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What is the wind turbine wake phenomenon
and wake steerlng ?
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IEA Wind Task 44

Quasi-steady flow control

Wake steering using yaw offsets
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Task44 I—%2)\vwr— (WP)

Work Package 1 Work Package 2

Characterize and
quantify sources of
uncertainties

Track the evolving state
of the art in wind farm
control through
collection of research
results and expert
elicitations

Develop methods for
estimating AEP/loads
with overall uncertainty
Develop set of
recommendations and
best practices

Develop set of
recommendations and
best practices

/ Work Package 3 \

Characterize the
building blocks which
define wind farm

control

Build an overview of
available options,
specifications and
assess TRL of each

Give a full landscape of
the solution space

\&ﬁi ZIWTIVXLDE /ﬁ

XA ICWP2AZHN  Uncertainty Quantification /| FEEMEDEE1L

/ Work Package 4 \

Collaborate and
coordinate with other
IEA Tasks and other
wind farm control R&D
activities

Based on tasks 1-3 and
external projects,
identify research gaps

Develop research
roadmap

@0)7"&‘)‘17 I\é:d)iéﬁ
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Tracking mentions of wind farm controls in news publications and press releases

Headline Source DEIC Link to article

WindESCo

Task44 Work Package Updates msiaosiiwitin "

wind WindP https://www windpowerengineering.com/windesco-successfully-completes-

§ indPower , ; ” .
industry’s first wind-industrys-first-major-wake-steering-installation/ &
major wake

steering

Work Package 1: FZEEROINE

DNV launches
wind control reNEWS.BIZ
technology @

«  WIKIDO{ER (https://ieawindtask44.tudelft.nl/)

ventodyne and
Energiekontor

https://renews.biz/84912/dnv-launches-wind-control-technology-jip/

completed a
successful
field

2013 demonstration

nf ik

https://www.linkedin.com/feed/update/urn:li:activity:7051596734497443841/
LinkedIn @ (Announcement) and https://doi.org/10.5281/zenodo.7781282 (4
(Presentation)

Fleming et al. Evaluating techniques for redirecting turbine wake using SOWFA

Research Database

2012 Wind farm control terminology

Wagenaar et al. Controlling wind in ECN's scaled wind farm

. Wind Farm Control Terminology
2004 I EA WI nd Task 44 youtu be Talks Wind farm control terminology is not used consistently across the research and industrial communities. This pageis a

Corten et al. More power and lesss load in wind farms: Heat and Flux reference of preferred language to develop consistent terms across the field.

2003 Note for reference taxonomy of terms created by DTU in the FarmConners project

Dahlberg et al. Potential improvement of wind turbine array efficiency by active wake control (AWC) Wi nd fa rm Co nt ro I i n the neWS ASPECT |
1988

- - o NEAT
Ainslie Calculating the flowfield in the wake of wind turbines

Steinbuch et al. Optimal Control Of Wind Power Plants Data sets
1986 Terms around wind farm flow control

Kati¢ etal. A s, le model for cluster efficiency

Initially suggested by Adam Stock, Scott Dallas, Valentin Chabaud, Konstanze Kdlle and Laurence Morgan

Terminology

Control Types

Name Description

Other TaSkS and Projects Wake Steering The yawing or tilting of turhines to redirect the flow of the turbine wake, typically to increase

the power output of the wind farm
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Work Package 2: FHEEMDEE1L (UQ: Uncertainty Quantification) & EiFESR

o UQE&EIFERRICEAUTWP2OX VIN—ICLBIDDHREK

— YouTubeF+ > /RJL

https://www.youtube.com/@ieawindtask44talks21

IEA Wind Task 44 Talks

ieawindtask44talks21 « F v = LEHEM 261N « 24 Bl
ieawindtask44talks21 « F v > %L EHREL 261A « 24 KOTE

COFvoFIOFME .. EBICRE

-4  BE  BEYRbE

E5ITY

Active Wake
Control
Validation
Methodology

: Nikhar Abbas - ROSCO: A reference controller for

IEA Wind Task 44 Talk: “Active Wake Control i Affect of Quantity, Resolution, & Scaling of
Validation Methodology” by Nassir Cassamo Turbul Boxes on A ic Si i
217 B4R - 1 4 157 EI4B8E - 1 440

Comparing Methods for i Analysis of leading-edge : IEA Wind Task 44 Virtual
Estimating the Change in... erosion impact on the desig... Talk: "Towards Active Wake...
45 4888 - 1 BE 95 E488E - 5 B Al 85 Bl A

fixed and floating wind turbines

vy 1 i A &

i IEA Wind Task 44 presents
‘Closed-loop model-...

I “Inverse UQ: Intro, Case Study :
and Bayesian Inference, and...

Forward and inverse uncert:
quantification for robust
design and control

Kery S. Kiemmer, Michael . Ha

IIII- | vt and
i | QY=

i Forward and Inverse Uncertainty (
Robust Wind Farm Design and Co

319 EH4REE - 1 4D

Predicting minimum
measurement and...

