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Summary

This report presents a wind resource assessment for seven test stands at the @sterild National
Test Centre for Large Wind Turbines in Denmark.

Calculations have been carried out mainly using wind data from three on-site wind lidars (Light
Detection and Ranging), which have been installed, operated and maintained by DTU Wind
Energy.

The generalized wind climates applied in the wind resource calculations for the seven test
stands are based on correlations between a one year period (February 2010 to January 2011)
of on-site wind data from the wind lidars West, North and South at 100, 120 and 140 m above
ground level (AGL) with a 30-year period (1984 to 2013) of MERRA long-term reference wind
data.

The wind resource assessment for the seven test stands has been made applying the WAsP
11.1 (DTU Wind Energy) and WindPRO 2.9 (EMD International A/S) software packages.

Based on the available information, the following main results have been derived:

1. Wind resource at 100 m AGL

Average of seven long-term mean wind speeds . 8.25m/s
Average of seven long-term Weibull A parameters : 9.29 m/s
Average of seven long-term Weibull k parameters . 2.60

2. Wind resource at 120 m AGL

Average of seven long-term mean wind speeds . 8.74mls
Average of seven long-term Weibull A parameters : 9.84m/s
Average of seven long-term Weibull k parameters 1 2.61

3. Wind resource at 140 m AGL

Average of seven long-term mean wind speeds 2 9.12m/s
Average of seven long-term Weibull A parameters :10.26 m/s
Average of seven long-term Weibull k parameters . 2.62

The calculations include no array losses due to shadowing effects (wake loss) from one wind
turbine to another within the Jsterild test centre. Any shadowing effects from nearby wind
turbines outside the test centre have also not been taken into account. This leads to an
insignificant overestimation of the wind resources.

After the wind lidar measurements took place, part of the forest around the @sterild test centre
has been cut down. The reduced terrain surface roughness has affected the wind resources at
the @sterild test centre and this leads to a slight underestimation of the wind resources.

The influence of the shadowing effects and the reduced terrain surface roughness on the wind
resources at the @sterild test centre are expected to be of the same (small) order of magnitude.
So the combined influence on the wind resources is expected to be small.

However, since the influence of the reduced terrain surface roughness might be a bit larger than
the influence of the shadowing effects, the wind resources presented in this report might be
slightly underestimated.
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1. Site

The Jsterild National Test Centre for Large Wind Turbines is located on a coastal plain,
approximately 60 km west of Aalborg in northern Jutland, Denmark, see Figure 1.

The terrain is flat, except for a small hill to the southwest at Hjardemal and some sand dunes to
the north. The elevations of the seven test stands range from approximately 12 to 14 m ASL.
The site has grasslands, and forests in the southern half of the test site with canopy heights
between 10 m and 20 m. The surroundings are dominated by the North Sea, which is
approximately 4 km to the north and 20 km to the west. There is also the Limfjord inlet about 6
km to the southeast.

The terrain surface roughness lengths are estimated at O (zero) m for the North Sea and the
Limfjord, and a combined background roughness length of 0.8 m for grasslands and forests.
Note that for this particular site the terrain surface modelling is not very critical in relation to wind
resource assessment calculations because:

¢ No vertical extrapolations of the measured wind data are necessary (wind resource
assessments are made at three measurement heights)

e Relatively short horizontal extrapolations of the measured wind data are necessary
(wind resource assessments are made at the positions of the seven test stands, which
are relatively close to the three wind lidar positions)

The only potentially relevant wind turbines and obstacles in the surroundings are a row of eight
wind turbines 2.8 km west of test stand 6, another row of four wind turbines 2.3 km east of test
stand 4, some buildings in the vicinity of test stand 3, and a building 1.8 km west of test stand 7.
However, the influences of all these wind turbines and obstacles on the wind flow at the test
stands are insignificant.

Google earth

Figure 1: Google Earth image of the location of Jsterild National Test Centre for Large Wind
Turbines (orange cross) and MERRA long-term reference (orange anemometer symbol)
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2. Wind data

This section briefly describes the wind data analysis and the expected long-term wind climate at
the Dsterild National Test Centre for Large Wind Turbines.

2.1 Wind lidars

The Jsterild test centre had three wind lidars installed on the site with wind data recorded
between 28/01/2010 and 05/11/2011.

The wind lidars are of the type WindCube WLS-7 (version 1) from the French manufacturer
Leosphere. The WLS-7 wind lidars are able to measure wind speed and wind direction at up to
10 different heights AGL, formally between 40 and 200 m AGL.

The locations and measurement heights and measurement periods of the three installed wind
lidars are listed in Table 1; the locations are further shown on a sketch map in Figure 9.

Measurement UTM WGS84 zone 32
Wind lidar height E N Elevation
[m AGL] [m] [m] [m ASL]

45, 60, 80, 100,

Lidar West 120, 140, 170, 492004 6326021 11
200, 250 and 300
45, 60, 80, 100,

Lidar North 120, 140, 170, 493536 6326157 14
200, 250 and 300
45, 60, 80, 100,

Lidar South 120, 140, 170, 492373 6322912 10
200, 250 and 300

Table 1: Locations of the on-site wind lidars (elevations from height contour map)

The wind lidars West, North and South each measure one radial wind speed in a little more than
one second. After each speed measurement, the lidar beam is rotated 90 degrees in azimuth.
Radial speed measurements from four consecutive directions are required in order to calculate
one horizontal wind speed and direction. In this way, a 10-minute mean speed is derived from
about 550 radial wind speed scans.

2.2 Calibration of wind lidars

The accuracy of the lidar measurement systems was tested before the Jsterild measurement
campaign by performing a calibration against calibrated, mast-mounted cup anemometers. This
took place at the 116 m meteorological mast at the Test Station for Large Wind Turbines at
Hgvsgre in Denmark. The measurements and results are fully documented in [1]. Overall it can
be stated that the maximum deviation from the cup anemometer measurements was 2 per cent.

2.3 Processing of wind lidar data

The lidar will not report a wind speed if the measured carrier to noise ratio (CNR) is under a
lower threshold (-22 dB). Thus a 10-minute period may have less than the nominal 550 wind
speed observations. As a further guard against invalid data, we have excluded ten minute
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periods where less than 50 per cent of this nominal value are present. Since the signal strength
reduces with measuring height, the data availability will generally decrease with increasing
height. This tendency can be clearly seen in Table 2. Please see appendix A for more details
on data availability.

Wind lidar and ) ) Wind data availability
measurement height Wind data period after filtering
Lidar West at 100 m AGL 28/01/2010 to 05/11/2011 87.7%
Lidar West at 120 m AGL 28/01/2010 to 05/11/2011 86.7 %
Lidar West at 140 m AGL 28/01/2010 to 05/11/2011 84.9 %
Lidar North at 100 m AGL 28/01/2010 to 17/05/2011 86.7 %
Lidar North at 120 m AGL 28/01/2010 to 17/05/2011 85.3%
Lidar North at 140 m AGL 28/01/2010 to 17/05/2011 82.3%
Lidar South at 100 m AGL 29/01/2010 to 05/11/2011 79.8 %
Lidar South at 120 m AGL 29/01/2010 to 05/11/2011 783 %
Lidar South at 140 m AGL 29/01/2010 to 05/11/2011 75.3 %

Table 2: Summary of filtered wind data

In order to avoid seasonal bias a number of full years should be applied for further analyses.
Almost two years (21 months) are available from the Lidar West and Lidar South. However, 21
months might result in a significant seasonal bias. Therefore, one full year is used only.

For all three wind lidars, the data availability is decreasing over the data period. Therefore, one
year from the earlier part of the data period is used.

This gives the lowest possible seasonal bias and the highest possible data availability.

Wind lidar and ) . Wind data availability
measurement height Wind data period after filtering
Lidar West at 100 m AGL 01/02/2010 to 31/01/2011 88.5 %
Lidar West at 120 m AGL 01/02/2010 to 31/01/2011 87.5%
Lidar West at 140 m AGL 01/02/2010 to 31/01/2011 85.4%
Lidar North at 100 m AGL 01/02/2010 to 31/01/2011 88.1 %
Lidar North at 120 m AGL 01/02/2010 to 31/01/2011 86.6 %
Lidar North at 140 m AGL 01/02/2010 to 31/01/2011 83.4 %
Lidar South at 100 m AGL 01/02/2010 to 31/01/2011 845 %
Lidar South at 120 m AGL 01/02/2010 to 31/01/2011 82.8%
Lidar South at 140 m AGL 01/02/2010 to 31/01/2011 79.8 %

Table 3: Summary of filtered wind data based on 1 year wind data period

The following analyses are based on this one year wind data period. Note that the data
availability is below the minimum 90 % data availability recommended for wind resource
assessment by DTU Wind Energy. This is taken into consideration in the uncertainty on long-
term correction, ref. Section 4.
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2.3.1 Wind speed data

The mean wind speeds at 100, 120 and 140 m AGL at the locations of the three wind lidars are
about 7.8, 8.2 and 8.6 m/s respectively based on one year wind data period.

A Weibull distribution is normally a good approximation to wind speed data and this assumption
is also sound for the wind data measured at the Jsterild test centre.

The values in Tables 4, 5 and 6 are based on the measured wind data from the wind lidars
West, North and South at 100, 120 and 140 m AGL.

