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ShNE : 160E- Mg (B4, PE, I—0v/0 (V=Y. RAY, A1) | RE, KEZ) .

X RLF— BFH FE. CWEA, TOX—9 ZARA2, T4V R RIY AT R 4507 BAR, BE., A5>4., JII1—, AV1—7> HE, K

Task 1108/ : Task 11(CSINTERREAN-NEBLRH I ZILBEOATTAFE NEYI(CBEL T, BPISRE OFIITE
T EEL CRERITZIRE I3,

FRESED TEM (Topical Expert Meeting, BEfizk&:%) TBEULZEDAFTHROSIIRTOIEIRIIIGEL
RP (Recommended Practice. #:2E%) DRIE.
TEM : FAOFEERME,

XN-EH50=Z-ZXHEVAFKHFEREYI(COWVT, BPFIFREZBEUVIBIRMZITOIL (LD, BT
BERAMOIRBEOR bz (et

RP : Task 11 TEM. IEA WindROftiDTask;EENDR SR 2 HELZEHEL U THIT.
ZOAh : Task 11OTEMEL CGESRSNTEATAR T - B TaskE U TRE I3 —AN'%<, IEA Wind
DPRTHEREEARNRTask,

IEA Windh"FBATUIHEREENRRERD, IEC 614005 U—-ANMREENZT—A6Z< BARE
KD EFREFE(LICHU TRECER.

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 3

Task 11DHIE ZasT

Task 110H# :

«  Taskl1l(CBNFZZEXDN-NEEELRHMI DILBEOAIHF NEYI(CEIL T, BPIRMORAMTERIZHZ @ T
RE Rt RE T S

OA (Operating Agent)
> ~2008% AJ1—7>. FFA (fZEAZEFT) . Sven Erik Thor
» 2009~20154%F ARA>, CENER (EXxzZB&nJgEIRILF—t>4—) | Felix Avia Aranda
> 2015~2016% A1~ CENER. Xabier Munduate

> 20178~ A4, Planair SA
(##R] NETEIMAFTEBEOMTIR—Sr—I3ANA N Task 11 OARFEDHTIBNIEN. TEMZEDAARY MPiE -
EERRN - SHRIVCKEMES 2B SNS. NRICED, BERRE IR T -EEDRM I YT I THD
Planair SAN2017ENS0ALL TG I BT EEROT,

ShE : 16DE - ihis

o NIF—HFH HE. CWEA, TOX—1, ARA2, T4V R R PALIOR 45U BA, 8BE. 4524, J
WI1— A01-7>, RE. KE
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Task 110EREENARE st

(1) TEM (Topical Expert Meeting) #EBUERHHARRREOZITIR

OISR
- FAOIEERE.,
- ZOBRBETOZENSOZ-INEEE VAT NEYIC DOV TOIEIHRZ

WzITICLICED. BB ER M DIRERDF b (BHtE

«  Task 11OTEMEL CGEREmESNICIAFRBER T — YR TaskE L THRET
27 —-2ZN%<, IEA WindDF THERHEARMN R Task.,

(2) RP (Recommended Practice. #BE%) DFRE

- BAEORERERTTEE. BRNCH—UR - IS ETHIEEZISND
D BIREOHEREEE(COVT, FEINSOIFR/N-MENILTRET %,

et e 1 - . . . Impacts on Radar” (2015/10. RqY) FfE
o COZRIEHERINEEN. [EC 614003 -ADRERERD, RAOFMOE  zesireass i

BRIFEE(E(OH U TARSBREMEZRL TV S,

« IEA WindDk—AR—SHSE/HICIY>0-RaJEE,
» https://iea-wind.org/recommended-pratices/

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 5

TEMbH'S#FhTask\DFHE st

f

TEM #86 - Downwind Turbines.
2016/11. Tokyo. Japan

( )
Task 40 — Downwind Turbines (57
>4 REEE)  HAN S TTaskisE

EZHITVEGRSN., OAZTED D,

\_ \_ _J
( . ( )
TEM #97 on Wind Farm Controls. Task 44 - Farm Flow Controls (94

2019/09. Amsterdam. The > RI7—Limn®liEl) . ExCo86

Netherlands (2020.11) (CTHEER. 2021.1n5RE88,
\_ \_ y,
-

-
Task 46 — Erosion of WT Blades

(REJL—ROIO—->3>) . ExCo86

L (2020.11) (CTHAER. 2021.173‘55%!2‘5‘0)

TEM #98 - Erosion of WT Blades.
2020/02. Roskilde. Denmark
\_

«  2020%(CRfEENT. TEM#99 (Floating Offshore Wind Arrays) . TEM#101 (Hybrid Power
Plants) . TEM#102 (Airborne Wind) (CDWTH. FrTaskiZZ=MHRET. ARRMEDHSN TS,

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 6




IEA Wind RP = IEC 614003U—-X

«  IECICHIPERRFRIEXBORECZ. FFHZEID (BESEMUL)

« IEA Wind Task 11ICBVWTERESINDHEEE% (RP. Recommended Practice) (&, LDFEVEART (G@F. 1~
3FIEE) TEREIN. CORPHIEC 614003 -XDRELER DT — AN, BADFMTOEPREE/GICH U TARER
HutzRrLTW3,

IEA Wind Recommended Practice 10 (RP10), Measurement of Noise
Immission from Wind Turbines at Noise Receptor Location

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

INTERNATIONAL
STANDARD

Pt et st

IEC 61400-11

@ AIST

Conate o Putow, Caluborase Eoguetr

Acoustic noise measurement Techniques

R P R - L AIST
ecommended Practice S
4

No. B4RV B4 IL (FRERE) 1R | 2hR | 3R

1 |Power Performance Testing BAEMRERERAE 1982 | 1990

2 |Estimation of Cost of Energy from Wind Energy Conversion Systems BAEBRIRATLOIRIILE—RNOEEFE 1983 | 1994

3 |Fatigue Loads EHEE 1984 | 1990

4 |Acoustics Measurement of Noise Emission from Wind Turbines REOBEERAE 1984 | 1988 | 1994

5 |Electromagnetic Interference) BHRES 1986

6 |Structural Safety BEOREM 1988

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

8 |Glossary of Terms e 1987 | 1993

9 [Lighning Protection EERE 1997

10 |Measurement of Noise Imission from Wind Turbines at Receptor Locations REQREERTAERE 1997

11 |Wind Speed Measurements and Use of Cup Anemometry REEH &Ny T X EE DOFIA 1999

12 [Consumer Labelling of Small Wind Turbines INEREDHEEINIVT 2011

13 |Wind Projects in Cold Climates EAMORNEEITOD I+ 2012 | 2017

14 [Social Acceptance of Wind Energy Projects BAFETODIrOHREREMN 2013

15 Ground-Based Vertically-Profiling Remote Sensing for Wind Resource AAh ﬁiﬁ%%ﬁ{ﬁﬁa{f:b@t&i%&ﬁﬂiﬁﬂ:l??{ 2013

Assessment YoG)E—EIT Y

16 |Wind Integration Studies BARBEORMERICET HAE 2013 | 2018

17 |Wind Farm Data and Reliability Assessment for O&M Optimization %‘Qi%‘mﬁ@W’W?_L"_"_".‘“%&UE 2017

18 |Floating Lidar Systems FRRSAHE -V RT L 2017

19 [Micro-Siting Small Wind Turbines for Highly Turbulent Sites BELRYAMNIBTBIMEREDIAOY (T 424 | 2018

20 |Selecting Renewable Power Forecasting Solutions BEARIRILY—KREENETR 2018

+ https://iea-wind.org/recommended-pratices/ H»5. BHE[CHY>O-KA#E,

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 8




RP, Recommended Practice®

<9

iea wind

EXPERT GROUP REPORT ON
RECOMMENDED PRACTICES
MICRO-SITING SMALL WIND TURBINES FOR HIGHLY TURBULENT SITES

15t EDITION, 2018

Submitted to the Executive Committee
of the International Energy Agency Programme
for
Co-operation in the Research, Development and Deployment
of Wind Energy Systems (IEA WIND)

October 2018

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

@ AIST

Conate S B, Colborate Fogushur

IEA Wind Recommended Practice 19 (RP), 1st Edition (2018),
Micro-Siting Small Wind Turbines for Highly Turbulent Sites

Obstruction of the Wind by a Building or a Tree of Height (H)

Recommended turbine exclusion zone
v, ’

Region of highly
turbulent flow

Figure 1. Zone of disturbed flow over a small building [1]

=IEDTEM (2020-2023)

@ AIST

Conate S P, Cltorate Fogusbur

> 20224 (31081, 20234 (F5EORE

EWZRCEWSEZE TRIET 2.

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

20204 (3A> FA S BERAAERD, COks. BRIOSHEN100% (UUFTE20EEE) BECBXZT -2,
OEY 2EHMIZK(S. [EA WindERZER(CHIFZEENSOIRRZHEX. Task 11IBHEE/IMERUEHEF (WEITH) MR -0 L ERNZEERNUNEDOKICT

Year |TEM# rEYY k= BREE BAND DS ME GRFRE)
110 Instrumentation Development (51811255 %) 2023.11.2 KE -
109 Grand Challenges in Wind Energy Follow-on (R AD I SURFrLIY) 2023.2.28-3.1 KE -
108 Technology Transfer (B #i#$%z) 2023.2.22-23 AUTAUBE -
107 Wind Energy Research Needs in Emerging Wind Energy Markets Py
2023 GRENBICA BANFED N B
Renewable Hydrogen in 100% Renewable Energy Systems " = e TEREN KHR - 1E
1 2023.9.5- -
o (BETETILF—KE) 023956 | XE&ALSIAY A R b 5B
Sustainability / Harmonized Life Cycle Analysis
105 N 2023.9.21-22 -
(FHRTTRENE/\—E 4 XFLCA) e
2022 104 Wind Farm Asset Management(BlhHEBFRIOZEEEE) RE
103 Offshore Wind Licensing and Consenting (¥t B AFKED R A) 202228-11 | Ao 548t | -
2021 FAfEREL
BURERSL KB, JLKE - Mostafa Rushdi, BTEEE&
102 Airborne Wind Energy (T 7 R—2RH) 2020.9.23-24 AUTAUBME | THEAL BENIHRKKAR. BHKRSE. FI2RE
(UWEAZHFENREHARR)
2020 101 Hybrid Power Plants Challenges and Opportunities (/\{J 1)y R E) 2020.8.24-26 FoSA B B/ —Y)1—a 0 A -FI-#
100 Aviation System Cohabitation (128> X7 L ED ML) 2020.12.8-9 Fo54 R
99 Floating Offshore Wind Arrays G2AZ ¥ L BEDERIIZE) 2020.7.15&17&20| #>54 B#E EKERIEM
_ . . [ i — EGHED
98 Erosion of Wind Turbine Blades (REEDIO—Y3Y) 2020.2.6-7 TUR—Y (UWEAT L— PR S
o FARIOTEMORENIER,




