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201611 Tokye aman | (U FRE) B AHY)H C TaskikE 1R
L N N ) \;sééﬁb\ﬁé?é’\éhs OAZ#6 5,
[ h (Tk44F Flow Controls (™ F\
. as — Farm Flow Controls (") 1>k
TEM #97 on Wind Farm Controls . p
) p— 7 — L FENEIEH) . EXC086(2020.11)
2019/09. Amsterdam. The Netherlands I CHEED. 2021 1705 Bt .
\_ Y, \_ Y,
4 )

\.

TEM #98 — Erosion of WT Blades.
2020/02. Roskilde. Denmark

-
Task 46 — Erosion of WT Blades (& E

p— T —KOIO—23Y ). ExXCo86

\(2020'11 JIZTHEEE. 2021.1H B8,

S

2020 (ZFRfE SN f=. TEM#99 (Floating Offshore Wind Arrays) . TEM#101
(Hybrid Power Plants) . TEM#102 (Airborne Wind) [IZDUL\TH,., FiTaskiZEHA &
. RAENEDHLN TN,
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IEA Wind RP = [IEC 6140031)—X

IECICHBITAEEHBXZENETEICIE. BEEZETLEESELL L),
IEA Wind Task 1112 W TEEIN S E L% (RP. Recommended Practice) 1%, &Y VEARE GEE .

a2 AIST

1~3FFEE) TRESN, CORPHIEC 614002 —ADREEL DT —ANEL BAET O ERIRE
EIZHLTREGREMZERZL TS,

IEA Wind Recommended Practice, Measurement
of Noise Immission from Wind Turbines at Noise

Receptor Location

INTERNATIONAL
STANDARD

IEC 61400-11
Acoustic noise measurement Techniques

IEC 61400-11

Ednon 21 200011
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=K ﬁ N IEJ =/ \ a2 AIST
RITDTEM (1B E3F7)
Year TEM# My =t BfeE H *?“?;?f FI%
BRIREBIL KFEFH . LK EH -Mostafa
Rushdi, RTEEZT AL, #E)
102  Airborne Wind Energy (T 7R—2EH) 2020.9.23-24 ALTAUEMHE IRKKAR. BHASHE. FEF2R
-}
(UWEAZH AN FEERESR)
Hybrid Power Plants Challenges and Opportunities (/1 - Bi/N\7—Y)a1—3  XE-F
101 N . 2020.8.24-26 : :
100 Aviation System Cohabitation (fiZ2 X7 L&D MIL) 2020.12.8-9  #LSAURMHE
i i TV N W 113 7. . -
99 ;c;atlng Offshore Wind Arrays GRA ¥ £ BEDOEE I3 2020&72105&1 7 FS AR KRR I
. . . s — feWH
EoIo—oa: “X— .
98  Erosion of Wind Turbine Blades (ELEEE D VEMY) 2020.2.6-7 TUI—Y (UWEAT L— R E S
97  Wind Farm Controls 2019.9.25 *TS5 HKE
96  Wind Plant Decommisionning, Repowering and Recycling 2019.11.14-15 457
2019 95 Improving the Reliability and Availability of Electrical 2019.4.8-9 ®E
Infrastructure Components
94 Large Component Testing for Ultra-long Wind Turbine 2019.2.25-26 *E
Blades
93  Wind Turbine Life Extension 2018.12.13 FUT—Y
92  Wind Energy Digitalization 2018.10.4-5 *E
2018 91 Durability and Damage Tolerant Design of Wind Turbine 2018.6.12-14 K
Blades
90 Community and Distributed Wind 2018.3.26-28 FUR—Y

) HRE - PO L ARE B2 RUNEDOKIZ T RV EWSHTRET .

2020 (FA U SAVREN AV LY D=8 . BEIOSIMEN10048 (LURTF20RIEE) BEICEZ 55 —RE,
Ft=. BRI LEELDEMREIRE TET-,
TETAEMRIE. IEAWINERNZERIZEBITAZENCNDCERZHEAZ . Task 11IBYZE/MERUEHER (WEIT
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TEM #98 on Erosion of Wind Turbine Blades

H#*E:20205%2H6-78
B AT :DTU Risg Campus (T <v—4-0XFL)

BAMNSDS M : EH
BATEESE

AW, B e EEHAEKE JWEATL—F
SHhbDHEE)

BME-EH=:

T4 RVTT, KESNL, ToX—IDTUMNL DIREIZLY
B

International Symposium on Leading Edge Erosion of Wind
Turbine Blades (LEEWTB. DTUF #) & /& (2020.2.4-6)

J_l.$7‘l/ REMRICHITHTO0—2av (s BIRRDBTEGRE
EFECRIIFLY-a—T45 . T—7)Tld, REFHd (fE
J:.20$~ FLE258F) ISR LTREFR 595

RIS TOMEL,. BBEOETIZOGAY, ERAR KIS
01=Y2-3%DHEEENEDEXELGDEVSFTEHY,

REIJL—FDIO—T3v(E, 2LOFREEICHT=5
SEETIV:-REBRREIO—U30LDMEEMN
- R FEEICEE T AR

IO—2av AN L REH-RTF-BOEE
MHEFEEZTDETIL
a—Ta2 T x4 5ET
IO0—>avnie
IO—2av(TES8FE~DEE

R o

YVVVVYYYVY

a2 AIST

3 TEM#98: February 6-7, 2020, Roskilde, Denmark
ieawind

BRIl wooowiiytion ek Propws.  Faess Comt [l

UPCOMING EVENTS

TEM#98 on Erosion of Wind Turbine Blades

i, Dorrrart

FEA Wirt Tash 11 coeral

IEA Wind Task 11 TEM #98 on Erosion of Wind
Turbine Blades h—LR— (BEI29A0—X)
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TEM #98Z ¥k &

a2 AIST

(EHRPEEHEE)

® 3DDTIN—TIFHNTSEDRBEER T N DRI REMEZ R

Group #1: Erosion mechanics and
material innovations
1.

2.
3.

validation
£4EET )L Liquid corting. shell. tape - Hh FERERICRE 9 HERAE:
FNFNITEHIELESIEETILOBE,
®E R ZEEE. BRI, &,
MR T MBS . &,
IV ETIDTDAT YRS
A—BDHETE,

I—u09,

H—ETIVICHARAL T8,

LU,

Group #2: Failure modes, testing &

RERM, BUERM. ARG E.
JhNY—, Gl A, AR
c HREAERBRTRET SO, RT

s RMRDETIVEBETIHELMEITTIELZSD, 3.
s BEEVTIE+ABRENDS. T_T_LTthJ\ 4.

Group #3: Effect of climate and particle
aerodynamics
TEERITBEERT LS ELFERABANEE,
1. BETIE (Fv/ O TIxEMERGING) . i#
EiF USEE. BARELEISDIL, &
E.72YUA
2. NSA—RTRRE. TR
ESP-TT—RZ&EHBD,
ERBET I LRIRAEREEL TAEP
ZRHDHRARXDRPEES,

- HIEEBOFEREEFDY—ILELT. DTUEE CLinkedIn IL—TNMESN BT EIZHoT=

(https://www.linkedin.com/groups/12367061/)
o FHLUL\TaskithF7Otr—
REZXHIET Z&I2hoT=,

HFILEVTTENRELAFILEHES>TERL . 2020 FEfHDEXCo=ETD
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TEM #98S IR &S EIR M cewaszamxa ST

o FRMDFELEDARTF—LIZBWTRAEQRIL—FAERMNSHETIO—30THEREL.H
2000 DI L—FEXBITLIEELNFEAELI-CELHY . RN TEZLOAEHAENRE—ILI1=LST
H5. BRIZCEITAFE LR ANERETCILSRRABEDOEZNEAEL . EXEEDOEIBLLLAEEENH S,

o« IO—2avIE, FRRETA. #HEER. ZH, REFHEEDESERZVEDVEDREILT
HERLTWWILELHY ., EET. ZHEOMEEN B ALEZTOD I EH LN TLVS,

o [EERABREEIFRREIEATHBYRBEOEETLHSM., FLDERED/N)T— 32DV T
X, FELFLEMDT—IE5EHDIENH L TEFEIINTULVEL,

o XELIE. shell® . liquid®!. tapeB!. metalB! LWLV =B HDLDHAHEFESINATLEA., FhEFNIC
EMELAHY., ZELEDIEELLELD, BARTIXRAEA—ANLZN L BRIREAFMERLS
AREMAHAHEMNS, BN THESN =R EEZZDEFFHMATNIELIVINESM IR THY ., B
AOBEICEHATL—F#E0#BE O, LAy TRETEIRIMANRETH S,

o FRMTIXIO—avICEETEAEIGKRAIEI. BREOH N THAEWNITAAVMEHY ., KR
BREOREHET FA2IO0—230—TJE— R THLTES, CWEEBADKFRIEETERT HE
EiEFAEICKEEZETLHAEEELH D,

o UEDEIEIRREMNS, FUNDEITHMDBEHREIWNELTERYANSE T THL BAREOIO—
DAVHEIZDONTEH, SDEMENSBRELTVASER DS, IS, BROKE DM LE, £
DB EDTO—I3 RKRICEIT BT —2FWNEL. RMNEDBEWEEIET L ENEETHD,

- EEFEETCRUVDAREZBEELT, th ERBRAEZOHEIL., RUNDRHFICKHEE., Dl
B.IO—23 )Y RODISADEENEFoNT-, CNODEBICRYED =6, #FHLL Taskib®
ZJOR—5 )ILEVTITENRELA Il &> THERLL . 2020 FHDEXCoLiE~DIEEZ BIgd &I
ot=,

namionat instirute of ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 1 1
S pe— ! . ZZ AIST
TO—a3 > (ZB 9 A TaskiRE=
JOR—FILDOFRLE
IEA Wind Task11: TEM#98 on Erosion of Wind QY o semov sy
Turbine Bla de laa wind Development and Deployment of Wind Turbine Systems

