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Review and Cost Analysis of Anchored Foundation for Floating
Offshore Wind Turbine

WEN Feng™, HAN Fenglin
( Shanghai Energy Technology Development Co., Ltd., Shanghai 200233, China )

Abstract: [Objective] Cost reduction is currently the primary task and target for floating offshore wind farms, and the anchored
foundation, as a critical component of such a system, is subject to cost reduction accordingly. [Method] The cost of anchored foundation
could be reduced by selecting optimal type of anchored foundation, adopting shared anchored foundation and developing novel type of
anchored foundation. By a review of the current application of anchored foundation in existing floating offshore wind projects, a
comprehensive statistical analysis was conducted on the types of anchored foundation for prototype and demonstration projects both in
and out of China. Then a further study was performed to evaluate the impacts of three distinct anchor types: drag embedment anchor,
suction anchor, and pile anchor which were on the total cost of anchored foundations (inclusive of construction, installation, and recovery
costs) under varying water depths (50 m and 100 m) at the same site with the same mooring tension. The research progress on shared
mooring and innovative anchoring technologies was also outlined. [Result] The statistics indicate that, except the Windfloat project
whose anchored foundation employs the drag embedment anchor design, the anchored foundation of most constructed floating offshore
wind prototype projects and demonstration projects predominantly employs the suction anchor design. The cost comparison analysis
reveals that the total cost of the suction anchor design is lower than that of the pile anchor design, and the drag embedment anchor design
is the most cost-effective type. However, drag embedment anchor is challenged by complex installation and positioning difficulties, and
is not suitable for shared anchored foundation. [Conclusion] The suction anchor design shows good adaptability in floating offshore wind

farms and is poised to become increasingly competitive in deep-sea environments. The shared suction anchor design is anticipated to
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emerge as the predominant anchored foundation solution for future floating offshore wind farms.

Key words: cost reduction of anchor foundation; current situation review; comprehensive cost; shared anchors; novel anchor foundation
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Tab. 1 Constructed megawatt floating wind projects worldwide (as of Oct. 2024)
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Tab. 2 Four types of floating wind turbine foundation in application (as of Oct. 2024)
T H 25 B Kot B RER/MW MW BN UMW Bhp=/MwW k1 R=/MwW
o 20 294.05 125.55 137.5 7 24
TEiz FHRR
i /% 100 43 47 2 8
5 181.8 135 16.8 30 0
pisge
i /% 100 74 9 17 0

AR ML ) L HRPTIAIF AT, AT [A] I 4 A
[E 54 11 17, o A D S w1 A, e T CAE IR X
g B, Al SEVE Ry, AT ECBE R A 1 AR [ R
A — i P T v AR R R 5 TR, T AR B
it A T 10 i ] Bl G S 22 2 5 B LA ok
SR, W0 2 B

RO A AL Al SR, AR EORIK, &
DR, B R/ MEFEAL 2 e # i A 1 BRI, i ]
THBCRPIR A RE G IR R, W) T —SUAFERIR, WA B
U LS RTAS D] St FE A e RO I o B T i
B AL AR BCR ORET /) BUIR, R
FLL225 D5 vk BAR T B, (E ey TR FRUR ER B AR, X



4 7 RETR AR %

& |

(a) T 5k (b) P4

OF L% (d) Iy
1 ERHEEEMERX

Fig. 1 Commonly used anchor types

i

2 HHEAENENNXEM
Fig. 2 Gravity anchor with shear key

MLAF R £ I 2R M BB SR A s -
2.1.2 A

HE4 ( Anchor pile) Sz F1] FH A JE it /F Sk i [ S Al
FI A - 4 AH B AR FH AR AR K FRE ) R[5 7, — ek
VAT A 7 52 HoKF ] A hr P RE 55 T % 1a] i Hi ik
YRR, (HA] A7 B 22 Al [ 0, AT R AR S Sl [ L A,
AP Al B PP 5, AT R T S R B ) Al T
FH B RRBR 3R, WnAFAE Ak 2 IR . BER K AT
A A B8 A AT 11 I A 7K R 8 AN W 5 T 20 - T, B
R 2T BE 2 PRI
2.1.3 i HLA

i B 44 ( Drag embedment anchor) B IR 22 R3¢
K, — A7 LU S [FRRAE : B4 A o 5 2R TH B AH 3%
15338 A 75 B e o 5 1 AN B AR TR, T
SERSAAZ IR A, TR IR I T 5 IR LA EAEH
VLR Bl RIE g o 22 sl 3 3k 44 o) 4 PR Al ol Al TR
AN R B BE, MREE ST 38 B F ok
BRI, N 3 R

