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Use cases based on conical scanning lidar

Flow reconstruction from conical scans in homogenous flows

o Flow modeling to convert wind lidar measurements to point values
o Flow reconstruction from conical scans without assumimg homogeneous flow !

0 Mmoo sty o Vernical beam use to reduce uncertmnty in the vertical component

o Use of a smaller lidar sampling volume to reduce differences compared to cups

o Use of a short met mast to scale hdar measurements

. ¥ ol 5 Use cases based on scanning lidar

#- . o Use of conical sector or shice scans to qualitatively identify Now features

B o Flow reconstruction from conical sector or slice scans i complex flows

,qf\-;
i
i

o 8 g lidar use for g ‘e analysis of wakes

o Multiple lidar use to measure wind vectors

©Mitsubishi Electric Corporation | 5
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Bl E TRl wakeF TRl BURISEABAN - B FRICEIL T,
- (CLBEVANEEREZ A

[l 35 5

Effect of volume FRi 1 f -contamination 140
— | Estmate variance Rotate {
e i | [ ] 1 - 120-
D estimate point-ike | el B _
LOS varkno === - E 100
e P~ | | =
on )
| Comoute anaytical . ) B0 -
FrMans | | ARering mtiofrom | | Pontike | Rotate |
wpectrnl model || wesghted Mann | LOS variarce | | turbuience components | &0

spectral termor

NWP models + measurements

Statistical methods

Radar-based models

Scanning lidar-based models

Energy and ancillary services market

Applications Power grid balancing

‘Wind turbine and wind plant control

I. Wurth et al, Minute-Scale Forecasting of
Wind Power —Results from the Collaborative
T T T T T T Workshop of IEA Wind Task 32 and 36,

1s 1imin Smin 10min 30min 1hour Energies 12,712, (2019)

©Mitsubishi Electric Corporation 6
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I ) =805 09— T/~ h— TS, BEHIE
B e T

S. T. Frandsen and B. M. Pedersen, Recommended practices
for wind turbine testing. 1. Power performance testing. 2.
Edition 1990.

©Mitsubishi Electric Corporation | 7
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Changes for the Better

;,_;szt R (BRemOZERIDAREE) | BmsTORRINAREE TOKTERE - AEOstE
OHIXT

JOVZT5E 1 IOV AIBIEHORERE D AREE. AP OIRERFE T ORI - EUER > fhE 1A
CWHR : E-LASELRSOIERDAFEE. BWLORERH TOEE - FiREHE
a8 H I IRICIE. E-LAERIDHE - AEEBEOFIRMEZE L
SHAIRBREF IOV IVRE(CHRTF

IR EERE HERTTFIIERE L) - LR

Em, o @; o s

B (IFOJVILOBR) L&D FvTS— f L= =30 L B TRE S OEM f AR TS AR LEATAG S
YI7HATRREHMLET. r ’ EHMLEY. ¢ EHMLEY.

http://www.mitsubishielectric.co.jp/lidar/products/index.html#DopplerLidarSystems

©Mitsubishi Electric Corporation | 8
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Changes for the Better

BHAZ, $EMHBAZ FARERICESF LRRRARCONT

FRRY) RP, Technical ReportZF1T

Phase | (2011 - 2015) Phase 11 (2016-2018) Phase 11l (2019-2021) Our Roadmap

Updated April 2013 September, 2015 November 2018

fea wind ’r\ ,"r\
e wind I wind

e e i

e
— R

b o e ]

©Mitsubishi Electric Corporation | 9
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Changes for the Better
- https://iea-wind.org/task32/

Task 32 Publications

- https://iea-wind.org/task32/t32-publications/

e S,
o -

Task 32 Publications
The Task 32 Community on Zenodo o
: ——

Recommended Practices

©Mitsubishi Electric Corporation 1 0
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Changes for the Better
‘ 2021 EEEHAR
©MitsubishiElectricCorporation | 11
2021 FEEENBE ELECTRIC

Changes for the Better

FEEERIRA ST )IiGSA
FEEERTI I 1-33>0X BiESA
RS IU—2ID—A ORI~ BREA

H—E> - S5 —EHEIC R Tl /FARES
5145 - O GHIER
BHM(CHII D515 —T —FHLEICRE T BAR5T

- March 1: Wind lidars in cold climates (CTC BlFX A)

* March 24: Complex terrain (GPI F#f & A)

- April 28: Spring Update (& 7% L)

- May 25-28: Wind Energy Science Conference 2021 (AIST JI|ix S A)
* August 4: Where next for task32 (MELCO 5 )

- September 14: Complex terrain (GPl F1f & A)

- October 6: Wind lidars in cold climates (CTC RlF A)

- November 16-18: General meeting (GPI & A)

12
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WG : Digitalization of wind lidar HETRG

Changes for the Better

I
(1) HBOTA—IYMEEFERI S THRA BIERED AT -0 ;

RN - Q

(2) BUET—IDREFPRFEBHICL. 1-9H (S5 M) :9 STy

TORENSZELIRL
(3) 9—E2PU1 > YA OB - Fl iz =F T EE

https://zenodo.org/record/4646945#.Yep9sJLP2Uk

EBAS
5~ 10 BT COTRILE—BIBICIET, 519 —1ERELTA5— T —SE R TR EONE,
EE X MORER, T E T OSIE (I NS
(5HRIL% HCHBRHRmRE RIS E, 5- L 0 wHa
(22133 ]LACEC L 29 —-E>HlE, SRR FEEDE
(#REE]1 D5 ADF _ERNDFEBHIFLOATGEN | [T
280315 -Z2AVTRARIEERAIORRZAIE.

https://www.ifb.uni-

stuttgart.de/en/research/windenergy/projects/vamos/ 6 HB DFv>R—>%EE, 2019F7HAF—M. 2022F68#& 7T

©Mitsubishi Electric Corporation | 1 3
o . . . o MITSUBISHI
WG : Wind lidar in cold climate ELECTRIC
Changes for the Better
Tast /
zﬂ L \ K. mast
SHIICSIFBEN 1~ CORTELRIRIA K51 %87 l\
(Task19&d5ML—23>) l
\«1easl.1rled Measured wind
3RV - -
. : : _1 Pemance
- Nergicatt ICTHE L -BA#T — X EMETa— N % o ey
St LIRATE T e (o] L)
N set t‘s::‘lﬁni |E:g m:cms Distribution
- ESHICT, 3DRAF Y VI TA X ERANT e
- T —ZBUSICE T A5HEZ L EF power Cure
; . ¥
Aroduction Potaducion””
- )_m_’%‘/l'
T 5 9}-‘; L) .perfu'g?i:rtlaaéfnenon
r - a a Pass Fei
https://iea-wind.org/wp-content/uploads/2(321}35}2017-]EA-Wind-TCP- httpts://tiea-;/vindcl,ozrgé\%vpo-z Perf
Recommended-Practice-13-2nd-Edition-Wind-Energy-in-Cold-Climates.pdf content/up oa S./ 102/ ertormance-
Warranty-Guidelines-for-Wind-Turbines-in-

Icing-Climates.v2.pdf
14
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WG : Uncertainties and error estimates of lidar measurements MITSUBISHI
. . ELECTRIC
n Complex terraln Changes for the Better

SRREMZCE I 35157 —HIC I 2R EOMIE S EDEEIR

2
o

BIA

A-ZN)7584 bk (Fi51450mH51850m) 'C@ﬁﬂﬁ’fiﬁté%ﬁm@%ﬂﬁd)tby‘
-FRATRESRNS, FHIERENSHIZORZE (BRIPHER, F5E) P i
/)Ibl% ELI}II.S%Z\ / ) %ﬁiﬁ

- SERIREBRIOENRICADTE

Terrain characteristics: Flow characteristics:
« Terrain slope, statistics of terrain slope * Vertical wind speed, inflow angle
* Terrain curvature * Wind shear, regularity of wind shear
* Elevation range & statistics * Turbulence intensity

...and all of that for different distances around the * Stability (time of day)
measurement point.