Wind speed at 100 m AGL Lidar West Lidar North Lidar South
Mean wind speed [m/s] 7.82 7.82 7.64
from data
Mean wind speed [m/s] 7.90 7.90 7.69
from Weibull fit
Mean power
density from [W/m?] 458 450 430
Weibull fit

Table 4: Mean wind speed and power density of filtered data and fitted Weibull fits at wind lidars
West, North and South at 100 m AGL based on 1 year wind data period

Wind speed at 120 m AGL Lidar West Lidar North Lidar South
Mean wind speed [m/s] 8.26 8.25 8.09
from data
Mean wind speed [mi/s] 8.36 8.36 8.14
from Weibull fit
Mean power
density from [wim?] 543 532 510
Weibull fit

Table 5: Mean wind speed and power density of filtered data and fitted Weibull fits at wind lidars
West, North and South at 120 m AGL based on 1 year wind data period

Wind speed at 140 m AGL Lidar West Lidar North Lidar South
Mean wind speed [m/s] 8.64 8.66 8.50
from data
Mean wind speed [mi/s] 8.75 8.78 8.58
from Weibull fit
Mean power
density from [w/m?] 626 619 594
Weibull fit

Table 6: Mean wind speed and power density of filtered data and fitted Weibull fits at wind lidars
West, North and South at 140 m AGL based on 1 year wind data period

Note that all above mean wind speeds are based on one year wind data period. There is of
course some year-to-year variability of the mean wind speed.
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2.3.2 Wind direction data

Figure 2 shows the wind direction frequency distributions for the wind lidars West, North and
South at 100 m AGL, indicating that a broad sector from southwest to northwest is the expected
dominant wind direction. Figures 3 and 4 show the corresponding frequency distributions at 120
and 140 m AGL respectively.

2

Figure 2: Wind direction frequency distributions of filtered data at wind lidars West, North and
South (left to right) at 100 m AGL based on 1 year wind data period

Figure 3: Wind direction frequency distributions of filtered data at wind lidars West, North and
South (left to right) at 120 m AGL based on 1 year wind data period

&

Figure 4: Wind direction frequency distributions of filtered data at wind lidars West, North and
South (left to right) at 140 m AGL based on 1 year wind data period

Note that all above wind direction frequency distributions are based on one year wind data

period. There is of course some year-to-year variability of the wind direction frequency
distributions.
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Figure 5 shows the wind direction power density distributions for the wind lidars West, North
and South at 100 m AGL, indicating that the west and west-northwest sectors are the expected
dominant wind energy directions. Figures 6 and 7 show the corresponding frequency
distributions at 120 and 140 m AGL respectively.

o o D

Figure 5: Wind direction power density distributions of filtered data at wind lidars West, North
and South (left to right) at 100 m AGL based on 1 year wind data period

VR Y ™

Figure 6: Wind direction power density distributions of filtered data at wind lidars West, North
and South (left to right) at 120 m AGL based on 1 year wind data period

‘e e e

Figure 7: Wind direction power density distributions of filtered data at wind lidars West, North
and South (left to right) at 140 m AGL based on 1 year wind data period

Note that all above wind direction power density distributions are based on one year wind data

period. There is of course some year-to-year variability of the wind direction power density
distributions.
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2.4 Long-term reference data

To get an understanding of the long-term variation of the wind at the Jsterild test centre, a
correlation needs to be undertaken with a representative and reliable long-term reference.

No such long-term reference ground station is available near the @sterild test centre. Therefore,
a MERRA (Modern Era Retrospective analysis for Research and Applications) data set is
compared with the on-site wind data and used as a long-term reference.

The MERRA data set originates from the Global Modeling and Assimilation Office of
NASA/Goddard Space Flight Center. The advantages of the MERRA data are that the period of
MERRA data can be much longer than the period of on-site data. The data is neither subject to
icing nor seasonal influences from vegetation and there should be no long-term trends if the
long-term wind data period covers the most recent 30 years.

The MERRA data from the geographical position E 9.335, N 57.000 degrees at 50 m AGL is
applied. This position is approximately 30 km east-southeast of the @sterild test centre so it is
expected that the MERRA data represents a wind climate which is very similar to the wind
climate at the test centre. This is supported by the similarity between the wind direction
frequency/power density distributions of the wind data measured at the three wind lidars and the
wind direction frequency/power density distribution of the MERRA long-term reference data, ref.
Figures 2, 3, 4, 5, 6, 7 and 8.

506 B wind spoad 984 1965 1995 1967 1685 1969 16001511360 901 1904 4995|1966/ 1997|1980 19982000 | 00112002 2003 204/2005 006 12007 2008|2009 2010 2048 2017 2043 | Mase Masn ofmorchs

January 5 |B.57 (826 |11.04 11.08(922 9.70 124611035 962 |T.78 650 (843 520 10.78/7.50 9.90 941 752 11556795 12131123/836 (815 8.04 964 789 935 637
Fobruary 2 |B01 983 11411187901 941 B10 B35 1135945 11661106 B97 |1061 /916 (1103575 B01 929 724 930 1071675 667 1003|856 695 B9 858
March 713 B (701 765 (331 11.56/7.45 |9.0] 654 10.78/1062 780 936 864 7.99 608 716 (931 678 617 726 705 666 B84 767 769 834 909 613 643 643
Apnl 632 (777 635 |695 664 (777 775|776 (754 (TE3 7B (779|593 862 |687 760|606 (668 655 736|701 681 710 76V 578 |555 |10 722 |F06 78T T2 T2
May 575 632 810 |664 658 (765 587 (723 669 681 638 635 (701 701 669 677 662 678 684 661|775 656 T74 702 491 744 679 817 690 693 683 663
June BAT 569 620 |668 525 552 605 693 626 736 895 694 635 562 770 E52 |74 735 809 TIT|TTI 701 648 556 805 627 662 TAB |TAT 720 641 651
July 701 (652|750 (798 755 645 785 638 BS4 777 556 658 |749 568 (B05 578 612 |60 656 .21 545 627 548 775 629 680 547 569 662 626 667 BT
Auguel 565 B30 745 |700 754 (785 693 727 810 739 677 588 721 470 617 530 758 |7 606 654 650|680 538 TE9 696 752 66T 716 605 686 690 690
September 679 852 921 |7T68 859 665 775 811 (725 839 83 832 658 564 699 TO03 571 759 643 730 863 744 799 932 647 8555 |795 828 918 642 T4 T84
October 981 (757 B37 (B95 B31 B61 B58 78T 744 716 B48 849 845 834 1063 878 |B63 963 866 738 BB1 721 729 663 944 833 [T95 902 805 852 B8 B838
Novamber 980 648 10.30/652 875 706 650 (938 960 757 912 843 974 B3) T08 BET 915 949 770 771|049 |87 1050 921 8.99 10.05(9.27 77) (026 040 BGI B
December B62 |B51 965 (B19 1074852 904 (954 B76 1006 974 660 718 7.31 (923 996|782 739 816 9.34 954 963 1062 759 716 (759 [749 1067893 1107882 882
maan, all data 7492 |T41 810 |767 787 821 B41 800 807 B8 B3 @06 TSB TVI B8 TVO 822 TeH 7O} VI2 792 VBB T66 B2} TA9 THE 747 812 (798 772 TH
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Table 7: Monthly wind speeds of MERRA long-term reference data at 50 m AGL

Figure 8: Wind direction frequency (left) and power density (right) distributions of MERRA long-
term reference data at 50 m AGL

Figure 8 confirms that a broad sector from southwest to northwest is the expected dominant

wind direction. The west-southwest, west and west-northwest wind direction sectors also
represent the highest mean wind speeds and thus the most wind energy.
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2.5 Long-term correlation

Correlation analyses were made to determine the level of correlation between the wind speed
data from each of the on-site wind lidars at 100, 120 and 140 m AGL and the MERRA long-term
reference data. The correlation analyses gave correlation coefficients (R) of 0.94 to 0.97, based
on a one-month averaging period, ref. Table 8. The correlation coefficients are very high and
also sufficiently high for long-term wind speed corrections applying the MERRA data.

The MERRA data set from the geographical position E 9.335, N 57.000 degrees is applied
because it has the better correlation with the on-site wind lidar data (of the four nearest MERRA
data sets).

Long-term correlation Lidar West Lidar North Lidar South
coefficient (R)
100 m AGL 0.95 0.95 0.94
120 m AGL 0.96 0.96 0.95
140 m AGL 0.96 0.97 0.96

Table 8: Correlation coefficients (R) for correlations of on-site wind lidar data with MERRA long-
term reference data, based on a one month averaging period

2.6 Long-term correction

The on-site wind lidar data have been long-term corrected on the basis of the long-term
correlation analyses. One full year (February 2010 to January 2011) of wind data from three on-
site wind lidars and 30 full years (1984-2013) of MERRA long-term reference data have been
used to estimate the wind climate at the @sterild test centre.

Long-term correction has been made using the Wind Energy Index method (Wind Index Method
in WindPRO) [2]. The Wind Energy Index method is described by using the ratio between a) the
long-term mean wind energy at the long-term reference and b) the short-term mean energy at
the long-term reference, which is concurrent with the short-term wind data period at the site.
Applying this ratio to the short-term mean energy at the site gives the long-term mean energy at
the site. The results are long-term energy correction ratios of 1.06 to 1.10 (+6 % to +10 %),
which are applied to the short-term mean energy for the three wind lidars and the three
measurement heights (this roughly corresponds to long-term wind speed correction ratios of
1.03 to 1.05).

Long-terrr:;tﬁ;)rrecnon Lidar West Lidar North Lidar South
100 m AGL 1.09 1.10 1.08
120 m AGL 1.08 1.09 1.07
140 m AGL 1.06 1.07 1.06

Table 9: Estimated long-term energy correction factors at wind lidars West, North and South at
100, 120 and 140 m AGL

The different long-term energy correction factors are mainly due to the different wind data
availability after filtering for the three wind lidars and the three measurement heights.