- B4 B :2020/2/6-7

« ¥4 IEAWind, VTT, SNL, DTU

s FEOMEEREEAL., XBADREZREL. Erosion of Wind Turbine Blades
EFEE (kAR D AT REE R

- IFREFY—ILOEFELTOR—Y )LD ERRERA

Task Proposal on

o
»*

date
02-Jul-2020

2020/6/9\ 8/5s 9/1 6(:WEBE—7_—,{‘/7‘ 11| updated with comments 04-Aug-2020

12 updated partner status, introduction, scope 16-Sep-2020

10/12MDExCosEICIRHE S, Task 46&LTHEER,

1 IEA Wind Task 46 Erosion of WT Blades 12 &
2021/1 D b4%E . 4 D DWPTERTE,
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ITA— 3> FHTaskDWor

K Package (€

2 AIST

Minimum total effort
Work Package Activity WP code required [Person-
months]
task public website & task internal data platform WP1.1 1
technical support WP1.2 1
WP 1: management (Operating Agents) external communications (website, twitter & linkedin) WP1.3 1
coordination meetings / teleconferences WP1.4 4
outreach webinars WP1.5 1
reporting to IEA WP1.6 2
Definition of priority geographic areas for geospatial mapping of erosion
potential WP2.1 5
of crucial gical parameters for erosion WP2.2 5
Literature review and synthesize knowledge gained from projects in order to
better characterize: WP2.3 5
(2.3) hail, rain & dust climates in target areas, WP2.4 5
WP 2: Climatic conditions (2.4) hydrometeor droplet size distribution as function of climat WP2.5 25
(2.5) data availability and quality for key meteorological parameters WP2.6 75
Recommended Practice (RP) for measurements of LEE drivers, including
metrology development and prospects for establishing ‘super sites’ for testing WP2.7 5
Roadmap for a leading-edge erosion atlas, including Recommended Practice (RP)
for use of meteo. data for determining LEE classes Wp2.8 75
Model to predict annual energy production loss based on blade erosion class WP3.1 5
RP on standardization of damage reports based on erosion observations WP3.2 5
WP 3: Wind turbine operation with erosion Droplet impingement model for use in fatigue analysis WP3.3 5
Potential for erosion safe-mode operation WP3.4 5
Accuracy of LEE performance loss model based on field observations (validation) WP3.5 5
Available technologies report: laboratory evaluation of erosion WP4.1 5
Erosion failure modes in leading edge systems: coating, tape, shell WP4.2 5
Normalization of test substrates for rain erosion testing WP4.3 5
WP 4: Laboratory testing of erosion Pre-evaluation of test specimens before rain erosion testing wP4.4 5
Laboratory evaluation of LEE (slice length, intervals, tip speed) WP4.5 25
Laboratory simple mechanical testing for pre-evaluation of erosion resistance WP4.6 2.5
Correlation model to read across Laboratory erosion metrics to field erosion WP4.7 5
Literature review: damage models for rain erosion WPS.1 5
Literature review: material microstructure and macroscopic properties WP5.2 5
WP 5: Erosion mechanics & material modelling Literature review: on available test data for materials relevant to the erosion
process WP5.3 5
Literature review: multil; systems & interphase delli WP5.4 5
Total effort during the complete 4 year period [person-months] 127.5
Average effort per participant & year [yearly person-months] 25
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IO—Ia FTasks )
« Committed: SMMZEIERIZFRBEAL-HEES
* Interested: SMN#&RETH DHEES

o RR8HEM4HEAMNERICSERHA
(2020/12F% /)

« EIEDOWebX—T 424 Tl. Interested®d
EADIFEAENERIZSIMEBAEL., 2080
L OBENS T HiEFHF T TaskIZRE,

]

X

- 1 )

2 AIST

# | Country/Sponsor Oﬁ'ag:;?z;;iir:n Expert Participant Commitment
1 Belgium Engie Nicolas Quiévy Committed
2 Canada WEICan Carrie Houston Committed
3 Denmark pTU Charlotte Hasager / Jakob lIsted Committed
Bech
4 Denmark Hempel Pablo Bernad Interested
5 Denmark METEK Nordic Poul Hummelshg;j Interested
6 Denmark @rsted A/S Jacob I;:::::\rlgei\ar:frsen / Committed
7 Denmark R&D Test Systems A/S Rasmus Buch Andersen / Rasmus Observer
Refshauge
8 Denmark Vestas Francesco Grasso Interested
9 Finland V1T Raul Prieto Committed
10 Germany Fraunhofer IWES Cate Lester Interested
11 Ireland Institute of Edmon Tobin Interested
Technology Carlow
12 Ireland NUI Galway William Finnegan Interested
13 Ireland University of Limerick Mark Hardiman Interested
14 Japan AIST Motofumi Tanaka Interested
15 Netherlands TU Delft Julie Teuwen Interested
16 Netherlands Suzlon Sandro di Noi Committed
17 Netherlands TNO Harald van der Mijle Meijer Committed
18 Norway Equinor Gunn:;rl:toegnnf;t‘ag:a/e?emt Committed
19 Norway University of Bergen Bodil Holst / Joachim Reuder Committed
20 Spain Aerox Asta Sakalyté Committed
21 Spain Cener Beatriz Méndez Interested
22 Spain CTC Alvaro Rodriguez Interested
23 Spain Rselir:wexlgir::rs:y Gemma Gonzalez Interested
24 Spain UHIV:;::::: f::;:’enal Fernando Sanchez Committed
25 UK ORE Catapult Kirsten Dyer Interested
26 UK Univ. Strathclyde David Nash Interested
27 us Cornell University Sara C Pryor Committed
28 us Sandia Natifmal David C Maniaci / Josh Paquette Committed
Laboratories
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THO—<-3
O XHREL /T A—oa EH

* London array¥ ERE175KF 1404 (& (2018) |

https://renews.biz/110465/london-array-braced-for-blade-fix/

« Anholt;¥ E R E111AH87A{EH (2018)

https://renews.biz/110279/anholt-grapples-with-blade-fix/

VICE T S EENR

a2 AIST

@& ETMDRAD

Surprisingly many projects

DTW Innovation Foundation EROSION and DURALEDGE

EU H2020 LEAPWiInd: Leading Edge Advanced Protection using novel
thermoplastic materials, Ireland

* COBRA COmprehensive methodology for Blade Rain erosion Analysis, DNV GL
= Blade Leading Edge Erosion Programme (BLEEP), ORE Catapult

= H2020-SMEInst-2018-2020-2 Innovative Leading Edge Protection System for
‘Wind Turbine Blades, Spain

= “AEI-010500-2015-373 Design, validation and manufacture ....new

polycarbonatediol-polyurethane based coating ....leading edge ..., Spain
®* Wind turbine blade erosion, EDF

* BeleB: Development of a method for determining the service life of rotor
blade coatings, Fraunhofer,

= TU Delft.... and many others .... And industrial labs... and polymer companies..

OEfREHEDENZ

International Symposium on Leading
Edge Erosion of Wind Turbine Blades
> 1st :2020/2/3-6 @DTU

» 2n :2021/2/2-4 @DTU

 F ETOEREIEOEREMBEANDHIFERITTIRIMNETEIE,
s FEITORBREMERARERECEEEERAEDORENSED,
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A

TraO—yv3r

2B 9 S B 3T 5l R

NIO—Ta  QERHNBAHETEAL
“TIUR—ITOTAAROX—F5HR]
-@Efﬁ :
UV
SRRE
A=
- g _‘ .'.' ;"\,.: o Letson, WESC2019
- =
2) TO—232 DFEEHRHRETILELY
- BEBE - AEP - AVTFUR -e-

Field Measurements

- Creaform EXAscan Laser
scanner used to capture
roughness >1mm.

+ Casting and profilometer used to
capture roughness < Jmm.

+ NASA LEWICE code used to simulate
bug accretion.

freestream

a2 AIST

3) tth E SRERD 5 A A BAFE TIL AL

« RBIEDBEEHINERED /N T—2avhRE

-ISO-TS-19392(2018)
Paints and varnishes — Coating systems for wind-turbine rotor blades —
-Rotating arm -Water Jet

s DA\ - = I
1 1

*DNVGL-RP-0171

RP#EH#L R&D Rain erosion tester: #8000/

4)‘1%?3271“?75“6&23111(,\7&(,\
MEBPIO—Davt—T7F—RE,

SEEEFLLN

B
IA=F)\R—FERICLZIES

N RERICE SIS

RSB

'@Hlﬂ/ﬁm ML B85

(iGN
M.Grundwurmer, Wear,263,318-329,2007

L-ZE8E. R REORE
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a2 AIST

ITO—23VICET 5 BARDOR

EIZIKLBI‘J'ZDID DAV ERENEILDES
SHREBARTH ELEFLELICAEENKREEAINDS,
. m*&ﬂﬂitb\gf&%)f‘&) B D FHiT (R MOREHIEHE) NEBARTHEATER
W RODHB,
o BRKRDEMICESETHEIANIENT )R IBH 5,
s EEREMICESTEESRAFYURATHD,

BB

H Zlid)ﬁﬁi;%iﬁ'C‘OJ EREES..
I0->3>57-90&E

EIRET - DRt Sl
SRORT ML —50Bag
IO0->3> O HRmEmD — HAWRIO->3>t—-7
=i prripid T—ROMEL
e BB T DRI RS El THEA—NE - - -
- -
RPEHM_FSRERDEA &
. RO HEBIF T SRR MEER L
BAROMHIRZZ R U BHAhR
b S BRTF A DML TO—->3> 3 RamDFEAF
EERGHR - - HRBA—HE- -
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TEM #102 on Airborne Wind Energy (AWE) “AlsT
E *E . 20205'59)% 23'24 E Ecnm Elte
ST AT B = T e
KU Leuven SkySails Power
SN WRERILK (TMIT) BEF . ALK EH H -Mostafa R e < e
Rushdi, ATEE T #1L. #2 )| TRAKAR. 18 T e,
#x%*ﬁ\ hag*ﬁﬁ(JWEAw¢ﬂj}%%ﬁﬁ ) Charles Il Unrv/;:":ilsl‘;h::({\:l?:‘am Scnema‘uz?gﬂl”ﬁ:::mwuzmlnm
BE- R —— e
. B4~ Stuttgart RS A0 —¥ EBYIREAE LD e e e
%, D, 75> X -IFP Energies Nouvelles, #[H - ioomerem -
NREL. #3524 -TU DelftiZfilz . BAMLIEA KL ettt T o
/JEE . TE;%S(:%}]DO . o Altaeros Energees UF Santa Catarina
o IT7R—VRAFMIE. DGO, SUVERERRE Airborne Wind Energy System|ZBS5&E 9 2 K2 - FFZ2 1
Mo, HEOBRDFEERMELEL T, LCOEDEIRY B - % (Source: R. Schmehl, TU Delft 2020)
THm LA, IRERE -CO B DBIMG e ED RTREM
75‘\%60 E E"]:

« Airborne Wind Europe (AWEurope) Tl&, AWEY R - M ETI=. AWEIZE89 Bcommunit —Owy ¢
= - > - ¢« ~s - y&L—CH (VAN
TADBRIL, 2030FFTISOWA—H—I2. 2050% 4 ooy (- AWEUrope s i . 248 (<1, AWE
FCISE HECWA =T —[SETHEFR-HHLT  conference (ATEI£20194E125'5 AT —CRIfE) AR

Rk BN BT, SRR T B A A ST A.
o LAL.AWEZGKBEEILLTH=0HIZIE (KARELT, ZDHELIZIEA Wind Task 11 TEMEL T, [543—

BRAGREERIRT 2LELHY. FFIZ. T2 &K A/ LS DRRE SEHE T HEITKY . AWESRTHT
WHARSA2, BRE-BARTU vV, 5 DEENMMESH ., BESHRMNIL—IRIL—I
t. TZHIME. AR B BFIICET REEHE DIEMNBHIENEIFEINS,

RIDBLENHD,
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TEM #1025 N & 2

- ZREHLEREOTOCIINESTLSNDT, ZhbhD
BN EEZOHE. 512, BAEETRORZRTOD I
DERTHIEZZFHMHEL T, TENIERRWLBETILERE
BRLTHEANICHAREHAIDLENH D,

s WHEAWEXELHON TSR -BAFELEEILEOED
[SED A :Death Valley [ITASTEY ., BREDT=6HIZ1ER
BEOBMAEEBRBOEEIZEIEENDLETH D, HIZ.
Makani PowerM & # GEKAKRDFE) ETILIR IR X

'Z‘J*LT’EE %%T—Qd)@nﬁéﬁi

thlzl,\bt JQI_EL,'CE@EEIE& t%#’L( *T'd‘%)
FEIZTThht=,

AWEI L TIEA

@é 100kwff&uJ:o)£~>xTAo)EﬁnFaﬁ%'c%1OO)
JI— 7"75\1Tz%>§u|£l€ﬁz'cd=au ﬂﬂ""":li’“":ﬁlﬁﬂli‘“‘

» AmpyPowerft¥°MakaniPowerft [CHE LN THLEEMNLIETE

[SHEDT=OI12IE,. SELELDOHME BEE&PEa1—TY
JY—R EBRAR—ZPOKEFRETEDRENHBIETH

2o

© AWETHREHRGHA BEEE, LZ/MERE. REDH
| L §<o>a47°75\aau - TORMORERE
TREHENZERTHD,

SEORBLFATR:

= AIST

(TMITEEFHRE L. MKTHELEE)

o« AWEZEXCOTHARIELTIREET S, ARDKRYAHE
EBRICHOTHRY., T—INEL REMNAGAR D ELBTE

AN Iy (I
« BHIC. REAEICEY EERG RR. O BAD

FEim(CEoTHY . ENORMYMALLERLTES LTS

&R, BADHENBENKEL,

. &b\@wlﬁﬁkbfli\;hb®§$§li’éE &)’.)’.) L

J
75\19
D,

L#L*ﬁﬁif—(ﬂ %bb?’ﬁﬁkbfb‘(ﬁ\%b‘&%

« BAETHLAWED SSGHERAERMICKILY 5412
&, EZEMBALT LomnYZ S HBAREL T, “E

SERN EED BREN DD,
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») . =z AIST
RP, Recommended Practice

No. 248V ALV (FERE) 1hR | 2R | 3hR
1 |Power Performance Testing REMRERER A& 1982 | 1990

2 |Estimation of Cost of Energy from Wind Energy Conversion Systems |BAZY A F LD I RIILF—aXMD#ETE HE 1983 | 1994

3 |Fatigue Loads EHEE 1984 | 1990

4 |Acoustics Measurement of Noise Emission from Wind Turbines REQBEEAAE 1984 | 1988 | 1994
5 |Electromagnetic Interference) BHIKES 1986

6 |Structural Safety BEOREMH 1988

7 |Quality of Power. Single Grid-Connected WECS RER-BE—REOENRE 1984

8 |Glossary of Terms g 1987 | 1993

9 |Lighning Protection EERE 1997

10 ﬁ/loecaas;iuor::ent of Noise Imission from Wind Turbines at Receptor AEOEEBE TS 1997

11 |Wind Speed Measurements and Use of Cup Anemometry EEEHRIEAY TR EETDOFI A 1999

12 [Consumer Labelling of Small Wind Turbines INGREDHEESNIVY 2011

13 |Wind Projects in Cold Climates EAMORANFEETOD I 2012 | 2017

14 |Social Acceptance of Wind Energy Projects AAREIOCIILOHEZEMNE 2013

15 Ground-Based Vertically-Profiling Remote Sensing for Wind ANEREFMOI-HDOM EREREE S OT74 2013

Resource Assessment oG E— DT

16 [Wind Integration Studies BAFEEDORMERICET HRE 2013 | 2018

17 |Wind Farm Data and Reliability Assessment for O&M Optimization g;g;?:ﬁmw%074>F77_A§:_9”1$&U1E 2017

18 |Floating Lidar Systems FRRTAT—L AT L 2017

19 |Micro-Siting Small Wind Turbines for Highly Turbulent Sites BERYAMIBITEIEREDIAYOY(T42% | 2018

20 |[Selecting Renewable Power Forecasting Solutions BAMBEIRILY—REEN=TR 2019
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F &8 — IEA Wind Task 11

2 AIST

|IEA Wind Task 11(&. F4[[E172 ERH{E SN STEM (Topical Expert Meeting) &L .
B NBEERYNE VI DBEHREFZITI. BERMICHEEOS LV GEIRE,

- TEMIZZ LA T—VICEAT A EOEMREERIT HFICEY . BERNOREE
Bt N)LmE EAEIFFEN S,

IEA Wind Task 11DTEMAY, IEA WindIZE (T 5 Task~FRT 57 —AH %L,
RO ILICEAL T =T FIERMD—DDHALGFETH D,

> Task 11H%, IEAWindD P TrbERELLSHTaskiEE,
AR 1L D ENE]

> TEM#97 (Wind Farm Controls) - Task 44 L TIRE-TE T,
- BRBAE-AEELEDOSMIZDOWNTHRET-AEG

» TEM#98 (Erosion of Wind Turbine Blades) - Task 46& L T&ER, ;EEIEAIR
- ERTHSEEREENA TS —\Sm, EXSNIZSMIZOLNTHRET-SAEH

> TEM#99 - Floating Offshore Wind Arrays — FiTask&L THET - SAE G,
» TEM#101- Hybrid Power Plants — $iTask& L TH&ET - FAE e,
» TEM#102 (Airborne Wind) - #iTask& L THRET- RS,

namonaw mstirute o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 2 1
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[89[E IEA Wind #£37-)
Task32 : EEHAS A5 —EAICEY 3REIRR

=EBHRASH [BIREINHE SRR
FERAMTED EOSRF LT IV—-T

S B5a
2021F2H16H
e MTSUESH Ry’'S—5441CoW\T DIABREZZA..
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ryD'S—544
L—H =3¢ AVT, E=RICERODM (EE-ER) 25HAIT3%EE
515 - D45
- L=4— (BR) (LERTL—Y—HOFEENMSVH. KKPISEHELTLS
I7OVIDRYTS—E5ERIETE. BRI TORRBAINTED
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@
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http://www.mitsubishielectric.co.jp/lidar/products/index.html#DopplerLidarSystems

BRI ELERE RARSEIERE
@
@ @ / ®

=
B (IFOJLOBR) K&SFvT5— f L=t —RU L N TS OEN
YIMATREERNLEY. (] EHBLEY.

B - ELE

(1)=HN-BEFRNERRD, =RETO
saEAoTRobLaRLERGRAS EHANETRER DY, 2208 BSRASMRAEAVEL)
(2)sHAIREREIEREIR TP OY ViBEILIKTE
3 © Mitsubishi Electric Corporation
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Ry TS5 545 -OENREBEBTORIFHA K51 > OHEENEN

e 2=t
OFEEBHAMOTLEAA N @ID—-h—-T 8. @EEFITH. @EMLT TR,
(CXF T2, A —ERAFOREERIBLNESE

Recommended Practice(RP)Yim X Z2FEITUTRKREET D
D ARKRZEIEEEEL T, IECCOEE{ENIRETENS

-Operating Agents(OA)(&
Andy Clifton (University of Stuttgart, GE),
David. Schlipf (University of Applied Sciences, GE)

4 © Mitsubishi Electric Corporation
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AIST, DNV-GL, DTU, ECN, Fraunhofer IWES, IFPEN, Korea Testing Laboratory, NREL,
SWE, UL

CTC, Deutsche Windguard Consulting, DEWI, Energiewerkstatt, Meteotest, Navigant,
Offshore Wind consultans, Sowento

EDF energy, EnBW, Engie, Green Power Investment, IDA Energi, Orsted, SgurrEnergy

Enercon, Envision, General Electric, Goldwind, MingYang wind power, Nordex, Siemens-Gamesa,
Vestas

AXYS, Fugro,
NRG Systems, METEK Nordic

Leosphere, Mitsubishi Electric, Nanjing Movelaser, Windar Photonics, ZX Lidars

Black & Ceatch, SSE renewables, Tractebel Engie, Wood renewables

5 © Mitsubishi Electric Corporation
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https://www.ieawindtask32.org/wp- https://www.ieawindtask32.org/wp-content/uploads/2017/12/WS07- https://www.ieawindtask32.org/wp-
content/uploads/2017/12/WS07- Sara-Koller-LIDAR-in-complex-terrain-Validation-of-CFD-correction- content/uploads/2016/03/WS01-Arve-
Christos-Tsouknidas-Ground-Based- tools.pdf Berg-Fugro-OCEANOR-SEAWATCH-Wind-
LiDARs-for-Site-Calibration-in-Forested- LiDAR-BUOY.pdf

P

FIat-Terrain.idf

hyI R EDLEBEEICDO W TEEE SAY-H14T1I21- AT - A2 EH HESAT O T B FMEZ T

Use cases based on comeal scanning hidar

= - +
. Flow reconstruction from comcal scans i homogenous flows -
i *1 Flow modeling 1o convert wind lidar measurements to point values :"'4-_“
;" "0 o Tut Flow reconstruction from conical scans without assuming homogeneous Mlow T
Vertical beam use to reduce uncertainty in the vertical component
Use of a smaller lidar sampling volume to reduce differences compared 1o cups
Use of a short met mast 1o scale lidar measurements.
Use cases based on scanning lidar
Use of conical sector or slice scans to qualitatively identify flow features
o 2 53}
Flow reconstruction from conical sector or shee scans in complex flows A e e
Scanning lidar use for quantitative analysis of wakes 3 y T 7
Multiple lidar use to measure wind vectors. .

