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EXECUTWE SUMMARY

The IEA Programme for Research and Development on Wind Energy

Conversion Systems (IEA R&D WECS) is one of two IEA programmes

on wind energy, the companion one being the Co-operation in the

Development of Large-Scale Wind Eneergy Conversion Systems (IEA

LS WECS). IEA R&D WECS has sixteen Contracting Parties from

fifteen countries: Austria, Belgium, Canada, Denmark, F R
Germany, Italy, Japan, the Netherlands, New Zealand, Norway,

Spain, Sweden, Switzerland, United Kingdom and United States.

The IEA R&D WECS programme has twelve Tasks, seven of which
have been successfully completed. Two additional Tasks are

technically complete, but final reporting remains. The current Tasks

include:

Task VIII Study of Decentralised Applications for Wind Energy

Operating Agent: National Engineering Laboratory, IJK

Task IX Intensified Study ofWake Effects behind Single Turbines
and in Wind Turbine Parks
Operating Agent: Central Electricity Generating Board (UK)

Task XI Base Technology Information Exchange

Operating Agent: Department of Fluid Mechanics,

Technical University of Denmark

Task XII Universal Wind Turbine for Experiments (IJNIWEX)

Operating Agent: Institute for Computer Applications,
University of Stuttgart, F R Germany

A new Annex XIII on Co-Operation in the Development of Large Wind
Turbine Systems has been adopted. The Task, which will commence

1 January 1991 and continue for an initial period of three years,

incorporates the activities of the IEA LS WECS Agreement which is
terminated by 31 December 1990.
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Tasks VIII, D( and XI are task-sharing projects, whilst Tasks XII
and XIII are mixed task- and cost-sharing. In the task-sharing
projects the participants are committed to in-kind contributions to a
joint programme, managed by the Operating Agent.

Ten countries are participating in Task VIII, which has two
Subtasks: Site Assessment Techniques and Wind-Diesel Systeme. A
dralt manuscript ofthe final report, called the Wind-Dieeel Guidebook,
was nearly completed during the year. The book will be published on
the open market.

Eight countries are participating in Task D( Intensified Study of Wind
Turbine Wake Effecte. A eubstantial amount of experimental data
was collected from operating wind turbinee and windfarms and
compared with predictions from theoretical models. A benchnark
exercise for the evaluation ofboth single wakes and windfarm models
has been completed. A dralt final report has been eubmitted to the
Executive Committee. It is concluded that, whilst numerical models
of single wakes are now soundly based, further work is needed to
better understand the interaction of wakes in a windfarm.

Task XI Base Technology Information Exchange has participants
from nine countries. A main activity is the preparation and
publication of Recomrnended Practices for Wind Turbine Testing and
Evaluation. To date eight documents have been published. They are
updated as experience and feedback from the users is accumulated. A
second edition ofVol 1 Power Performance Testing was issued during
the year, and a second edition ofVol 6 Structural Safety is being
considered.

Joint Actions represent the second Subtask ofTask XI. In the Joint
Action on Aerodynamics the fourth synposium was arranged during
t|e year. Proceedings from the third symposium, held in November
1989 has been published. In the Joint Action on Fatigue, an
international group of experts have agreed on a reference load
spectrum for wind turbine blade fatigue testing. A Joint Action on
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Offshore WECS has been initiated, aiming at the exchange of
experiencea from the design, construction and operation of offshore

wind turbines.

As a third activity within Task XI, topical expert meetings are

arranged and documented. The 19th meeting took place in May 1990

on Wind Turbine Control Systems - Strategy and Problems.

Proceedings of the 18th meeting on Noise Generating Mechanisms in
November 1989 has been published.

Task XII Universal Wind Turbine for Experiments (UNIWEX) hae

seven participants from three countries. The project aims at
experimental studies of aerodynamics, operational behaviour, load

spectra and control strat€gies for various hub concepts as well as at

the validation of computer codes. The main activities during 1990

included the development of eoltware and numerical simulation, the

development, testing and installation of hardware for the modified

experimental wind turbine as well ae experiments for the verification
of the computer models for simulating the hardware and the

aerodynamic behaviour. Measurement carnpaigns were carried out
with constant rotor speed, constant tip speed, different yaw angle,

high angles of attack and tilted power.

The Executive Comnittee met twice during the year to review the

progress of the ongoing Tasks and discuss proposals for new

cooperative action. The national wind energy research prograrnmes

were presented at the meetings and progress and planning reports

were exchanged.

A new Annex for Extended Wake Effect Studies is being drafted for
consideration at the Spring 1991 meeting.

The Executive Committee has decided to investigate the possibility of
issuing a Newsletter twice a year. The Neweletter should inform tlre
wind energy community of IEA wind energy activities, including the

status of national wind energy programmes, the progress of the Tasks

as well as sunmary performance data and incidenUaccidents for

large wind turbine syetens.
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lte main igeue during the year was the nerger ofthe two
I'n ementing fureements. At the Fall neeting the Erecutive
Committeee of the R&D and I,f| furcenonto unanimously agreed to
teminate the lll Agreement by 31 December 1990 and to incorporate
the LS activities as Annex XIII of the R&D Agreement fi.,on
1 January 1991. The decieion reflectr the changed environment in
which the Agre€ments operate when most wind enerry research aad
developneut is directed to latfe rystems.
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THE IEA R&D WECS PROGRAMME

The Programme of Research and Development on Wind Energy

Conversion Systems (IEA R&D WECS) was initiated in 1977. IEA R&D

WECS is one of two IEA programmes in wind energy. The cornpanion

prograrnme is the Co-operation in the Development of Large-Scale

Wind Energy Conversion Systems (IEA I^S WECS), which is reported

separat€ly.

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

R&D Tasks , as defined in Annexee to the Implementing Agreement.

To-date twelve Tasks have been initiated, nine ofwhich have been

successfully completed :

Task I Environmental and Meteorological Aspects of Wind
Energy Conversion Systems
Operating Agent : the National Swedish Board for Energy
Source Development
Completed in 1981.

Task II Evaluation of Models for Wind Energy Siting
Operating Agent : US Department of Energy -
Battelle Pacific Northwest Laboratories
Completed in 1983.

Task III Int€gration ofWind Power into National Electricity
Supply Systems
Operating Agent : Kemforschungsanlage Jiilich GmbH
Completed in 1983.