TEMBR{EIRR st

Technical Results / Deliverables (‘
20234E(C(F. h—4)L5EOTEMOBIEENT. « 4 TEM realized, 1 TEM coming soon 1EAWind TCP
* TEM # 105 On LCA . New TEM Title Fm'(’l.oes:dd o Core Team Lead Ta'e Taf::‘re'::l\:te Location Status

> }DEIE% . Z'(Z [Sustainability / Harmonized Life Cycle —_— Matthias Stucki, Ol.ars. — Wadenswil
> B 'fﬁ = %i £ 202 Zﬂzg H21~22H 1] 05 e Iswitzerland 22{ ::v‘x: mer s sept2122 | o o) Made 3
> Fﬂﬁ{&tﬂl . 147\\ 'j\I_i—\\/Z'j\'f}l/ :::::ar"wg::;azh:
> §bu% : 33% 2 106 Renewable Hydrogen in 100% renewable |Ireland - New :m:ﬂ;h;:r:tiiel 01.mars.| September 5-| Boulder (US) Made 88
° TEM # 1 06 On Renewa ble Hyd rogen fenergy systems lead by US m:irz:ripc\;laé;’an 22 6th 2023
> IRE  7ANIUR CKE v nagodo
> Ffﬁ{EE %EDE . 2023$9ﬁ 5~6 E (A:Zd)yumun, Ines March2and [0 o ]
> Fﬂﬂ'f&i‘m : * . ]Da F')‘l‘l 7ﬁ} l/g‘_ + 7',\/5’(\/ 4 108  [Technology Transfer |Germany @nyr:a, Stephen loct.22 a":ozzsgrd CET) Made 32
> 527][1% : 88 & (EKD“B:B%%’JD) 6| 109 (Grand Challenges in Wind Energy Follow-on|o>" UM Paulv?er:'\,& 5 g;""a“' st;:'nl;laarrych Boulder (US) Made 126
e . [Mike Robinson st
+ TEM #108 on Technology Transfer oy Herges, oo vt [ penver u5) - "
> }IEEﬁ : |{¢(\\J 7 110 |Wind Instrumentation Development :if;g:m' Mor\‘ariyé)avid’ g;.mars‘ CScfience | tSE:Len Registration closing] part?clipan;s
> FERTRE : 20234F2H22~23H sde) Hotel
> E%&g : ﬁ)g’() 592[MlExCo=ix (2023%F10A) OHIFdTask 11FREER ($k4%)
> & : 32
« TEM #109 on Grand Challenges + TEM #110 on Instrumentation Development
> IRE KE > RE KE
> BfEBRTE : 2023F2H28H~3H1H > BHMERRZ : 202311828 (NAWEA WindTech 2023 Conferencef##)
> BEED : KE. J05RINRILY - > FEMED : SKE. OS5 RN -5 >)0—
> BhE 1264 > ENE : 2448 (ExCo92iRERIDEREE)

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 1

TEM #106 on Renewable Hydrogen _—=

RTa—)L:
o IBE : VMITUR. KEFH Day 1: September 6, 2023
09:00 Opening Remarks
- [F{EETZE : 202384F985~6H 09:10 Workshop Objectives and Expectations
‘ 09:15 International Energy Agency (IEA) Wind, Hydrogen, and Photovoltaic
. BEMENE : SKEL JOSRMRILAS—+A>51> Power Systems
10:45 Networking Break
- ZHI&E :88% 11:00 Participant Lightning Round
~ 12:00 Networking Lunch
\ = .
> EZKD bOD/ }JD% 13:00 Breakout Group Objectives and Expectations

> REOEEINKFE BEMZEBED. = — 20T 13:15 Breakout 1: Infrastructure and Grid Integration of Clean Hydrogen

14:15 Breakout 2: Policy and Market of Clean Hydrogen
> EF\' =3 \Eﬁﬂiﬂ’mt/’i— Kiﬁkgﬂﬂﬁﬂniﬁ'& 15:15 Networking Break

15:30 Topic 1-2 Group Report and Discussion
16:15 Wrap-Up and Adjourn

HAIES (KIBERESIRMN
2 BRIICHRBRERETEL. J—2KETT MDY RF LT~ Dav2Seplember7, 2023 .

(L ERICESET AR L. RITBHOBRST, HEMDE  oqe $;§::gugf(;;y;t::;2339;:;1;3::% of Clean Hydrogen Plants
M. IR, TSRO B SHIEANAT TO—FHANE THS. ; :

B HBEE O — XA 1T DS AT E BB A, FIEH 1100 Oroup Discussen
TIZMHIROBENT T ML OBRENRDSN S, &l 2#4L, 1215 Networking Lunch

7538, 1-25 - 20BRALE AT CEBN AR/ 1375 Group Discussion

RTHD. CNHSORDEHEBUT, 77/05-DELRITH KR . GfougrDlir;?:us;eisn

I;?‘) L:‘:_/ZTA@*:I:EI :t/ﬁﬂlj 7&%1%}]” éﬁé%‘gb\@éo 16:00 Wrap-up, Next Steps, Q&A.

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 12




SEDTEMREETE

1DOTEMA20244F(CRETE (TEM #104) |

1DDTEMBRY T IREE

v

TEM #107 on Research Needs
> IR 7MIIUR

> BMERRE : RE

> BN - KE

TEM #104 on Wind Farm Asset
Management

> 1BE  7TMISUR
> BMERTZE : 20244 (FFHERTE)
> FME | RE

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

(TEM #107) -

@ AIST

Conate S B, Colborate Fogushur

Technical Results / Deliverables
« 1 additional planned TEM
Proposed by

(Ltead  CoreTeamLead
Member)

New TEM Title

[Wind Energy Research Needs in Emerging
0 rela
[Wind energy markets

44

IEA Wind TCP

Target Date
for TEM
(Qtr/vr)

DateTEM
proved

#of
participants

Need of a new hos]
Not defined | to consider in top-

down

Wind Farm Asset Management lIreland,

2024

5592[MExCo=i%k (2023%F10A) OHF2Task 11IREEN (R

TEM MEVIETERE

72O REYHERENS, EXCOXZI\—(CFBIEZEICLD.
4DMNEE (TEM#XF) SN, TEM#111~114¢
LTA&ESRSNZ (ExCo92) .

Net Zero Electricity System Studies
(xybEOYATA) - TEM#113

Use of reanalysis data in the wind
energy context (Bf#thiT—4) -
TEM#111

Artificial Intelligence for Wind Energy
(AI0EE) - TEM#114

Grid Integration Study of Type-5 Wind
Turbines: Recommended Practices for
Modeling and Validation (R#HER)
Floating Vertical-Axis Wind Turbines (2
AW EE/EE)

Impact of Extreme Weather on
Offshore Wind Energy Systems (G¥.t
BESK) - TEM#£112

Internal Need: TCP Int & Ext
Communication (RE=—X)

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)

AR

@ AIST

Conate S P, Cltorate Fogusbur

Vote results

2

IEA Wind TCP

Topic Host Target date Proposal for ballot
7: Impact of Extreme Weather
on Offshore Wind Energy Approved and prioritized by
Systems USA S2 2024 majority
2: Use of reanalysis data in the Approved and prioritized by
wind energy context Denmark  S12024 majority
Approved by majority,
prioritized if host and
location are confirmed within
1 : Net zero Electricity Studies Ireland S1 2024 2 months
Approved by majority, host
3: Artificial Intelligence for Wind has a target date in 2025 —
Energy USA S1 2025 approved for 25 ?

38

5592EEXCon (2023%F108) OHIF3Task 11IREER (HhA%)




F&o — IEA Wind Task 11 Zast

- IEA Wind Task 11(3. SF4[OIFZERHESNSTEM (Topical Expert Meeting) Zi&U. A
HESERY b EYIDIBHRHEEZTS. EIFEMICHAEOS\EETRE,
> TEMICENNUET—NICEI2MtEDFFIREZER I DF(CLD. EROBEERMILAE L
HEAFEN 3.
« IEA Wind Task 110OTEMAY, IEA WindICH(F2FT TaskNFERE I 37 —INLL, itz
(CRALTAZS 7 F I 2B — D DB NRFETHD.
> Task 115 IEA WindOH TeREEREE RS TaskiESE,
- SEOTEMREWS
> MBS TOMFHR -
> BEEE
> RyMEOS AT A
> BT —4
> ANILAgE
> JF A BERSR
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Task49 SEAKTtiE £ A S EFROMA B
Integrated Design on Floating wind Arrays (IDeA)

Atsushi Yamaguchi
yamaguchi.atsushi@g.ashikaga.ac.jp

AUG

ASHIKAGA UNIVERSITY GROUP

« FARKFELRAFREAIE2020FIRE. HET7TIMWHEEEL T
WBIZEZELZOD, SEI10ER CTREMNGZEXAEIFINTILNS,

3,600 | mm touth Kerea
e Saud) Arates
= 3,200 { mm ran
’ O 3,688 MW has been
E . announced through 2026.
> 2,800 1 wm crvna
g .
G 2400 1y Gmted St
G ek atd
§ 2,000 o evaen’
§ 1
é 1,200
3
800
g
v
400
0 : Musiel et al., (2021)
2008 010 2012 201 8 2020 2022 2024

] 2016 201
Commercial Operation Date

. Task49l. HEEEIHT2FARE L RNEBHORER
ISET B0 BEMEFHXE ERANRERETEL. BEY
RRAFAOHMAS LUREY—LEBRT 2.