=

B 3 Vryhof AR MK5 HEE $4
Fig. 3 Drag embedment anchor (MK5) by Vryhof

i AN UL S dE : AR ERROR (BT /) =,
A Z PR R Al 3k, B, AR T,
Ml A 7 fill, W4 AT LA Z R R A, ARG (H 36
LR ) Jey PR P . B - o i P e 2, S A
B2 TR JRE RIS, A TDME BE O, o1 I T B 0 A
AT PG At T S A8 e UG s H A — i U T il s
PEBE X R AIA SR BN I A TR, KT
R O3 P i F A9 5 AN RE RS2 1 E A8, Hadk T
BAEL RN . MR T R, H R i T Az
FIHLISE R, TCi AR =2 0 [ A
2.1.4 W Sis

W J1%% (Suction anchors) J&—F THHA 55 . IEHD
TFH IR BAR R E W e 4 Al , VS i [ 5L Ak i i )
B — FRCAE AR 0 B AR MR, 5 R e AT 32, TR T R 1
FEHSEHRZI—MN 1~ 6o W ITHiR KRR SURTE
AT, HAEHH A HEBEA— @ RE IR, A5
IR N AR el T AR TE N AR 22 R I, BRI &
WIH TR B, S5 AR A L T 5 4T 0 3 2%, &3 58
J, KPR I, FE WK T B 7 i 4T D TR], 78 Ik ey 282
FLAR IR TR W2 7 4 P 7 A 1 B AT e W T R
#H1.

W 77 i1 2 2 2 TR PR e AL, e RS 31 2 ff FH, ZK IR
TR, JK 22 R, BTUUASCR B, ELN IR IS 3 1Y

SN, —fE TR £ a6 AR R,

.Jﬂif ORIV S OU A i o B T B T DA T PR
HZBR: COE T 0 R (2) JE W Rk 1 )2, &Kk
JIFNAEHETI R By S AL IR s (3) I Y AR i 2 28 i 1
T &y KA WA IR ., WA AR 2 0k ok hg
71, S IR R B R 1
2.1.5 BTG

B J151 A ## (Dynamically penetrating anchor, DPA
Y, Torpedo anchor) 2001 4F- & 5&7F B V4 1) Cammpos
Basin i A5 DA, 3 T K R B IR A e R, 2 3



5% x

SCEE, AR TR L KR B T R BUIR K AR 5

PN S SR R ) — bt [ S, — BBl 0 B
K12~ 15m, & HAH 08~ 1.2 m, HHEIK
50 ~ 100 t, 5 S X FRAOLE A EA 4 A, WK 4(a)
FEs o 77 B 2 255 1 a2 20 e JHL A I s TR
PRAZ) 50 ~ 100m 1) 5 BRI, 1 HAE A FAE T
R YT, 2 R AT 3k 30 mv/s, ZESBETER T
SEMOLET, WLIE 4(b) . B BT ARGE W IR, 1 &
BEAEMV I B) J, HLIGZAR S B E A T A, 2 E
HIGRIK R SE A |22 2% P S AR B A JE At =X,
H i 2l 1 58 Ak i A A R 0 B X E .

Bl T
R
A H‘{\
PAWN ] -
El i 1 ) RINEE
kR
HiA L ‘/*5‘

(@) B (b) ZE R RS
M4 BABNGEIGERRERESES

Fig. 4 Dynamically penetrating anchor real product
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Tab. 3 Anchored foundations of constructed floating wind turbines in China (as of Oct. 2024)
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Tab. 5 Transport and construction costs for nine types of drag
embedment anchor
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Tab. 6 Transport and construction costs for nine types of suction
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Fig. 9 Four optional shared mooring systems for four FOWTs
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