Task IV Investigation ofRotor Stressing and Smoothness of
Operation of Large-Scale Wind Energy Conversion
Systems
Operating Agent : Kemforschungsanlage Jiilich GmbH
Completed in 1980.

Task V Study ofWake Effects behind Single Turbines and in Wind
T\rrbine Parks
Operating Agent : Netherlands Energy Research
Foundation
Completed in 1984.

Task VI Study of Local Wind Flow at Potential WECS Hill Sites
Operating Agent : National Research Council of Canada
Completed in 1985.
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Task VII Study of Offshore WECS
Operating Agent : tIK Central Electricity Generating
Board
Completed in 1988.

Task VIII Study of Decentralised Applications for Wind Energy
Operating Agent : IIK National Engineering Laboratory
Technically completed in 1989.

Task IX Intensified Study of Wind Turbine Wake Effects
Operating Agent : UK Central Electricity Generating
Board.
Technically completed in 1990.

Task XI Base Technology Information Exchange
Qperating Agent : Department of Fluid Mechanics,
Technical University of Denmark
To be completed in 1991

Task XII Universal Wind Turbine for Experiments (UNIWEX)
O_perating Agent : Institut€ for Computer Applications,
University of Stuttgart, F R Germany
To be completed in 1991.

Task XIII Cooperation in the Development of Large Wind Turbine
Systems
Operating Agent : Solar Energy Research Institute, USA
To be completed in 1993

There are 16 Contracting Parties to the Implementing Agreement,
representing 15 countriee. The participation in the current Tasks is
shown in Table 1. The Belgian and Swiss Contracting parties have
decided to withdraw from the Agreement, effective 31 December 1990.

In Tasks VIII, IX and XI, the Participants contribute manpower and
work - usually in their home countries - to a joint programme
coordinated by the Operating Agent. The total level of effort is typically
about 10 manyears per Task. Tasks XII and XIII are mixed cost- and
task-shared.

During the year the Executive Committee of fEA LS WECS agreed to
terminate the IEA LS WECS Implementing Agreement, effective Bl
December 1990. Simultaneously, the IEA R&D WECS Executive
Committee decided to amend the IEA R&D WECS Implementing
Agreement to include LS WECS activities in its scope as ofl January
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1991 atrd to adopt a new ADDsx for Co-Qreration in ths llevetopment of
Large Slinil Turtine Systens (eee below). At the sane tiDe, ENEL of
Itely and Scottish HydroElectric plc of the United Kingilom, being the

only Contractirg Parties to the I^S Agreeneot not alrsady Partiee to the

R&D Agroement, joined t,he IEA R&D WECS Agrcement.

Table 1 Participa.tion per oourtry itr ths carnent Task . OA

indicateg country of Operatilg Agent.

Country Taske

XIIIXIIXIIX

Austria
Belgium
Canaila
Denmark
Germany
Itdy
Japan
Netherlandg
New Zealand
Norway
Spain
Sweilen
Switzerland
Unitod Xingdon
United Ststed

I

I

I
I
I
I

:
I
I
x

I
OA
I
I

I
I
x

I

I
I

OA
I

OA

II
I
I
I
x
I
OA
I

I
OA
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TASK VIII DECENTRALISED APPLICATIONS FOR WIND
ENERGY

The Task wag set up in 1985 and has involved ten countries in a task-
sharing arrangement, coordinated by the UK National Engineering
Laboratory as Operating Agent. The overall objectives ofthe study
were to:

define cost effective models and techniques suitable for obtainng
wind and load data neceasary for planning and specifying
decentralised wind energy conversion Bystem installations: and

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

Nine technical meetings were held during 1985-1g89, involving 28
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 engineering community the potential difficulties and stage of
development of wind-diesel technology. The final report ofthe Task
should therefore take the form ofa handbook on the siting and
implementation of wind-diesel systems.

A draft manuscript of the final report, called the Wind-Diesel Guide
Book, was distributed to the Executive Committee Members and Task
Participants in March. The manuscript was complete except for a
chapter on economic issues. Writing of the remaining chapter and
further editorial work are in progress to be completed in early 1991.

The authors comprise the foremost experts from the participating
countries, who by discussion and information exchange have agreed
upon the contents, which include:
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Introduction
Wind-Diesel Options and I?reir Applicability
Coneumer Demand Assessment

Wind Regource Assessment

Environmental and Other Factors

Design Considerations
Modelling Techniques

Installation and Operation of Wind-Diesel Systems

System Testing, Commissioning and Monitoring
Economics of Wind-Diesel Systems

1

2

3

4

5

7

8

9

10

The Executive Committee has agreed to have the book published on the

open market. Two publishing houses have expressed willingness to

publish the book, and a contract proposal has been obtained from one of

them.

ParticiDating Organisations

Canada
Denmark
Netherlands
New Zealand

Norway
Spain
Sweden

Switzerland

United Kingdom
United States

National Research Council
Riso National Laboratory
ECN Research Centre

NZ Meteorological Service

Research Institute of Electricity Supply
Instituto de Energias Renovables, CIEMAT
State Power Board

Federal OIfice of Energy

Oekozentrum Langenbruck
Alpha Real AG
Rutherford Appleton Laboratory
Department of Energy

Solar Energy Research Institute
University of Massachusetts

Atlantic Orient Corporation

Operating Agent

United Kingdom National Engineering Laboratory
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TASK D( INTENSIFIED STI.]DY OF WIND TI.]RBINE WAKE
EFTEcIS

The Task was set up in 1985 ae a follow-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 CDGB
(UK) as Operating Agent. The overall objective has been to improve
the knowledge of aerodlmamic interactions between wind turbines
operating in windfarms.

The Task has seen the development of more reliable wake models, and
the acquisition of coneiderable amounts of data from single turbines,
pairs of interacting turbines and from full size windfarmg. Four
technical meetings have been held, in which data were exchanged
and models compared. The experimental data and theoretical
techniques were brought together in benchmark exercises based
around Ndsudden (for the evaluation of single wakes) and Tendpipe
(for the evaluation of windfarm models).

The final technical review meeting was held 11-12 June in London at
which specialists from the participating countries reported progress
from measurements and modelling. Discussions took place on t,Le
single wake and Tendpipe benchmark exercises in which predictions
were compared with experimental reeults.

The draft final report was submitted to the Exesutive Committee in
September. The report outlines the national contributions to the Task
and summarises the work completed. It then highlights the principal
results and conclusions from the studies and asaesses those areas
where further work may be required.