65 E{REE - 1 40
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Task44 Work Package Updates Teskaansigisikin

Work Package 2: RNEEMEDEZ1L (UQ: Uncertainty Quantification) & REFERR
« [Field Assessment Review and Best Practices Paper | D{ER
v RS T7ME80%FRK

v Task 447 1—X1DE TR (128) ICV v—TFTILAREFE

IEA Wind Task 44: Review and Best Practices for Wind Farm Flow
Control Field Assessment

Eric Simley, Sgren Juhl Andersen, Maria Aparicio-Sanchez, Ervin Bossanyi, Nassir Cassamo,

Bart Doekemeijer, Thomas Duc, Irene Eguinoa, Tuhfe Gégmen, Hadi Hoghooghi, Daniel Houck,
Matt Harrison, Michael Howland, Paul Hulsman, Yan Jie, Vile Kipke, David Onnen, Nathan Post,
Julian Quick, Johannes Schreiber, Balthazar Sengers, Rafael Valotta Rodrigues, Pragya Vishwakarma,
and Stoyan Kanev

11
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Task44 Work Package Updates mskansigisikin

Work Package 3: FHEE&E 7LD X LDHE

v 2024FREICT T NEEDOEN (£

DI 1R CHEZEREEZEZN)
v 10A28HIC 7 7—ARNISHIEINEEADRRBICET 2T —o3av T=HiE

Work Package 4: fh7’'O0J 12 E DR
v BEETY BIEA Task® ’OY T2 DGR %E WIKI | ZEBIE

v fiTask X IN—IC LD T—23v TORKHE
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IEA Wind Task 44

WFFC Survey Results: Reviews & Discussion
D2P—LRNGHEIEICREAT 77— NEE L E 1 —&5ER

What sector best describes your current work?

44 responses

@ Industry (e.g., private companies,
startups)

@ Research Institute (e.g., national labs,
independent research centers)

@ Academia (e.g., universities, teaching &
research)

How do you rank the level of implementation of your work in WFFC?

44 responses

@ Purely academic — My work is mostly
@ Early-stage research — | develop

Prototypeltesting phase — My work
@ Industry collaboration — | work on

@ Field implementation — My work is

> A4Z2DEIEEEET
> EE- AR KRETNTNOXIN—NEFE

B DWFFECICER T S FEDERRLANIVICDLT

theoretical, with no direct industry appl...

models, simulations, or concepts with...

involves lab-scale or limited field testin...

applied research, collaborating with in...

actively deployed in operational wind f...

» FEE<HPHEREDL NI

13
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WFFC Survey Results: Reviews & Discussion

TP—ARNSHEICET 7 r—MAB LE 21— &R

How close do you believe we are to widespread commercial implementation of WFFC strategies?

44 responses

What are the remaining barriers?
44 responses

@ Fully ready — Can be deployed at scale

now.

® Mostly ready — Some refinements

needed, but large-scale adoption is fe...

Partially ready — Some commercial

pilots exist, but widespread adoption i...

@ Not ready - Significant barriers still
exist.

@ Too early to tell — More research is

needed before assessing commercial...

@ OEM concerns regarding loads / dam...

@ Uncertainty of use or effectiveness
) Feasibility of practical implementation
@ Modeling capacities

@ All of the above, but | think I'd start wit...
@ | think barriers are not technical. Oper...
@ | think "Uncertainty of use and effectiv...
@ Uncertainty of use or effectiveness an...

12V
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WFFC Survey Results: Reviews & Discussion
27— LRNSEEICRET 7 07— MNAR L E 12— & &R

How important are the following things to remove these barriers? 1: More (public) data / data
sharing 2: Demonstration projects / field experiments 3: ...oved modeling/predictions 5: Improved control algorithms

30
B 1 (least) [N 2 3 HHE4 HEHE S5 (most)

20

Data Experiments Sensors Modeling Algorithms

Which technology do you think will have the biggest impact on improving WFFC in the next 5 years?

44 responses

@ Advanced sensors and LIDAR

@ Machine learning and Al algorithms

) Improved computational fluid dynamic...
@ Novel turbine designs optimized for fa...
@ Data sharing / visibility.

@ | think, as written, CFD WILL have the...
@ | think impact can mainly be achieved...
@ WFFC oriented wind farm design (turb...

12V

RAERRTBLEHIRDERFENIFEEED

> KEEERR, (A—T )79, ETIWEDIETZL)

WFFCZ{ET S LDICSESEFT—HIRDH S

BilfeEZS5NESDIE

> HWWFE, BRKISROE, RERETDERE
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WFFC Survey Results: Reviews & Discussion
27— LRNSEEICRET 7 07— MNAR L E 12— & &R

Which area of WFFC research do you think needs the most attention? 1: High-fidelity (HF) modeling of transient effects 2: Wake models for fatigue load investigations 3: Control implementation and

hierarchy 4: Robust control algorithms for uncertain conditions 5: Uncertainty quantification (UQ) 6: Def....) 8: Integration with other renewable energy sources and storage 9: Control-oriented (CO) wake modeling

