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FORXWORD

This is the tenth Annual Report of the IEA
Progranme for Research antl Developr[ent on Wind
Eneiqv Conversion Systems (IEA R&D WECS)

reviewinq the activities during 1987' The
report il subnitted to the IEA in accordance
wiih the recommendations of the TEA Corunittee on
Research and Developnent.

D F Ancona
Chairnan of the
Executive Cornmittee

B Pershagen
secretary of the
Executive Committee
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EXECUTIVE SUMI,IARY

The IE"A Progratnme for Research and Development

on Wind Energy Conversion Systens {IEA R&D WECS)

started iL^ 1971 , Fourteen countries are partici-
pating: Austria. Belgium, Canada, Denmark,

cernany, ,tapan. the Netherlands' New zealand'
Norway, spain, sweden, switzerland. United
Kingdon and united Statea. rtaly is in the
process of joining '

The IEA RsD wEcS progralrune comPrises nine Tasks'
six of which have been successfully cornpleted.
current Tasks include Task vII Study of Offshore
wind Energy Conversion Systems, Task VIIf Study

of Decentraliseal Appllcations for wind Energy.

and Task IX Intensified Study of Wake Effects
behind single Turbines and in wind Turbine
Parks. AtI current Projects are task-sharing'
i,e. the participating organisations ale conunit-

teal to in-kind contributions to an agreed

progranme, managed by an OPerating Agent. The

central Electricity Generating Board (U.K.) is
acting as operating Agent for Task vrr anil Task

IX, and the U,I(. Natlonal Engineering Laboratory
for Task VIII.

substantial proqress is reported from the
onqoing Taska. The Study of offshore WECS (Task

VII) is virtually conplete and the final report
will be published in early 1988. The national
studies have established a range of generating
costs, at the loder end of wttich offshore vtind

energy could be an econonic alternative to other
forns of electricity generation. The general

feeling about the progpects fot offshore wind
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energy is more optimistic than previously. A

programme of further work on offshore wind
enerqy is reconunended, including a plan for an

offshore prototype.

Eleven countries are participating in Task vIII
Decentrali.sed Applications for wind Energy' The

Task has two Subtasks on Site Assessment
Techniques to define models and techniques for
obtaining wind and load data for decentralised
vrind systens, and on wind Diesel systems for
analysing the performance of these systems. The

work is atso targeted tortards the production of
two handbooks in the Subtask areas. During 1987,

three lrorking qroup meetings were held. Detailed
infornation has been collected for subtask A,

and work on the handbook is \^'ell advanced.

subtask R has concentrated on nodel validation
rather than handbook drafting.

Seven countries are participating in Task TX

Intensified Study of Wind Turbine Wake Effects.
The objectives, schedules and technical issues
were aliscussed at the first meetinq in May 1987.

The contributions from the participating countries
include uake measurements from rtindfarms and

single turbines as welI as theoretical model

studies. The follol'ing technical issues uere
jdentified: vJake meander, added turbulence,
overlapping shear layers, the near wake, and

averaging times.

In the scries of documents on Reconmended

Practices for wind Turbine Testing and Evalua-
tion, the fjrst edition of Vol 8 Glossary of
Terrns, and the second edition of vo1 1 Power

Performance Testing were published during the
year. Other alocuments are in preparation.
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The proceedings from ttte first seminar in the
Joint Action on wind Turbine Aerodynamics were
publlshed during the year. lvo eorking grouP

meetlngs in the ;Ioint Action for Fatigue l,oad

spectrum were held.

The Executive conunittee had et'o neetings durinq
1987. Three proposals for new co-oPerative
action were discussed. Two draft Annexes ltere
aalopted I Annex X Systemd Interaction and Annex

xI Base Technology Infofnation Exchange. Germany'

the Netherlands and Swedeh agreed to co-operate
on a project called UNfVIEX, including expefimen-
tal studies of aerodynamlcs loads and control
strategies as weII as vatidation of computer

codes.

The Executive Cotrunittee submitted a Paper to the
IEA CRD, reviewing the actlvlties of the IEA

rrind energy progralune during 1977-1987 and

discussing a strategy for the future.
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Task I

Task II

TaeK III

Task IV

THE IEA RCD WECS PROGR,AI.'ME

The Progranme of Research and DeveloPment on

Wind Energy Conversion Systens (IEA R&D WECS)

was initiated in 19'17. IEA RED WECS is one of
two IEA projects in wind energy. The companion
progranme is the Co-operation in the Development

of Large-scale wind Energy Conversion Systems
(IEA LS wEcs) is reported separately.