* RIX, IEC61400-1

©Mitsubishi Electric Corporation
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. . . MITSUBISHI
Topic in General Meeting ELECTRIC

Changes for the Better

Lidar assisted control® /SR FT1 A HYS3a>
BN TE10005 RIEDLACT—E>ZIMAEHINGD DN, kR (LACRIER) ($7<BA
SAH—-F—E>RIOFIEOEMS . DAY MABE, ERFEENRA, THRTEH':

Panel discussion: ‘Lidar assisted control’ What have been the main barriers for LAC so far?

e Clarity and consistency in understanding cost-

The panel included: benefit tradeoff; good lidar cost models are
¢ Helena Canet, TUM. Helena’s research focuses on needed

structural design of wind turbines. She has investigated ¢ Difficulties interfacing LAC with existing turbine

the impact of lidar-assisted control (LAC) on wind tur- feedback controllers creates high entry point to

bine cost of energy. use LAC; complex algorithm compared to feed-

e 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-

back controllers, especially when considering
more advanced controllers

ately 1.000 wind turbines with LAC. e Concerns about reliability, availability, and com-
¢ Irene Miguelez Madariaga, Public University of Nav- plexity; reduction in cost of energy with LAC is

arre. Irene is working on a LAC project focusing on ro- very sensitive to lidar reliability and availability

bust control techniques for LAC. ¢ Need to more clearly quantify the benefit, espe-
s Steven White, ZX Lidars. ZX Lidars has 18 years of ex- cially because of the extra lidar costs for wind

perience with nacelle and hub-mounted lidars for yaw

and pitch control. Currently ZX Lidars is participating . . .. .
in the RelL ACs lidar-assisted wind turbine control and * Guidance on LAC from third parties is available,

wind farm control project. but lack of standards for certification
¢ Hailong Zhu, Movelaser. Movelaser develops nacelle- * Different metrics are needed to determine how
mounted lidars and has delivered approx. 2,000 units. well lidars will work for LAC applications

plant owners

©Mitsubishi Electric Corporation
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MITSUBISHI
ELECTRIC

Changes for the Bette

Vertical-profiling lidar
are replacing 5-10%
of masts for resource
assessment and
operational plants

Rvan DUy on Unsplash

itsubishi Electric Corporation

https://zenodo.org/record/5163487#.YeqzhHrP2Uk

18
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Changes for the Better

Floating lidar have
almost completely
placed masts offshore

e

https://zenodo.org/record/5163487#.YeqzhHrP2Uk

©Mitsubishi Electric Corporation | 1 9

BHhmlF74 % —iRR )‘MITSUBISHI

Changes for the Bet

Turbine-mounted lidar are
accepted for:
Yaw correction,
Power performance

testing,
Turbine control

Photo by Dennis Schroeder / NREL

https://zenodo.org/record/5163487#.YeqzhHrP2Uk

©Mitsubishi Electric Corporation 2 O
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Changes for the Better

" task 32
===~ lidar

The wind lidar fleet is growing

2025: Bigger turbines, new offshc

fg wind regimes, and loss of subsidi
’
10,08A £ 2025 Increased European
,I" and N. American
2020: around 2,000 27 acceptance, growth of
onshore units inuse ,* » Asian market
worldwide ,l
2020: 800-1,000 Lidar on installed fleet for power &
2015: around 500 yaw monitoring, or for control of new machines
1,000 ground-based units in ’ 2025- growth of plant
use worldwide”” - control and forecasting
; - 2025: large-scale installation of
2019: first turbines L _O offshore wind in US and Asia

certified with built-in

lidar-assisted controls 2020: scanning lidar used

on- and offshore, mostly for

100 R&D
: 2005 2015 ﬁ”“d i 2020: FLS used for US and
Cumulative first mass-produced ;na?sl:g_ro 18 = '} ars Asian offshore prospecting
total lidar vertical profiling lidars AT uEbmeconms)
units in use 2010: first
worldwide 10 mass-produced 2015: FLS de-facto norm
(approx) scanning lidars, worldwide for offshore wind
developments
2010-2015:
extensive FLS .

2003 first o Rl Numbers shown here ar{_a indicative

Lirbineamoint and based on freely-available news

fiber lidar 2007: first or marketing information

1 commercial floating
lidar systems
P Year
2000 2005 2010 2015 2020 2025
IEA Wind Task 32 - Wind Lidar
www.iea-wind org/task32 Task 32 Next Phase - 4 August 2021 7
https://zenodo.org/record/5163487#.YeqzhHrP2Uk
©Mitsubishi Electric Corporation | 2 1
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Changes for the Better

Larger induction zones

Replacing met mast

-y

Connecting wind lidar

T —ATIA—YRDIIE(L
<I1—YR (Fe(@Y4 M) TORENSHERR,
"'1

: ST - FREIERAICARNDD A RS AR
Longer, -

Accelerating offshore wind deployment

. ) X more flexibl
AF0 22 S DB ETZAR T H DR R blades
L e —

Universal inflow characterization : . _ wakes
FEIEE S A F RO OE T ERAE
-Lidar Assist Controlifiti(ci&h3
Recommended PracticeD{ERk
-BLIRARE ICRE 9 3RS R DERM

taller
turbines

Lost
subsidies

https://zenodo.org/record/5163487#.YeqzhHrP2Uk

©Mitsubishi Electric Corporation 2 2
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Changes for the Better

Round Robin on turbulence estimates from nacelle mounted Lidar systems
-FRIVEE S5 - DELTREE OFHRAIREE OREFRE TOMIE RAfiFFEE LT
K[RYAN G- DELTRE TRV 2SI DUIEEZIRFT IS
:3DDFEINTAF—DT —HERRYANT =% FHIBU, AN\ - DMEIEUIRERZ DNV LEE
F=Atyh : 201 7FEBEUCWFTEILSAT— (SAF—+X AN S45-0Dd+)
2020FEUSUI)ULRF IS5 — (SAF—+X AN S145—-DFH)
‘22FEDFERZ-TA ) (CTEDELDIERZREFE

_Data from a ZDM/ZX TM unit - Data from a Windcube Nacelle (2-beam mode)
&
|
H
i
https://zenodo.org/record/5713972#.YerDnnrP2Uk
©Mitsubishi Electric Corporation | 23
o o MITSUBISHI
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Changes for the Better

Lidar data correction for sites in complex terrain

ST DB BT S I BB

FIE I BLKONDAY MARSA S —DOLERIREET — 9% B L. EBHILICHEITRRRVYAM
S —DFREMESR. 515 —DELRREOEVAEREINE 7 EICRL TREY

ST AT — A% A IBIETRIET — 5% IBIL — LT —)%hEL
EHM(CHIT BT —REOBHEES1-)
P F B (CEDGELRMEES 1

A. Construction of a B. Validati £ th
framework for lidar data G O C. Demonstration of the D. Communication and

g i by overall methodology technology transfer
terrain measurement data

Validated framework for evaluating lidar data in complex terrain

https://zenodo.org/record/5718668#.YerEF3rP2Uk

©Mitsubishi Electric Corporation 24




Wind lidar B&EtaskDZEE T

Changes for the Better

Operating Agents
~2021 Task32 Wind Lidar \
RyT5—S1 59— DRAFEETOFIAL A RI1>DHK
4 Dr. Andrew Clifton
i University of Stuttgart

. ® enviConnect

il

Prof. Dr. David Schlipf
University of Flensburg

2022~2025 Task52 Large-Scale Deployment of Wind LiDAR
TARX—DFESEEZ LT ZLICE>TRNDKEDEALKEZRT Z &% % BHY

. (

Dr Julia Gottschall
Fraunhofer IWNES

Prof. Dr. David Schlipf
University of Flensburg

©Mitsubishi Electric Corporation 25
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Task30 ¥ ER=EZFTa—~ DFREE (0C6)
Offshore Code Comparison Collaboration Continuation with
Correlation and Uncertainty (OC6)

0 2

g% THE UNIVERSITY OF TOKYO

OC3(Task23)E0C4/0C5/0C6(Task30)DE =

« FLERNFEEFRMmWIE., ZD-FIE-EE-FIN D OERBETI—F
[CLoTERETSND,
« BRI —FORIINDETH D,

External Applied Wind Turbine & Support Structure

Conditions Loads
[ Control System

il il

I Aero- ™ Rotor —* Drivetrain [* Power

& Lilii s i dynamics |«}{ Dynamics |« Dynamics [«{ Generation
AN el e i sl
T

Nacelle Dynamics

t .
2
L Tower Dynamics
T .
"gf;:iti‘ I dlg;lr?:rrr?i;s I Substructure Dynamics
T

Sail SOII'SWCt' Foundation Dynamics
Interaction

IEA Wind 27— 2022 (¥ THE UNIVERSITY OF TOKYO




OC3/0C4

OC3(Offshore Code Comparison Collaboration) TIZE//\1JL, =Zfl. R/\—iF
{A. OC4(Offshore Code Comparison Collaboration Continuation) TIXT ¥4 vk,

IV TERERNRELT. IFEEVOREIZEBL., BT O—FOHEE LLE-
FRE[ (verification)&1T>TE 1=,

. EVEIENREL 5MW

ETIL
Ir . REBEYEE
: J_Lt &"O)T—’)'ltj

EZ[ERIE
. BIXEEBEMICE
e - e bt -HEr—2%
OC3 (Phase [, 1, |||) OC4 (Phase | ”) EE
2005-2009 2010-2013
i THE UNVERSITY OF Tokvo

OC5 (2014-2018)

