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« BiREECHERE. TOMOELRFETHERREZHRRT S,

Power Sector Trends

Value * Deep de-carbonization

- Power System Value * Siting constraints
* Consumer Value

e Use of hydrogen

Emerging Wind Technologies and Solutions

Economics  Integrated transmission

Generation of Wind External * larger turbines

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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£%) 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.
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Y. Kikuchi, T. Ishihara, Assessment of capital expenditure for fixed-bottom offshore
wind farms using probabilistic engineering cost model, Applied Energy, 341, 120912,
2023
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HiE, ARZ AEEHRIAEZFZELEERAN—EZARKFEFLFEF LR AOERSERRN
DEZEM, BARARNDIRILT—FESHXE, 2024

R/ —BR IO IVOZTIVTETIVERV:
WERFEEREFE REFERICELEFRIAD KR Z T
Table 3 Description of conventional and advanced technologies Table 15 Comparison of CAPEX between baseline and advanced
models (10,000JPY kW)
Floster Tiem Baslne | Advanced R“’“‘E:;“m
DEVEX 23 23
139
114 15
4.3 37
31
31
21 16
11 -
33
0.1 -
4.7 22
51.5 15
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Devoy McAuliffe F. et al., Modelling the installation of next generation floating
offshore wind farms, Applied Energy, 2024.

FARXFLRNFEEFOBIET IV RBRIEERTDKE

Inputs
[ Metoceandata |/ Database Assetselection  /  Perasset /'  [nstallation
Hourly wind spead & o Asset options o Turbine o Cost strategy
significant wave height || o [nstallation o Foundation o Transport to o Season
J methods o Seabed preparation quayside: o Number per batch
o Durations o Substation *  Distince o Primary and
o Weather restrictions o Substation e Capacky \ secondiry port
|0 Vessel options foundation . e :

\o Operational costs /

o

Export cable
‘o Inter-amray cable

/| o nsiallation mwethod
\o Vessel(s) & capacity/

Results

Total costs

Total cost breakdown
Angsal costs

Total installation time
Irstallation time per asset
\

HywindZ FA U\ =& EE HEIAXMDOFEM

Installation model Published

results Hywind data
Dry CAPEX' €109 m )
Anchor installation £4m e e
Turbine assembly, towing & hook-up  €8.6 m
Cabling f12 m Breakdown Celtic Sea study 2035 |
Additional installation costs £52 m unavailable
Project management, construction . o iy expcinions 2 |
insurance & contingency
Total installation costs £95.6 m €20.00 €30.00 €40.00 €50.00 €60.00 €70.00 €80.00 €90,00 €100.00
Total CAPEX €204.6 m €200 m LCOE (€MWE)
! Includes development and asset costs on and offshore. Fig. 7. LCOE estimate summary.
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A. loannou et al., Stochastic financial appraisal of offshore wind farms, Renewable
Energy, 2020.
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Wagner F, Malete J, Kitzing L, How do two-way contracts-for-difference affect
futures markets? A novel modelling approach of future market liquidity,
Preprint, Energy Economics, 2025.

EROENENEICET HFEXE T MBELSFLOEEBAHFEEICK
HEEMEZFRIEEZRET 555 . CIDDEAEHRFT1T

Technology-specific
production forecast

Technological
lifetimes
/

Historical volumes
(PPA and EEG)

Historical physical and
futures trading volumes

Step1
Forecasted

production by

marketing strategy

Step 2
Futures
market

equilibrium

/

CfD-related Theory on elasticities
sssss ptions and optimal hedging

Fr—rL—hEHBET A

Figure 1: Overview of inputs and respective modelling steps.

miEFABEETIL

4000

e ———e— e —— e — — e —— T — — T T .

2020 2025 2030 2035 2040 2045 2050
e CfD-independent Fully merchant Merchant tail ===Equilibrium = -Threshold (CR=3) === Historic {CR=5.38)

Figure 7: Volumes are calculated as laid out in section 2. The minimum and average churn rates are 3.49

and 4.68, respectively. 2027 is assumed to be the last year EEG installations come online. Afterwards,
all additional RE volumes operate solely on market terms.

%) Beiter, P., Guillet, J., Jansen, M. et al. The enduring role of contracts for difference in risk
management and market creation for renewables. Nat Energy 9, 20-26 (2024).
https://doi.org/10.1038/s41560-023-01401-w
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- ZEDELRAFREOIANEINEL . Data viewerEL TIEA Task53MDHR—LR—

DICTARLTLS

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

Data Vintage Select a View Dollar Units Data Type Line Statistic Line chart Dots are Generation

® Line |USE - ‘ Aversge - | Weighted Average Full Load Hours

« BAZICHTILMENLE E— | N
ELLGZW=86 ., JWPADEHREE penmars P
ZEIC. BERRSNT-REM
DHR—LR—UZREL. &

LTL%,
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Hold CTRL key form:

.
« FEEBAOREZEIENeoWinds% 27 D
L \ 'c' = The graphic illustrates the investment cost in €/kW and $/kW of onshore wind turbines of 1 MW or larger connected to the grid in a given year. The different
A o statistics can be visualized separately or in a box-plot representing median (horizontal line), 25th to 75th percentile {box), and minimum and maximum
(whiskers). The average is capacity-weighted, representing the average cost of wind projects weighted by each project’s total size in MW. EUR / USD exchange
= T . rate assumption: based on World Bank's data (Official exchange rate (LCU per US$, period average) PA.NUS.FCRF indicator).
« CAPEX-OPEXIXEf:ZE & 3F
Denmark 2020 Ne turbines of 1 MW or larger were grid-connected in 2007;- Sample size for 2012 and 2013.. | Project material published under the 'Share purc..
== = A SRt ——
ﬁ E i E 0) ’ﬁ ** ' =$ ﬁ 2022 Mo turbines of 1 MW or larger were grid-connected in 2007; Project material published under the 'Share purc
= o == Qv £ —nA o
= = Germany 2020 Average values are based on several surveys and data analyses on cost situation of land-bas.. | Rehfeldt, K., Wallasch, A, 2008. Vorbereitung un.
RXE - &/IME- P RIEIEAEH
x I— x I— I— o] Ireland 2020 Balance sheet data were used analysed to identify total capital expentitures up to and inclu Obtained from balance sheet data from the Com.

