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Abstract

The report describes the work of the Wind Energy and Atmospheric Physics
Department at Risg National Laboratory during 1997. The research of the de-
partment aims to develop new opportunities in the exploitation of wind energy
and to map and alleviate atmospheric aspects of environmental problems. The
expertise of the department is utilised in commercial activities such as wind tur-
bine testing and certification, training programmes, courses and consultancy
services to industry, authorities and Danish and international organisations on
wind energy and atmospheric environmental impact.

A summary of the department’s activities in 1997 is presented, including lists of
publications, lectures, committees and staff members.
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1 Introduction

The primary objective of the department’s research activities is to meet the need
for knowledge and consultancy assistance on wind turbine technology and the
exploitation of wind power, as well as to map and alleviate atmospheric pollu-
tion. The research is carried out in collaboration with national and international
universities and research organisation. The department co-operates with the
wind turbine industry on wind power research and development, while the re-
search on atmospheric pollution takes place in co-operation with the National
Environmental Research Institute.

In 1997 the department employed a total of 58 academic staff, 23 technical and
administrative staff and 9 Post.docs. and PhDs. From the start of the year the
research has been organised in five research programmes

e  Atmospheric Transport and Exchange (Sgren Larsen)
e Wind Power Meteorology (Lars Landberg)

o Aecroelastic Design (Flemming Rasmussen)

e Wind Turbines (Peter Hjuler Jensen)

e Electric Design and Control (Peter Hjuler Jensen)

Furthermore the department performs the tasks

e Type-approval and Certification (Carsten Skamris)
e Test and Measurements (Troels Friis Petersen)
e Experimental Meteorology (Sgren Larsen)

The key areas of expertise in the department are boundary layer meteorology,
aerodynamics, aero-acoustics, and machine and construction technology ex-
ploiting full-scale field tests, laboratory tests and advanced numerical simula-
tion,

The annual report presents the programmes and other tasks in the department
including research highlights and other achievements of 1997. The reports also
present the co-operation and research dissemination as well as lists of publica-

tions, lectures, committees and staff members.

Additional information on the department and its activities can be found on
World-wide Web (WWW), address http://www.risoe.dk/amv/. The depart-
ment’s web-pages are constantly updated.

Risg-R-1018(EN)



2 Wind Energy and Atmospheric
Physics Department 1997

The Department of Wind Energy and Atmospheric Physics experienced satis-
factory progress also in 1997. The department’s activities were reorganised in a
new structure consisting of five research programmes and three special tasks -
all of them within the Risg programme area called wind energy and atmospheric
processes. The purpose of this programme area is to develop methods for de-
sign, testing and siting of wind turbines, determination of wind loads and wind
resources as well as methods for determination of atmospheric dispersion,
chemical transformation and effects of air pollution.

This work has been performed in a close co-operation with the Danish wind
turbine industry, the Danish Energy Agency, Ministry of Environment and En-
ergy, National Environmental Research Institute, Danish Meteorological Insti-
tute, Danish Technological Institute and Norske Veritas as well as a range of
Danish and foreign universities and research institutions. Mainly EU pro-
grammes under the Ministry of Environment and Energy have funded these ac-
tivities.

In 1997 we have strengthened our participation in the international research and
development co-operation as to wind power. In recent years our department has
played an important role within organisations such as IEC (International Elec-
trotechnical Commission, the international standardisation organisation),
CENELEC (the European standardisation organisation), EUREC-Agency (the
European co-operation organisation on renewable energy) and EWEA (the
European wind energy association).

On behalf of the Danish Energy Agency, Risg has been a representative to the
international energy agency (IEA) in the framework of the co-operation agree-

ment on wind energy since the beginning of 1997. In this capacity we have been
assigned the leading role in formulating the strategy and action plan for the IEA
wind-energy activities during the next four-year period. This work is a con-
tinuation of a similar leading role in the work on strategies within EWEA and
EUREC-Agency.

Also our achievement within international consultancy on wind energy has in-
creased with tasks in India, Kazakhstan, Fiji Islands, Cook Islands, Tonga Is-
lands, Egypt, Cape Verde, Russia and the Czech Republic.

A substantial part of our activities concerns projects under the Wind- Turbine
Programme. The objective of this programme is to develop new understanding
and methods for a) load and safety of wind turbines; b) experimental verifica-
tion and c) analysis of new applications in grid-connected or in hybrid systems.
The programme is responsible also for the test-station activities carried out for
the Danish Energy Agency. In addition to this the department has two commer-
cially based tasks paid by the wind-turbine industry, viz wind-turbine testing
and approval of wind turbines. A great effort has been made within these fields
to enhance the value of the work done for the internationally oriented wind-
turbine industry.
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Our accreditation work has been extended within the field of wind-turbine test-
ing. We have been extensively involved in establishing a European network of
test stations, MEASNET, to automatically ensure European recognition of test-
ing results. Accreditation is one of the preconditions. The work to establish a
new test facility for large wind turbines in Western Jutland is continuing. An
important milestone is conclusion of the building activities and capacity exten-
sion of the blade-testing centre at Sparker.

The approval activities have been increased in 1997, and among other things the
positive development of this task has resulted in accreditation of DANAK as
well as implementation of several German “Gutachten”.

In 1997 the work on application of meteorology for wind-energy purposes was
assembled in the research programme Wind Power Meteorology. This pro-
gramme aims at contributing with new knowledge of wind climatology, atmos-
pheric flow and turbulence as a basis for development and application of meth-
ods and models to determine wind resources and wind loads. A co-operation
with EPRJ, the research institute of the American utilities, was launched in
1997. The co-operation concerns implementation of models for short-term pre-
diction of wind farm production. This work is performed in an EU-JOULE
project conducted by Risg. The models applied are state-of-the-art and very ex-
act, a result of which is the American interest in the project. Risg has applied
these models since 1989 and is in the lead world-wide. The Danish utilities
(ELKRAFT and ELSAM), Danish Meteorological Institute and wind farms in
Great Britain and Greece also contribute to the project. As illustrated in the fig-
ure, the model has great success in its gale prediction, both with respect to size
and extent but also with respect to arrival at a certain place.

The Risg programme WAS P recognised as world standard for estimation of
wind resources has now been sold in a number of more than 400 copies. The
largest user groups are wind-turbine manufacturers, utilities, private consultants
as well as universities in more than 60 countries. The programme has been de-
veloped in a close co-operation with the Danish wind-turbine industry and the
international research world and is still in progress. A WASP for Windows ver-

sion will probably be available in 1998.

The research programme Aero-elastic Design aims at developing new knowl-
edge of design wind conditions, properties of aerodynamics and structural dy-
namics, analysis models, design load basis as well as optimisation of wind tur-
bines. In 1997 two essential results were obtained as to blade design, viz deter-
mination of the aerodynamic (static and dynamic) properties of a profile and
determination of stability under stall.

In recent years advanced measuring and calculation methods have been devel-
oped at Risg to ensure prompt documentation of new blade profiles for con-
struction of wind-turbine blades. This work was made in a project supported by
the Danish Energy Agency. The measuring method has now been completed
and documented. In the near future it will be applied to test a series of new pro-
files that has been developed at Risg and optimised especially for wind turbines.
Recently measurements have been performed on the profiles FFA-W3-241,
FFA-W3-301 and NACA 63-430. The dynamic calculation model has been
verified in connection with EU projects. It has been compared with various
models from national as well as international parties. At Risg we now have at
our disposal two widely different approaches which supplement each other.
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In a research project partly funded by the Danish Energy Agency and EU
JOULE programme the design basis of stall regulated wind turbines has been
extended in order to obtain maximum stability under stall. When in operation
the aerodynamic forces of a wind-turbine blade in stall may have some compo-

nents acting as negative damping. As a result energy is added to the vibrating
blade which becomes potentially self-exciting or unstable. The vibration will be
limited only in case the structural damping removes more energy than supplied
by the aerodynamic forces. A larger stability value is obtained by increasing
both the structural and aerodynamic damping in a positive way. In our research
work the most important parameters influencing the damping conditions have
been identified and implemented in an aero-elastic programme, Hawc. These
parameters are

* static and dynamic properties of aerodynamic profiles
e structural properties of a blade
e structural and dynamic properties of the nacelle and tower.

In 1997 also the programme Electric Design and Control was established. The
main areas of the programme are electric components for wind turbines, wind-
turbine regulation, grid connection and system integration of wind turbines. A
large activity of the programme has been a co-operation between Vestas, ABB
and Risg with support from the Danish Energy Agency to develop a combined
speed and pitch-regulated wind turbine. Risg’s role has been to establish model
basis for system design and analysis in preparation for optimising regulators
with respect to load as well as output. In addition to this an experimental set-up
with a 225-kW wind turbine and 400-kVa frequency converter has been erected.

Risg has established a measuring system in order to investigate the concept.
Simulation with the models developed has shown that a very good power regu-
lation quality is obtainable. The first measurements on the site have confirmed a
considerable improvement of the regulation quality. The measurements also
show that improvement of the production is difficult to obtain without use of
on-line optimisation.

EU JOULE has supported work within the programme on grid connection of
wind turbines to weak grids. Production control from a wind farm has been es-
tablished to ensure a voltage at the connection point within the limits ordered.
Also a concept for wind-energy storage has been developed in order to smooth
out and at the same time keep the output power from the total system (wind tur-
bines and storage) within the voltage limits. The two concepts can contribute to
an expansion of the areas with profitable wind-turbine activities since the de-
mands on the electric grid will be reduced which again will reduce the costs of
grid reinforcement.

The work on atmospheric processes takes place within a programme called At-
mospheric Transport and Exchange. The objective of the programme is to
contribute with new knowledge of atmospheric transport and transformation of
airborne compounds and their exchange with man-made and natural terrestrial
and aquatic ecosystems. In 1997 the work has been concentrated mainly on at-
mospheric dispersion, exchange between the atmosphere and surfaces and at-
mospheric studies. Among the results are the following. As concerns atmos-
pheric dispersion, RODOS-2000 aims at developing an IT based decision tool
for the European countries by the end of the year 2000. This is one of the de-
mands for results to the programme in Risg’s contract with the ministry. In
1997 the local-scale model system was ready. The system contains and controls
all of the atmosphere programmes that are relevant in case of a nuclear accident
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within a distance of 40 kilometres from a nuclear power plant and it includes
chains of dispersion meteorological and irradiation dose models. The Danish
Emergency Management has a similar system called ARGOS-NT that is used in
Denmark, the Baltic States and Poland. In 1997 Risg has worked with both
systems. To a certain extent they apply the same programmes, and both systems
are operational.

In a co-operation with Danish Environmental Research Institute and some inter-
national partners and supported by EU, NMR (Nordic Council of Ministers) and
SNF (the National Scientific Research Council) a major issue of some projects
has been air/sea exchange of CO, and other greenhouse gases. The projects aim
at a better knowledge of relevant processes and improved determination of the
input numerical parameters by means of numerical modelling and measuring
campaigns. A result of the research is a wide development with regard to meas-
uring technique. Deposition of N-compounds between air and sea is being in-
vestigated in a number of theoretical and experimental projects, especially fo-
cusing on the chemical and physical transformation of gases and particles in the
atmosphere and the importance of their exchange with the sea surface.

In 1997 boundary-layer measurements were performed on Mars by NASA Path-
finder mission. Risg is one of the participants in the scientific group involved in
interpreting the data obtained. This activity has been supported by SNF (the
National Scientific Research Council).

3 Selected Activities

3.1 Computational aero-acoustics

CAA at Risg in 1997

The process of aerodynamic sound generation on wind turbine blades is not yet
fully understood. Our ongoing research aims at revealing the fundamental
mechanisms involved and at finding means to control the sound generation.

Capturing all physical processes involved with the aerodynamic sound genera-
tion and propagation requires use of a method capable of predicting these phe-
nomena from first principles. This is the topic of computational aeroacoustics
(CAA), a fairly new discipline that emerged in the eighties.

The origin of CAA is computational fluid dynamics (CFD) that has matured
during the past 20 years caused by advances in computer technology and nu-
merical algorithms. Now the industry routinely uses CFD for design and re-
search purposes.

During the past few years it has been our objective to explore the possibilities of
using a recently developed CAA technique to predict the noise generated by low
speed flows. The technique is an acoustic/viscous splitting technique, where the
aero-acoustic computation is based on a solution of the time dependent incom-
pressible flow equations. Thus the technique is only valid for low Mach number
flows (<0.3) where the assumption of incompressibility is a good approxima-
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tion. The acoustic field is the solution to a set of time dependent, inviscid, com-
pressible equations governing the perturbations about the incompressible flow
field. A separate solution of the flow field and acoustic field respectively offers
the following benefits 1) numerical errors from the flow field solution do not
influence the small-scale acoustic field and 2) it is possible to use different, op-

timised numerical schemes for each of the two fields.

In 1997 we have published a number of papers on CAA [1, 2, 3, 4]. In [2] we
report the latest results using the acoustic/viscous splitting. The results concern
the two-dimensional flow over a NACA0012 profile, where the angle of attack
was 180. The Reynolds number based on free stream flow velocity was 1x106
and the Mach number was 0.2.

The acoustic solution shows some qualitatively promising features. Figure 1
illustrates contours of the instantaneous acoustic pressure next to a close-up of
the corresponding incompressible pressure field with streamlines illustrating the
flow direction. Waves form in the vicinity of the airfoil and propagate in the
normal direction away from the airfoil and out of the computational domain
without any noticeable reflections at the outer boundary. The wavelength is just
over eight airfoil chord lengths which corresponds well to the fundamental fre-
quency and sound speed. Furthermore the wavelength is longer downstream the
airfoil and shorter upstream the airfoil because of the Doppler effect.

il

10

20 B 0 10 20

Figure 1. Instantaneous contours of flow field pressure (with streamlines over-
laid) and sound field pressure.