It is concluded that, whereas numerical models of a single wake are
now soundly based on the physics of the wake mixing process, the
windfarm codes currently available are "first generation,' models. For
more reliable predictions of the flowfield (both mean flow and
turbulence models) within a windfarm to be made, further work will
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be required to better understand and quantify the physical processeg

taking place when wakes interact within a windfarm.

Particioating Organisatione

Belgium
Denmark
Italy
The Netherlands
Spain
Sweden

United Kingdom

United Statee

RUCA Antwerp
Riso National Laboratory
ENEL
TNO
Universidad Politecnica de Madrid (UPM)

University of Uppsala

Central Electricity Generating Board
ETSU for the IJK Departrnent ofEnergy
Garrad-Hassan Consultants
US Department of Energy

Operating Asent
United Kingdom Central Electricity Generating Board

Technical Reports and Pagers

Cor:ntry Ref Date Title Authors

Belgium BM-1 7/87 The Wintlfarm at Zeebriigge:
Instrumentation for Measu-
ment of Wake Effects

BM-2 7/88 The Windfarm at Zeebrtigge:
Experimental Set-Up

BM-3 7/89 Wind and Power Measure-
ments in the Wind Fann
at Zeebriigge

J Van Leuven
D Cosaert

J Van Leuven
D Stevene
J Van Den Poel
P Vanderborght

J Van Leuven
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Denmark D41 V89 Wake Interaction Measure-
ments at the MasnedO wind
farm

Italy

D42 7189 Supervising and Measuring
at Tandpipe Wind Farm -
Progress Report

D{i} 6190 A Summary of T@ndpipe
windfarm measurements

D44 6190 Danish Windfarm Measure-
mente: IEA Ann6x IX

IT-01 7/88 Wind Turbulence Analysis
in the Alta Nura Wind
Power Station Area

Il-02 7/89 Preliminary Results of Wake
Measurementg at the Alta
Nuna Wind Power Station

II-03 6/90 Results of Wake Measure-
ments at the Alta Nurra
Wind Power Station

Netherlands NL01 9/85 Wind Tunnel Measurements
of the Wake of a Tipvane
Rotor Model (Summary)

NL02 8/85 Wake of a Horizontal Axis
Wind Turbine Model

NL03 1/86 Evaluation of Three Mathe-
matical Wind Turbine Wake
Modele in Various Tlpes of
Flow

NL04 11/86 Literature Data Base on
Wind Turbine Wakes and
Wake Effects

I Katic

J Hojstrup
I IGtiC
P Norgard

J Hojstrup
P Norgard

P Sanderhoff
J Hojstrup

G Botta
R Castagna

ENEL

G Botta
A Gilardi

E Luken

A M Talmon

E Luken
A M Talmon
PEJVeT-
meulen

E Luken

NL05 1287 Comparison of Wind Tunnel E Luken
and Full Scale Measurements J W M Dekker
of the Wake at the 25 m HAWT
Site at ECN Petten

NL06 7189 The Wind Load of Wind Tur- E Luken
bines in Clusters - Literature
Survev
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NL07 1988 Nibe Wake Measurements E Luken
Data Analysis and Model
Validation

NL08 1989 Zeebntgge Windfarm H van Oort
Measurements - Model
Validation

NL09 1S Tendpipe Windfarm H van Oort
Measurements - Model
Validation

Spain SP-01 7/88 Validation of Turbulence A Crespo
Models of Wind Turbine J Hernandez
Wakes E Luken

SP-02 7/89 Analysis of Wind Turbine A Crespo
Wakes J Hernandez

SP{3 7/89 Wind Farms in Complex A Crespo
Terrain - Second Order J Hernandez
Effects C Andreu

SP{4 lW Numerical Modeling of A Crespo
the Flowffeld in a Wind J Hernandez
Turbine Wake

SP{5 1990 Wind Turbine Wakes in J Hernandez
the Atmospheric Surface A Crespo
Layer

Sweden SW{1 7/87 A Field Study of the Wake U Hiigstrdm
Behind a 2 MWWind D N Asimakopo-
Turbine ulos

A Smedman

SW-02 1990 Some Additional Data on U Hdgstriim
Full Scale Wind Turbine A-S Smedman
Wakes

United UK-01 7/87 Siting Guidelines for D J Milborrow
Kingdom Wind Turbine Arrays J S Holt

U}{42 7/87 Wake Modelling and the J F Ainslee
Prediction of Turbulence
Properties

UK-03 7/87 Fluctuating Loads on a Wind G J Taylor
Turbine Operating in a Wake

IrK-04 7/88 Near Wake Wind Tunnel D R Green
Studies
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uK-05 7/88 Wake Interaction Studies
on the IIWP-300 and WEG
MS-l Wind Turbine Gene-
rators on Burgar Hill

The Impact of Wind Turbine
Wakes on Machine Loade
and Fatigue

Comparison of NWAKE
Model with Data from Nibe
Wake Measurements Project

Characterisation of Wind
Turbine Wake T\rbulence
and Its Implication on Wind
Farm Spacing

Wake Measurements on the
Nibe Wind Turbines in
Denmark Part 2: Data Collec-
tion and Analysis

Multiple Wake Measure-
ments and Analysis

An Examination of Wake
Effects and Power Production
for a Group of Large Wind
Turbines (PNL6528)

Wake Effects in a Fayette
95-115 Wind Turbine Arrav
(SERIISTR-217-3186A)

United
States

lrK-06 7/88

uK-07 7/89

LrK-08 lcy89

uK-09 1990

IIK-10 lgm

us-01 4/88

us02 4,/89

A Scott

U Hassan
G J Taylor
A D Garrad

J F Ainslee

D Quarton

G Taylor

D Smith

D Elliott
J Buck
J Barnard

R Simon
D Matson
J Fuchs
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TASK XI 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
Joint Actions

In addition, topical expert meetings are arranged as agreed by the
Participants, acting in the Executive Committee.

The Operating Agent is assisted by an advisory Standing Committee of
technical experts. The Committee held its 12th meeting on 2-3 July in
Norwich, Vermont, USA. The meeting revie\yed updates of
documents in the series of Recommended Practices, suggested topics
for expert meetings and discussed priorities for wind energy R&D and

standards.

