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Prefac e

The BOREAS VIl conference on wind energy in cold climates took place in
Finland in March 2005.

No general conference on the subject has been held since.

At the time in 2005 , Elforsk ordered a summary report of the Boreas VII

conference to be presente d in its report series on ATechnol oc¢
report was written by Géran Ronsten at FOI as part of activities within the

former Elforsk wind energy research program.

The current report is a translation of the ATechno
Swedish in 2005.

The Winterwind 2008 conference is to be held in Norrkdping, Sweden, Dec 9 -
10, 2008, http://winterwind.se/

The purpose of translating this report is to provide a reference basis on the
position of the  research and market given at the latest general conference on
wind energy in cold climate.

Stockholm November 2008

Anders Bjorck

Vindforsk secretariat


http://winterwind.se/
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Summary
This report covers presentations made at the BOREAS VII i a conference on
icing and its ef fects on wind energy production held in March 7 -8, 2005. The

report was prepared by Goéran Ronsten at the Swedish Defence Research
Agency (FOI) within the wind energy program of El forsk as r ¢

informerer, VINDKRAFT 7 3/05, Rapport fran BOREASVI |1 6. The current repor
is translation of this report. The report has been translated by Annova
Forskningskonsultés Ann Salomonson into English a

to be available on the Winterwind 2008 web page:
http://www.winterwind.se/

Introduction

BOREAS VIl ! was arranged on March 7 -8, 2005, by the Finnish Meteorological
Institute (FMI) in Saariselkd in Finnish Lapland. The number of participants at
BOREAS conferences has steadily increased from 30 to t he present level of
above 60. More than half of the participants were from the R&D sector.
Manufacturer of peripheral equipments were relatively well represented, while
producers of wind turbines were conspicuous by their absence, except for
VESTAS. There were also a number of developers of wind energy in cold
climate.

One third of the participants were from Finland, one sixth from Norway and

the other half from 13 different countries, including USA, Canada, and Japan.

One reason why FMI managed to keep a high number of participants was the

ongoing cooperation within COST727, iMeasuring and
icing of structureso

Summary and conclusions

The interest in icing seems to increase concurrently with the society being

more sensitive to di sturbances in the electricity supply and communication. As
BOREAS VIl was coordinated with COST727, the circle of BOREAS patrticipants
has been widened to include also traditional national meteorological institutes

and universities. Therefore, many interest ing synergetic effects arose when
the challenges could be elucidated not only from a wind energy point of view.

At the BOREAS VII conference, participants from COST727 presented topics
that included everything from ice layer with a thickness that can be co unted in
number of atomic layers to icing on power lines where the ice weight
corresponds to a heavy traffic jam along the entire power line!

Among other things, COST727 evaluates present and future ice detectors. In

order to measure icing it is necessary to agree on what parameters, besides
wind velocity and temperature, that are most important to measure. Today,

the importance of atmospheric humidity is questioned due to the fact that its
correlation with icing is ambiguous. Instead, the drop size distri bution in
relation to the diameter of the ice covered object and the liquid water content

! http:/iwww.fmi.filresearch_meteorology/meteorology_13.html

2 http://cost.cordis.lu/src/action_detail.cfm?action=727
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of air are considered important icing parameters. Unfortunately, both drop
size distribution and the liquid water content of air are difficult and expensive
to measur e.

The ultimate goal of COST727 is to bring about continuous synoptical ice
observations to support the development of icing analyses and forecasts.

Such analyses and forecasts are today in regular use within civil as well as

military air traffic. Verifi cations of analyses and forecast tools, for example

from temperature and icing measurements in high masts, are not currently

being carried out.

Only after the above items have been made, is it meaningful to develop

reliable icing and low temperature frequ ency maps, which can describe the
assumed losses at an intended wind farm site. In combination with the wind

energy resource is it then possible to estimate the losses in energy production

that is caused by icing and low temperature. After doing this, a wi  nd energy
exploiter, or owner, will be able to judge which type of de -icing equipment is
most economical to order, if any.

