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EXECUTIVE COM!{ITTEE REPORT 1979.

1. IEA/RDIIECS PROGRAM

Thic Snuary reports on the progress during L979 of the Programe

of Reeearch end Developoent on lfind Energy Conversion Systens (IEA/

RDIIECS) operated under the auepices of the International Energy

Agency.

IEA/RDIIECS ie one of tro IEA programee on wind energy. Ttre other .

progr@e concerna cooperation in the developnent of large-scaLe

}JECS. Both prograro€s are in effect since October 6, L977, wtren the

Ioplenenting Agreenents nere signed.

The overall. objective of IEA/RDI{ECS ie to perfor:n cooperative re-
search, developnent, demonatrations and exchanges of infornation
within the fraoework of the Implenenting Agreement. As deecribed in
Annexea I-IV to the luplenenting Agreenent the prograrme of work

con8irts of four Tagke:

Tagk, I' Enviromental dDd Meteorological Aspects of.Wind Energy
" Gonvergion Sydtcm6

Opcrating Agents National Swedish Board for Energy Source

Developnent (NE)

Taek II Evaluation of Uodele for !{ind Energy Siting
Opereting Agent: Dept of Energy, USA

Taalc III Integration of Wind Poner into National ELectricity Supply

Syatems

Operating Agent: Kernforschungaanlage JiiLich fubll



TasklVlnvestigationofRotorStreesingandSmothnessofopera-
tion of Large-Scale l{ind Energy Conversioq Systens

Operating Agent : Kernforschrmgsanlage Jiilich GnbH

Ihe participating countriee in the various Tasks are:

Country Taak I Tagk II Taek III Task IV

Aus tria

Canada

Denmark

Germany

Irel,and

Japan

The Netherlands

Nev Zealand

Norway

Sweden

United States of Anerica

x

x

x

x

x

x

x

x

x

Tasks L, III and IV are cotmonly funded which ueans that the costs

are shared by the ParticiPating countries in pre-determined pro-

portiona. Taek II is e taak-eharing effort ritrere each ParticiPant

carries ite oltn cost.



Task I Enyironmental and l.teteor.ogical Aspects of Wind Energy Con-

version SyEteDB

The purpoee of thig Taok is to provide information on:

wind characteristics for the design and operation of large-scale

ltEcs

rieks agaociated with the potential structural failure of I'IECS

vieual perception of large-scaLe WECS

iropact of I{ECS on telecomunication systens

There are eight Sub-Taoke carried out in Ireland (1) ' the Netherlands

(2) and Srreden (5). one Sub-Task started in 1977' two in 1978 and

four in 1979. Due to the 81on start the programe is delayed for
about a year and is expected to be completed during 1980.

One Sub-Taek on wake effekt etudies on vertical axis Darrieus type

WECS rd.s conpleted in 1979. By nodel scale exPerinents in a wind

tunnel it rras found that an economically acceptable optimrm power

output froo en array of wind turbines could be reached at about

5 dianetere mutual distance, and could give about 9 wlm2 Power out-

put per unit ground area.

The firet part of a study of nethods for the safety analysis of

WECS wae coqleted and pubf irhed. The study focuaed on Lazards irn-

posed by $JECS in operation due to complete collapse or seParation

of fractured parte. In enother Sub-Task engineering wind nodels for
calculating loadg and epecif,ication of load cases nere etudied and

docunented in a report.



In a Sub-Taek on the visual inpression of WECS films of rotating
modelg of prototype I^IECS in natural environments were produced as

a means of visualizing the effects of single and nultiple WECS in
the landscape. A study of the uncertainty in wind forecasting for
Ehe day-to-day operation of WECS was initiated.

Four expert rneetings were held during the year on wake effect
studiee, wind forecasting for WECS operation, and load case re-

commendatione.

Technical reports were published on

Safety of wind energy convergion systems

Wind turbine wake effecta

Load caee definitione and wind models for the design of WECS

The National Swedish Board for Energy Source Development acted as

Operating Agent for the TaBk. Sone difficulties in administering

the Taek were experienced due to the rather couplex organisation

with eight Sub-Taske in three different countries.

