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Task 32 has created a worldwide net-work of wind lidar researchers whomeet regularly to identify opportunit-ies for the use of wind lidar, and mit-igate the barriers to its adoption.
The 2021 General Meeting took place online becauseof the COVID-19 pandemic. The meeting was de-signed to let the wind lidar community mingle virtu-ally with their colleagues through a mix of discussion,working groups, and networking sessions.
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Disclaimer
The presence of a person’s name or company name inthis document should not be taken to imply that a per-son or their employer agrees with any of the opinionsset out here.

1 Day 1: Tuesday 16 November

Time Activity14:00 Introductions15:00 Panel session on “Wind Lidar for offshore windenergy applications”• Julia Gottschall, Fraunhofer IWES• Lina Poulsen, Ørsted• Adria Miquel, Eolos Floating Lidar Solutions• Neil Adams, Carbon Trust
16:00 Networking session16:55 Close

Short breaks were taken between all sessions.
1.1 Introductions

The day started with a short introduction to the Gen-eral Meeting by the Operating Agents. This and otherpresentations from this meeting are available throughthe Task 32 Zenodo repository at 10.5281/zen-odo.5718668.
Since 2019 Task 32 has been supporting the earlystage researchers (ESRs) of the Innovation Train-ing Network Marie Skłodowska-Curie Actions: LidarKnowledge Europe (ITN LIKE) to build their profes-sional networks and present their work. The ESRs fo-cus on novel techniques and the application of windlidar for wind energy and wind engineering.
The general coordinator of ITN LIKE, Charlotte BayHasager (DTU Wind Energy) presented a short over-view of the ITN and the ESR’s work. More informationabout LIKE is available at www.msca-like.eu/.
 The presentation about the ESRs and their re-search interests can be found at DOI: 10.5281/zen-odo.5726900.
All of the other participants in the meeting then intro-duced themselves.
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1.2 Panel discussion: “Wind Lidar for offshore

wind energy applications”

The panel included:
• Julia Gottschall, Fraunhofer IWES• Lina Poulsen, Ørsted• Adria Miquel, Eolos Floating Lidar Solutions• Neil Adams, Carbon Trust
The panel explored the state of the art in using windlidar for the deployment of wind energy offshore, andwhat R&D are required. The discussion started withshort presentations from each of the panelists abouttheir perspectives on wind lidar for offshore wind en-ergy applications, followed by a moderated discussionwith audience questions. 75 people joined us.
Floating wind lidar have almost entirely replaced fixed-bottom met masts offshore in Europe, particularly forresource assessment. Scanning wind lidar are alsoused to provide data about the wind fields within op-erating plants, where they are placed on transformerplatforms, turbine transition pieces, or the nacelle.Wind turbines are still increasing in size, with somemodels likely to reach 300-m tip heights in the nextfew years. This is within the measurement range ofwind lidar, but is above the height of available valida-tion facilities. New approaches to validation are there-fore required to accurately quantify the uncertainty ofwind lidar at these heights. However, it is also import-ant to note that validation takes time; meeting climateprotection goals will require speeding this up. Typecertification (instead of unit certification) would helpthis process, but the reality is that wind lidar will sel-dom be the only source of data. So, it might be betterto explore how to implement type certification for theentire system of wind lidar coupled with other tech-nologies such as mesoscale modeling. As lidars replacetraditional anemometers there is a growing need to usemore data products derived from lidar measurements(especially turbulence intensity) to get more informa-tion about wind fields; this needs to be considered inthe choice of validation methods. A lot of work is stillvery customer-specific rather than “off-the-shelf” andso care should be taken to develop standards and pro-cesses that allow different approaches to achieve thegoals, rather than being restrictive.
“Accelerating offshore wind energy” will be one ofthe four main themes in the relaunch of Task 32.
 Find the presentations from the panelists in themeeting minutes at DOI: 10.5281/zenodo.5718668.

1.3 ITN LIKE Poster session

The ITN LIKE early-stage researchers provided a quickoverview of their work in the plenum session, beforesplitting in to individual breakout rooms to discusstheir work in detail.
• Shahbaz Pathan, DTU Wind Energy, Denmark.• Liqin Jin, DTU Wind Energy, Denmark.