20 I 1 (least) M2 3 4 S5 (most)
15
10
5
0
HF modeling Load models Controls Robustness uaQ

WFFCTREFE TANENHDDEIL
> THERMEDESIL

» FHRBRQREFTENRTESPIV TV LA

> BHREICNTIVIA2DETIVE

Metrics

Objective integration

Other RE integration

CO modeling

16
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WFFC Survey Results: Reviews & Discussion
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17

How significant do you consider the potential of floating offshore wind farms to leverage WFFC WFFC%;%FQ j% 7:': &b l:i“%’{zkitrj,]’ y I\“ 7 r _A

strategies” DENIFEEBEEEZZITL\BAD
© ot soitcant O nes e one > ¥ ENPIEEICEEEEZ TS

@ Sslightly significant — Some potential, but
not a major factor.
Moderately significant — Could offer

benefits, but challenges remain.

@ Very significant — WFFC could play a
key role in optimizing floating wind.

@ Highly significant — Essential for making
floating offshore wind more viable and...

LCOEZ{E R T D= CIEGRAYICEE LY

}¥H

NS

Rank these technologies from most (1) to least (6) theoretical potential to reduce the LCOE (or increase the net value) of wind farms 1: Wake steering 2:

Derating 3: Active wake mixing 4: Maximum Power Point Tracking 5: Active power control 6: Lidar assisted control > '.j I,]/ 7 Z 7—_7 IJ y 7\

B 1 (most) M 2 3 N4 MEEs5 PN 6 (least)
20

» POT4TIOIAO3IVIR

» 1Y —IRHIHEH

Wake steering Derating Active wake mixing MPPT Active power control Lidar assisted control

LCOE& [, Levelized Cost Of Electricity (395 (E R EBIR{M) DI T, KERME
DIEZN SBA. REFX CTZEZEESOERESA I IIEAKICHHIDIRA N,

BESNDIHRBETIIFICEIOIZED
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WFFC Survey Results: Reviews & Discussion
2 P—LRNSHIEICEE T 77— MNAR L E 12— & FR

BERMNENFEFEFEDLEATLDD

How far advanced would you say the development of wind farm flow control (WFFC) technologies is? (1 = purely academic, 5 =

implemented on a large scale) > rjI/r 7 Z 7_—7 IJ y 71;;%% (/)

R 3 Em4 ENS

« » POTATIIAVIVIRETPHTIVIOFY

» 1Y —EHEIETATIVOFY

Wake steering Derating Active wake mixing MPPT Active power control Lidar assisted control

ZEI0FENS20FEDE I CHIRATHERINS

P e —
How likely do you think it is that each of these technologies will be implemented on wind farms within 10-20 years? 1 = Highly Unlikely A I ﬁg'l‘ib\ |§J L \ 0) lg

(very little chance of adoption) 5 = Close to Certain (Widespread implementation is very likely.)

I 1 (unlikely) N 2 3 4 S (very likely) > Ij I{ 7 Z 7—_? IJ \J 9\\

20

, /
Wake steering Derating Active wake mixing MPPT Active power control Lidar assisted control > @ E’\J m jJ %IJ ﬁl]



IEA Wind TCP Task44 | v CONTROL

WFFC Survey Results: Reviews & Discussion
jT_ZA/)ll.niﬁ%Jﬁmn_%a_%) 07— hnﬂﬁ LEa1— tn%nﬂﬁ

What is holding this technology back from being implemented on a larger scale? 1: OEM concerns regarding loads
/ damage / lifetime of the turbine. 2: Uncertainty of use,...ion challenges 4: Current Technology Readiness Level (TRL)

I Loads [ Uncertainty Implementation [l Current TRL

30

20

10

=i
» DIAOXTPIITE, FHEEMEOFE - BERop 5589 5 0EMETH
» POT4TIITA0IVORL, REFR VKRS ICRET S0EMET - FAlTA AR
» 1Y —XiRHIEITER
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IEA Wind Task 44

Plan Task 44 Phase 2

Task44 71— X2DEHH

» JI—X1DFTIE, 2025F78H 52025F 12 ICIEREINE

> JT—2X2IZ, 20255F11 B DIEA Wind ExCoSECHREIND

» J1—2R2, 20261 A SRE T E (3-4FHE#k)

Phase 2 will be

Phase 1 extended to proposed at the IEA

December 2025

(orig. July) Wind ExCo meeting
et in November 2025

Phase 2 planned to
start January 2025
(3—4 years)

20



	スライド 1
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9: Task44 Work Package Updates
	スライド 10: Task44 Work Package Updates
	スライド 11: Task44 Work Package Updates
	スライド 12
	スライド 13: WFFC Survey Results: Reviews & Discussion
	スライド 14: WFFC Survey Results: Reviews & Discussion
	スライド 15: WFFC Survey Results: Reviews & Discussion
	スライド 16: WFFC Survey Results: Reviews & Discussion
	スライド 17: WFFC Survey Results: Reviews & Discussion
	スライド 18: WFFC Survey Results: Reviews & Discussion
	スライド 19: WFFC Survey Results: Reviews & Discussion
	スライド 20: Plan Task 44 Phase 2

