
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2.lO United Kingdom

Introduction

As the United Kingdom's wind energy Programme moves from the

development phase through the technology transfer phase-towards

commercial eiploitation, the rnost significant stimulus to the uptake of
the technology in England and Wales has been the introduction of the

Non-Fossil Fuel Obligation (NFFO).

This scheme requires the regional electricity companies to purchase a

proportion of non-fossil fuel capacity, and guarantees a premium price

i"nilt rSsa) for the electricity so produced. It has been announced that

600 MW "declared net caPacity" will be reserved for renewable energy

plant.

The first [anche of this 600 MW was announced at the end of 1990 and

the second tranche was announced in November 1991' These tranches

include proposals for both new windfarms and single machines, as well
as existing plant.

A new company, known as National Wind Power Plc, was launched
during the year, iointly owned by National Power Plc, British Aerospace

Plc aid Tailor Woodrow Construction Holdings Ltd. Th€ company Plans
to develop at least 250 MW of wind power by the year 2000'

While clearly it will be the medium scale machines which are closest to

being economic within the NFFO time scale, it is encouraging that
prelilminary studies indicate that the cost of energy from large scale

machines may well be comparable, if not lower, as infrastructure and grid
connection savings are realised' Studies of the design and economics of
large scale rnachines are therefore set to continue to feature in the UK
programme.

Research and develoPment

The wind energy R&D Programme of the Department of Energy is in
three phases:

Phase I (mid 70s to mid 80s) in which the programme identified
feasible technologies, their costs, their technical Potential as

contributions to the suPPly and the possible timescale of that
contribution;

Phase II (mid 80s to early 90s) in which a collaborative cost-shared
iechnology development Programme is being conducted to identify
the contributions to be exPected from those renewable sources
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which could be economic now or show Promise of being so in the
future; the phase also includes the technology transfer Process
necessary for the creation of a successful market;

. Phase III (early 90s to late 90s) in which it is envisaged that the
demonstration and technology transfer activities will be completed.

Maior activities during 1991 included studies of the wind resource and
environmental impact; development, demonstration and monitoring of
horizontal- and vertical-axis machines; studies of windfarms, electrical
integration and offshore systems; as well as cost modelling and
forecasting. R&D studies continued on aerodynamics, structural
dynamics, materials, and comPonent development.

The change of emphasis of the R&D Programme towards full-scale
testing was shown by the commissioning of a 300 kW WEG M93 "test

bed" machine at the National Engineering Laboratory test site, Myres
Hill, Scotland. A second machine will be used for windfarm
development.

Large machines

Wind Energy Group's LS-7 at Scottish Hydro-Electric's DeTnonstration
Centre on Orkney

The 60 m diameter 3 MW horizontal-axis wind turbine generator built on
Burgar Hitl, Orkney by the Wind Energy Group Ltd (WEGL) for the
Department of Energy (DEn) and Scottish Hydro-Electric Plc (HE) has
completed pre-commissioning tests. Post-synchronisation test program-
me is complete with the machine having run at its rated outPut of 3MW
and at slightly reduced output in parallel with diesel Seneration on
Orkney when isolated from the mainland grid. Total running time to
end February 1990 was 2333 hours with a cumulated outPut of over
2900 MWh.

Following discovery on 28 February 1990 of the structural failure of a
secondary load carrying member in the trailing edge assembly of one
blade, the machine was temporarily out of service fcr repair and
reinstatement. Repairs were complete by end fuly 1990, and a further
period of testing was started.

In October a problem was identified in the main brake in that after
application iifailed to fully release, causing overheating. Remedial
action was taken and the machine was back in service by early February
't9't.
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Normal operation was severely curtailed-by Precautions.taken to avoid

further initances of overheating. After discussion with the brake

^unntu.trltut 
it was agreed thui the b.uke should be dismantled and

shipped bact to workj for inspection This was done in June 1991' In July

" 
iiii"* ot the reports and discussions produced from" the insPection

.".n"in"a inconchisive as to the the basic cause of the brake malfunction'