« OC5TIlZverificationk Y ¥ validation|ZE
REES
- verification: ETJJLDOEBEREE. ¥1E
ETILHAELLEIEETILIZEE SN
TWLNEHM?
- validation: T—2IZ &AL, BUEE
TILHEYIERREEEHT HHV?
« BMEBEIEIZDDURTLEETILIEL,
ATERREEIBEL LT S,
s ERAEZAKXMAXR
o T—ARIIKIEAEREEBHDT—4

mAZED ST
+ IE Et% ﬁ]—\ [iOCS(QﬁShOI’e QOde DeepCwind Tank Tests
Comparison Collaboration @ MARIN

Continuation with Correlation)
7 THE UNIVERSITY OF TOkYo




OC5MFEIT—X

2014/1~2015/5 REZLDE/ /N IIVEBGRADETILOE B RIREEFHRET)
2015/1~2016/5 1:50 R 45— )lx‘b(‘j‘7:¥1$(::>—<tj] TRAR 73 - HITEN 0D 3 B I RE AR EIF)
2016/1~2018/5 ERX5— )lxwv’whﬁé BERBEGGERT—ILEEDREL)

Phase I: Phase II: Phase Il
Monopile - Tank Testing Semi - Tank Testing Jacket/Tripod — Open Ocean

IEA Wind 27— 2022 @ THE UNIVERSITY OF TOKYO

OC5 Phase |l

Marin (US) TiTtHhn = |
DeepCwind M 7K # =& '
%% & &L 1=Validation

Hub height =90m  \_ _ .1.8m

/ Top of tower
782m

DeepCwind Tank Tests
@ MARIN

IEA Wind 27— 2022 ¥ THE UNIVERSITY OF TOKYO
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OC6 (2019-

« 0OC6(Offshore Code Comparison Collaboration Continuation with
Correlation and unCertainty)

e FREE(Validation)IZE R
s HRERN-EINBLVZDHAEHEIZER

« 3DDT—AEFESIIREL
« IZETIL. BREETIL(CFD), £BHT—4
o OCSICTLRal—iaviEREERTANELLMEREZS
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o RO HHZHRMEIZT B
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o AEEM S(uncertainty)ZBASMIZT S
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OC6MFEIT—X

Wavemaker

“Control '

optical target

Phase I: Phase Il Phase lll: Phase IV:
Nonlinear Hydrodynamics  Soil/Structure Interaction Aerodynamics under Motion Hydrodynamic Challenges
Jan 2019 — Dec 2019 Jan 2020 = June 2020 July 2020 — June 2021 July 2021 — June 2022

(OWN TESTING) (REDWIN) (LIFES50+) (STIESDAL)

(¥ THE UNIVERSITY OF TOKYO
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OC6 Phase 1 ® B

Ultimate Loads - All Cases

- FAOEYF/Y—CEAR#HTO 7 [
EOBNHEORREZHS M

95 ]

e OCS5 Phase 2 DFERIZKDHEFEHTY '

Salb—2arvEERIF20%0D 18 /NETE,

NFEYFH—CEFREATOR o

ZD@E/NFEHMEIZK S, :

TwrBsFxt (kN)

1000 L
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LCc33
T T — T T T

6 [ ] L
. BHEEEL-ER- e 1
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x ) frequency

Wave excitation

Lo
i
I P

IEA Wind 37— 2022
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3-way vaidation

e CFDIZ&YIFEETILNEIRZRE—

HLAVERERALMNCTS T —
Level Model
« CFDO#ERZAVNTIZETILEXR (e.g. FAST)
RY %,

Three-Way
Validation

 CFDO#EERZFALT,. ITEETIL
EFo1——2 T BHEFHELT S,
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Phase 2 E//\A )L EBELBEDIEE EFR

N UGN N, Tower Top: Ax [m], Fz [N], My [Nm]

RNAIFEFEELLTEERIN TS,
(BLEIEHDEEE—AVIEESR

105.63 m

(-

Tower Base v Tower Base: Ax [m], Fz [N], My [Nm]
Mean Sea Level A4 b
30m
Seabed f— Seabed: Fz [N], My [Nm]
45m

IEA Wind 37— 2022 & THE UNIVERSITY OF TOKYO

Load Case Table (1.x/ 2.x)

Comparison

Load Enabled DOFs Wind Conditions Marine Conditions

Case Type

Tower, substructure )

é 1.1 (clamp at seabed) None None Static response

‘©

5: 1.2 Tower, subst_ructure, None None Static response

o foundation

= -

= Tower, substructure, Fx = 1500 kN at yaw !

2] 1.3 foundation bearing None Static response

1.X FREVBRAT
2.x EHEREHT

IEA Wind 37— 2022 éb THE UNIVERSITY OF TOKYO




Load Case Table (3.x/4.x/ 5.x)

Prescribed time series

Tower, substructure - Time series
: ’ at yaw bearin
= e foundation , . 0,06 mi R (t=3600s)
@] hub = 9-
|—| e ]
E 15]' E E Tower, substructure Prescribed time series Time series
0 : at yaw bearin
= foundation ) S ho00 mgls st (t=3600s)
hub ~ E
Regular waves: ’ -
41 Tower, substructure, None H=550m,T=90s Tlmle series
foundation (t=90s)
Irregular waves:
= = Tower, substructure PR L e S0 22 Time series
N 5 42 : - ’ None wave spectrum
@] =
J!X-' ) E 0 foundation Ho—125m 1 =555  (1=36005)
>
(]
= Irregular waves:
Tower, substructure JONSWAP Time series
4.3 ! - ’ None wave spectrum _
foundation H,=7.60m,T, =86 (t = 3600 s)
s,y =25.00
: - . Irregular waves:
Prescribed time series . ;
:& T'_ E " 51 Tower, subst_ructure, at yaw bearing Pierson-Moskowitz Time series
) EI © foundation wave spectrum (t =3600 s)
+ g Viup = 9.06 m/s H;=125m,T,=55s
+
o] Irregular waves:
|§| i‘;-—'l' E é Prescribed time series JONSWAP . i
59 Tower, subst_ructure, at yaw bearing e e T Time series
foundation p (t=3600s)
Viup = 20.90 m/s H;=375m,T,=7.9
s, y=1.37
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Phase 3 Load cases (1.x)

Table 5: LC 1.X Prescription

Load Case Vo (m/s) Q (rpm) A(-) 6r(°)
1.1 - Rated 2 4.0 241 7.5 0
1.2 - Above Rated 6.0 265 5.5 12.5

EEE, O—2EER%—F, EvFAEE, FAREHREGL

LC 1.1: Steady Wind (V = 4 m/s, w = 241 rpm, 0 = 0 deg)
40 T 35 T

| Experiment | !-{:E"ER
pe DNV
Experiment 1 —Ty
35 3 - FE
| NREL
T ==
Z30) |E=goN
= Z25 E—FOLW
3 2 [ETECN
£ 95| g -0
| 2 | I TUHH1
5 B [ I UNE
E 20 + %
S «©
E 215
215} - 1 &
s
: il
10} @
<
s} . 05 -
0 0 7
BEM DBEM GDW VW CFD BEM DBEM GDW Fvw CFD

IEA Wind 27— 2022 r;, THE UNIVERSITY OF TOKYO

Phase 3 Load cases (2.x)

Table 6: LC 2.X Prescription

ity (;;SJ ‘FH% o agpm) () cw aw P T
21| 40 0125 0125 241 0 7 7 7 3
22 40 0125 003 24l 0 v /36
23 | 40 0.5 0065 241 0 v v v a4
24 | 40 0.5 0015 241 0 v !
25 | 40 10 0035 241 0 v /50
26 | 40 10 001 241 0 v )
27 | 40 20 0008 241 0 N
2.8 4.0 2.0 0.004 241 0 v v 60
2.9 ‘ 60 0125 0125 265 125 ¥ /65
210 60 10 0035 265 125 /83
211 60 20 00125 265 125 v /ol

EEE, O—3EEH—F, EvFARTE,
Y —TFRICRH E
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Task 31 Wakebench #}& WINC

¢ BN
® ) RI7—LADIO-ETIRUIIAIETIIVORF. sHmNRUEE R Lz B15UEBRIR
EZR(CELBZIROFY-ITO0S 16
® T I)FHIFIEOSBA M ZL. EEEMRVAVIL—LAD—-I%ZEHETS
¢ ZHE (10nE)
® HE, TN, IR, R4V, BAR, A4 ARA> AVI—F > MR KEH
€ Phase

® Phase3 20185%F6A~20215F5A : EIFNV&VEEE, IEC61400-1551°61400-
12-4ZBUEEFEE, A-TIHLIIANIFI—-Y

® Phase2 2015F68~2018458 : BIHERYT —UITHERUIZIL — AT — DR
® Phasel 20112108 ~2014498 : XA/0OZT—ILETI. VRVIL—LT—IDEE
® U-I)N\wh->
® WP1: MEBEZMAICTTBETILONRSFIY—4 (CENER)
> EFRARIBADVRVDEEARST IEC61400-15 &UIEC61400-12-4
> BEFINORSFI-IOBRERVEM
® WP2: UI(VETIDETIASFI—4 (NREL)
> EFRARIBADVRVDEZEARST IEC61400-15
> II{IEFIORSFI— DR ERVEHE
o WP3: 1R ZE MR RUARENEOTEZ(LDONCFI— (SNL)
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hEBARFREIRILFT—F ﬁj\lisamqu(NCEPU)
P4
T RIAR
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LR > TRIVF—FAZEAT (HCERI)