Note that figure 1 shows the characteristics difference between a flow field and
a sound field. The flow field is locally disturbed only by the presence of the air-
foil whereas the sound field extends far away from the airfoil.

The root-mean-square pressure contours are shown in figure 2 illustrating the
directivity of the sound propagation. The levels are higher in the direction nor-
mal to the airfoil above the airfoil, whereas below the airfoil the levels are
higher in the direction approximately normal to the flow direction. A non-
dimensional, root-mean-square acoustic pressure of 2x10-5, typically found
about 15 chord lengths away from the airfoil, corresponds to a sound pressure
level of 103dB (re 2x10-5 Pa) in atmospheric conditions.

Risg-R-1018(EN)



The acoustic pressure amplitude falls off as (1/r)-1/2 where r is the radial dis-
tance from the airfoil in accordance with two-dimensional sound propagation
theory.
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Figure 2. Directivity pattern. Contours of root-mean-square of acoustic pres-
sure.

As of now it is only possible to verify qualitatively the results for real fluid
flows, since they are not stable for long-term integration. So a comparison of, eg
the computed pressure level to that of measured pressure is not yet possible.

3.2 Micro-meteorology on Mars by Pathfinder

The NASA probe Pathfinder successfully landed in Ares Vallis close to the
Mars equator on 4" of July 1997. It was the first in a row of "low-cost quick
discovery " missions to Mars, developed by NASA. Pathfinder was designed
primarily to demonstrate the landing concept and with a continuing function for
about one month, while the rover "Sojourner" was expected to function for one
month only. In spite of this the mission operated for about three months after
the landing. It controlled the rover tracing a trail of about 100 metres across the
nearby terrain, and data were transmitted from a series of scientific and techno-
logical measuring programs. A total of 2.3 gigabits data were transmitted, in-
cluding 16500 images from the lander and 500 from the rover, 16 chemical
analyses, and roughly 8.5 million meteorological data. Many will remember that
also the mission was something of a publicity stunt with 566 million Internet
hits registered during the first month after the landing.

The data gathering was controlled at Jet Propulsion Laboratory in Pasadena,
where a number of scientific groups were engaged in interpreting the incoming
data and in a continuous adaptation of the data gathering strategy to the situa-
tion at the lander site as described by the incoming data. Selected by NASA
and based on application these scientific groups have since then been the core
groups in the ongoing data analysis. The department is part of the ASI/Met
group (Atmospheric Structure Investigation/Meteorology), being responsible for
the studies of the Martian atmosphere, based on the ground based measurements
of pressure, temperature and velocity as well as on pressure, temperature and
deceleration during descent. Most of the participating groups were American of
course. The selection procedure by NASA of the few non-American groups was
similar to that of the American groups except that the non-American groups had
to arrange their own funding. Thus the Danish Research Council funded the
Danish group. The scientific objective of our project is to evaluate the atmos-
pheric scaling laws applied to Earth atmosphere for the Martian atmosphere. In
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principle these scaling laws shall apply to a wide range of planetary atmos-
pheres, but so far the Mars data from the Viking landers have been our first
chance to obtain atmospheric data from another planet. In some aspect the Vi-
king data were less well suited for this purpose. The Pathfinder instrumentation
was building partly on the experience with the Viking data and therefore better

suited for our purpose.

Atmospheric measurements by Pathfinder
The upper air structure of the atmosphere was evaluated from the deceleration
of the lander as it approached the surface. It yielded a density profile as shown
in figure 3, illustrating also profiles similar to those derived from the entry of

the Viking 1 lander in 1973.
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Figure 3. Atmospheric density profile for Mars as measured during descent by

Pathfinder and Viking 1 in 1972.
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After the landing the three petals around the lander opened to a horizontal level
on the top of air bags protecting the lander as it hit the surface. The meteoro-
logical mast was released from its travel position to its full height of about 140

cm above the Martian surface, of which about 40-cm was constituted by the

petal level above the surface. The meteorology mast is seen in its operating po-
sition on the cover page, as seen from the camera on the lander.

The meteorology mast was equipped with thermocouples measuring tempera-
ture in three heights and with six constantly current hot-wires placed in a cylin-
drical configuration at the top to provide wind speed and direction. The sensor
response time was about one second, for which reason we could obtain not only
mean values but also turbulence measurements. The sampling rate varied during
the mission such that relatively slow measurements, tracking the daily varia-
tions, at times were replaced by measurements with a sampling rate of about
one-second to study the turbulence structure. Metal wind sockets at three levels
supported the wind measurements also. The lander camera photographed the
deflection of these "sockets"”, indicating the wind speed and direction.

The measurements showed characteristic daily variations of temperature and
pressure similar to the measurements obtained from the Viking missions. Pres-
sure variation showed strong halfway variations reflecting tide effects. Pressure
minimum was recorded 20 days after landing, corresponding to the maximum
extent of the south polar CO,-ice cover. Weather systems moved across the
lander during the whole measuring period and could be interpreted as being
dominated by baroclinic waves. The temperature variability was dominated by
daily variations with a maximum of about 263 K around 1400 and a minimum
around 197 K just before sunrise. The turbulence temperature fluctuations
reached about 20 K in the daytime. The vertical temperature gradient also
reached such values across the height of the meteorology mast. Wind speed and
wind direction showed characteristic daily variations, with the wind blowing up
the dominating terrain slope during the day and downwards by night, driven by
the diurnal heating and cooling.

During the measurement period we were able to detect from pressure, wind and
temperature signals the signature of several small dust devils passing the lander.
Unfortunately we have presently not been able to find a camera picture corre-
sponding to these events

One of our objectives was to study the relation between the turbulence structure
and the mean vertical gradients. An example is shown in figure 2, illustrating
our tests of the logarithmic variation of temperature with height.

All of the above supporting data have confirmed and extended the information
provided by the Viking measurements and have been in accordance with our
expectations for planetary atmospheres. However, so far we have as well ob-
tained surprising data about the turbulence temperature fluctuations close to the
ground, below 1 metre, where the fluctuation intensity for night time stable
conditions is much reduced relative to the level expected to the normal formu-
lations for the atmospheric surface layers. Since Viking measurements were
performed at only one level, 1.6 metres, and the Viking temperature fluctuation
measurements for many reasons were badly suited to study temperature fluctua-
tions at night, this information is new and has no theoretical explanation so far.
However the result has been confirmed by one of our meteorological experi-
ments on the Earth.

Risg-R-1018(EN)

13



14

0.0

!
. . L]
: Y4IRT
05 : //
-1.0 v
(T(2)-Co) * x /
B /
-1.5 4 5
20 //
25
0.10 2 3 4 b 6 7 8 9100

Z [m]

Figure 4. Normalised vertical variation of the average temperature, T, with
height, z, for a large number of Pathfinder records. The line corresponds to a
logarithmic behaviour.

Future work

As opposed to the temperature and pressure measurements, the velocity meas-
urements have so far not been well understood because of calibration problems
that have so far limited us to approximate estimates of the direction and qualita-
tive estimates of the wind speed. An effort at the Jet Propulsion Laboratory is
now on the way with a detailed calibration of a sister instrument to the sensor
sent to Mars. Since velocity speed is a key quantity to characterise the boundary
layer flow, all participants are awaiting the result of this calibration. When the
result is available, one of our objectives is to correct for the flow distortion
around the lander. For this purpose our plan is to apply the programs developed
by our department to describe flows around bodies in boundary layers, one of
which is included in the WASP program for wind resource estimation and an-
other is the CFD-program to describe flow around wind turbine blades.

3.3 Sparker Blade Test Centre

In 1983 dedicated testing of wind turbine blades began at the Test Station for
Wind Turbines when a round test hall was built for this purpose. The maximum
blade length for this facility was 12 metres. As a result of an increased blade
size in the following years, the need for a test facility with capacity for larger
blades became evident.

In 1984 a private test facility with a test rig having four mounting faces for fa-
tigue testing of up to 20 metre long blades was built at Sparkzr near Viborg. In
1986 this test centre was completed with the erection of a test hall for static
tests, a material laboratory, a machine shop, a fibre glass shop and office build-
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ings. In 1990 the RIS@ blade test activity was moved from Roskilde to Sparker,
and staff was employed.

Risg tested the first 24-m blade commercially available in 1994 at Lunderskov,
using Risg testing equipment. The testing was remote and controlled from the
Sparkar Centre via a modem.

To meet the demand for testing of megawatt class blades a new test rig for si-
multaneous testing of three blades of up to a length of 45 m was planned. The
new test rig was erected in 1995 when the first commercial 30-m blade
emerged. For this purpose 800 tons of reinforced concrete was used. A total of
more than 2500 tons of reinforced concrete is now in place for the testing sys-
tems.

Finally in 1996 Risp purchased the Sparker Centre and a new 1250 square me-
tre super insulated test hall heated by natural gas was erected. The new test hall
represents a unique possibility for high-quality blade testing. The test facilities
now at hand are described in the 1996 annual report. In 1997 considerable re-
sources have been put into the development and implementation of the new
testing facilities.

iEaeandeoed

Figure 5. Blade testing in the new test hall at Sparker.

Accredited blade testing

By the end of the year 1997 all of the commercial test work, including static,
dynamic and fatigue blade tests, has been accredited by the Danish accrediting
body DANAK. All measuring procedures have been scrutinised and measuring
uncertainties have been described in all parts of the testing and measuring
chains.

Point loading

The static blade testing has been enhanced by introduction of four points with
simultaneous loading along the blade length. This new procedure leads to a
more realistic moment and shear-stress distribution along the blade and makes it

Risg-R-1018(EN)
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possible to perform a two-axis static blade test in one working day even for
megawatt blades.

Implementation of a new fatigue test system
Since 1984 full-scale fatigue testing of blades in Denmark has been based on
excitation in the blade eigenfrequency. To simulate mean wind load one or

more mass preloads are attached to the blade. The energy to maintain the oscil-
lation is put into the blade by means of a gear motor equipped with an eccentric
mass. The system is simple, very reliable and has low energy consumption. The
primary drawback of this method is however that the mass pre-load applied
brings down the eigenfrequency of the system, which again extends the test pe-
riod.

It is essential for the blade manufacturer to obtain the information of the blade
fatigue properties as early as possible. Therefore a new system has been devel-
oped in which an adjustable eccentric system is mounted on the floor. The pre-
load is obtained by applying an initial force to the rod between the blade and the
eccentric. The blade is excited in the eigenfrequency of the unloaded blade. To
maintain a steady oscillation a flywheel is applied to the system. The new sys-
tem has been used to test a small blade. Results are promising and the test pe-
riod was reduced by more than 50%. A 20-m blade will be the next to benefit
from the new test system.

Low-cycle fatigue test

Three 20-m turbine blades have been fatigue tested at a very high load level.
Total blade failure was foreseen and experienced within a few hours.

These tests have given the clients valuable knowledge of fatigue damage and
fracture forms at extremely high load levels. The test series were performed as
part of the work to dissolve the problems of edgewise oscillations of blades on

some operating turbine, experienced in the field.

Thermal imaging

For low-cycle fatigue and standard fatigue tests the use of thermal imaging has
now been developed and adopted as a standard procedure in all fatigue tests.
The technique is used to spot possible blade problem areas. This is a great help
to blade designers. Thermal hot spots show energy dissipation deriving from
internal friction in the blade matrix. This happens in areas with structural
damping. Structural damping of an oscillation converts the mechanical energy
of the oscillation into heat energy in the composite material. Thus the thermal
hot spots tell about “structural damping at work” or of severe fatigue damage
areas.

Provided with a stable and controlled laboratory environment and three new test
rigs for megawatt turbine blades, the new test hall is a unique basis for future
enhancements of our blade testing.

3.4 International standardisation

Risg has made a large effort for several years now with respect to international
standardisation of wind turbines. The objects of this work as been:

I. to ensure wind-turbine quality by means of accepted common technical re-
quirements;

Risg-R-1018(EN)



2. to disseminate research results in a distinct and applicable form;

3. to provide a joint unambiguous technical basis for the wind-turbine trade
and last not least

4. to continuously develop the technical basis for a Danish certification proce-
dure for wind turbines.

Based on an research grant from the national energy research programme the
first step in the Danish standardisation work was made in 1992 within load and
safety of wind-turbine structures. This work led to the DS-472 Standard which
was published in its final form in May 1992. Since 1988 the standardisation
work at Risg has been oriented towards the international society. It has taken
place in technical committees and working groups in the framework of IEC,
CENELEC as well as the Danish National Committee of Danish Standard, S-
588. In recent years the work has been supported in a contract with the Danish
Energy Agency on the operation of the Test Station for Wind Turbines.

Standardisation levels and procedures

The work on wind-turbine standards takes place on three levels: on international
level through IEC in co-operation with ISO; on European level through
CENELEC and on national level through Danish Standard.

Allocation of the work and the co-operation between the three levels is laid
down in various agreements and procedures the purpose of which is to make the
work on the highest level possible and to avoid double work.

CENELEC will initiate new tasks only in fields with no international results or
if especially requested by the EU.

With reference to the Villamoura procedure a national committee can initiate
new work only in case the other European countries see no need for European
standardisation work.

New standardisation work in IEC on the other hand is subject to paraliel voting
in CENELEC prior to possible issue as a European standard. EU harmonisation
means that national standards are to be replaced by European standards when
available.