In Subtask A, a second edition ofvol I Power Performance Testing
wae issued during the report period. A second edition of Vol 6
Structural Safety is being considered. A list of the published
documents is shown in Table 2. The reports are available on request

from the national representatives in the Executive Committee
(see Appendix 2).

Subtash B currently has three activities:

- Joint Action on Aerodynamics
- Joint Action on Fatigue
- Joint Action on Offshore WECS

A fourth Joint Action on Wind-Diesel Systems is being considered as a

continuation of the work in Taek VIII which is technically completed.

In the Joint Action on Aerodynamics, the fourth symposium was held
on 19-20 November at the ENEA Casaccia Centre in Rome, Italy.
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Proceedings ofthe third symposium held in November 1989 at Harwell,
England were published during the year.

Table 2 Documents in the series of Recommended practices for
Wind Turbine Testing and Evaluation

Vol Title lstEd 2nd Ed

1

2

Power Perforrnance Testing
Estimation of Cost of Energy frorn
Wind Energy Conversion Systems
Fatigue Characteristics
Acoustics. Measurement of Noise
Emission from Wind Turbines
Electromagnetic Interference
(Preparatory Information)
Structural Safety
(Preparatory Information)
Quality of Power. Single Grid-
Connected WECS
Glossary of Terms

1982

1983

1984

1S1
1986

1988

19&1

1987

1988

In the Joint Action on Fatigue, a group of experte have agreed on a
reference load spectrum for wind turbine blade fatigue testing. The
spectrum is known as WISPER (WInd turbine load SpEctrum
Reference).

The first meeting in the Joint Action on Offshore WECS took place on
26 January in London with participation from Denmark, Germany,
Italy and Sweden. It was found that interest in offshore siting is
increasing. Practical experience from the operation of offshore wind
turbines is accumulating from Sweden and will be available from
Denmark shortly.
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The 19th topical Expert Meeting was held 3-4 May in London on Wind

Turbine Control Systems - Strat€gy and Probleme. Proceedings from

the 18th meeting in November 1989 in P€tten, the Netherlands on Noise

Generating Mechanisms for Wind Turbines were published during

the year. The cumulated list ofexpert meetings arranged under the

IEA Wind Energy Agreements is shown in Appendix 1.

Particioating Organisations

Canada
Denmark

Department of Energy, Minee and Resources

Department of Fluid Mechanics, Technical

Univereity of Denmark

Germany KFA Jiilich
Italy ENEA
Norway Directorate ofEnergy
Netherlands ECN

Spain IER/CIEMAT
Sweden FFA
United Kingdom ETSU for the Department of Energy

National Engineering Laboratory

United States Department of Energy

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

Technical Relrorts and Paoers

Recomnended Practices for Wind Turbine Testing and Evaluation
Vol I (2nd Edition) Power Performance Testing.
Published by the IEA R&D WECS Executive Committee

Proceedings of the Third Symposium on the Aerodynamics of Wind
Turbines, held 16-17 November 1989 in Harwell, England.
Published by the Energy Technology Support Unit, UK

Noise Generating Mechanisms for Wind Turbinee
Proceedings ofthe 18th Expert Meeting held 27-28 November 1989 in
Petten. the Netherlands.
Published by the Research Centre Jiilich GmbH, Germany
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TASK XII UNIVERSAI WIND TURBINE FOR EXPERIMENTS
(UNIWEX)

UNIWEX ie a computer-controlled, two-bladed experimental wind
turbine of16 m rotor diameter installed at the Ulrich Hiitter Wind Test
Field near Schnittlingen, Germany (see Figures 1 and 2). The main
goals of the project are the experimental study of aerodynamics,
operational behaviour, load spectra and control Btrategies for different
hub concepts, as well as the validation of computer codee.

So far, seven organisations from three countries are participating:

Particioating Organisations
Germany

Netherlands

Sweden

Kernforschungsanlage Jiilich GmbH (KFA)
Institute for Computer Applications (ICA),
University of Stuttgart
Netherlands Energy Research Foundation (ECN)
Delft University of Technology (DUT)
Stork Product Engineering (SPE)

National Energy Administration Sweden (NE)
The Aeronautical Research Institute of Sweden
(FFA)

Ooerating Apent
Institute for Computer Applications (ICA), University of Stutrgan

Representatives of the participants met on the following occasions:
- four technical meetings (2 April, 11-12 July, 7 September in

Stuttgart and on the testfield, 81 July in Bromma)
- a measurement campaign (19-24 November on the testfield)
- an Executive Committee meeting (5 September in Santiago de

Compostela)
- ECWEC '90 (10-14 September in Madrid)

As a consequence of the t€chnical meetings, the work plan was
updated with respect to priorities in the technical topics and the time
schedule. Progress reports were given at the two EC meetings. At the
Fall meeting the time echedule was extended from 1 April to 31
December 1991.
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The main technical activities in 1989 are listed below:

At IcAnlniversi tv of Stuttsart
1 Software Development and Numerical Simulation

. Simulation gofbware

- Software development
+ Studies of unsteady aeroelaetic effects of

horizontal-axie wind turbines using the program

system ARLIS with a new implemented vortex
ringmodel (see Figure 3)

* Description of the windfield for upwind rotors
using the potential flow around a plane half-body
and around an in-6nite cylinder

* Installation and tests of ARLIS on the work
station STELLAR

- Software applications
* Applications ofthe aeroelastic program system

ARLIS to one-. two- and thre-bladed horizontal-
axis wind turbines

o Modelling of the modified UNIWEX wind turbine
- Re-analysis of the finite element model of the nacelle

(new cardan shaft and new suppots of the gearbox and
the generator, see Figures 3 and 5)

- Structural re-modelling of the rotor blade using the
ehell-beam conversion package ATACYT and the new
measured rotor blade geometry

- Re-analysis of the whole IJNIWEX wind turbine with
the finite element method

. Identification of the simulation model by comparieon with
measurements
- Eigenfrequencies of the mtorblade
- Eigenfrequencies of the whole wind turbine
- comparison of cp- lambda - curves calculated by

ilifferent inetitutione
. Post-processing and animation

- Development of new plot software for evaluation of
results

I

I
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- Implementation of newly developed processors in the

FE-package ASKA for displaying of steady state and

transient responee resulte (eee Figure 6)