Note that for the Wind Energy Index method, no long-term correction is applied to the short-term
wind direction data. So the wind direction frequency distributions for the wind lidars at the three
measurement heights remain uncorrected.
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3. Wind resource

This section presents the estimated wind resource at the @sterild National Test Centre for Large
Wind Turbines.

3.1 WASsP wind flow model

WASP (Wind Atlas Analysis and Application Program) version 11.1.16 has been applied for
wind flow modelling. WASP is considered the wind energy industry-standard software for wind
resource assessment and siting of wind turbines and wind farms.

WAsP modelling includes analysing observed wind data to calculate so-called generalised wind
climates (wind atlas data sets). These generalised wind climates are subsequently applied to
estimate wind climates at particular wind turbine positions. In order for WAsP to calculate the
effects of the surrounding terrain on the wind at a given site, it is necessary to describe
systematically the most important features of the surrounding terrain.

Applying WASP, it is possible to estimate the wind resources at the @sterild test centre, based
on the inputs of wind data and a description of the elevation and land cover. Details of the
WASsP model and its validation are given by Troen and Petersen [3].

3.2 Basis of wind resource calculations
The WASsP wind resource calculations are based on:

e Wind data (one full year) from the wind lidars West, North and South at 100, 120 and
140 m AGL, ref. section 2

e MERRA data (30 years) from the geographical position E 9.335, N 57.000 degrees at
50 m AGL, ref. section 2

e Height contour lines in a WAsSP map file

¢ Roughness change lines in a WAsP map file

e The calculations include no array losses due to shadowing effects (wake effects) from
one test stand to another within the @sterild test centre

e Any neighbouring wind turbines have not been taken into account

Note that after the wind lidar measurements took place, part of the forest around the @sterild
test centre has been cut down. This was done in order to reduce the terrain surface roughness
and thereby achieve on-site turbulence levels and wind shear conditions in compliance with
international standards.

As a side effect, the reduced terrain surface roughness also affects the wind resources at the
@sterild test centre. So the wind data from the three wind lidars might not be entirely
representative of the present wind resources. This has also not been taken into account and it
leads to a slightly underestimated wind resource.
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3.3 Test stands

The row of the seven test stands at the Jsterild test centre is aligned in the north-south
direction. The elevations of the test stand positions vary between 12 and 14 m ASL (elevations
from height contour lines) and there is a 600 m distance between neighbouring test stands. The
North Sea coastline is seen approximately 4 km to the north of the test centre.

The layout of the seven test stands is shown in Figure 9. Please see section 3.5 for a list of the
test stands.
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Figure 9: Google Earth image of seven test stand positions and three wind lidars

3.4 Estimated wind resource

Figure 10 shows the positions of the seven test stands in a 120 m AGL wind resource map of
the Dsterild test centre. The grid is 1 km squares based on the coordinate system UTM WGS84
zone 32.
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Figure 10: Estimated annual mean wind speed at 120 m AGL
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3.5 Estimated long-term mean wind speeds
The long-term mean wind speed is estimated for the seven test stands at 100, 120 and 140 m
AGL. The Tables 10, 11 and 12 below list the positions and the estimated long-term mean wind

speeds for the test stands at 100, 120 and 140 m AGL respectively.

Long-term Long-term Long-term
UTM WGS84 UTM WGS84 ) Weibull A )
Test stand mean wind arameter Weibull k
zone 32 E[m] | zone 32 N [m] p
speed [m/s] [m/s] parameter
1 492967 6326734 8.32 9.37 2.61
2 492967 6326134 8.32 9.36 2.62
3 492967 6325534 8.30 9.34 2.61
4 492967 6324934 8.27 9.31 2.61
5 492967 6324334 8.22 9.26 2.60
6 492967 6323734 8.18 9.21 2.58
7 492967 6323134 8.14 9.17 2.57
A\/erage 8.25 9.29 2.60
Table 10: Long-term mean wind speeds at 100 m AGL
Long-term Long-term Long-term
UTM WGS84 UTM WGS84 ) Weibull A .
Test stand mean wind arameter Weibull k
zone 32 E[m] | zone 32 N [m] p
speed [m/s] [m/s] parameter
1 492967 6326734 8.80 9.91 2.62
2 492967 6326134 8.80 9.91 2.63
3 492967 6325534 8.79 9.89 2.62
4 492967 6324934 8.76 9.86 2.62
5 492967 6324334 8.72 9.81 2.61
6 492967 6323734 8.67 9.76 2.60
7 492967 6323134 8.63 9.72 2.59
Average 8.74 9.84 2.61
Table 11: Long-term mean wind speeds at 120 m AGL
Long-term Long-term Long-term
UTM WGS84 UTM WGS84 ) Weibull A .
Test stand mean wind arameter Weibull k
zone 32 E[m] | zone 32 N [m] p
speed [m/s] [m/s] parameter
1 492967 6326734 9.17 10.32 2.62
2 492967 6326134 9.17 10.32 2.62
3 492967 6325534 9.16 10.31 2.62
4 492967 6324934 9.14 10.28 2.62
5 492967 6324334 9.10 10.24 2.62
6 492967 6323734 9.06 10.20 2.61
7 492967 6323134 9.03 10.17 2.60
Average 9.12 10.26 2.62
Table 12: Long-term mean wind speeds at 140 m AGL
Wind Resource Assessment — @sterild National Test Centre for Large Wind Turbines 15




4. Uncertainty

4.1 Wind speed uncertainty

The uncertainty in any wind resource assessment is highly dependent on the local wind climate
and topography, the quality of the on-site wind data and long-term reference data, the wind flow
model, etc. Table 13 lists the wind speed uncertainty factors, which should at least be included
in an estimate of the total uncertainty for any wind resource assessment. Some of the
uncertainty factors are not easy to estimate. However, in general it might be helpful to at least
consider the following:

e Uncertainty on wind measurements includes: Instrument type, mounting and calibration
of instruments as well as any periods of missing/invalid wind data

e Uncertainty on long-term correction includes: Level of correlation between on-site wind
data and long-term reference data as well as any periods of missing/invalid wind data

e Uncertainty on year-to year variability includes: Duration and variation of long-term
reference data as well as any periods of missing/invalid wind data

e Uncertainty on vertical and horizontal extrapolation includes: Complexity of terrain,
atmospheric stability, accuracy and sufficiency of terrain description (height contour
lines and roughness change lines), accuracy in the position of observation site and
predicted site, ability of the applied wind flow model to make self-prediction of measured
wind data, vertical and horizontal distance between observation site and predicted site,
as well as any obstacles

) ) Estimated level Estimated level
Uncertainty category Uncertainty factor
(1-year period) (30-years period)
Wind measurements 4% 4%
Wind data Long-term correction 2% 2%
Year-to-year variability 6 % 1%
Vertical extrapolation 0% 0%
Flow model
Horizontal extrapolation 2 % 2 %
) RMS of uncertainty
Total uncertainty factors 8% 5%

Table 13: Estimated wind speed uncertainty factors and total mean wind speed uncertainty

Please note that all uncertainty factors are considered to be uncorrelated and given as standard
deviations for Gaussian distributions. With this assumption the total uncertainty can be
calculated as the root-mean-square (RMS) of the uncertainty factors.

Itis seen in Table 13 that there is an estimated 8 per cent total uncertainty on the estimated
mean wind speeds based on a one-year averaging period and an estimated 5 per cent total
uncertainty on the estimated mean wind speeds based on a 30-year averaging period.

The estimated levels of uncertainty are relatively low and this is mainly due to:

e Good correlation with a representative and reliable long-term reference
¢ No vertical extrapolation and short horizontal extrapolation of measured wind data
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4.2 Cross-prediction
A cross-prediction between the three wind lidars has been made, applying the wind lidar data
and WASsP calculations for each lidar position to predict the wind speeds at the two other lidar
positions. The cross-prediction results and the estimated cross-prediction errors can be seen in
Tables 14, 15 and 16 below.

Predictor lidar Lidar West Lidar North Lidar South
Predicted lidar Level [m AGL] 100 100 100
Lidar West 100 -1.0% -1.2% 4.7 %
Lidar North 100 -0.8 % -1.0% -4.6 %
Lidar South 100 +2.8% 2.6 % -1.1%

Table 14: Cross-prediction error between wind lidars West, North and South at 100 m AGL
based on 8.7 months of concurrent wind data

Predictor lidar Lidar West Lidar North Lidar South
Predicted lidar Level [m AGL] 120 120 120
Lidar West 120 -0.4 % -0.5 % -4.0 %
Lidar North 120 -0.3% -0.4 % -3.9%
Lidar South 120 +3.2 % +3.1 % -0.5%

Table 15: Cross-prediction error between wind lidars West, North and South at 120 m AGL
based on 8.7 months of concurrent wind data

Predictor lidar Lidar West Lidar North Lidar South
Predicted lidar Level [m AGL] 140 140 140
Lidar West 140 -0.3 % -0.3 % -3.3 %
Lidar North 140 -0.2% -0.3% -3.3%
Lidar South 140 +2.8 % +2.7 % -0.3%

Table 16: Cross-prediction error between wind lidars West, North and South at 140 m AGL
based on 8.7 months of concurrent wind data

The cross-prediction analysis shows that all self-prediction errors are about one per cent only or
less and this is acceptable.
The cross-prediction analysis also shows that the cross-prediction errors between the lidars
West and North are about one per cent only and this is satisfactory.
However, the analysis also shows a significant cross-prediction error when modelling the wind
speeds at Lidar West and Lidar North from Lidar South and vice versa. This is likely due to
difficulty in cross-predicting wind resources between positions, which have different distances to
the North Sea. Therefore, the wind resource calculations for each of the seven test stands have
been made applying wind data from all three wind lidars — weighed according to the distance
between the test stands and the wind lidars.