Becauge of the delayed start the expenditures during 1979 were less

than projected. The coruon fund naintained by the Operating Agent

was more than adequate for covering the costs. The decision of the

United Kingdon not to particiPate in Task I necessitated a revision

of the scheme for distribution of costs anong the particiPants.

Task II Evaluation of Wind Models for Wind Energy Siting

The objective of Taek II is to evaluate the role of numerical rnodels

in the siting of I{ECS. The verification Program has been devided

into three sub-Tasks. sub-Task 1 provides for the preParation of a

detailed verification plan. In Sub-Task 2, rnodel verification will

be carried out by the various participants. sub-Task 3 covers re-

porting the final results.



Three meetings nere held during L979 ir:. Paris Februarl 1, Norrkiiping

July 4 and 5, and Seattle October 3 and 4. Sub-Task I has been com-

pleted. Four nodele were EeLected for verification, and five data

sets rrere propoeed. The data needed to run the roodels, and the pro-

ducts to be generated have been specified.

The schedule for the iroplementation of Task II calls for completion

in Novenber 1981.

Task III Integxation of Wind Power into National Electricity

Supply SysEems

The objective of thie Task is to analyze the engineering and economic

possibilities of large-scale WECS with special attention to comple-

mentary power regulation capacity including storage and peaking de-

vices.

The first phase of the investigation, comprising development and

testing of a cornputer model and application of the model to a re-

ference case, has been completed. The finat report was published in

september 1979 nirh the title Large-scale wind Power utilization:
An Asgessment of the Technical and Economical Potential for the

Federal Republic of GernanY.

The reference case r{ras a compound of wind power plants in the North

German coaBt region feeding into the entire national grid of the

FRG. At a wind Power Penetration of 5, 10 and 152 the fuel savings

amounted Eo 4.2,8.8 and 13.97 of the fuel spent without wind uti-

lization. The displaceable conventional capacity amounted to only

U3, Il4 and I/5 of the installed wind capacity. An enlargement of

the general srorage capacity of at most one Eo two kilowatthours

per i.nstalled kilowatE wind capacity was found to be appropriate'

Dedicated storage systeus for wind Porter systems are not suitable

in a national electricity supply system'



Kernforschungeanlage J0lich acted aa Operating Agent for the Task.

The work wag carried out at the University of Regensburg. The tine

schedule end expenditures were aa originally projected.

The second phaee of the inveetigation, comprising appLication of

the methods developed in the firet phase for the Netherlands, Sweden,

The United Statesr and preauoably Japan, was adopted by the Executive

Comittee aa Tagk IIIa to be carried out in 1980/81.

Task IV Inveetigation of Rotor Stressing and Smoothness of

Operation of Large-Scale Wind Energy Conversion

Systens

The objective of this Task ia to investigate Possibilities for low

rotor streaeing, high oPerational amoothness and system wibration

control of a 3 tft{ wind Poter system. This involves controlling the

rotor blades in order to reduce additional loads resulting from

wind profiles, guata and gravitY.

By means of improved design, accurate cal-culations and experinents

using a wind tunnelr 8n extremely light but durable design of a

3 l"lll plant lteg PrePared. A hub concept was developed vtrich ninimizes

stressing of the structure and diaturbances to the operational

smoothness by external influences. A dynnnis analysis of the wtrole

systen rtas carried out to avoid danage due to unacceptable vibra-

tione. The conputational xoethods were verified by wind tunnel ex-

perimenta.

The Task hee been finiehed and a final report is being prepared.

The work was carried out at two institutes of the University of

Stuttgart. The Kernforschungsanlage Jiilich acted as operating

Agent.



2. ACTIVITIES OF THE EXECUTIVE COMMITTEE

The Executive Comittee held two meetings during the year in
Copenhagen April 2, and in l{ashington D C Novernber 1. At the

Copenhagen neeting Mr Rey (Sveden) and Mr Sens (the Netherlands)

were re-elected as Chainnan and Vice-Chairman for L979. RuLes of
Procedure and Financial Rules were adopted as guidelines.