- Development of special graphic software for computer

animation on IRIS and STELLAR work stations
- Computer animation of eigen modes, steady state and

transient response behaviour for beam, shell and

volume structures
. Compilation of wind turbine data for the other participants

Development of hard- and software for testing purposes
. Implementation ofa system for the control of the rotot speed

by "generator" torque, the option for tJ:e control by blade

pitch being maintained
Construction of a mobile telescope meteorological mast for
wind meaeurements at hub height

Improvement of all control algorithms, including the simu-

lation of the flexible hub (free flapping and teetered hub)

Development of the complete software for for the processing

and post-processing ofthe measured data
- Working-up of the measured raw data to bulk data
- Display ofraw and worked-up data
- Interactive fiequency analysia
- Interactive selection, display and output of specific

values and mean valueg
- Elaboration of cp-lambda curves with different methods

- Plotting and display possibilities for all post-processing

results (see Figure 7)

Experiments
. Comprehensive calibration of all sensors

Measurements of geometry and eigenfrequencies, partly
under direct assistance of the other participants

Runs for tJre verification of the computer models for the
simulation of tJre hardware and the aerodynanic behaviour

Runs with constant rotor speed controlled by
blade pitch
"generator" torque
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. Runs with constant tip speed

. Rune with different yaw angle (relative to the wind direction)
and constant yaw rates. The results are used for
investigatione of power control by yawing strategies.

. Runs at high angles of attack

. Runs with tilted power

As most of these experiments have been undertaken upon the wishes

of the Dutch and Swerlish partners, the respective measurement

recordings have been worked-up and distributed among these
participants.

At ECN. the Netherlands

I Analysis of measurementg

With the results of measurements of the ITNIWEX now coming in,
analysis of the mesurement sigrrals was taken up by the Dutrh
participants. Some anomalies u'ere detected and discussed at a
technical meeting with the Operating Agent. Most have now been

explained or, in sorne cases, given rise to adustments in the
measurements, the sensorg. A discrepancy between the plane blade
moments and the axial torque sigrrals is still of some concern.

number of measurements n'ere performed with the explicit aim of
system identification, for the Delft University of Technology.

2 Calibration
In order to obtain a better idea of system geometry, eigenfrequencies
and expected error ranges, an extensive pnograrnme of calibration
tests was conducted together with the Operating Agent in the week of
19-24 November. Part of the measuremente must still be interpreted.
One important discovery was a slight unbalance in the blades, which
explains some of the measured phenomena.

3 Numerical simulation
A number of calculatione were done with the system identification
methods used by the DLI'I. the blade moment signals measured by the
load cells seem to indicate that a system of relatively high order is
needed for a good simulation. At ECN and SPE the simulation
sollware was readied for the inclusion of the results of a wind
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generator. This will give a muchmore realistic behaviour of the

excitatione with frequency ofnP (1P being the rotational frecuency),

due to the "vortex licing" effect.

At FFA. Sweden

Analvsis of measurements

Three magnetic tapes with measurementa have been received

containing data from runs with constant rpm, according ti request

made ealier by the Swedish participant. The evaluation of the data and

the interpretation of the results are not yet finished.

Studies of contml strategieg

During a meeting at the test field on 7 September the possibilities of
studies of control strategies were discussed. It was found that the

present hardware for UNIWEX is not suitable for an extension of the

original work plan in this direction, i e for research on on control

strategies involving for example variable rotor speed coupled with
yawing or stalling.

3 Numerical simulation
The planned modelling of the modified UNIWEX turbine has not yet

started. The numerical simulation program GAROS hae nonetheless

been updated and used during the year for stability studiee on other
wind turbines. Hence the capability of the software has been

increased, allowing for a more sophisticated analysis of the UNIWEX
turbine. An agreement on a joint paper to be presented at the wind
energy conference in Amsterdam 1991 has been made. The paper

concerns the numerical eimulation of the UNIWEX turbine in two

diferent computer codes, ARLIS and GAROS, and a comparison of the

differences in the theoretical background for the codes.
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Technical Data of the UNIWEX - test wind turbine:

Nutnbd of bl!d6

Sp..d

Bl.d.r
L.nAth
Cho.d l.nsth

2
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Figure 1: General view, characteristics and technical data of the UNIWEX wind turbine
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Figure 2: UNIWF)X wind turbine in operating position with opcned installation platform

c=>

fiqure 3: New implemented vortex ring model for analysis of unsteady aeroelastic elTects
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Fisure 4: General view of the UNIWEX-nacelle

l.eiqenmode of the UNIWEX-nacelle with stiff horizontal rotor (/1 = 4 53H2)
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Figure 6: Computer animation and displaying of steady state and
transient response results
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Thie plot ehowe lesults of a run with fixed hub and rotor speed control by rotor torque. The

mobile anemometers were placed l9m upwind the rotor plane with a lateral distance of 3.5m
ard the anemoDeter oa the hub at 7.5m upwiad the rotor Plane. It can easily be seen, that it is
important fot a good irteryretation of the Eeasurement data to have mole than one anemometer.

The plot ahowa that the load pea.ks in flap direction (mainly coming from the tower shadow)

increare with the rotor power (rotor moment).

Figure 7: Plot of measuring results
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TASK XIII COOPERATION IN THE DEVELOPMENT OF I,ARGE-
SCALE WIND TURBINE SYSTEMS

At the fall meeting the Executive Committee adopted a new Annex

XIII, effective 1 January 1991. The Annex incorporates the activities of
the LS WECS Implementing Agreement which will be discontinued as

of 31 December 1990 by decision of the I'S WECS Executive Committee.

The Annex will be in force for an initial period of three years.

The objective of the Task is to further the development of Large Wind

Turbine Systems (LWTS) by means of cooperative action and exchange

ofinformation on the planning and execution of national LWTS

research, development and demonstration prograrnmes. An LWTS is

defined as a megawatt-Bized wind turbine or windfarm.

The Task will involve ten countries in a cost-shared arrangement,

coordinated by the Solar Energy Research Institute (USA).

Information systems $'ill be established for the exchange of
information on LWIS design, testing, performance and

incidents/accidents. Annual reports of LWTS activities in the
participating countries will be prepared.

Participants

Canada Department of Energy, Minee and Resources

Denmark Ministry of Energy

Germany Forschungszentrum Jiilich GmbH
Italy Ente Nazionale per I'Energia Elettrica
Netherlands StichtingEnergieonderzoekNederland
Norway Directorate of Energy

Spain Instituto de Energias Renovables

Sweden National Energy Administration
United Kingdom Scottish Hydro-Electric plc

United States Department of Energy

Operatine Agent

Solar Energy Research Institute (USA)
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PROPOSED NEWACTION

Svstems Interaction

In view of the CEC grid integration study and existing bilateral
agreemente, the propoeal for an IEA study has been withdrawn.