Therefore the attention and effort should be directed to the global level. New
standards are therefore international compromises and necessarily do not reflect
Danish views and experiences in all details. However new topics for standardi-
sation have been proposed by the national committees, and Danish influence on
the technical preparation is primarily a result of the effort made.
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Globalt

Europa BTTF83

Danmark S-588

IEC (International Electrotechnical Committee)

In 1987 the IEC Committee of Action decided to appoint Technical Committee
no 88 “Safety of Wind Turbine Generator Systems” responsible for the prepa-
ration of standards in this field. TC88 had its first meeting in Dubrovnik in
1988, and C.J. Christensen, Denmark was elected chairman and a member from
The Netherlands was elected secretary. Today the secretary is A.C. Van Gies-
sen, FME, The Netherlands.

In 1991 the title of TC88 was replaced by Wind Turbine Systems and the ob-
jective of TC88 was replaced by “To prepare in co-operation with ISO stan-
dards for wind turbine generator systems. These standards will deal with safety,
measurement techniques and test procedures.”

Active member states in TC88 are the People’s Republic of China, the Czech
Republic, Denmark, Germany, Italy, Japan, The Netherlands, South Africa,
Sweden, USA and UK.

The procedure and duration of the preparatory work in IEC on a new standard
are in brief: recommendation from one or more member states or TC88 to start a
working group (WG) with scope and time table for the work is put to the vote
among the member states. The member states nominate participants for the
working group, and their first meeting is held within a period of say six months
after introduction of the recommendation.

As a rule the working group has at its disposal a period of two years to make a
committee draft (CD). The draft is sent to the national committees by the TC88
secretariat for review and comments within a period of three months. The com-
ments are put together by the TC88 secretariat and sent to the national commit-
tees or form part of the documents presented at the TC88 meeting to discuss the
CD in question. This stage will last for about six months.

After this period the recommendation is sent to the vote as a CDV (Committee
Draft for Voting). The time limit is at least three months, and technical com-
ments can be sent to the working groups.

Upon approval the chairman of the TC88 will complete the recommendation
and send it to the final vote as a DIS (Draft International Standard). Here the so-
called six-month rule is applied. The work on a new recommendation is a long-
term project that can be illustrated as follows.

Recommendation > (30 months) > CD > (9 months) > CDV (6 months)
> DIS > (9 months) > Standard
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Since 1988 IEC TC88 has set up 11 working groups, cf the table below. It has
recently been suggested by the Danish National Committee to prepare an inter-
national standard on lightning protection of wind turbines. Background material
already exists in the form of Danish ongoing work as well as JEA work. At the
next TC88 meeting in March 1998 a decision will be made on the subject.
Denmark is willing to present a convenor as well as a technical expert from El-

sam Project and DEFU respectively.

W | Task Con | Status Standard
G
International Electrotechnical Vocabu- CDV 1995-11
lary — Chapter 415: Wind turbine sys-
tems
I Wind Turbine Generator Systems — | IT 1. ed. 1994-12 IEC 1400-1
Safety Philosophy ENV 61400-1
2 Wind Turbine Generator Systems — | DK | 1.ed. 1994-12 IEC 1400-1
Enginecring integrity ENV 61400-1
3 Wind Turbine Generator Systems — | US 1. ed. 1994-12 IEC 1400-1
Installation, maintenance and operation ENV 61400-1
4 | Wind Turbine Generator Systems - | EN 1 ed. 1996-04 1EC 1400-2
Safety of small wind turbines EN 61400-2
5 Wind Turbine Generator Systems - | US CDV 1995-01 IS mid 1998
Acoustic Noise Measurement tech-
niques
6 Wind Turbine Generator Systems - § DK | CDV DIS ult.1997
Power performance measurement tech-
niques
8 Wind Turbine Generator Systems - | NE | CD 1997-10 IS ult. 1998
Testing Methods for rotor blades
(Guideline)
9 Wind Turbine Generator Systems - | DK | CD 1998-02 DIS mid 2000
Certification procedures of wind tur-
bines
10 | Power Quality Requirements for Grid { DK | CD 1998-02 IS mid 2000
Connected Wind Turbines
11 | Mechanical Load Measurements NE CD 1998-02 IS mid 2000

It will appear from the above that IEA-C has already prepared two wind-turbine
standards. The IEC 1400-1 standard addresses the size of wind turbines manu-
factured in Denmark, and it was not approved as a proper European standard,
and thereby nor as a Danish standard.

In a European context the first edition of IEC 1400-1 is a preliminary standard
(ENV). This is owing to various reservations including one by the Danish part.
Instead a revision was started by WG?7 at the time of the voting.

CENELEC

The European Commission has entrusted CENELEC and its sister organisation
CEN with the task to prepare harmonisation standards in relation to the various
directives. In 1995 CENELEC (the European standardisation institution for
electricity and European counterpart to IEC) was authorised by the European
Commission to prepare wind-turbine standards to cover the demands of the ac-
tual directives and particular European needs if any. For this task CENELECX
has appointed BTTF 83-2 (Technical Board Task Force 83-2 with C.J. Christen-
sen from Denmark as chairman and with D. Bakker, the Netherlands as secre-
tary.
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BTTF 83-2 has set up five working groups. At present WGS5 is awaiting a deci-
sion on further work in the framework of IEC before starting a major activity.
The five working groups are:

WGI - Engineering Integrity (Chairman: P. Simpson, UK)
WG?2 - Electrotechnical Issues (Chairman: P. Gardner, UK)
WGS3 - Labour Safety (Chairman: Ramakers, NL)

WG4 - Acoustic Noise Measurements (Chairman: Klug, DE)
WGS5 - Power Performance of WTGS in complex terrain.

A starting point is that BTTF 83-2 will not work in fields attended by TC88 in
IEC except in case of particular European needs or demands. It is the intention
in the first place to incorporate the European demands and viewpoints in the
IEC standards. The first three working groups have made a proposal to incorpo-
rate the European demands of a directive in the IEA 1400-1 “Safety of Wind
Turbine Systems”. Most of these demands were accepted at the latest TC88
meeting in October 1996 in Japan. Danish participants are J. Lemming, P.
Hjuler Jensen and P. Hauge Madsen, as occasion requires.

Danish Standard

In Danish Standard the Danish National Committee is called S-588. Chairman
is Peter Hauge Madsen. Most parties in the wind-turbine field are represented
though Risg members dominate the committee. The tasks of the committee are
to make proposals for the Danish vote, prepare Danish comments, suggest par-
ticipants to TC88 and BTTF 83-2 meetings as well as to working groups. The
committee follows the current work in the working group and arranges seminars
and discussions with industry when needed. The committee has not dealt with
independent Danish standards though wind-turbine standard DS 472 now needs
a re-evaluation or perhaps a readjustment after the first five-year period. DS 472
is based on the construction standards and after readjustment of the latter, the
need for a re-evaluation of DS 472 is increasing. When IEC 1400-1 has come
out as a European standard, Denmark is to withdraw DS 472 within a period of
one year (max. five years). Additional requirements in Denmark must be based
on a special legislation. As a rule the committee is called together four times a
year.

4 Programme Results

In the following selected results from 1997 are briefly presented.

4.1 Atmospheric transport and exchange

“The objective of the programme is to contribute with new knowledge of atmos-

pheric transport and transformation of airborne compounds, their exchange with
man-made and natural terrestrial and aquatic ecosystems with regard to envi-

ronmental investigations, emergency tasks and environmental recommendations
on production processes.

The ATU activities can be divided into three broad categories: atrmospheric dis-

persion; exchange between the atmosphere and different ecosystems; basic at-
mospheric studies. Activities within these categories are summarised below.
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Atmospheric dispersion
The RODOS-2000 project aims to establish a comprehensive and operational

decision support system (DSS) for emergency management support in connec-

tion with nuclear (and industrial) accidental releases affecting the European
Community. The project, supported by the EU Radiation Protection Research
Program DGXII, involves institutes and laboratories from eight EU member
states in addition to 12 associated institutes within Central and Eastern Europe.
In 1997 VEA/ATU conceived the decision support system's local -scale atmos-
pheric model chain (LSMC). This module provides real-time atmospheric dis-
persion, deposition and dose estimates and forecasting in the vicinity of the
source location out to 40 km in all directions. The LSMC was designed to in-
corporate on-line real-time met-data from meteorological stations and from on-
line accessible high-resolution numerical weather forecast models. The new
module consists of pre-processing software integrated with local-scale flow and
turbulence models that provide wind and scaling parameters to calculate disper-
sion, deposition and gamma radiation dose rates on a Ix1 km grid by the Risp
RIMPUFF dispersion model.

A similar, although more narrowly focused, system denoted ARGOS-NT is ap-
plied by Danish Emergency Management Agency and used in the Baltic coun-
tries and Poland as well. Our department works with both systems that to some
extent apply the same atmospheric models. :

The department participated in the ACE-2 project financed by EC that was con-
cluded by the end of 1997. The objective of this project was to monitor and un-
derstand the air chemistry, especially with respect to aerosols, of European air
masses moving across the Atlantic. Part of the project has focused on monitor-
ing the cloud transformation processes as the air mass was forced above the
mountain ridge of Tenerife. The Risg group has been involved in understanding
and characterising the flow aspects, as the air moved across the ridge with ter-
rain grades of up to 3:2. From one year of project data it has been possible to
develop a description of the individual flow types across the ridge, their char-
acteristics and their frequency.

The coefficient determining the rate of relative diffusion for inertial range tur-
bulence is not very consistently determined in literature despite that the coeffi-
cient is integrated into many dispersion formulas used in air and water. The co-
efficient is now being carefully measured in a laboratory experiment conducted
in the department in co-operation with the department of System Analysis. The
Danish Research Council finances the project. The relative dispersion of fine
glass particles suspended in water and moved by isotropic grid turbulence is
measured to a few hundredth of millimetre accuracy, using a photographic tech-
nique.

The meteorology data from the Risg meteorology towers are now used to drive
an on-line dispersion model of continuous release from Risg, modelled by the
Risg puff model, enabling us to trace the dispersion of a release starting at an
arbitrary time. The resulting dispersion pattern can be found through the Web
site of the department.

The department was responsible for several workshops arranged to update and
clarify the state of atmospheric research related to dispersion: the 22
NATO/CCMS ITM Conference on Air Pollution Modelling and its Applications
was held in Clermont-Ferrand, France with 152 participants. A workshop was
organised at Risg within the framework of EUROSAP on the determination of
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the height of the atmospheric boundary layer. The workshop had 67 partici-
pants. Another workshop on the Stochastic Behaviour of Smoke Plumes, sup-
ported by the Danish Strategic Environmental Research Program was held at
Risg with 30 participants..

Exchange between the atmosphere and different ecosystems

Many of the activities within this category have taken place in a co-operation
between national and European parties, where especially EC has had a strong
presence.

The staff of the Atmospheric Exchange and Transport Program (ATU) partici-
pates in the EUROFLUX project funded by EU. The project aims to make long-
term measurements of the fluxes of water vapour, sensible heat and CO; be-
tween different (approximately 15) European forest types and the atmosphere.
By the end of 1997 we have been able to conduct these flux measurements suc-
cessfully for 15 months on a nearby site at Sorg, Zealand, where eddy correla-
tion was applied over a beech forest. The project is continuing.

A similar project (EC-BEMA) aims to map the bio-emissions from different
types of vegetation in the Mediterranean region. In 1997 the measurements took
place in Spain, focusing on the VOC emissions from an orange grove. During
these measurements the relaxed eddy accumulation method was applied suc-
cessfully for a number of species for which the concentration can presently not
be measured with sufficient high frequency resolution for eddy-correlation
measurements.

A third project (EC-GEFOS) on surface exchange deals with natural emissions
of N>O (laughing gas), CO, and CH, (methane) from farmed organic soils.
These gases are all greenhouse gases. Fluxes were measured by traditional
chamber techniques as well as micro-meteorological techniques (relaxed eddy
accumulation) in co-operation with IVL, Gothenburg, Sweden.

Most micro-meteorological formulas relating fluxes and mean profiles presup-
pose horizontal homogeneity. Therefore it is important to device methods to
relate this idealised basic assumption to the horizontal inhomogeneous condi-
tions prevailing in the real world, such that the micro-meteorological results can
be usefully applied here. Presently several methods are being applied and tested
within ATU projects.

In the NOPEX project, funded by the Nordic Council, area averaged fluxes of
sensible and latent heat are being measured at several locations in a mixed bo-
real landscape for comparison with different area flux integration schemes. One
of the practical schemes showing good success is based on reversion of the for-
mulas for growth of the planetary boundary layer as a function of the surface
heat flux. The boundary layer model used was validated as well using an exten-
sive data set from greater Vancouver. A different approach is being developed
within a number of European projects, EC and EUROTRAC, as well as within
the Danish DANMAC project. Here existing models for step change of the sur-
face roughness are being modified also for scalars. To obtain the detailed sur-
face information necessary for application of these models, the projects focus on
the use of remote sensing, especially satellite data, as being the only possible
source for the necessary amount of data.

Air-sea exchange is a key discipline within a number of environmental projects
aimed mostly at global change issues or at the eutrophication of regional seas.
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As the sea is the final depository of CO, and the source/sink of unknown
strength for many greenhouse gases, a number of EC projects have focused on

the air-sea exchange processes for these species. The work has taken place both

in the form of laboratory studies (Luminy) in the wind water tunnel in Mar-
seilles and as field measurements (ASGAMAGE) at the Dutch platform Meet-
post Nordweijk. However the ATU program is involved also in projects that
aim to map the exchanges for a whole oceanic region, OMEXI and OMEXII
that focus on the carbon balance for the European marginal seas. The measur-
ing part of these projects have mostly been a combination of flux estimation by
micro-meteorological and equilibrator partial pressure methods. The work has
focused on modelling the turbulence diffusion and the chemical transformation
in the water phase.