During the year it became aPparent that the United Kingdom had

not signed the Implementing Agreement and thus was not a Contrac-

ting Party as had previously been assumed. At the Washington

meeting the Executive Comittee was informed that the IJK is procee-

ding to eign the Agreement w"ith respect to Annex II.

The techoical and financial status of the Tasks were reviewed at

the EC meetings, and the appropriate decisions rtere taken. Tasks

III and IV were completed during the year. The scheduLe and budget

for completion of Taek I during 1980 was approved at the Washington

meeting.

Several new Tasks rtere proposed. A new Task IIIa on a second phase

of Taek III with Kernforschungsanlage Jiil,ich as Operating Agent was

adopted at the Copenhagen meeting. Sirnilar1y, a new Task V on con-

tinued wake effect studiee was adopted at the I'lashington meeting

with the: Stichting Energionderzoek Centrum NederLand as Operating

Agent. Propoeala for new Tasks on measurements for wind power output,

off-shore siting of WECS, and I'ocal wind flow measurements will be

further diecueeed.



TASK I A}INUAL REPORT 1979

1. INTRODUCTION

The Progre@e of Research and Developnent on Wind Energy Conver-

sion Systems (IEA/RDWECS) ig one of tno cooperative programes

in the field of wind energy operated under the auspices of the

Internationel Energy Agency. The other progriume concerns co-opera-

tion in the development of Large-Scale I,IECS. Both progratmes are

effective gioce October 6, L977, lrtren the Iupl.enenting Agreements

nere signed.

The overall objective of IEA/RDI|ECS is to carry out cooPerative

research, developuent, demonetrations and exchanges of informa-

tion within the fraoework of the Implenenting Agreenent the pro-
gre'*e of work consists of four Taeke:

Task I

Task II

Task III

Task IV

Environoental and MeteorologicaL Aspects of l{ind Energy

Convergion Systens

Evaluation of Models for Wind Energy Siting

Integration of t{ind Power into NationaL Electrlcity
Supply SyBtemB

Inveetigation of Rotor Stressing and Smoothness of Opera-

tion of Large-ScaLe wind Energy Conversion Systens.

l0



,. This report describes the progress during ]-979 of Taek I and is

the eecond annuel report. The firet arurual rePort was a part of

the Annual Report 1978 for the \'ihole IEA/RDIIECS Prograrme'

The participanta in Task I, i.e. the contracting parties to Annex

I of the Implementing Agreementr 8re:

Austria

Canada National Governnent of Research Council
of Canada

Denmark Ministry of Trade and Industry

Gemany Kernforechungsanlage Jiil-ich

Japan

theNetherlande StichtingEnergieonderzoekCentrum
Nederland

New Zealand New Zealand Meteorological Service

Norway Institutt for Atomenergi

Sweden National Board for Energy Source Develop-
menE

USA Department of EnergY

Task I is a cost-sharinp; effort with a total budget of approxi-

nately 1.5 rnillion Swedigh Kronor. The cost is shared among the

participants in pre-determined Proportions as set forth in Annex I

of the Implenenting Agreeuent.
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2. PROGMM DESCRIPTION

The objectives of Taek I are

- to study the environmental iupact and operational safety of

large-scale IIECS

- to investigate the uncerteinty in wind forecasting appropri-

ate for day-to-day I'IECS ogeration

- to examine wind nodels and reco-end load case definitione
for the structural design of WECS.

The Task has eight Sub-Tasks carried out in four different coun-

tries as shown in the following table.

Sub-Task Title Responsible Participant

Al Study of I{ECS fatn area and }JECS Sveden
safety linit requireoents

L2 Study of conbined nind-biooase Ireland
energy systems

A3 Study of wind wake effects Netherlands

A4 Study of the inpacts of large- Netherlands
scale WECS on the performance
of el,ectro-o4gnetic lrave systems

A5 Study of aesthetic factors and Sweden
visual effects of large-scale
t.}Ecs

A5 Reporting Swedea

Bt Investigation of uncertainty in Sweden
wind forecasting for wind power
networks

Cl Load case recornendations Sweden

I2



Sub-Tesk A1-A4 focuse on sefety on enviromental aspects of
inportance for the large-scale deployuent of sind energy. Sub-