BOREAS VIl gave the participants a good review of the current situation of the

t o p iMeasuiing and forecasting atmospheric icing st ructureso. Several WOor
and group meetings of the COST727 were arranged in connection with the

conference, and also a preparatory meeting at the prospect of the

continuation of the | EA R&D Wind, Annex XI| X, Wi nd

% Simultaneous measurements over a large area
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1 Presentations from cooperation
projects

1.1 IEA R&D Wind, annex XIX, Wind energy in cold
climates

The Technical Research Centre of Finland (VTT) has been coordinating IEA"s

project covering wind energy in cold climates. The work was carried out in

2002 -2004 with participants from Finland, USA, Canada, Switzerland, Norway,
and Sweden. In addition, Denmark took part in the beginning with the task to

establish a market survey. The Danish interest slackened, however, probably

due to economical reductions at the Risg research organisation after the
election in 2002. Another factor that contributed to the lower priority of wind

energy in cold climate might have been the large wind energy expansion in

other, more easily worked up markets.

Figure 1. Esa Peltola, VTT, Finla nd

The working group, with Goéran Ronsten as the only
Swedish participant, has produced a State -of-the -art
report (available on http://arcticwind.vtt.fi/ ), and
written recommendations for the developers of wind
energy in cold climates. These advices will published

on the above -mentioned Internet site in June 2005.

The work of this annex has also been presented at six conferences.

The point of developing techniques for wind energy in cold climate is to be
able to m ake use of a wind energy potential on land, which is cheaper
compared to offshore wind energy ditto, but still difficult to harvest due to ice
and low temperatures. Thus the risk and total capital costs rise. These areas
have been treated in the project:

A Discussion forum with participants from the industry and exploiters

A Classification of sites and plants

Suggestion for new standards concerning ice loads

Sensors for cold climate, including ice detector and wind sensor

To To T»

De-icing during operation

In Finland, there are no indications that low temperature causes significant
problems for the wind energy production, except during larger repairs, though


http://arcticwind.vtt.fi/
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an unintentional exhalation into an electronic box might put a plant out of
operation.

The participants have ag reed to apply for a three years continuation of the

activity to update the recommendations and secure the experiences from
large wind energy farms that are built, or will be built, in cold climate. Italy,

Austria, and Germany have also shown interest to ta ke part in a sequel Annex
XIX.

1.1.1 Experiences in Switzerland

The chair of the Swiss wind energy association, Robert Horbaty, has
represented Switzerland in the IEA R&D Wind, Annex XIX.

Figure 2. Robert Horbaty, ENECO Energie -Consulting AG,
Switzerland, and CEO of the Swiss wind energy association.

The national political aim for wind energy in
Switzerland comprises 50 -100 GWh until 2010.
Today, 10% of 50 Gwh has been reached. A GIS 4
study has been performed in cooperation with

repre sentatives from many different and opposite
interests. This study identifies 100 good places that

have a total potent|al of 4 TWh. The places are evenly distributed between the

Jura Mountains and the Alps, and 90% are located in areas that can be

defined a s cold climate sites.

The technical potential, i.e. if opposite interests are not considered, is 12 TWh

with a production cost t hat is lower than 12 dc/ k
purpose covers less that 2% of the country and most of the places are locat ed

in the Jura Mountains along the North West border to France.

There is an interesting project going on at Gitsh Mt in the German -speaking
valley north of the S:t Gotthard tunnel. Here wind energy is integrated into

the grid of the valley. The valley h as two hydroelectric power plants, and
there are plans to make the valley self -sufficient by means of new wind
energy and current hydro. The original 850 kW
Lagervey unit with a direct driven generator was,

after spectacular blade repairs by alpinists,
exchanged in 2004toan E  -40.

Figure 3. E-40 on Gitsch.