Extended Wake Effects Study

The Participants of Taek IX, which is being finally reported (see

above), have recommended that further work be considered in the
following areas:

- Local flow effects and atmospheric stability
- 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.

Ttre UK Contracting Party will drall an Annex for consideration at the
Spring 1991 meeting of the Executive Committee.

Effect of Environment on Wind Turbine Safety and Performance

A proposal was introduced by the German Contracting Party for a
cooperative study of tlxe effects oficing conditions on wind turbines. A
workshop will be arranged on the generalised subject of environmental
effects on wind turbine safety and performance.

Wind Energy Newsletter

At the Fall meeting the Executive Committee decided to investigate the
possibility ofissuing a Newelett€r twice a year. The Newsletter should
inform the wind energy community of IEA wind energy activities,
including the status of national wind energy programmes, Task
progress reports, summary LWIS performance data and
incidenVaccident reports, calendar of meetings and lists of technical
reports and publications. A test issue will be prepared for
consideration at the Spring 1991 meeting ofthe Executive Committ€e.
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THE EXECTJ"TIVE COMMITTEE

The 25th meeting of the Executive Comrnittee took place on 19 April
1990 at the Sin-Osaka City Plaza Hotel, Osaka, Japan. The 26th

meeting was held on 5 September 1990 at the Hotel De Los Reyes

Catolicoe, Santiago de Compostela, Spain. At the meetings the EC

reviewed the progress of the ongoing Tasks and discussed proposals

for future work.

Mr H J M Beurskens (the Netherlands) and Dr P Surman (UK) served

as Cbairman and Vice Chairman during the year. At the FalI
meeting Mr Beurskene and Dr Surman were re-elected Chairman

and Vice Chairman for 1991.

Some changee in membership were announced during the year. An

updated list of EC Members and Altemate Members is attached as

Appendix 2.

Following the completion ofTasks YIII and D(, the Swiss and Belgian

Contracting Parties are withdrawing from the Implemeting
Agreement, effective 31 December 1990. In consequence of the merger

of the R&D and LS Agreements, ENEL of Italy and Scottish Hydro.

Electric plc are entering the R&D Agreement as ofl January 1991.

At the Fall meeting the Executive Committees of the R&D and LS
Agreements unanimously adopted a Resolution to the effect that the I^S

Agreement i8 t€rminated by 31 December 1990, that the LS activities
are incorporated as Annex XIII of the R&D Agreement as ofl January
1991.

A Conformed Copy of the Implementing Agteement including
Annexes, taking into account changes and amendments, is being
prepared by tJre IEA Secretariat.
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IEA Wind Energy Expert Meetings

APPENDIX 1:1

fitleNo Date Venue

1 Seminar on Structural Dynamics

Control of lS WECS and Adaption
of Wind Electricity to the Network

Data Acquisition and Analysis
for Ifi WECS

Rotor Blade Technology with
Special Respect to Fatigue Desigrr

Environmental and Safety Aspects
of the Present LS WECS

Reliability and Maintcnance
Problems of LS WECS

Costing of Wind Turbines

Safety Assurance and Quality
Control of LS WECS during
Assembly, Erection and
Acceptance Testing

Structural Design Criteria for
rswEcs

Utility and Operational Experience
from Major Wind Installations

General Environmental Aspects

Aerodynamic Calculation
Methods for WECS

Economic Aspects of Wind
Turbines

Modelling of Atmospheric Turbu-
lence for Use in WECS Rotor
Loading Calculations

General Planning and Environ-
mental Issues ofLS WECS
Installations

Munich, Germany

Copenhagen,
Denmark

Blowing Rock,
N Camlina, USA

Stockholm,
Sweden

Munich, Germany

Aalborg, Denmark

Copenhagen,
Denmark

Stockholm,
Sweden

Greenford, UK

Palo Alto,
California

Munich, Germany

Copenhagen,
Denmark

Petten,
the Netherlands

Stockholm,
Sweden

Hamburg,
Germany

L20ct 7

4 Apr 79

2e27s,'T79

2l-22 Apr 80

25-26 Sep 80

2930 Apr 81

18-19 Nov 81

?.G27 May 82

7-8 March 83

1?14 Oct 83

7-9 May 84

2$30 Oct 84

30-31 May 85

,15 Dec 85

2Dec87

L4

10

11

t2

15
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IEA Wind Energy Expert Meetings (continued)

APPENDD( 1:2

No fitle

16 Requiremente for Safety Systems 17-18 Oct 88
for IfIWECS

L7 Integrating Wind Turbines into U-12 Apr 89
Utility Power Syetems

18 Noiee Generating Mechanisms 27-28 Nov 89
for Wind Turbines

19 Wind Turbine Control Systems - S4 lvtay 1990
Stratery and Problems

Rome, Italy

Herndon, Virginia
USA

Pett€n,
the Netherlande

London, England

+-
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IEA R&D WECS EXECUTTVE COMMNTEE ADDRDSS LIST

(M = Member, A = AltemateMember)

CHAIBMAN Mr H J M BEUR.SIGNS Te1224,6 4184
ECN Rcgearch Centre Tlx 5?2 11 REACP NL
P.O. Box 1 FaxD463214
1755 ZG PETTEN

SECREIARY Mr B PERSHAGEN Tel 155 848 78
NIIWEC energikonsult Tfx 64013 STUDS S
Svanv6gen 46 Far 155 872 11
5-6T1 62 NYKOPING

Tel?2z657 6tn0
Tlx 131 000 TVFAW

Tel 3 218 0?56
Tlx RUCABI3:1362
Fax 3 218 0217

AUS'IRIA (M) Prof Dr Il DETaER
Technische Univer8ittit Wien
Institut ffir Strilmungslehre
und Warmeitbeitragr.hg
Wiedner Hauptgtrasse 7
A-T O4O WIEN

(A) MT R HERDIN
- game address _

BEICIIIM (M) Prof J VAN LEUVEN
University of Antwerp
State Univer6ity Centre
Department of Ener6f Technologr
Middelheimlaan I
B.2O2O ANTWERP