The general objective of IEA R&D WECS is to
undertake collaborative research and alevelopment

Tasks as defined in Annexes to the Inplenenting
Agreenent, To-date nine Tasks have been initiatetl'
six of which have been comPleted:

Environmental and Meteorological
Aspects of wind Energy Conversion
svstems
oierating Agentr National swedish Board
for Energy Source DeveloPment
conpletetl in 19 81

Evaluation of Models for wind Energy
Siting
Operating Agent: U.S. DePartment of
Ener9y
completed in 1983

Integration of Wind Power into National
Electricity SuPplY Systens
Operating Agent : xernforschungsanlage
Jlilich GnbH, Gernany
conpleted in 1983

Investigation of Rotor Stressing and
Smoothness of operation of Large-scale
wind Energy Conversion systems
Operating Agent! Kernforschunqsanlage
Jiilich GnbH, Germany
completed in 1980

study of wake Effects behind sj.ngle
Turbines and in vlind Turbine Parks
Operating Agent: Netherlanda Energy
Research Foundation
Colnpleteit in 1984
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Task VI Study of
wEcs Hill
Operating
council of
CollpIeted

Task vII Study of Offshore
Operating Agent r
cenerating Board
Completed in 1987

Local wind Flow at Potential
Sltea
Agent; National Research

Canada
in 1985

wEcs
Central E Iect ri ci ty
(u.K.)

Task VIII Study of Decentrallzed Applications for
UEe of tfj.nd Energy
Operating Agent3 National Engj.neering
T.ah^?r+^rr' lrr ?uqvvrqLvr)' rvi^.,
To be completed in 1988

Task fX Intensified Study of Wake Effects
Operating Agent: Central Etectrlcity
Generating Board
To be completed in 1989

There are fourteen Contracting parties to the
Implementing Agreement. Italy i9 in the process
of joining. The countryrr'ise participation in
current Tasks ls shown in Table L.

In the current Tasks the participants contribute
manpower and lrork usually in their home countries
to a joint Task prograrune coordinated by the
Operating Agent (OA). The total level of effort
is typically about 10 manyears per Task.

In addition to the Tasks, the Executive Corunittee
has established a Standing Committee for the
preparation, publication and review of a series
of documents on Recornmended Practices for wind
Turbine Testing and Evaluation.
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Table 1

Participation in current Ta5ks

Country fr.k
VII VIII IX

Auatria
Belgiun
canada
Denmark

Gernany
Italy
Japan

x
x

xxx

xx

New zealanal
Norway
spain
Sweden

Switzerland
United Xingdon OA OA OA

United States x x x

The Executive Connlttee ig also operating Jolnt
Actiona on Aerodynaniqal Calculational Methoda

and on Fatigue lestlng and Load SPectrum

Definition.

Two new Annexes for teak-shaled reacarch have

been drafted during the year. A jolnt cost-
aharing projec9 has al99 been establiahed.

The progreaa of the cullant Tasks and .toint
Actions, and the activitle8 of the Executive
conmittee and the sta4di4g connittee as well es
the planned Projects are briefly revieweil in the
followinq sections.
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TASI( VII - STUDY OF OFFSHORE WECS

During 1983, the sludy of offshore wind energy
conversion systens (owEcs) was cornnenced to
assess the viability of offshore wind Power, to
define design criteria for an offshore wBcs

prototype. and to outline a plan for the design,
construction and operation of a possible joint
prototype .

In pursuit of these objectives' five subtasks
rrere initiated t

B

E

Data collection and conpilation
Conceptual alesign of an OWECS poh'er station
Development of design spec i fications
Generic studies
structural dynanics study

A considerable number of najor rePorts and

papers have been contributed to the study. some

of which are referreil to below, The \dork is nor,,

virtually conplete and the draft final report
has been issued to the particiPants for cornment.

The study has tentatively established a range of
generating costs from a value of 3.1 P/kWh
(5.2 d lkwhl for the swedish 6land installation
to 6.9 p/kwh (11.5 C/kwh) for the UK Phase IIB
instal lation.

An OWECS systen havinq generation costs at the
lov,er end of the range couLd be an econonic
alternative to other forms of electricity
generation, but this rrould not be the case for
costs at the upper end of the range. If a mean

value of 5 p/kwh (8.3 d/kwh) is taken, then
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costs are somewhat above the present range of
econonic interest, However, it is very inportant
to note that the costs have been derived for
wind turbines L'hich are not of the latest
design. There is now ample evidence to shoi that
the capital costs of the latest machines are
substantially lorrer than was envisaged when the
Annex VII study was started, This suggests that
the future costs of an OWECS could be towarals
the lo\a'er end of the range quoted. perhaps even
loL'er.

The general feeling about the prospects for
offshore j.s now more optimistic than it had been
previously, Publj.c reaction nay force earlier
consideratlon of offshore windpor^'er, particularl!
in Denmark and the Netherlands, both densely
populated countries. Participants therefore feel
that a programme of \rork on offshore wind \a'hich
should lnclude the follorfing steps, each occupy-
ing a naxlnum of 2 years:

1)

3)

4l

Evaluate the latest designs for use
o ff sho re
Plan for an offshore prototype
Construct anal j-nstall the prototype
Test and evaluate the prototype

A decision would be taken at the end of each
step on I'hether to proceed further. By about
1995, therefore, particj.pating countries could
be in a position to exploit offshore wind power.
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selected Reports

HO, London, UKI

Denmark.
EEU-83-018.