4 GIS=Geographical information system. An organised way to handle geographical related
information electronically. The result can be visualised as a layer on other map information.
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In this new plant, de -icing is carried out be means of heated air being
circulated within the blades. The reported energy consumption of this de -icing
system is 1% of the total energy production. An interesting property of the E -
40 is that it reduces the effect at wind speeds above 25 m/s and does not

turn off before about 35 m/ s. Due to this

3% more energy. This storm -property is especially imp  ortant in large farms
that should not cease to produce during front passages.

There are also advanced plans to build wind energy plants in the Gotthard
Pass, along the power line that goes between the German - and ltalian -
speaking valleys that are linked by the pass.

1.1.2 Experiences from Sweden

Since the last conference, the operation, incident and production reporting

system has largely been automated in Sweden. This has also reduced the

number of manual report of incidents. For example, one third of all co Id
weather reports in 2003/2004 came from a single 225 kW plant in
Vastergotland that seems to have problems with too low pitch speed at low
temperatures.

The unknown data concerning breaks and losses in energy production due to
icing are now very large. Possible sources of information are those error logs
that are accessible to owners and manufactures. If a plant stops due to
vibrations or low energy production in relation to the measured wind speed,

this might indicate icing.

Figur 4. Goéran Ronsten, FOI, Sweden

It is not known, now, if the industry has analysed
their error logs with respect to icing, and then
compiled these observations systematically. This will
surely occur when the markets in cold climates are
considered larg e enough. Unfortunately, the leading
manufacturers, except Enercon and Bonus, seem not
to take icing seriously at the moment. The reason for
this might be that today the owners take the risk of

B losses in energy production. It is not until the
buyers, thro ugh contracts, succeed to enforce the demand that icing shall be
included in the technical availability, that all manufacturers that want to
compete on the cold -climate - market must take icing seriously.

Measuring icing using ice detectors on the nacelle can be an alternative way

to estimate the icing frequency. Sweden will therefore take part in the EU -
cooperation project cCosT727, AiMeasuring
structureso, for the next four years, if

aims are to bring about continuous synoptical icing measurements to be able
to verify forecast methods, and to produce icing frequency maps. These can

and

iStorm

i nanci

n

forec
ng
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serve as basis for the dimensioning of measurement masts and wind energy
plants.

Hence, we immediately d  iscover the interesting problem: With what shall we
measure icing? The historical reason why such measurements are not
included in the continuous meteorological observations has been the lack of
reliable ice detectors. By the way, it is not even clear what type of icing we
should measure, as the involved partners have different interests. When

masts are dimensioned, the interest is on the maximal accumulated amount

of ice and the corresponding maximal wind load. The forecaster is only
interested in the icin g occasion in itself. The plant owner, on the other hand,

is mainly interested in how long the ice lasts on the blades and disturbs the
operation if no measures are taken.

Figure 5. . Band of ice on sea between
Nasudden and Bocks tigen. Photo: Goran
Ronsten

In the future, it might desirable from

an energy saving point -of-view to
apply different strategies for de -icing
rime ice and glaze. A few optical ice
detectors are able to distinguish between these two types of ice. The milky

white colour of rime ice is caused by trapped air as icing occurs, entirely or

partly, in dry conditions. At higher temperatures, and/or high wind speed, the

icing can take place in wet condition, and then the air does not remain

captured between the froze n water drops. Glaze ice is thus formed. There are

only three plants in Sweden with blade de -icing systems. Those de -icing
systems that function during operation are not currently commercially
available (too expensive?), and the system that requires the op eration to stop

during de -icing cycles has not been successful other than during light icing
conditions at low wind speeds.

Low wind energy production in alpine farms, as compared to what is stated in

the applications for investment subsidies, seems to be the rule rather than the
exception. The reasons for this might be that the authorities demand high -
energy production to approve applications of investment subsidies, in
combination with too short wind speed measurements on too low altitudes. As

the icing frequencies increase with increasing altitude, as a rule, the wind
measurements should be carried out up to the highest blade passage altitude,

or, at least up to hub height. This is seldom the case, since ice covered
measurement masts  and guy -wires tend t o be very wind susceptible. To avoid
structural collapse of measurement towers they can either be correctly
dimensioned for the site specific icing conditions or additional energy can be
applied de -icing of the mast, wire and boom supporting structures.
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Figure 6. Passing sea ice causes
vibrations, which complicate the work and
boarding.