A problem of more regional nature than the above global ones is the eutrophi-
cation of regional seas, where the importance of the atmospheric pathway is
now well established. (30-50% of the annual load of nitrogen to regional seas
come through the air) A number of EC and NMR (Nordic Council of Minis-
ters) projects therefore aim both to refine the air-sea exchange models for a
number N-species (aerosols, NH3 and HNO;), and also to map the total deposi-
tion and seasonal occurrence for specific marine areas.

Basic atmospheric studies

Risg's mobile LIDAR system has been improved both with respect to sensitivity
and reliability. It can now be used for continuous monitoring of the aerosol back
scattering structure in the lowest few kilometres of the atmosphere. The height
and growth of the mixed layer can often be inferred from the measurements.
The system has been successfully validated using measurements from the 120-

meter meteorology tower at Risg. The system is aimed at future field experi-
ments and will be further improved and developed.

Risg participated in a boundary layer experiment at Sodankyld in Finnish Lap-
land to study the structure of the boundary layer in sub-polar winter climate. A
striking result was the influence on the boundary layer by heat flux originating
not from the land covered with snow but from the part of the trees without snow
cover.

ATU participates in the NASA Pathfinder mission to Mars, where our role has
been to interpret the meteorology data from the mission; preliminary results are
presented in a feature article in the present report.

The non-local influence on the humidity and temperature fluctuations in the at-
mospheric surface layer has been investigated based on experimental data. The
data used are from the marine atmospheric boundary layer in the middle of
Kattegat (the Ocean90-Anholt campaigns) and from the campaigns at the Vin-
deby offshore wind-turbine site during the ONR RASEX experiment. An em-
pirical model relating the g-T correlation to the intensity of the surface fluxes

and features of the boundary layer height has been developed.

When modelling atmospheric transport of reactive substances, an unresolved
problem has been to what extent the diffusion coefficient used for closure
should be modified because the transported material changed concentrations not
only owing to diffusion but also owing to chemical reactions. From studies
based on both theory and data on Radon220 reported in literature we have
found, somewhat surprisingly, that for first- order reactions, the so-called Dam-
kéhler correction was negligible. Similar results have been found for the
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diffusion of different species of the carbon budget in the oceanic surface
layers.

4.2 Wind power meteorology

The objective of the programme is to contribute with new knowledge of wind
climatology, atmospheric flow and turbulence as a basis for development and
application of methods and models to assess wind resources as well as wind
actions on wind turbines and buildings in all sorts of natural terrain.

Short-term prediction

1997 saw the first full year of on-line predictions of the power output from wind
farms. This was part of a project funded by the EU JOULE program. The on-
line predictions were made available to the utilities via the Internet as WWW-
pages. The on-line system made predictions for wind farms in Denmark (the
ELKRAFT and the ELSAM areas), UK, and Greece. Preliminary analysis

showed that the predictions were quite accurate in predicting storm events.

A parallel track in the project was the implementation of the prediction model in
the USA. In co-operation with EPRI the model was tailored to US conditions
first to a site in Texas, which was abandoned, and then to a site in Minnesota.

The last track in the project was the development of a model combining the
virtues of physical and statistical model. This work was initiated and a PhD-
student is now working on the model development.

The project has met a lot of interest nationally as well as internationally. In
1998 the project will be extended to a number of wind farms in Germany, this
project will almost certainly also receive funding from the European Commis-
sion.

Wind Atlas for the Kola Peninsula

As part of a feasibility study to introduce wind energy in the Kola Peninsula, a
wind atlas has been prepared. Kola is situated in Northwest Russia, close to the
Finnish border. The study has been performed as a co-operation project under
the EU Non-Nuclear “JOULE” energy programme with participation of Finnish,
Danish, German, Greek and Russian researchers. The wind atlas was based on
wind measurements from 12 meteorological stations over about 10 years, and
for each of the stations it contains the wind statistics as transformed to a number
of standardised terrain types. Good wind resources were found along the coast-
line, especially along the northern coast, and to a less extent also in the valley

region north and south of Murmansk. In contrast, the inland of the Peninsula has
low wind.

The project involved investigations of establishing wind turbines at smaller
communities - kolkhozes in the Murmansk area as well as at isolated settle-
ments on the south coast of the peninsula - and it also included visits to such
communities. Also the possibilities for establishment of large wind farms, di-
rectly connected to the electrical grid, have been investigated. Frustratingly,
settlements with the highest wind potential - close to the north coast - are still
restricted areas, which in practice prevents introduction of modern (western)
wind energy technology to these communities in the near future.
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The project was concluded by a presentation of its findings to the Russian re-
gional administration and to the public. This took place at a meeting in the in
the town hall of Murmansk in December 1997. As presented by the project
group, the prospects for use of wind energy in Kola were generally found to be
good, but mainly two problems of institutional nature had to be solved as also
recognised by the Russian administration. These problems regard the need of
communities to be financially credible in order to obtain western financing of
wind energy projects. This regards also the low Russian electricity tariffs, which
for the moment prevent the environmental benefits of wind energy to be appre-
ciated.

Hopefully the near-future outcome of the project will be the establishment of
one or more wind turbine demonstration projects at kolkhozes or settlements.
Especially for remote settlements this will mean a release from a strong depend-
ence on oil energy supply, and it will have perspectives for a much larger num-
ber of isolated communities in northern regions of Russia.

WASP - 10 years in the international market place

The Wind Atlas Analysis and Application Program (WASP) was introduced by
the department ten years ago, in the summer of 1987. This PC program package
is used to analyse wind data, model the influence of the terrain on the wind
flow. Tt is used also to generate wind atlas data from measured data, and to es-
timate the wind climate and wind resources of specific sites including the cal-
culation of the expected power production from a given wind turbine or wind
farm.

Today, the program is considered widely as the de-facto standard with respect
to wind resource estimation and as a tool for optimum siting of single wind tur-
bines and wind farms. Over the years, the program has been applied by more
than 400 institutions and companies in well over 60 countries around the world.
Engineering consultants, universities and research institutions are typical users,
but also meteorological services, utilities, wind turbine manufacturers and inter-
national organisations use the program.

A wind farm efficiency program has always been included in the WASP pack-
age. In addition, the department has also developed and marketed the WASP
Utility Programs and a 32-bit version of WASP; Windows versions of these
programs are now in the making. Furthermore a number of more general tools
for wind climate and turbulence estimation are being developed and tested; the
aim being to develop a more complete engineering tool that can be applied ina

wide range of construction tasks in the atmospheric boundary layer.

There has been a long-standing, unsettled discussion whether the wind climate
is essentially the same all over the country or whether it is true, as folklore has
it, that there is a higher frequency of strong storms in the western parts. This
question is of importance for extreme-wind assessment in the Danish Code (DS
410). Also, when estimating the future wind-energy production by particular
wind-turbine installation, data from weather stations elsewhere are often used
under the assumption that the wind speed statistics over a limited area like
Denmark is a function only of the height and terrain characteristics. This is the
same as stating that the external wind forcing, i.e. the geostrophic wind velocity,
is statistically the same all over the kingdom.

To test this hypothesis, a network of six barometer stations has been estab-
lished. There are four stations in Jutland: Ulborg (west), Kegnes (south), Grend
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(east) and Hjgrring (north), one station at Risg and one at Gedser, the southern-
most point of Denmark. With the pressure differences in any station triangle one
can calculate the magnitude and direction of the average geostrophic wind ve-
locity in that triangle. In principle it is possible to analyse a total of 24 different
triangles, albeit not all of them are equally useful for studying the geographical
variation of the geostrophic wind.

Furthermore it is possible by means of four barometer stations to follow low-
pressure trajectories. The necessary software has been developed and tested on a
limited set older data from barometers of limited quality. Good agreement was
obtained between surface-layer wind speeds derived from these pressure data
and simultaneous records from anemometers.

The new barometers are accurate within 0.05 HPA and specially designed pres-
sure ports secure minimal disturbance from interaction with the local wind.

The measurements will start in the beginning of 1998. It should be possible af-

ter one year to answer some questions about the climatology of the geostrophic
wind, in particular if it is not geographically uniform over Denmark.

Model for offshore roughness lengths

The offshore roughness length z, is considerably smaller than is found on land,
leading to increased wind speeds and decreased turbulence levels. In contrast to
the z, on land, which usually can be considered constant, the offshore z, varies
with varying wave field leading to dependencies on a number of factors:

e wind speed
* upstream distance to nearest land
e water depth.

Traditionally the offshore z, has been modelled in a simple way by using a
value representative for some average wind speed, ie in WASP a value of 0.2
mm is being used.

The conventional way of improving the model has been to use the so-called
Charnock relation resulting in a variation proportional to the wind speed raised
to a power of the order of two. This relation seems to work fine far away from
any coast lines, but moving closer to the coast it becomes necessary to adjust
the constant of proportionality to a higher value, which previously has been
done in a quite arbitrary manner since good models have not been available.

Growing water waves take energy out of the wind to feed their growth, effi-
ciently at first, then at a decreasing rate as the waves grow and get older, lead-
ing to high z, for "young’ waves and much lower z, *old’ waves.

In a co-operative project with Danish Hydraulic Institute we have used wave
data from the RASEX and other experiments together with a model that enabled
us to calculate z, from knowledge of the wave structure. This resulted in a
model for the variation of the Charnock constant as a function of wave age,
which in turn could be related to the upstream distance to a coast. The model
was successfully verified against measurements from coastal and offshore sites
providing a much better description of the data than a simple Charnock model.
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Calculations of offshore wind resources

Existing models for the estimation of offshore wind resources are based on the
models used on land with minor modifications because of known differences in
the variation of atmospheric stability offshore. They roughly replace the daily
cycle seen over land by a seasonal cycle mainly caused by the much higher heat
capacity of water compared with a land surface. There have been very few pos-
sibilities to calibrate these models against real data because of the scarcity of
offshore data. As a result of the large interest in Danish offshore wind farm in-
stallation, a number of sites in the ELKRAFT area have been subject to instru-
mentation. The initial data from these sites have been analysed together with
data from near-coastal and coastal stations.

Preliminary results show that when applying a coastal station to predict an off-
shore location using WASP, the results were generally good with slight overes-
timation of WASP in the intermediate near-coastal range 1-3 kilometres from
land. Making the predictions with use of a standard wind climate, giving good

results over land, the WASP method leads to consistently low results. They vary
with upstream fetch but average a deviation of about 10 % on a yearly energy
prediction when compared with on-site measurements. The reasons for this be-
haviour are still being investigated and will be further pursued as more data be-
come available.

4.3 Wind tprbines

The "Wind Turbine Programme" is used to develop knowledge and methods for
assessment of load and safety for wind turbines, experimental verification and
technical and economic analysis of the application and feasibility of wind tur-
bines for power systems as well as for hybrid power systems. The aim is to
contribute to a reliable basis for development and utilisation of wind-turbine
technology and to support the goals of energy policy in order to promote the
application of Danish wind power technology.

An increasing part of future wind turbines will be erected in wind farms owing
to the diverted reduction in grid costs, the limited number of sites with optimal
wind potential as well as environmental requirements. Therefore prediction of
the wind-induced loads in wind farms is of vital importance.

Measurements have revealed an increased loading of wind turbines in wind

farm configurations compared to stand alone turbines, other things being equal.

The increase in fatigue consumption in wind farms originates both from modi-
fied mean wind field and modified turbulence field.

Within the JOULE-project EWTS 1, a simple semi-empirical model has been
developed that model the wind field in the shade of an upstream turbine. The
procedure is verified for wind-turbine spacing larger than three rotor diameters,
and it takes advantage of the traditional parametrisation of the wind field. Con-
sequently it is directly applicable with existing aero-elastic codes for the
evaluation of loads on relevant components.

The procedure is accepted by the major certifying body, Germanischer Lloyd,
as part of the basis for certification of wind turbines.
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Power performance assessment

The project aims to improve existing methods to assess the production capabil-
ity of wind power plants. The decision to start the project was based on unac-
ceptably high uncertainties in present-day assessment methods, 5-10% in flat
terrain and 10-15% in hilly or mountainous terrain.

In the project both experimental and analytical methods are investigated. Con-
siderable amounts of data as well as computational tools are available. The
work so far has led to identification of the main components of experimental
performance assessment:

* site calibration: derivation of flow characteristics at the position of the wind
turbine from measurements in the close-by meteorological tower

¢ sensitivity analysis: determination of the wind-turbine sensitivity to differ-
ent flow parameters by means of multivariate regression analysis

* blockage/wake: the effect that the presence of the wind turbine/wind farm
influences the flow at the met tower position. This means that the reference
measurements are not made in the “free” flow.

Also alternative methods such as the application of nacelle anemometry are be-
ing considered. It is proposed that the basis for future warranty measures should
be a reference power curve: power output as a function of not only wind speed
but also other relevant parameters such as turbulence, air density shear etc. Thus
the result of the performance assessment of a wind power plant is abstracted to
be a set of reference power curves, P, for the individual wind turbines in the
plant. From this the average reference output of the plant can be calculated and
used as a warranty measure. Also the uncertainty shall be assessed in details.

Isolated systems

The project aims at identifying needs for and bottlenecks of application of wind
energy in isolated power supply systems and to propose methods to facilitate
future implementation schemes. The background is poor results so far in terms
of quantity as to use of wind power in isolated systems.

