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Time and Date Height (m) Horizontal Velocity (m/ Vertical Velocity (m/s) Wind Direction (degre Turbulence Min Gust Max Gust Variance  Temperature (C) Pressure (hPa) Humidity Status Flags
02/06/08 06:40:00 20 2.19812 -0.012433 30.754875 0.090321 1.5165 3.924336  0.103057 15.5625 1003.5 76,875 Green
02/06/08 06:40:00 100 2.445747 -0.009663 334.693512 0.134161 2.273595 2.597057  0.006989 15.5625 1003.5625 76.875 Green
02/06/08 06:40:00 150 2.534049 -0.017396 342.701843 0.102233 2.27686 2.713784  0.012095 15.5625 1003.5625 76.75 Green
02/06/08 06:50:00 20 2.373932 0.025782 95.010902 0.143388 2.122059 3.338332 0.060823 15.875 1003.8125 74,625 Green
02/06/08 06:50:00 100 2.49433 0.000501 146.141346 0.089624 2.268260 2.6677  0.008685 15.875 1003.8125 74.625 Green
02/06/08 06:50:00 150 2.64638 -0.000442 145.78862 0.107171 2.5216 2.815485  0.005819 15.875 1003.8125 74.75 Green
02/06/08 07:00:00 20 2.26575 -0.02452 3.381678 0.125347 0.13681> 2.879239  0.110551 15.875 1003.8125 73.75 Green
02/06/08 07:00:00 100 2.63957 0.008862 313.563812 0.135788 243287 2787472  0.007485 15.875 1003.875 73.75 Green
02/06/08 07:00:00 150 2.72606 0.007577 184.708633 0.123559 2.556745 2.906385  0.008029 15.875 1003.875 73.875 Green
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turbulent kinetic energy (TKE)=ELFEEN TR IIL X —LDREE

urbulence Intensity = SQRT(TKE)
Where: U is the mean wind speed (m/s)

TKE is the Total Kinetic Energy
So, in short; “Spatial Variation” = 0.65 SQRT (TKE)/U
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Deutsche

Evaluation of ZephIR

WindGuard

Consulting GmbH

Report: PWG 06005, Evaluation of ZephIR

1 Introduction

ZephIR 1s a new laser based device for wind measurements in the lower atmosphere. The
device has been developed by the British company QinetiQ with special intension to the wind
energy industry [1]. Deutsche WindGuard is collaborating with QinetiQ in evaluating this
new technology. In this frame the ZephIR system is tested by Deutsche WindGuard against
conventional wind measurements with mast mounted cup anemometers. This report briefly
summarises results of the comparison of ZephIR against measurements with a 65 m high mast
and a 124 m high mast as well as Deutsche WindGuards’ first practical experience with the
system.

Westdorf 2005/12/20~2006/1/3
EAIEE 300m-65m-65m-65m-65m

Raport; PG 06003, Evaluation of ZephiR.
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Figure 1: Photo of the 65 m high met mast and vind turbine of type Enercon E70 E4 in
Westdort. The photo has been taken near to the position of the ZephIR. .
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Figare 5: Photo of the 124 m high met mast and wind turbine of type Enercon E112 in
Emden The ZephlR is marked by a biue cross.
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Figure 6: Photo of the masttop in Emden.
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An 8 month test campaign of the QinetiQ ZephlIR system:

Preliminary Results
Kindler, Detlef [1]. Oldroyd, Andrew [2]*, MacAskill, Allan [3], Finch, Danny [4]

[1] WINDTESTKaiser-Wilhelm-Koog GmBH. Germany. [2] Oldbaum Services . UK. [3] Talisman Energy
(UK) Ltd. [4] Scottish & Southern Energy. UK
Email:andy@oldbaumservices.co.uk
*corresponding author

3 The Offshore Test Site

The offshore component was undertaken on the German Research Platform FINO-1 (see
figure 2) located in the German Bight area of the North Sea about 45 kilometres to the North
of the German Island Borkum (see figure 3). Comparison results are presented as compared to
a 80m meteorological mast on the 20m platform. for the top height (103m) and for two lower
heights, 1.e. 81m and 61m.

Figure 2: Left, postion of FINO-1 platform in the North Sea. Right, view on the platform during helicopter
approach from the North-East.

Meas. Height /
Sensor
[m] AMSL
103 (78) WS-Cup-1
91 WS-Cup-2 WD-1 Hum-1 | Pres | Rain
Legend
81(56) ws-Cup-3 | wswb-usa-1
AMSL Above mean sea level
A WS-Cup-4 wb-2 Temp-1 WS-Cup Wind speed cup anemometer
61(36) WS-Cup-5 | WS/WD-USA-2 WSMD-USA | Wind speed / direction Ultra sonic. 30
51 WS-Cup-6 wD-3 Temp-2 i e )
Temp Temperature
41 WS-Cup-7 | WSWD-USA-3| Temp-3 i | s
33 WS-Cup-8 wWD-4 Hum-2 Hum Humidity
3 Visibity SolRad. | Solar Radiation
isibilty Visibilty Sensor- range O to 16 km
20 Temp Rain 'Sol.Rad | Rain Pracipitation watch

Table 2: Sensor distribution at the FINO-1 meteorological mast. Bold printed heights indicate the comparison
levels between anemometers and the ZephIR. Values in parentheses describe the corresponding scan height of
the ZephIR.