As a result WEGL ProPosed dispensing with the main brake in its present

i;; fu modifying if to provide a parking brake, comPrising.a single

disc acted upon by two or three calliPers, achvated by the exrstrng

pneumatic tytt"ni. fnit proposal wis based on the contention that the

[*o ina"p"tia"nt fail safe pitch control systems serving the blade tiPs

.""rti,"t! two independent aerodynamic brakes, actin-g dire-ct on the

iotor, which satisfies internationaily accepted criteria for-safe. wind

turbine braking systems. The proposal has been accePted and me

-oaifi."tio". ivlti Ue carriea out ind the machine back on service by the

;;; th" year. There will follow a twelve month monitoring Period'
ioiui t"""illg time to end May 1997 when the machine was shut down

was 3511 hoirs with a cumulative outPut of 4335 MWh'

Medium size machines on the sa,ne site

The 250 kw 20 m diameter Wind Energy Group M$1 PrototyPe unit at

Burear Hilt. Orkney has continued to oPerate satisfactorily since the last

i*&, *itit o"t" minor problems. To the end of October the machine

ha'd operated for 27 654 hours and generated 2679l\/wVh'

The Howden FIWTL 300 kW HAWTG at Burgar Hill, Orkney was taken

out of service in March 1990 due to a fracture in one of the intermediate

shafts in the gearbox. The machine had operated for 107-1 hours and

eenerated 164" lvfVvh. The gearbox has been rePaired and was back in

lervice in the last week of 
-SePtember 1990. To the end of October 1991 the

machine had oPerated for 1457 hours and generated 241 MWh'

Howden HWP-750 at Scottish Hydro-Electtic site in Shetland

HE has monitored the wind regime at two sites on Shetland which can

accomodate large scale wind tuibines. With the benefit of a CEC

Demonstration-funding, a Howden75O wind turbine generator has been

installed on Susetter IiiU, Shetland. The machine was oPerational and

producing power to the grid in January 1989.

In February 1989 it was checked after 100 hours of operation' At that time

it was observed that severe wear was occurring on the flanks of the gears

within the high speed shaft coupling. After 165 hours.of operation (April

tg89) a failuri ociurred in a bracket which locates the the blade tip
actuator hydraulic cylinder. After investigation it was determined that
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the failure was due to a design fault. The mounting bracket required to be
redesigned. The opportunity was taken to reinsPect the high speed shaft
coupling. The machine was out of service from June 1989 New
mounting brackets and high speed coupling were fitted in November
1989. The machine was returned to service in December 1989. After
about 100 hours of operation a further actuator failure occurred. A new
hydraulic unit was fitted in fune 1990 to balance the tip operation of the
three blades.

In addition to the new hydraulic unit for the blade tiP actuators it was
found that the blade tips would not always align with the main blades
when required to do so. This was found to be due to corrosion, caused by
ingress of moisture into the body of the actuator, increasing the system
friction and preventing full range operation. The actuator bodies were
modified by machining to accomodate Gring seals to Prevent moisture
penetration and coating all internal cavities with a corrosion Preventing
grease.

A further sticking blade tip was found to have been caused by a Particle of
steel having become embedded in the surface of the PtFE/bronze tip
thrust washer. A new washer was fitted and subsequent oPeration has
been trouble free.

The above rnodifications greatly improved the operation of the machine,
but after a further period of operation another problem was experienced
with the blade tip misalignment. The wind speeds at site are sudt that
the machine frequently operates for prolonged periods with the blade tips
in a power limiting position. In this situation even minute leakage in
one hydraulic system as compared to the other two causes misalignment
of a blade tip, resulting in increased vibration. Correction of the
misalignment requires the blade tips to be moved to the full run position,
but this cannot always be done while the machine is in a power lirniting
sihration because it would generate excessive power.

Vibration monitoring has been modified to a two stage system. When
the first stage is reached the machine is stopped and immediately
restarted by remote control from the Lerwick Power Station. This
stopping and starting equalises the blade tip settings and the machine
then runs normally for a further period before the procedure requires to
be repeated.

In December 1990 a crack was observed in the trailing edge of one of the
blades, and closer examination revealed a similar, but less severe, crack in
one of the other blades. The cracks were in a low sbess area of the blade
and followed the ioint line between the two blade halves. The cause
appeared to be lack of penetration by the epoxy resin making the original
ioint. The cracks were routed out in a V form and filled with thixotropic
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crack filling resin after it had cured, and the ioint was. th€n finished with
a elass clot"h and epoxy laminate. This repair was carried out at the

beiinning of February'1991 and has so far proved to be effective

During the period when the blade repair was being carried out' the blade

tip aci:ator'on blade 2 was removed for insPection, as it had been noted

iti^t it n"a not been operating smoothly. The problem was found to be a

worn thrust washer, which was replaced before the machine was

returned to service.