TN IRIF—FT FIR—IITRIAZE(DTU)
RAFR

II2R EDF R&D EDF R&D
IFP Energies Nouvelles IFP Energies Nouvelles
Meteodyn

RAY I SIS ANF>TINHKZE ForWind
J59R—J7—IWES
IR
Sabay gL RE
SINADTIRIKRE
IRV KRE

EES NEDO HRAY ‘
'j*f‘/ RIF>-3>HIL 71> (WINC)
BRI AT
HIFERGTH
BZIR JI/Z\'-—/ZU_'L\X

A3>4 AR FIVITNIRIRZE(TU-Delft)
ARL> CENER CENER

AALR A BIBIRINF T AL AEF TRIRZF0—H> AL (EPFL)
SYRIV A4S FRIE KRS (HSR)
AJI—F> YIS KE DIHSKRE
KE NREL NREL
Y5 (PESIAZFT(SNL)
JOFRAF RIS
TAAZ T KE
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Task31 Phase3 27 >1-)l WINC

2018%F6H ~ 2021454

IEA Task 31 "Wakebench" Phase 3 Work Plan Year 1 Year 2 Year3
M6 M12 M18 M24 M30 M36

'WP0: Management and Coordination (CENER)
Task 0.1: Administrative management
Task 0.2: Scientific and technical management
Task 0.3: Communication and dissemination
DO0.1, M0.2: Website in IEA-Wind (0]
D0.2, M0.2: Progress Reports/ ExCo meetings RM RM RM RM RM M
D0.3: Final management report
MO.1: Kick-off meeting M
M0.3: Annual in-person meetings M M M
‘WP1: Benchmarking of models for external wind conditions (CENER)
Task 1.1: Review & implementation of V&V strategy for IEC-15 and IEC-12-4
Task 1.2: Setting-up and execution of "wind" benchmarks
D1.1: Quality acceptance criteria for wind flow models
D1.2: "Wind" benchmark repositories (Windbench) (0] (0]
D1.3: Roadmap for wind flow models
M 1.1: Roadmap for wind flow models reviewed Ms
WP2: Benchmarking of wind farm wake models (NREL)
Task 2.1: Review & implementation of V&V strategy for IEC 61400-15
Task 2.2: Setting-up and execution of "wake" benchmarks
D2.1: Quality acceptance criteria for wake models R
D2.2: "Wake" benchmark repositories (Windbench) (0] (0] (0} O (6] (0]
D2.3: Roadmap for wake models R
M2.1: Roadmap for wake models reviewed Ms
WP3: V&V framework, uncertainty quantification and user guidelines (SNL)
Task 3.1: PIRT analysis and V&V strategy
Task 3.2: Best practice procedures
D3.1: 3rd edition of Model Evaluation Protocol R
D3.2: 3rd edition of best practice procedures
D3.3: White paper on wind farm flow modeling and evaluation R
M3.1: International PIRT implemented Ms

=

~ O =
o
o
o

=

M= Meeting; Ms = Milestone; R = Report; O = Online
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Task 31 Phase32&%. 1317 —33>. REY) WINC

ANZE
paytc3
® FTVIATIZI—F1>4 . 35)@Torque2018. 2018F6H19H

® NEWA, IEA-Wind Task 31, EERA JP Wind 7—933v), E&EIR:T
fHR&DO—RYYT, Y35, 2019618

g1M%FS. NREL, ALY —. 2019438, Task29t IR

hRfiSE. VY35, 201945H

hfESE. VY- 20194104

F20FER. A231>. 202056H27H

B RE. A2T51(4>. 2021465H12H

¢ JO/J (BAsEd) . Z1—-XLA5—:
https://thewindvaneblog.com
& NOFY-IHAR, EE&. Z1—-X. 20ftt (20)
e —1-2L4- (4)
® YouTubeFv> %Il (5)

¢ EER=E
® IEA-Wind + AEE Industry day. EJL/UA, 201948 1H
® WESC ZZ3 > AR>9A, J-4, 2019%6H17-20H
°
°

Traceable Model Evaluation for Wind Energy

Community Guide

AR Y weMEP

RE&REHMEIA—3 4. 20205108
WESC =3RS A, J\J—)\—, 202145825-28H
® SRR
https://wemep.readthedocs.io/en/latest/index.html#
o RANIXINF—EFTILEHEmFIE
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A2e - SWIFT (NREL) - Power & Loads WINC

& NRELOZE:MAZ R SWIFT EFIAYFT—52)

_ _ 2 Simulation Name Inflow Model  Turbine Model Wake Model Cases  Institution
. Zb- )LELE (VZ ? ! I:I g'fi _ SSA-FarmShadow Prescribed Cp Cy FarmShadow (SSA) MNUS IFPEN
27m) (C&BITINDITA 5T + SSA-Gaussian Prescribed €, C FLORIS (SSA) NUS  NREL
N =l =i * S5A-GaussianlQ Prescribed Cp, Ci FLORIS (S5A) NUS NREL
/ﬁlj (K mg IEE% IJ 0) D:F'fmj) » RANS-WakeBlaster Prescribed Cp, Cy WakeBlaster (RANS) NS PPE
oI . » RANS-EllipSys3D-MOST  MOST Actuator Disk EllypSys3D (RANS) NUS DTU
e A EEfEiEEE : 3D, 5D, 6D o RANS-EllipSys3D-ABL  ABL Actuator Disk  EllypSys3D(RANS) ~ NUS  DTU
_ == S g « DWMT-FASTFarm Stochastic BEM FAST.Farm (DWMT) NUS NREL
1 69: AO) = }Ju% N 1 ]'*E*’E‘O):ET » DWMT-FASTFarm-LES LES BEM FAST.Farm (DWMT)  NUS NREL
) I/ LES-EllipSys3D LES Actuator Line EllipSys3D (LES) NU DTU
. s » LES-PALM LES Actuator Line  PALM (LES) NU ForWind
® i KE\L\ E\,E},—Eé ( E\,E |\) I/U R o LES-NaluWind LES Actuator Line  Nalu-Wind (LES) NU SNL
EI _ g Zt" _ IQ HE Ui‘:E _ X \/ h’%) » LES-SOWFA LES Actuator Line ~ SOWFA (LES) N IFPEN
Y ~

LES-50WFA-2 LES Actuator Line SOWFA (LES) NUS NREL

OIS RF A

SSA-FarmShadow
-+ SSA-Gaussian
=+ SS5A-GaussianlQ
RANS-EllipSys3D-MOST
=== RANS-EllipSys3D-ABI
—:= DWMT-FASTFarm
—-= DWMT-FASTFarm-LES

—= DWMT-FASTFarm
—-= DWMT-FASTFarm-LES

Normalized velocity deficit [-]
Normalized velocity deficit [-]

LES-EllipSys3D LES-EllipSys3D
—— LES-PALM —— LES-PALM
LES-SOWFA-2 LES-SOWFA-2
Measurements Measurements
-10 -05 00 05 1.0 B mean + 95% C.| -1.0 -05 00 05 1.0 B mean + 95% C.I
Lateral distance y [-] Lateral distance y [-]
MEANDERINGED?) MEANDERING#L?2

Ref.1) P. Doubrawa, et al., Multimodel validation of single wakes in neutral and stratified atmospheric conditions, https://doi.org/10.1002/we.2543, July 2020.
Ref.2) P. Doubrawa, IEA Task31 Meeting June 17, 2020.
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A2e - AWAKEN (NREL/DOE) - Onshore WINC

® IO RIy—LARSRESAITOS T RrVa—N Q
o KEHTE, MALHICES > T SR M 20205 97 MAMEREO—F7T

20214 67 HUAIRGIET
( J %E"J@U'f\/ |<77—A§E5§E\U7OD§I’]|\ (NSF, 20214108 BEHBRE R UKE
Horizon2020, NOAAZFDIEMAFEEE) 2025 17

2022% 1A REMEAFr><—2 (2023
® EELY(>RI7— LOHEFROIRAENEN L 1D AR v (2028
® WP1: t##23f%. WP2: >21L—>3>, WP3: T

20225 4R ETIVIREE. T30 . B
i (2024F9RFT)
« 20245 98 JOCIHMET

N
|
<&
I

Radiometer
measuring

temperature 030
profile

10 2012-10-08_03UTC =

Predominant o
wind direction Sulnnln_i lidar scanning lidar 368 -
ing wake 093 F
[re—" inflow into of gl
upwind turbine Z
turbine 1140
3.6 =
$ i
2 115 %
= E
»4 156
£
-
£
P __\_i — W2 .