Wind Resource Assessment — @sterild National Test Centre for Large Wind Turbines
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Appendix A Wind data availabilities

This appendix presents the wind data availabilities for the three wind lidars (appendices Al to
A3) at 100, 120 and 140 m AGL.

A.1l. Lidar West

Lidar West at 100 m AGL
100.0m -
0172010
02/2010
03/2010
04/2010
05/2010 |87.
06/2010 |98.
07/2010 1

08/2010 |97. 138
09/2010
1072010
1172010
12/2010
01/2011
02/2011
03/2011
04/2011 |98, 140

052011 _[82. 102 36 1411136 137,98 61 [107]
06/2011 |32,
07/2011 |90. 99 |

08/2011 |88,
09/2011
1012011
1112011
Al

Lidar West at 120 m AGL

1200m- (% |1 |2 (3 (4 (5 |6 |7 (8 |9 |10 |11 |12 (13 [14 [15 [16 |17 |18 [19 |20 |21 [22 (23 [24 |25 |26 |27 28

01/2010 |97.8 4

02/2010 |97.0 |44 138 {44 137 143131 126 138|120 139

03/2010 |93.3 /14482 118 132, 143133132 144 119 143

04/2010 |86.7 141 142

05/2010 |87.4 96

06/2010 975132 138

07/2010 |92.4 140 17 138 138138138 137

08/2010 |97.5/143 138 {4 142|134 142139 138 135 138 138137139 138
09/2010 |86.2138 138 {44 101|117 138 138138 138 44 134 137|138 134 {144 138 131/130 86 141
10/2010 |76.2 |44 138/137 134|139 142 [ 140 138 76 |111/106 /112105 108 125138 115

11/2010 |71.062 |138/123 120|122 138 117|137 124 138|128 138 84l 87 |138/135 31 59 |44 [138] |
12/2010 |88.4138/138/81 141|100 /98 110 125121 39
01/2011 771|444 125/140 140|115 118 137|108 113 86 | 122120
02/2011 |82.1/136 139137 101 {144 119

032011 |914 97 | 119 131/110/84
04/2011 |97.6

05/2011 |821 13797 57 |107 {44 102
06/2011 |91.9
07/2011 |88.7 {44 116 138/73 |99 | 141
08/2011 |88.6 120 113 106106109120
09/2011 |67.2134/98 105 143 /124
10/2011 |88.4/139 139135 128|130

11/2011 [98.6 136|143
All 86.7

Lidar West at 140 m AGL
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1400m- (% |1 |2 (3 (4 (6 |6 |7 (8 |9 |10 |11 (12 (13 (14 |15 |16 |17 18 |19 |20 |21 [22 (23 |24 |25 |26 |27 |28
01/2010 74

02/2010 921126 142|126 140 113131/111 {144 142 143 128 107 86 103 126
03/2010 881144182 |118/140/113/95 102/68 |78 |113/139 20(127|143 144 143 140 129 132 143|109 143 144 143
0412010 | 84'." 140128 142/123 123 116139

05/2010 | 111143 96 132 140 1 42 140

06/2010 |96. 141 1441 133115 142 138
07/2010 |92 "7 142 137 38 138 138|138 134143
08/2010 |96. 132 140137 138|141 143 144 141|136 144) 120 131 138
09/2010 [85. 122|138/138/ 138|138 [l 120 134|130 137|138 134 i) 138 130 127

10/2010 5 134 141 139138 13871 109101110103 104

112010 |69, 138 118[138[115/137 12543 [118 138/126 138 [l 81 [137/135
12/2010 |86 138 9 63 |79 142

01/2011 |73. 122 11513373 25 86 | 111/99 133
022011 |80.4 136 138|134 100 A 117

03/2011 [88.7 119 /144 141 95 | 117 144 129

04/2011 |95.5/132/132

052011 |81.2 36 | 80

06/2011 [90.6
07/2011 |86.4 107
08/2011 881

09/2011 |56.1/134|96 |
10/2011 |87.5/137 137

11/2011 |98.3 [ 14313614284
Al 84.9 | ]
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A.2. Lidar North

Lidar North at 100 m AGL
100.0m -
01/2010
02/2010
03/2010
04/2010
05/2010
06/2010
07/2010

08/2010
09/2010
10/2010

11/2010

12/2010

01/2011

02/2011
03/2011
04/2011
05/2011
All

120.0m -

01/2010
02/2010
03/2010
04/2010
05/2010
06/2010
07/2010

42

08/2010
09/2010
10/2010

77 |134/127 125

142130132

109

136

11/2010

12/2010

01/2011

02/2011
03/2011
04/2011
05/2011
All

118

124 142/124 103 110 136 137
1

134

129

1M

Lidar North at 140 m AGL
% |1
948

140.0m -

01/2010

2 (3 |4 |5 [6 [7 [8 |9

10

1

12 (13 {14 [15 |16 |17 (18 [19 (20 |21

22

23 (24 |25 |26 |27 (28
65

02/2010 |80.4|141|115|142 126 141 77 12610172 93 111

03/2010 |90.5 44 139137 141 140 129 10369 |77 126 136/127[132 143[111]138 119
04/2010 934133 131|132 /135 142 122[137

05/2010 [85.7 143 12897 |135 142 142(140/79 |

06/2010 |89.6 107 119 138 142 106 138139121
07/2010 |88.3 102|125 138 138 138 120 57 107
08/2010 |80.6 139 138 135 122 120 128|136
09/2010 |82.2137 141 144 40 46 138 17
10/2010 |82.0 44 135 128|138 138/91 132|140 138 106
11/2010 |61.0/136/112/86 11390 139 91

12/2010 [84.8 124111107 39 |97 139110 107 128
01/2011 |82.0 144 120|140 10|87 |122 125/60 |100|141/124/139/89 |96 101 136|136
022011 |84.4/125/119/108|94 143114 59 |140129 106 109 [144 139 44 126 27 117

03/2011 |865 111 144 142 12383 (89 |36 139 89 | 125110 62
04/2011 [95.0/82 131/117 141|142 141 142|141 [144 130

05/2011 |20.6 144 141139 67

Al 823
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A.3. Lidar

South

Lidar South at 100 m AGL

100.0m -
01/2010
02/2010

03/2010 918 113

04/2010 90.8 107

05/2010 |81.0
06/2010
07/2010
08/2010
09/2010
10/2010
11/2010
12/2010
01/2011
02/2011
03/2011
04/2011

1

116 4 2
4o 5o a2 ] 125
8 T
90 2

5 120 10 12

3% 142 140
143 140 134143 139

114

126|137 140 126
128 |46 115

138

137

05/2011 |81.5 128

06/2011 |70.0 135

114

07/2011 |58.6 114

08/2011 |56.0 40

09/2011 |63.9/98

10/2011 |65.9 65

99

11/2011 [94.4 140
All 798

Lidar South at 120 m AGL

120.0m -
01/2010
02/2010

80
03/2010 |89.8 112 141 89 138134
04/2010 894
05/2010
06/2010 82 |

07/2010
08/2010

&l
128 138

119 a7 137

09/2010
10/2010
11/2010
12/2010
01/2011
02/2011
03/2011
04/2011

38130

136 128

131

137

137

106

05/2011

06/2011

07/2011

08/2011

09/2011

10/2011

11/2011

All
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Lidar South at 140 m AGL
140.0m -

01/2010
02/2010 709|141 53
03/2010 |84.3 112
04/2010 |85.9/106 91
05/2010 |78.4 101
06/2010
07/2010
08/2010
09/2010
10/2010
11/2010
12/2010
01/2011
02/2011
03/2011
04/2011
05/2011
06/2011
07/2011
08/2011
09/2011
10/2011
11/2011
All

143|184 128
97 [139/107

11
3]
o |

74

92 11
143 141
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Appendix B Long-term corrected wind
distributions

This appendix presents the long-term corrected wind distributions for the seven test stands
(appendices B1 to B7) at 100, 120 and 140 m AGL.

Note, that only the wind speed distributions are long-term corrected. No long-term correction is
applied to the wind direction distributions. All wind direction distributions remain uncorrected
and are based on a one-year period only.

