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Abstract. The paper introduces the content of the recently started joint research project
“Development of LiDAR measurements for the German Offshore Test Site” which has the
objective to support other research projects at the German offshore test site ”alpha ventus”. The
project has started before the erection of the offshore wind farm and one aim is to give
recommendations concerning LiDAR technology useable for offshore measurement campaigns
and data analysis. The work is organized in four work packages. The work package LiDAR
technology deals with the specification, acquisition and calibration of a commercial LiDAR
system for the measurement campaigns. Power curve measurements are dedicated to power
curve assessment with ground-based LiDAR using standard statistical methods. Additionally, it
deals with the development of new methods for the measurement of non-steady short-term
power curves. Wind field research aims at the development of wake loading simulation
methods of wind turbines and the exploration of loading control strategies and nacelle-based
wind field measurement techniques. Finally, dissemination of results to the industry takes place
in work package Technology transfer.

1. Introduction

LiDAR, as a remote sensing technique with high spatial and temporal resolution, presents a great
advantage for offshore wind energy developments [1] [2]. The measurement techniques to be
developed will have direct applications for the measurement of power curve and nacelle-based inflow
and wake wind fields. Moreover, research-oriented work is done in regards to wake loading simulation
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and loading control strategies based on inflow measurements [3]. The previously mentioned nacelle-
based wind field measurements are used to verify the findings in these two applications.

The LiDAR project lasting from August 2007 to March 2010 is coordinated by the Endowed Chair
of Wind Energy (SWE) at the Universitit Stuttgart, Germany.

Further experience with power performance measurements is provided by two project partners, the
German Wind Energy Institute (DEWI) and the Universitit Oldenburg (ForWind). The German
Aerospace Center (DLR) contributes with its experience with LiDAR systems. Measurement
campaigns onshore will be performed on a SMW wind turbine owned by Multibrid GmbH, while
offshore met mast and LiDAR comparisons are performed at the FINO 1 offshore platform.
Dissemination to the German industry and support in the definition of guidelines for power curve
measurements with LiDAR are performed by an expert committee of the Federation of German
Windpower (FGW) (figure 1).
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Figure 1. Organisation and participants of the project

2. LiDAR technology

2.1. System procurement

The first step of this work package was to describe the specification of the LiDAR system which has
to fulfill the needs of the measurements in the joint project: The ground-based vertical measurements
are going to be compared with standardized met mast measurements. Next different horizontal
scanning modes of the inflow and wake from the nacelle will be carried out in further work packages.
Therefore new developments and add-ons to the standard LiDAR systems that are available on the
market had to be specified.

Another decision had to be made concerning the different laser technologies. Which advantages
and disadvantages does a continuous laser have versus a pulsed laser beam? Which available system
has the longer range with proper accuracy? Together with the DLR, which has experience in long
range LiDAR systems for several years, the requirements and comparisons were specified and the
decision was made to use the pulsed LiDAR system Windcube® of the French company Leosphere™
(figure 2).

An additional CAN-bus interface, not available in the standard Windcube®, was introduced by the
manufacturer in agreement with one of the requirements for the project. This interface is needed for
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parallel data acquisition from the already existing measurement infrastructure at the met mast at
Bremerhaven. The LiDAR system was investigated in an initial test (figure 3), of the system on the
roof of SWE during several weeks of winter weather conditions and the occasional winter storm.
During this test the project partners, ForWind, DEWI and SWE, could gain their first experience with
this technology [4].

2.2. System calibration

From April to July 2008 a comparison of the LiIDAR system with the SWE owned 102m met mast will
take place at Bremerhaven, close to the Multibrid M5000 prototype. The measurement data of sonic
and cup anemometers at three different heights (44, 73, 103m) and wind vanes will be compared with
the measurement data from the LiDAR system.

Another measurement campaign will take place in Munich, where the Windcube system and a
powerful long-range pulsed LiDAR of the DLR will be compared directly. The aims are to investigate
the qualitative and quantitative differences in the measurements and determine where improvements
need to be made, e.g. in measurement analysis for the following work steps.
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Figure 2. Windcube® System (Leosphere ™) Figure 3. Initial test of the LIDAR system

2.3. System-Evaluation

All results and experiences will be gathered in this work package. The aim is to work out
recommendations concerning the use and the required developments of LiDAR hardware and
software, useable onshore and offshore.