6 © Mitsubishi Electric Corporation
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HAZOFZE(CLD, — AR TRVERSCEVWTEAT Y MRENELS
DRSO BIEDN HE

S.Nabi, et al., Improving LiDAR performance on complex terrain using
CFD-based correction and direct-adjoint-loop optimization. In: Journal
of Physics: Conference Series. IOP Publishing, (2020), 012082.

7 © Mitsubishi Electric Corporation
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BME(CLDEVAIGRIEE E - ARSI AN LU, AT —5(SERENELDS
DEHEMIE (FEMIE - HRHEIE SREMIE) HVE

7y

‘e
1 ! ?,‘
= *#‘- > 1\ -

y S \u
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CNEITOFEEIRNR (2)

DIABREZZA .

THBEHOAZ, MR SRR RICLSF LRIGEE

= RP, Technical Report& U TFAT

iea wind

EXPERT GROUP STUDY ON
RECOMMENDED PRACTICES

15. GROUND-BASED VERTICALLY-
PROFILING REMOTE SENSING FOR
WIND RESOURCE ASSESSMENT

FIRST EDITION, JANUARY 2013

v Commitie
plementing Agreerment

kg, Deplovmnen of
St

iy 2313

Remote Sensing of Complex
Flows by Doppler Wind Lidar:
Issues and Preliminary
Recommendations

iea wind

LXPERT GROUP RLPORT ON
T COVMI N D PRACC LS
Lead Author: Andrew Clifton
Nafional R e ki Laharal
e i 18. FLOATING LIDAR SYSTEMS

THEST IATION 2017

St v the 1 s
of the Tnternaricsal Eu

™
g Agrezment
Coperatian in the e, snd Téplasme
ot Wand Energy Systems

a1
Ofes of Enercy EFiclaney & Ronwabie Energy
‘Oparsted by the Allancs for Sustainabe Eneroy, LLE

THUS oA 2l b8 6081 ) 1 KR RANG s BT
ascraory (NREL 3l s reeh e gubcabers

Technica Report
RELTR 5601 8284
D 29°%

Sepiewbes 2017

Canliazi No. DE-AZ33.035022308

https://community.ieawind.org/HigherLogic/System/Do
wnloadDocumentFile.ashx?DocumentFileKey=7492ade3
-03e1-419f-466f-4bbaacc271df&forceDialog=0

https://www.nrel.gov/docs/fy160sti/64634.pdf https://community.ieawind.org/HigherLogic/System/
DownloadDocumentFile.ashx?DocumentFileKey=99ec

44ff-4493-4bad-6510-d42d152ae963&forceDialog=0

© Mitsubishi Electric Corporation
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CNETOFEEIRR (3)
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-BLATSREE TR, wakes TRl BURIGFEEAL - B T RIICRE I 55%5m

M- (CLBBANE SRR HE

Effect of volume averaging

[Une Doppler spectrm | [ e ] | [ | somponent 1
0 estmate poeed-bhe | of p PR 14

LOS vananoe

| L0% varance |

o
Compute snsbyticsl |
fRering rats fom |
ed Mann
Lo

Tt Manes _|

Methods

“lnm-nm‘_]

Effect of cross-contamination 140 |
s comgorees | Ta I~
% 1% 7 mis
B0 -
&0 6 mss

NWP models + measurements
Statistical methods

Radar-based models

ing lidar-based models

Applications

Energy and ancillary services market

I. Wurth et al., Minute-Scale Forecasting of
Wind Power —Results from the Collaborative

T T t T T Workshop of IEA Wind Task 32 and 36, Energies

Thour  12,712,(2019)

© Mitsubishi Electric Corporation
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[
FEIBHSA Y- TOND—h—T 5. FEEE
S —ICLBBVALE RIS

------- 59— (C&B/T-H—T5

Cut-out ar 20 m/s
whichever Is less 1
Maximum Power
or Roled Power
typieally plteh regulaled: r
L ,L_w,punuy stall raguleted § —
——
——
P
T
—
~L
L L 08 m/s a2 m/s bins !l o 8 g b ¥
—
-]
ks o], Ty
- o
o+ Jo— Each bin shall contoin B "
Cut=in a minimum of 3 dolopainis -~ - e S
R AP | SO TR, | L U -_‘_‘_"""'“--
S. T. Frandsen and B. M. Pedersen, Recommended practices for —
wind turbine testing. 1. Power performance testing. 2. Edition 1990. .
11 © Mitsubishi Electric Corporation
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Who: Pedro Santos, lochem Vermeir, Senthilnathan K, Alexander Stoekl, Peter Rosenbusch, Yasmin
Hubmann

2. Wind lidar for wind energy in cold climates
Who: Vasilis Vasileiadis, Sara Koller, Charles Godreau, Timo Karlsson, Nicolas Jolin

3. Floating lidar systems

Who: Julia Gottschall, Hugo Rubio, Velmurugan Karuppiah, Christopher Gutierrez, Tunahan Akbas, Felix
Kelberlau, Oliver Bischoff

4. Turbulence intensity from wind lidar

Who: Reesa Dexter, Marcel Weber, Anish Venu, Arjun Anantharaman, Maria José Pedrayes, Zachary
Parker

5. Lidar-assisted control

Who: Fabrice Guillemin, Andrew Scholbrock, Rhys Neild, Thom Homsma, Christophe Lepaysan, David
Schiipf, Masaharu Imaki, Feng Guo, Eric Simley, Chris Slinger

sting using wind lidar
‘Who: Ines Wirth, Elliot Simon, Poul Hummelshpj
7. Nacelle-mounted lidar in complex terrain

Who: Alkistis Papetta, Okan Sargin, Hans Ejsing lergensen, Jacob Burrows, loannis Antoniou
N.B. Don't worry about overlap with “Power performance”. You'll come up with different ideas!

8. Power performance verification using measurements in the induction zone

‘Who: Wiebke Langreder, Davide Trabucchi, Rebeca Rivera Lamata, Ellie Weyer, Alvaro Matesanz, Andrew
Davidson, Arthur Ostyn, Sebastian Streitz, Carolin Schmitt
N.B. Don't worry about overlap with “Nacelle-mounted lidar”. You'll come up with different ideas!

9. Collaboration on wind lidar hardware and software

Who: Francisco Costa

12 © Mitsubishi Electric Corporation
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Qur goal

Data products from wind lidar in complex terrain
have lower uncertainty than data from met masts

How we're getting there

Understanding how lidar data are used in
complex terrain

Helping users develop processes for analysing
wind lidar data

Supporting evidence-based assessment of
methods to compare wind lidar data with cup
anemometers

Activities

2013 Jan. Practice 15:

vertically-profiling

Recommended
Ground-based

20204EERR(1)

DIABREZZA ..

‘1R —XEHEH5,

HR(SAEMAZ T DS/ 5 —5HAIERZ= Tl
AR A=A NI T DANFRDT — 572 B (R
-ERNCEEMAZT —INSEH DD,

FARBETICHRNZNE BARNSERRTTER

DEFZITITIE

Task 32 — LIDAR in Complex Terrain

remote sensing for wind resource £ Feb 2020 e off Meeting
assessment . .
Use of remote sensing in flat terrain [2] NDA, distr. of datasets, adjustments
2017 Nov. Workshop 7: Wind Lidar in Complex
Te"‘.".n Analysis and processing of LIDAR datasets
Experience, challenges, and needs for sodlay
wind lidar in complex terrain
2019 Oct. Comparative Exercise: Wind lidarin PR 2020 poiisor corrections and Efor estimates fitished
lex terrain
COmpIeteire 5 e Comparison with met-mast data
Focus on mean wind characteristics. e
Runs through end 2020. £ = 02L  piscussions & conclusions, workshap (in-person or virtual?)
L mid2021  \write-up of a report
2020 Comparative Exercise: Wind lidar in
complex terrain {ongoing) Bte2021 o
2021 Report: Methods for analysing wind .
lidar data in complex terrain
13 © Mitsubishi Electric Corporation
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Our goal

Wind lidar are an integral part of wind energy in

cold climates, used to compliment and extend other

measurement technologies

How we're getting there
In collaboration with IEA Wind Task 19:

.