After a period operation of 774 hours further problems were exPerienced

*iirr ur"'a" tip aituators, and all three blade tips have been removed to fit
redesigned thrust washers and actuating pinks, rod and bushes'

Problems had been experienced with power control during strong winds'

resulting in relatively iarge variations in Power outPut causing. triPs on-

ou"r.rlri"t ,. The control-programme algbrithm has been modified and

no further overcurrent rips have occurred'

The failure of a hydraulic union resulted in contamination of the slip

rines connecting the rotating transducers to the data logging system New

.iip'ringr have 
"been fitted ind all transducers have been re-connected'

The mechanical comPonents of the blade tip control have been further
modified. The tip thiust washer has been replaced by a new design of
"N!Ex" which his its grease pressure maintained by centrifugal force'

The fulcrum Pins on the hydraulic actuator ram have been chrome'
plated and ground to imprbve the finish of the bearing surface, and new
iAmpep" bushes have been fitted

The machine has been returned to service and all the data{ogging
eoupiment has been re'commissioned. The total running hours to mid-
Ntiember 1991 were 2480 and the outPut totalled 1206 Mwh'

The machine will shortly be taken over by HE and the two year

monitoring period for performance and structural behaviour will
commence.
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Howden HWP-700 at Powercen's Richborough Pouer Str.tion, Ke t

fointly funded by DEn, CEC, PowerGen and Howden, the HWP-1000,
which was formally inaugurated in fuly 1990, is now the subject of a
comprehensive DEn funded monitoring campaign in collaboration with
the CEC as an extension of the WEGA proiect. With Howden's
withdrawal from active involvement in wind energy, Renewable Energy
Systems Limited have been engaged to undertake the monitoring in
collaboration with PowerGen.

Previously reported tip synchronisation problems caused by hydraulic
distribution imbalance have now been solved and the machine is
performing well.

VAWT-850 at Nationol Wind Poroer's Demonstration Centrc at
Carmathen Bay, South Wales

This vertical-axis machine suffered a blade failure in February 1991. It is
now known that the blade manufacturer made fundamental design
errors with the blade; there was no inherent fault with the machine
design. Blade redesign is being undertaken with the intention of reinstat-
ing the machine. The whole site has been shut down since the incident
but will reopen as soon as National Power have concluded their own
enquiry into the overall safety issues. Ihe other machines at the site are
Howden 28 m,/300 kW, WEG 33 m/300 kW and VAWT 25 m/130 kW.

Windfarms

The proposed windfarms in England and Wales previously reported
have made very slow progress. Due to lack of experience of this brpe of
proiect and the abs€nce of planning guidelines, local planning authorities
have been reluctant to determine applications and, even if favourably
inclined, some opposition has been encountered by national consultative
bodies such as the Countryside Commission. Consequently, of the five
windfarm projects accepted into the first tranche of the NFFO, three have
been "called in" for a Public Enquiry, and the other two have met with
considerable delays, based on visual and noise impact.

Wind.Electric's windfarn at Delabole, Cornwall

This will be the first UK windfarm, consisting of 10 Windane-34
machines (total installed capacity 4 MW) and is a private commercial
venture by WindElectric at Delabole in Cornwall. National Power Plc
and South Western Electricity Plc have taken equity in the company.
Planning consent was considerably delayed due to possible noise
intrusion but construction started in Autumn 1991 and completion is
scheduled for fanuary 1992.
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National Wind Power's windfatm at Cemmaes, Mid-Wales

This windfarm was the first to be the subject of a Public Enquiry- The

Countrvside Commission obiected to the scherne on the grounds of
visual htrusion. The hearing took place in April and a favouable
decision was announced in October. Construction is exPected to start in
later 1991.