DEFU, Lyngby, Denmark. March 1983

wETEEiIEi?is. 8 Aueust 1984

Hardell R, wind Poh'er Production of
the Swedish coasts. Estimate of
ffirB.
s toEk-ho-ffi:SAAember 1 9 8 4

't1

Burton, A L (Ed) . RePort on Offshore
wind Enerqv wind Assessment Phase IrB.
vol 1 Executive sunnarv. IEAT-o.21.
(074v / Ow /7021 . Taylor tloodrow,
Southall, UK. February 1985.
(obtainable from ETSU, Harlre11' UNI

Hardell, R. Technical Specification for
OWECS Prototvpe, IEA?-C.02. 3K
nngineering AB, stockholn. April 1986

Hardell, R. obiectives for an offshore
Prototvpe wim
nnqineeiing AB. Stockholm, 25 Novernber
1986

oth'ay, F o J. offshore wind Enerqv:
comparison of Blitish, snedish and
ffi
IcDdDJJE-BfsT/9?) . cEGB, cDcD,
Barnwood, UK. June 1986

Palutikov, P J, Davies, Kelly. P M.
f the wind Fielal over

Iperen. .f van. ual Desi

ON. II,A/-D.UI.
;Echt, Netherl

Koten ,
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Participatinq Countriea/Contractinq Partiea

Denrnark Ilttniatry of Energy

The Netherlanata Energy Research Foundation EcN

National EnergY Admlniatration

United tringaton central Electricity Generating
Board

united States DePartment of Energy

operating Agent
Unitedxingdom central ElectrlcltyGenerating

Board
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Task VIII - DECENTRALISED APPLICATION FOR

WIND ENERGY

The formal aims of this Task are as follows

The define cost-effective nodels and
techniques suj.table for obtaining I'ind
and load data necessary for planning
and specifyinq decentralised winal
energy conversion system installations.
To apply and further develop mode:.s
suitable for analysing the performance
of r,rind diesel systems' and to obtain a
sound analytical basis for Planning anal
designing such systems.

As stated in the 1986 Annual RePort, the Partici-
pants in the Task have also decided to target
their lrork towards the production of trto handbooks

which will seek:

To set out guidelines on how to aPPr:aise
a potential site for a tlecentralised
supply system' taking into account
wind, load and other factors.

To give advice on how to configure an
optitnised, economically viable, conbineil
wind diesel supply systetn for a specific
site.

During 1987. three Task meetinqs have been held.
These took place on 28 and 29 ,fanuary in Martigny,
slritzerland, on 3 and 4 June in vastervik,
slreden, and on 17 and 18 November on Tenerife.
The Canary I s lands.

subtask A Site Assessment Studies

During the year' detailed inforrnation on a

nunrber of the wind resource assesstnent models

available to the Task has been collected.
classification of all the available nodels has
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been undertaken, and an initial report produced,
specific note hae been made of tnoalels capable of
generating turbulence estitnates, as these can be

of partj.cular relevance to wind diesel system
control. It has not proven possible to carry out
irialespread validation of the nodels, alue to
difficulties in identifying quality assureal tlata
6ets from suitable sites.

An exercise has been conducteal to define the
extent of the real consumer load data available
to the Task. It would now appear that reliable
and suitable data are sonerrhat sparse.

On the site assessment hantlbook front, the nain
chapters to be included have been decialed upon,
these being:

Introduction
wind Assessment ueteorological considerations

l,leasurenent ueth9ds
siting ModeIs Available

14

1

2

3 Assessnent of Consuller load

4 Other Factors to be Consialereil

work on chapter 2 is weII advanceal, with the
fi.fth draft currently being circulaced. The

.ltems to be included in chaPeer 4 have also been

debaced, and drafting of this and the other
renaining chapters is ln the early slaqes.

subtask B wind Diesel. svstems

work during the year has concentrated on model

validation, rather than on drafting of the
handbook.
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The feasibility of data interchange between the
various participating organisalions has now been

established, and data transfer standards have

been atlopted.

As reported in earlier annual reports' the
subtask ia concentrating on models vrhich are
designed to appraise overall winal diesel dystem
perforrnance, rather than uPon models which are
capable of describing systen dynamics ' Ho$rever,

moat coales have been develoPed rtith specific
systens in nindr and therefore are not capabl'e

of describing all types of configuration.
Because of the large number of models and

ayatems available to the project, it will still
by posgible to natch up most nodels uith at
least two practical systens. Thua validation
6hou1d not be a najor logistical problen.

Thia year' however, the Participants have been

called upon to carry out a trial validation,
using data fron a very sinPle conbination
consisting of tno wind turbines, a diesel
gen-set. a dump load and a consumer detnand. Data

have been supplied from ECN' the Netherlands'
and to date three countries have cornpleted their
valialations. The gleneral conclusion seens to be

that although power flows can be difficult to
predict, overall fuel consumPtion can be defined
reasonably eas i 1!'.