[EAWind €3+ — 2024




Task49 J—2/\w/—

o WP1: ZEERTEFHDTESE
HAZLEDEAT—2,. o2aL—2a T —2% T2, LN DOD DIZEEERETE
BHEEET D, (BERZE. BEERS. AREFESOHEEEESTHFH)

(o]
' d
7

%

- WP2:ZERFEF(Array)DE
REEE., 1=y hEHE- 54755) BEAE. EET—TI.EEM. 25T
BEZARKXRNREENMZEERT 5

« WP3: HEBFFLARILTHDEEBIRIEIRR
HBRLANILTOEEGEE—RZFHLHNIZL. ZOEEFBALSHNIZT S,

« WP4:[ERE = DBAFEE
BI—D\vr—IIZHITHBRERZBELMNIL, SEROMEREZTHASHIC
95,

IEAWind €32 — 2024

WP1 m—%an-l-*ﬁ:O)EE%

= N A2, Key parameters for techno-economic design

¢ R%IE%*#F of floating wind arrays
N L 52

L lﬁ@ i"ﬂﬁlﬁ* 1¢ Met-ocean Seabed Coastal
s _ conditions conditions infrastructure

o BFEAVIZ

° i— E’ 251

Scenario 1a/b:

o / = Loose/dense Integration
[ sand, shallow/ Port
) *iK %:%,ﬁ 9%& Mild deep bedrock
]
Scenario 2a/b:
° [ .
%Eﬂ'ﬂ & ntF l:llL.\ Lower Soft/very firm Floater

Manufacturing
Port

Moderate
—i
Upper -
Moderate
]

clay, shallow/
deep bedrock

3a/b: Soft clay,
dense sand/
loose sand,
very firm clay

0O&M Port
Severe

11 sites 6 scenarios 3 ports

IEAWind €3 — 2024




IR - BREEDITE

. 2HFEOYAMIBNT, ERASEENTT—2(RER:0.25E
FRIGTE BROSEMBE)DET—2ZANT, BLELKR
DIBEZHTELT=,

. ZBYALDIKFEEGEBCO(GEneral Bathymetric Chart of
the Oceans)T—4M o H

IEAWind €37 — 2024

IKREMBIE D B %

Bubble Chart: Vhub50 vs Water depth vs Hs50

Vhub50 (m/s)
20 25 30 35 40 45 50

-200

-400 O

Water depth (m)
2
(=]

&
o

-1000 O

-1200

[EAWind €3+ — 2024




JEIR &K S DBE D B (%

Bubble Chart: Hs50 vs Vhub50 vs Water depth

60

50

Vhub 50 (m/s)
w B
o o

)
o

10

0 2 4 6 8 10 12 14 16 18
Hs 50 (m)

O Water depth (m)

16 UwS50 {150 m)

H>=—_ - _II =

e [TTTTTIITIITITIIIIIT S HHHE | | e oo = AT =
g -

'LL!!E‘E";:EG;E*;* 133313858055 5§§==EE=353%552% e O F L e e e
2§3pEcisdfesisEIEsiTiaacat R FE I B E SRR S R TR RN TR T
il I I e
2 539 = HrFeiiii b 5= : <
IR L R L LPHE T al R R
H = : : : H ¥ 4 & [ £

2 3 ‘g z . 3
i

Real floating offshore wind farm sites
Roal Rewting cifsbore wind faem sites

T < 33 <75
Lower Moderate KRR 75<9
Upper-Moderate KR 9 <11
ESE N > 42 > 11

[EAWind €3+ — 2024




HASE DY A DB 9

(O IDEA reference sites
Water depth [m]

| <=300

[ 300-600

[ 600 - 900

[ 900 - 1200

B > 1200

— — . f— — = ' — | fe—
-130 -120 -110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 80 90 100 110 120 130 140 150

[EAWind €3 — 2024

Latitude | Longitude Water Distance
[deg] [deg] th from
- 2 shore [km
35

L IT95  BGETE] 37.536 12.12 -353
m Humboldt 40.928 -124.708 -707 43.8
G Ulsan 35.344722 129.841389  -188 32

m MoneyPoint ., -4 -10.276 102 23.4
One

Havbredey 58.84328  -5.580929 -91 41.6
Fukushima  37.311 141.251 90 19.4
IeY¥8 UtsiraNord =~ 59.411 4.433 -273 42.4
BIEFAR Gulf of Maine  42.755 -68.583 -148 138
Geomundo  34.026 127.7 -70 47

SYvRl Suddela o o0 -3.659 .94 30.7
Bretagne |l

IEAWind €3 — 2024




7 [ it B2 55 15 (151
VA 1a

0 16 104 - 30 5 0.30
10 20 108 10,000 30 50 0.35
« UFUT2b
0 20 108 250 - 15 0.30
70 24 g 15,000 35 200 0.25

IEAWind €37 — 2024

WP2: 2R AREBFNDEZA

Greatest Interest
Regular rectangular

15 MW

Feature
Layout

Turbine size

Turbine number
of 20-100 turbines

Platform type Steel semisubmersible

Y/ [ele]glsleMelelalile[S]=11lela] All basic types (cat-TLP)

Dynamic Cable
Configuration

Intra-array cable

Lazy wave

66 kv and 132 kV

rating
Depth

Shallow, medium, and deep
options

Seabed changes and
anchor/mooring implications

Misc

IEAWind €3 — 2024

Multiple array sizes in the range

Secondary Interest

Triangular, irregular, optimized

~20 MW or a range of sizes (12, 15,
18)

As few as 7-10 turbines

Spars, TLPs, barges, concrete
construction

Different rope materials, shared
configurations, load reducers, multiple
anchor types, seabed dependence

Catenary free-hanging, suspended W,
etc.

Substation, cable connections, and
export cable




a=ybD—15l '

« IEA15MW (Task37) E.E
o AT KZEVolturnUS-S +z

@650m
-— “:“f, 4
=Y l?ﬁs P i
> i
£ iR
“t
5650m /] 91m 1000
fotie, 15.00m
SWL
phrcgp 10 _ﬂ
% 13m
o Eleval
Farrlead 2
Farlead 3
MAINE

WP2: &t —BIFDREBOLE 21—

Water depth|Turbine
size (MW) |(mm)

Diameter

Pure chain 200 15 185 685 850 838 VolturnUs-S
reference
design

Pure chain 50 15 185 685 381 431 NREL

Pure chain 200 15 216 286.56 832 COREWIND

Chain and 150 15 185 597 835 837.6 HYPERWIN

Clump Weights D

Chain nylon 100 15 Asymmetric mooring design more detailed designin  COREWIND

COREWIND D2.2

Chain 870 15 Asymmetric mooring design more detailed designin  COREWIND

polyester COREWIND D2.2

Polyester 600 10 175 24 1374 1300 NREL

Nylon 36 2 216 30.5 Pham et al.
(2019)
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a) Single Collector Radial
o/ e) Single Collector / Star Clusters

— e oo o2
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b) Single Collector / Single Return

-

c) Single Collector / Single-Sided Ring

f) Multi-Collector Ring

=
—
-

d) Single Collector / Double-Sided Ring

s
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i WIND FARM
» FLOW CONTROL
What is the wind turbine wake phenomenon ?
Near wake region Transition region Far wake region
Velocity deficit Velocity deficit
Incoming flow 5 omn il mimim 5
Interaction with nacelle
Helical tip vortex Brake down vortices )
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| Mixing i
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Shear layer
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A turbine; standing in the.wake of another turbine, will experience a higher [EEEGIIELIREICENY

structura due;o @ higher turbulence-intensity,_and will not ‘at;a‘ct the Christian Steinus in 2008,
amegr y as.a blrblne stan ‘cilng in the free Wake. photo taken on the
' -+ . 4 _ p > special atmospheric
ol A ,t o : e e ¥ conditions.

« And what we nicely can
see in this photograph is
that there is interaction
between turbines, so
wake interaction.

Wind farm control is an active and | | D« R D7 —LAHIHIE. B AOFREFRRAN
growing field of research in which the | | D{E~ D REDHIEENMEEZRAEL T,
control actions of individual turbines in a | | EEE T TV DIEE/EAZ&R/RICIIZ Rt
wind power plant are coordinated to| | 2. &R CTHREUVUTCVWIHELE CTHD.| B _'EAW_'"‘:"’“"
minimise wake interactions. M

4
WIND FARM
FLOW CONTROL
IEA Wind Task 44
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Control research organized by IEA Wind

i =
=& IR Task 44
/.I\/"\ WESC 2023 e
\_}- 2326 MAY | GLASGOW, UK (R T

10 15am
4 - Conferance F

Work Package 2

Characterize and
quantify sources of
uncertainties

Work Package 1

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

elicitations

Develop methods for
estimating AEP/loads
with overall uncertainty

Develop set of
recommendations and
best practices

Develop set of
recommendations and
best practices

Task44 T—2 )y — (WP)

specifications and external projects,
assess TRL of each identify research gaps
'GiVéf'&if(;H landscape of Develop research
the solution space roadmap
\Hﬁi?)bj‘u X‘AODF#EJ%/ @0)7’1]9“17 I\c&@‘i@

XA ICWP2AZHN  Uncertainty Quantification / FHEEENDE =1L

/ Work Package 4 \

Collaborate and

Characterize the
building blocks which coordinate with other
define wind farm |EA Tasks and other
control wind farm control R&D
activities

Build an overview of

available options, Based on tasks 1-3 and
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Review and best practices for wind farm control field validation
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Monday, November 13, 2023 11:00 PM (JST) . .
Paul Fleming, Task 44 Operating Agent
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Wednesday July 7th 2021

Wind farms that can reduce the effect of wakes
gl
» The main objective is to get more energy
out of the wind farm, but also taking into
account that we don't want to increase
the loading too much on the individual
turbines.

Smart wind farms

Jan-Willem van Wingerden
% Task44 ) Operating Agent

TWIND, Delft, The Netherlands « We typically build a first principles model.

But the first principle model doesn't
capture all the dynamics of a real wind
farm or a real wind turbine.

(Lab HP) https://www.janwillemvanwingerden.nl/

+ So what we believe is that we always

fuDelft %ﬁjﬁ’ @ S have to augment our model with
measurements. And again, we use here
Quote source: TWIND Summer School - Session_Morning_07_07 the data driven control approach.