Activities

2013 Recommended Practice 15:
Ground-based  vertically-profiling
remote sensing for wind resource
assessment
Advice for deploying and operating
wind lidar in cold climates [2]

2018 Oct. General Meeting: Calgary, AB
Identified potential opportunities and
challenges for wind lidar in cold cli-
mates, including the need for a working
group

2020 Jan. Working Group: wind lidar in cold
climates
Formed a group of stakeholders from
Task 32 and Task 19 to drive activit-
ies. &£

2020 Q4 Working Group: wind lidar in cold

Documenting the uses of wind lidar to support
wind energy deployment in cold climates.
Identifying the challenges in using wind lidar in
cold climates

Identifying solutions so that wind lidar can be
used effectively

climates
Summary of results so far

- I7OVIVENMRVNCENRE

> UHBRBEHECELD, IOV IIVEDHD RS
SNRIMEVESIEERE)(SA -5 2B ENFHIELT
sHllEEREZ+— T3, MEBHBEZ

-EBS. TAEUEER SNR, RENSIKEDIBRI R
%:HT I3

< EVKDIEE POREIR E OB RN (C DV TAREE
-FF(IKDISZADTF (IEARHEE) (CDWT
ITOFE

14 © Mitsubishi Electric Corporation
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Our goal

Floating wind lidar should achieve an uncertainty of
lower than 2% and be acceptable sources of wind
speed, direction, and turbulence information

How we're getting there

Support the commercialisation of floating wind lidar
systems and the transfer of research experience
into everyday practice

Activities
2016 Feb Workshop 1: Floating Lidar
2018 Recommended Practice 18: Float-

ing Lidar Systems [3]
2018 Nov. Workshop 13: Floating Lidar
Follow-up
Reviewed immediate and near-future
needs for collaborative R&D

2020
ing Lidar Systems
Update to align with recent, related
publications
2021 Workshop: Stakeholder workshop
and technology review
Update on current interests and
identify applications beyond pre-
construction wind measurements
2022 Appendix to RP18: Ship-based wind
lidar

‘RP18%ZNR—X(C, IRTEIECTOIERE{L, SO A E
Atask32 TOEEN 2021 FERBF LUEERDFIE

15 © Mitsubishi Electric Corporation
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Our goal

Wind data derived from wind lidar can be used as
part of a site assessment or wind turbine loads
certification process

How we're getting there

Understanding what wind lidar measure and how it
relates to met-mast data and turbine response.

Activities
2015 IEA Wind Expert Report: Estimating
turbulence statistics and paramet-

ers from ground- and nacelle-based
Lidar measurements

-BLIRICH I DRI EDIRFS

-BifFstRlEsE 07T — SO E %

{RAST-ENDFE M DIRET
EFRPEL TUX

Summary of methods and results [4]

2018 Oct. Workshop 10: Turbulence intensity
measurements with lidars - applic-
ations to loads verification and site
suitability

Identified barriers and solutions to
the widespread application of lidar for
these applications

&

1 lidar &£

2020 Q1 Working group on lidar Ti: Work-
ing group with Task 32, CFARS, and
DNV-GL JIP to coordinate activit-
ies, share results, and ensure stake-
holder buy-in

2020 Q3 Joint roadmap with Task 32, CFARS
and DNV-GL JIP: Clearer under-
standing of methods to measure
wind turbulence, how they relate to

TI Roadmap vision for IEA Task 32 8 A=

Better define turbulence
through lidar applications
and solutions

(use something better

thanT1)

Challenge how

we define
turbulence:

Is using just the

standard

deviation/ mean
wind speed the

best?

Use more data to better Turbine field tests of lidar ~ Academic solutions for
capture turbine responses Tl industry

Academic
endeavors should
have practical
solution for
industry

Use the volume
of beam and
spatial volume to

our advantage to Take the R&D
better represent results and test it

Tl against how the

turbine is Open source

responding code that
What can we produces
learn from the standardized

lidar data at 1Hz? results

existing metrics, and how they relate
to wind turbine applications

16 © Mitsubishi Electric Corporation
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Our goal

20204EREIRR(5)

Wind lidar are used as an additional sensor and
input to control systems, to improve wind turbine
and wind plant performance

How we're getting there

DIABREZZA ..

. LAC@&)J%(;*?EJI/— A THERR
SlEHmE. SAY-DIANII U THRET %

EhaURDA M- -TRE

MBDIEARSIATRY (ARD37. "[RASIFEFR
JO-#E"ARY) EOITRL -3 %581E

Activities
2016 Jul. Workshop 2: Optimizing lidars for
wind turbine control applications [7]
2018 Jan. Workshop 8: Certification of lidar-
H i ; LCOE LAC Potentinl  Roquired "
assisted controls applications [8] Pt R I sl il Comments
2019 Oct. Workshop 15: Optimizing wind tur- ————— T
bines using LAC using Systems En- AP ot ModtemLow I ot of wind vane calibeation
gineering methods Copbc  F o Modiun Mol High [ e de
Joint workshop with Task 37 Cobe PR ik L e o e sbmte o
_________________________________________ Bt > troune wind Bekds for dosign
2020 Workshop: Lidars for wind farm Cobic VA i Medion o E...‘l.'..,“L'!l.zj]',...[.'.'.']\'uli:'..'
control applications e S e il
2020 Q4 Report: Research plan on how to e ctomm o Moiam M M Urceiny o conomic
evaluate the benefit of lidar-assisted peonotion: _loud riduetion i o
controls Eric Simley et al, 2020 J. Phys.: Conf. Ser. 1618 042029. _
Joint report together with IEA Wind LCOE: Levelized Cost Of Energy, TRL: Technology readiness level
Task 37
17 © Mitsubishi Electric Corporation
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Our goal

Easier power performance verification in complex

terrain

HEMAZ TON D —H—T DIREIEE.

induction zoneE DFEREBGHBLTLK

How we're getting there

Identifying and testing ways to use
nacelle-mounted lidar in complex terrain

Activities

2020 Q4

2020 Q4

2021

Round Robin: Comparison of
nacelle-mounted lidar methods
for power performance testing in
complex terrain

Application of several methods and
comparison of experience [
Workshop: Comparison of nacelle-
mounted lidar methods for power
performance testing

Presentation and discussion of results
from the round robin exercise
Proposal to IEC 61400-50-3 for
nacelle-mounted lidar for wind meas-

cralienges

Prablem:
created

stians and
reauirements

Qe

Informzticn loss wien

Defining the challenges

Inhomaegeneities in the flow field &

: & -12-1 Site Calibrations
complex atmospheric conditions

A ecanemic barrie 1o
performing turbine

aggrgaling v
dal

t raskaz
% har

EvalUating site complexity

L A tasonemy of complax
sites, o1 of «
Clamsilicatiar scherms

coulé be asolution

urements

© Mitsubishi Electric Corporation
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20204EEIRR(7) DIABREZZA .

Our goal
2 = > Task 32: Power-performance verifi using i zahe
More accurate power performance testing of wind
turbines in operational wind plants » Challenge with 2.5 D: Large rotors — 10 min mean not representative
anymaore, too large a distance for some nacelle LiDARs {esp. with
How we're getting there offshore rotors), still induction zone impact and the ‘free’ V is too far
away anyway, ‘complex terrain’ more often — avoid site calibrations
Testing new methods to measure wind speed in the > Industry knowledge gap: Work on and establish experience and
induction zone of wind turbines industry best practices rather than changing the IEC directly
{exp. Nacelle LiDAR round robin)
Activities > Modelling: Of the induction zanes / to free wind stream —
= 1 ‘Standardize’, associated uncertainties and how to determine
2018 Rour'd Rc'b,m' Wlfldﬁeld reconstruc- * Impact on PC verification and warranties: How to adopt the warranted
tion in the induction zone power curves to this appreach, measurement and uncertainties again
Estimate of free-stream wind speed > Measurement: Which technology, set-up, etc. to chose,
from a common data set clash?: mast/cup vs. LIDAR

2019 Jan Workshop 11: Windfield recon-
struction in the induction zone

Joint workshop with the Power Curve 2600 - i I ]
Working Group to present the results .
of the round robin 3500
- i i e e i R [ - 3400

2020 Round Robin: Windfield reconstruc- 2300
tion in the induction zone with wind z
plant blockage =3200
Builds on experience gained in the pre- 2 3100
vious ound-robin to consider the ef- £ 3000 Tuzo
fects of flow blockage associated with U,
other turbines in an offshore array 2900 ug | |

2021 Workshop: Windfield reconstruc- 2800 -.-U,,
tion in the induction zone with wind 2700 —--Uu_
plant blockage ; ! ; S
Presenting the results of the round 10.5 11 1.5 12 125

robin. Wind Speed [m/s]
F. E. Brink et al 2016 21* meeting of the Power Curve Working Group.

19 © Mitsubishi Electric Corporation
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Schedule

= Selection of data sets (October 2020)

*DNV-GLIMRE I BCWELL 2beamBED
= Preparation of data/documentation package (November 2020) 2*%*@(:?%:'24@%%3’@

= Kick-off meeting (December 2020)
= Work in progress phase (December 2020 - March 2021)
= Assessment phase (April 2021)

= Presentation of results (April/May 2021)

20 © Mitsubishi Electric Corporation
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A EERZEHAITERE A5 —(3E3

545 -B§F —HICHL Chy TR RS RS, £V ERUVMIES FERETe
e, S5 —CLBEPRIEDIRE O, IERDFHAIEEDREUICE CHRIILNS

EANRNDBEELH L. BrlLTEI(F-BUET -0 R— Ml
TDFERZIEA task32E HB U, ZORDIEHE(CICERMT S

BAMEELTSEEER S (L, EB TSV !