Lidar Sonic Lidars Full structural ..

ing o measuring wind loads aad SCADA -kk
wind speed towers measuring speed profile performance data .0 =218
profile in front high hm““‘_’ development at each turbine o e - tﬂ"v-fl-'ﬂﬂ_w ! o e
of plant wind fluctuations through plant =

HiREEEY NI BIEBIFBEED ) o
Ref.3) P. Moriarty, IEA Task31 Meeting June 17, 2020.
Ref.4) P. Moriarty, et.al., American WAKE experiment (AWAKEN), NREL/TP-5000-75789, May 2020.
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OWA I1JEFIFrL > (CENER) - Offshore WINC

o FNAYFI—2
& Carbon TrustOOWAZOY5L : Wake === [c . e P s

Modelling Challenge I Sl B

ref
ProPlanEn WakeBlaster time-series wt
wt

. 530)'34) ij_A PARKE3, Bastankah&Porté-Agel =

2 Tu-Deift

{eWakeLab)
® XTSI~ SAACEBRAR, (W94 [ oo | v | oo [
Tjolj — a'_) 7 | e B E..\m.m.rmun..".s'.q;«:;m ENG | timeseries et
. }E\Lﬁ t\\ >$i,:] 0) 7 I//r;}l—\ﬂ $®§$4ﬁ B | EDF Renewables PARK, PARK2 (windPRO) ENG time-series wt

9 | Uoyd's Register ‘WindPro/WakeBlaster ENG bin-averages ref

o 7'-_70\/\]_1%5:} b§$4ﬁ%’:‘;ﬁo)¢§ﬁ 10|  Anonymous Ananymous e |binevermessil e
o @'fﬂ:ﬂfg (:*ﬁ‘j__‘(j‘@} \“’{ 71 e [ivari e fnonsmols RANS |bin-averages|  ref

12| Anomymeous Anonymeous ENG | bin-averages ret
.
® Jr— LRSI FRID/NA FANAE o e | e | e [
13 Enzemble 1+2+5+8 time-series wt
Auray Efficiency fue BIAS = M)y = Mute MAE = [Ngm = Matal

i
M
-
i
g
= - -
i
b
M
._I]]_q_
I

anh dud orm rod e mh s am rod wmr ann dud am rod wme

Anhaolt (anh) |
Eatregat

.I;.; - - Q
==kl 4% e ' -
| gt ; " canc || |l

o . |3 s [N i,{f'f y

L
he=

N =+
NIFI—IHERYIY-5)
Ref.5) J.S. Rodrigo et.al, Validation of Meso-Wake Models for Array Efficiency Prediction Using Operational Data from Five Offshore Wind Farms. J. Phys. Conf. ser. Vol.1618,
062044, (2020).
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ALEX17 (CENER) Diurnal-Cycle WINC

¢ CENEROAlaizbA

L AToa1-l
o EMMZ(CHITZEZME (48R/) « 20194118 FvIA7
o BHEELEBTOREITDIEL « 2020£EQ2 : fEROIRE
[ o S EE ST « 2020%EQ3 : FimMURNRE
® RREEEOFEFM . . 20204EQ4 : IR
o N\OFN—IHANT—F : S EREMAZT—
5. #ET—5. WRFF—4 (netCDF) . IZ ; T ﬂ-
I\}_g : o Pyl Y 'Vh\&ﬂ,‘ﬂu JM N_I'.-'-*f‘.u\_‘:.:
® ValidationT—% : YAMBEOTOI71)L. pe? : i :
IKERTEH@126mE. $AEKmE (RHI) @
L

KRFIF—4 (L : EE. B : @R, T : SR)
Mountain top Valley floor

RASS

AlaizdA b
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Alaiz (CENER) NSC WINC

€ Numerical Site Calibration 7 T L — | av.ta
=10 Ry T

® IEC61400-12-4 DRFI—% ! ! |,

® Flow Correction Factor (FCF)D&H! i S i |l

o ELAIEARY : 2009/11/24 - 2012/10/7 AE i 14,

® IEC61400-12-1#EHDTZ ~ o i ' )

> MP5 — A4, A5, A6D Tl (SC1) 1 * -

> MP5 % A]_, A2, A30)%\;ﬂu (SCZ) ) Em‘JlU Ha'.rlﬂ Sléﬂﬂ Em‘rﬂ - M1 Sﬂ‘)ﬂ En;lZ Ma;rlz Se;ﬂ?

® ANT—Y: 2mBEEOMIT 5. 10m  Alaizza M4 MIBIFEVAMENF 59
FREREOHEET 5. 20mEHMREDFv./E—
Se. LADRULAIRY DR

N vactor Wend speed W ovector Stabeibty W nator Turtulence mtemaity g Wovector  Wind whwar

Arya1-=l
- 2020568 FviAD
« 2021428 : #ERIRT

BZEH (EE. REE. ELiiHE, >7) ©

Ref.6) J.S. Rodrigo, https://thewindvaneblog.com/numerical-site-calibration-benchmark-the-alaiz-case-b3767918d812
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SEDOTE WINC

€ Phase3(d. 2021FE5ATHR T . Phase4(lml} T, BURESZREZFHIETE.
® 2022FEREDEXCo=E TCHIREZBIIEL LS,
& SETULERUT, HEERICTA—HDAVEREICT S,

Wakebench Phase 4: Scopmg Mind Map

Create gudaknes

Seability |

|
Jt rg chusters | | Deep
aing lidar data
ar |
-------- on e} ws waring |
Mesoscale model 38 Farncasting | ABL - wind far
) e S W = L=l
rnd Revsurce
1111111 }
Asessment |1 YRk &3 Digheatinat hon | bl blockage |
Uncerta CUTEU0 D  Codlsboracicns [N R ]
Quantification | | Contr } —
uuuuuuuuuuuuuuu
............ et
ehallenges (intended —
Ve Baneham.
—_ —_ owA
Operational data
restricted e ol
WRA, [VA and

||||||||

eblog.com/scoping-wakebench-phase-4-3480b5093f67 lea wind

8510[E IEA Wind 37— 202243A1H 12




J0-EFMCBIBFrL oD WIN

® NAJORT=IEXIRT=IDA>FTT—X
® EEDARMEL, U1 RI7— AOKIRRILICLD, —[BEEMUNEED

Met | Climate
. . eleorolo >
1000 Years __ Fluid dynamics = 9y Climate
" 1model
100 Years . e
R 110 P A . Climate variations
10 Years . int I
! :
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1 Year i : ENSO
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| |
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i ]
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1 day ' H
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S —
10 min -
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1 min SGS | i
:
]
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1 Smajl eddies
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<0.1s
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Ref.7) Gil Lizcano, "Can Mesoscale models reach the Microscale?", EWEA2015 Workshop Resource Assessment 2015.

510[El IEA Wind £33— 202243A1H

RNET VOB BREBE ORI WIN

® JZh (BRI VS HEE
AUJl i |
H{ NS

Illla E :
L

P~ AUbank ______________________________
< AU, [— P P - BREORIME

Planning Design High-Fidelity

S P Cost [cpu-hr]

Cos’

\ _ = : j
XIRT=IETI Global  WRF+  WRF+ | WRF+ WRF+ ' WRF+ WRF
+ ‘ Wind WASP  RANS |RANS URANS | URANS +LES
IAHOOXT—=IVETI Atlas Neutral | Stratified Stratified | Stratified
) %%E’\J‘ 5 FIHY _
SHERE ’ BLE ' BE=E

Ref.8) http://windbench.net/newa-meso-micro-challenge-wind-resource-assessment
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¢ BEOEVWIT(IETIUL U1 RI7— AOFERBE T AINRUVREDREEZILET
5 LTEE

o FRINESR — s

o AEBOHE
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Ref.9) M.J. Churchfield, A review of Wind turbine wake models and future direction, 2013 NAWEA symposium
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SEIT(IET) WINC

® THEFI
® N.O. Jensen (DTU-WAsP/Park)
® Ainslie (Eddy viscosity model) (RES)
® DWM(Dynamic Wake Meandering), RDWM(Rapid DWM) (DTU)
¢ CFD
® Linearized / Parabolized CFD
» Fuga (DTU)

> FarmFlow (ECN) T%?
® RANS =z
> CRES-flowNS: RANS AD (CRES) b
» CRES-farm: flowNS + engineering model (CRES) T%']
» CFDWake: OpenFoam RANS AD (CENER) i&
> VENTOS: RANS AD (UPORTO) =
> EllipSys: RANS AD/AL (DTU)
® LES
> ECNS: LES AD/AL (ECN)
> EllipSys: LES AD/AL (DTU) S, |
> EllipSys: LES J)l0—%— (DTU) EllipSyslc&3I00-95S1L—5ay1o)