The inportance of using only quality assured

data for nodel validation has been stressed' and

a docunent tlescribing the effect of experirnental
errors and uncertainties has been Produced.

work has recently begun on defining the contents
of the proposed wj.nd-diesel handbook.

NP161 PG



IEA R&D WTCS ANNUAL REPORT 1987

General Conments

At times, proqress in the Task has not been as

swift as \tould have been deaired. this in the
main appears to be due to the fact that wind

diesel projects in several countries are at a

far more advanced stage than in others. This
means that those countries whose domestic work

is in its infancy cannot contribute to the Task

the levels of participation which haal been

declared at the time of signing the Implernenting
Agreenent.

Nevertheless, it appears that the overall
project is not runningl too far behind schedule'
The site assessment Subtask is now rlell advanced,

particularly in the area of handbook preparation.
For the wind diesel subtask, the results of the

imminent. nidespread validation exercise will
deterrnine the alegree of lrork still to be under-

taken before the project can reach a aatisfactory
conclusion.

Notable documents produced iluring the year

A large number of working documents have been

produced by participants in the Taak. In addition
to the detailed model and Project atescriPtions,
which are updated regularly. the follording
notable reports have been issued during 1987:
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Van llulle ' Frans, gllalgaegatnentffi

Horbaty' Robert, EEll|4e of
iuiruiiirce. on tire@-6,ute-u$ or
WECS's. Oekozentrum rrangenDrucx'
SIErland
Manwell, James F and Mccowan ' J c,

$llil;fli'i*;ffi,%a#*i
Nor$ay

17

waln8ley, Jon D,

F and Mccowan, J C,
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canada

Denmark

Italy
Netherlands

New zealand

Norrday

spain

sweden

Switzerland

Participatinq Countries and Orqanisations

18

United

United

Kingdon

State s

National Research Councel
Atmospheric Environment Service
Atlantic Wind Test Station

RISO National Laboratory

ENEA

ECN Laboratory

NZ Meteorological Service

Research Institute of
Electricity Supply (EFI )

Instituto de Energias
Renovables, CIEMAT

State Power Board, Vattenfall
Office f'ederal De LrEnergie
Oekozentrum Langenbruck
Alpha Reaf AG

Rutherford Appleton Laboratory

Department of Energy
Solar Energy Research Inatitute
University of Massachusetts
Atlantic Orient Corporatlon

Operating Aqent

United Kingdorn National Engineering Laboratory
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Task IX - INTENSIFIED STUDY OF WIND TURBINE

WAKE EFFECTS

At a meeting in London on Ll/L2 .fune, attended
by all the participating countries. the objec-
tives. timescales anal technicaf issues to be

atldreased were discussed. FolLowj.ng a review of
material already circulated, subnissions were

nade by each of the particiPating countries on

their future proqranne.

Belqium

The Belgian contribution is centred oD measure-

rnents from the Zeebrugge windfarn. A two year
campaign of neasurements is envisaged follor,ting
inauguration of the windfann towards the end of
June. The windfarn cotnprises 23x200 kw turbines
and measurements will be taken of power output
and blade loads, Meteorological- infornation will
cone from a special riast and sanpling will be at
4 Hz with 30 s and 10 minute averaqes, together
with Etandard deviations.

Denmark

The two wind turbines at Nibe in North Jutland'
provide a valuable data source for wake neasure-
ments as they are sited in level terrain' 200 rn

(5 dianeters) apart. Measurements are being
undertaken on the nachines as part of a CEc-funded

study, led by the CEGB' but in addition, data
frotn previous neasurenents will be processed for
the purpose of the rEA study.

Measurements will also be tnade on the cluster of
f i.ve 750 kw nachines at Masnedd.

19
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Netherlands

The Dutch contribution vrould cotnPrise a litera-
ture data base. already circulateal, together
with the results from the tip vane study, a

towe! lrake study and neasurements fron the 25 m

nachine at Petten.

Development of theoretical methods of wake

nodelling would continue, together with tech-
niques for predicting the output of windfarns.
Corroboration with actual measurements noul-tl be

made wherever possible.

t.ulther projects, which na!' be contributed
include data frotn the array of 18x300 kw nachines
at Sexbierunt the measurements here h'ould

include dynamic loads. 50 t Governnent funding
for this project had been confirrned.

sweden

sone \^7ake neasurelTlents fron the N8sudden machine

have alreaaly been reported and a continuation
wake study is Planned for the summer of 1998.

The measurements would be made using both SODAR

and kites.