|
u
Germany
Ireland |
Japan | |
MNorway [ |
Sweden
u

United States |

CAPEX USS$/kW

OK

ESCto clear

Japan 2020 In Japan, CAPEX data is limited. The data is from annual report from Ministry of Economy, Tr.. | Annual report from Ministry of Economy, Trande
Norway 2020 Data indicated that average investment costs for wind power in Norway increased significan.. | NVE

Sweden 2020 The investment costs were obtained from surveys of annual financial reports from a selectio.. | 2020 Sweco survey of cost of energy for wind pr.
United States 2020 nvestment costs increasad from roughly 2004 to 2010, but have since steadily and subtanti.. | "Wind Energy Technology Data Update: 2020 Edi..
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© FAYDMHEMISRLARMTHETHS

 https://www.windguard.com/publications-wind-energy-statistics.html

Wind Guard, Status of onshore wind
energy development in Germany, 2024.

OTender volume M Awarded capacity ~ M Bid capacity (not awarded)

WINZ20-1 ( Feb
WIN20-2 ( Mar
WIN20-3 (Jun
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WIN20-5 ( Sep
WIN20-6 ( Oct;

WIN20-7 ( Dec)

2
5 WIN21-1 ( Feb) Y,
WIN21-2 ( Ma o
2 N WINZ1-3 (Sep Vs . Year 202'1
% xm’fzzf; J’Zb Cumulative Capacity p?f km*
> WIN22-3 ( Sep) 0 - 50 kW/km L
k: WIN22-4 ( Dec 50 - 100 kW/km?® | |
c WIN23-1 ( Feb, 5
= WIN23-2 (Ma 100 - 150 kW/km
WIN23-3 (Aug y \ 150 - 200 kW/km?
WIN23-4 ( Nov / A 7
WIN24-1 ( Feb, J S 200 - 250 kW/km?
WINZ4-2 ( Ma J { -
WIN24-3 (Aug \ 250 - 300 kW/km
WIN24-4 (Nov N | o) | 300 - 350 kW/km?
OMW 1,000 MW 2,000 MW 3,000 MW 4,000 MW 5,000 MW 6,000 MW o i R Iy 450 - 500 kW/km?
Tender volume und bid capacity 550 - 600 KW/km?
1 Base map. © GooBasis-DE / BXG 2022 | Database: MaStR with own modifications
(Wind Guard, 2024) o ey e e e

Regional distribution of cumulative capacity

(Wind Guard, 2024)
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* BALMOREETLZAWNT. KRDBEAMNRANRELKRDMEEICRIFTT HZEEFTM
© FRFTICHEZZFTLEDNDDTFE

53 4T 151 DK, NL — 4 GW offshore wind in 2035,
- Case I: 100%Z=EHELTEE 10 GW in 2050
-Case ll: KFREBENITHFHRT DIZHITTEE DE, GB -6 GW offshore wind in 2035,
- Case lll: 100%%#/KFELTEE 12 GW in 2050

- Case IV: KEDmxBELE 7% M9 5 —X BE -6 GW in 2035
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Tapoglou E et al., Knowledge gaps in the wind energy technology supply chain,
2025.

The Net Zero Industry Act&&UThe Critical Raw Material Act#&=IZ. 754
Fr—VICBET AT —3N—RZEA . AIRIE. STEIVRALE
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Tier &: Pr;':e"s:; - Tier 3:
il
Raw materials materials Sub-components

Nacealle Blades Towers Example: Example: Example:

EU Manufacturing capacity [GW)

0

— i m— Eest estimate Steel Alloys Gaars
B Cnpper Carban fibres Bearings
— 2023 Deploymerts Aluminum Epoxy resins Shafts
= = = Manufacturing capacity by 2030 Rai reE rih Metals Cast iron Transformers
IRC{2025)

Source: JRC elaboration of various sources, 2025 Source: JRC, 2025
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MZEDEESH (Tapoglou E. et al., 2025)
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Y ITSAF—0IvTDSEDERAE (Tapoglou E. et al., 2025)

O @BRYTSAF—DEREEZXEL. EEMANDKEFZRLL., HHEEEFORE
ZRETDH-ODHIEEETE
I:I %ﬁlﬂd) REERETEREL, AR NEHIBL., IEZR ESEIBRERERTE
BV ITP IRV —FTBEEO LB LEIRILF—RATLANDRANIRIL
jF DB EIZIETAIHEDKRTE
O BEFEOHERNPTOITSLOEMMEZER -FHEL. T—REODVWEERRES LV
T DEE DT

e —— o UTokyo



&8 16/16

o TARTOWPIZDWTEEEINI=RABENTETL.MEEZH(CFEHTLVS,, BEIL
IEA Task53DR—LR—(ZIEHEHSND T E

+ BRRERE. KTz —XIZBVWT.WP2IZEIFHI =7 JARMETIVIZEL ST
ArEHiiZE S LTz

- ENORANDREDEFEICEHTAFRLMDERETFV. BRODENEEDHE
BREIZTs—F/ vyl TLK

In-person meetingM 1+
2025%4R15-17TAERE

o» UTokyo




	スライド 1
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16