As a result a review of work done in the field has been conducted which shows
a definite want for the project. Measurements and data collection in Egypt have
been initiated. Results from this activity will be used to verify methods devel-
oped as part of the project.

Isolated power supply systems with wind power

Presently studies of isolated systems have been case-oriented, and because of
the strong individuality of systems with few components it has been difficult to
extend results from one project to another. Thus the objective of this project is
to develop more generally applicable assessment and design criteria for isolated
power supply systems. The expected result is a set of guidelines for design of
such systems.

The main project components are:
* review of relevant studies of isolated systems (in progress)

e analysis and specifications of user requirements to the system
* development of methods
e design tools
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e data collection and measurements in Egypt (also in progress) and verifica-
tion of models

s reporting.

Participants:

e Risg National Laboratory

e Darup Associates Ltd.

¢ New and Renewable Energy Agency (NREA), Egypt

4.4 Aero-elastic design

The objective of the programme is to develop new knowledge of design aerody-
namics and structural dynamics relevant for wind turbines and aimed at new
wind turbine concepts and calculation methods for analysis, load basis, design
and optimisation of wind turbines.

Airfoil design method

A method has been developed for design of airfoils to wind turbines. A numeri-
cal optimisation algorithm was combined with XFOIL, which is a commercial
state-of-the-art airfoil flow solver. The method allows optimisation of the airfoil
shape with respect to multiple objectives including aerodynamic and structural
properties. To include off-design, aerodynamic properties at different angles of

attack are taken into account.

An airfoil family was designed and tailored for use on a 600-kW wind turbine.
Special attention was given to insensitivity to leading edge roughness for the
airfoil maximum lift and to good aerodynamic performance at high relative
thickness. The project was carried out under contract with the Danish Energy
Agency.

Determination of airfoil characteristics

Minimum uncertainty on the aerodynamic characteristics of applied airfoils is
very important to the design of new wind turbine blades. The stationary as well
as dynamic properties should be well documented. Advanced measurement and
calculation methods complement each other. Calculations are fast and inexpen-
sive, but nut fully sufficient for industrial acceptance. Measurements on the
other hand have high industrial acceptance but are expensive and time consum-

ing.

The measurement method was recently used on the FFA-W3-241; FFA-W3-301
and NACA 63-430 airfoils that are used on the inboard part of Danish wind tur-
bine blades. In the near future new airfoils developed at Risg for application on
wind turbine blades will be tested. The Navier-Stokes calculation methods were
verified on the DU-91-W2-250, RIS@-1 and NACA 63-215 airfoils. The project
was carried out under contract with the Danish Energy Agency and with the
European Commission.

3D rotor computations

A series of rotor predictions using the EllipSys3D Navier-Stokes solver has
been performed in 1997. Till now these rotor predictions are the most advanced
rotor calculations performed in Denmark. In contrast to earlier investigations,
the full rotor trailing vortex sheets are included in the computations. The power
production computed is in good agreement with measurements with a maximum
deviation of 10% for wind speeds between 7 and 18 m/s. In addition detailed
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information is available on pressure distributions, separation lines etc. from
these computations.

Aero-elastic design

This design aims at maximising the stability margin during stall. The research
objective is to improve the design basis for stall-regulated wind turbines, spe-
cifically aiming at maximising the stability margin during stalled operation.
During stall a wind turbine blade might experience aerodynamic force compo-
nents, which act as negative damping forces and supply energy to a vibrating
blade, resulting in a potentially self-exciting or unstable structural system. Only
if structural damping removes more energy than supplied by the aerodynamic
force, the vibration will be limited.

This means that improvement of the stability conditions can be achieved both
by increasing the structural and the aerodynamic damping in respect of more
positive values.

The research has identified the main parameters, which influence the aerody-
namic damping. The aero-elastic code Hawc has been extended to include the
effect of these parameters. The most important parameters are

e static and unsteady airfoil data

e structural and dynamic properties of the blade, in particular the local direc-
tion of vibration is important

* structural and dynamic properties of the nacelle and the tower, in particular
the second yaw and tilt modes are important.

The importance of these parameters has been verified by comparing aero-elastic
calculations and measurements. The results show that aero-elastic calculations
can be effectively used as a guide for choice of design parameters, the net result
being an improved stability margin. The design procedure makes it possible to
avoid instability within the operational wind speed range.

The research has been funded in part by The Danish Ministry of Energy and the
EC JOULE programme. The Danish manufacturers Bonus Energy A/S, LM
Glasfiber A/S, NEG Micon A/S and the Technical University of Denmark have
participated in the research.

Double stall

Power measurements on stall-regulated wind turbines occasionally have shown
two distinct maximum power levels. The phenomenon, called double stall, is
undesirable for several reasons. The difference in maximum power and blade
loads, respectively, can be up to 25%. This causes uncertainty in the estimate of
the annual production and in the maximum loads. Furthermore it seems that
double stall can influence the sensitivity to stall induced vibrations.

Double stall has been investigated by analysing the flow around airfoil sections
in stall based on detailed flow computations (CFD) and measurements on full-
scale rotors and in wind tunnels. The computations reveal that the phenomenon
is associated with the existence of a laminar separation bubble at the leading
edge of the blade and controlled by the stability of the bubble. Measurements
and computations show that double stall can be avoided taking account of this
condition during airfoil design. The investigation was partly financed by the
Danish Energy Agency.

Risg-R-1018(EN)



4.5 Electric design and control

The objective of the programme is to obtain new knowledge and models to
analyse and develop new methods and principles for control, electric machines
and power electronics. To develop also new design models for the electric inte-

gration of wind turbines in centralised and decentralised power systems. This

work is done to prepare more efficient energy concepts and improved energy
output and capacity ratios.

Combined variable pitch and variable speed control of wind turbines

The typical Danish wind turbine has an induction generator directly connected
to the grid. This is a very simple and robust solution. It does however have
some drawbacks. The two main drawbacks are the rather stiff connection to the
grid and the second is the requirement of reactive power to be supplied by the
grid. One of effects of the stiff connection to the grid is that the power is not
controlled very well resulting in power fluctuations that can cause flicker and
requires a larger drive train. The reactive power consumption gives rise to in-
creased losses in the grid. One way to overcome these limitations is to combine
the standard induction generator with a frequency converter. A frequency con-
verter converts the fixed frequency of the grid to a variable frequency on the
generator. Also it makes it possible to connect the generator to the grid without
disturbances and to supply the generator with reactive power and supply only
active power to the grid. The advantages of having a variable frequency on the
generator include the possibility to operate the wind turbine at its maximum
aerodynamic efficiency. The variable frequency also improves the power con-
trol by allowing the rotor of the wind turbine to act as a short-term storage that
can absorb some of the power fluctuations as variations of the rotor speed. In
order to investigate this wind turbine concept a joint project between Vestas,
ABB and Risg was formed. The Danish Energy Agency supports the project. In
this project both theoretical and experimental investigations have been under-
taken eg through implementation of a test facility comprising a 225-kW wind

turbine and a 400-kVA-frequency converter. The preliminary results show that
indeed the power output is much smoother resulting in improved power quality
and lower load on the gearbox. The project will continue to investigate different
control strategies and their impact on power production and loads.

4.6 Test and measurements

The objective is to perform research based, internationally accredited testing of
wind turbines, blades and other components in relation to type approval, docu-
mentation and support of the industrial development.

Standards for measurements and testing (SMT), power quality task

The purpose of this activity is to support the ongoing standardisation in IEC and
Measnet on power quality for grid connection of wind turbines. Wind energy
plays an increasing role in the power supply in many parts of the world. As a
consequence, the influence of wind turbines on the power quality of the power
transmission and distribution systems also increases. On this background the co-
operation between wind turbine test stations, Measnet, has developed a draft
procedure to measure wind turbine power quality characteristics. In January
1996 IEC TC88 appointed a working group, WG10, to produce a working draft
of a standard “Power Quality Requirements for Grid Connected Wind Tur-

bines”.
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The SMT project aims to specify and test procedures for measurement of power
quality of wind turbines. The aim is also to specify and verify methods to nor-

malise measurements from the influence of specific meteorological and grid
conditions on a measurement site. Wind turbines are often connected to the
power supply system as large wind farms. Therefore a specific task is also to
specify methods to scale power quality characteristics of single wind turbines to
wind farm power quality characteristics.

Four European test institutes participate in the project. Besides Risg, also DEWI
(Germany), NEL (UK) and CRES (Greece) participate. To verify the existing
test procedures, these four institutes have performed simultaneous measure-
ments on a 600-kW Bonus wind turbine in complex terrain at wind farm
Haghaw Hill in Scotland, and the results have been compared. Generally this
activity showed good agreement between the results of the test institutions.

To specify the influence of the terrain on the power quality, measurements on a
similar 600 kW Bonus are done in flat terrain at Gudum in Denmark. These
measurements are now running, but comparison with the measurements in com-
plex terrain has not been done so far.

The project also includes analysis of measurements on 500-kW Enercon vari-
able speed wind turbines. Measurements on a strong grid Germany are now be-
ing compared to measurements on a much weaker grid on Gotland. It has been
shown that existing voltage harmonics will cause the wind turbine to produce
current harmonics of the same orders.

The project has provided specifications and tests of measurement procedures for
IEC TC88 WG10, especially for flicker measurements and assessment.

4.7 Type approval and certification

The objective is to perform internationally accredited type approval of wind
turbines and project certification of international wind-turbine projects based on
research. The tasks are performed in commercial terms. Type approvals are car-
ried out in an international co-operation with the classification society Norske
Veritas.

In 1979 Risg was authorised by the Danish Energy Agency to approve wind
turbines. Today the area of type approval is deregulated, and we offer type ap-
provals and certification as a commercial service to the international wind-
turbine industry. According to EN45011 Risg is accredited by DANAK, and our
type approval and certification activities are organised in a separate organisa-
tional entity as prescribed by the accreditation authorities. For several years now
we have had a co-operation with Det Norske Veritas (DNV) on type approval
and certification on an international level.

Among our services is the "one-stop-stopping” type approval procedure where
type approvals for several markets are issued in one process. This enables DNV
and Risg to issue type approval certificates according to national rules in The
Netherlands and Denmark and a “Gutachten" according to national rules in
Germany. Recently we have been able also to offer certification of towers and
concrete foundations in Germany. To be mentioned also is that among others

the authorities in Greece, Norway, Sweden and India accept type approvals is-
sued by DNV and Risg.
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In order to carry out the type approval activities required Risg and DNV are
qualified within the following areas.

e meteorology

o aerodynamics

e aeroelasticity

e probabilistic design

e material technology

¢ machinery

structural design

testing and measuring methods
inspection methods

quality systems

Type approval is recommended for wind turbines in serial production. Type
approval is a verification of the wind-turbine design according to an approval
scheme. This scheme may be extended to cover specific national requirements.
Certification is applicable for individual wind turbines as well as for complete
wind-turbine projects and their operation. A project certification may include
verification activities during all stages of the project. A certificate issued for a
complete project which has been found to comply with the agreed requirements.
The certificate may be maintained during operation through periodic surveys
and audits.

ISO 9000 is an internationally recognised quality system standard. ISO 9001
and ISO 9002 are relevant to wind turbine industry. ISO 9001 specifies the
quality system requirements for design, development, production, installation
and service. If design and development are not involved, then ISO 9001 is to be
applied. It specifies the requirements for production, installation and service.

A world-wide certificate for quality assurance should be accredited ie approved
on a national basis according to eg one of the schemes to which DNV is accred-
ited, at present fourteen difference accreditation schemes.

4.8 Experimental meteorology

The objective is to perform research-based implementation of meteorological
measurements to be used in boundary-layer experiments and long-term moni-
toring work. Some of the activity is carried out in connection with the depart-
mental programme research and some for external clients. The work is carried
out on programme-research or commercial terms dependent on the nature of the
individual task.

Summary of activities during 1997

EME activities are divided into three broad categories. One is development and
maintenance of instruments and data systems. Another is operation of measur-
ing stations. This means stations that are not dedicated to specific programs, but
where long-term reliable climatology measurements are the key facet s. Last but
not least participation in the experimental and monitoring parts of many of the
projects undertaken by the other programs of the department. Many EME ac-
tivities therefore are included in the description of experimental projects pre-
sented within the headings of the other programs of the department.
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One aspect of these measuring campaigns could be emphasised. The year 1997
was the first year where the developed capability of on-site data analysis of
larger field campaigns was successfully applied. This means that when an ex-
periment is dismantled, all of the raw analysis has been conducted, and not only
the measurements themselves.

Also 1997 was the first year where data from many of the measuring stations
operated by EME were transmitted on the Web to facilitate data control of re-
mote stations, but also simply to make the data available for co-operators and
the public.

