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Power Sector Trends

Value * Deep de-carbonization
* Power System Value
* Consumer Value

* Siting constraints
* Use of hydrogen

Emerging Wind Technologies and Solutions

Economics * Integrated transmission

Generation of Wind External * Largerturbines

Cost effects * |ntegrated 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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Wiser, R., Rand, J., Seel, J., Beiter, P., Baker, E., Lantz, E., and Gilman, P. 2021. "Expert elicitation survey
predicts 37% to 49% declines in wind energy costs by 2050." Nature Energy volume 6, pages 555-565.

Beiter, P., Rand, J. T., Seel, J., Lantz, E., Gilman, P., and Wiser, R., 2022. “Expert perspective on the wind
plant of the future, Wind Energy, volume 25, Issue 8, pages 1368-1378.
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Catapult, Floating Offshore Wind: Cost Reduction Pathways to Subsidy Free, 2021.
https://ore.catapult.org.uk/wp-content/uploads/2021/01/FOW-Cost-Reduction-Pathways-to-Subsidy-
Free-report-.pdf

Bottom-fixed vs Floating Offshore Wind Cost of Capital Estimates and Forecasts
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Figure 5: Bottom-fixed vs floating offshore wind cost of capital
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Jansen, M., Beiter, P., Riepin, I., Musgens, F., Guajardo-Fajardo, V. J., Staffell, |., Bulder, B., & Kitzing, L.
(2022). Policy choices and outcomes for offshore wind auctions globally. Energy Policy, 167, [113000].
https://doi.org/10.1016/j.enpol.2022.113000
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The Grand Challenges of Offshore Wind Financing in the U.S.
https://orbit.dtu.dk/en/publications/the-grand-challenges-of-offshore-wind-financing-in-the-us
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Dalla Riva, A.; Hethey, J.; Barre Eriksen, P.; Llers, S.; Mak, F.; Kalash, S.; Wold, M.; Bjarnstedt, J.; Palmblad,
L.; Telsnig, T.; Stehly, T.; Rand, J.; Wiser, R.; Kikuchi, Y. February 2023. "Wind Technology, Cost, and
Performance Trends for Denmark, Germany, Ireland, Japan, Norway, Sweden, the European Union, and the
United States 2016-2019."

https://www.nrel.gov/docs/fy230sti/81246.pdf
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Figure 5. Contribution of input variables to changes in LCOE in 2016 and 2019
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Dalla Riva, A.; Haaskjold, K.; Hethey, J.; Aly, A. October 2022. "Market value of wind-battery hybrids in the
future European power system." Denmark, Norway.

https://www.ea-energianalyse.dk/wp-content/uploads/2022/04/IEA-Wind-Task-26_Value-of-
WindHybrids_Technical-Report.pdf
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Figure 18, Value factor of HWST wind, LWST wind and hybrid with
storage sizes (4h, 8h, 12h) in selected countries.
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The Demand for a Domestic Offshore Wind Energy Supply Chain, 2022
A Supply Chain Road Map for Offshore Wind Energy in the United States, 2023

https://www.nrel.gov/wind/offshore-supply-chain-road-map.html

A domestic offshore wind energy supply chain designed
Required Resources To Deploy 30 GW Investmentsin 0 WO TaqUire i (VEMMGNTE OF Bt 1otit $22/6 DINOD
of Offshore Wind Energy by 2030 Manufacturing Facilities 2 L nstallation vessels ]
Needed To Establish a Ports

= Wind turbines

Supply Chain by 2030

2,1 00 I I 2,1 00 mnghgﬁzxmm
Wind turbines == Foundations $3 5 bI”!Ol’l é = Other
6 800 58 i Wind turbines E“'m'
& L H
Miles of cable Crew transfer i $‘| .3 billion £ 10,000/
vessels - substructures E
«34-6 <= 11 = $1.8 billion ™
Wind turbine Service operation Hlactrical componints
installation vessels vessels $3 5 b" yo'
; nion
g 4 1 2 ‘D Installation vessels N
R instaision vessels A $8 billion
Ports
= 4-8 «4-6 30 i
Transport vessels Heavy lift vessels 5?993] p};‘?;”lon
& -
¢%¢ 12,300-49,000 $1.3 billion
Full-time equivalents Other components

average annual workforce

g 100% dumestic contest.