CANADA (M) Vacant

(A) Mr RS RANGI Tel 613 993 9127
NationalAeronauticalEstablishment Tlx (b33386
National Regearch Council Canada Fax 613 9574:m
OTTAWA KlA OR6

DENMARK (M) Mr B MARIBO PEDERSEN Tel 28E462,
Technical University of Denmark Tlx 375 29 mH DIA
Lundtoftevej 100 Fax 2@239
DK.28OO LYNGBY

(A) Mr B MSMUSSEN Tel ,(5 5562983
Overgade 14
DK-7OOO FREDERICIA
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GERMANY (M)

(A)

NETHERI,ANDS (M)

(A)

NEW ZEAI.AND (M)

(A)

6r6t 48
833 556 KFA D
24 6161 5837

DT R WNDHEIM-
Forschungszentr-um Jiilich GmbH
Postfach 1913
D-51?OJULICH

Mr G JOSWG
- game addresg -

DT G GAUDIOSI
ENEA C.R.E. Casaccia
Casella Po8tsle n. 2400
I-00100 RoMA .q"D.

Dr E SESTO
ENEL CREL
Via Avolta 1

I-20093 COIOGNO MOMESE MI

Mr KAWAMO
Sunshine Project H.Q.
AISI , MITI
Kasumigaseki, 1-3-1
Chiyoda-ku
TOKYO

Dr lI MATSTIMIYA
Mechanical Engineering laboratory
MITI
1-2 Nsmiki
TST'KUBA 305

Mr H G DOUMA
NOVEM
P.O. Box 8242
3503 RE UTRECITT

Vacant

MT M A GRANT
New Zealand Meteorological Service
P.O.Bor722
WELLINGMN 1

MT J RICHARDSON
Ministry of Energ/
P.O. Bor 2337
WELLINq[t)N

6 3018 399{
613 296 ENEACA
6 g!ts,r643

zMt5m
310 496 ENELMI
2W7ila2@

t166

sffiLgtt1M79
Tlx J22916 EIDMITI
350194{B

Tel
Th
Fax

(A)

(M) Tel
I'h
Far

Tel
Th
F8x

(M)

(A)

Tel

Far

Tel
Tlx
Fax

Tel
Tlx
Fax

NUn6
3652570 Arsl J
N$W6

Tel 3$6 3434

F8x 3G}1&$

47?93T'
Nz 31392
473523J.

L
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NORWAY (M)

(A)

SPAIN (M)

(A)

SWEDEN (M)

(A)

SWITZERI"AND

2,m 8U)
?93 97 NVEO N

1,t49@00
235 55 JIMG E
13,t660(5

MT E SOLBERG
Norwegian Water Resources
and EnerEr Administration
Postbox 5091 Md
N-0301 oSLO 3

Mr C GRORUD
- eame addrege -

Mr E SORIA
IENYCIEMAT
Avda Complutense 22
28040 MADRID

Mr tr'AVIA
- same addrees -

MT S ENGSTROM
National Energ. Administration
s-11? 87 grocKHoLM

MT O SANDBERG
- same addreas -

Dr L DLTBAL
Federal Office of Energt
CH30O3 BERI.IE

DT P L SURMAN
National Power
Sudbury Houae
16 Nes,gats Str€€t
IONDON EC1A ?AU

Ih D I PAGE
Energr Technologl Suppo Unit
Harwell Laboratary
DIDCOT
Odordehire OXll ORA

Mr R L IOOSE
WintVOcean Technologies Division
United States Department of Energ.
1000 Independent Ave., S.W.
WASHINGTON D C 20585

MT D F ANCONA
- game addreas -

DT R SCHNEIDER
Intemational Energf Ag€n(y
2 , rue Andr6 Pascal
F-?57 75 PARIS C.der 16

Tel 8 7.14 9730
Th 12 870 Energ S
Far 8 7,t4 0980

Tel
Th

Tel
Th
Fax

UNrIED
KINGDOM

UNITED
STATES

31 615 644
91l 670bew ch
31 615 656

1634 52m
8&t 1,r1

1634 5811

235&1,$41
8it1 35
2tv3*B

Tel
Tlx
Fax

Tel
Th
F8r

Tel
Tlx
Fax

Tel
Tlr
Fax

(M)

(M)

(M)

Tel
Tlx
Fax

mffirn6
?to8'20176
202 586 8134

t62tg75
630 190 EMRGA
1.152!9$tl

IEA

(A)



CUMULATED LIST OF PUBLICATIONS ISSUED BY THE
NATIONAL ENERGY ADMINISTRATION SWEDEN

1984:Rl

1985:Rl

1985:R2

1985:Rlt

1985:R4

1985:R5

1986:Rl

1986:R2

1986:R3

1986:R4

1986:R5

IEA For€stry Energy
Annual Report 1983

IEA Forestry Energy Project
A study of Biomass Liquefaction test Facility

IEA For€stry Ener&y
Annual Repon 1984

IEA Peat Production and Utiliazaaion Project
Annual Repon 1984

Demand for Commercial Energy in Developing Countries
Phil O'Keefe, Beifer Institute

Kommunal energiplanering
Fem uppsatser

IEA For€stry Energy
Annual Repon 1985

LAga oljepriser?
Effekter pe svensk cnergilorsorjning

Elmarknaden 1985
- En vdndpunkt?

Forutsattningar for minskning av svavelhalten i oljeprodukter i
Sverige
Underlagsmaterial till Statens energiverks utedning om svavelhalten
i oueprcdukter.
Nils Elam, Arax Energi AB

Reduction of sulphur contents in gasoil and heavy fuel oil
Backgound material for the National Energy Administration's study

of the sulphur content in oil products.
Prepared for the National Energy Administrdtion by Purvin & Gertz,
Inc.

Avsyavling av petroleumprodukter
TeIm. lic. Ame Bergholm.
Framst$lning av llgsvavliga eldningsoljor.
Sveriges Tekniska Attach€er, Washington.
Underlagsmaterial till Statens energiverks utedning om svavelhalten

i oljeprcdukter.