• Francisco Costa, University of Stuttgart.• Hugo Rubio Hurtado, Fraunhofer Institute for WindEnergy Systems, University of Oldenburg.• Isadora Limas Coimbra, University of Porto, Facultyof Engineering.• Haichen Zuo, DTU Wind Energy, Denmark.• Jan Markus Diezel, Geophysical Institute, Universityof Bergen, Norway.• Priscila Suarez Orozco, UL International GmbH.• Arjun Anantharaman, Center for Wind energy re-search, University of Oldenburg.• Alessandro Sebastiani, DTU Wind Energy, Denmark.• Feng Guo, Flensburg University of Applied Sciences.• Wei Fu, DTU Wind Energy, Denmark.• Mohammad Nafisifard, Department of Mechanicaland Structural Engineering and Material Science,University of Stavanger.• Zhaoyu Zhang, Department of Mechanical Engin-eering, Politecnico di Milano.• Sai Wang, University of Bergen, Norway.
More information about the ESRs and their projectsare available at www.msca-like.eu/people.
 Find the presentation about the ESRs and their re-search interests at DOI: 10.5281/zenodo.5726900.
The meeting adjourned at 16:45 CET.

2 Day 2: Wednesday 17 November

Time Activity14:00 Community news:• The new ”Lidar data correction for sitesin complex terrain (LoTar)” project. To-
bias Klaas-Witt, Fraunhofer IEE• Update from the “wind lidar in complexterrain” working group. Alexander Stökl,
Energiewerkstatt• Update from the “wind lidar in cold cli-mate” working group. Marc Defossez,
Nergica• The new round-robin on turbulencefrom forward-looking wind lidar. Jakob
von Eisenhart Rothe, DNV

15:00 Panel session on “Lidar-assisted control”:• Helena Canet, TUM• Lei Liu, Goldwind• Irene Miquelez Madariaga, Public Uni-versity of Navarre• Steven White, ZX Lidars• Hailong Zhu, Movelaser
16:00 Posters• Pedro Santos, Fraunhofer IWES• Axel Schild... & networking session16:45 Close
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2.1 Community news

2.1.1 The new ”Lidar data correction for sites in complex
terrain (LoTar)” project

Tobias Klaas-Witt from Fraunhofer IEE provided ashort introduction to a new nationally-funded researchproject to create a open-source framework for mod-ular lidar data processing. The project will build onthe results of previous projects, including the Task 32working group on “wind lidar in complex terrain”.
The project started in June 2021 and will run for 3years. It is a joint project between Fraunhofer IEE andthe University of Stuttgart, who lead the project. Moredetails can be found at www.ifb.uni-stuttgart.de.
 Find this presentation in the meeting minutes atDOI: 10.5281/zenodo.5718668.

2.1.2 Update from the “wind lidar in complex terrain”
working group

Alexander Stökl from Energiewerkstatt provided anupdate on this working group. Started in 2019, thisgroup of around 10 industry and academic research-ers has separately analysed data from several moun-tainous sites that are outside of the range of existingstandards and compared them to data from meteoro-logical towers. The results are being analysed at themoment and will be shared in a paper in 2022.
 Find this presentation in the meeting minutes atDOI: 10.5281/zenodo.5718668.

2.1.3 Update from the “wind lidar in cold climate” working
group

Marc Defossez from Nergica presented a short up dateon this working group’s progress. Set up in late 2020,the working group is a collaboration between Task 32and Task 19 and will explore the opportunities andchallenges for the use of wind lidar in cold climates.The group is currently identifying how it could havethe most impact in this area.
Scripts to compare data from wind lidar with meas-urement masts were published in October 2021.They can be found in the Task 32 Github repos-itory at https://github.com/IEA-Wind-Task-32/cold-climate-data-comparison
New participants are welcome. Please contact Marcdirectly for more information.
 Find this presentation in the meeting minutes atDOI: 10.5281/zenodo.5718668.

2.1.4 The new round-robin on turbulence from forward-
looking wind lidar

Jakob von Eisenhart Rothe from DNV presented theplan for a round robin to compare the results fromdifferent methods of calculating turbulence intensityfrom a nacelle-mounted lidar. The round robin is a jointinitiative between Task 32, OWC, DNV, ZX Lidars, and

Leosphere.
 See details of the round robin at DOI: 10.5281/zen-odo.5713972. The data for the round robin are avail-able at DOI: 10.5281/zenodo.5714038.