Icing problem at sea was also included

QuickTime och en in the presentation. A picture of a band
-dekomprimerare . . . .
kravs fér at kunna se bilden. of ice at Nasudden is shown (Figure 5),

which may cause problem f  or smaller

boats approaching at high speed.

Another picture (Figure 6), taken from

the tower foot, shows rapidly passing

ice that causes vibrations, which make

it difficult to work and to evacuate the
plant. | f a person fall s dodhetweemthedmverlaidk el vy t o be
the ice.

The future of Swedish projects of Aapua and Sjiska were outlined in the
presentation. Aapua is located in Tornedalen, approximately 200 km north of

Luled and 100 km from the Olostunturi in Finland, and it will be built in the
summer of 2005. It consists of seven NM82 with a rated power of 1,5 MW

each. Fourteen owners support the total investment of 140 MSEK, and the

annual production is estimated to 35 GWh. There is a risk of icing that might

cause production problems in A apua. Another place where Vindkompaniet is
planning to build in is the low alpine mountain of Sjiska in Géllivare
municipality.

Figure 7. lllustration by Vindkompaniet of the Sjiska project on app. 200 GWh. The
great challenge is  for the developer to find a wind turbine that is sufficiently adapted
to the icing climate.

It is necessary to make assumptions regarding the benefit in energy
production in order to judge if an investment in de -icing equipment will be
profitable or not.  Such an exercise is presented in figure 8. The presentation

of the Swedish experiences is available on http://www.vindenergi.org/
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QuickTime och en
“dekomprimerare
krévs for at kunna se bilden.

Figure 8.. Example of calculations of break -even inve stment costs for an investment
in de -icing equipment. Yellow fields indicate the costs for the de -icing system of
Enercon, which so far has only been able to take care of light icing conditions.
Prerequisites:

Energy price (U0c) =4.5

Warranty (year) =2

Bank interest, lending (%) = 6

Inflation (%) =2

Bank interest, deposits (%) =2

Repair (% of investm.)=5

1.2 New Icetools

The EU project NEW ICETOOLS was carried out between 2002 and 2004 with
the aim to develop tools to reduce the investment risks of wind energy in cold
climates.

With the experiences from the forerunner project WECO, the NEW ICETOOL
has been able to focus on detailed icing studies and measurements. Sweden
contributed with load and video measurements, and later with measurement
using newly develo pd ice detectors on the Suorva wind turbine Bonus 600 kW
Mk IV), and evaluations of these and studies of operation statistics from
Rodovalen.

Meteorological icing data obtained from synoptical stations have been
analysed in Austria. The produced ice frequ ency maps are now more detailed
as compared to the results of WECO. In addition, the ten new members of EU

are included in the study. An example that was shown at BOREAS VI is found

in figure 9.
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QuickTime och en
-dekomprimerare
krévs for att kunna se bilden.

Figure 9. An early icing frequency map obtained in the NEW ICETOOLS. The map was
presented at the previous BOREAS conference. Reference: Hartvig Dobesch, Austria.

The project NEW | CETOOL has benefited
French and Swiss meteorological services, where they made field studies of
different detectors used in cold climate. The final recommendation concerning

wind gauge includes an ultrasonic anemometer that the German
meteorological services now buy in large numbers. An objection to this type of
detector is that wh en it is put on a nacelle of a wind turbine there is a risk
that it will be out of elect ricity for a long period, which may damage the
moist -susceptible electronics. At a wind farm in the Alps, more than half of

the anemometers of this type had to be excha nged during the first year of
operation. A new type of an ultrasonic anemometer, FT702LT, which has a
smaller dimension and lower accuracy, was advertised in 2003 to be used on

a NEG Micon plant, e.g. NM72/NM82.