There is of course some year-to-year variability of the wind direction distributions. So the wind
direction distributions may not be completely representative of the long-term.
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B.1. Teststand 1

S1-A at 100 m AGL

[oreee

23APRIL2014 BOHH @sterild OF/OB/2014 14:33/ 1

Lcwec Lo

DK-4000 Roskilde
46 77 50 27

PARK - Wind Data Analysis
Calculation:S1-A at 100 niWind data:A - S1-A 100 m; Hub height: 100.0

28/04/2014 12:57/2.9 289

WindPRO version 2.9.269 Nov 2013 a

RI5&, VEA-118, Wind Energy Department
Frederiksborgvej 399, Fostboks 389

Brian Othrbedk Hansen / bohh@dtu. dk
ra—

Site coordinates Weibull Data
UTM {north}WG584 Zone: 32 East: 492,987 North: 8,326,734

Current sit
VESTAS V112 2000 112.0 Q! hub: 100.0 m [TOT: 156.0 m) {3) urrent site

s N N [rm's] [rm's]
Hrsans e 0N 740 6.55 2182
. = THNNE 9.51 8.49 2879
" ZENE 9.57 8.62
3E .84 7.93 .
4 ESE 9.00 .02 2828
5 85E 883 7.85 2800
85 8.14 7.23 26807
7 S5W 8.24 737 3032
2 WswW 2.68 7.69 2518
aw 1017 9.03 2815
10 WHW 11.85 10.39 2918
11 NNW 853 781 2.348
All 9.37 832 2607
Weibull Dis tribution Energy Ros e [KWhinf year)

Frequency [%]

2 4 B & 10 12 # B @B m m M =
‘Wind s peed [ms] - o

lMean w ind s peed (ms)

Sector  A- parameter Wind speed k- parameter Freguency

[%]
44
EX]
87

7.1
8

B ok o

Smwmowmm

o
=

a-5ms

1
15-20ms
— 20-40mis

15-20ms
— 20-40ms

— = =
WINIFRO s aeveloped by EMD Inernational A4S, hiels Jemasve) 10, DK-D220 Aalbarg B, Tel. 45 9035 44 44, Fax +45 08 35 44 48, e-mall: windprofbema ak
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S1-Aat120 m AGL

- WindPRO version 2.9.269 Nov 2013 a
Sropac: FrriadTage
23APRIL2014 BOHH @sterild 07/08/2014 14:38 /1

RI5&, VEA-118, Wind Energy Department
Frederiksborgvej 299, Postboks 289
DK-4000 Roskilde

48 77 50 27

Brian Ohrbedk Hansen / bohh@dtu. di
e

28/04/2014 13.02/'2 9288

PARK - Wind Data Analysis
Calculation:51-A at 120 miWind data:A - S51-A 120 m: Hub height: 120.0

Site coordinates Weibull Data
UTM (north)} WGS84 Zone: 32 East 492,867 North: 6,326,734 Current site
VESTAS V112 3000 112.0 10! hub: 120.0 m {TOT: 178.0 m) (10) Secior A pursmeter Wind speed & parameter Frequency

= [rm's] [m's] [%6]
= oM 774 8.85 2148 4.4
: 1 NNE 9.80 884 2987 ix:}
" ZENE 10.10 2.11 3726 87
3E 9.44 8.45 2197 8.9
4 ESE 9.61 B8.57 2939 6.6
5 55E 953 547 2654 5
a5 ] 7.7 2572 a.
7 55W 883 784 3.057 8.
8 WswW 9.14 2.1 2.502 10.
W 1080 2.42 2670 15.;
10 WHNW 12.28 1094 2889 13.
11 MNW 9.01 T.88 2271 6.
All 9.91 580 2619 100,
Weibull Dis tricution Energy Ros e (KWh/nf/year)
0-3ms
— 5-10ms
— 10-15ms
15-Mmis
— 20-40ms
E
[y
c
a
=
a
w
2 4 B 8 W 12 W K 8 W 2 A = B
‘Wind s peed [ms] . o .
Mean w ind s pesd [ms)
0-5ms
— 5-10ms
— 10-15ms
15-20ms
— 20-4dmis

VWINIRRO |5 02velopad by EWD Iiemationsl A5, Mials Jamasve) 10, D-0220 Aalborg B, Tel #4500 35 44 44 Fax +45 00 35 &4 26 e-mall windprofama ok
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S1-A at 140 m AGL

- WindPRO version 2.9.269 Nov 2013 a
Sropect FrriesTage
23APRIL2014 BOHH @sterild 07/08/2014 14:37 / 1

Lemaa o

RIS&, VEA-118, Wind Energy Department
Frederiksborgvej 299, Postboks 389
DK-4000 Roskilde

46 77 50 27

Brian Ohrbeck Hansen / bohh@dtu. dk
ecime

28/04/2014 13:41/2.59 268

PARK - Wind Data Analysis
Calculation:51-A at 140 niWind data:4 - S1-A 140 m: Hub height: 140.0
Site coordinates Weibull Data

UTM {northpWGES84 Zone: 32 Esst: 492,987 North: 6,326,724
VESTAS V112 2000 112.0 0! hub: 1400 m (TOT: 188.0 m) {17}

Current site
Sector  A- parsmeter Wind speed k- parameter Frequency

[rru's] [rm's] [%]
el aON O] 698 2118

. 1 NNE 10.18 2.08 2943 A

* " ZENE 10.581 9.48 3.758 6
3E 287 882 2107 7
4 ESE 1017 2.08 2875 5
5 55E 10.21 2008 2744 g
a5 9.15 812 2541 589
7 55W 837 3.38 2871 8.4
8 WswW 9.50 8.42 2479 10.5
2w 10.89 9.89 2709 18.1
10 WHNW 12.69 11.31 2822 13.8
11 NNW 932 825 2238 8.5
All 1032 917 2815 100.0

Weibull Dis tribution Energy Ros e {EWhin# year)

0-5ms

1
15-20ms
— 20-dmis

Frequency [%]

[ a 10 12 " 16 18 n 2 o ,\ e A
Wind s peed [mvs] - o

MMean w ind s pesd (m's)

15-20ms
— 20-4ms

— = =
WINIFRO s aevelopea by EMD Inernational A4S, hiels Jemasve) 10, DK-0220 Aalbarg 0. Tel 45 0035 44 44, Fax +45 08 35 44 48, e-mall: wingprofbema ak
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B.2. Test stand 2

S2-A at 100 m AGL

==

23APRIL2014 BOHH @sterild

WindPRO version 2.9.269 Nov 2013w

07/08/2014 14:38 /1

RIS@, VEA-118, Wind Energy Department
Frederiksborgvej 299, Fostboks 389
DK-4000 Roskilde

45 77 50 27

Brian Ohrbedk Hansen / bohh@dtu. dk
e

28/04/2014 12:58/2.0.260

PARK - Wind Data Analysis

Calculation:52-A at 100 miVind data:A - S2-A 100 m; Hub height: 100.0

Site coordinates
UTM (north}WG584 Zone: 32 East: 492,987 North: 8,326,134
VESTAS V112 2000 112.0 10! hub: 100.0 m {TOT: 1586.0 m} (4}

Weibull Data

Current site

W eibull Dis tribution

Frequancy [%]

Fd 4 & & L. 3 # o ® 8 2o n
Wind s peed [ms ]

Mean w ind s pesd {ms)

Sector A- parameter Wind speed k- parameter Freguency
N [m's] [m's] [%]
i oON 737 6.52 2182 4.4
. 1 NMNE 249 &.48 2002 6.8
# ™ ZENE 9.60 584 3580 87
3E £.84 7a2 3236 7.0
4 ESE 8.02 505 29186 8.6
5 S5E £.28 TR 2.800 8.0
es 217 7.268 zen 8.2
T 55w 823 T7.35 3.033 2.0
8 WsW 864 T7.86 2.521 10.2
Iw 10.18 303 2823 158
10 WHW 11.63 10.38 2936 131
11 NNW 852 7.55 2357 8.3
All 9.36 832 2815 1000

Energy Rose (KWh/nif/year)

0-5ms
— 5-10ms
— 10-15ms

15- Mmis
— I0-40ms

S - -
WINGERO |5 aavalopad by EMD Iniemational A'S, Misls Jamasve) 10, D-0229 Aalbarg B, Tal =45 06 35 44 44 Fax +45 08 35 44 46 e-mall windprofSama ok
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S2-Aat120 m AGL

forcpc

23APRIL2014 BOHH @sterild

WindPRO version 2.9.269 Nov 2013 a
Srriwd Tage

O7/08/2014 14:45 /1

RIS&, VEA-118, Wind Energy Department
Frederiksborgvej 299, Postboks 389
DK-4000 Roskilde

46 77 50 27

Brian Ohrbeck Hansen / bohh@dtu. dk
ecime

28/04/2014 13:10/2.9 268

PARK - Wind Data Analysis
Calculation:52-A at 120 niWind data:A - S2-A 120 m;

Hub height: 120.0

Site coordinates
UTM {north-WGES584 Zone: 32 Esst: 432,987 North: 6,326,134
VESTAS ¥112 3000 112.0 0! hub: 120.0 m (TOT: 178.0 m) (11}

Weibull Dis tributicn

Frequency [%]

Wind s peed [mi]

MMean w ind s pesd (m's)

Weibull Data

I 4 ] L 10 12 L3 16 1@ W m o

Current site

Energy Ros e {EWhin# year)

Sector  A- parsmeter Wind speed k- parameter Frequency
[rru's] [rm's] [%]
el aON 771 683 2150 4.4
. 1 NNE 988 882 2994 8.8
# % 2ENE 10.12 214 2740 87
3E 243 £.458 3.201 6.8
4 ESE 9.63 £.59 2832 6.7
5 55E 9.55 543 58
a5 872 774 8.1
7 55W 887 783 87
8 WswW 2.1 2.08 10.4
2w 10.60 9.42 15.8
10 WHNW 1227 1084 13.3
11 NNW 887 795 8.4
All 29.81 8.80 100.0

0-5ms

1
15-20ms
— 20-dmis

15-20ms
— 20-4ms

— = =
WINIFRO s aevelopea by EMD Inernational A4S, hiels Jemasve) 10, DK-0220 Aalbarg 0. Tel 45 0035 44 44, Fax +45 08 35 44 48, e-mall: wingprofbema ak
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S2-A at 140 m AGL

- WindPRO version 2.9.269 Nov 2013 a
Sropac: FrriadTage
23APRIL2014 BOHH @sterild 07/08/2014 14:46 / 1

RISE, VEA-118, Wind Energy Department
Frederiksborgvej 299, Postboks 289
DK-4000 Roskilde

46 77 50 27

Brian Ohrbecdk Hansen / bohh@dtu. dk
e

28/04/2014 13:43/2. 9289

PARK - Wind Data Analysis
Calculation:52-A at 140 mlVind data:A - 52-A 140 m: Hub height: 140.0

Site coordinates Weibull Data
UTM {north}WGS584 Zone: 32 Esst: 432,987 North: 6,326,134
WVESTAS V112 3000 112.0 0! hub: 140.0 m {TOT: 186.0 m) (18}