More info: https://twindproject.eu/

TWIND aims to create a network of excellence that will dynamize a pool of specialized research professionals and trainers in the domain of offshore wind energy.




Lidar (sensors)

Reconstruction wind field

Prediction wind field

Real-time optimization .

In reality, we don't have access to the flow information.
So the only thing that we have is measurements. So we
only have measurements on a turbine level.

So what we have to do if we want to do wind farm control
and maybe this repositioning (floating). And we have to
reconstruct the wind field.

Then if we have the wind field we have to predict what's
going on.

And then we have to optimize. And then we can do a
repositioning (floating). But we can also use already
existing control technology on a turbine to maximize the
energy capture and or to reduce the structural loading in
the wind.

13

Control Technologies

Quasi-steady flow control
Axial-induction-based control

14

Static wake control concepts rely on affecting the wake through
relatively slow changes of the control degrees of freedom of the

turbine in a way that affect the time-averaged properties of the wake.

+ Induction control (;5&4H) is basically derating (E7EHKI).

» If we derate the first turbine, then it will let energy go. And then
we hope that the energy that we let go will be picked up by the
turbines in the wake.

»  We hope that the sum of the energies will be bigger than the
greedy approach.

»  Now recent results basically show that actual induction control
doesn't work. So the energy that we let go is not picked up by all
the other turbines.

« High-fidelity wind tunnel and field tests have shown that the
benefits of induction control are very limited.
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Control Technologies

Static wake control concepts rely on affecting the wake through
relatively slow changes of the control degrees of freedom of the
turbine in a way that affect the time-averaged properties of the wake.

* On the other side, there is another existing control technology
which is called wake steering.

«  We misalign the first turbine with the main wind direction.

« If we misalign the turbine, we can redirect the wake. So what we
try to do is that the wake doesn't hit the turbines downstream.

« This technology seems to have a lot of potential in wind tunnel
experiments, high fidelity simulations, and field experiments.

Quasi-steady flow control
Wake steering using yaw offsets

Quasi-steady flow control
Wake steering using yaw offsets

Baseline

i g SPRS

FLORIS optimized

=

S

E ]

57

E 20

= 15f —Baseline

= P

D o _ _ _ . . —FLOR1§ optimized| |
é 0 200 400 600 800 1000 1200 1400 1600 1800 2000

Time [s]

At the left, we see the baseline. And at
the right, we see the optimized setting.

The optimized setting meaning that we
had a first principles model, in this case
the FLORIS.

Then we optimized the optimal YAW
settings. And what we nicely see is that
we can do wake steering.

Now in the graph, we can also see the
potential and the amount of energy
that we can now extract out of a wind
farm (Of course, this is a high fidelity
simulation).

The wind conditions are more or less
steady. It's the same inflow direction
and also the turbulence intensity is
more or less the same.

So we believe that also if we really
want to apply wake steering in a wind
farm, we also have to make it more
robust with respect to time varying
conditions.

16




Open-loop wind farm control scheme

Closed-loop wind farm control scheme 17

Time-Varying Atmospheric
conditions

Time-Varying Atmospheric
conditions

Wind Farm Flow Wind Farm Flow L
Controller o Measurements Controller -
Inputs B Inputs Measurements
Look-U g I |/ robust 3 model
External Qok-Up o xterna > decision & estimator
Inpi Table (LUT) 09“"“”]‘_{ Model } wut rnalking
Offline ) uncertainty
Online Online
Monitoring
Key words : data driven approach,
— N e . .
MPC (&7 JLFBIH{E) principle
R :
Command ———» Controller — Plant G d Controfier —™ Plant T =

Open-loop diagram

BT ELTT7 4 — PNy 7 2B WHIE

() > —7r > & = &5 h UHTE D b NIZIER IHE > THIE D BB & &R

HESH T

Closed-loop diagram

77 boHNECIEE ZHEAL. ThE 74— F Ny 7 S€, ANBEEHENEE
BICHRL THEZ —HIE2 L5 ILERORIFEZRAES 25

https://www.altexcorp.co.jp/controlsystem/wocontrolsystem01-0-1-0

Wake-Mixing. ¢

Baseline
Total Mean Power: 5.4 MW

Pulse
Total Mean Power: 5.2 MW

Helix .
Total Mean Power: 5.2 MW

Here, we focus on the challenges related

5.4 MW

Normal-operation wake

(Periodic) dynamic induction control

o 5.2 MW

Helix approach

to triggering and interacting dynamically
with wakes and turbulence as a means to
control wind farm flow and to speed up
wake breakup or to increase mixing and
entrainment into the wakes.

* Recently, some first studies suggest that
this effect may be leveraged to
significantly increase the energy
extraction of wind farms.

T

Time=628

Illustration from an LES study (SOWFA), 10MW Wind Turbine

Dark blue shading corresponds to an isosurface of the velocity;
light blue shading in the horizontal plane corresponds to velocity magnitude.




Baseline < Pulse < Helix
Total Mean Power: 6.1 MW Total Mean Power: 7.2 MW Total Mean Power: 8.2 MW

dawnstream

o proguctir,
1 =5.5 MW = o =5.2 MW /'Y
\
/i - . 4 ] 7

* However, then still you have to do all the safety checks and look at all the loads.

* So implementation wise, on paper it seems easy, but for industry it's quite a big step.

Wake-Mixing i

JUMKE - NEFEZE TOHE

. Ea
IHREESEL . HADENE (Y FEE)) = BIR

* Pitch motion amplitude: £5 [deg]
* Pitch motion period: 0.8 [s]




e P =0°+30°—-30°
Flow *  Pitch motion

+y

* ¥ =0" The power generation performance of the
+ Fixed  wind turbine was evaluated by varying the
blade rotation speed.

x/D=5

Parameter Value

Inflow wind speed [m/s] 10
Rotor diameter [m] 0.442

Tip speed ratio of the upstream wind turbine [-] 3.6
Rotor speed of the upstream wind turbine [rpm] 1556
Sampling frequency [Hz] 1000

Sampling time [s] 60

Pitch motion amplitude [deg] +5

Pitch motion period [s] 0.8

The power output of downstream wind turbine

—— 0 ¢=0" _Fixedo" 5 =0 _Pitchs’ |
* P=+30" _Fixed0® 1 P=430" _Pitchs®
o h=-30° _Fixed0® < =-30°" _Pitch5® + The power generation performance of the wind
20 o o
turbine was evaluated by varying the blade
18 | . rotation speed.
% 5229208 . + Torque was measured and power output was
3 computed.
14 = .
® ¥ P [W] : Power
5 12 Tr [Nm] : Torque
& . | w [rad/s] : Angular velocity
8
6
4
2
o i
0 50 100 150 200 250

w [rad/s]
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Wind farm flow control: prospects and challenges

Johan Mevers', Carlo Bottasso®, Katherine Dykes®, Paul FIL-nlinE‘. Pieter Gebraad”, Gregor Giebel,
Tulie Gﬁ'mrn‘, and Jan-Willem van WinEcrnlcn"

Lewven, Mochanical Enginoering, Celestipnenkaan 3004, B30I Lewven, Belgium

“hair of Wind Energy, Technische Universitit Minchen, Boltzimannstr. 15, 85748 Garching b Minchen, Germasy
BT Wind Energy, Froderiksborgve) 309, DE 400 Roskilde
National Remewable Energy Laboratory, Houlder, Colorada, US
“Shemens Gamesa Renewable Energy, Tomhakken 16, 2740 Skoviunde, Denmark
*Delft University of Technology, Dellt Center for Systems and Control, Mekehweg 2, 2628 CI Delft, The Netherlands

Overview of wind farm flow control concepts and
important elements that play a role

Wind farm control has been a topic
of research for more than two
decades. It has been identified as a
core component of grand challenges
in wind energy science to support
accelerated wind energy
deployment and transition to a
clean and sustainable energy system
for the 21st century.
BAIRIVF—RZICHFTDIHKRRERED
PREREVTREINTLS.

In summary, the field of wind farm
flow control is an active area of
research and innovation, with many
interesting multidisciplinary
challenges(X), and exciting
prospects for the increase of the
total value of wind energy for

society. xR

1 Introduction

1.1 Main control objectives studied to date
1.2 Control approaches
1.3 Outline

2 Wind farm flow control physics: turbulence, wakes and
the atmospheric boundary layer

2.1 Quasi-steady flow effects
2.1.1 Axial-induction-based control
2.1.2 Wake steering using yaw offsets

2.2 Wake dynamics and turbulence
2.2.1 Wake dynamics
2.2.2 Boundary-layer turbulence

2.3 Mesoscale effects, blockage and wind farm wakes
3 Control algorithms

3.1 Current practice — Open-loop control

3.2 The closed-loop paradigm

3.3 Synergies with artificial intelligence and other digitalization
concepts

3.4 Controllability, observability, and sensors

4 Validation and industrial implementation

4.1 Proof-of-concept studies in high-fidelity simulation tools
4.2 Validation in wind tunnel experiments

4.3 Validation via field tests

4.4 Industrial implementation

5 Integrated design and systems perspective

5.1 Progress in wind farm design optimization research
5.2 Wind farm control co-design (CCD)

5.2.1 Wind farm CCD for AEP and LCoE objectives
5.2.2 Wind farm CCD for profitability objectives

5.2.3 Wind farm CCD for non-economic objectives

6 Conclusions
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Task 52 Events Public events with @+

typically 100+ [ X TC NN p—
participants =

e B e s e + “private” workshops
PN - 1,731 (Stand: June 2023)
followers on Linkedin L(.