S Co-operation and Dissemination

5.1 Partners and co-operation

Successful research utilisation is of paramount importance for the department.
Stake holders (clients) and parties interested in our research can be divided into
three categories:

e Industry
e wind power industry
e consultancy
e power utilities

¢ Authorities

* national (eg Danish Emergency Management Agency, Danish Envi-
ronmental Protection Agency, Danish Energy Agency, DANIDA,
Danish Veterinary and Food Administration)

¢ European (eg EU, CEC, CEN/CENELEC)

e international (eg WMO, IEA, IEC, UN, the World Bank)

e Scientific communities

* universities and research laboratories (eg Danish Institute of Plant
and Soil Science, AAU, DTU, KU, NCAR (USA), NREI (USA),
ECN (The Netherlands), DEWI (Germany), CRES (Greece),
CIEMAT (Spain), Karlsruhe Univeristy (Germany), EUREC-
Agency)

¢ PhD programmes

The department makes use of a number of channels to interact with
these stake holders:

e direct dialogue

e direct co-operation on R&D projects under Danish and European R&D

programmes

e international conferences

e international standardisation

¢ research based type approval activity

¢ research based turbine and blade testing activity

e publications

o informal but fast (fax information to industry and other users
® research reports (both public and internal/confidential)
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e standards and guidelines
e conference contributions
e papers in peer reviewed journals

The department is involved in a number of research projects in co-operation
with partners from industry and other private or semi-private enter-prises.
Among these are A/S Wincon, ABB, Bonus Energy A/S, Carl Bro A/S, COWI
A/S, Dahl Instruments, Dan Service A/S, Danish Standard, DEFU, Danish
Slaughterhouses, Det Norske Veritas A/S, DMI, DMU, DTI, Elkraft, Elsam,
EPP (Greece), Garrad & Hasan (UK), Genvind Production, Kampsax A/S, LM
Glasfiber A/S, N.E.G. Micon A/S, MST, Great Belt Connection A/S, Svendborg
Brakes A/S, Vestas Wind Systems A/S, WEA A/S, WindWorld of 1997.

Direct dialogue with industry

Before the 1997 round of submitting proposals to the Danish Energy Research
Programme 98, the head of the department, the deputy head and the head of
two of our research programmes paid a visit to a number of Danish wind turbine
companies. The director of the Association of Danish Wind Turbine Manufac-
turers attended the visit. The purpose of the visit was to discuss future research
projects and possibilities for co-operation. The team had discussions with the
chief executives of the companies and heads of their R&D departments.

Risg Wind Day ’97

This event took place on 14 August with approximately 100 participants. A
broad range of Risg's wind energy activities was presented to an invited audi-
ence among our key stake holders.

Theme conferences

In 1997 a theme conferences was held concerning Risg’s activities within inter-
national standardisation on wind energy technology with focus on dissemination
and dialogue with the industry and utility companies and their R&D depart-
ments.

5.2 Programme participation

Programme participation is the most significant contribution to the department'’s
Ré&D turnover.

On a national level the department participates in the Energy Research Pro-
gramme (EFP), Development Programme for Renewable Energy (UVE), Envi-
ronmental Research Programme (SMP) and projects under the governmental
technical research council (STVF). The total financial frame of these pro-
grammes (especially the research part) is increasing. For most contracts part of
the funding is transferred via Risg to other partners, sub-contractors and con-
sultants.

On a European level the department has had great success in obtaining contracts
under a number of EU research programmes among which are JOULE,
THERMIE, EUREKA, MAST, ENV, SMT and APAS. The department also

participates in projects under Nordic Council’s research programme.
On an international level (outside EU) no available research funding exists. In-

ternational co-operation is co-ordinated through the wind energy R&D agree-
ment of IEA, but funded through national programmes. In 1997 the department
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participated in an IEA organised Round Robin test of an American wind tur-
bine. The department also participated in several workshops and expert meet-
ings arranged under the IEA Wind Energy R&D Agreement.

3.3 International co-operation

5.3.1 IEA international wind-energy co-operation

IEA (International Energy Agency) is an organisation under OECD, the eco-
nomic co-operation organisation of the industrialised countries. [EA was estab-
lished in the seventies soon after the first oil crisis. Among its activities is co-
operation on research and development, improved technology for fossil fuel,
nuclear fusion, energy conservation as well as renewable energy. The IEA co-
operation agreement on wind energy was started in 1977 and has existed now
for 20 years.

The co-operation has concerned mainly research as eg international meetings of
experts and “recommended practices” have been drawn up in a number of
fields. To mutual benefit the individual member states have learned about the

policies on wind energy in the other countries at execution committee meetings.

The wind-energy co-operation is joined by the following countries: Australia,
Austria, Canada, Denmark, the European Commission, Finland, Germany,
Greece, ltaly, Japan, Mexico, The Netherlands, New Zealand, Norway, Spain,
Sweden, UK and USA. India is presently observer at the meetings.

A change of the present focus of the co-operation activities is now being con-
sidered. This is because of the dramatic development in wind energy with re-
spect to economics, technology and markets. It is desirable to involve the in-
dustry and utility companies in an even closer co-operation. It is a special wish
by IEA for the IEA wind-energy agreement to play a role in connection with
implementation of wind power in developing countries and in the countries of
Eastern Europe. This will take place in a more or less formal co-operation with
the World Bank.

Per Dannemand Andersen (the Test Station for Wind Turbines) is chairman of
an international strategy group working on the future IEA wind-energy agree-
ment. This work will be concluded in the beginning of 1998, and the new
working plan for the IEA wind-energy agreement is to be finally agreed upon at
a later date in 1998.

5.3.2 EUREC

Care for the environment and finite reserves of fossil fuels dictate that the world
demand for energy will increasingly be met by renewable technologies. Since
1970 the clean and sustainable power from the sun, wind, waves, water and bio
mass has been increasingly used to provide energy around the globe. Recent
studies have shown that advanced renewable energy technologies have the po-
tential to cover a substantial part of the primary energy consumption in the
European Union and in the rest of the world in the next decades.

Within the European Union in general, increasing financial and technical sup-
port is being applied to develop our ability to exploit the enormous potential of
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renewable energies. This support has taken many forms including R&D fund-
ing, demonstration, commercialisation and technology transfer projects.

Together with a number of national renewable energy research centres the de-
partment founded the European Renewable Energy Centre in 1991. It was set up
as a European Economic Interest Grouping to provide a forum for interdiscipli-
nary co-operation. Today EUREC-Agency has 35 members. It includes the
most respected renewable energy organisations in Europe, ranging from aca-
demic institutions and national research centres to other organisations responsi-
ble for major R&D programmes and projects for education, training and tech-
nology transfer activities. The objectives of EUREC-Agency are:

e to promote international collaboration within science, technology and edu-
cation

e to advise the European Commission on scientific and technical policy and
priorities in R&D programmes and to advise on and support political initia-
tives with the aim to increase the use of energy from renewable energy
sources

e to assess realistic technical and economic goals to develop renewable en-
ergy technologies in the broadest perspective, taking social and environ-
mental limitations into account

e to provide a platform for discussion and exchange of information with re-
lated organisations such as associations of utilities (EURE), associations of
architects (READ) and international organisations such as UNDP, the
World Bank and UNESCO

e to discuss collaboration between the EUREC members and industry

e to undertake technical co-operation with institutions in developing countries
and emerging economies of Eastern and Central Europe including exchange
of research staff, joint programmes in R&D and technology transfer.

These activities should lead to a better co-ordination and rationalisation of the
efforts aiming at a further development of renewable energy technologies and
their integration into the existing energy infrastructure.

5.3.3 MEASNET

The international measurement network MEASNET is an agency formed in
1997 as a European Renewable Energy Centres (EUREC-Agency) activity. The
network was established by the present members, all of which are European
wind energy institutions:

e CIEMAT (Spain)

o CRES (Greece)

e DEWI (Germany)

e ECN (The Netherlands)
e NEL (United Kingdom)
e RIS@ (Denmark) and

e  WINDTEST Germany).

The preparatory work and implementation have been performed in the frame-
work of the European Wind Turbine Standards, EWTS-project and supported
by the European Commission. To ensure high quality measurements, uniform
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interpretation of standards and recommendations as well as interchangeable re-
sults, the members established an organisational structure for MEASNET where
mutual periodical quality procedures for measurements and evaluations are per-
formed.

MEASNET members are independent of industry and accredited to EN45001
for the MEASNET approved measurements. The following recognised meas-
urements can be performed under the MEASNET quality criteria:

¢ anemometer calibrations
e power performance
e power quality and

* noise.

All agreed measurement procedures take into account final or draft versions of
international organisations, eg IEC, IEA and in addition results of project and
measurement experiences.

5.34 EWEA

The aim of the European Wind Energy Association (EWEA) is to actively pro-
mote the maximum utilisation of wind power generation within the European
Union and beyond. Among the means of EWEA is lobbying the EU for ade-
quate research funding. An EWEA working group has been established to for-
mulate suggestions for a European R&D strategy on wind energy technology.
Peter Hjuler Jensen is a member of the board of EWEA and deputy chairman of
the EWEA working group on technology and standardisation.

5.4 Committee and expert group memberships

Christensen, C.J., Chairman, International Electrotechnical Committee, Techni-
cal Committee 88, Wind Turbine Systems.

Christensen, C.J. Dansk Eletroteknisk Komite, DEK. Teknisk Udvalg (TU88)
Sikkerhed af Elproducerende Vindmgller (Danish Electrotechnical Com-
mittee, Technical Committee TUS88, Safety on Wind Turbine Generator
Systems).

Christensen, C.J. International Electrotechnical Committee (IEC). Technical
Committee 88 (TC88) Safety of Wind Turbine Generator Systems, Working
Group 17.

Christensen, C.J. Chairman, European Standards for Wind Turbines, CENE-
LEC BTTF 83-2.

Dannemand Andersen, P. Danish Energy Agency, Co-ordination Group on
Wind Energy.

Dannemand Andersen, P. Danish Energy Agency, Technical Committee on
Certification and Type Approval.

Dannemand Andersen, P. Danish Energy Agency, Advisory Committee on
Certification and Type Approval.

Dannemand Andersen, P. International Energy Agency Implementing Agree-
ment on Wind Energy (IEA R&D Wind), Executive Committee.

Dannemand Andersen, P. Chairman, International Energy Agency Implement-
ing Agreement on Wind Energy (IEA R&D Wind), Strategy Committee.

Frandsen, S. Steering Committee for the Egyptian-Danish Collaboration Project
on Wind Energy.

Risg-R-1018(EN)



Frandsen, S. Dansk Elektroteknisk Komite, DEK. Teknisk Udvalg (TU88) Sik-
kerhed af Elproducerende Vindmgller (Danish Electrotechnical Committee,
Technical Committee TU88, Safety on Wind Turbine Generator Systems).

Frandsen, S. International Electrotechnical Committee (IEC), Technical Com-
mittee TC88, Working Group 6, Test Procedures for Wind Turbine Testing.

Gryning, S.E. Deputy Chairman, Danish Meteorological Society (DAMS).

Gryning, S.E. Honourable Secretary, European Association for the Science of
Air Pollution (EURASAP).

Gryning, S.E. Chairman, Executive Committee, NOPEX.

Gryning, S.E. International Scientific Committee on the 5" international confer-
ence on harmonisation within atmosphere dispersion modelling for regula-
tory purposes.

Gryning, S.E. Chairman, Scientific Steering Committee on NATO/CCMS In-
ternational Technical Meetings on Air Pollution Modelling and Its Applica-
tion, Conference Series.

Gryning, S.E. COST Action 710. Processing of Meteorological Data for Disper-
sion Modelling. Working Group 2: Mixing-Layer Depth Determination for
Dispersion Modelling.

Gryning, S.E. Science Panel on Atmospheric Chemistry Research (DG XII,
EU).

Gryning, S.E. International Scientific Committee on the ETEX (European

“Tracer Experiment) Symposium, Vienna, May 1997.

Gryning, S.E. International Scientific Committee on the Stable Boundary Layer
Workshop, Sweden, October 1997.

Gryning, S.E. International Scientific Committee on Operational short-range
atmosphere Dispersion Models for Environmental Impact Studies. Work-
shop Series.

Gryning, S.E. Chairman, EURASAP Workshop on the Determination of the
Mixing Height - Current Progress and Problems, Risg National Laboratory,
I-3 October 1997.

Gryning, S.E. Guest Editor, Atmospheric Environment, Special Issue of the
MEDCAPHOT Trace Experiment.