Current site
Sector A- parsmeter Wind speed k- parameter Freguency

= [m's] [m's] [%]
= oM 783 [i: ] 2123 4.4
. 1 NNE 1015 2.08 2987 8.9
# % Z2ENE 10.54 2.53 3779 88
2E 9.88 882 2111 8
4 ESE 1017 2.07 2983 &}
5 55E 1023 310 2744 5
i3] 9.13 518 2541 589
7 55W 935 835 2871 8.4
8 WSW 9.47 8.40 2.479 108
2w 10.89 2.89 2728 16.1
10 WNW 12.70 11.31 2834 13.7
11 NNW 930 524 2244 8.5
All 1032 217 2823 1000
W eibull Dis tribution Energy Ros e (EWhinfiyear)
a-3ms
— S-10ms
— 10-15ms
15-20m's
— 20-4ms
g
g
c
o
=4
a
[
z 4 L] a8 10 12 “ 16 18 m =z o \ R S .‘_
Wind s peed [mis] . o :
Mesn w ind s pesd {ms)
- 5m&
— 5-10mis
— 10-15ms
15- M0m's
— 20-4ms

e = =
WInaPRY Is eveloed by EJD infematianal A'S, hiels Jerasve) 10, DK-0220 Aalbarg D, Tel #4500 35 44 44, Fax +45 08 35 44 &8 e-mall: windproend ok
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B.3. Test stand 3

S3-A at 100 m AGL

o

23APRIL2014 BOHH @sterild O7/DE/2014 14:46/ 1

WindPRO version 2.9.269 Nov 2013 a

o
RIS@, VEA-118, Wind Energy Department
Frederiksborgvej 399, Fostboks 389
DK-4000 Roskilde

48 77 50 27

Brian Ohrbedk Hansen / bohhi@dtu.dk
ra—

28/04/2014 12:59/'2.9. 289

PARK - Wind Data Analysis
Calculation:S3-A at 100 niVind data:A - S3-A 100 m; Hub height: 100.0

Frequency [%]

Site coordinates Weibull Data
UTM {north}WG584 Zone: 32 East: 492,987 North: 8,325,534
VESTAS V112 2000 112.0 0! hub: 100.0 m (TOT: 186.0 m} (5}

2 4 -] @ M 12 # % 8 N n B =

Current site
Sector  A- parameter Wind speed k- parameter Freguency

. [rm's] [m's] [%6]
e oM 7.20 647 2205 4.4
: 1 NNE 2.45 £.42 2.002 6.8
# % ZENE 9.55 3.60 3580 87
3IE 883 781 3232 7.1
4 ESE 9.08 5.08 2828 8.7
5 S5E 288 L 2.592 8.0
8s 8.18 7.25 2588 8.2
T 55W 819 T7.32 9.0
B WsW 2.65 T.88 10.2
Iw 10.15 2001 157
10 WHW 11.53 10.24 2524 131
11 NNW 8.45 748 2.357 8.3
All 9.24 8.30 281 100.0

Weibull Dis tribution Energy Rose {(¥Whinf/yesr)

1
15-20mss
— 20-40mz

Wind s peed [ms] N 4]

Mean w ind s pesd [m's)

— 0-40ms=

S - —
WindBRO s azvelgnen by EM4D insmatians A5, Nials Jemasig) 10, DK-0229 Aalharg D, Tel #4508 35 4444, Fay +45 06 35 44 46 e-mall windprofRand ok
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S3-Aat120 m AGL

- WindPRO version 2.9.269 Nov 2013 a
Sropac: FrriadTage
23APRIL2014 BOHH @sterild 07/08/2014 14:47 / 1

RISE, VEA-118, Wind Energy Department
Frederiksborgvej 299, Postboks 289
DK-4000 Roskilde
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e

28/04/2014 12:12/2.9.289

PARK - Wind Data Analysis
Calculation:53-A at 120 mlVind data:A - S3-A 120 m: Hub height: 120.0

Site coordinates Weibull Data
UTM {north}WGS584 Zone: 32 Esst: 432,987 North: 6,325,534 Current site
WVESTAS V112 3000 112.0 0! hub: 120.0 m {TOT: 178.0 m) (12} Sector A- parameter Wind speed k- parameter Freguency
= [m's] [m's] [%]
= oM 784 a7 2162 4.4
. 1 NNE 9.85 280 2982 8.9
# % 2ENE 10.08 2.11 2740 87
2E 942 8.44 2.201 69
4 ESE 9.668 .82 2936 67
5 55E 9.55 543 2839 58
i3] 871 773 2543 8.1
7 55W 884 780 3033 88
8 WSW 9.14 211 2.508 102
2w 10.658 2.40 2870 15.8
10 WNW 12.23 1080 2881 13.4
11 NNW £.80 788 2283 8.4
All 989 878 2823 1000
W eibull Dis tributicn Energy Rose (kWh/né/year)
0-5ms
— S-10ms
— 10-15ms
15- 20mis
— 20-4ms
E
g
c
o
=4
a
[
I 4 ] 8 10 12 " 16 @ 2 n \ I hi ,
Wind s peed [ms] . o :
Mesn w ind s pesd {ms)
- 5m&
— 5-10mfs
— 10-15ms
15- M0m's
— 20-4ms

= =
WInaPRY Is eveloed by EJD infematianal A'S, hiels Jerasve) 10, DK-0220 Aalbarg D, Tel #4500 35 44 44, Fax +45 08 35 44 &8 e-mall: windproend ok
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S3-A at 140 m AGL

forcpc
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PARK - Wind Data Analysis
Calculation:S3-A at 140 niWind data:4 - S3-A 140 m: Hub height: 140.0

Site coordinates Weibull Data
UTM {northWGES584 Zone: 32 Esst: 492,987 North: 6,325,534
VESTAS ¥112 3000 112.0 0! hub: 140.0 m (TOT: 186.0 m) (15}

Current site

Sector  A- parsmeter Wind speed k- parameter Frequency
2]

4.4

8.9

[rru's] [rm's]

el aON 7.84 694 2139
. 1 NNE 1012 2.04 2959

# % 2ENE 10.82 9.50 )

3E 288 .81 3118

4 ESE 1017 2.08 2.887

5 55E 1023 210 2732

a5 918 815 2518

7 55W 9.32 832 2947

8 WswW 9.52 B.44 2.488

2w 10.88 9.88 2713

10 WHNW 12.66 11.28 2838

11 NNW 927 el | 2244

All 10.31 918 2623

Weibull Dis tribution Energy Ros e {EWhin# year)

Frequency [%]

4 [ a 10 12 " 16 18 n 2 o _\ DTS T
Wind s peed [mvs) - w

MMean w ind s pesd (m's)

Do oo oo

(=N RN NN

=
=]

0-5ms

1
15-20ms
— 20-dmis

15-20ms
— 20-4ms

— = =
WINIFRO s aevelopea by EMD Inernational A4S, hiels Jemasve) 10, DK-0220 Aalbarg 0. Tel 45 0035 44 44, Fax +45 08 35 44 48, e-mall: wingprofbema ak
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B.4. Test stand 4

S4-A at 100 m AGL

—
23APRIL2014 BOHH @sterild 07/08/2014 14:49 /1

o

DK-4000 Roskilde
46 77 50 27

28/

WindPRO version 2.9.269 Nov 2013w

RIS@, VEA-118, Wind Energy Department
Frederiksborgvej 299, Fostboks 389

Brian Chrbedk Hansen / bohh@dtu. dk
e
4/2014 13:00/2.9.265

—

PARK - Wind Data Analysis
Calculation:54-A at 100 miVind data:A - S4-A 100 m; Hub height: 100.0

Site coordinates Weibull Data
UTM {north}WGE584 Zone: 32 East: 492,987 Morth: 6,324,934

Current sit
VESTAS V112 2000 112.0 10! hub: 100.0 m (TOT: 156.0 m) () urrent site

N [m's] [m's]
Tt ow 7.21 .29 2232
: z 1 NMNE 2.40 8.39 2980
* ¥ ZENE 952 5.58 3804
3E 885 793 3232
4 ESE .03 508 2983
5 S5E g.82 783 2.581
es 215 7.23 2.545
T 55w 8.20 T.32 2988
8 WsW 8.68 T7.89 2.514
Iw 10.11 598 2582
10 WHW 11.45 10.24 2804
11 NNW 838 742 2354
All 2.31 8.27 2807

W eibull Dis tribution Energy Rose (KWh/nif/year)

Frequancy [%]

Fd 4 & & L. 3 # o ® 8 2o n 2
Wind s peed [ms] - ]

Mean w ind s pesd {ms)

Sector A- parameter Wind speed k- parameter Freguency

[%]
44
es

87

3~
o

_;_;_;
@D oo ;o
[ R N S I T- R = s )

=
a
(=N«
=]

0-5ms
— 5-10ms
— 10-15ms

15- Mmis
— I0-40ms

S - -
WINGERO |5 aavalopad by EMD Iniemational A'S, Misls Jamasve) 10, D-0229 Aalbarg B, Tal =45 06 35 44 44 Fax +45 08 35 44 46 e-mall windprofSama ok
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S4-A at 120 m AGL

forcpc
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PARK - Wind Data Analysis
Calculation:S4-A at 120 niWind dataz4 - S4-A 120 m: Hub height: 120.0

Site coordinates

Frequency [%]

UTM {northWGES84 Zone: 32 Esst: 432,987 North: 6,324,924
VESTAS V112 2000 112.0 0! hub: 1200 m (TOT: 178.0 m) {132}