National Wind Power's windfarm at Kirby Moor' Cumbria

This windfarm is also the subiect of a Public Enquiry' The County
Council objected to the scheme on the Srounds of-visual intrusion The

hearing took place in July but no decision has yet been announced'

Yorkshire Wind Turbines' Ltd uindfann at Oaenden Moor

After prolonged planning negotiations, this windfarm has also been

called-in for i Public Enquiry. This time the DePartment of the-

Environment wished to examine the imPact of the Proiect on the

environment. The date of the hearing has not yet been fixed'

Yorkshire Water's Plc windfatm at Chelker

This proiect has now received planning consent and the installation of
four 300 kW machines is proceeding.

Proposed Natiottal Power, Pouercen, DEn windfarms

The ioint DEn,/National Power windfarm of 22 x 300 kW machines
proposed for Cold Northcott in Cornwall is expected to be the-first utility
windfarm to obtain planning consent. Contract negotiations for its
construction are nearing completion.

The joint DEn/PowerGen windfarm proposed for Capel Cynon has been

abandoned.

Offshore demonstration machine

A DEn feasibility study $/ill rePort eatly in 7992.
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2.11 United States

Industry status

Wind energy has proven to be one of the most cost-competitive new
renewable energy technologies for the United States' bulk power market.
Wind generating capacity interconnected with utilities in the U.S. at the
end of 1991 totaled approximately 1600 MW. This installed capacity was
comprised of over 15 000 machines. Figure 2.11.1 shows the growth of the
installed capacity base and the annual increase in electricity production
despite a slowing of new capacity installations.

Increased windfarm installation and operating experience, coupled with
continued research and development efforts, have resulted in a maior
reduction in energy costs. Today's utility-interconnected machines produ-
ce power at costs of 0,07 to 0,10 USD/kWh (at 6 m/s annual wind speed
sites as measured at 10 m height) and 0,06 to 0,08 USD/kWh (at 7 m/s
sites) rivaling many non-renewable sources. Thes€ costs are nearly one-
third those of ten years ago. Wind resource is abundant as well, if not
always located near load centers. A recent study completed by Pacific
Northwest Laboratory found that adequate wind resources for cost-
effective energy production are found in almost all regions of the United
States, althuogh the Midwest, West, Northwest, and Northeast tend to
have the best winds.

Despite technological advances and a vast resource, however, wind
energy still faces widespread barriers to utility interconnection. These
take the form of transmission issues, intermittency, and utility reluctance
to adopt new technologies. These barriers, coupled with wind energy
costs that in most situations are not vet comDetitive with conventional
base load sources of energy, have led io a shoitage of profitable utility
contracts, the ultimate market driver. Although near-term markets are
scarce, there are promising signs for the mid-term in areas outside of
California. A ioint venture was recently announced to develop a
250 MW wind plant in the mid-west, with an option for an additional
250 MW after five years. Plans for a 10 MW windfarm in the state of
Minnesota were announced and several small installations are being
planned in the Eastern U.S. as well. It is becoming more the norm for
wind energy to be seriously considered in generation expansion plans.

Program goal and obiectives

The U.S. Federal wind technology program has set its goal "to assist
utilities and industry in developing new markets and applications for
wind systems and to develop advanced wind turbine technology to be
economically competitive as an energy source in the mid-term market-
place". Support for utility and industry program activities now occupies

727



an important place in the Program mission in addition to the continuing
efforts to advance technology through R&D'

To achieve the program goal, two sPecific obiectives have been identified
for the five year program:

. Increase performance 50 %, lower first costs 10 - 15 %, increase
availability to > 95 Vo,lower O&M to around 0,01 USD/kWh, and
double machine lifetime. This translates to a goal of 0,04

USD/kWh at 5,8 m/s sites.

. Expand the domestic market to regions beyond California, with a
target of having utility-interconnected windfarms in the Great
Plains and the Northeast by the end of the decade.

Providing results from the program to the industry and utilities is a key
element. One activity already underway to implement this strategy is the
Utility Wind Interest Group, being sponsored by the Electric Power
Research Institute and the National Renewable Energy Laboratory
(NREL), formerly the Solar Research Institute. The goal of this
organization is to support the integration of wind technology into electric
uiility generating and transmission systems. Its focus is on disseminating
up-to-date, accurate information about wind power to utilities, via
brochures, workshops and regional meetings.

In addition, certain technology support Program activities will work to
expand rnarkets for srnall-scale, on- and off-grid systems and for
wind/hybrid systems and to develop expected oPportunities for internati-
onal ioint venlures and marketinS.