Tasks 81 and Cl address wind characteristics for WECS operation
and the specification of load cases for WECS design. Wind models

for resource alrsressuent purpoges are studied in Task II of the
IEA/RDIIECS progr:r@e.I

l3



SUB-IASK A1. SII'DY OF IIECS FA8!T AREA AITD WECS SAFBIY

Ihe gurpoee of thig Sub-Taek is to study roethods for the safety

evaluation of WECS appropriate for the anaLysis of gtructural

failures which would result io risk to life or serious iojury to

operation staff or general Public'

The first part of the nork has been conpleted and docr'mented io a

report,. the study has focused on hazards imposed by WECS operation

due to complete collapse ot seParation of fractured parts or pieces

of ice acting as rnissilies' The study considers land-based large-

scale WECS with horizontal axis located in a sparsely populated

area. The blade uaterial is assumed to be steel' ah:oinium or fi-

ber-reinforced plastics' the tower being built of steel or rein-

forced coocrete.

In the first part of the work critical stluctures and failure no-

des were identified' Statistical infornatioo on loads and strength

of materials \tere conpiled' A sinplified nethod of risk analysis

was defined. A dynamic study of objects separating from the turbiue

was performed. Some critical chains of events with regard to sa-

fety systens, inspection and repair were identified'

In the second part of the ltork a nr:nerical safety analysis of a

large-scale WECS prototype under construction in Sweden will be

performed. An exPert meeting will be artanged in February 1980 to

discuss Ehe results of the first part and plans for further work'

The final result aimed for is a manual for safety evaluation'

l4



4, SUB.TASK-A2. STI'DY OF COMBINED I.IIND-BIOUASS ENERGY SYSTEMS

This Sub-Task, nhich is coordinated by the Energy Divison of the

National Board for Sciense and Technology in Dublin' was started

in Septeobet L979 and is expected to be cmpleted in May 1980.

The objectives are to study the potential of co-siting wind energy

conversion eystems and short rotation forestry (SRF) fatms. In
particular, the advaotages and disadvantages of conbined operation

will be identified with special emphasis on potential capital and

operation cost reduction resulting from a joint use of construc-
tion roads, electrical transmission system operation and mainte-

nance facilities.

The study is broken down into a number of sections to be dealt
with by the appropriate authorities as follows:

t. Electrical systeo design and costing for WECS facilities
shared with SRF therilal plant; relative optinun sizes and

operating modes; operating and maintenance staff (Electricity
Supply Board)

Soil suitability for SRF in high wind speed areas and affects
of wind on SRF growth (An Foras Taluntais)

Suitability of forestry road for WECS construction and oain-
tenance, cost savings; soil suitability for WECS foundations
(Departnent of Forestry).

Because of the late start no results are as yet available from this
s tudy.

3.
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5. SuB-TASK A3. STUDY oMIq WAKE ETFECTS

Large wind power stations will involve groups of 20-100 wind tur-

bines. since wind velocity is decreased in the wake behind a turbi-

ne the porrer output from an array of turbines will be reduced if

the turbines are placed close together. The optinun nutual dis-

tance is an important consideration especiall'y in densely popula-

ted countries where only very liEtle area is available for loca-

tirrg large grouPs of w'ind turbines.

The purpose of Sub-Task A3 was to study wind wake effects by nodel

scale experiments in a wind tunnel. A snall scale rotating rnodel

of a vertical axis Darrieus type turbine Itas constructed to simu-

late in Ehe homogeneous flow field of a wind tunnel a full scale

turbine in the real atmospheric boundary layer. The velocity defi-

cit was measured as a function of distance behind the turbine for

different turbulence incensities in chL flow field'

In order to investigate interaction effects between turbines in an

array, a stationary object consiscing of a gttaze with a diffusor

was developed to simulate the wake of the rotating turbine. Groups

of upp to 100 gauzes were placed on a circular turn-table in the

windtunnel.Bymeasuringtheforceonthedifferentgauzesina
group an estimate can be rnade of the energy output from such a

group of turbines.