2.2 Panel discussion: ‘Lidar assisted control’

The panel included:
• Helena Canet, TUM. Helena’s research focuses on

structural design of wind turbines. She has investigated
the impact of lidar-assisted control (LAC) on wind tur-
bine cost of energy.• Lei Liu, Goldwind. Lei Liu has five years of experience
with LAC at Goldwind working on load reduction and
AEP improvement. Goldwind has delivered approxim-
ately 1,000 wind turbines with LAC.• Irene Miquelez Madariaga, Public University of Nav-arre. Irene is working on a LAC project focusing on ro-
bust control techniques for LAC.• Steven White, ZX Lidars. ZX Lidars has 18 years of ex-
perience with nacelle and hub-mounted lidars for yaw
and pitch control. Currently ZX Lidars is participating
in the ReLACs lidar-assisted wind turbine control and
wind farm control project.• Hailong Zhu, Movelaser. Movelaser develops nacelle-
mounted lidars and has delivered approx. 2,000 units.

The panelists’ perspectives on four main questions aresummarized below:
1. What have been the main barriers for LAC so far?• Clarity and consistency in understanding cost-benefit tradeoff; good lidar cost models areneeded• Difficulties interfacing LAC with existing turbinefeedback controllers creates high entry point touse LAC; complex algorithm compared to feed-back controllers, especially when consideringmore advanced controllers• Concerns about reliability, availability, and com-plexity; reduction in cost of energy with LAC isvery sensitive to lidar reliability and availability• Need to more clearly quantify the benefit, espe-cially because of the extra lidar costs for windplant owners• Guidance on LAC from third parties is available,but lack of standards for certification• Different metrics are needed to determine howwell lidars will work for LAC applications2. What opportunities do you see for lidar in wind

farm control applications?• Understanding the wind inflow to the wind farmcan be useful, e.g., to provide forecasting for act-ive power control applications or wake steering• Additional applications beyond individual turbinecontrol can help compensate for the cost of thelidar; but the added benefit of lidar in wind farmcontrol applications is an open question3. What can we do as the Lidar community to make
LAC more attractive?• Help educate the community on the benefits ofLAC; we like to talk about how difficult it is, but
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we should do a better job explaining easy solu-tions that currently exist• Address the complexity of LAC by helping createstandards for the design and use of LAC• Make lidar easier to use for LAC by creating smartlidars that can adapt to changing atmospheric orsite conditions, provide ready-to-use signals forLAC and simplifying the certification process• Continue providing open-source simulation toolsto make evaluating LAC more accessible• Develop lidar cost models, similar to existingwind turbine cost models4. When will we reach 10k turbines running with LAC

(Task 32 estimates there are currently around 1k
turbines with LAC)?• 10k turbines with LAC are expected by 2025(even in China alone); outside of the Chinesemarket it may take longer, although 10k lidars isstill a very small percentage of the approximately350k turbines currently installed worldwide• As wind turbines continue to grow larger, thecost of a lidar will represent a smaller fraction ofthe total cost; this trend is expected to help ac-celerate the deployment of LAC

Additional questions from the audience:
1. What are the main obstacles to applying LAC on

wind farms already in operation?• Usually it is harder to change a running system• Retrofit solutions require a new whole process totest and certify the new control system2. For minute-scale forecasting, fallback options are
needed when lidar is unavailable (e.g., because of
fog). How is lidar unavailability addressed in LAC
applications?• For fatigue load reduction, lidar availability is notas much of a concern because the benefit willonly be decreased by the fraction of time the lidaris unavailable. For extreme load reduction, veryhigh availability is needed because harmful ex-treme loads could occur at any time.• In some cases, the turbine may need to be shut-down when the lidar is unavailable to protectagainst extreme loads• Lidar availability can be improved by increasingthe laser energy, but this adds cost• Another option discussed in the chat was adjust-ing the lidar processing parameters based on thesignal quality to increase availability (e.g. increas-ing the averaging time or number of pulses forthe Doppler Spectrum)3. Why are robust control techniques considered for
LAC? This could make the controllers too conser-
vative, reducing the benefits of LAC.• There will always be some error between whatthe lidar measures and the wind that interactswith the turbine. Measurement error models canbe developed and accounted for in the control-ler design. This is different from designing a con-troller to be robust to all possible lidar failures atall times. Fallback options could be used instead

when the lidar is unavailable.
Lidar-assisted control of wind turbines will be part ofthe “universal inflow” theme in the relaunch of Task32.