United States

wake measurements from the 90 n 2.5 Mw Mod 2

rnachine ltilt be reported as part of the contribu-
tion to the study. 2 60 m and ? 31 m tolters have

been erected for the purposes of this study and

1m averages and standard deviations of veloci-
ties have been recorded. The evperinent would

enable the influence of terrain on wakes to be

establishetl. Data reduction j-s in progress anal a

draft report is cxpected by nid-1988.
NP] 61 PG
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Measurements fron the array of Fayette nachines

in the Altanont Pass are also anticipated. At

this site a 17 m beam vtith 7 anernorneters has

been deployed to make measurenents both upstream

and doltnstream of the machines, at present to 6

diameters. with further neasurements to 15

dianeters being proposed' Recordings have been

made at 10 Hz. The analysis has shown that the

wakes spread fairly sloh'Iy although the turbu-
lence intensities L'ere of the order 10-20 t'

It is possible that further measuremeltts on the

array of 16 westinqhouse machines in gara'aii \^'i11

be rnade. Particular attention would be paid to
cumulative effects and to the generation of
turbulence '

United Kinqdon

Recent additional elements in the UK wake

studies programme include:

Esgissg-93scs9-!194:9!i9!-ggc v

This study i.s in progresg' managed by Garrad

Hassan E Partners' The inportance of low cycle
high anplitude load fluctuations is recognised

although this is not necessarily alttays the nain

source of darnage to wind turbines' The aim of
the stualy is to estabtish Preliminar:y indications
of the connection betr'reen fatigue darnage and

spacing in an arraY.

Results fron a detailed nodel-scale study of
rotor character i stics , carried out at Loughborouqh

Univeristy Technology, will be contributed to

21

NP161 PG



IEA R&D WECS ANNUAT REPORT 1987

NP161 PG

the study. In addition it is hoPed to make

available results from a recent study of the
interactions between two medium size nachines on

Burgar Hill, Orkney. This study includes measure-
mentg of blade loads.

Theoretical wake Modelling Studies

Attempts are being made to include corrections
for r^'ake neander and for estimates of turbulence
intensities in 'rakes. Further inprovements will
be made during the course of the study and

validation work undertaken.

Technical Issues

The review neeting identified or reaffirmed the
j.mportance of current technical issues in L'ake

studies as fol lows i

the influence of wake meander hatl been
recognised by a number of measurements;
clearly this tneander rras related to
lateral turbulence but further studies
of its effect lrere required;

the question of "added turbulence",
i.e. the extra turbulence which was
present in wakes, Partly due to Che
rotor blades. partly to turbulence
generaled in the wake shear layers. The
importance of the tip vortices, which
appear to disintegrate raPidly in
turbulent flow rras also recognised;

overlapping shear layerst the impor-
tance of the nsuperposition" theory in
pretlicting ltindfarn outPut \{as recognised
by all parties anal TNO would report on
thei.r investigations as to the validity
of this principle t

22
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.U the near rake - although wlnd turbines
were unlikely to be located sithin l-2
dianetera the fiq)ortance of understanding
the aerodlmanics of this region were
recogrrisedi and

averaging tlmeg: the averaging time
uaed for estlmatlng efflciency lo3seg
in aEays ttill affect the leveIa
obtained.

el

MdLtl.onal contributions

Spain antt ltaly have expressed lnterest in
partlclpating. Italy has ProPosed to study the
performance of a cluater of 8x50 kw nind turbinca
at the Alta Nurra tfLnd poser plant (N, Sardlinial
so aB to evaluate lnteractive effecta. In
additlon to four anemoneter torters aited at the
cornera of the plant, one or two towers rtill be

placeal inEiale to enable a detaLled neasurenent
of nlnal speed. An attenpt nill a13o be made to
Lnterpret interaction effectr among wLnd turbineg
nith the help of suitable theoreticrl nodela.
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orlaln
Denma!k

Netherlandg

contrlbuted and coduitted Reporta

24

St ealen

untted Kingdom

united state8

TopLc Date

velocity apectra in L98718
wakes

winalfarn data Tentative

fiLnd tunnel meaaure- NL-01
ments, tip vane rnoalel

tfake of horizontal NL-02
axis noalel

Evaluation of wake NL-03
moalels

Literate data base NL-04

wake data, Petten f987 /8

tllndfarm data Tentative

fielal stutly, wake of Sw-01
2 Msl Turbin€ Nasudden
further alata 198718

siting Guldelines for Ux-o1
arraya

wake nodelling, Irx-02
turbulence

Fluctuatingloads, UK-03
winal turblne wake

Near wake rrlnd tunnel Uf-04
studies

tfake study, Orkney L987l8

trati$r€predictlon 198I
study

wake study, uoit 2

tfinalfrrD atudlet

1988
(2 reportsl
1988
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Partlclpatlng countrles and orqrDltatlons

Belglul universlty of Antnerp

Denmark Ri36 Natlonal Laborltory

Italy ENEL

Netherlands t{r/mto APelaloorn

Sweden UnLverslty of UPPsala

United Kingdon central Electricity Research
Laboratoriea

Garraal Haasan & Partnera

Loughborough ltnl'versltY

Unl-ted States D€Partment of Energy

Operatlng Asent

unltedKingddr Central ElectrlcityGenerating
Board
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RECOI,TUENDED PRACTICES FOR WIND TURBINE TESTING

AND EVAI.UATTON

The seventh docunent in the aeries of " Recotmen-

ded Practices' vol 8, Gl.os6ary of TerrnE, rdag

publi6heal during the year. The docutnent Eerves
to introduce conalEtency into future IEA wind
energy publicatl,ons aB tre1l as to be of uae to
the wind energy cormunity in general.