Program structure

The wind technology program is structured in two main elements, Utility
and Industry Programs and Applied Research Programs. Elements of
these programs are described below:

Utility and Industry Programs

One key area of emphasis in the program is working with the industry
and utilities in the application of wind technology. A range of projects is
being used to explore near-term markets, develop and apply new
technology to existing problerns, and to encourage new applications for
wind power plants.
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Adaanced Turbine Program

The goal of the Advanced Wind Turbine (AWT) Program is to support
industry's efforts to incorporate advanced technology into today's
turbines for the marketplace in the near-term (1993-1994), and to provide
the next generation of innovative wind turbines for the mid-term
(late 1990s).

The AWT Program is comprised of three components. The first phase
began in 1990 with the award of three contracts to study advanced wind
turbine conceptual designs, see Figure 2.17.2. 'fhe second phase, the AWT
Near Term Product Development Program, will allow high potential
component and subsystem concepts from the first phase design studies, or
independently conceived, to be developed and field tested in 1993/1994.
Thes€ concepst may include advanced blades, hubs, aerodynamic and
adaptive controls, power electronics, and support structures.

The third component of the AWT Program is the AWT Next
Generatiopn Technology Proiect. Scheduled to begin in 1992, this effort
will lay the foundation for the next generation of utility-class advanced
wind turbines. Innovative designs, either independently conceived or
derived from earlier AWT Program efforts, will be completed in 1994-
1995. The highest potential designs will be fabricated and field tested in
an effort that will continue through 1997.

Cooperatioe Programs With Industry

The goal of several recently initiated programs is to work with industry to
solve near-term problems in windfarms and to stimulate new markets.
These are cost-shared efforts aimed at maximizing the participants'
return on their R&D investment. 2,5 MUSD has been allotted to provide
matching funding for eight companies participating in cost-shared R&D
efforts. The work to be undertaken will address a variety of concerns and
will indude such projects as the development of new turbine blades, the
solving of daily windfarm operational problems, development of
improved wind/diesel hybdd systems, and research into reduced
efficiency caused by the accumulation of insects on turbine blades.

Applied Research Program

Applied research is necessary to ensure that fundamental design tools
will be available for performing detailed designs of future advinced wind
turbines. For exarnple, the prograrn has developed new computer
models for aerodynamic performance, structural dvnamics, and vaynamics, and yawmodels for aerodynamic performance,
dynamics that run on personal computers. These codes are being used by
many wind turbine companies and university research programs.
However. enhancements to the models are required to predict the
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behaviour of advanced rotor configurations that will result from
advanced coceptual design studies.

Aerodynarnic research currently underway involves exPloring. the

characieristics of the wind at aitual wind turbine sites (ahnosPheric fluid
dvnamics) and investigates the aelodynamic phenomena experienced
and created by wind turbines during operation. One of the efforts has

been the analysis of Combined ExPeriment Pressure measurements to

determine thi effects of delayed stall on wind turbine steady and dynamic
loads. Testing is done on the heavily instrumented research turbine
operated bv N-REL at their test facility at Rocky Flats, Colorado, see Fioperated by at their test facility at Rocky Flats, Colorado, s€e Figure

2:11.3. Ae;odynamic investiSations on vertical-axis turbines are being
undertaken "i Sandi" National Laboratories (SNL). Much of SNL's

efforts, in support of all areas of applied research, have been conducted on

the 500 kW, 3a m vertical-axis wind turbine test bed located in Bushland,

Texas.

A new Structural Test Facility, located at NREL, has been developed to

Derform static and dynamic tests of wind turbine components, such as

blades. Static tests will determine ultimate strength limits and weak
points in the comPonent design for later detailed investigation' Dynamic
iests using hydraulic actuators will submit comPonents to cyclical fatigue
loads similar to those experienced during actual oPeration.

Research is continuing into the effect of wind turbines on operational
control and power quality in utility grids, electrical utility
interconnection, and wind/hybrid systems. B€cause wind turbines
usually operate in clusters, research on controls and adaPtive controls
will take i systems approach to all oPerational control issues. The goal of
activities in ihis area is to define electrical characteristics and controls that
will minimize undesirable Power fluctuations and maximize the energy
contribution that wind turbines can make to a utility 8rid.