Gryning, S.E. Guest Editor, Journal of Agriculture and Forest Meteorology.
Special issue of the NOPEX experiment.
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1997. Unpublished. Abstract available

Larsen, S.E.; Hansen, F.Aa.; Kjeld, I.F.; Leeuw, G. de; Kunz, G.J. Experimental
and modelling work on CO, exchange. NILU/MAST workshop on air-sea
exchange, Oslo (N), 11-13 Jun 1997. Unpublished. Abstract available

Larsen, S.E.; Hansen, F.Aa.; Kjeld, I.F.; Lund, S.W_; Kunz, G.J.; Leeuw, G. de,
Air-sea exchange of gases: experiments and modelling. International work-
shop on greenhouse gases and their role in climate change: the status of re-
search in Europe, Orvieto, Italy, 10-13 Nov 1997. Unpublished. Abstract
available

Lavagnini, A.; Sempreviva, AM., Two years of turbulence measurements at
Hells Gate, Terra Nova Bay. Contribution to 6" workshop on the Antarctic
atmosphere. Italian Antarctic programme, PNRA, Bologna (IT), 21-12 No-
vember. Unpublished. Abstract available

Leeuw, G. de; Kunz, G.J.; Cohen, L.H.; Woolf, D.K.; Caulliez, G.; Jaouen, L.;
Bowyer, P.A.; Leifer, LR.A.; Nightingale, P.D.; Liddicoat, M.J.; Baker,
J.M.; Rapsomanikis, S.; Rhee, T.S.; Hassoud, S.; Larsen, S.E., The Luminy
gas experiment. NILU/MAST workshop on air-sea exchange, Oslo (N), 11-
13 Jun 1997. Unpublished. Abstract available

Leeuw, G. de; Caulliez, G.; Woolf, D.; Bowyer, P.; Nightingale, P.; Rapso-
manikis, S.; Larsen, S.E.; Spiel, D., Effect of breaking waves on air-sea gas
exchange. PORSEC, Victoria (CA), 10-16 Sep 1997. Unpublished

. Leeuw, G. de; Eijk, AM.J. van; Vignati, E., Aerosol particle size distributions
on Ostergarnsholm, Sweden. NOSA 97 Nordic aerosol symposium, Chalm-
ers University of Technology, Goteborg University (SE), 23-24 Oct 1997.
Unpublished. Abstract available

Leeuw, G. de; Neele, F.P.; Vignati, E.; Hill, M.K.; Smith, M.H., Surf effect On
sea spray aerosol. NOSA 97 Nordic aerosol symposium, Chalmers Univer-
sity of Technology, Géteborg University (SE), 23-24 Oct 1997. Unpub-
lished. Abstract available

Leeuw, G. de; Kunz, G.J.; Cohen, L.H.; Woolf, D.K.; Caulliez, G.; Jaouen, L.;
Bowyer, P.A.; Leifer, LR.A.; Nightingale, P.D.; Liddicoat, M.L.; Baker,
J.M., Rapsomanikis, S.; Rhee, T.S.; Hassoud, S.; Larsen, S.E.; Hansen,

F.Aa.; Lund, S.W., Luminy: laboratory experiments on breaking waves and
air-sea gas transfer. International workshop on greenhouse gases and their
role in climate change: the status of research in Europe. Orvieto, Italy, 10-13
Nov 1997. Unpublished. Abstract available

Markkilde Petersen, S., Reliable load measurements (in Danish). Meeting on
standards, wind turbines and reality, Danish Technological Institute, Arhus
(DK) 3 Apr 1997. Unpublished

Markkilde Petersen, S.; Larsen, G.C.; Soker, H.; Ganander, H.; Carlen, I;
Winkelaar, D.; Schepers, J.G.S.; Derrick, A.; Vionis, P.; Chaviaropoulos, T.;
Argyriadis, K.; Weber, D., EWTS II - load spectra and extreme wind condi-
tions. EWEC '97. European wind energy conference, Dublin (IE), 6-9 Oct
1997. Unpublished. Abstract available
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Mikkelsen, T., The SMP project 'Odour and concentration fluctuations'- a re-
view. SMP workshop on the stochastic nature of smoke plumes, Risg (DK),
4 Feb 1997.Unpublished. Abstract available

Mikkelsen, T., Atmospheric dispersion: Field measurements and analysis.
Transport processes in the atmosphere and the oceans. TAO working group
meeting on coherent structures and transport, Risp (DK), 29 Oct - 1 Nov
1997 Unpublished. Abstract available

Mikkelsen, Teis N., Ro-Poulsen, H.; Hummelshgj, P.; Jensen, N.O., Carbon
dioxide fluxes above a mixed forest stand in relation to climate -consecutive
measurements from 17 months. Proceedings of the International conference
on impacts of global change on tree physiology and forest ecosystems,
Wageningen, The Netherlands, 26-29 November 1996. Unpublished. Ab-

stract available

Mortensen, N.G., Ten years of WAS P - a brief review and status report (in
Danish). The Test Station for Wind Turbines, Risg National Laboratory, Ro-
skilde (DK), 29 May 1997

Mortensen, N.G., Flow modelling in (too) complex terrain (in Danish). Wind
day at Risp National Laboratory (DK), 23 Oct 1997. Unpublished. Abstract
available

Mortensen, N.G.; Petersen, E.L., Influence of topographical input data on the
accuracy of wind flow modelling in complex terrain. EWEC '97. European
wind energy conference, Dublin (IE), 6-9 Oct 1997. Unpublished. Abstract
available

Nightingale, P.D.: Rhee, T.S.; Kunz, G.J.; Woolf, D.K.; Bowyer, P.; Leeuw, G.
de; Liddicoat, M.L; Baker, J.M.; Rapsomanikis, S.; Hassoud, S.; Caulliez,
G.; Jaouen, L.; Larsen, S.E.; Hansen, F.Aa. Lund, S.W.; Leifer, LR.A.;
Cohen, L.J., Laboratory studies on the influence of breaking waves on air-
sea transfer. International workshop on greenhouse gases and their role in
climate change: the status of research in Europe, Orvieto, Italy, 10-13 Nov
1997. Unpublished. Abstract available

Petersen, E.L., Measurement of wind power production. Contribution to Wind

Power 1997 Conference, Austin, TX (US), 15-18 June 1997.Unpublished.

Abstract available

Petersen, E.L., The European wind power industry. Technology seminar, Tam-
pere (FI), 25 Sep 1997. Unpublished. Abstract available

Petersen, E.L., Resource assessment - the chairman’s review. EWEC’97 Contri-
bution to EWEC’97 European wind energy conference, Dublin (IE), 6-9 Oct
1997. Unpublished. Abstract available

Pryor, S.C.; Barthelmie, R.J., New meteorological and chemical parametriza-
tions within ACDEP. Techniques and problems in modelling size distributed
aerosol formation and composition workshop. Environment Canada, To-
ronto, Canada, March 1997 (invited). Unpublished. Abstract available

Pryor, S.C.; Barthelmie, R.J., Lagrangian modelling of aerosol layers and spa-
tial patterns. PNWIS A&WMA annual meeting, Vancouver, Canada, No-
vember 1997 (invited). Unpublished. Abstract available

Pryor, S.C.; Hoff, R.M.; Barthelmie, R.J.; McKendy, 1.G., Vertical and hori-
zontal heterogeneity of aerosol loading: observations and modelling.
A\&WMA/AGU speciality conference on Visual Air Quality, aerosols and
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Rathmann, O.; Landberg, L., Wind atlas for the Kola Peninsula. EWEC '97.
European wind energy conference, Dublin (IE), 6-9 Oct 1997. Unpublished.
Abstract available

Said Said U.; Mortensen, N.G., Wind resources of the Gulf of Suez and north-
ern Red Sea, Egypt.The Environment’97 Conference, Cairo, Egypt 16-18

February 1997. Unpublished. Abstract available
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Schmidt Paulsen, U., Transient temperature propagation of disc brakes (in
Danish). Risg wind day, Risg (DK), 23 Oct 1997. Unpublished

Schmidt Paulsen, U., Transient temperature propagation of disc brakes during
braking. IMST’97, 17" international meeting of test stations, Cairo (EG), 17-
18 Nov 1997. Unpublished

Schmidt Paulsen, U.; Kock, C.W., The transient temperature propagation of a
550 kW wind turbine disc brake during braking. EWEC '97. European wind
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lished
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Thirstrup, J., Edge vibrations in stall (in Danish). Danish Energy Agency, wind
energy conference. Project descriptions, Randers (DK), 5-6 Feb 1997. Un-
published. Abstract available ’
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15, p. C278
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Abstract available
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Oct 1997. Unpublished
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Dublin (IE), 6-9 Oct 1997. Unpublished. Abstract available

Vignati, E.; Raes, F.; Berkowicz, R., On the internal and external mixing of
aerosols in the H,O-H,SO, and soot system. NOSA 97 Nordic aerosol sym-
posium, Chalmers University of Technology, Géteborg University, (SE), 23-
24 Oct 1997. Unpublished. Abstract available
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Vglund, P.; Antikainen, P., Ice induced loads on wind turbines. EWEC '97.
European wind energy conference, Dublin (IE), 6-9 Oct 1997. Unpublished.
Abstract available

Wilson, G.R.; Larsen, S.E.; Landberg, L.; Murphy, J.R.; Seiff, A.; Haberle,
R.M.; Magalhies, J.; Crisp, D., Schofield, J.T.; Barnes, J.R., The Martian
surface boundary layer: results from Mars Pathfinder. American Geophysical
Union fall meeting, Los Angeles, CA, (US), 8-12 Dec 1997. Unpublished

Winther-Jensen, M., Realistic blade testing (in Danish). Meeting on standards,
wind turbines and reality, Danish Technological Institute, Arhus (D), 3 Apr.
Unpublished

Winther-Jensen, M., The Danish type approval and certification system for
wind turbines — basis and technical demands. Lecture for representatives
from VIESH, Moscow, Risg (DK) 22 Oct 1997. Unpublished

Wolff, D.K.; Larsen, S.E.; Leeuw, G de; Caulliez, G.; Bowyer, P.A.; Nightin-
gale, P.D.; Rapsomanikis, S., Breaking waves and air-sea gas transfer, the
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(1997), 15, p. C415
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Zorlos, P.; Ladakakos, P.; Ahm, P.; Tammelin, B.; Tiilikainen, A.; Minin,
V.; Dmitriev, G.; Islander, S., A feasibility study of wind energy on the Kola
Peninsula. EWEC’97 European wind energy conference and exhibition,
Dublin (EI), 6-9 Oct 1997. Unpublished. Abstract available

6.6 Internal reports

Elhewehy, AM.M.; El-Maghraby, E. -SM.M.; Abdel-Hameed, A.E.-M.;
Schmidt-Paulsen, U., Wind turbine test. Nordtank 300/31 kW. Test turbine
2. Basic test. Risg-1-1122(EN) (WETC-1-4(EN)), (1997), 71 pp.

Elhewehy, A.M.M.; El-Maghraby, E. -S.M.M.; Abdel-Hameed, A.E.-M.;
Schmidt-Paulsaen, U., Wind turbine test. Nordtank 300/31 kW. Test turbine
2. Basic test. Risg-I-1123(EN) (WETC-1-5(EN)) (1997), 93 pp.

Fischer-Nielsen, T. Investigation of elasticity modulus for steel wire deter-
mined during tension experiments. Risg-I-1161(DA) (1997), 10 pp.

Frandsen, E. (ed); Lading, L.; Kristensen, L.; Bindner, H., Laser anemometry
for wind turbines. Feasibility study. Risg-I-1154(EN) (1997), 104 PP-

Hansen, J.C.; Ahm, P., Assessments and options for wind and solar energies.
Special study for electricity master plan — Santo Antdo. Draft report. Risg-
Dok-541 (1997), 44 p.

Hansen, J.C.; Sgrensen, P.; Galal, M.; Naoman, U.; Hewehy, A.E.; Mansour,
E.S.; Bagoury, M.E.; Fathy, A.; Salah, W_; Maghawry, A.E., Hurghada
Wind Energy Technology Centre (WETC). Demonstration wind farm stud-
ies. Measurements of wind conditions in the demo wind farm. Risg-I-
1142(EN) (1997), 56 p.

Hansen, J.C.; Sgrensen, P.; Tande, J. Hurghada Wind Energy Technology Cen-
tre. Demonstration wind farm studies. Measurement plan. Risg-Dok-540
(1997), vp.

Hgjstrup, J.; Lange, B.; Barthelmie, R.J.; Pedersen, A.M.J.; Olsen, F.A.; Sven-
son, J., Offshore wind resources at selected Danish sites. Risg-I-1156(EN)
(1997), 53 p.

Johansen, P.; Hansen, J.C., Pacific-Danish environment education and action
program. Feasibility study of phase 1. Draft feasibility report. Risg-Dok-542
(1997), vp.
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cal mast at Risg. Risg-I-1143(DA) (1997), 72 pp.

Landberg, L., Arigna wind farm. An estimation of the wind energy resource.
Risg-I-1080(EN) 1997, 20 pp.

Landberg, L. ARIGNA 4.8 MW wind farm. An estimation of the wind energy
resource. Risg-I-1153(EN) (1997), 17 pp.

Mortensen, N.G.; Landberg, L.; Troen, L; Petersen, E.L., Wind atlas analysis
and application program (WASP) vol. 3: Utility programs. Risg-I-
666(v.3)(ed.3)(EN), (1997), 47 pp.

Peltola, E.; Woolf, J.; Rantanen, Y.; Landberg, L.; Lundsager, P.; Ahm, P.;
Peltomaa, A.; Minin, V.; Dmitriev, G., A feasibility study to develop local
and regional use of wind energy on the Kola Peninsula, Murmansk Region,
Russia. First periodic report 1 January to 30 June 1996. (Kola Wind). Risg-
Dok-500 (1996) vp

Petersen, E.L.; Mortensen, N.G.; Landberg, L.; Hgjstrup, J.; Frank, H.P., Wind
power meteorology. Risg-I-1206(EN), 46 pp.

Rathman, O.; Mortensen, N.G., Wind resource evaluation for phase I of the
Galicia wind farm project. Risg-I-1136(EN) (1997), 22 pp.

Schmidt Paulsen, U. Wind turbine test: SkW Calorius. Power curve measure-
ment and safety test of the mechanical brake system. Risg-I-1205(DA)
(1997) 33 pp.

Schmidt Paulsen, U.; Galal, M.; Elhewehy, A.M.M.; El-Maghraby, E.-SM.M,,
Quality assessment (QA) for the test station of wind turbines, Wind Energy
Technology Centre, WETC, NREA, Hurghada. Risg-I-1148(EN) (1997) vp.
Tande, J. (ed). Power control for wind turbines in weak grids. Data report
case study: Madeira (PT). Risg-1-1110(EN) (1996) vp.

Tande, J. (ed). Power control for wind turbines in weak grids. Data report case
study: County Donegal (IE). Risg-I-1111(EN) (1996) vp.

Tande, J.; Hansen, J.C., WINSYS. A power system performance model. Risg-I-
1144(EN) (1997) vp.

Tande, J.: Sgndergaard, L.; Sgrensen, P., Power control for wind turbines in
weak grids. ABB add-on PQ controller report on delivery. Risg-I-1109(EN)
(1996) vp.