(https://www.linkedin.com/sh A W ok 52 - Wi Lk

Mailing list for regular newsletter (every six months) and
event invitations - to be added (and for all further requests)

TaSk 52 General Meetlngé*il (2023) B .send e-mail to IEAWInd Task52@iwes fraunhofer.de
dD5IR | e

e

ieawind °

Task 520ONNEREE FRSHNHLRS

- NNEEE (2023F5HRITHRENFHH)
> AN AFIZAVK A-ZNT s, o [+«|E3

=[E Ed AW\
B : Task 32H50fkH = =
Z=% | Task 52 CHANL I A i 4'*

Task 52 General Meeting&#} (2023)&0D51H

- ERSNHERE

» DNV, DTU, EDF, EnBW, enviConnect, ForWind, Fraunhofer, Fugro, GE, GPI, Meteodyn,
Nergica, NREL, NRG Systems, Oldbaum, RES, RWE, SGRE, UL, University Flensburg,
University Oldenburg, University Porto, University Stuttgart, Vaisala, Vattenfall,
Vestas, ZX Lidars (fh. 5180HERE) (Task 524vrA72mEN LK)

> EIZE_D“S\ (¥R) oA >°I<‘Id'§—:l>wl/7_-4>’]“\ (%) ’J“U::/}\‘"J—’f NA XN (ERF) ESE
A SIAFAT. v\ UZ1-7I)-IF>— (RR) . ZZB/H (1K) BKEER (1K) OB
BN, S0BEIETNTPAYNIE

BF : OAFIZIWGOU—F—HFREL TL\SH4ES




TaskDiEsH S

202328 : I>FIF—
202428 ~38 : I>FEIF-
(GETEHHREETIRE, Task 520DLinkedInJAO—72E THMEITIRATF)
N

s \Webinar
Itr—
Public

Private (IEA Wind TCP Task 52 participating countries)
TaskSNI&ERE

Deliverables FE4

== Working group o-+>97)-72%

I3y

COVUR R =l Internal documents pygpRFaxs STRRE
SHIL. B BxH) AEBRFIX N (BERYIRSTNRE)

Task 52 Lunch seminar&#} (2023)&051H

S5 -3

« LIDAR (Light Detection And Ranging)
> NEBRETU. RETEICLOVA IR 25T T 5 AT A, 7Y

aerosols

°

° E\Lﬁ’f@‘— (F“Jjja_alfg“_) GDE-I_“;,E\IJ},%EE RUEAY ML 8 f:i).) :
> RyT5—3hReFIfL UREBRAITS. okvesx N |
> BIERBOL—T—HERHL. BICRSTBETIA Vmesty /|

SOOI 7OV IO FIC LR A HEL. ALY !
ERETHEOBREEDEN (RvT5—3TR) hBEEETA o
MOEE RAEER) Z5HA93, s 1o

(JEISRRH8f,) |
JELRERS, :g:
- R A0 E P s
> 3RTTZER-IROT. xAM, y7a[E, 27303 DDERR —-= i e .

DMFEET D, CNBEFVINEHRENZL Lidar
> I(9—-DBHAE (FIVAA.IA) 2ZBURNS.

MK EB3NFROIRFEEIRZETHRIFT AL T, 35K DE
ROMHETENBIEE, A1 —(C&BHAIERE
(IEA Wind RP154&D5|H)




HEIMY—

« &
> REIRET
uln-l_?K'fq:u:Fmﬁ
> TEREETRI

 BERUSE, H s 0T
> FZECET TSN AALNAEEZ RS ER S $NES(4Y— (Task 32 2021FEEERILDSIH)

ZERATL. BUR - BaZEET S (REMETO
JEUERZ —HREARTE) o

> B (§S) ARICERROEAINTIEE.
» NANCTEMVWSSOEURICfERINS,

7)

- 330
> BLmsRE OsHRlOEREE X n
> 1IEMMAZ TOSHAIFBE DBSZ+v> VADZFv>
> 32ARTSYNIA—ATOIEH B Y- DR+ v I5EO G .

(IEA Wind RP15&D51F)

FTRIFEEHSY -

- FH&E
> EREETIRI (FFITHEMIMEAZ)

> BEDOVT A1 LFIFNC LB D ERKAE. RS RIEKR
(LAC ; Lidar Assisted Control)

« SUAITTA. 5K

B s A HBEIL. ‘ FRIFERSA5—
> %?%g%éﬁ;giwt )||,0)%§$15( z E-jb JE\LE/\(D (Task 32 2020 E%E%%%*ﬂ&’)%lﬁﬁ)
- SPEE
> 0—4—HEICBRRRLUELHIEICE R RIBIROIEE /775 o il g

> ELARE oA Q 7/Q (ﬂ

> T —HEUSER(C L DmBADITL

> IS POEEBEROIZIZ -3 BABAFYIY—>— g
v BEHIHRGEST Y- TITUZ LR E (Task 32 20205=HANLO5IA) - .Q

V SAI-OXITFIARGREOAS T F I AZEE TRELL




AFvr=> 5445 —

« &
> REIR. 5%
> |$F.|Isn SH
> REDII(IEFEDZERB DT

Horizontal Component (m s-!)
0 2

- N > 4 6 8 10 2
@Eﬁg’.éfﬁ?/\\yl\ 4TI OAIAAS-DR13D5 Bev

=13 N /) 2F0=2H545— A
« sHRIFSE. 4R (Task 52 GFARA— ED3IF) ' L
> 3RTTEIER TR HFEANYRZBL., FRLBA PPIX v C L B BRI
Fv> A ETEVRIN AT, (Task 32 HiiLR— h&DBIFR)
> BATIIEFIERENNILF EOBRISEEN ‘ RHIZ#v> 1 pPIzErS
BB, : N
: \\ "\ "% :‘Il\
- 525 e Vit
> ETRIFEE (XL D DR S THESRSN TLBN, TEE
RPYOAARIAIRENBN (BARTE, f'zé;g;;;;
NEDO[ 3% HRLSHERAIA 1 KT IICE e L~
n_C(’\é) ° jWYWT'\ — T T 3 1

BaR2FrosE v T P ™ .
(Task 32 IFR/I\—KLR—KEDSIEE)

Lidar TaskOZEFADERL (Task 3285 KORERYIE)

Recommended Practices (Task 32/k—LR—T&D5IH)

iea wind
iea wind
bl
15, GROUND-BASED VERTICALLY-
ol i B A i A PROFILING REMOTE SENSING FOR
— .__.:.‘.'_':____ ah— WIND RESOURCE ASSESSMENT
BAHS :-':;*:ETT:.—?:
BANS BILER (=ZZEH) .
BIlLEk (=ZEH) H'E Bigtk (CTC) b\fﬁk
Recommended Practice 18: Floating Lidar Systems Recommended Practice 15: Ground-Based Vertically-Profiling Remote Sensing For

Wind Resource Assessment

Q. Bischoff, |. Wiirth, J. Gottschall, B. Gribben, J. Hughes, D. Stein, H. Verhoef.

RP18 : JO-F4>U 3545 —3 AT A

A. Clifton, D. Elliott, and M. Courtney.

—IEC/TS 61400-50-4 (B=E) . RP15 : it FESERIDIREBEIRSDICL A EFRAR
Carbon Trust O—R3vS —IEC 61400-12-1 ed.2. MEASNET Ver.2(C

A5 —(CREI ZEIEDENN o




Lidar TaskDEFADERR (Task 32 KO EYIZE)

Technical Reports
Expert Reports

(Task 32/h—AR—T£05IA)

515 —EUAMBIC L D ELTRE L FTENIAT-DOFv)IL—23> RS- ([CLDEMMZ DR
INSA—HDHETE —IEC 61400-50-3:20220
RIECERA

i, P. Clive. M, Harris. &
NostA
11

Lidar TaskDFEFADERA (Task 328 KOREYIZE)

Journal Papers (Task 32/h—AR—T&D5|H)

19— (LB EFIHICBI T 2L D5

TERESTAIICEE I 25w

12




Task 52 CHGHAODT—Y

SEES LIy

(BADSOSINE (50 /EEFEME) )
WG1 : B8R

I N=YILRA RS EEBEADRAKHEITRE

3 DOIEHREEVEL TERI 3D WG2 : SA9—7IANHIE (LAC)
Universal inflow Y=L ERADEDIEA. | )IiE (FEFSHHR)
characterization

RRBIARZNORE | YA NHEBOSESEFRIATO | WG3 : 1E4#ihAZ

Replacing met masts | B9 —-EVYINITZODEIRE | 4 (GPI)

fERRICBEIT 204 RI1 > DIERR.| WG4 : Fi5ith

New : FOLEFHAF— (2024F15FE)
A5 —-DEEND LIDAR F—#%FAIR*(CF 224 WG5S : T345)U4E

Connecting wind lidar | T. I-Y-0O#AREESRED | Sk (=Z5EH)

F1iBL. LIDAR ET—A0ffiE | WG7 : S5 —A> b0

DA
¥ LR ORERIEE FELRATOSIIMDTATHA | WG6 : 3 ERFr=>051445—

Accelerating offshore | ZI&KICHIFDEERAMELT | HEH (WINC) | USH (EHRR) .

wind deployment DA —DHEE, AR (EKkeEsR) &4 (GPI) | iEE (JRE)
JO-F4>95149-OWGCREFTE (BHARTE)

*FAIR (Findable (B2l35N3) . Accessible (7JtXT&3) . Interoperable (#EERTE3) | Reusable (BFIATES) ) .

BRAZ 13T —NHLF (CBVN TV D DHUFES

13

WGL1 : ELitaEE

- B

> A BRI Y- OB EHEE Fh0iE
* FIEMSRY)

> IF 2/~ MR~ MOEHEF LB F - DARIT I DR
« INTTOMER

> FIVER 1Y - OELRRE(CRIS 3Gz R

> CUREIEL N OELTEREEOIREE (RD4 MRy Z)

v EIRAREDEFARERTANS, YANNELE (5EO0) .
> BEORARLL TOEFREORIE (T5v/RvR) <2
v AEOEEMEN SEESRU L ELRARE & Y A NCOBLAMEL L ~ L
% (GXe) A
37, lk..‘ ’.: Nof:n
Q.. . .