Work is continuing on develoPment of advancd airfoils and blade
designs, variable sPeed Senerator and advance drive train research,

advinced tower concePt develoPment, and evaluation of aerodynamic
rotor brakes.

Operational testing is continuing on the 98 m diameter, 3,2 MW Mod-sB
tuibine, located on Oahu in the Hawaiian Islands and operated by
Hawaiian Electric Renewable Systems. As of the end of SePtember 1991,

the turbine had logged 19 253 oPerating hours and generated 25 344

Mwh. During the spring of this year, the Mod-s attained a one month
caDacitv factor of 53 7o.
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Progran funding levele

The budget for the Fiscal Year 1992 is 212 MUSD increased from 11.1 and
8,7 MUSD in the two previous fiscal years. The additional funding will
continue the first phase of the advanced wind turbine project and also
begin a program with industry for the development of near-term
applicatioru.
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150 ft tower height
70 ft rotor diameter
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Combined Experiment lacilities at the National
Renewable Energy Laboratory

Figure 2.11.3



Executive Committee activities
The 27th meeting of the Executive Committee (EC) was held on 16 and 17

April 1991 at the Norwegian Electric Power Research Institute (EFI),

Trondheim, Norway. The attendance was 21 persons, including
representatives from 1l member countries, OPerating Agents and
observers, see Figure 3.1. On 18 April a visit was made to the wind-diesel
plant on the island of Froia off the coast of Trondheim.

The 28th meeting took place on 21 and 22 October at the Research

Association of th; Danish Electric Utilities (DEFU), Lyngby, Denmark. 23

Dersons attended. A visit to the offshore windfarm near Vindeby off the
northwest coast of Lolland was made on 23 October.

Mr H J M Beurskens (the Netherlands) and Dr P L Surman (UK) served as

Chairman and Vice Chairman during the year. At the fall meeting,
Mr W G Stevenson (UK) and Dr E Sesto (Italy) were elected Chairman and
Vice Chairman for 1992.

Some changes in mernbership were announced during the year- The
updated lisi of EC Members and Alternate Members is attached (s€e

Appendix).

At the EC meetings, the progress of the ongoing Tasks was reviewed and
proposals for new cooperation were discussed. The necessary administra-
tive decisions were taken. Information was exchanged on the national
wind energy R&D programmes and largescale wind systems in the
member countries.

At the spring meeting, the EC adoPted the draft workplan for the new
Task XIII Large Wind Turbine Systems, which incorporates and
strenghtens certain activities in the completed IEA LS WECS Agreement.

At the fall meeting, a conformed copy of the Implementing Agreement
was adopted, including the full text of the current Annexes. The new
Implementing Agreement supersedes the previous R&D and LS
Agreements.

The first issue of Wind Energy Newsletter appeared in August 1991 and
was well received by the wind energy community. The EC acts as an
editorial board for the Newsletter, which is technically edited by
R J Templin (Canada) and produced by Novem, the Netherlands. The
Newsletter, which reviews the progress of the IEA R&D Wind Tasks and
the national wind energy activities, will be issued twice a year fuom 1992-
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Figure 3.1 The 27th IEA R&D Wind Exscutivs Commine Meeting at EFl,
Trondheim, Nonvay, 1 6 -'l 7 April 199'l
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IEA Wind Energy
Annual Report 1991

I{ind 
"tr"rgy 

stands out as one of the most Promising
renewable energy sources in the near term. The exPloitation
of h'ind energy is promoted by national programmes for
advanced technology research and market stimulation in
many countrres.

Thirteen countries collaborate since 1977 in wind energy
research and development under the auspices of the
lntcrnational Energy Agency. The programme includes joint
rescarch projects and information exchange on large wind
systems.

The report revie*'s the progress of the joint projects during
1991 and highlights the national wind energy activities in the
membcr countries.

By the end of the report period more than 20 000 grid-
connected wind turbines were in operation in the member
countries, representing an installed power of around
2200 MW. The performance of wind turbines continues to
improve as the technology matures.

Thc average unit rated power was 180 kW in new plants
and is increasing. Commercial machines in the 400 - 450 kW
range were delivered during the year. Prototype megawatF
sized wind turbines are in operation or under construction in
the lead countrics.

Orders: Allmdnna Fdrlaget, Kundtjanst, S-105 47 Stockholm
Phone: +45 8 739 96 30,Fax +46 8739 95 48
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