Ref.10) P.E. Réthoré et al., Verification and Validation of an actuator disk model , Wind Energy, 17, pp919-937, 2014
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Ref.12) M.J. Churchfield, A review of Wind turbine wake models and future direction, 2013 NAWEA symposium
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Ref.13) A.Clifton, et. al "Wind Plant Preconstruction Energy Estimates: Current Practice and Opportunities”, NREL/TP-5000-64735, 2016.
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Ref.14) A.Clifton, et. al "Wind Plant Preconstruction Energy Estimates: Current Practice and Opportunities", NREL/TP-5000-64735, 2016.
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Ref.15) A.Clifton, et. al "Wind Plant Preconstruction Energy Estimates: Current Practice and Opportunities", NREL/TP-5000-64735, 2016.
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Ref.16) Nicolai Gayle Nygaard, Wakes in very large wind farms and the effect of neighbouring wind farms, 2014 J. Phys.: Conf. Ser. 524 012162.
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Ref.19) J.Bleeg, M.Purcell,R.Ruisi and E.Traiger, Wind Farm Blockage and the Consequences of Neglecting Its Impact on Energy Production, Energies 2018,
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Ref.21) Carbon Trust, UCL BSERR, "Policy, innovation and cost reduction in UK offshore wind", 2020.
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Dear Mr. Fatib Bincd,

Neew Energy and Industrial Technology Development Oy mn (NEDO), the Contra
nting Agreement for Cooper tue Research, Develope
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oo, 1310 Omiya-che, S

Technology Degariment
ku Kaweaki City, Kasagma

Yours sincerely,

For ™
[WEDG, Contmering Famy Mensber, Masaham Tih]

oL ILA\\-udTEPL-.[\ Chair [gracio Marti
ikt

Secretary, Cezanne Murphy-Levesgue

cezanneEicawind ong

Task 4058 &K (OA) D& §FL3—

OA: Operating Agent
kwe t

PRST Pt

Mr. Fatih Birol

Executive Director
Intemational Energy Agency
8, rue de la Féderation
75015 Paris

FRANCE

fatih, birol@iea.org

30 June 2017

Notice of Acceptance by: Wind Energy Institute of Tokyo in Japan
Dear Mr. Fatih Biral,

Wind Enargy Institute of Tokyo in Japan accepts the rights and pawers and agrees to carny out
the obligations and functions of the Operating Agent of the IEA Wind TCP Task 40 Downwind
Turbine Technology with Dr. Shigeo Yoshida, Kyushu University, Japan, in the Implementing
Agreement for Co-operation in the Research, Development and Deployment of Wind Energy
Systems signed in Paris in 1877, in accordance with that Agreement, and any subsequent
amendmeants thereto,

Yours faithfully,

(e Corads

Masataka Owada
Technical Adviser
Wind Energy Institute of Tokyo in Japan

ot IEA Wind ExCo Secretary, Cezanne Murphy-Levesque
Secretariatiieawind. or

New Energy and Industrial Technology Development Organization (MEDO),
Mew Eneray Technology Department, Masaharu ITOH, Yuko TAKUBO

Kyushu University Research Institute for Applied Mechanics, Shigro Yoshida
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IEA TCP Wind Task 26: The changing economics of wind power in high

renewables futures

When: 23 November, 14:00-17.00
Where: Meeting room 19, Level 1
Open to: All registered participants with additional registration at this link

Task 26 of IEA has facilitated extensive international research in the field of future wind energy costs levels as well as the
factors that affect these. Membaers of Task 26 as well as guest speakers will present and discuss cutting-edge research and
new insights into costs and values of offshore wind energy at this event.

Topics will include:

= Cutting wind energy costs in half by 2050 — results of an expert elicitation

* Expert perspectives on the wind plant of the future

= Market Value of Wind - perspectives from a European-wide analysis

+ Valup-based metrics to assess offshore wind cost

* The rise of competitive procurement in offshore wind energy

* Peek into the future: economic perspectives on floating wind, energy islands, new business models and financing
concepts, new routes to market including Power-to-X

The workshop will be a combination of presentations and open discussion, The event is free 1o attend for registered
participants, Physical participation will require an exhibition or an event pass to the WindEurope Electric City 2021,

> RREHIETRURLALA Y O—RETE
https://orbit.dtu.dk/en/projects/iea-tcp-wind-task-26-dissemination-event-the-

changing-economics-o

FESE . Wind EuropeREZED Y ARARULEL T, RERESHBHESNT
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Onshore wind turbines Offshore wind turbines fg&:‘aﬁw
Capacity
5.5 MW
Capacity
6.0 MW
Capacity
I N|
2.5 MW N\ 5 ¥ I
k 5| Rotor
diameter
Hole | | 250m
diameter i |
Rotor
Hub diameter Hub Hub
height 150 m height height
130 m 103 m 151 m

Specific power Specific power Specific power Specific power
221 Wm™ 231 Wm 340 Wm? 346 Wm?

(R. Wiser et al., 2021)
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M. Shields, et al., Impacts of turbine and plant upsizing on the levelized cost of energy
for offshore wind, Applied Energy, 298, 2021.
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nt upsizing on balance-of-system costs for a constant wind wrbine rating of 10 MW. Results are shown as a percentage of the baseli
turbine upsizing on BOS costs for a constant plant capacity of 1000 MW. Results are shown as a percentage of the baseline project co

export cables that do not scale with turbine rating are not shown. (M Shlelds et a|_, 2021 )
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V112 Siemens
¢ 3.3 MW 3.4 MW

Turbine name plate capacity (MW)

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
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(REFEESL AEZES, 2020) https://eerscmap.usgs.gov/uswtdb/viewer/#3.19/37.33/-90.42
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A. Duffy et al., Land-based wind energy cost trends in Germany, Denmark, Ireland, Norway, Sweden and
the United States, Applied Energy, 277, 2020
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Expert perspectives on the wind plant of the future, Wind Energy, WP2
July 2021(Submitted)

Toward global comparability in renewable energy procurement, Joule, WP3
May 2021

Expert elicitation survey predicts 37% to 49% declines in wind WP2

energy costs by 2050, Nature Energy, 2021

Wind power costs driven by innovation and experience with further WP1
reductions on the horizon, WIREs Energy and Environment, 2021

Multifaceted drivers for onshore wind energy repowering and their WP1
implications for energy transition, Nature Energy, 2020

Land-based wind energy cost trends in Germany, Denmark, Ireland, WP1
Norway, Sweden and the United States, Applied Energy, 2020
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f#:: Wind Energy Economics
— The changing economics of wind power in high renewable futures -

Bif: —EM. ERROHLIHBOHAEREANT, KEHERREHLRICETS
RAEBRREEAT TOFEDRAAREIREMIEZTMES 5.

FEHNE: FEOIRM T OEMRHFTE DWork (Work Package) ITEDE,
ITNTNOEORKREPFEDEIMZE 547 - B, 6 DD Work Packageh’
REINTULS,

F2[E| M Task Meeting. 8 8 DWeb MeetingE &L TT1Ahyar,

SEENEARS - 20095 ~
%5H1:2021F12H1H ~2025%11A30H

SNE: X3, ZE. Fov—9. K4V, /ILY1— AHI—F>
EC (European Commission) . B&., 71ILSUR. 504

Operating Agent(OA): Eric Lantz (NREL)
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Power Sector Trends

e Deep de-carbonization
¢ Siting constraints
e Use of hydrogen

Emerging Wind Technologies and Solutions

Value

« Power System Value
« Consumer Value

Economics * Integrated transmission
Generation of Wind External « Largerturbines
Cost effects e Integrated and industrialized supply chains
« LCOE « Supply chain
* Integration costs « Jobs

Performance Metrics

* Holistic cost and value metrics

e Metrics for new wind applications (e.g., in
consideration of hydrogen and storage)

¢ Uncertainty

KFR-BEM- EEVATLEZEL. BAVATLELT
BATRILE— 0).%%/%|$€—aﬂiﬂiLJ:D&L\OW%EJMNE%E‘*L'CL\%)
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WP#£ EBEERE
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WP2 | “@ER| DM ES . B IS A IR NAEICEDESITHEEEZ M 27

IUOZTIOTARNETIVEREL, &Kifi. Rt B EEOEHFNIRNIEZ LT EERES S, i
EEBRDIATITHLTHBED 7T —RARET1EEET %,

WP3 | “FEEMNSIZANFEBNIR, MiEEERICENESICHEEEZDIN?”