The first edltion of vol 6 safety and Reliability
and the second ealition of Vol 1 Porter Performance
Testing rere ready for print by the end of the
year. Second edltions of Vol 3 Fatigue Evaluation
and VoL 4 AcouEtlcs are in progreEs.

The stanaling Comnittee for review of tbe Recon-
mended Practl,ces documents held its ?th tneeting
on uay 6-7 in Glasgow and its 8th meeting
December 10-11 in stockholn.
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JOINT ACTIONS

The Proceedings from the flrst Seminar in the
Joint Action on Aerodynamics of vlind Turbines,
held October 15, 1986 in tondon, i4'ere published
during the year by the Departrnent of Fluid
Mechanics of the Technical University of Denmark.

Three specific topics are treated: rotor loads
during pitch change anal unsteady inflow condi-
tions, horizontal-axis wind turbines in yaw' and

rotors durinq st-a l1 conditions.

Ta'o working group meetings in the Joint Actions
on Fatique Load Spectrun were held during the
year: the 5th meeting on l4ay 2l-22 in London and

the 6th rneetinq on Decenber L0-11 in Amsterdam.

The purpose of this Joint Action is to arrive at
a load standard for wind turbine fatigue testing.
This activity' which is co-sponsored by the
Corunission for European conmunities, is known as

lilSPER (wind Turbine Load sPectrum Reference) .

29
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PROPOSALS FOR NEW CO-OPERATIVE ACTION

Draft Annex X - Systems fnteraction

The draft Annex prepared by the U.S. contracting
Party was approved by the Executive committee
with interest in participation expressed by
nembers from Denrnark, Gerrnany, Spain and the
united Kingilon. The Annex has two subtasks
corresponding to the study of individual or
sma11 wind turbine penetration in local net-
works, and large wind turbine penetration
causing global effecls on the utility system.
The j-ncreasing installation of wind farns in
most tnernber countries has heiqhtened interest in
this Annex.

Draft Annex XI - Base Technologv Infornatj.on
Exchange

The draft Annex was adopted by the Executive
Connittee at its faII tneeting. The Annex has

three Subtasks rdhich fornalize the activities on

the development of Recomnendeal Practices for
wind Turbine Teseing and Evaluation, the holding
of Topical Expert Meetings' anil the unalertaking
of Joint Actions. The Departnent of Fluid
Dynarnics of the Technical University of Derunark

lrill act as Operating Agent.

The I'NIWEX Project

cerrnany, the Netherlands
on a mixed cost-sharing
called UNIWEX (Universal
Experinents) . uNIwEx is
ttdo-bladed experineDtal

and Sweden have agreed
and task-sharing project.
wind Turbine for

a computer-contro1led.
rrind turbine at the
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ulrich Hlitter Wind TeEt Field at schnittlinqen,
cennany. The project nill include the experimen-

tal study of aerodynamics. operationaf behaviour,

load spectra, and control strategies as well as

the validation of computer codes- The University
of stuttgart nill act as Operating Agent.
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ACTIVITIES OF THE EXECUTTVE COIii!1ITTEE

The 19th meetinq of the Executive conunittee took

place on March 25' 1987 at the centro de

Investigaci6n Energ6tica. Medio Atnbiental )'

Tecnot6gica (CIEMAT) Madrid' spain. The 20th

neeting was held at Energy' Mines and Resources

canada in Ottawa on september 30, 198?'

At the fall meeting Mr S Engstrtin (sweden) and

Mr H J M Beurskens (the Netherlands) v'ere

unanj-mously elected Chairrnan and Vice Chairnan

for 1988. sorne chanqes in membership were

announceal during the year. The revised list of
mernbers and alternate menbers i-s attached'

During the year' Belgium signed the Inplenenting
Agreement fo! particiPation in Annex IX' Italy
is in the process of joining, also for participa-
tion in Annex Ix.

At the fall meeting, the Executive Corunj-ttee

finalized a paPer reviewing the activities of
the IEA rrind energy progralnne during its ten

years of existence, and discussing a strategy
for the future' It was concluded that the rEA

R&D wECs progranme has made imPortant contribu-
tions to wind energy research, that the techno-

logy and market for winil energy has tleveloped

considerably during the ten-year period' and

thaL there was a strong need for contj-nued

international co-operation in the rEA wind

energy research Prograrnmc. The emphasis in
future co-operation rrould be on task-sharing
rather than cost-sharing projects and on

information exchange activities '
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The ExecuLive ComniLLee published d paper,
entitled "The Internationaf Energy Agency Wind
Energy Programe - A Ten Year Revlew", at the
Windpower '87 Conference October 5-8, 1.987 in
San Francisco, California.

NPl6I PG



IEA R&D WECS ANNUAL RTPORT 1987

IEA RED WECS EXECUTIVE COMMITTEE

Decetnber l-987

CHAIRV,AN

qo-u!!Il

AUSTRTA

BELGIUIi!