WESC 2023 Mini sympo&#l&hs| A 14




WG1

ALITAEE

TI- Cup vs RSD @ 178m level

TI-Cup vs RSD @ 143m level
T T

Tl - Cup vs Cup @& 120m distance

0.4
Mean Cup TI (WS) 0.19 Mean Cup TI (W5} 0.16 Wean Cup TI{WS) 018
. .
Mean RSD TI (WS) 0.18 " et Mean RSD TI (WS} 0.18 Mean RSD TI(WS) 0.19
0 N . ol P
Mean TI(WS)-Diff.  0.01( 3.22 %) s, B 04 Mean THWS)-DIf.  0.02( 10.20 %) pal  Moan THWSHDH. 0.000 195 %)
03[ Slopem= 0.8758 Rt Slopem = 0.9682, o e oy Siopa m = 06453
v e et . y,
Offset b = -0.0015 &, S Offsetb = 0.0220 . 7. Offselb = 0.0833
»eag .o ot e L
2= . BRI w 0.6484 7 ¢ .othond " o
Rz = 0.8882 s 0.6484 " _ 3 0s
=
- . =
- s
0.2 o . &
W - u
o oo E
. o
0.3 2 doz
3
ch
S o
0.1 ¥ e ,®
o1F o o WESC 2023 Mini|sympo
[N P = IN
# of points = 3138 S ) BRIL5|IH
£~ Sops s & of points = 2805 0 o poinls = 1686
0 L L L o . L . 0 ' '
0 0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 v 01 0z 03 04
Cup TI Cup Tl Cup T Narth Mast

FHRBRDELRE DIRELAER

REFRAREL TOELFTRE DIRELE

NARNEYZ RS TEAISNZELTSRE DL

A, 26TOAFrEHRAT
ARECELRBENRR DI,
(YA MEIOEEEE120m)

FEEO-YEADFTARDFHENARKLERDIC,
Em CaTH T3V A MBIMEDELREE(CE ')ct')@j)l/j UZA%%%U(EL\B@D\ ?

HHE/NHET DN EUEES

AR DR RRDREE BREMBRISCAREET

15

WG2 : 51445—

- B
> A=T V=AY =)L EFEBRMEC £ B LACT T DHEME
s PEMRY)
> LACICE§93Recommended PracticeDER%
e CNETORER XNRELABAFELIA — T >V~ RO E R ERTY -
> A=T 2R3> O-3—ERFNRTILSAF - BLLACZOpenFAST *(C 4R
> IEA 15MWREEZEEMEUIEF1— N7V —AZVERLL. githubTZ2 6

7S ANHITE (LAC)

« = C 2% github.com/IEAWIndTask52/LidarAssistedControl N —
Examples EJ)\AI SEAROET —X
Product ¥ Solutions ~ Open Source ~  Pricing * L A OFHRER + EOGTRARD > TV T —A&

R OFERER + ELRRAROIRECAV —X

We added the following examples:

O IEAWindTask52 / LidarAssistedControl _ public IEAT5MW_01: IEA 15 MW monopile + perfect wind preview from a single point lidar system.

o [EATSMW_02: IEA 15 MW floating + perfect wind preview from a single point lidar system.

IEATSMW_03: IEA 15 MW monopile + realistic wind preview from a nacelle-based lidar system, single wind
speed.

Task 52 githubR—&D5|

IEAT5MW_04: IEA 15 MW floating + realistic wind preview from a nacelle-based lidar system, single wind speed.
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Anholt grapples with blade fix
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International Symposium on Leading
Edge Erosion of Wind Turbine Blades
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Wind turbine
operations with
erosion (wp3)

David C. Maniaci
(Sandia National
Laboratory)

Climatic conditions
driving erosion (wp2)

Sara C. Pryor (Comnell
University) & Marijn
Veraart (Drsted)

WP1: TR AR Management (wpi)
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Erosion mechanics &
material properties

(wp5)

Fernando Sanchez
Loépez (Univ. Cardenal
Herrera CEU) & Bodil
Holst (Univ. Bergen)

Laboratory testing of
erosion (wp4)

Jakob |. Bech (DTU) &
Maral Rahimi (Hempel)

- Raul Prieto (VTT) & Charlotte Hasager (DTU)
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WP2 : Atmospheric drivers of wind turbine blade leading edge erosion:Hydrometeors.
WP3: Leading Edge Erosion Classification System

WP4: Review on available technologies for laboratory erosion testing

WP4 : Erosion failure modes in leading—edge systems
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Atmospheric drivers of wind turbine blade leading edge erosion: Hydrometeors
https://usercontent.one/wp/iea—wind.org/wp—

content/uploads/2022/08/IEA Wind Task 46 WP2 Deliverable1l 5Nov2021 approved.pdf
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Leading Edge Erosion Classification System
https://usercontent.one/wp/iea—wind.org/wp—content/uploads/2023/02/IEA-Wind-
Task—46—Erosion—Classification—System-report.pdf
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Erosion Erosion ] \pp Erosion Pattern
- Description Depth Feature chord
— 4 = i
DNV-RP-0573(Z & 45 514 18 B ]| Diamete | coverage
Result Parameter Unit Nominal Condition
Small pinholes of
Mass Loss [arams) Optional E;:;:zza:’:;oss 0102 2 3% B T S P
some
Qroupng.
Failure Modes B Optional Pinholes have
t E et 0.1-02 15 3%
patches.
Stages of Erosion Progress [-1 Reference point in time Aftected area has
increased, with
isclated larper 0305 | 2040 5%
patches with a
End of Incubation Period” [min] document time of initial greater dopth
surface damage for each Patchas hove
location Cotlescammn | opae 40 5%
Breakihrought [min] document time of e
real u of LE
lt;rs:::;l:‘mugh for each et o [ -
N —_— NS e . I e
Sareennb|Z&K DR T—U 958 Maniacin 2k 5558
Stages Type A Type B Type C Damage Airfoil Maximum Airfoil Lift/Drag | Modeled AEP loss of
Pits (P) Pits & Gouges Pits, Gouges & Delamination category lift coefficient ratio rotor at 6 m/s mean
(G) wind speed (%)
Stage 1 100P (1) - 0 1.54 (0%) 114 (0%) 0
Stage2 | 200P (2) | 200P/100G (4) - 1 1.46 (-5%) 91 (-20%) (nat modeled)
Stage 3 | 400P (3) | 400P/200G (5) 400P/200G/DL (7) 2 1.39 (-10%) 75 (-34%) 0.9
Stage 4% = 800P/400G (6) 800P/400G/DL+ (8) 3 1.34 (-15%) 83 (-45%) 16
Stage 58 1600P/800G/DL++ (9) 4 1.29 (-16%) 33 (-53%) 26
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s ":@ 0@ A 7, 'Joféd‘?".’ Median Variance
L S L L S E e
O e .G,«“.o;‘ A I A
Visual data definition 2 1 2 0 25 1 2 3 2 0.85
image 1 | Mass-oss or Depth 1 1 2 1 1 4 =T 147 |
Agrodynamics/Performance 1 1 5 15 2 2 1 1 E i 144 |
Struactural 11 025 g 2 106 |
Visual data definition 4 4 4 3 4 5 4 4 5 0.36
Mass.loss or Depth 4 4 i | 3 3 o 0.67
Image 2 B,
A todynamicy Padarmance 4 4 5 4% 1A% 4 19 0.56
stoctursl 4 3 o 4 34 o - )
Visual data dedinition 1 2 2 1 2 1 3 2 027
image 3 |Mase-los or Depth 11 o 1 11 I s
Aerodynamicy/Performance 1 1 2 1 2 2 1 3 15 0.55
Structural 21 0o 2 T 2 095
Visusl data definition 3 1 2 1 2 1 2 1 F: 2 0.50
imaged. |Mass-doss o Depth 2 1 1.1 1 4 == 147
Patl Arrodynamics Performance 3 | 3 a 1 15 2 1 F 2 0.63
Str sctural . 1 1] 2 3 2 L 1 1.14
Visual data definition T 2 3 1 28 1 2 % - 038
imaged - |Mass-loss or Depth 1 2 1 15 1 1 . b
Fat2 |Asrodynamice/Performance 2 1 2 1 1 A5 2 1 2 15 035
Structural . s 1 a 2 3 2 Y r 0.95
Visual data definition 1 1 1 0 0s 2 T d - 0.42
Image 5 Mass-loss or Depth 1 | o0 a 1 1
Aerodynamicy/ Pedarmance - 1 2 25 2 1 1 2 . 2
Sty uctur sl 1 1 0 1 1 )
Visual data definitien 1 i 1 L R 1 1 i 1
Mass-loss or Depth 1 1 1 1 1 1
Image & :
Asrodynamics/ Perdformance 1 i 1 1 1 i 1 0
Str wctural 2 1 0 2 2 1 1 0.57
Visual data definition 2 1 15 0 1 1 1 1 0.69 | "
Mass-loss or Depth 1 1 1 a 1 b 0.40 —
Image T I
Aerodynamics/Performance 2 1 5 2 1 2 2 E 2 058
Sir uctural 1 1 01 2 3 o 033 |
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Severity Level
Ev_alu?tlon 0 2 3 4
Criteria
Lightly worn Notable areas of LEP is largely Delamination of topcoat | Notable damage to
external localized damage on | compromised over a with immediate layer substrate
. coating/LEP external coating/LEP large area and no  |underneath clearly visible
Vlsua_l i longer providing and exposed
Condition Instances of Individual Instances |protection to underlying
(LEP) reduced LEP of LEP adhesive layers
adhesion failure.
Visual _Erosion barely Localized pitting Widespread or
Condition [NO visible or pinholes coherer(l)tuplsé same
LEP) _ S
Initial
M r factory Coating <10% Coating 10-50%, Coating 50-100%, Coating 100% Coating 100%,
gSSguss condition| | aminate 0% Laminate 0% Laminate <10% Laminate 10-100% Laminate 100%
Normal surface
. TR Region 2 Power loss | Region 2 Power Loss Region 2 Power loss | Region 2 Power loss
Aerodynamic
Performance Reg"’::)ﬁs Power 1%-2% 2%-3% 3-4% >4%
0-1%
Initial erosion of Erosion through Initial exposure of Erosion through Exposure of
Blade topcoat topcoat immediate laminate immediate laminate structural laminate
Integrity layers layers layers
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technologies for laboratory erosion testing
https://usercontent.one/wp/iea—wind.org/wp—content/uploads/2022/12/IEA-WT46—