3. Power curve measurements

3.1. Stationary measurements of the power curve and offshore capability

In this work package, DEWI will check and contribute to the development of reproducible power
curve measurement methods without using a met mast. At the site of Multibrids’ M5000 prototype
turbine (SMW rated power, 116m rotor diameter) at Bremerhaven the SWE operates a met mast with
various meteorological sensors as well as an extensive data acquisition system for data logging (figure
4). The LiDAR system measures wind characteristics up to the rotor blade tips (160m) and this data
are logged along with met mast data, nacelle anemometry and turbine controller data. The evaluation
of this data to a LiDAR wind speed measurement power curve and the comparison with the standard
IEC- power curve results are the first steps [5]. Within the classical approach, the LiDAR data set will
also be tested regarding the contributions of the wind profile and turbulence to the power curve. Both
are the most interesting parameters for an extended definition of the power curve. Wind profile data of
Bremerhaven have so far been only available up to hub height, the upper part of the rotor area has
usually not been assessed. The present studies on measured turbulence show that the reported standard
deviation in wind speed is smaller than those measured with a cup anemometer [6]. This underlines
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the contribution of the measurement technology to the measurement result. However, the ideal power
curve assessment should be universal. The deviation in the annual energy production (AEP) will be
compared as a criterion to calculate the quality of the LiDAR -based power curve to the IEC power
curve.

Within a measurement campaign on the research platform FINO I (figure 5), the LiDAR system
will be checked concerning the capability to operate in the adjacent offshore test site “alpha ventus”
[7] [8]. The German offshore test site, with its twelve SMW turbines from Multibrid GmbH and
REpower AG, will be erected in years 2008 and 2009 in a water depth of approximately 30m. The
measurement of the LiDAR system of up to 220 m above sea level (platform height plus LiDAR
measurement height) will reveal new aspects concerning wind shear and turbulence in the atmospheric
boundary layer offshore.

=%

Figure 4. Base-ground LiDAR comparison Figure 5. Research platform FINO I, close
measurements with a met mast of 102m to the offshore test site ”alpha ventus”
height at the Multibrid M5000 prototype

3.2. Unsteady measurements of the power curve

The aim is to investigate the capability of LiDAR systems for a new method of power curve
determination utilizing the time series information of the measured data set [9] [10]. The typical time
increment is on the order of one second or less. In this case, sonic anemometers are installed in
addition to the LiDAR system and the met mast with its common standard first class anemometry.

At ForWind, new methods are developed to analyze the dynamics of the power conversion process
and derive a power curve from high frequency measurement data. From the LiDAR technology, with
its advantageous high spatial and temporal resolution, we expect new insights on how yawed flow,
turbulence and wind shear have to be taken into account in the determination of power curves of
Multi-Megawatt wind turbines.

4. Wind field research

4.1. Inflow, load and control
This work package intends to develop more information about the loading of the wind turbines
supported by LiDAR inflow measurements. Also pilot surveys concerning the control of wind turbines
will be carried out.

Work is being done in upgrading the scanning modes of the standard Windcube® system in order
to cope with this non-standard way of measuring the inflow wind. Eventually, first evaluation of
predictive control strategies based on online LiDAR measurements is planned.
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4.2. Measurements of wind fields and simulation of dynamic wake loading of Multi-MW- wind
turbines
The development of a physical model for the simulation of dynamic wake loading aims at the
development of wind field simulation tools which allow for the complex inflow conditions of huge
onshore and offshore wind farms [11] [12]. The LiDAR system enables the measuring of this complex
structure of the wind field and the analysis of the measurements is needed to validate the new model.
The German Aerospace Center does research in connection with turbulence of aircraft wake
vortices supported by airborne coherent Doppler LiDAR and will assist the measurements with a long-
range LiDAR system in Bremerhaven [13]. Their instrument is going to be used for measurements of
the far-wake of the 5 MW Multibrid wind turbine which are used for validation of wake models
describing the stationary and dynamic characteristics of the flow behind wind turbines.

5. Technology transfer

The establishment of LiDAR wind measurements for onshore and offshore purposes critically depends
on upon the development of new guidelines. In the field of power curve measurements with common
anemometry the Federation of German Windpower [14] possesses a huge know-how due to the
number of members from accredited measurement institutes. This knowledge is needed to evaluate the
results of the project and leading, potentially, to a revision of the “Technical Guideline for Wind
Turbines Part 2: Determining the Power Performance and Standardised Energy Yields” of FGW with
an addition concerning new remote sensing techniques e.g. LiDAR.

The scientific exchange with national and international partners of the wind energy community is a
crucial goal, mainly the activities in the range of IEA Wind Annex 23 ("Offshore Wind Energy
Technology Deployment”), IEA Topical Expert Meetings, e.g. ”State of the art of Remote Wind Speed
Sensing Techniques using SODAR, LiDAR and Satellites”, and the IEC committee TC8S.

6. Conclusion
The aim of this joint project is to work out recommendations concerning the use and the required
developments of LIDAR hardware and software, useable onshore and offshore.

The results of the first work packages aim at the application of LiDAR technology in the offshore
test site “alpha ventus”, where inflow and wake measurements from the nacelle will be carried out in
further RAVE projects, e.g. OWEA.

In future work wind turbine control algorithms and predictive control strategies as well as power
curve and load measurements based on online LiDAR measurements are planned to be developed.
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