CANADA

DENMARK

Mr D F Ancona
E-ii-a-76EEEfr -TEc hno I os i e s
Room 5H-0 4I
Departnent of Energy
!{ASHTNGTON, n C 20585
TeI 202 586-1776
rLx 7l,O-822-ol'16
Fax 202 586 8134

Studsvik Energiteknik
5-611 82 NYKdPING
TeI 15521957
Tlx 6 4013 STUDS S

Member

Prof Dr t{ Detter
TeEIfiTsJJrr un]iEr s i ta t wien
Institut ftr Strdnungs tehre
und W:lrmeiibertragung
Wiedner Hauptstrasse 7
A-1040 WIEN
reL 222657 6410
Tlx 13100 0 TVFAW

Prof J Van Leuven
0iITEilT3f-?-TiEwerp
State University Centre
Department of Energy
Technology
Middelheimlaan I
8-2020 ANT9IERP
Tel 3 2180755

Ms M Carpentier
Renewable Energy
Divis ion
Energy Mines and
Resources
450 o rconnor Str
O'TTAWA KlA OE4
Tel (513) 995-9447
Tlx 0 5 3- 3117

Mr B Maribo Pedersen
TA;frnE;I-ErG;ETE
of Denmark
T.rrndl-^f f arrai lnn
DK-2800 LYNGBY
'ceL 2884 622
Tlx 37529 DTH DIA
Fax 02 883040

Alternate mernbe!

Mr R Herdin

Institut fiir Fein-
l^'erktechnik

T1x 1310 0 0 TVFAW

ltr R S Ranqi
National Aeronautical
Establishment
National Research
Council of Canaala
OTTAWA K1A OR6
Tel (513) 993 2423
Tlx 0533386 NRC ME OTT

ltr B Rasnussen
6iiergEa;-T4-
DK-7OOO FREDERICIA
Tei.45 5562983
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GERMANY Mr G ,foslriq
- same addregs

Japanese Delegation
to OECD
7 Avenue Hoche
F-75008 PARIS
aeL 166 02 22
Tlx 660493 TAISEI A

Paris

sent to both

Mrs T Ikelaar
fiEiElEfrent or-rice
for Energy Research
PEO
P O Box 8242
35003 RE UTRECHT
Tel 30 3 3 3131
Tlx 76040 PEO NL
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ITALY

JAPAN

NETHERLANDS

NEW ZEALAND

NORWAY

Kernforschungsanlage
,Iiilich crnbH
Postfach 1913
D-5170 JULICH
TeL 246167 4233
TIx 833555 KFA D

Mr G Gaudios i
ENEA FARE-_
C, R. E. Casaccia
c.P.2400
I-OOlOO ROME A. D.
Tet 669483994
Tlx 613296 ENEACA

Mr H Hiramatsu
SiiE-nine eroiect
Arsr. Mrrr
KasumigaEeki, 1-3-1
chiyoda-ku
TOKYO
Tel 34345646
TLx J229L6 EIDMITI

AII correspondence should be
Mr tliramatsu and Mr Uemura.

l,lr Il Beurskens
fiEEEATand-s Energy Re search
Foundation ECN
POBoxl
1755 ZC PETTEN
teL 2246 4453
TLx 57211 REACP NL
Eax 02246-4480

Dr J S Hickman
Director of
Meteorological services
P o Box 722
WELLINGTON
rel 729379
TIx 3139 2 METEOWN

Mr E Solberq
Norwegian tiater Resourcea
and Energy Adtninistration
Postbox 50 91 Maj
N-0301 os',o 3
Tel" 2459800
Tlx 79397 NVEO N

Dr E Se sto
E'{Et C.RJ.
Via A Volta I
I-20093 COLOGNA MONTESI
!,!ILANO
Tel
Tlx 310496 ENELMI

ilr M Uemura
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SPAIN Martin

Dr R Schneitler
I-n-ternationarEnergy
2, rue Anilr6 Pascal
E-75775 PARrS Cedex
Tel 15248200
Tlx ENERG A 530190 F

Decetnber 1987

Agency

Mr Felix Avia
- same address
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SWEDEN

SVIITZERLAND

UNITED XINGDOM

UNITED STATES

Avda Conplutense 22
28040 MADRID
TeI 1 4496200 Ext 1254
Tlx 23555 JUVIG E

Mr S Engstrbm
National Energy
Adniniatration
s-117 87 STOCKHOT,M
Tel 87449500
Tlx 12870 ENERGY S

Dr L Dubal
Federal office of
Ener9y
CH-3003 BERN
TeI 31 615644
Tlx 911 570 bew ch
Fax 1 634 5811

Dr P L Surman
eEii€iElI-EIEEET ic i ty
Generating Board
Technology Pl.anninq and
Research Division
Courtney llouse
18 warwick Lane
I,ONDON EC4P 4EB
Tel 1634 5200
Tlx I I3141

Mr A S6derholtn
- same address -

Mr D J Milborrow
- same address

Dr C Aspl iden
PNL/Battel le
Memorial Institute
2030 lr{ St N.w.
viAsHrNGTON. D C 20036
Tel 2027858400
TLx a9-2419
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Tidigare har ftiljande publikationer utgivits i atatene
energive!ks rappo!t Ee ri e