(1O FREA

WP4.1-report—Review—on—available—technologies—for—laboratory—erosion—testing.pdf
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Erosion failure modes in leading—edge systems
https://usercontent.one/wp/iea-wind.org/wp-content/uploads/2023/06/IEA-WT46-WP4.2-
Erosion-failure-modes-in-leading-edge-systems.pdf
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1. FEFHED A E DA
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"WP4S & DIFERTIX, MEDHIEIXUTDOLIIZITHN TS,
-0.1-4mm2DIEEZF B REHE
Ik YEBENEEDGESIIELLIBENOBNRA-ECH
MK YEWEND T ILEF(X01-4mm2DRIC KRESDNREFEINEHINUTNVSEE RE T XELLY,
HFE LSRRI HEE2dHNTNBDED ., DENA>TULVEWNEDEE S,
2. RETCTR A3 HiE8EREDH
‘RETCHA T HEBIEMEEZLFEL. /ISAMNEBEEFZHRAT—EX/ERLT,
SMEBEBADToT—EDS ., FEEOHMNYPT L, FHY T Sseverity level ( WPISHR) [CDULNTHEMEL .,

Pre Incubation Incubation sud_den fallyre (no
incubation)

failure at n to n-1 layer
interface

Post incubation -
Erosion to substrate

Homogeneous initial material loss

: Adheasive failure
roughening

local erosion/point

5 coheasive failure
erosion

Break through substrate
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Pre incubation- | End of
Homogeneous Incubation -
roughening Initial material
removal

Incubation -
Point erosion

Failure before
incubation -
failure at n to n-
1 layer interface

Breakthrough to
substrate —
cohesive failure

{3 FREA
Breakthrough of
substrate

Breakthrough to
substrate —
adhesive failure

RENGL WY -BEFTMGHERE -BNAMERE CBEOEETFR. O—Ta S RE O—T U EM  -EMAERLER
SYYTIYNMIRZ HDRINBOAIZ. NFENRZLL TRIFEEZZIT FLrEMEREEEL OFRTHIRHLT DELZHNREZZHIK
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DTHMYDOTLY, [FAsEDFRBIERD ERTHERLH
< ZE > HEb = b >
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Cost effects * Integrated and industrialized supply chains

« LCOE * Supply chain
* Integration costs « Jobs

Performance Metrics

Holistic cost and value metrics

¢ Metrics for new wind applications (e.g., in
consideration of hydrogen and storage)
* Uncertainty
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WP BHEAE HYE

WPl |“RAFBAIOHET - BEinMFEE MBI, RRBEITEN., EOLSIZTLTEN 2
BEFRADA A 21— (Expert elicitation) ZFALNT. B AFK BT O Hfl, 55t sEaps | NREL(USA)
BEEIC OV THRARSN TWARMTEHICOVWTHRET S,

WP2 | “[ER| DT &S B T A RIIORNABEICE D LS EBEE 220 ?”
TIUDZFYDTARNET ILEREEL, Biffi, BE . #FEEOEHFAIRNEZ 58 | UTokyo (JPN)
BEER T D, ML EBRDIAT IR THBEDr—RARAT(EERT 5,

WP3 | “FEEMSIFRAARKEDIR, MEEEERICEDLSIEHELZEZ M2
BEEATOELSRIRMNIF-VNTEEMARADFEDERENTTHEITEY . T
AEPYRINERICRIFTEEODVTHEET S, RIZ. LD REMNSHLCOE(ZS | NREL(USA)
ZBEEERPSLNT D,
BEIC.VFTIAR—ZRODANDEHIRCD TR ETILEEET S,

WPA |[“EDE3HBT—RENHFEEN. BELBEDANFETIRNELYBAERT B1-0I2
AZbLbvm?“
BEOEEORNREICETIRM - BFICETEIT—20HAEETSELEIZ, FEQ
ANE(CEDRFUTHEF ZDIRELRITETS,

WPS | “#iL LVEBREKFRIFORMEMBEICED LS EES52 DM 2"
SFUABREICEY, SMENEELTOSETLERNT, KREXBHMNIRMLAEE |EA DNK)
25238 E8%FMT 5.,

WP | “BiaLI-19EDTHBICBNTHISAFI—UIEEDLSICEHKRBLELTEZMN?”
20304, 20505 F THRAAIM Y, Y LIFRBLV /TR DOMIEETE 2EHB. | Jre EU)
EPDYOZF DM SREDE S EFDEERMEEATT D, 52, ZO I THEYHEA
AlfifEIZDWNTER T 5,

NREL (USA)
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WP1: fEDELERADFE (NREL)

o BRRFBILTHENEMICE(THFEDELRER FIZEET DT, IdLihER, S, i
EIZDOWT, BEFARADETY T IZKYFEIT S,

s EFIVTU—IAREREL., 128 LAICAUAE 2 —%BIRL . EFEIZHRXIZFEE
HBFE,

B I HGERICDNT

- IMBROER(RX. FEBY. MEL—F ASERE S8, BEMitE)
[FBEILHIZDUNT

o REREEGBGMW) NEFRLLA INSWEE (2.5MW) BNEFELLD

- ELRANDOERICHFETHHEMEXE(MRREAE., K&k, BB, PV, BUERSF)

« SRIVEROELRAREVDREDOEEER

B HE&EIZDT

o BFEMKICHELGREMT(REOXRETS, B8, ) O0—N\ILYTSAF—2D
FEEE, BnE BT etc. )

B {H{ECDLNT

- BARBEDOMIER LICHEGEM (BHALLORE, 720, 8
mOFR. KFHFHAFE)

WP2: i fir & # (- &k BHaXMEE - i {E [ L (UTokyo)

s RBRRENMREITDHIVO-F7IYJARMETILOHIXEFHRLT -,
s SHR. . IVOZTIUTARMETIVEFRWEMTERICEAIAMEREDEMEE
L. R/ XE2025FE K ETITHIR T E.

Y. Kikuchi, T. Ishihara, Assessment of capital expenditure for fixed-bottom offshore wind farms
using probabilistic engineering cost model, Applied Energy, 341, 120912, 2023

Applied Energy 341 (2023) 120912
t w— =A K =+ 15 Contents lists available at ScienceDirect
= = E /3 Enersy

H A XX DETIE \,@;ﬁ: _ e

5% Applied Energy
~ ~S ~ » —
° ~ IJ Z :E } l/ @ EL \] VIER journal . lsevior
I =)0 T L
= HLUE ®
M d~ i Assessment of capital expenditure for fixed-bottom offshore wind farms =
using probabilistic engineering cost model
» =
© AXYRLUS OETOREE ot i
n The University of Tokye, School of Engineering, Deparoment of Civil Engineering, Japan.
© RHEMICKDHIAMERS T 00 o
l » A probabilistic engineering cost model is proposed to predict mean and siandard deviation of CAPEX far offshore wind farms.

» The predicted CAPEX for the offshore wind farms with monopile foundations show good agreement with these reporied in the UK.
« The eost reduction scenarios and the predicted supply prices agree well with those reported at the first auction in Japan.
Keywords: The nlmlmaldi [CAPS)(){ the fixed-bottom offshore wind farm is assessed using a probabilistic en-
Fiacd botcmn ofhore wind facm o L Pt oo ot ot
ol o i desc i iture. A new export is lso proposed considering the
= nmn”a ﬂsum sl size model is Thepl:pcued

in the UK. The uncertainties of model parameters are identified from the rey
workability is predicted using the discreie

e
installation vessel, the turbine enlargement and the improvement of mmm maintenance efficiency. The
predicted supply prices for each cost reduction scenario agree well with those reported at the first auction
conducted in 2021 in Japan.
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o Task26IZHBITRFAEDELEH EL T, CIDHIE (Contracts for Difference : X8R %22
DIZBIFBVRIIARD AT HHmIXMN2023F12 A ICH RS 1=,
s IVUZTYLTETINERW-FRENSFEEITOICENRIIINTINS,

Beiter, P., Guillet, J., Jansen, M. et al. The enduring role nature energy

of contracts for difference in risk management and — S
market creation for renewables. Nat Energy 9, 20-26 Theenduringrole of contractsfor difference
(2024). https://doi.org/10.1038/s41560-023-01401-w inrisk management and market creation

forrenewables

. COHIEIHB2LERSNDL = s
MRELA, BES ORI KRBT e

Lona Kitzing@*

S payments from generator

724 E#IThT=>TR B M7 e
HBTENEHIAT ZMIBEAILT S e
ZEIZEBURIR IS AU DEEE e >
Rf-LTW%, el =
CfD Option contract Morchant Lagend
Two skded Floor prica = m = Strike prica
E [ ] ::zrr::.: commadity reference price
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WP4: IR7EEBEDE LR NDFEEBEDIARNSH (NREL)

+ Data Viewerh &EFsn ., RP3InEzEINT-,
« Task26(Z5|Efi=. FEDELRANDFEEOIRMIELTLS,

HADIKR https://iea-wind.org/task53/task-53-data-viewer/

« BAECEATLIOHNEMME

LW =6, IWPADREE
FEIC. BEEERSN-REMN E-
DIR—LR—UFREL. 2H 5
LTL%, 3
o FHEFTDEZEIEINeoWinds# o
FAULTEF{i,

- CAPEX-OPEXIZ 3 Z(fits %
BEEZEROEMEEICETE,
BRKE-&/ME- D RIEEFH,

uuuuu

Denmark

Unitwel Statos 3020
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* BALMOREETIVERWT, KFRDEALNBNEBELKFRDMIEIRFT HEET

i
s KEDNEFTICHEELZTLEDHDTTE
AT DK, NL — 4 GW offshore wind in 2035,
-Case I: 100%ZEHELTEE 10 GW in 2050
-Case ll: KFREBHIZHERTDNZHITTEE DE, GB — 6 GW offshore wind in 2035,
- Case lll: 100%%/KFELTEE 12 GW in 2050

- Case |V: KEDmBLEE S ZEFMIT S5 —X BE -6 GWin 2035
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WP6: YT SA4Fz—2DHEREEEENHT (JRC)

o HISAFI—UICEAT BT —EIR—REZ0HITHEELIC, e -8 &S -ERE
B-LT7T7T—REESZZZEL. EEE BT HEOTTIAF— DEREIZLER
BREBECEBREREZNNT S, RKERICHREELXTRT HFE,

BITSAFI—UITEITHTHER T—AR—RIZE DY TIAFz—2 34l

Source: JRC based on WindEurope/WoodMackenzie, 2021

YISAFI—V DHFRFE

70

» Current manufacturing
B0 12030 estmate
50
T @
3
§ 30
gm i EM i
10
. ﬂ
o EER — Blue nodes EU, Red nodes China, Grey nodes RoW
Annual deployment Compenent manufacturing capabilities in EU