The conclusions from the studies were sutmarized as fo110ws

The centerline velocity deficit behind a Darrieus turbine
decays with distance, after an initial stage' according to
& - L,25 power law

the wake of a Darrieus turbine can be simulated by a statio-
nary object consisting of a gatze with a diffusor

the availabte wind energy in an atnospheric boundary layer
above grassLand in a straight line at distances behind a tur-
bine of 10 and 20 diameters is about 60 and 85 Z, respectively,
of the full power

IO



I

- the powsr output of different turbines placed oo a straight
liae reachee ao equilibrirn eituatioo already at about the
4th turbiue

- an economically acceptable optinum poner output of a linited
array coult be reached at 4bout 6 diaoeters outual distance
and could give about 9 Wla- porrer output per uuit ground area

- the maxinuo porer output per unit grouod area for an iofinite
array ie about 8 W/u- at a outusl dietance of 5 diaoeters.

This Sub-Task has been coopleted. The results rrcre documented in a

coafereace report and a final report. An expert neeting took place
at Apeldoorn on Septenber 9, L979, to discusa the final report.

The wake effect nork at Apeldoorn is continuing with studies on

horizontal axis turbines and field neasureoents. It, is highly
probable that a new Task nill be adopted for the extended lrake

effect studies.

L7



6. ST'B-TASK A4. STUDY OF TTTE IMPACT OF LARGE-SCALE IIECS ON

TH8 PERFOR!{ANCE OF ELECTRO-}'IAGMTIC WAVE SYSTEMS

The Responsible Participant for this Sub-Task is the Netherlandsr

Energy Research Foundation. the work is performed at the Dr Neher

Laboratory of the Dutch PTT. The objective is to study the effects

of rotating and parked large-scale wind turbines on broadcasting

systems, telecomunication sygtems, and radar position finding

and direction finding systeos.

The research progra,o includes

an inventory of possible effects and restrictions Eo be pla-
ced on che location of large-scale WECS with respecE to
telecomunication links

measurements of bi-static radar cross sections using scale
models

calculations on arrays of wind Eurbines.

The inventory has been completed and docr:mented in a draft rePort.

The inventory indicates that - without further investigations -
limitations regarding the siting of WECS can only be given in

three cases:

a certain area surrounding a radio link. The boundaries of
the area is deter:nrined by the bi-static radar cross section
depending on the polarisation and frequency of the electro-
mainetic-wave and on the geometrical shape of teh obstacle

depending on their height WECS may not be located within a

ceitain iange of a satellite receiving station

WECS may not be located within a range of 6 km of broadcasting
transmitting antennas.

To whac extent wECS will disturb orher telecowunication systems

can only be established after measurements of the bi-static radar

cross secEions.

i8



1 SUB.TASK A5. STIJDY OF AESnIETIC FACTORS AI{I, VISUAI. EFFEqTS

OF LARGE.SCALE WECS

The visual iupression of large-scale WECS depende on a nunber of
factors, for exauple the di8tance fron the observer to the curbine,

the topography aud lreather, the eize, height, roaterial, colour and

loov€lnent of the turbine. Ttrere are also aubjective factors dep€n-

ding on how the obeerver iaterprets a WECS in terms of functional,
eocial and aeethetic aspects. The visual effects of an array of
WECS in a sind polrer station will be more pronounced Eben those

of a single turbine.

The objective of Sub-Task 45 is to study the visual effects of
WECS by neans of pictures and filns using nodels of Large-scale
I{ECS. Three different nethods of produciag firna of rotating IJECS

in a natural enviroroent nere tried. Good results lrere obtained
with the chroma-key oethod rnixing background landecape filos on

videotape nith studio pictures of turning wind turbine nodels.
A second Eethod using front projection on 35 m filn gave less
satisfactory results.

Because of the rather expensive studio work necegsary in the chro-
na-key nethod another nethod was tried. The turning nodel waa pla-
ced in the natural environment nith an artificial near-landscape

and the real sky as background. Two nodela or designs selected for
the Swedish large-scale prototype I{ECS were used. The filna gave

a very realistic inpression. A eequence was shown at Fourth Bien-

oial Conference and Workshop on llind Energy Convercion Systens in
Washington D.D. October 23-3L, L979.