BWHEEATWSEMOARAMNI-WVTE2EMAREREHAEL. BREDTTHEICKY . FHEMSOURIN
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CAPEX+DECEX OPEX Extension
OXMER EZEyN
i BIO | REO | SReBMm KARSSER0| mREN
MEL | KB | BOBEE AL DIEE
Sy Baseline 1.1 1.2 2.1 2.2 3
B 51.2 28.6 25.8 25.8 25.8 25.8
(FM)
EIRHER R 1.84 1.84 1.84 1.40 1.04 1.04
(B H/KW/4E)
e 10.7 5.7 43 43 43 43
(M)
BERE R () 20 20 20 20 20 25
] FE T 85 (%) 95 95 95 96 97 97
FEEIXb 20 13.9 13.0 114 10.1 9.1
(F4/kWh)
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Related 1o the acceplance of specific wind
energy developments by host communities
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government policy and by the general public institutions and consumers of electiicity
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Phase IV (2020-2024)
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Denmark, Germany, Japan, US, Canada, Ireland

RHOEETOY D FMREITDIHESHICERNNBED T S/ RN— 37
VE, INBNHNTOY D FOSBHICEZDEEICDINTOREVUN—
NEAYDSA YT =D 0 D EER

EFNZNIEE GiEDT )y RV DISOPvITIU—F 528
P ATF—Y3Y, BERERADIPAIRATSY . SBEOALRE. 88N
=, s, BEITDHEEMREX. =HNSTHERLY « IEEFERBIR
F—A. PIBET/ILEWIEBOBRLR

X2 "5 v [FEEHMAORIT (Bl - 2R, B, 1Y) Z2IFEalsE
DD, COWPTIHEIREO X Z 2 —EHRERKROTGEM (B :
BIEOATL =) [CDUWTOEREREEFEDD (‘

iea wind

D—=DON\wT—I 2. o,
=1- 7+ DE5ERTICEETZ I - O
DiBiE

c A" IVT—=IXU L (BEXTN) NOEREDY 1 I
VIO EBEDBRSEDBERZEESMNCTD

« 20214  BHOXAIYN—EHNSDORBESEIC. XDl
Ea—-ICEFTD

« 2022F X@BREDOANBSEZ I =T 1 VD0 (XERKUVOAY
S504Y) ICFEEDD

@

iea wind




=D\ —3 3:

BAOIRIVF—DZEEICHITDH
ISR

« ROESOAEHNZBHUCODDDIMACSRE (KESY—-EY, JYR-RY OUY
1)L MESNZY—EY, FHRACEER. N1TUy F (BHO+XBEHE. B
N+EML) | BER. BRE. UNDUYD) OBRFWRARIEONDDOHD., INbZ
MEIDMFEZTTD.

« HRD2BDOAVIN=DPINEBZR>TH LW PO by — ROV T ES—ZFHT DD
[T FCEEREICEHET SETPDMRMBREME I DCClCERZEL.,

. DO2BELIRICHEADBNZHE DR EHEICRIT BBERET J—T ¢ U (’

iea wind

D—=DINvT—3 4.
AOIRILF—DHASENEHANSICET
DR U NIV TORGEHZBRDTTE

Wind Energy Science Conference (202156°3)
(https.//www.wesc2021 org/)

BiFEED— Dc‘_’_L/—CfﬁIBEI'J"”‘”W_*—'CUD&ZQEfﬁ rUlc. Db —[dFES
S 2D28PH TIYA R CABIEN Cl\ D, TALE TS
;—Z)‘%Ijrb_j' Z. MAFEDERBCLEREZETU—Y3 VT DRE,
—OX

Iy

4
}

Nmm
H

<D
EOE N SEH D

REMNDZT 5NN EIEUJI*)bﬁ—@%@ll&ﬁ@“%ﬁ%ﬂ?@%ﬁﬁﬁ%
MU 2Ty EELUTREUIEL, Tethys (§2XD34) 7%
EARANSY XD T —IN=—AN\QY Y DIEAEC L. TV J'Cﬁ

T 9/\—2[% kI D ECHTRE, (’

e %‘QD%Z‘

Ql’
anpb
@SNM@I

iea wind




=D\ =3 &
RAOAFREECKDUNMEENBHEERAF—AIC
DOINDHEL INRN—=I3Y

337« D4V FDrp =LA TJOITD EOMIEHAEN
NEAT— DT&&— IO —IAXYCETDINA -
T4 R 1B VDET,
https.//iea-wind.org/task28/t28-publications/
D—233wv T, B3I —. SERECHEBENICHERREZREKT D,
IEA. Wind Europe. Renewables Grid Initiatives., FRMIXE R R
%@%7/#9 7. EUZREE * ZE= 3 EDOMBICI TS NERE
133
JRE ChNIL, =8, %%%\ﬁ%%\ﬁ%%L@%G\@%%E
CQSSJZT%A@%%L%@éﬁ%%@@émbf POy —
~EERL UTZU N,

iea wind

IREXFE THO R ;
FLERAITOVWTRRT—IRILE—T T — Ak
HROBEMLISEIINRORE

KT SR ET A
(https //iea-wind.org/task287t 7% __
E EFI( E 2'Km:l HRH-E%/\I%%JE&“ i L RS




OFFSHORE
WIND FARM ' stakeHoLper
PROJECTS

_i:'|E »-..____. [ [ ] | 5

A PRACTICAL
GUIDE

IEA Wind Task 28 Information Resources
https://iea-wind.org/wp-
content/uploads/2021/11/Offshore-Wind-
Stakeholder-Engagement-KEEGAN-May-

31st-2021.pdf

FEB<BABRDLBEEINDIFE

DR. GARRY M. KEEGAN

DR. ANN M. TORRES

13

UE CTHh D EDU XD (BEsIgeEME L)

BRIRERE - RAEROEFEMORIDOIREME
- SEEBARIUOSORKREISICEIT DS
- BROELUSOBFEROBOZEIL
c FEDTOBRDMEZEEDCE
c REICKDRENDIES

&l

£ - ESHIER. RBERRAR. EIEHRIVCRE T DMTTRMDEE
- MEsIHERD. &R XD DIEN
X1t - Mg DAL DM B D—IFHS PRI T ISIBIE

< BREOREBOARKOFHEOMIEE DOBIEE
- WIRICWIT DARDESZERIED
- REFZRORIDIAEM

EBRIE - REOFIEMEBEOHERD SEHFROLEFTRENMERNND
cAR—k B0, By FBEVDUI-Y3VFINDV A T RHNR

EIYXR ARG - B GIBDEE. BE. LY v —ohl. MZERE. BRUETER
NDONAFRAZE

BRCEZE - BUBDOEFE

< T=DUEBITR/E ERRER. T—TIIL— . RKOEEHD
SZADBENTERKI VL ZECENDITE




FLRADDEBENRAT—DRILEY —

WITDRT—I I
H—- 51—
BixE

e B o 7)) L (Y
VIV — (&
HZEFDOAN)

FREE

&

SOERKUBEIZI S«

- BEEREHESE

- ERAEE

- B2

HIEOAEZAY ) —H —

- KRR ERE

- EBINEhRORSE

- . . s, M. EOBEXT 1 POFEFEAT 1 7P
V=Y )UXT 1 PICEMNDDDA

cBBA. BLIUT 1 —

- WITDINGTIS

- BIREM

- —ERERKIUVREE

- BEAES

- BERRE

- HEES

- BRUBIESHES

- BOCERIEHS 15
- BERLUBOMRIEHS

FLRDDBENRT —DIHRILT — (HS)

WrxXxDRXT—oFRIL
e G—7
THEE

ZDMOTIV—T

- g

- ZEENF

- fZERtt

- fnzeRhEE

CBFERY-EX

HCA=SED S

- TS5 BB

cO—NILRy FDO=D

- IR R

- GEEREESDARE

il

c AMN=YDST, RN LEH
cUYvp—M=b D37 M=k Ty ~BE
IR - B - REDK
cIN=ROHwFUT e T)—=T

A —=FIT e NAFITDST

- BAIGED OKEASERE) 16




Sa"T4 IV I XY +DIER

SHIDRES BRI -T v « IV —IX I« TSVERVBRETEINSE
2,

gJfR1b JOY D ~OWHEBEREED, BEERE THRENERNEIERT D

I35 1DES STEREFEOII 1T v BESOMERIUHIEIC DN TORBE R
gL,

OVHILT—=Y3aYy .« JOt HEOFAERESERKIURT—IRILSI —EIYTILT—YaY « F

O &EE - BETS
STDRF— IS — « T —TEESSURET B0, DEN
PIO—F&FES

%%%IJ?-ﬁX/#@b MIGICSHSD UL, DVFILT—IYa VEEOT Iy IERES, Hig
HNIVT—IXY RDUARIVERET D,

[BHREEDT + — RNV DOESTRI VT —I XY MEECH ) TER
MEPOCIMZERICTEIRT D,

StBIIRT =MLY —DRBEEHFADDED. RATRIINEES
7&[’\0

STEARIZRE UIC LT, BEHRGT « STEOERICONTERECIE
IBXUEEEki L. ABIC DN TIBISICIEE LU CERI D.

=M - ERRARY FDO—DDEEMZR#HITD, IS -7+ EHh
BIRZEL,
BROIZNERIZ I EHOIC O AMOERETAHT D,

FEFIER. MEFER. RIUONRRT 1y bk « ZF—ACDNTHIFEIIa
T EELED.

