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VTT Services for wind power value chain vr

30 % consultancy
70 % jointly funded

~40 person years/year

Investment
Feasibility

Construction and
Installation

Operation and
Maintenance

Power system design
and asset planning

Electricity praduction based on fueks

Technology and
Innovations

Cold climate markets 2015-2020
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VTT Cold Climate Wind Power Test site Olos
Patents

lce accretion theory 1990s ->

020 NACA 64618, chord = 1.61 m, thickness = 0.29 m

160 min
ice mass: 2.268 kg/m
ice thickness: 0.046 m
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VIr

EERA JP Wind members:
- Barcelona Super Computing center (ES)

BERA (BE)
Project

Chalmers University (SE)

CIEMAT (ES)

CNR (IT)

Cranfield University (UK)

CRES(GR)

H2020 IRPWIND project — 2nd Call for Joint Shr O

DLR (DE)
DTU Wind Energy (DK)

Experiments

Forwind/Univ. of OldenburG (DE) Forwind/Univ.

» Experiments results as Open Data et move )
« Data published from 2 sites: REC e

LNEG/INETI (PT)

 Olos in Northern Finland, a site with severe s

MARINTEK (NO)
icing and complex terrain, open for
everyone
* Pori on the western coast, a site with less i
CIRCE (ES)

icing and terrain complexity, only for EERA » a0

RISE (SE)

JP Wind members!

TECNALIA (ES)
TUM Minchen

* Longer-term time series on icing conditions on ety of s
the same sites from the global WiceAtlas data

niversity of Stavanger (NO)

niversity of Stuttgart (DE)

niversity of Uppsala (SE)

olitecnico di Milano (IT)

Middle East Technical University — Center for
Wind Energy (TR)
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WiceAtlas, description ; “"“

= \WlceAtlas is based on cloud
base height measurements

= Data from 4500 meteorological o e
StatiOnS, >2O yr/Stathn ] e |
= Temperature from MERRA 93 o

= Criteria for icing: CBH <=150 m
and T <0 (In-cloud icing only!)

(IEA kce Class

Intermediate risi
(IEA Ice Class

Data from closest met station

= monthly time series, HH + 2/3 R elevation
* meteorological icing and data availability.
Olos: 1995-2005

Source: IEA Wind Recommended

1. Practices 13. Wind energy projects in cold
O rl . - climates

Additional information and public map:
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http://www.vtt.fi/sites/wiceatlas




Olos

« Measurements since 1999, data
published 2000-2005

« 500 m a.s.l.

 Five 600 kW Bonus MK IV turbines
with ice protection system

* 40 m met mast

« |[EAice class 4

i

% of year % of year % of gross annual production
5 =10 =20 =20
4 5-10 10-30 10-25
3 3-5 6-15 3-12
2 0.5-3 1-9 0.5-5
1 0-0.5 <15 0-0.5
Source: IEA Wind Recommen ded

Practices 13. Wind energy projects in cold
climates
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Olos, available signals

10 min ave, max, min, std or turbulence intencity

Wind speed, heated
Wind direction, heated

Temperature
Air pressure

Power

Power

Power
Power

Power

Icing, status signal

Icing, amplitude
Icing, on/off

05/02/2018

Mast 38.8m Vaisala WAA 252

Mast 38.8m Vaisala WAV 252

Mast 38.8m PT-100

Measurement hut Vaisala PTB110

Turbine 1 Mittrix Electrix EDPQL 755,
one phase only

Turbine 2 Indirect measurement.
Calculated from wind farm
power

Turbine 3 Mittrix Electrix EDPQL 755,
all 3 phases

Turbine 4 Mittrix Electrix EDPQL 755,
one phase only

Turbine 5 Mittrix Electrix EDPQL 755,
one phase only

Turbine 3 Mittrix Electrix EDPQL 755

Nacelle of T1 Labkotec LID 3200/3500

Nacelle of T1 Labkotec LID 3200/3500

Nacelle of T1 calculated from LID status

Winterwind 2018

Data availability (%)

89 79 89 89 88 89 89
90 90 90 90 90 91 91
48 81 48 48 80 81 81
41 86 41 41 86 86 88
74 79 75 75 87 84 77

_pwr

wind dir 39m

bl heat

S

:
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| 2000

| 2001

| 2002 |

| 2003

| 2004

| 2005



Pori description

Measurements since 1999,
data published 2000-2005

On the coast, 2-3 m a.s.l.