21 © Mitsubishi Electric Corporation
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Imaki.Masaharu@dc.MitsubishiElectric.co.jp
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Task30 ;¥ EREBEfZHfTa—F DF=REE (0C6)

Offshore Code Comparison Collaboration Continuation with
Correlation and Uncertainty (OC6)

a2

¥ THE UNIVERSITY OF TOKYO

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

« FLRARERRIE, ZEN-FIEH-EIE- KA D OERRAEHFTI—F
[CKOTERETSND,
« ERETO—FORIANDETHD,

1 External Applied Wind Turbine & Support Structure

Conditions Loads
! Control System

| il il

Wind-Inflow I Aero- [ Rotor [~ Drivetrain [—» Power
i dynamics || Dynamics L& Dynamics le—{ Generation
h r
N

Macelle Dynamics

T4
RN
L Tower Dynamics
T3
bgt?r\;:iti I d;lny:;'l{?;s I Substructure Dynamics
T v

Soil Sml-Strgct. Foundation Dynamics
Interaction

IEA Wind 27— 2021 (_® THE UNIVERSITY OF TOKYO




OC3/0C4

OC3(Offshore Code Comparison Collaboration) TIZE//\(JL, =, R/\—iF
{&. OC4(Offshore Code Comparison Collaboration Continuation) Tl v4 vk,
IV TERERNRELT. IHFEEEVOREIZEBL., BHTO—FOHBELLLE-
¥R (verification)&{T>TE1=,

ETIL
. B EILNREL 5MW
. XFHEEYEEE
. RAEREDT 321ty
MEEE
ER e B =T
. BXBHREEYICE
Monople  Tipod  Sparfoster eck Ounladnr HEERmES—X%
OC3 (Phase |, Il, 1lI) OC4 (Phase |, I1) EE
2005-2009 2010-2013

IEA Wind 27— 2021 (g7 THE UNIVERSITY OF TOKYO

OC5

« OC5H5Tldverificationk Yt validation[ZE
mEEl
- verification: ETJLDIEEREE. ¥1E
ETILHNIELLBIEETILIZEESN
TLHH?
- validation: T—2IZ K55, BETE
TILHYIBERESET HH?
« SMEBIXIDDIVRATLEETIVIEL.
ATERREZEIEL LT S,
s ERAEZFAKXMAXTR
o TARIIKEHBREEBEODT—42

mAHEES Y
- 1F Et% *7‘]‘ liOCS(Offshore Code DeepCwind Tank Tests
Comparison Collaboration @ MARIN

Continuation with Correlation)

IEA Wind 27— 2021 (g7 THE UNIVERSITY OF TOKYO
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2014/1~2015/5 REBELZLDE/NAILEBGRIADTETIILOE AT REE ZHRET)
2015/1~2016/5 1:50 R — )L YT ZR(ER A - Flk 7 - HlEH OB B REFREE)
2016/1~2018/5 ERT—ILo vy AR EER T —ILBEEDIREE)

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

IEA Wind 27— 2021 (¥ THE UNIVERSITY OF TOKYO

OC5 Phase |l

Marin (US) TiTtHhnt= :
DeepCwind MK #EEER |
%% & &L 1=Validation

Hub height =90m . _ +41.8m
Top of tower

78.2m

DeepCwind Tank Tests
@ MARIN

IEA Wind 27— 2021 (¥ THE UNIVERSITY OF TOKYO
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Wavemaker

Structural
dynamics

optical target

Phase I: Phase II: 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
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Phase 2 E//\A )L ERE L EED IR B /£

Yawbemme——=——N\. Tower Top: Ax [m], Fz [N], My [Nm]

RNAFEFEHELLTEEZEINTLS,
(BEDESEHDEEE—AVMEESR

105.63 m

Tower Base _ l Tower Base: Ax [m], Fz [N], My [Nm]
Mean Sea Level v a
30m
Seabed I— Seabed: Fz [N], My [Nm]
45 m
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Load Case Table (1.x/ 2.x) 18/10

Comparison

ead Enabled DOFs Wind Conditions Marine Conditions
Case Type
Tower, substructure )
é 1.1 (clamp at seabed) None None Static response
©
E 1.2 Hower subst_mcture, None None Static response
o foundation
Is _
= Tower, substructure, Fx = 1500 kN at yaw .
(2] 1.3 FOUnEtGH bearing None Static response

1.x FRRIARAT
2.x EAERET

IEA Wind 27— 2021 & THE UNIVERSITY OF TOKYO




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

Tower, substructure,
foundation

Tower, substructure,
foundation

Prescribed time series
at yaw bearing

Viun = 9.06 m/s
Prescribed time series
at yaw bearing
Viup = 20.90 m/s

None

None

Time series
(t=3600s)

Time series
(t=3600s)

Tower, substructure,
foundation

Tower, substructure,
foundation

Tower, substructure,
foundation

None

None

None

Regular waves:
H=550m,T=90s

Irregular waves:
Pierson-Moskowitz
wave spectrum
H;=125m,T,=35s

Irregular waves:
JONSWAP
wave spectrum
H,=760m,T,=8.6
s,y =5.00

Time series
(t=90s)

Time series
(t= 3600 s)

Time series
(t=3600s)

> 3.1
5
BEfRE ¢t
= 3.2
41
BEE & 42
2
4.3
KEE g s
+ 3
REE

Tower, substructure,
foundation

Tower, substructure,
foundation

Prescribed time series
at yaw bearing

Viup = 9.06 m/s

Prescribed time series
at yaw bearing

Viup = 20.90 m/s

Irregular waves:
Pierson-Moskowitz
wave spectrum
H,=1.25m, Tp=5.55

Irreqular waves:
JONSWAP
wave spectrum
H;=375m,T,=75
S, y=1.37

Time series
(t = 3600 s)

Time series
(t=3600s)

IEA Wind £33 — 2021
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Task 31 Wakebench 1% WINC

¢ B
® U KIP—ADJO-EFNRUIIAIEFIVORIR. SR UFEER 2B iU RERNR
FEZFILEBIAFI-IT0T1I 6
o T LFHEFIENOEERRZL. ERNRVRVIL—LAT-%1EET3
¢ ZHNE (105EF)
® th[E, 7oY. IR, MY, BAR, A5>24 AR AV1—F > A1 A KEH
€& Phase

® Phase3 201846A~202145A8 : HEFMNV&VEE. IEC61400-155%1F61400-
12-4%BUEESER, A-TOYLIVANIFI—Y
® Phase2 2015%6H~2018%5H : BERT—IUILERUIEIL — LD —JDREE
® Phasel 201156108~201449H : IAJO0XT—IETI. VRVIL—LT-IDERE
& J-I)\wr—->
® WP1: MEPRAEZMAFICHIIZETINDOARIFIY—4 (CENER)
> EPRFAEADVRVDEEARET IEC61400-15 XUIEC61400-12-4
> BAEFINORSFI-IORERVENE
® WP2: JI/JETIDETILASFI— (NREL)
> EPRAAEADVRVDEZARET IEC61400-15
> DIMIEFIOASFI—IDRERVEH
® WP3: 1R ZH MR R UAENEDEZ/EDON>FY— (SNL)
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H=iLE jJK—?—(NCEPU)

=

J-IRI(R

I 943> ‘
FERE)—> IR F—AZERT (HCERI)

FIOX=ITRIKRZF(DTU)
NRRBR

EDF R&D
IFP Energies Nouvelles
Meteodyn

AT TIVIKRE ForWind
J59>2i—J7—IWES
IR)LI>

1oy LK E
SRDAVAR N =

IR KRE

RRAF ‘

MY RIFS—T>HILF425 (WINC)
SEEMBlFERE

HI(FIEERFAA

HZTIRIF— /ZU_'L\X\

FILINTRIAZ (TU-Delft)
CENER

AAZEFTRIAFO—Y> IR (EPFL)
VRIS RARIZEARZFE (HSR)

ITYSKF

NREL

Y251 PEIAAFEFT(SNL)
JOSRRFMILE L
DA A KEFE

Task31 Phase3 Ao>1—

2018%F6H ~ 202145H

20184F6H

WINC

2020118

IEA Task 31 "Wakebench" Phase 3 Work Plan

M6

Year 1

M12

Year 2
M24

Year3

M18 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
D0.1, M0.2: Website in [EA-Wind
D0.2, M0.2: Progress Reports/ ExCo meetings
D0.3: Final management report
MO.1: Kick-off meeting
MO0.3: Annual in-person meetings

RM

RM

RM RM RM 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)
D1.3: Roadmap for wind flow models

M1.1: Roadmap for wind flow models reviewed

~ O =
o
o
o

'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
D2.2: "Wake" benchmark repositories (Windbench)
D2.3: Roadmap for wake models
M2.1: Roadmap for wake models reviewed

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
D3.2: 3rd edition of best practice procedures
D3.3: White paper on wind farm flow modeling and evaluation
Ma3.1: International PIRT implemented

=

£59[E IEA Wind £37— 202142A16H

M= Meeting; Ms = Milestone; R = Report; O = Online
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¢ FRESE
® 202086H17H
® A>T4>
HEWIRE

‘ q:IFEIﬁ%E%Ea ] -
® 20204F10A308 (FK) 11848 (727)
® A>31(>
® XHADMWakebenchT—~X(CDWT

Numerical Site
Calibration Benchmarkc:
the Alaiz case

L
nm

‘ EEEJZL_B =ik
® WESC 2021 https://www.wesc2021.org/en/
® 202145H25H~28H

e Ml Exprimnt (ALEXTT:

® A254> (JU—/i—. RAY) : i
& J0O% : https://thewindvaneblog.com e il e
® V&VODISNI=Z1= -3 KULER 2'0% “The Wind Vane”

& EERERY) : https://wemep.readthedocs.io/en/latest/index.html#
o ENIXINF—ETIGHEFIE (RTTRN)
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A2e - SWIFT (NREL) - Power & Loads WINC

& NRELODZESIAZFERE SWIFT EFNAYFI—52

_ 12 Simulation Name Inflow Model  Turbine Model ~ Wake Model Cases  Institution
. Zb- )L’E\LE (V2‘7[ D 911 _ SSA-FarmShadow Prescribed Ch Gy FarmShadow (SSA) NUS IFPEN
27m) (LB TN OI11(4 95t « S5A-Gaussian Prescribed  Cj. C FLORIS (S5A) NUS  NREL
e » SSA-GaussianlQ Prescribed Cp, Cy FLORIS (SSA) NUS NREL
/'E‘IJ (K H}:E'}-._BIJ @n;{ﬂj) » RANS-WakeBlaster Prescribed Cp, Ct WakeBlaster (RANS) NS PPE
=TT » RANS-EllipSys3D-MOST ~ MOST Actuator Disk  EllypSys3D (RANS) NUS DTU
o E\LE FEEEE%E . 3 D/ 5 Dr 6D « RANS-EllipSys3D-ABL ABL Actuator Disk  EllypSys3D(RANS)  NUS  DTU
_ S PG - « DWMT-FASTFarm Stochastic BEM FASTFarm (DWMT)  NUS NREL
. 69: AO) ES bu% > 1 1$E*E0):ET o DWMT-FASTFarm-LES LES BEM FAST.Farm (DWMT) NUS NREL
)l/ LES-EllipSys3D LES Actuator Line  EllipSys3D (LES) NU DTU
» LES-PALM LES Actuator Line PALM (LES) NU ForWind