Figure 10.. FT702LT, a new type of compact ultrasonical
anemometer to be used in cold climate. The accuracy is
stated to be 4%, which is not as good as for conventional
anemometers. On the other hand, it is not the accuracy
requirement that is of primary interest to contr ol the
operation of a wind turbine. Instead, it can be more

Quikime och en important important to be able to measure wind speed also

e mase e during severe icing and precipitation conditions in order to

avoid unnecessary stops.

kravs ft

The coordinator of NEW ICETOOLS has been Bengt
Tamm elin at FMI, FMI being the Finnish counterpart
to the Swedish SMHI.

from

F MI



ELFORSK

Figure 11 : Bengt Tammelin, FMI, Finland.

Other countries that took part in the project were
Germany, Austria, and Sweden. In contrast to the
v more compiling wo rk of IEA Annex XIX, the practical
QuickTime och en
i pockomprimerare measurement work of NEW ICETOOLS has rendered
own useful results. Icing forecasts, ice detections,
analyses of load measurements, questionnaires, and
reviews of European legislation and regulations are
some of the activit  ies of the project.

On the basis of a newly developed type of ice detector from HoloOptics, FOI
has performed icing measurements at Suorva. A single detector will have a
price that is a tenth of the cost of an ordinary ice detector. Depending on the

choic e of the reflection material, the detector can distinguish between glaze
ice and rime ice, and measure duration and the icing intensity if the sensor is

heated.

@ i 3 # 4 & & r ® ® 4= 2. 13 22 14 L% A% L7 18 IW 30 3L 23 F# I IF 3% 27 3w @ 0 74 I3 23 2+ aF @% FF i% ap Ao

i 2 3 a4 5 & 7 & 5 do 1 1z 1% da a5 1 17 18 (s_=20 21 2z 23 F4 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Figure 12 a. The result of 40 days of measurements at Suorva with an ice detector
from HoloOptics. The upper graph shows ice intensity data given by the heated sensor,
and the lower graph shows icing duration as provided by the unheated sensor.

Figure 12b. Rolf Westerlund has developed the HoloOptics
detector.

QuikTne ot en Teknikgrup pen has analysed loads that were
st measured at Sourva, and together with the VTT
suggested some changes in the standards of GL
concerning dimensioning load cases. Already rime ice
that seems irrelevant, can cause turbulent airflow
over the blade and thus aff ~ ect the estimated life  -length of the wind turbine.
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The influence of icing is not to damage single blades. Instead, the effects can

be seen in the fixed systems, like the machine house and tower that receive

the sum of the loads from single blades. As the blades are not iced up
symmetrically, the icing always gives rise to disturbances of one per
revolution (1P). We, representatives from the ICETOOLS project, were
surprised to hear that the GL, in their presentation at the BOREAS conference,

had not conside red our findings. One of these indicate that the aerodynamic
effect is large when compared to the mass distribution. The representative of

GL argued that some of the calculation programs of the manufacturers have
difficulties to handle such aerodynamics. W ould it not be more appropriate to
introduce a load case with prolonged rime ice operation, and a case with a
larger aerodynamic ice effect, and by this enforce the development of
countermeasures instead of just laying down flat?  As a first approximation,
the aerodynamic effect of icing can be simulated by individually adjusting the

pitch angles of single blades differently. However, it is more correct to take

into account the increased profile drag, and the changed properties of the
aerodynamic liftthati s caused by the ice.

1.2.1 Experiences from Germany

Michael Durstewitz has used a questionnaire in different languages to collect

and analyse data from Sweden, Austria, Finland, and Germany on incidences

that are related to cold climate. He has also extracted stops that were related
to cold climate, from the German 250 MW -programme.

Figure 13 . Michael Durstewitz, ISET, Germany.

Unfortunately, the respondent frequency was low,
and thus the reliability was bad, as in the Swedish
case. The questionnaire that was available on the
Internet did not give a single response. The reports
from Sweden are taken from the operation database

of ElI for sk, and t hey constitute 25%
material. After all, this is the best material as of today , and Durstewitz was
forced to draw conclusions based on the present data. In the German
database, there are examples of wind turbines that have stood idle for some

weeks due to icing. In one case the yaw system broke as the nacelle was
effectively being  kept in place by the ice.