Source: JRC, 2022
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© 2023F12A23H. BFBAMRIRIL T —REXFEEHFRRERETHHIEEIC
BITOEESREERRLI-,
« 2BETEHERTLIT LKETHLHIM/KWhTEA ST,

| EERRIORRMEM

MEBRBET. BLEHROMETH 3F/kWh
HRERF EH R ORI+ 3FM/kWh
RIEEFREHIEH 22.18M/kWh

https://www.meti.go.jp/press/2023/12/20231213003/20231213003-1.pdf &Y AL

SENRORERS SENROREEE
1 [Friybat]
- EwNFEET T R
TR
B
(EENET) 35.45M8/kW 67.2HFA/kW 51.2RM8/kwW
EREHISTE 1.26GA/kW/E 1.265M/kW/E 1.845A/kW/E
= 4.85F/kW 7.978/kW 10.7RF/kW
BmFIAE 34.8% 37.0% 33.2%
RR
Itzx&%mm 10% 10% 10%
AR 20408 204 20468
29A/kWh
AT BRI 19M/kWh 29F3/kWh [mﬁsxammm
13.26,11.99,16.49M/kWh

https://www.meti.go.jp/shingikai/santeii/pdf/080_b02_00.pdf
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AtLIZEAT DRI TO R AFLERED 5477k

o 2020 (CRRM THOAMIERDLLERIZET AmX M H RSN 1=,
o BIBOD=OHIZ, BAFIN DU (Revenue) D EEE A fTHhNT=,

Jansen, M., Staffell, ., Kitzing, L. et al. Offshore =~ == Dot egrogs
. " . . Nebewrd (8 Versterhay Nord Neart Na Gacithe
wmd.competltlveness in mature markets without = o e e
subsidy. Nat Energy 5, 614-622 (2020). = - otk Crhe Beck A P
. 3 He Draibt
https://doi.org/10.1038/s41560-020-0661-2 & i 2 Gomwets O B e e e
/2, Bomscle il snd M 5 Borkum Rifigund Weat | Seagreen Phase 1
B Fioimine st Zud 1 and > Bavege
/5. Holisndae Kust Zuid il and IV 8 GodeWindd
160
150 v o
@
140
- V
'g 120 | v
H 7 v @ Vv
g g 100 ® °
g 2
2 & 80
: $ 0y ®
2 E 7
: } = S
3 o i 3. e
% © United Kingdom Or
T O Denmark
Germany 20}
/\ Netherlands
7 Belgium = Regression + 1 standard deviation 0 . N . \ L | A )
2&10 20-15 2620 20'25 2012 2013 2014 2015 2016 2017 201-81 2019 2020
Auction date

Wind farm operational start date
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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, 2021.
Available at 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 CKE DX EFBIZRITC)
capture dedicated fiscal support received by a project in
the form of preferential tax and depreciation rules

LIDV  :Levelized infrastructure and development value
(FMY. ToI—UTOEBERIZHT DB
capture the value of broader infrastructure and
development expenditures that benefit a project
regardless of the paying entity

AHLICEE T HERM T DR : Brd DWW I 2504 14/19

S. Malleret, M. Jansen, A. S. Ladio, L. Kitzing, Winner’s curse or blessing? The
changing profitability of offshore wind from auction to final investment decision, Preprint

in 2023. http://dx.doi.org/10.2139/ssrn.4415948

M : Salleotion °f, ; Data collection
price forecast and historical for Bach wind fairi Brolect
Methods electricity market prices e
Revenue volatility Financial dataset
Stochastic inputs Deterministic inputs

Collection of company

Discounted Cash Flow (DCF) announcements, press

gope! releases and annual reports
v v
Monte-Carlo simulations .
Sensitivity analysis Threshold analysis
| ——

15t objective 2"d objective 3 objective
- Probability of positive - Changes in profitability - Potential levers to

NPV at auction date ratios between auction mitigate profitability
- Level of risk taken by and FID date losses

project developers on

revenue volatility
- Buffers compared to

marginal profitability

Figure 1: Research design. Research methods are presented with white boxes, intermediary and final outputs
produced are presented with blue boxes. Our three research objectives are met by the three outputs displayed
in the last row.
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(S. Malleret et al., 2023)

2.5%
2.0% Redsand 2 Mean Moray East Kriegers Flak Mean
NPV per MW, -0.20 Mean NPV NPV per MW; 0.16
per MW; 0.05
1.5%
=
w
[ =
8 J Borssele IlI-IV Mean
1.0% _——, NPV per MW; 0.26
Hollandse Kust Zuid -1 =
Mean NPV per MW; -0.21 Hornsea 2 Mean
NPV per MW; 0.47
0.5%
0.0%
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
NPV per MW [m€/MW]
= Regdsand 2 = Kriegers Flak e Hollandse Kust Zuid I-I|
Borssele -1V e Hornsea 2 Moray East

Figure 2: Monte-Carlo simulation results - NPV per MW normal probability distribution curves. Each curve
represents the NPV per MW distribution of a project in the base case. It is a representation of the project
uncertainty at the time of the auction about future revenues and the impact on project profitability.
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« BATSHMEEDOENR (L, AFLEE B M ORBIGIRERTE (FID) ZTORMIZ, 4R
WIEICKEGIA T ADHEEZEZLFREMENH D, RFHXTIE, TODT VMR
ENEEDAITENTIDYRIZZHL TV AIREMEERE T H2ELDERLE=.

« AVTAVTIVY— I FEROTBEEDRMERADZEZRENY
BI=®(2 I FIEFESN TS AIREENH D, EZLEZRIIFIDD R AAIIZHEE
LTWBEITHAOH, TR IMRAREN ., B RDEATIGMEE TR DOTFI
BTREZHEMT 5=OIC. FIDERICPESN B RERFE RIGRELPFEREIC
BRIEL =&V RIRITR o mor=,

o TROYN—(F, FFRENRBEEDETEZRINT DRENERBRLT,. TADIID
IR AT S-OICHEEERIRNERBLEARIELH D, EARELT FLE
BAA =030 &ROTODIIMGRERIE T 51O R EEBEEA AL
2117‘:4:5'6379)\ NIFFRINDF LR AEFRICESTRELGRIETHASEZ A DN

o AWM. BEDEANMETETOC IV BREEZMAIZIT+HTHEILE
TLTHEY. BEE X TIEEINILOMDBRRIZEZDLDTH D, IHIZ,
BROKRBXL, FLRAREEEDINEDRMERMNIRCDFDZE RIEL
TWAIEAETRLTHY. ChixRaEDEREZZELTLS,

(S. Malleret et al., 2023)
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o BB ALIZ. FLRARETOADIMIBITEEEDOBLL (Winner's
Curse) DRI DE R, DWLNTIZUREEDHE/MNEEXFRCATREE L $H D, Thld.
Efﬁgbr:@tb&—@%ﬁéﬁ?ét BHBEROBRRICEEEXL-59 /65
4 AN

s ZOWHRII.FLRANREFRHIPERERSINIBKRREDEEMELEIAL TS,
ERDIy—RARET 11 TBERADIIRAR—Sv—(2 LD RO MIFE
DENDTHHEETLTLNS,

« FSUEOTFUR—ID IR TF—LELRTBEEE DT — ARG T 4 ILHEE
FAZE L TEYREGE SRR —REEIELTEY . INEHED S lEfthk
YINEL, TN A SFIDETOEABMNEN &0, EEDCDXIBEBAX—L
BAENYRIERDEEEF - TWNAIEL—RHEEZOND,

- BWEIEEODVAURTIF—LIR, XBEAFXF—LADBMBENDIRNESIETIS
AN, BURSIEZEDODIZE, RE. N BERADURINEEDE WACC A LR
L.OWTIEELERAREDIR MBI EFTH=6. RybE0O%ERT H=HIC
BEDYRYE@E#TT HETBIRTDHIABNDEAS, thDXZiELMITLT,
BERIM EEIIALMNSFIDETOHIBZERL. RALE-TOD IO AN ARL

[ZEMT5&I2FTHIET, VRIEBRMNTES,
(S. Malleret et al., 2023)

FY LW AFLHIEEE TR ITHNATINS

. v besmorTons

FARKXELRAREICEETSHAORXNETIL

iR, BRE, HELRTHREBTRBLIAN—REZARFEF LRNE
EFOEFRENME BARNTIRILF 2RISR, 2024

Table 15 Comparison of CAPEX between baseline and advanced

Table 3 Description of conventional and advanced technologies models (10, 000JPY kW)
Foer | Cdec” = e Bsclie || Advaneed 2
- DEVEX 23 23
Turbme 139 139
BOP
e Floater 134 114 15
Moonng and anchor | 6.8 43 37
PTS 31 31 -
Installation
Turbme 6.0 il 48
Moomng and anchor | 2.5 21 16
Ll Floater 11 11
turbine
Installation PTS 53 53
Port 0.1 0.1 -
Others 6.0 4.7 2!
Total 60.6 515 15
Barge type vessel’)
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o EFIZHEMNKROHSNDZWPT1-WP5-WPBIZ DTl ZEEEREMNIFIXTETL.
FAEOUIAL—YavDETEBEIZA-TILNS

o WP2:-WP3IZDUW\TH, STEZXYEFMIZEDO TLDERETHD

s BRIXZ.WP2IZEWT,. IV =Z7) Y aRMETILERHL, HILLEIMIZLS
OAMEBIRZEE M T 5FE

« ERSNDOANLFICEATLHEREMERLAL. BINTOZEBOBFHMINEZTOEE
HIZ. EROBHTICRERLTLK
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Figure 1: Summary of Amenity, Disamenity and Turbine Home Price Impacts
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Source: Hoen, B., & Atkinson-Palombo, C. (2016). Wind turbines, amenities and disamenitites: a study of home value impacts in densely populated

Massachusetts. Journal of Real Estate Research, 38(4), 473-504.
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What is your attitude toward the local wind project now?

All respondents to this question (n = 1,674) mean attitude = 3.71
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Table 2: The sources and availability of existing flexibility assessment approaches
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