TEOUEY - BENSEEH/NT Y RICTDNTERHET D,

Sa"FT1IVT—IXYDOFIE

2R IXY
FEAF-OMRILSY— HTOMEOERERMI ZIBERT ORI —DIPTIL—TE
E3,

BBADOZI—EVT AT =N —ZHEE L. BEDRMNOAI—EYIEITI. ED
BRENEDZAT—IMILY —[CEB CTHDN ZEICT D,
IVHIFT—=y3ay T DIVHILT—Y3Y - TJOBRERHTD, BEEPORTv E &
OtX B FBARY S HAIVT, ERHE. TE. MOEEDHD)
(FIBEETOCRATER L. BEEHRTT D,
ZATF=DOHRILI—DEE RT—ORIS—DDIa=5+/TJ0Y 0 MEBRREBIREDD
R BNIBCEDTEDAAZER LIER T D, PIIRRERICDU)
TOER. RRUCNZECICHERSNESEIETRERT—IMIL
H—ZRKRIDBEE-V IV IEEE (Residents Project
Monitoring Committee) (DFRIIZEFTT D,
X5 SFIFBRAT=IMILY — « TIL—TDBERE{LYD, 1IBESNTL)
DFELRAOREFAOIIMICEETOBRESH., DI "5«
DIEFRBORBOBTZSISEIZHIC, BREER. RV D
SINDORER. RKIUHEDERR DD DU\IEIBBFESDRE
BEDO—EEDBIBTTASHHERETHE ERD,
SaZTU-Ya VB 2 SEHESR. SEKEROBIEORT—OIILY —ESIEHICI2
R L. BT DIEC DN THIRETI TDINEN DD,
BENRPEIXY BRESE. BRICQITEBEHEEZITOERET. BFREVSHE. 8
BEOBEXESH. LEHEICHIZDRT— DTNQ—[Wb\j 18
OV 0 DOFREINDEEOIENTMERIT CENEB,




A SR EMECRIT SRR DEMN
® J—L%/\GDWJ%ULI%@“%’)XS’

SREN T ATED)
. GERIERELTLBBE) B
B ClEmEn S nEHe R
SIS BRO R Co Va0
. ARNBROFEHNAS!)
o WESHEE P AT YT 17 1 —
+ JOYI D FOBRENDER

E'

Michaud, D. S., et al. (2016)

DOI: 10.5665/sleep.5326.

Poulsen et al.(2018)

DOI: 10.1016/j.envint.2018.08.054

Pedersen, E. and Persson Waye, K.
(2004)DOI:10.1121/1.1815091

Pasqualetti, M. J. (2011)
DOI:10.1080/00045608.2011.568879

Fast, S., et al. (2016)
DOI:10.1038/nenergy.2015.28
Fast, S., et al. (2016)
DOI:10.1038/nenergy.2015.28
[Eva)

Hiibner, G. (2020). Chapter 10 - Citizen participation for wind energy: experiences
from Germany and beyond. The Role of Public Participation in Energy Transitions.
O. Renn, F. Ulmer and A. Deckert, Academic Press: 179-190.
https://doi.org/10.1016/B978-0-12-819515-4.00010-6 19

AEBIRSMEICEI T DRB DEH

4 N
O FUV—IICH o mn e ]
men
[F BSNSD D e nns E——
%“E’é%h.f)b\fd)% ALAAAALAR AR AR AR
x\ d) IS R EESSSSSSS—
Faceh NS i |
t D“) IJ o 7) :Ea};/ %iﬁ%w;% rrrrrroreorrorerereroao
- VO OREADE L
® T/ EArREIMND BREDET
nh (BX) Ve R—AYTESA RISy .
5%/\@%2 Mo
: it
278D 7:1\‘)19#0%3%2 *
E(/ \ 0% 20% 40%

N
Borch, K., et al. (2020). "Mapping wind-power controversies on social media:
Facebook as a powerful mobilizer of local resistance." Energy Policy 138: 1115023.




AEHRZBEICRE T SRR DER

EUA80ASE A RBUSEEL AJLOBIR

® A RACRTDHER/E

@ A DDRAMDBTIEIC R DUASHRES
MEANDZIRDELER

n SASH] (Wind Share) : /\1T1JZD ad m |—l |—l m

Ip)

Acceptance Level

» B OFL

N5 T
E . . —~— W
B O—! . =
- $I1|’E (Wind Bond) 1 L=l 220 x BEPA T YT 1 T — EHRNBEE
;L/\J& : ~ - L AL
» R /-URD - O0-U5=Y son

@ﬁ%tbfﬂﬁ%ﬁﬁ%%%%@ﬁé -

BLEE2HREDE — ‘
 CE LEOAMBEN DENEARICT |
C CRASBEHRDBDENS -
® SASIOUBEELBLUTHINSHIC &
JL

*!J E D\‘% é n 5 7—‘3— 5£ @&-\B % 7‘-)\‘—[%— (/ \ Control Group Wind Share Wind Bond Wind Resource Tax

B Low Community Identity B High Community Identity

O
Acceptance Level

g

Vuichard, P., et al. (2019). "Individual or collective? Community investment, local taxes, and the21
social acceptance of wind energy in Switzerland." Energy Research & Social Science 58: 101275.

AEHZBMEICEE T DB DER

® SEICREIDINELEL—
» JIRECERBEHEOEIICIEMITLEEDRIRIGEN)

= gﬁ@&ﬂf@ﬂﬂt U CTIRESND [NIMBY (notin my backyard) J [FZHTI&
X

r CHOCKRIED 1 KD 7= ALDUIMED 1 ¥ KD 7 — ADTIHNIE

. B0 1Y R — ADBEIC T BIFRER. RESROMENS S
BB pLheR BRREEG Ly By e e o

» PEGEBTEESIN. KRBTBRAATNDY —EVYDKDIFRZIFLEND
® SBHOBELC VI SBROENTE CKBN\DESIEDME
» BIZETHDOKX DS T # FEVH —I 2 TEI—BBOTENIFEND

g
o

Devine-Wright, P. and S. Batel (2013). "Explaining public preferences for high voltage pylon designs:
An empirical study of perceived fit in a rural landscape." Land Use Policy 31: 640-649. 22




AEHRZBMEICRE T SRR DER
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Task Objectives & Expected Results

* Objectives: recommend methodology to assess the impact of
wind (and solar) power on energy systems, and mitigation

* Outcomes: RP16 Ed 3 / articles /fact sheets / bibliography /
benchmarking simple tool / reference systems +
collaboration: IEA Paris, Inter-TCP, G-PST
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= Transmission Planning

= Generation capacity expansion and security of supply
= Energy System Integration

= WP2: Balancing Topics /6% (eoZ2E4)
= Balancing the system

= Need for flexibility and options to provide flexibility
= Smart sector integration

= WP3: Stability Topics ZEE (eo|EERRE)
= Operation and stability of low-inertia RES power systems

= Design and operational requirements
= Reliability services

= WP4: Market Topics & /15
= Ancillary Service marts to energy markets and capacity market
= New market products, such as flexible ramping products.

==
2021 FEOSEH °
&
i

EEAVSAVEH

< 7). BABHELSHES N TV D
=3813~15H8

- BH0E: K140%

'*K%‘E/\/rj Jw I\/Z_K\g?ik onlineRFED AN
= 10H2H~10RK3H UPILBEL DS
“ASVY - FITRIET SMEDZ AR

UPILRE+AHAYSAY

- BH0E: 11405




==
FOHRIRHRSE (20215F10A8)

= Design and operation of
energy systems with large
amounts of variable
generation

=« Final summary report, IEA
Wind Task25, Phase 5

« https://publications.vtt.fi/pdf/ Design and operation

of energy systems with

technology/2021/T396.pdf vartable generation
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« 1. Introduction .
ZENE & NEEN

= 2. Variability and uncertainty of power system

- 3. Transmission planning %i11E _
g EHAIEEE

- 4. Ensuring long-term reliability and security of supply

- 5. Ensuring short-term system reliability ZE0(E3EE
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- 6. Maximising the value of wind power in operations

= 1. Pushing the limits: Toward 100% share of renewables
100% 8B TRHFR

« 8. Conclusions
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Keywords:
Wind power

Curtailment ratio

Penetration ratio

VRE (Variable rencwable energy)
Photovoltaic (PV)

Solar power

ABSTRACT

As the share of VRE (variable renewable energy) has grown rapidly, curtailment issues have arisen worldwide.
This paper evaluates and compares curtailment situations in selected countries using an objective and quanti-
tative evaluation tool named the “C-E map” (curtailment-energy share map). The C-E map is a correlation map
between curtailment ratios that mean curtailed wind (or solar) energy per available energy and energy shares of
wind (or solar). The C-E map can draw a historical trend curve in a given country/area, as an at-a-glance tool to
enable historical and/or international comparison. The C-E map also can classify the given countries/areas into
several categories, according to the current levels of curtailment ratio and historical trends. The C-E map helps

institutional and objective understanding of curtailment for non-experts including policy makers.
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