Tande, J.; Sgrensen, P.; Galal, M.; Naoman, U.; Mansour, E.S.; Hewehy, A.E.;
Maghawry, A.E.; Darweesh, I., Hurghada Wind Energy Technology Centre
(WETC). Demonstration wind farm studies. Power system operation. Risg-I-
1140(EN) (1997),30 pp.

Tande, J.; Sgrensen, P.; Galal, M.; Naoman, U.; Mansour, E.S.; Hewehy, AE.;
Maghawry, A.E., Darweesh, I., Hurghada Wind Energy Technology Centre

(WETC). Demonstration wind farm studies. Power quality assessment. Risg-
I-1141(EN) (1997), 70 pp.

Thirstrup Petersen, J.; Aagaard Madsen, H, Prediction of dynamic loads and
induced vibrations in stall. Minutes of the 2™ plenary meeting, Delft (NL),
26-27 Sep 1996. Risg-I-1092(EN) (1996), 204 pp.

Thirstrup Petersen, J.; Aagaard Madsen, H., Prediction of dynamic loads and
induced vibrations in stall. Minutes of the 3" plenary meeting, Bromma
(SE), 27 =28 Jan 1997 Risg-I-1108(EN) (1997), 98 pp.

Thirstrup Petersen, J.; Aagaard Madsen, H., Prediction of dynamic loads and
induced vibrations in stall. Minutes of the 4™ plenary meeting, Petten (NL)
12-13 Jun 1997 Risg-I-1159(EN) (1997), 223 pp.

Thomsen, K. Evaluation of wind field parameters for the Bonus Llyn Alaw
wind farm. Risg-I-1121(EN) (1997), 38 pp.

@mann Lind, S., Wind turbine test: Nordtank NTK 600/43-rotor line. Test of
safety system. STRUKCKUM, Husum (D). Risg-I-1106(EN) (1997), 48 pp.
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@mann Lind, S., Wind turbine test: Nordtank NTK 600/43-rotor line. Power
curve measurement (DK). STRUKCKUM, Husum (D). Risg-I-1163(EN)
(1997), 52 pp.

@mann Lind, S., Wind turbine test: Nordtank NTK 600/43-rotor line. Structural
loads. STRUKCKUM, Husum (D). Risg-I-1164(EN) (1997), 58 pp.

@mann Lind, S., Wind turbine test: Nordtank NTK 600/43-rotor line. Yaw effi-
ciency. STRUKCKUM, Husum (D). Risg-I-1165(EN) (1997), 9 pp-

@mann Lind, S., Wind turbine test: Nordtank NTK 600/43-rotor line. Power
curve measurement (NL). STRUKCKUM, Husum (D). Risg-I-1 167(EN)
(1997), 52 pp.

@mann Lind, S., Wind turbine test: Nordtank NTK 600/43-rotor line. Test of
safety system. Dronten, Holland (NL). Risg-I-1185(EN) (1997) 15 p.

6.7 Educational activities

Landberg, L.; Mortensen, N.G.; Rathmann, O., Two-day course in WASP: the
wind analysis and application program. Risg National Laboratory, Ros-kilde
(DK), 11-12 Sep. 1997

Larsen, S.E., Micro-scale meteorology. Course at NBIfAFG for graduate stu-
dents, 50 lectures in the fall semester of 1997, oral examination

Larsen, S.E., Fluxes of CO, across the air-sea boundary. Lecture at a PhD
course, Rgdkilde Hgjskole, Stevns, Stege (DK), 3-7 Nov 1997

Thykier-Nielsen, S., Application of the RIMPUFF module of ARGOS-NT deci-
sion support system. ARGOS-NT training seminar, Tallinn, Estonia (EW),
9-12 Jun 1997

Thykier-Nielsen, S., Application of the RIMPUFF module of ARGOS-NT deci-
sion support system. ARGOS-NT training seminar, Riga, Latvia (LV), 16-19
June 1997

Thykier-Nielsen, S. The RIMPUFF module of ARGOS-NT decision support

system: theoretical background and application. ARGOS-NT course, Hel-
singgr (DK), 3-14 Nov 1997

6.8 Seminars held in the department

Ayotte, Keith “Optimisation of mean flow upstream boundary conditions in
limited area modelling”, August.

Barthelmie, Beki “An atmospheric stability atlas for Denmark?”, August.

Bergmann, Juan “Momentum balance of PBL - physical and methodical prob-
lems, solutions”, June.

Bruin, Henk de “On the use of scintillometers to measure surface heat and mo-
mentum fluxes”, April.

Galmarini, S. “Modelling the turbulent transport of nitrogen oxides in the at-
mospheric boundary layer”, September.

Hansen, S.0. “Danish and European wind load codes”, May.

Horvath, Laszlo “Flux measurement of gases above pine forest by the gradient
method in Hungary”, February.

Jacobs, Cor MLJ. “Air-sea flux and transfer velocity of CO,”, November

Lange, Bernhard “WASP for offshore sites - influence of the sea fetch”, August.

Norris, David “Analysis of the complex acoustic signal for use in identifying
outdoor propagation modes and effects of turbulence”, April.

Sun, Jielun “Ozone transport in California ozone deposition experiment” and
“Transport of carbon dioxide, water vapour and ozone by land/lake breezes”,
October.

Risg-R-1018(EN)



Tillman, Jim “Enhanced mode lidar planetary wind sensor for Earth and Mars”,
October.

Tillman, Jim “Temperature based estimation of PBL parameters in the unstable
atmosphere”, November

Verkaik, Job “Momentum flux and wind profile measurements over heteroge-
neous terrain”, April.

Vila-Guerau de Arellano, Jordi “Control of chemical reactions by convective
turbulence in the boundary layer”, February.

Wilson, David “Dispersion around buildings”, February.
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7 Staff and Guests

Administration

Madsen, Peter Hauge, Deputy Department Head
Petersen, Erik Lundtang, Department Head

Secretaries
Christiansen, Ulla Riis
Viktorius, Gitte

Programme: Wind Turbines
Scientific staff

Andersen, Per Dannemand

Christensen, Carl Jgrgen

Frandsen, Sten Tronas

Hansen, Jens Carsten

Harvge, Per

Jensen, Peter Hjuler, Programme Head
Ngrgaard, Per (on leave)
Winther-Jensen, Martin

PhD and Post.Doc students

Hansen, Lars Henrik (from 15 Sep 1997)
Technical staff

Hagensen, Flemming

Secretaries

Andersen, Mette Kuhlmann

Henriksen, Mette Porsdal (on leave)

Westermann, Kirsten

Programme: Aerodynamic Design
Scientific staff

Fuglsang, Peter

Larsen, Gunner

Madsen, Helge Aagaard

Petersen, Jgrgen Thirstrup

Flemming Rasmussen, Programme Head
Sgrensen, Niels Ngrmark

Thomsen, Kenneth

Veglund, Per

PhD and Post.Doc students

Bak, Christian (from 1 Feb 1997)
Bertagnolio, Franck (from 1 Sep 1997)
Dahl, Kristian Skriver

Johansen, Jeppe

Secretary

Westermann, Kirsten
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Programme: Electric Design and Control
Scientific staff:

Bindner, Henrik W.

Hjuler Jensen,Peter, Programme Head
Sgrensen, Poul

Tande, John (till 31 May 1997)
PhD and Post.Doc students
S¢ndergaard, Lars

Secretary

Madsen, Jytte

Programme: Wind Power Meteorology
Scientific staff

Frank, Helmut

Hgjstrup, Jgrgen

Kristensen, Leif

Landberg, Lars, Programme Head
Mann, Jakob

Mortensen, Niels Gylling
Rathmann, Ole

PhD and post.doc students

Giebel, Gregor

Joensen, Alfred

Larsen, Lisbeth (from 1 August)
Sempreviva, Anna Maria
Secretary

Skrumsager, Birthe

Programme: Wind Energy and Atmospheric Processes
Scientific staff

Astrup, Poul

Gryning, Sven Erik
Hummelshgj, Poul

Jensen, Niels Otto

Jgrgensen, Hans

Larsen, Spren, Programme Head
Mikkelsen, Torben

Nielsen, Morten
Thykier-Nielsen, Sgren

PhD and post.doc students
Bergmann, Juan (from 1 April)
Falk, Anne Katrine Vinther
Geernaert, Lise Lotte Sgrensen
Hasager, Charlotte Bay

Helin, Astrid (from | September)
Kjeld, Jgrgen Friis

Vignati, Elisabetta

Secretary

Skrumsager, Birthe
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Special Task: Tests and Measurements
Scientific staff

Antoniou, Ioannis
Fischer-Nielsen, Thomas
Grove-Nielsen, Erik (Sparkar)
Krogsgaard, Jgrgen

Lind, Sgren @mann

Paulsen, Uwe Schmidt
Pedersen, Troels Friis, Head
Petersen, Sgren Markkilde
Technical staff

Christensen, Kurt

Hansen, Per

Hansen, Stener

Hgst, Oluf

Lund-Thomsen, Hans (Sparker)
Nielsen, Finn Linke
Rasmussen, Michael
Secretary

Hansen, Anne-Marie

Special Task: Type Approval

Scientific staff

Hgjholdt, Poul

Jgrgensen, Erik Rosenfeldt
Kock, Carsten Weber
Skamris, Carsten, Head
Technical staff

Lange, Rolf

Secretary

Hansen, Anne Marie

Special Task: Experimental Meteorology
Scientific staff
Courtney, Mike
Larsen, Spren, Head
Sanderhoff, Peter
Technical staff
Christensen, Lars
Hansen, Arent
Hansen, Finn
Hansen, John
Jensen, Gunnar
Lund, Sgren
Nielsen, Jan
Secretary
Skrumsager, Birthe
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7.1 Guest scientists

Barthelmie, Rebecca

Batchvarova, Ekaterina

Borodin, Ruslan

Chen, Zhong
Coppin, Peter

Goodwill, Gilbert

Kunz, Gerard

Lange, Bernhard

Molnary, Leslie de

Moreno, Josep
Parnis, Paul

Pryor, Sara

Reis, Miguel

Sun, Jielun

Tillman, Jim

Weber, Harald

Zhanrong, Gao
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07.04 - 16.08
05.03-16.12

19.04 - 16.05

01.01-31.08
08.10-17.10
25.05 - 25.06

13.11-27.11
01.03-31.08

28.03 - 04.07

25.08 - 19.12
01.01 -31.08
10.07 - 16.08

07.08 - 15.08
12.08 - 18.10

13.10-12.11

21.09-01.10

14.02-17.04

Univ. of Indiana, USA

Nat. Inst.. of Meteorology and
Hydrology, Sofia, Bulgaria

USSR Committee for

Hydrometeorology, Obninsk,
Russia

University of Beijing, China
CSIRO, Canberra, Australia

Kamada Science & Design,
Monterey, CA, USA

TNO, The Netherlands

University of Oldenburg, Ger-
many

IPEN-CNEN/SP, Sao Paulo,
Brazil

Barcelona, Spain
Australia

Indiana University, Bloomington,
USA

Univ. of Lisboa, Portugal

Univ. of Colorado, Boulder, CO,
USA

Univ. of Washington, Seattle, WA,
USA

German Military Geophysics Of-
fice, Traben-Trarbach, Germany

People’s Republic of China
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7.2 Short-term visitors (one week or less)

Ayotte, Keith

Bozo, Laszlo

Bradley, Frank
Bruin, Henk, de

Galmarini, S.
Cionco, Ronald
Hee, Han Moon

Horvath, Laszlo

Jacobs, Cor M.
Kamada, Ray

Kulkarni, V.P.
Lavagnini, Alfredo

Lee, J.H.
Mabhrt, Larry

Martens, Reinhard
Moon, Hee Han

Nedoma, Petr

Noreland, Jakob
Norris, David
Sagi, Laszlo
Sokolskii, A.
Starkov, Alexander
Sugimoto, Shin
Verkaik, Job

Vickers, Dean
Wilson, David

Zita, Ferenczy

19.08 - 25.08
17.02-21.02

07.05 - 11.05
07.04 - 10.04

01.10-03.10
21.09 - 27.09
22.11-28.11
17.02-21.02

24.11-26.11
13.08 - 15.08

25.09-27.09

09.12-13.12

22.11-26.11
18.08 - 22.08
13.10-15.10
24.11-26.11
22.11-28.11
01.06 - 15.06

20.02 -21.02
13.04 - 18.04
14.04 - 18.04
20.10-24.10
01.09 - 06.09
16.10-19.10
07.04 - 10.04

22.09 - 29.09

03.02 - 06.02

14.04 - 18.04

CSIRO, Canberra, Australia

Institue for Atmospheric Physics,
Budapest, Hungary

CSIRO, Canberra, Australia

Wageningen Agricultural University,
The Netherlands

Ispra, Italy
ARL, Washington D.C., USA
KAERI, Korea

Institute for Atmospheric Physics,
Budapest, Hungary

KNMI, The Netherlands

Kamada Science & Design, Mon-
terey, USA

Government of India, Thiruvanan-
thapuram, India

Istituto di Fisica dell’ Atmosfera,
Rome, Italy

KAER], Korea

Oregon State University, Corvallis,
USA

GRS, Koln, Germany

KAER], Korea

Academy of the Czech Republic,
Praha, The Czech Republic

FOA, Ume3, Sweden

Penn State University, USA
KFKI, Budapest, Hungary
VIESH, Russia

RDIEE, Istra, Moscow, Russia
Japan

Wageningen Agricultural University,
The Netherlands

Oregon State University, Corvallis,
USA

University of Albana, Edmonton,
Canada

National Meteorological Institute,
Budapest, Hungary
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