/)ILl}_L HE}I-L.T\A-“— (}_L$ |\) l/’j o LES-NaluWind LES Actuator Line Nalu-Wind (LES) NU SNL
D _gxt — |\ E (,j-‘:E_X > I\ ) « LES-SOWFA LES Actuator Line SOWFA (LES) N IFPEN
N

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

DITFAYRFA o

SSA-FarmShadow
- SSA-Gaussian
sane 550-Gaussiani
=== RANS-EllipSys3D-MOST
=== RANS-EllipSys3iD-ABL
—-= DWMT-FASTFarm
—-= DWMT-FASTFarm-LES

—+= DWMT-FASTFarm
—:= DWMT-FASTFarm-LES

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

LES-EllipSys30D —0.4 LES-EllipSys3D
- —— LES-PALM —— LES-PALM
| x/D=3 R LES-SOWFA-2 _osl ¥P=3  N= LES-SOWFA-2
- Measurements ' : f— Measurements
-1.0 -05 0.0 0.5 1.0 mean + 95% C.I. -1.0 =05 0.0 0.5 1.0 mean + 95% C.l.
Lateral distance y [-] Lateral distance y [-]
MEANDERINGED? MEANDERING#&(L?

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

* I RIP- ARRERTOS TN RS \
o SKENFED, MEHICIES > T, SEREAEH R e o amRT
o ERHIRBT,> RI7—LBUAITOZ 1N (NSF, | 20211073 BIBRERURE
Horizon2020, NOAAZEDHEPHFR & S) ey SRR v (2028
o EEEY> RI7— AOHEE/FROERIEN '

20234 17 EHRERIF v <—> (2023
X FIRFET)

® WP1: t#23F%. WP2: >=Z1L—>3>, WP3: 7—9& |-

1]

20224 4B ETIVIRELE. T30 . B
(2024FE9R % T)
o 20245 98 JOPIHMET

| Radicmeter
¢ measuring
| i t""fﬁ"“u" 0.30
i profile
2012-10-08_03UTC
370 051
Predominant 0.72
wind direction $:annin‘g lidar scanning lidar 168 _
measuring measuring wake 093 ‘;‘
I""“_‘” Into of upwind oy
upwind turbine §
turbine 56 114y
=
» °
3 i
2 —1358
= @
3 E
4 1.5{;2
ii"
-1778
£
36.2
.
: 198
Lidar Somic Lidaks Full structural -
measuring anemometers on measuring wind loads and SCADA
wind speed towers measuring speed profile performance data 604 o s - =3 S0 219
profile in frant hl_B"dr::fl"‘“'-'_\f development at each turbine - B - Lungitude_
of plant wind fluctuations through plant -2.40
e BICBBRENED
AR NI BICHITBEE )

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 9114 JETIFvL>> (CENER) - Offshore

& Carbon TrustOOWAZOYSL4 : Wake

WINC

EFINAIFI-D

Models [Code)

Modelling Challenge of e | e | oo Jumeme]
“ 1 Proplankn Wakelaster RANS P13 fme-series wt
. 530)94\/ |\77’_A 2 TU-Delft PARKSS, B::tankkihs‘;l’orld-ﬂncl lN: ey e
eWakeLab)
@ XYRT NI —3AUCEBRAR, (AY-ITAY  [:| o0 | wwewons | oo o]
lej — ?) 7 | (FPEnergies Ilasla:kr::‘.ilr;?ﬁ;tﬂlal\. ENG | time-series ref
Nouvelles N
. . 2N 37 1: -7 2 T =i & | EDF Renewables PARK, PARKZ (windPRO) ENG tme-series wt
ELE t /:|: ,j 0) ) l/,f )(jJ ;'_\ 0) Dq:4ﬁ 9 [ Lloyd's Register WindPro/WakeBlaster ENG bin-averages ref
. j - j)\/y _Z:E;) L§$4ﬁ$5£ 0)*%&;& 10 ANOIYMOUS ANGIYMOUS ENG bin-averages ref
— MW — » " -7 11 ANOIYMOUS ANGIYMOUS RANS | bin-averages el
. @%E,\J (L';?\jj T‘(j 0)} \ 4 ) Z 12 Anenymous Anenyrmous ENG | bin-averages rel
® J7—LRIVIAIFRID)/ AT ANKE 0 s [oormeg]
13 Ensemble 1+2+5+8 time-series wit
36 Array EFiCIency fye 5b BIAS = 1y ) A MAE = [fpm = Muss
= a :
1 ; so |4 ¢ '|I"
L] ' i :
== T g IO C T ; o T o sl
& ' 3 . . B B =
e gy T = T
» > i £ - '
™ 100 [
wh i om  mod ww wh i om  od ah  d  am rod ww
Mbnl (ank) | v Dudgean (dud) i Rodsand 2 (rod) | | Westermunt Rough (winr) |
ey Karrgar 35
3 B - |_‘ i l_r'ﬂ? 1
K | x| vy
I H : Buchy]

NOFI-JFERIIV-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
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Alaiz (CENER) NSC

€ Numerical Site Calibration

24
|

R P
o

|
1
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® Flow Correction Factor (FCF)DEH
e FUHIHARA : 2009/11/24 - 2012/10/7
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Ref.6) J.S. Rodrigo, https://thewindvaneblog.com/numerical-site-calibration-benchmark-the-alaiz-case-b3767918d812
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Ref.7) Gil Lizcano, "Can Mesoscale models reach the Microscale?", EWEA2015 Workshop Resource Assessment 2015.
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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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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.11) A.Clifton, et. al "Wind Plant Preconstruction Energy Estimates: Current Practice and Opportunities", NREL/TP-5000-64735, 2016.
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Ref.12) A.Clifton, et. al "Wind Plant Preconstruction Energy Estimates: Current Practice and Opportunities", NREL/TP-5000-64735, 2016.
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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) DNV GL, Offshore Wind Farm Layout Optimization. https://www.dnvgl.com/publications/offshore-wind-farm-layout-optimization-23951
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o ﬁ*%*ﬂbf“f:@ lj—zpigﬁilzﬁ-g'é Yoshida, S., et a_l., Effect_of Rotor T_hrust on the Average Tower
D—@X%ZFG)%&%E&EEJEIEEWZJ:U%? Drag of Downwind Turbines, energies, 12, 2, 227-241, 2019.01.
JLELT=.
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s YA XBRRZVEFEEBNRBDOEIT/IE0N. X(s)= AIJ. —GXP (S—O')] o

- - i sd
" urbines and s Scle Efocts, Energies 020,18, 5237, 200010, V()= A [ = Lexp[ b, (s-0)]do

Munduate, X., et al., An Investigation of the Aerodynamic Responses of a
Wind Turbine Blade to Tower Shadow, J. Solar Energy Engineering,
126, 2004, 1034-1040.
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Nacelle Frame

Bearing

Brake
Caliper

Brake Disk
Downwind Tower
Rotor Yaw Torque
g

Passive Yaw Outlines Typical Yaw System
Kiyoki, S., et al., Evaluation of wind loads by a passive yaw Okuno, A, et al., Validation of Extreme Loads of Wind Turbine
control at the extreme wind speed condition and its verification by by Measurement Data and Simulation, JWEA Wind Energy
measurement, GRE2018, 2018. Utilization Symposium 2018.
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Kiyoki, S., et al., Evaluation of wind loads by a passive yaw Okuno, A, et al., Validation of Extreme Loads of Wind Turbine
control at the extreme wind speed condition and its verification by by Measurement Data and Simulation, JWEA Wind Energy
measurement, GRE2018, 2018. Utilization Symposium 2018.
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REDFE(THIT473—) REFH (v Ta—)
Input| wi — Input| wi T
? w'"g_f Wind direction Wind | wind direction
conditions| .tast change: input conditions| .fast change: input
=slow change: not input New|parameter | -slow change: input (constant) |
Initial yaw misalignment Initial yaw misalignment
=consider max. and min. = appropriate (stabilization time)
Wi"ﬂj Yaw response Winig Yaw response
turbine -fixed except for yaw control turbine ~appropriate dynamic behavior
I Aeroelastic analysis I | Aeroelastic analysis I
Result Result
Data exclusion Data exclusion
-initial stabilization term of rotational speed etc. «initial stabilization term of rotational speed etc.
+initial stabilization term of yaw misalignment
Wind turbine behavior Wind turbine behavior
-average yaw misalignment : basically initial value -average yaw misalignment : depend on inputs
| Strength evaluation | | Strength evaluation |
Kiyoki, S., et al., Evaluation of wind loads by a passive yaw Okuno, A, et al., Validation of Extreme Loads of Wind Turbine
control at the extreme wind speed condition and its verification by by Measurement Data and Simulation, JWEA Wind Energy
measurement, GRE2018, 2018. Utilization Symposium 2018.
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1. 58 3. Bt A%

s B9V 4RBETIET7ZYTI4VRRELY « NRELOVARTFLIVSZFPYFa—F
IFEETILXFOINLGTL—FA EAATEE. WISDEMTART—L v RO DEEFEELTH

. AHUn U RREDTY—a—IE, H5R1E Bl

F=IXTTHFI.
4. fETSRE
2. B¥ - BEISX:1A
« JSRA1DIOMWEEIZE LT, A—2HIEBICk « F IOV R FYRVMIEL
DRKREFET 5. « TYT942F-1:FTYRUFLEBR6m

" LCEIRHTHZTURVEORBERNTS. . pygey o k-2:TYRUH LB20m

Objective LCoE (minimization)
Blade: Ultimate, buckling, and fatigue strength, natural frequency,
angle of attack, tip speed, root diameter, and deflection (upwind)
Tower: Ultimate and buckling strength, natural frequency,
manufacturability, and weldability
Blade: Chord, twist, airfoil, spar cap thickness, TE panel thickness, and
Design prebend (upwind)
variables  Tower: Outer diameter, wall thickness, and waist position
Others: Tip speed ratio, rated rotational speed

Namura, N., Shinozaki, Y., Design Optimization of 10MW Downwind Turbines with Flexible
Blades and Comparison with Upwind Turbines, J.Phys.: Conf. Ser. 1618 042021, 2020.