Icing occurs in the coastal areas of Germany at temperatures between -3°C
and 0 °C. At higher altitudes, there is a tendency that the icing temperature

can be lower, down to  -10 °C. The reason for this is wind turbine operation in
clouds.
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1.2.2 Experiences from Finland

According to available statistics, low temperatures have not caused any
problems for the operation of wind turbines in Finland. However, icing has.
Therefore, Timo Laakso at VTT has spent a winter season in the Finnish p art
of the Tornedalen to document the course of events on the spot. In Finland,

there are the two companies Labco, that manufactures ice detectors, and

Vaisala that is large on meteorological sensors and systems.

Figure 14 . Timo Laakso, VTT, Finland.

Contrary to Sweden, Finland has a manufacturer of

wind turbines; WinWind, whose products are said to

be adapted to cold climate already from the drawing

board, except for the lack of de -icing equipment. The

technique is based on the M  ultibrid concept of the

German consulting company Aerodyn, with a one -

stage gearbox and a multi -pole gener at or . Wi nWi nD&s
Swedish representatlve is Aerodyn in Karlskoga. The German Aerodyn and the

Swedish Aerodyn have nothing in common but the name (and ob viously also

the interest for utilizing the Multibrid concept).
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Figure 15 . Despite the continuous de  -icing, the power available is not sufficient to de -
ice the blades in all situations. The black graph shows the nominal wind ene rgy

production available for the wind turbine as measured by a heated anemometer. The

10
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red line shows the power produced by a wind turbine with a constantly activated anti -
icing system. The blue line shows the power from a wind turbine that is not de -iced.

1.3 COST 727

The EU cooperation within COST 727 , MaBasuring and forecasting atmospheric
icing of s, tisrplammédua lass bietween April 26, 2004 and April 25,
2009.

The initiative to start COST 727 was taken by Bengt Tammelin at FMI (who

was also res ponsible for arranging the BOREAS VII conference). Tammelin is

the chair of COST 727. The vice chair is Henry Seifert, professor of wind

energy at Bremerhavends university, and previously

The aim is to enable continuous synoptical measurements of icing in the same

way as other basic meteorological measurements are handled today. Such

measurements do not exist today, mainly due to the lack of appropriate

sensors. After a government decision, Sweden takes part in the project

together with eleven oth  er countries and the Japanese Kanagawa Institute of

Technology. However, the Swedish participation has achieved only spot

financing (like for writing this report), so far. The participants will, during the

first two years, compile status information regard ing ice physics, modelling of

ice, ice detectors available and measurement techniques into a state -of-the -
art report.

Figure 16 . Bengt Tammelin, FMI, Finland

The work of COST 727 is divided into three working
groups. The first stu  dies the icing physics, the second
measures icing, and the third verifies and develops
the methods for forecasting and mapping of ice. The

first year will be followed by a three -year long period
of measurements, while the last year will be spent
evaluating data and models. The Swedish

representation is consists of Géran Ronsten (FOI) and
Mikael Magnusson (SMHI). There are two Swedish
representatives in each working group. See http://cost.cordis.lu/ , COST 727
for more information.

1.3.1 Working Group 1 (WG1) - Physics of icing

Lasse Makkonen (VTT) is chair of the COST 727 WG1. The group tries to
establish relations, i.e. often empirical formulas based on experimental data,

that may enable calculation of the magnitude of atm ospheric icing of
structures. Wind speed and temperature are undisputed parameters. Too

often, the relative humidity is the only parameter used to measure the icing

risk, as no other information exists.