¥ 54 B German Research Platform FINO-1 located in the German Bight area
of the North Sea about 45 kilometres to the North of the German Island Borkum
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Copernagery

WIND ENERGY

Wind Energ. (2008)

Published online in Wiley Interscience
(www.interscience.wiley.com) DOI: 10.1002/we.283

Offshore Wind Profiling Using Light
Detection and Ranging
Measurements

Research
Artic

- I

Alfredo Pena®, Wind Energy Department, Risg National Laboratory for Sustainable Energy, Technical
University of Denmark, Frederiksborgvej 399, 4000 Roskilde, Denmark and Department of Geography
and Geology. University of Copenhagen. @ster Voldgade 10, 1350 Copenhagen, Denmark

Charlotte Bay Hasager, Sven-Erlk Gryning, Michael Courtney, loannis Antonlou and Torben
Mikkelsen, Wind Energy Department, Risg National Laboratory for Sustainable Energy, Technical
University of Denmark, Frederiksborgvej 399, 4000 Roskilde, Denmark

The advantages and limitations of the ZephIR®, a continuous-wave, focused light detection
and ranging (LiDAR) wind profiler, to observe offshore winds and turbulence characteristics
were tested during a 6 month campaign at the transformer/platform of Horns Rev, the
world’s largest wind farm. The LiDAR system is a ground-based sensing technique which
avoids the use of high and costly meteorological masts. Three different inflow conditions

Key words:
LiDAR; offshore;
surface layer; wake;
wind profiles
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ANALYSIS OF THE VERTICAL WIND PROFILE AT A BURA-DOMINATED SITE IN BOSNIA
BASED ON SODAR AND ZEPHIR LIDAR MEASUREMENTS

Saskia Bourgeois', René Cattin', lan Locker?, Hans Winkelmeier®

(1) bourgeoi 1 ch, Met Fabri

Switzerland, Tel. +41 31 307 26 26

(2) The Natural Power Consultants Ltd., Malvern Technology Centre E708,
St Andrews Road, Malvern, WR14, UK.

(3) Verein Energiewerkstatt, Heiligenstatt 24, 5211 Friedburg, Austria

14, 3012 Bem,

ABSTRACT

Knowledge of the shape of the vertical wind profile is an important issue particularly for site
assessments and energy yield calculations. Strong efforts in the remote sensing technology
yielded to state of the art wind measuring instruments like SODARs (SOund Detecting And
Ranging) and LIDARs (LIght Detecting And Ranging).

This study presents a wind measurement campaign carried out in Bosnia near Mostar where
the terrain was medium complex and the winds were known to be some times very strong and
turbulent. A special attention was given to the so called Bora wind, a gusty wind from the north
north-east. One goal of the study was to examine the performance of an Aerovironment SODAR
and a ZephIR LIDAR under these harsh meteorological conditions in complex terrain. A 30 m
mast provided cup anemometer data.

Both, the SODAR and the LIDAR showed a very good performance with high data availability
up to 100 m above ground. Measured wind speeds and wind directions agreed well with the
30 m mast data. While the deployment and the data processing of the SODAR was more
demanding the LIDAR proved to be more user friendly.
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Modeling conically scanning lidar
error in complex terrain with WAsP

1 Introduction

Lidars (light detection and ranging) are becoming an alternative to meteorological masts
for vertical profile measurements for the assessment of wind energy potential. They have
several advantages over traditional anemometry such as ease of deployment and that large
heights can be reached without excessive costs (Emeis, Harris and Banta 2007). They
have shown encouraging results reproducing cup anemometer wind speeds within a few
percents both on- and off-shore, and several different types of lidars have been investi-
gated thoroughly (Kindler, Oldroyd, Macaskill and Finch 2007, Courtney, Wagner and
Lindelow 2008a).

This success has been limited to flat terrain and it is the purpose of this paper to inves-
tigate the performance in mountainous terrain, occasionally called complex rerrain. Here
the the flow is no longer homogenous and that can give a large bias on the horizontal
wind speed estimated from the lidar. To illustrate this very simply Figure 1 shows a li-
dar shooting at an angle ¢ from vertical upwind and downwind, situated in flow where
the horizontal wind speed U is constant, but where the vertical wind speed W changes
linearly with the downwind position x. This could crudely mimic the flow aver a hill
where (in case of & = dW /dx negative) the upstream is tilting upwards and downstream
downwards. The projected wind speed on the upwind beam is vyp = —(U + hat)sing
while it is v, = (U + /o) sing for the downwind beam. Assuming wrongly horizontal
homogeneity, we can calculate the horizontal velocity as estimated from the lidar
Vdown — Vup

2sing
and we see in the case of negative « that the horizontal wind is underestimated.

One remarkable fact seen from (1) is that the underestimation is not diminished as
@ tends to zero. In other words, reducing @ will not reduce the bias on the horizontal
velocity. It is a simple exercise (see section 2), to show that the same is true for a more
realistic setting, where the horizontal wind is obtained from a conical scan in an arbitrary
linear flow: Uj(x) = U;(0) +x,;9U;/dx.

Ulidar = =U-+ha (1)

U = const W= ax

htan(p)

OTU
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Figure 4. Lavrio: The scatter plots show generally 4% to 6% errors in wind speed mea-
surements (top). Lower twao plots are the comparison between the model and the measure-
ment data for two different heights. Small red dots are the error ratio for each 10 minutes
measurement, big red dots are the averaged 6° bins according to the wind divection and
medium black dots are the model results. The mast shadow is marked with grey rectan-
gles. The ideal ratio line of one, dashed blue, is also shown and it represents the cases
where there is no difference between the lidar and the mast measurements. Especially for
northerly directions the model predicts the lidar error well for both heights, while for the
southerly directions the prediction is not so good.
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