Constraints
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YRREIZT7YT 1 KEYELCOEMIELLR
3.

« Thik, BETRALUS—0DILFL TG
TL—FIZ&Y, REBHEIIIETITSHHN, X
SAMHEFRERNADBERELICHF 5T 516
THAH(RH).

« ZZT, TYRINTL—FDaRMBE, &
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----- Upwind (Case-2)|
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= E
®, 98 c
w 2
S o g !
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Rotor diameter [m] Blade position #/R [-]

Namura, N., Shinozaki, Y., Design Optimization of 10MW Downwind Turbines with Flexible
Blades and Comparison with Upwind Turbines, J.Phys.: Conf. Ser. 1618 042021, 2020.
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Namura, N., Shinozaki, Y., Design Optimization of 10MW Downwind Turbines with Flexible
Blades and Comparison with Upwind Turbines, J.Phys.: Conf. Ser. 1618 042021, 2020.

2 KYUSHU UNIVERSITY

8. RRMEO®:WP2-2) FHo 4 RE—D24 08




W, KYUSHU UNIVERSITY

8.1 =245 OBE (UVA/NREL)

1 HBEL' Noyes, C., et al., Analytic analysis of load alignment for coning
) extreme-scale rotors, Wind Energy, 2020:23:357-369, 2020.
o RZAMEEDAIZKY B FRDFE EHEIE
[C&YEETS.
« B4 FA—3DEF—T40 T IZKYT
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= = CART-2 Noyes, C., et al., Analytic analysis of load alignment for coning

SaSese extreme-scale rotors, Wind Energy, 2020:23:357-369, 2020.
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B A. Duffy et al.,, Land-based wind energy cost trends in Germany, Denmark, Ireland,
Norway, Sweden and the United States, Applied Energy, 2020

B REEOABRICTOVTHREDOHME (Fith, IEA Task26: BAAWFKEIRX DO EKELLE, B AR A
IRILF—2K3EE, Vol.44, No.1, 2020)

1

LCOE (€/MWh)
c688883833888
<

DE DK IE NO SE US EU
[12008-10 LCOE,,, M2014-16 LCOE,,, LCOE,,,

(XER2KYELH ., FRERDT)

2008-105F &£2014-16F DT, HFEREBEIXHAERLTLVS

&L Ea X (Levelized cost of energy: LCOE )

z LCOE X E, X (1 +17,)™" = z(cn +OM,+D)(1+7,)™"

CRF X Cy + OM

LCOE E Yo (1 +7r)™
Co, tHIERE r E|5| 2R
oM f#HEEEE n IBER
D BEE E FRIREE

“Wind power deployment has been supported
by energy policies and by cost reductions.” Wiser et al., 2017
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Table 1] Turbine fleet age structure in leading countries for
onshore wind energy

Denmark Germany Spain EU28 USA China
Cumulative 44 53.2 235 1607 977 206.8
capacity
installed in
2019 (GW)
Share of cumulative capacity
>10 years 55% 43% 73% 39% 34% 7%
>15 years 26% 7% 17% 6% 04%
>20 years 23% 4% 3% 3% 1% 0.2%

The table shows the cumulative capacity of installed onshore wind energy and the age distribution
of installed turbines in selected countries. Data from refs. 4242, EU-28, European Union 28
countries.

(XHRE LY EREL)

energy repowering and their implications for energy transition. Nat Energy (2020).

JIRDYD T DREENREFRRAICEET ILE
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Kitzing, L., Jensen, M.K., Telsnig, T. and Lantz, E. Multifaceted drivers for onshore wind
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B On-site approach to repowering < Off-site approach

Political
bargaining

’l ~  Commissioned turbine

X

-
o Settlements
-

Dismantled turbine

1.5 times the total height of
commissioned turbines

4 times the total height of
commissioned turbines

(XERS LY EREL)

Cumulative noise violation
zone

28 times the total height of
commissioned turbines

~

prgun
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Table 2 | Onshore wind energy projects developed in Denmark 2012-2019

Number  Total Average Range of Total Average Average Range of Average
of number of numberof numberof capacity capacity capacity capacity per turbine age at
projects  turbines  turbines turbines (MW) per project per turbine project (MW)  dismantling (yr)
per project per project (MW) (MW)
Greenfield projects 58 272 47 1-21 804.3 13.9 3.0 2-46.8
Repowering projects 36 -1 0 -14-16 576.8 16.04 015-65.9
(net)
Repowering projects 220 6.1 1-22 7319 203 33 0.2-774
(gross additions)
Repowering projects 221 6.1 1-35 155.1 4.3 0.7 0.075-23.0 18.6
(gross reductions)
Non-repowered 380 78.8 0.2 244
dismantled turbines

See Methods for details on the derived numbers, and Supplementary Note 3 for more detailed results.

(XS LY EREL)

 FBRTODIIRDSE. 38%MNYNDYY s Tav ok
- BERBROBREOREHRIL. BMEREHL244F(ZHL YD) VT EE
[£18.64F

VT RSN -EHD 16

Table 6 | Wind turbines dismantled in repowering projects by dismantling reason

Space Noise Aesthetics Aesthetics or Politics Politics or Politics, Unclassified
noise aesthetics aesthetics or
noise
Number of turbines 139 28 20 10 6 6 10 2
Capacity (MW) 103.8 12.2 n3 67 6.3 59 7.4 15
Average capacity per 0.747 0435 0.566 0.669 1.050 0.983 0.740 0.750
turbine (MW)
Share of number (%) 63 13 9 5 3 £ 5 0.9
Share of capacity (%) 67 8 7 4 4 4 5 1.0
(XRRE LY EREL)

- SMEREOEHE. TRHNOMICES - =8 -BUAHNERLHS

« On-site approachTIZU/NTY2 T DR FESN=-REL)/D)UT
[CTEZRINT-REOH ADLER) [X7.05F &1 f-H ., Off-site
approachTlE4.72{& L5 s 5,

. 'J/fb'j DT &, TSR EL T TG 2 ERE R £ ERITER
Al BE
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20145 ENH2019EEFEETD -PRARBFFZHR (AEM)
BRIF ERHFEE PHERBFFIEHD (FEH)
- FRIRBEF
PHia(miE L IRER 36M/kWh 3 REE(ME 29M/kWh
BAHE (BERES0) 56.57M/kW 51.275M8/kW
RS 2.2575M/kW/ 4 1.845M/kW/
W= EAXRBED5% 10.775M/kwW
H{EFIAR 30% 33.2%
o - 10% 10%
5 HAR 204F [ 204FfH
(XHk6&YEREL)
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Market Analysis and Insight
https://ore.catapult.org.uk/our-impact/market-analysis-insights/

‘Macroeconomic benefits of floating offshore wind in the UK’
‘ The benefits of hybrid bottom-fixed and floating wind sites’
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Beiter, Philipp and Kitzing, Lena and Spitsen, Paul and Noonan, Miriam and Berkhout, Volker
and Kikuchi, Yuka, Toward Global Comparability in Renewable Energy Procurement. Available
at SSRN: https://ssrn.com/abstract=3770991 or http://dx.doi.org/10.2139/ssrn.3770991

Levelized Revenue and Value of Electricity

LROE + LTV + LIDV = LRVE = LCOE,,

LROE  :Levelized revenue of energy
capture all possible revenue streams from energy
production and capacity provision

LTV :Levelized tax value CKEI D% EFIZERRITC)
capture dedicated fiscal support received by a project in
the form of preferential tax and depreciation rules

LIDV  :Levelized infrastructure and development value
(FAY. TUOR—UTOREEBRITHT )
capture the value of broader infrastructure and
development expenditures that benefit a project
regardless of the paying entity
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Figure 2: Calculated LVRE compared to face value prices and LCOE estimates

Notes: Data from Bloomberg New Energy Finance (2020) shown in dark grey; International Renewable Energy Agency (2019)
shown in light grey. Bloomberg data depict the low to high range (midpoint indicated by a dot); International Renewable
Energy Agency data depict the range from the 5th to 95th percentile (weighted average indicated by a dot). LCOE ranges are
depicted for the commercial operation date of the selected projects and both are not available for all projects.

https://ssrn.com/abstract=3770991
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Hand, M.M., ed. 2018. IEA Wind TCP Task26-Wind technology, cost and performance
trends in Denmark, Germany, Ireland, Norway, Sweden, the European Union, and the
United States: 2008-2016. NREL/TP-6A20-71844.

Duffy, A., et al. Land-based wind energy costs trends in Germany, Denmark, Ireland,
Norway, Sweden and the United States, Applied Energy, 2020.

Fih, |EATask26: B AFEBIRCDERLE, BRRAIRIILF—FREE, Vol.44, No.1,
2020.

FEMSFEREETRER, FASIEELROREMSEFICETLIER, 2019.

Kitzing, L., Jensen, M.K., Telsnig, T. et al. Multifaceted drivers for onshore wind energy
repowering and their implications for energy transition. Nat Energy, 2020.
FEHEFEMEZEETERER, EH2, BIRBEAAEICE AT LS AEHICEAT LG
FREEIZOVWVTHOZERE, 2020.

Nanoon, M., The benefits of hybrid bottom-fixed and floating wind sites, ORE Catapult
Report, 2021.

ORE Catapult, Macroeconomic benefits of floating offshore wind in the UK, ORE Catapult
report, 2018.

Beiter, P., Heeter, J., Spitsen, P., and Riley, D, Comparing Offshore Wind Energy
Procurement and Project Revenue Sources Across U.S. States. Technical report, National
Renewable Energy Laboratory, 2020. https://www.nrel.gov/docs/fy200sti/76079.pdf

10. Veers. P. et al., Grand challenges in the science of wind energy, science, 2020
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