11
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Makkonen has showed that the drop size distribution relative to the size of an
object in danger of being iced -up and the liquid water content in air, are the
primary parameters that, together with wind speed and temperature,
influence the rate of icing. A fundamental problem when comparing to model
simulati ons is that the drop size distribution and the liquid water content of air

are, due to the lack of suitable sensors, not commonly measured. In order to
determine the drop size distribution, Makkonen has suggested that
measurements should be carried out usi ng a multi -cylinder tube with seven
cylinders of different sizes. To determine the average drop size distribution, it
suffices to weigh the accumulated amount of ice on each of four of the seven
cylinders. Today, the prototype equipment is handled manually . Therefore,
work goes on at VTT to automate the ice -sampling multi  -cylinder.

Figure 17 . Lasse Makkonen, VTT, Finland.

Visibility could, according to Makkonen, be a relevant
parameter to measure to estimate the liquid water
cont ent of air. Visibility meters are available today
from several manufacturers. It remains to be seen, if
visibility values of 0 -200 meters, which are relevant
for icing, are suitable to measure with such
equipment, and how dependent the correlation
between visibility and the liquid water content of air is on the drop size
distrubution.

According to the definition of WMO, it is quite clear that, unless recalculated,

the relative humidity, expressed as a percentage value (e.g. 95%), cannot be

used to indicate the icing risk. WMO has used measured humidity, with
reference to water instead of ice, to avoid percentage values of relative
humidity above 100. There are no fundamental problems associated with
recalculating the relative humidity based on either water orice, as long as the
reference in use is known. WG1 will document the state -of-the -art of this
research field, analyse old and new data and suggest improved icing models.

The Swedish representatives are Eva Sundin at Swedpower in Luled, a
subsidiary of V attenfall, and Staffan Meijer at FOI. (Update 2008 -11-12:
Funding could not be obtained for Sundinds and Mei

1.3.2 Working Group 2 (WG2) - Icing measurements

With years of experience from Statnett (the Norwegian counterpart to the
Swedish national grid operator Svenska Kraftnat), Stein Fikke has had a
uniting function in WG 2 of COST 727. Fikke now works now as an
independent meteorology consultant.

Figure 18 . Svein Fikke, Norway.

The results from the measur ements are expected to
act as an essential link between WG1 and WG3. In
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order to compare measurements from different places and from different
sensors the group will agree to use the same format for storing collected
data.

There are two relevant standards concerning icing measurements in place:

e [EC 61774:1997 i Overhead lines 1 Meteorological data for assessing
climatic loads.
e |SO 12494:2000 1 Atmospheric Icing of Structures.

The latter standard states that measurements of icing must be made on a

rotatin g cylindrical rod with a length of 50 cm, and a diameter of 30 mm. It is

still unclear if the cylinder should rotate freely, or if it has to be driven by a

motor. At sites severely affected by icing, the cylinder length has to be

extended to 1 meter, presu mably to reduce the edge effects.

At Studnice in the Czech Republic, icing measurements have been performed

since 1940, which is a record series for such measurements. Icing occurs here

mainly in clouds as rime ice.

To measure icing is a complicated task a nd it is unlikely that one single

instrument will be able to measure if active icing (yes or no), icing intensity,

duration (inclusive passive time), kind of icing and accumulated mass of ice.

Clear ice, rime ice and freezing wet snow may require different  detection

methods.

Fikke showed different types if ice detectors and their various applications. A

complete list of detectors can be found in the documentation from the

BOREAS VII conference, which may be bought from the FMI,
http://www.fmi.fi/

.y The Swedish repre -
& sentatives of WG2 are Per -
Erik Persson at

AerotechTelub and Dietmar
Letalick from FOI. Vice chair

of WG2 is Goran Ronsten,
FOI. [ Update 2008 -11-
12 : Dietmar Letalick has
left WG2 as financing for
LIDAR measureme nts under
icing conditions could not
be arranged.]

Figure 19 . Iced -up power line
in Legnarhorgi, Voss, at 1 400
m.a.s.l. in April 1961. The ice
diameter is 1,4 metres. The ice
mass expressed in  kg/m
corresponds to a traffic jam
with out any space between
cars. Published with permission
from Svein Fikke.
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