1984,I

1985 : R1

I8A Folestry Energy, Annual Report 1983

IEA Foreatry Enelgy Project,
Liquefaction test Facility

A Study of B iomas s

Report 1984I985:R2 IEA Forest!y Energy, Annual

1985:R3 IEA Peat Production and Utilization project,
Annual Report l9g4

1985rR4 Dehand for Conrnercial Energy in Developing
Countries, Phi.l O'Keefe, Beiier Insti.tute

I985:R5 Konlrunal energ iplaner i ng
Fen uppsatser

L986: Rl- IEA Forestry Energy
Annual Report 1985

1986:R2 LAGA oLJEPRISER?
Effekter pi svensk energ i f6! sti! j ning

1986.R3 ELMARKNADEN 1985
-En v;indpunkt?

1986:R4 Fiirutslttningar fij! ninskning av svavelhalten i
oljeprodukter i S ver ige
Underlaganat er i aI till statenE energiverks
utredning on svavelhalten i o_Iieprodukter
NiLs EIan, Atrax Energi AB

I986:R5 Reduction of sulfur content in gaEoil and heavy
fuel oiI
Background naterial for the National Energy
Adrni.niatration's stydy of the aulphur content i
oil productB
Plepared for the National Energy Adninistration
by Purvin & Geltz, Inc.
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Avsvavling av pet ro leumprodukter
Tekn. I j.c. Arne Belgholm
Franst5llning av legsvavIrga e Idni ng sof jor
Sveriges tekni 6ka attach6er, Washington
Underlagsmaterial till statens energiverks
utredning on gvavelhalten i oljeprodukte!

L9a6:R7 IEA Peat Ploduction and Utilizati.on Project
Annual Report 1985

1986rRa NedsSttning av energiskatterna inom industrin

I986:R9 lEA District Heating. Snall-Scale Conbined Heat
and Power P lant s

I986;RIO IEA District Heating. Cost Analysis of District
Heating Netwolks

I986 !RIl Efter Tiernobyl
Elf6rblukhing ftir uppvernning i iivrigsektorn
Eje sandberg, Rolf Westerlund, K-konsult

1986 3Rl2 Efter Tjelnobyl
Ny elproduktion vid forcerad kelnkraf tavveck-
ling, PFBC
EF-Energ i konsult, stockholr!

1986: Rl3 Efte! Tjernobyl
Fdlgasning av inhemska brenalen fiir elproduk-
tion i kraf t v5rnevelk
Jan Fors, Leif Magnuason, TeknikgrupPen AB

1986: Rl4 Efter T j ernobyl
Fiir86riningsntj i I igheter
olja tilL kraftverken i
ha!ln
Atrax Energi AB

f6! extrent leg svavl ig
Stenungsund och Karls-

1986 !RL5 Efter T i elnobyl
Naturgasen - ett a lte rnat i v
Swedegaa AB
svensk elkraft frin norsk naturgas
Nolconsult och PPS AB

I986: Rl6 Efter Tiernobyl
Ut u! et e r vend 9g r Snde ! na
olof Erikagon, Arne Moglen
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1986: Rt 7 After Chernobyl
The Effect of a Phage out of Nuclear Power in
oECD Countriea on Demand for Fossil Fuels and
on Sulphur Precipitation in Sweden
Metra Consulting Group l,illi ted

1986 !RI8 Efter Tjernobyl
Katastrofrisker i energ i syEteme t
Lars K!istoferaon, Bjtirn Kjellstr6n, Per Johan
s venn ings son

1986:R19 Efte! T i ernobyl
Energimarknader och pr i a re Iat ione!
Per Anders Be rgendah I

I986:R2O Efter Tj ernobyl
Industrins e Ianvendni ng
AF-Ene!9 i konsult, Stockholm

1986:R2l Efter T iernobyl
Analys av skogssektorn vid fiir:indrade energi-
pr l sel
cdran L6nner, sten NiIsaon, Hans-olof Nordvall

I986:R22 Ef ter'Ijernobyl
Ny elproduktion vid forcerad k5rnklaf tavveckl i ng
AF-Energ i konsult, stockholn

1986:R23 Efter Tjernobyl
Arbetsniliti vid utvinning, beredning och
tlansport av vi.ssa br5nalen f6r kraft- och
vdrrnecentraler
Yngve Hagernan

1987: RI lEA B ioenergy
Annual Report 1986

I987:R2 IEA Forestry Energy
sunnary Report f,or period 1978-86

L987 3R3 Viirmepumpar
AktueIIa fdrendrincar och f ramt idaut a i kte r

1987:R4 1EA District Heat i ng
Tenperature levela in district and l"ocal
heating systema in Sweden
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L9B7 : R5

l987:R6

Ef- och vdr:meP rod ukt i oo

IEA Di strict Heatlng
Technical and econom i c
di stribution te chno logy

med natu rga s

of new
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