1986:R6



1986:R7

1986: R8

1986:R9

1986:Rl0

1986:R11

1986:R12

1986:R13

1986:R14

l986rR15

1986:Rl6

1986:Rl7

1986:R18

IEA Peet Production and Utilization Project
Annual Repon 1985

Nedsittning ay energiskatterna inorn industrin

IEA District Heating
Small-scale Combined Heat and Power Plants

IEA District Heating
Cost Analysis of District Heating Networks

Efter Tjernobyl
Elfdrbrukning fdr uppviirmning dwigsektom
Eje Sandberg, Rolf Westerlund, K-Konsult

Efter Tjernobyl
Ny elprodultion vid force-rad kiimlcaftsavveckling, PFBC
AF-Energikonsult, Stockholm

Efter Tjernobyl
Fdrgasning av inhemska briinslen fdr elproduktion i laafwdrmeverk
Jan Fors, Leif Magnusson, Teknikguppen AB

Efter Tjernobyl
Forsorjningsmdjligheter ftir extemt lAgsvavlig olja till kaftverken i
Stenungsund och Kadshamn
Arax Energi AB

Efter Tjernobyl
Naturgasen - ett alternativ
Swedegas AB
Svensk ellraft tAn norsk naturgas
Norconsult och PPS AB

Efter Tjernobyl
Ut ur atervlindsgriindema
Olof Erilason, Ame Mogren

After Chernobyl
The Effect of a Phase Out Nuclear Power in OECD Countries on
Demand for Fossi.l Fuels and on Sulphur Precipitation in Sweden
Metra Consulting Group Limited

Efter Tjernobyl
Kaastrofrisker i energisystemet
Lars Kristofersson, BjOm Kjellstrom, Per Johan Svenningsson

Efter Tjernobyl
Energimarknader och prisrelationer
Pcr Anders Bfigendahl

1986:Rl9
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1987:R2

1987:R3

1987:R4

1987:R5

1987:R6

1988:Rl

1988:R2

1988:R3

1988:R4

1988:R5

Efter Tjernobyl
Industrins elanvdndning
AF-Energikonsult, Stockholm

Efter Tjernobyl
Analys av skogsselturn vid forlndrade energipriser
G6ran Ldnner, Sten Nilsson, Hans-Oiof Nordvall

Efter Tjernobyl
Ny elprodultion vid forcerad klrnkaftsaweckling
AF-Energikonsult, Stockholm

Efter Tjernobyl
tube$miljo vid utvinning, beredning och Eansport av vissa brdnslen

ftr kraft- och viirmecentraler
Yngve Hagerman

IEA Bioenergy
Annual Report 1986

IEA Forestry Energy
Sumnary Repon for period 1978-86

Yirmepumpar
Altuella fdrindringar och framtidsutsilrcr

IEA District Heating
Temperatw€ levels in disrict and local heating systems in Swcden

El. och varmeproduktion med naturgas

IEA District Heating
Technical and economic assessment of new disaibution technology

IEA Bioenerg5r
Annual Report 1987

IEA R&D Wind Energ5r
Annual Repon 1987

IEA Large-Scale Wind Energt
Annual Report 1987

Morns pA energi
Konsekvenser fdr svensk ekonomi och ildusui

F0riindrad energibeskattning
Tre rapponer
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Potcntial p! kon och llng sikt

19883R7 Ofeberoende
Och alokcringspoutik

1988:R8 Effekter pt busbfilens konsumtionsstandrrd av forindrad be-
skattnlng av energi
Effcktcr basorado p[ fttslag om overglng till momsbeskatming av
energi

1988:R9 Mll och medel
Vid bcskanning av cncrgi

l9B8:R10 B6krthing av energi I utlsndet

1988:Rll IEA.PFBC Workshop 1986
PFBC-Facilitics Status 1987

1988:Rlll IEA Dktrict Heating Small Hest Meters

1988:Rl3 IEA District Herting
Statc-of-thc-art rcicw of coal combustGs for small disuict heating
plants

1988:Rl4 UtvirderingavdctsvensksolieprGpekteringsstodet

l!188:R15 Elrnrrhadsrapport 1988

1988:Rl6 IEA District Heating
5'mmrry of Rcsearch Activitics 1983-1987

1989:Rl IEA R&D Wnd Report
Annual Rcpon 1988

1989:R2 Energl ur Industrlavfall
Bn fallstudic ovcr hindcr och drivkrafter

1989:Rii IEA Bioenergy
Annusl Rcpo,rt 1988

1989:R4 IEA Large-Scale Wind Energy
Annual Rcport 1988

1989:R5 Petroleumbrinslen
Kvalitersutveckling frAn 1980 och framet

1989:R6 Koldlodd frin fossil fdrbrinning
M0jlighccr 8B rcducera och deponcra koldioxiden



1989:R9

1989:Rlo

l9E9:Rll

1989:Rl2

1989:R13

1989:Rl4

1989:Rl5

1989:Rl6

1989:R17

1989:R18

1989:R19

1989:R20

1989:Rill

Yirmeproduktion med gasol
Ftheslaifier och sekerhetsft Agor
Tcknik, Ekonomi, Miljokonsekvenser

Naturgasmarknaden i Yesteumpa
Historisk bakgrund och framtidsbedomningar

Ett miljoan psssat energisystem
Bilder av energipolitikens framtida omv&ld

Ett miljosnpossat energisystem
Sryrn€del for minskning av COr under svensk kontroll

Ett milioanpassst energisystem
Miljoscenarier fttr toflanvdndning fram t l er 2015

Ett mili0anpassat energisystem
Miljdscenaricr ldr energi ur avfall fram till ir 2015

Ett miljoanpassat energisystem
hoduktion och utbud av tr{dbriinslen fran segvert och skivindustri i
framtiden

Ett miljoanpassat energisystem
Arbetsmiljd/energi

Ett milidanpassat energisystern
Energiskog, energigrtldor och halm

Ett miljdanpassat energisystem
Energin, makten och Famtiden

Ett miljoanpassat €nergisystem
Regionala bioenergibalanser

Ett milioanpassat energisystem
Konkurrenssituationen f6r lxaftvlirme och vlirmepumpar

Energy and Environmental
The imponance of greenhouse gases other than carbondioxide and

other possible differences bctween various fuels

Energy and Environmentsl
Methane losses &om natural gas utilisation

Ett miljoan passst energisystem
Massa- och pappersindustrin
huktionsteknik och energibalanser
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1989:R23

1989:R24
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1989:R26

1989tR27

1990:Rl

l9X):Rll

1990:Rii

1990:R4

1990:R5

1990:R6

1990:R7

1990:R8

1990:R9

1990:R10

1990:Rll

1990:R12

Ett miljttanpassat energisystem
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