Weibull Data
Current site
Sector  A- parsmeter Wind speed k- parameter Frequency

[rru's] [rm's] [%]

el aON 7.55 6.89 2182 4.4
. 1 NNE 9.82 877 2983 8.9

# #  2ENE 10,09 2.1 2748 87
3E 243 £.458 3197 6.9

4 ESE 9.63 £.59 2883 6.7

5 55E 954 547 26807 58

a5 870 TT2 2502 8.0

7 55W 884 788 2980 8.5

8 WswW 9.16 812 2494 10.2

2w 10.64 9.38 2.650 15.9

10 WHNW 12.10 10.79 2877 13.4

11 NNW 883 783 2283 8.4

All 9.88 378 2819 100.0

Weibull Dis tribution Energy Ros e {EWhin# year)

0-5ms

1
15-20ms
— 20-dmis

L 10 12 L3 16 1@ W m o 5 R CEE
Wind s peed [ms] . @

MMean w ind s pesd (m's)

15-20ms
— 20-4ms

— = =
WINIFRO s aevelopea by EMD Inernational A4S, hiels Jemasve) 10, DK-0220 Aalbarg 0. Tel 45 0035 44 44, Fax +45 08 35 44 48, e-mall: wingprofbema ak
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S4-A at 140 m AGL

-
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Frederiksborgvej 299, Postboks 289
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PARK - Wind Data Analysis

Calculation:S4-A at 140 niVind data:A - S4-A 140 m:

Hub height: 140.0

Site coordinates
UTM {north}WGS584 Zone: 32 Esst: 432,987 North: 6,324,934
WVESTAS V112 3000 112.0 !0! hub: 140.0 m {TOT: 186.0 m) (20}

Cuance
[

W eibull Dis tributicn

Frequancy [%]

z 4 L] a8 10 12 “ 16 18
Wind s peed [mis]

Mesn w ind s pesd {ms)

Weibull Data

Current site

Sector A- parsmeter Wind speed k- parameter Freguency
[m's] [m's] [%]
oM 775 887 2.154 4.4
= 1MNE 1012 2.02 2938 8.9
#  2ENE 10.54 2.52 3775 87
2E 9.88 882 2119 6.8
4 ESE 10156 2.08 2980 6.6
5 55E 1022 309 2701 5
i3] 9.15 11 2.475 58
7 55W 933 832 2800 82
8 WSW 9.55 B.47 2.482 10.4
2w 10.85 2.85 2897 16.2
10 WNW 12.53 1117 2846 13.8
11 NNW .20 8515 2244 8.5
All 10.28 914 2823 1000
Energy Ros e (EWhinfiyear)
a-3ms
— 5-10ms
— 10-15ms
15-20m's
— 20-4ms
g T
- 5m&
— 5-10mis
— 10-15ms
15- M0m's
— 20-4ms

e =
WInaPRY Is aevelgped by EID infernatianal A/S, Wials Jermasve 19, DK-0220 Aalbarg 3,

=
Tel +4508 35 44 44, Fax +45 00 35 44 48, e-mall wingprofbemad ak
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B.5. Test stand 5

S5-A at 100 m AGL

WindPRO version 2.9.269 Nov 2013 a

07/08/2014 14:51 /1

RIS@, VEA-118, Wind Energy Department
Frederiksborgvej 399, Fostboks 389
DK-4000 Roskilde

48 77 50 27

Brian Ohrbedk Hansen / bohhi@dtu.dk
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o

23APRIL2014 BOHH @sterild

28/04/2014 13:02/2.9.289

PARK - Wind Data Analysis

Calculation:S5-A at 100 niVind data:A - S5-A 100 m; Hub height: 100.0

Site coordinates
UTM {north}WG584 Zone: 32 East: 492,987 North: 8,324,334
VESTAS V112 2000 112.0 0! hub: 100.0 m (TOT: 186.0 m} (7}

‘Weibull Dis tribution

Frequency [%]

Fd 4 & & L. 3 # ® 8 W 1
Wind s peed [ms]

Mean w ind s pesd [m's)

=

Weibull Data

Current site

Energy Rose {(¥Whinf/yesr)

Sector  A- parameter Wind speed k- parameter Freguency
. [rm's] [m's] [%6]
e oM 7.09 628 2264 4.4
1 NNE 2.28 £.28 2871 6.8
* ®  ZENE 9.45 8.52 3819 88
3IE 882 781 3.240 7.2
4 ESE 883 803 3.018 6.8
5 S5E 879 780 2525 59
8s 2.1 7.20 24898 8.0
T 55W 819 T 2943 87
B WsW .68 T.71 2.506 10.2
Iw 10.08 393 2572 157
10 WHW 11.38 10.13 2873 133
11 NNW 831 7.38 2.354 8.4
All 9.26 8.22 2800 100.0

1
15-20mss
— 20-40mz

— 0-40ms=

S - —
WindBRO s azvelgnen by EM4D insmatians A5, Nials Jemasig) 10, DK-0229 Aalharg D, Tel #4508 35 4444, Fay +45 06 35 44 46 e-mall windprofRand ok
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S5-Aat120 m AGL

- WindPRO version 2.9.269 Nov 2013 a
Sropac: FrriadTage
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RISE, VEA-118, Wind Energy Department
Frederiksborgvej 299, Postboks 289
DK-4000 Roskilde

46 77 50 27

Brian Ohrbecdk Hansen / bohh@dtu. dk
e

28/04/2014 13:14/2.9.289

PARK - Wind Data Analysis
Calculation:S5-A at 120 mlVind data:A - S5-A 120 m: Hub height: 120.0

Site coordinates Weibull Data
UTM {north}WGS584 Zone: 32 Esst: 432,987 North: 6,324,334
VESTAS W112 3000 112.0 !C! hub: 120.0 m {TOT: 176.0 m) (14}

Current site
Sector A- parsmeter Wind speed k- parameter Freguency

= [m's] [m's] [%]
= oM 742 a8.57 2.205 43
K 1 NNE 972 8.87 2939 a8
# #®  2ENE 10.02 2.08 3.756 8.8
2E 2.41 8.42 3.197 7.0
4 ESE 9.59 8.58 2008 67
5 55E 954 547 2584 58
i3] £88 788 2433 589
7 55W 884 788 2932 8.4
8 WSW 9.18 B.14 2.482 102
2w 10.48 932 2827 16.0
10 WNW 11.98 10.88 2873 13.8
11 NNW 87T TV 2287 8.5
All 9.81 872 281 1000
W eibull Dis tribution Energy Ros e (EWhinfiyear)
a-3ms
— 5-10ms
— 10-15ms
15-20m's
— 20-4ms
g
g
c
o
=4
a
[
I 4 ] 8 10 12 " 16 @ 2 n = R EE
Wind s peed [ms] . o
Mesn w ind s pesd {ms)
- 5m&
— 5-10mfs
— 10-15ms
15- M0m's
— 20-4ms

e = =
WInaPRY Is eveloed by EJD infematianal A'S, hiels Jerasve) 10, DK-0220 Aalbarg D, Tel #4500 35 44 44, Fax +45 08 35 44 &8 e-mall: windproend ok
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S5-A at 140 m AGL

forcpc
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PARK - Wind Data Analysis
Calculation:S5-A at 140 niWind dataz4 - S5-A 140 m: Hub height: 140.0

Site coordinates Weibull Data
UTM {northWGES584 Zone: 32 Esst: 492,987 North: 6,324,334

Current sit
VESTAS V112 2000 112.0 10! hub: 140.0 m (TOT: 128.0 m) (21) urrent site

[rru's] [rm's]

vl oN 783 676
: @« 1HNNE 10.02 895

# #®  2ENE 10.50 9.48
3E 282 872

4 ESE 10.13 2.05

5 55E 10.13 9068

a5 9.05 802

7 55W 9.32 2.

8 WswW 9.60 2.51

2w 10.81 9.81

10 WHNW 12.41 11.08

11 NNW 9.14 808

All 10.24 .10

Weibull Dis tribution Energy Ros e {EWhin# year)

Frequency [%]

1 1z “
Wind s peed [ms)

MMean w ind s pesd (m's)

2170
2208
2782
2121
3033
2882
2412
2838
2479
2882
2854
2244

2818

Sector  A- parsmeter Wind speed k- parameter Frequency

2]

Do @ o

[=Ns P SN

=
=]

0-5ms

1
15-20ms
— 20-dmis

15-20ms
— 20-4ms

— = =
WINIFRO s aevelopea by EMD Inernational A4S, hiels Jemasve) 10, DK-0220 Aalbarg 0. Tel 45 0035 44 44, Fax +45 08 35 44 48, e-mall: wingprofbema ak
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B.6. Test stand 6

S6-A at 100 m AGL

==

o

DK-4000 Roskilde
46 77 50 27

28/
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RIS@, VEA-118, Wind Energy Department

Frederiksborgvej 299, Fostboks 389

Brian Ohrbedk Hansen / bohh@dtu. dk
e

PARK - Wind Data Analysis
Calculation:S6-A at 100 miVind data:A - S6-A 100 m; Hub height: 100.0

Site coordinates Weibull Data
UTM (north}WG584 Zone: 32 East: 492,987 North: 8,323,734

Current sit
VESTAS V112 2000 112.0 10! hub: 100.0 m (TOT: 155.0 m) (8) urrent site

N . [m's] [m's]
firorath=- S £.98 8.16
P2 1HNE 914 816
* ® 2ENE 238 5.45
3E 578 7.85
4 ESE 598 .01
5 SSE 876 777
3] 208 747
7 SSW 2.21 7.32
8 WswW 272 772
3w 10.01 589
10 WHNW 11.24 10.01
11 NNW 825 7.31
All 2.21 218
W eibull Dis tribution Energy Rose (KWh/nif/year)