2.3 Poster and networking session

The session started with posters from Pedro Santosabout the business case for scanning lidar in com-plex terrain, and from Axel Schild about “Mastering thechallenges of industrial lidar-assisted model predictiveturbine control”.
 Find Pedro’s presentation at DOI: 10.5281/zen-odo.5713043.
 Find Axel’s presentation in the meeting minutes atDOI: 10.5281/zenodo.5718668.
Afterwards the participants were split randomly intobreakout rooms for networking.
The meeting adjourned for the day at 16:45 CET.

3 Day 3: Thursday 18 November

Time Activity14:00 Plans for the future of Task 3214:30 Working session 115:05 Working session 215:35 Summary of working sessions16:00 Networking session16:45 Close
3.1 Plans for the future of Task 32

Task 32 will reach the end of its current phase at theend of 2021. A proposal was made to the IEA WindTCP Executive Committee (ExCo) in November 2021to relaunch the Task. The proposal was led by JuliaGottschall from Fraunhofer IWES and David Schlipf.Julia Gottschall will replace Andrew Clifton from theUniversity Stuttgart as the lead Operating Agent, rep-resenting the Task to the ExCo. David Schlipf will con-tinue to be the second Operating Agent.
At the time of the Task 32 General Meeting no decisionhad been shared by the ExCo.
The session started with a handover from AndrewClifton to Julia Gottschall. Julia then presented theplans for the relaunch of the Task. The plans are basedon extensive consultation and have been refined inWorkshops with the Task members during 2021.
The relaunched Task will focus on mitigating the chal-lenges associated with the potential factor of five in-crease in the number of deployed wind lidar in the next5 to 10 years. The relaunched Task’s mission and visionhave been updated accordingly:
• Mission: We work together on research to makewind lidar the best and preferred wind measurement
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tool for wind energy applications• Vision: Using wind lidar will be easy. It will bring ad-vantages and opportunities that enable the deploy-ment of wind energy

The Task will focus on 4 main themes. These are:
1. Universal inflow characterisation. Working to-wards tools and methodologies to get and use thebest information about inflow conditions to anywind turbine, anywhere.2. Replacing met masts. Creating guidelines for theselection and use of different types of wind lidarand software for site assessment.3. Connecting wind lidar. Helping users to improvemeasurements and extract value from their lidar(s)and data by making lidar data FAIR, enabling themto connect to an ecosystem of service providers4. Accelerating offshore wind deployment. Promot-ing wind lidar as a key enabling technology through-out the offshore wind project lifecycle.
 Find details of the relaunch plans at DOI:10.5281/zenodo.5163487.

3.2 Working sessions

The participants split into groups to refine the plansfor each of the themes. The participants reviewed theexisting plans, modified the deliverables, and set outtimetables to work towards the deliverables. Theseplans will be used to get the relaunched Task moving.Each group presented their plans back to the meetingat the end of the session.

4 Summary
The 2021 Task 32 General Meeting brought togetherwind lidar researchers and end users from industry,academia, and government over three, 3-hour sessionsover 3 days to explore how to identify and mitigate thebarriers to the adoption of wind lidar technology forwind energy applications.
The first day was an opportunity for the Task membersand the 15 ITN LIKE early stage researchers to meetother and share experience. Later panel sessions ex-plored the use of wind lidar for offshore wind energyand the opportunities for lidar-assisted controls.
Task 32 comes to the end of its current phase inDecember 2021. A relaunch of the Task has been pro-posed to the IEA Wind ExCo and is under review. Thefinal day of the 2021 General Meeting reviewed andrevised the plans for the relaunched Task. The workinggroups that were active in 2021 will continue along-side new initiatives.
Task 32 and its successor welcome anyone interestedin working together on research to make wind lidar thebest and preferred wind measurement tool for windenergy applications. Please see iea-wind.org for de-tails.
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IEA Wind Task 32 exists to identify andmitigate the barriers to the deploymentof wind lidar for wind energy applica-tions.
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