Lidar—assisted model predictive turbine control

Challenges on the way to an industrial reality
Dr. Axel Schild, February 2023
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That’s me
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Axel Schild, 45 years old
Senior Technical Consultant, Automation Solutions Energy Sector @ IAV
Phd. in control theory, Expert in nonlinear model predictive control (nMPC)
>15 years of industrial experience in nMPC across diverse sectors
Chemical/process industry
Automotive
Wind Energy

Energy management / infrastructure



MPC vs. conventional control — a matter of performance
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The MPC iteration illustrated at NREL 5MW turbine
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“Technical ingredients” for formulating a model predictive controller

Performance Formalizes an
metric . N-1 economically good

Lidar-based rotor-effective

wind speed prediction

Dynamic ] Captures relevant
system model St Typr1 = f(a:k,uk,@ plant physics to
o forecast system
X0 = (ts) behavior

Safe operating Constrain
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x < Ty < = Vk ranges for relevant

variables
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Importance of preview knowledge

4 Load reduction - Effective preventive control actions require a good
<% | o short-term inflow preview
—_— = Deterministic
° —— Ground Truth « At the upper quality-end, the performance
i Improvement is limited by turbine equipment
> At the lower quality-end a predictive controller
‘5\% = cannot outperform a conventional controller by far
h » Aggressiveness of MPC should be scheduled
T according to certainty of preview information
6‘% |
P | 7 | z = Lidar data processing units should provide
'O%f/% 'O»GZ Of@fé, Oﬁ@f/)éo - Short-term REWS prediction
7 0 7 7 7o
S /)OG % % % - Certainty indicator, e.g. stochastic moments
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One technology — different perspectives
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https://www.linkedin.com/posts/mingyangsmartenergy_offshorewind-

> 15 years of research, but no deployment at scale, yet...

Going beyond the 18MW threshold, MySE 18.X-28X is the epitome of Mingyang's consistent Milestone: Official press release on Janu ary 13th’ 2023
innovations and comprehensive upgrade on the proven hybrid-drive technology. The medular

and lightweight design, as well as the and digital twin DTC o : : : _ :
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Question at hand

What are the main obstacles for an introduction at scale, if

« MPC & Lidar processing theory are mature and publicly available

« MPC & Lidar are market-proven technologies

« Irrefutable benefits in terms of fatigue and ultimate loads are quantitatively known

« Hardware prices have dropped sharply
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Turbine life-cycle
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One technology — different perspectives
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Academical focus Industrial requirements
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Turbine life-cycle
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“Brown-Field” integration by “adding” not “replacing” functionality

* LA-MPC design has to assist the conventional MC
instead of substituting “its” decades of experience

sssssss

» Optimal gain scheduler approach
« Optimal reference + FF generator approach
e » Focus LA-MPC on operating modes with untapped
| potential
e feoort swscoM>> s D)
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Certification requires more then certification rules
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Engineering efficiency & cost effectiveness demand for a highly

automated Engineering Framework
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Config & CalibTool DeployTool

Automated embedding of One-Click migration
MPC SW-component into Engineering PC to target

fully-fledged Turbine Controller hardware

Platform-
independent C/C++ IDE
embedded SW

Custom OEM
tool-chain for

Engineering Expertise code deployment

» Efficient calibration

Automation
Expertise

* Quality- & process standards

» Supporting Toolchain




Conclusions

« MPC and Lidar technology are mature and available on the market

« Making LA-MPC (holographic sensing) an industrial reality goes beyond mastering MPC and Lidar technology
and just the R&D phase

« A good turbine operation starts with an excellent operating strategy - ability to implement is nice, but not
differentiating

» Optimal results require “sufficiently good” preview information

« For complex technologies, cost-effectiveness requires to make use of every bit of synergy available

The way to success requires:
— Tech-solution components with open, standardized interfaces

— moving away from the lone warrior attitude

— bringing together strengths, expertise and experiences of many

18 IAV 02/2023 TD-X SLD Status: released, public I/\\/



Contact

Dr. Axel Schild

IAV GmbH

Rockwellstr. 15, 38518 GIFHORN (GERMANY)
Phone +49 5371 80-55890
dr.axel.schild@iav.de

www.iav.com
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