Frequancy [%]

Wind s peed [mé

Mean w ind s pesd {ms)

2202
2247
3835
3256
3.088
2479
2439
o= 1= ]
2484
2541
2524
2350
2584

Sector A- parameter Wind speed k- parameter Freguency

[%6]

7.3

_;_;_;
@ 0D w; ;o
b b GOOR B KD O Oh

=
a
(=N«
=]

0-5ms
— 5-10ms
— 10-15ms

15- Mmis
— I0-40ms

S - -
WINGERO |5 aavalopad by EMD Iniemational A'S, Misls Jamasve) 10, D-0229 Aalbarg B, Tal =45 06 35 44 44 Fax +45 08 35 44 46 e-mall windprofSama ok
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S6-A at 120 m AGL

forcpc
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PARK - Wind Data Analysis

Calculation:S6-A at 120 niWind dataz4 - S6-A 120 m: Hub height: 120.0

Site coordinates
UTM {north-WGES584 Zone: 32 Esst: 492,987 North: 6,323,734
VESTAS ¥112 3000 112.0 0! hub: 120.0 m (TOT: 178.0 m) (15}

Weibull Data

Current site

Weibull Dis tributicn

Frequency [%]

I 4 ] L 10 12 L3 16 1@ W m o
Wind s peed [ms]

MMean w ind s pesd (m's)

Sector
[rru's]

vl oN 7.27
PR IMME 9.80
©® ZENE 0.98
3E 924

4 ESE 9.58

5 SSE 552

65 &.60

7 SSW 824

8 WSW 9.22

8W 10.43

10 WHW 1184

11 MW 8732

All 8.78

A- parameter Wind speed k- psrameter Frequency

] [%]
844 2225 43
8.56 2208 .8
2,00 3784 89
828 2.201 A
2.58 ay
8.45 LX)
T7.82 238 LX)
7.88 288 8.2
817 2483 10.2
227 2800 18.0

10.56 2881 13.7
7.73 223 85
8.87 2800 100.0

Energy Ros e {EWhin# year)

0-5ms

1
15-20ms
— 20-dmis

15-20ms
— 20-4ms

— = =
WINIFRO s aevelopea by EMD Inernational A4S, hiels Jemasve) 10, DK-0220 Aalbarg 0. Tel 45 0035 44 44, Fax +45 08 35 44 48, e-mall: wingprofbema ak
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S6-A at 140 m AGL
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DK-4000 Roskilde
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28/04/2014 13:.52/2.9.289

PARK - Wind Data Analysis
Calculation:S6-A at 140 mlVind data:A - S6-A 140 m: Hub height: 140.0

Site coordinates Weibull Data
UTM {north}WGS584 Zone: 32 Esst: 432,987 North: 6,323,734
WVESTAS V112 3000 112.0 !0! hub: 140.0 m {TOT: 186.0 m) (22}

Current site
Sector A- parsmeter Wind speed k- parameter Freguency

[m's] [m's] [%]
el oM 743 883 2188 43
: = 1HNNE 9.93 8.85 2873 a8
' ®  2ENE 10.45 9.44 3791 8.8
2E 8.78 873 3.148 7.0
4 ESE 10156 2.07 2088

5 55E 1017 303 2819 5
i3] £385 793 2338 58
7 55W 932 8.30 2780 bk
8 WSW 9.66 8.57 247 102
2w 1077 9.57 2662 16.3
10 WNW 1228 1085 2.861 142
11 NNW 95.03 505 2248 8.7
All 10.20 208 281 1000
W eibull Dis tribution Energy Ros e (EWhinfiyear)
0-5ms
— S-10ms
— 10-15ms
15-20m's
— 20-4ms
E
g
c
o
=4
a
[
2 4 6 & W 12 # 16 18 W 2 M = h
Wind s peed [mis] . o :
Mesn w ind s pesd {ms)
- 5m&
— 5-10mis
— 10-15ms
15- M0m's
— 20-4ms

e = =
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B.7. Test stand 7

S7-A at 100 m AGL

o

o

DK-4000 Roskilde
46 77 50 27

28

4/2014 13:05/2.0.2689
E—

WindPRO version 2.9.269 Nov 2013 a
Frriec Fuge
23APRIL2014 BOHH @sterild 07/08/2014 14:54 /1

RIS@, VEA-118, Wind Energy Department
Frederiksborgvej 399, Fostboks 389

Brian Ohrbedk Hansen / bohhi@dtu.dk
ra—

PARK - Wind Data Analysis
Calculation:S7-A at 100 niWind data:A - S7-A 100 m; Hub height: 100.0

Site coordinates Weibull Data
UTM {north}WG584 Zone: 32 East: 492,987 North: 8,323,134

Current sit
VESTAS V112 2000 112.0 10! huk: 100.0 m [TOT: 156.0 m) (3) urrent site

. [rm's] [m's]
e oM 882 6,05
H 1 MNE 8.01 804
' 2 ENE 832 841
3E 870 7.80
4 ESE 580 7.88
5 SSE 874 7.75
as 8.08 7.14
7 SSW 822 7.33
8 WSW 875 777
3w 897 884
10 WHW 1113 9.9
11 NNW 812 7.28
All 9.17 8.14
Weibull Dis tribution Energy Rose {(¥Whinf/yesr)

Frequency [%]

Fd 4 & & L. 3 # ® 8 W 1
Wind s peed [ms]

Mean w ind s pesd [ms) Frequency (%)

=

-

2338

29328

Sector  A- parameter Wind speed k- parameter Freguency

[%6]

SO ;W e
[=T% Wy e O R - - - - RE I R I R

=
=

1
15-20mss
— 20-40mz

— 0-40ms=

S - —
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S7-Aat 120 m AGL

-

23APRIL2014 BOHH @sterild

WindPRO version 2.9.269 Nov 2013 a
Srriad Tage

07/08/2014 14:55/1

RISE, VEA-118, Wind Energy Department
Frederiksborgvej 299, Postboks 289
DK-4000 Roskilde

46 77 50 27

Brian Ohrbecdk Hansen / bohh@dtu. dk
e

28/04/2014 13:23/2.9.289

PARK - Wind Data Analysis
Calculation:S7-A at 120 mVind data:A - S7-A 120 m:

Hub height: 120.0

Site coordinates
UTM {north}WGS584 Zone: 32 Esst: 432,987 North: 6,323,134
WVESTAS V112 3000 112.0 0! hub: 120.0 m {TOT: 178.0 m) (18}

Weibull Data

Current site

A- parameter Wind speed

k- parameter Fregquency

W eibull Dis tributicn

Frequancy [%]

I 4 ] 8 10 12 " 16 @ 2 n
Wind s peed [ms]

Mesn w ind s pesd {ms)

Sector

[m's]
Rl N 714
H 1 MME 9.48
: 2 ENE 9.91
3E 9.28
4 ESE 857
5 SSE 5.49
85 854
7 SSW 884
8 WSW 9.25
8w 1028
10 WNW 1172
11 MNW 568
All 872

[mis] [%]
832 2.252 42
8.468 2z81 87
898 3771 89
829 2.201 7.1
8.58 2.107 67
542 2471 57
757 2239 58
787 273 20
8.21 2.447 102
9.22 2576 18.1
10.44 2850 13.9
789 2285 6.8
383 2588 1000
Energy Ros e (EWhinfiyear)
0-5ms
— S-10ms
— 10-15ms
15-20m's
— 20-4ms
]
- 5m&
— 5-10mis
— 10-15ms
15- M0m's
— 20-4ms

e = =
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S7-A at 140 m AGL

forcpc
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28/04/2014 13.54/2 59 268

PARK - Wind Data Analysis
Calculation:S7-A at 140 niWind data:A - S7-A 140 m: Hub height: 140.0

Site coordinates

Frequency [%]

UTM {northWGES84 Zone: 32 Esst: 492,987 North: 6,323,124
VESTAS V112 2000 112.0 0! hub: 140.0 m (TOT: 188.0 m) (23)

Weibull Data
Current site
Sector  A- parsmeter Wind speed k- parameter Frequency

[rru's] [rm's] [%]
el aON 7.35 8.51 2.201
1 NNE 9.82 8.7 2842
2 ENE 10.41 2.41 3799
3E 9.688 887 3.158
4 ESE 1017 9.10 3.1358
5 55E 10.18 203 2576
a5 BET 785 2288
7 55W 9.33 8.30 2689
8 WswW 972 8.82 2.459
2w 10732 9.54 2845
10 WHNW 1217 10.85 2,869
11 NNW 9.05 8.01 2248
All 1017 203 2604
Weibull Dis tribution Energy Ros e {EWhin# year)

0-5ms

1
15-20ms
— 20-dmis

1 1z “
Wind s peed [ms)

MMean w ind s pesd (m's)

15-20ms
— 20-4ms

— = =
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DTU Wind Energy is a department of the Technical University of Denmark with a unique integration of research, education, innovation and
public/private sector consulting in the field of wind energy. Our activities develop new opportunities and technology for the global and Danish
exploitation of wind energy. Research focuses on key technical-scientific fields, which are central for the development, innovation and use of wind
energy and provides the basis for advanced education at the education.

We have more than 240 staff members of which approximately 60 are PhD students. Research is conducted within nine research programmes
organized into three main topics: Wind energy systems, Wind turbine technology and Basics for wind energy.

Technical University of Denmark
Department of Wind Energy
Frederiksborgvej 399

Building 118

4000 Roskilde

Denmark

Phone 46 77 50 85

info@vindenergi.dtu.dk
www.vindenergi.dtu.dk
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