8 Bonus 1 MW turbines, 4 with
iIce protection system

85 m met mast

IEA ice class 2

Meteorological icing at 150 m a.g.l
[% of time]

80008
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1EA Ice class  Meteorological icing  Instrumental icing

% of year % of year % of gross annual production
5 10 >20 >20
4 5-10 10-30 10-25
3 3-5 6-15 3-12
2 0.5-3 1-9 0.5-5
1 0-0.5 1h%] 0-0.5
Other 4 turbines

Met mast 4 turbines with IPS ¢



M % /4

| Description | Location | Manufacturer and model
- - - Wind speed m/s mast 87 m Vaisala WAA 251/252
Porl ) aval Iable Slg nals Wind speed m/s mast 62 m Vaisala WAA 251/252
Wind direction deg mast 87 m Vaisala WAV
Wind direction deg mast 62 m Vaisala WAV
° I Temperature C mast 62 m Vaisala HMP234
1 O m I n ave’ maX’ Temperature C mast 84 m Vaisala HMP234
. Air pressure 2m Vaisala PTB220
m I n y Std Or Icing on/off nacelle (Pori 1) Labkotec LID3200
. . Icing on/off nacelle (Pori 2) Labkotec LID3200
tu rb u |e nce | nte N Clty Icing on/off mast 73 m Labkotec LID3500
Icing on/off mast 84 m Labkotec LID3500
Ice detector status mast 73 m Labkotec LID3500
Ice detector status mast 84 m Labkotec LID3500
Ice detector amplitude mast73 m Labkotec LID3500
Ice detector amplitude mast 84 m Labkotec LID3500
, . Pow turbine (Pori 2) Mittrix Electrix EDPQL 755
Data availabil ity (%) Blade heating power > turbine (Pori 2)  Mittrix Electrix EDPQL 755

pwr

icing 73 m

icing 84 m

Wind dir 87m

£
~
©
=
S
°
=
=

Bl heat

BIA Status 73 m
BIA Status 84 m

92 79 79 94 94 82 82 99 59 95 99 99 95 94
91 91 91 92 93 93 93 93 93 91 93 93 93 93
68 62 62 75 69 75 81 75 67 68 71 81 70 81
72 72 72 75 89 7 7 89 89 53 89 89 89 89
96 96 96 99 98 0 0 99 99 73 99 99 99 99
86 81 81 96 95 0 0 97 97 86 97 97 97 97
84 84 80 80 88 90 43 44 92 84 78 91 93 90 92
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Data quality check

« Automatic filtering and visual check

Signal____[Fiter | Additional information

wind speed >=(0and <30

Wind direction >= (0 and <= 360

Temperature >=-50 and < 35

Air pressure Olos 500 a.s.| > 880 and < 1000 removed also if max > 1006

Air pressure Pori > 900 removed also if min < 200

Power Olos 1,3,4 and 5 > -70 and < 650 kW Values also compared to other
turbines and wind speed

Power Olos 2 >-70 and < 700 kW Power for Olos 2 seems to be
overestimated

Power Pori 1 >-70 and < 1050 kW

Icing, ice detector status >=0and <16

(e le i le=Re T ol @ T o) [ S8 >= 0 and < 100 or 255 LID 3500 max 255, LID 3200
max 100

Pori blade heating power >=0 and <100
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M%7 /a
WiceAtlas results, Olos

25%

. * Monthly distribution from

0 WiceAtlas only
Comparison
” « WilceAtlas elevation HH +

. 0 1 0 2I3R=55m
* 6 year average close to
site measurements

. + Deviation in yearly values
 Not known which one
N I I II is more accurate!

2000 2001 2002Year 2003 2004 2005  2000-2005 Not that bad! @
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Average meteorological icing (% of time)

Meteorological icing (% of time)




WiceAtlas results, Pori

2.0%

15

1.0

Average meteorological icing (% of time)

o o o

Meteorological icing (% of time)

0.1%

0.0%
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2.5%

0.5%

0.0%
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* Monthly distribution from
WilceAtlas only

Comparison
 WilceAtlas elevation HH +
2/13R =78 m

5 %
5 9%
o
3 o
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B Wiceatlas @LID73m BLID84m

* 0 year average close to
site measurements
* Deviation in yearly values

2000 2001 2002 2003 2004 2005 2000-2005
Year

* Not known which one
IS more accurate!

Not that bad! ©
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How to access data and license
Data will be published soon in IRPWIND Project website

Preliminary Licences:

Pori

« Avalable only for EERA JP Wind members

* You can use the data, but must give appropriate credit
« Sharing is not allowed

Olos

» Creative commons Attribution 4.0 International (CC BY 4.0)

« Share the material in any medium or format

« Remix, transform, and build upon the material for any purpose, even
commercially

* You must give appropriate credit, provide a link to the license, and indicate if

changes were made.
https://creativecommons.org/licenses/by/4.0/
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Summary

* First time ever turbine data will be published from

cold climate wind farms
* WilceAtlas long term average match well with site

data

Contact information:
simo.rissanen@vtt.fi
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