Colour slides and black/white paper copies sith cloee-up and

distant views of single uind turbines have also been produced.

Planned work includes pictures of landscapes lrith a full group of
wind turbines.

t9



a SUB-TASK 81. INVESTICATION OF UNCERTAINTY IN T{IND FORE-

CASTING FOR WIND POIIER NET.TORKS

Accurate predictions of wind velocity on an hourLy to daily tine

scale is of great iuPortance for the operational plarming of

WECS. Ttre objective of this sub-Task is to determine the uncerta-

inties in forecasting wind speed at specified locations and gene-

rally at hub height froo 1 to 72 hours ahead. This is achieved 'by

developiog a computer program that accePts rcind forecasts and

wind observations as input and produces.a complete set of verifi-
cation scores as output. The participating countries will supply

date to the Swedish Meteorological and Hydrological Institute
where the comPuter Progrnro is developed and run.

The work started in Llarch 1979. A revised work plan and time sche-

dule aining for project completion in July 1980 was adopted at a

specialist neeting in l'Iay 1979. The meeting agreed oa verifica-
tion criteria and computer code specifications. Both subjective

and objecrive, statistical forecasts for speeified sites in various

countries nill be used. llowever, due to comPressed project tine

schedule a full year of data will not be available rnaking it irn-

possible to study seasonal variations of forecasting performance.

The computer program has been coded and tested. Data will be supp-

lied by January 31, 1980. The first verification data reill be

available for interpretation in April 1980 when ao neeting will

be arranged to discuss the results.

20



9. SUB.TASK Cl. LOAD CASE RECOMMENDATIONS

A sind turbine will be subject to various static and dynamic loads

due to wind, gravity, malfunction of control and safety systems

etc. Excessive loads roay give rise to failures of blades and attach-

ments, coatrol uechanisus and tower structure. Obviouslyr a I'IECS

Buet be designed to meet the requirements of all anticipated loatl

ceses. ttre requireoentg can be stated in general terils or be ex-

preseed av specified load caselt.

The objectives of Sub-Task Cl are to review existing load case de-

finitions and wind uodels used to calculate loads, to study corunon

principles for the application of wind data to WECS design, and Eo

suggest redomendations for load case data for different types of

wEcs.

The work is carried out by SAAB-SCAIIIA, Linkiiping, for the initial
review and the methods and load case recomendations for horizon-

tal axis I{ECS with ERNO, Bremen, as a subcontractor for vertical
axis Darrieus Eype I'IECS.

The review of existing wind models and load case definitions has

been completed and docunented in a report. Sone of the findings
were that certain areas are reasonably well covered in theory,

for exanple

- main load cases for a fault-free WECS

a few loed cases for obvious faults

wind speed duration.

Areas which require further analysis to an important extent are

- total risk of failure due to simultaneous malfunction and
extreme winds

spatial averaging of extrene winds

spatial effects of turbulence

spatial averaging of wind direction.

2l



10. E:IPERT I.IBETTNGS

Ooe of the Dost ioportant rneans of encouraging.cooPeretioo anong

the participaats is to arrange Eeetings gf ocperta to discuss the

progress and results of the varioug Sub-Taeke. During 1979 four

Eeetiugs bave been held:

Sub-Task Date Place

A3 Septmher 6 APeldooru

Bl Uay 31 - June 1 NorrkdPing

Cl Septenber 12 'LiokdPing
Deceober t2 Bremen

Minutes froo the oeetings including papers and handouts ltere distri-
buted to neetirig participaotg aod members of the Executive Cmittee.

22



11. REPORTS

Ttre followiug tcchoicsl reporta hrve bseo issucd during the period

Al s EcofERlz, r cAnlssoN, A GustAtrssoN, c LnDElo,
B UOilT@UERIE, S-E lgOR

Safety of riad eaergy comrercion systqs (IECS)

Preliuioary Study

8FA Srgort Nt-2L26

A3 PJHBI'ILTJES
Ifindturne wake effecte
Tl{0 Report 79-08375

Cl C TORNKI/IST

A revien of load cage defiaitioos aod wind nodcle for the
desigo of sind coergy convcrgioa systeBs

Saab-Scaaia Beport TPSS-79. 37

A Drsft report oa the f,irrt part of Sub-Taek A4 hee also bcco prspa-

red sod wae attached to the uiautcr of thc third necging of the
Executive Comittee.
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12. ORGANIZAIION

ihe prograo of work and budget for this Teek ie deter:ained by

rhe IEA/RDI|ECS Executive comittce. During 1979 the Executive

Cooittee held trro oeetiogll, rrhen the technical and finencial

status of the Task wag reviened.