(_g¥ THE UNIVERSITY OF TOKYO

FHwBE. ARZ BRIV 7)) aARMETILEFAWVERX FLDAVRD7—LORERBIRNEE. F£44H
BATRILF—FRAIURI DL, 2022

ANTH - KZE hy
- BEFIERE dshore
- REEKREN Pyt
- REEY Nyr

m j] g & Development & Production & Installation &

Consenting CD&C Acquisition CP&A Commissioning C.f&f.'
HET / B ik 3 / BI® /

IOV IMEE Cprojm AR Cyr Ha Cracpesset
. EEHEEDERE
W2 Cregal XfFiEN Css ANRERBE
EREERHRE
IUU=FYY Ceng EEBARBME Cprs o
fl port
2ES—TL
T Ccnntigencies FlLAr—7IL Cii ot C
EJ: ‘T_j.”l Cgc 1&C,others
BE Csurveys HELETERR Coff-subs

EEE ﬁtﬁ Cmr—subs

DTS =FYTETILIZHLT,
THENSETRERGHETESALS . EEEHRERBEETILEEFHL-




BRIV ZTIYVITETILDRE 13

7 CoV

S0 £ E :ET)bgﬁ
:Fil]ﬂ_ BRAFEHKIRE 0.11
Ndata E/INAIVERE 0.12

. Zizl Xactual,i -
Uactual = N E/NAIVERS 0.21
data E/IMIVEE 0.27
E5Q (ki 0.14
Eifiiky 0.18
FERE EEr—DLES GER AE) 012
ZNdam( .)2 EBT—ILRS(ERRE) 0.23
_ Xactual,i ~ Xmodel,i TLAT—T RS 0.33
Oactual = N .

data WRF 0.18
BEMMAZRE(E.6 MWLLT) 0.43
AEMANRER (3.6 MWELE) 0.23
e ; X R EYMARGRE (3.6 MWILT) 0.38
B{EM%%I T EHEEYMmAnRE (3.6 MWL L) 0.25
CoV = Oactual REZEAHK 0.41
Kactual IHEEYMREDS 0.51
EIiRE = 0.03

BARMEZRDETILINGA—REZER DM ERELTETILIELT-.
BNTA—FDEHE, 1ZERE, TENRBERMIZHITEEEEZTRAVTERELT-.
BNTGA=BIBITEIEENR I —FEERET S.

RELSLUVZFEEMDRBEEETIL

BAFEEHIRXE X EEEYMIRE

(@ye X P + byye) X Pyrp X Ny Ewr< 6 Css = MDsstssLs X pstezel X Csteet X Nwr
Cr= 13 (s X P+ dyp) X Py X Ny 0 = Pwr <7 Dgs = max(4, ags X hy® + bgg X hy, + Cg5)
ewt X Py X Ny 7< Pyt tss = dgs X hy + e
Lss = fss X hy + Gsss
(Crown Estate 2010, 2015, NREL 2015-2020) (Negro V et al. 2017)
2 \ 10 \ \ \ \ \ \
CoV =0.11 ©  Reported (Mean) CoV =0.12
= | 8 Predicted (Mean) © o]
2= — — Predicted (Std.) o — =7
S & €] -
2 M \:6
e T\ i — 2
2o | Oy T g
Es 2’
== O  Reported (Mean)
2 Predicted (Mean) 2 - © -
***** Predicted (Std.)
0 | | 0 ! | ! | | |
0 5 10 15 0 5 10 15 20 25 30 35
Turbine rated power (MW) Water depth (m)

BAREEEIVE/ N\MILEZFEEYOER RS EHAIZTDNT
Xk T —3A LY EBEEEXSEL, THREEFROT-

¥ THE UNIVERSITY OF TOKYO




EEEDHRIEETETIL
B —7JI)LaXk

Wind farm
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