The 0perating Agent for the Taek ig the Nationel Swedish Board for

Eoergy Source Develogoent. The Operatiug Agent provides coordina-

tion and supenrision of the sub-Tasks and prepares semiannual and

annual progress rePorts.

The execution of the sub-Tasks i3 contracted to various organiza-

tions in the countries of the Responsible Participants. The Sub-

task managers are the folLowing

Sub-Task Project Menager Organisation

AlsLundgrenAeronauticalResearchlastitute
Stockholn

A2 E Kinsella National Board for Science and
TechnologY, Dublin

A3 P J tt Builtjes TNo, APeldoorn

A4 JUGAOuderling PTT,Leidschendam

45 S Engstrdu National Swedish Board for
EnergY Source DeveloPment

A6 L Brandels National Swedish Board fiir
EnergY Source DeveloPmenc

81 S Bodin Swedish Meteorological and
Ilydrological Institute'
NorrkdPing

Cl G T6rnkvist Saab-Scania, Linkiiping
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IJ. PLANNED WORK EFFORT FOR 1980

Task I is p.lanoed to be completed during 1980. The following work

will be carried out as reflected in the schedule.

Sub-Task

A1

M

A4

45

Sub-Task

A6

BI

a1

Sumarv schedule

Planned work

Conplete numerical safety analysis of large-scale l,lECS

Complete study of electrical system, soil suitability
and effects of high wind speed on SR! growth rates

Complete Eeasurements on scale models and calculations
on arrays of rcind turbines

Complete final report

Planned work

Prepare Task I final report

Subnit data and perform verificatiorr

Complete second editions of reports on load case recom-
mendations for horizontal and vertical axis WECS.

Sub-Task 1978 L979



14. EXBCUTIVE SUMMARY

Theovera]'lPurPoseofthisTaskistoprovideinformationon
wind charecteristic8 for the design and operation of Large-sca1e

vindenergyconversionsyEteos(!IEcs)andontheirenvironnental
effecte, in particular the safety liuit requirements due to the

potential structural failure of WECS, the visual perception of

WECsr and the impact of WECs on the perfotmance of teLecomtrni-

cation sy8tem8. 1111 countries are participating in the progr.met

which conaiete of 8 sub-Taeks, carried out at various otganiza'

tions in 3 countries. Ttre program started it L977 and is plan-

ned to be cotnPleted in 1980.

One Sub-Task on wake effect atudies on vertical axis Darrieus type

WECS wag conpleted in 1979' By rnodel scale experiments in a wind

tunnel it I'ras found that an economically acceptable optimum power

output of an array of wind turbines could be reached at about 6

dia,oeters mutual distaoce' and could give about 9 ttln2 Power out-

put per unit ground area'

Ttre first part of a study of methods for the safety analysis of

WECS waa cornpleted and published' The study focused on hazards

inposed by I{ECS in operation due to complete collapse or separation

of fractured Parts or pieces of ice acting as nissiLes' In anot-

herSub-Taekengineeringrrindmodelsforthecalcu].ationofloads
and the epecification of load caEes rtere studied and documented

in a report.

Filns or rotating modele of PrototyPe WECS in natural environments

were produced as a neans of vieualizing the effects of single and

nnrltiple I{ECS in the landocape' A Sub-Task on the verification of

the uncerteinty in forecasting wind for the day-to-day operatioo

of WECS na8 started.

26



National Swedish Bord for
Energy Source Development

Mailing address: Street address: Telephone: Telegram:

P.O. Box I103
s-t63 12 SPANGA
SWEDEN

Kistagingen 4
KISTA
STOCKHOLM

08-7s2 03 60 ENPROFO t29 92
ENPROFO S


