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Relevance of life-cycle trade-offs in
substructure concepts selection
for floating wind turbines

Research objective

Access to deep waters, currently untapped wind resource is enabled n—i ;
by floating wind turbine substructures s I | 1 | 1] | | 11 | | I
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Different substructure concepts have relative benefits and :
weaknesses related to the various wind farm life-cycle phases, : r ----- rr ----- ( [ [ r r rr rr [ ]

Site upper intermediate Site severe

LCC semi-submersible +8.9% vs. spar buoy LCC semi-submersible +7.3% vs. spar buoy LCC semi-submersible +5.7% vs. spar buoy LCC semi-submersible +7.5% vs. spar buoy

. ° . . LCC semi-submersible -0.1% vs. spar buoy LCC semi-submersible -0.1% vs. spar buoy LCC semi-submersible -0.2% vs. spar buoy LCC semi-submersible -1.2% vs. spar buoy

S u C h a S I Owe r fa b r‘l Ca t I 0 n O Sts O r‘ e a S e Of I n Sta I I a t I 0 n LCC semi-submersible +0.2% vs. spar buoy LCC semi-submersible +0.1% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible +0.0% vs. spar buoy
C LCC semi-submersible -4.5% vs. spar buoy LCC semi-submersible -4.5% vs. spar buoy LCC semi-submersible -4.6% vs. spar buoy LCC semi-submersible -0.9% vs. spar buoy

LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy

LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible +0.0% vs. spar buoy

. . e e . LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible -2.7% vs. spar buoy LCC semi-submersible -3.3% vs. spar buoy LCC semi-submersible -4.2% vs. spar buoy

Re C e n t re S e a rC h fo C u S e d O n d e S I g n O pt I m I Za t I O n Of fI O a t I n g LCC semi-submersible +0.1% vs. spar buoy LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible +0.0% vs. spar buoy

substructures for production costs reduction, and development of ;r:. I I I | I l I I I
life-cycle cost (LCC) models for floating wind farms '

¢ Lack of research on the life-cycle trade-offs related to the floating IJ‘ r‘ l“ I“ f '.r r r l,. r r r
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S u bst r u Ct u re CO n Ce pt S e | e Ct i O n 00 Distance from port 50km Distance from port 150km Distance from port 250km

LCC semi-submersible +5.8% vs. spar buoy LCC semi-submersible +5.7% vs. spar buoy LCC semi-submersible +5.7% vs. spar buoy

LCC semi-submersible -0.1% vs. spar buoy LCC semi-submersible -0.2% vs. spar buoy LCC semi-submersible -0.2% vs. spar buoy

LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible +0.0% vs. spar buoy

° . . . LCC semi-submersible -4.3% vs. spar buoy LCC semi-submersible -4.6% vs. spar buoy LCC semi-submersible -4.8% vs. spar buoy

> T h I S re S e a rc h S h e d S I I g h t O n t h e I m p O rta n Ce Of t h e I I fe - Cyc I e LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy
LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible +0.0% vs. spar buoy

LCC semi-submersible -5.1% vs. spar buoy LCC semi-submersible -3.3% vs. spar buoy LCC semi-submersible +0.0% vs. spar buoy

trade-offs involved in selecting spar buoy and semi-submersible
substructure for a floating wind farms ; | | | | | [ | I I | | |
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. R . Discount rate 8% Discount rate 10% Discount rate 12%
S a r b O S a n d S e m _S b m e rs b I e S a S S b St r Ct re CO n C e tS t h LCC semi-submersible +5.5% vs. spar buoy LCC semi-submersible +5.7% vs. spar buoy LCC semi-submersible +5.9% vs. spar buoy
p u y I u I u u u p W I LCC semi-submersible -0.1% vs. spar buoy LCC semi-submersible -0.2% vs. spar buoy LCC semi-submersible -0.2% vs. spar buoy
LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible +0.0% vs. spar buoy
. . . LCC semi-submersible -4.4% vs. spar buoy LCC semi-submersible -4,6% vs, spar buoy LCC semi-submersible -4.7% vs. spar buoy
St re n t h S a n d We a k n e S S e S I n d Iffe re nt | Ife_ C C | e h a S e S LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy
LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible +0.0% vs. spar buoy
LCC semi-submersible -3.8% vs. spar buoy LCC semi-submersible -3.3% vs. spar buoy LCC semi-submersible -2.8% vs. spar buoy
LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible +0.0% vs. spar buoy
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p MCF Semi-submersible 1.84, Spar Buoy 1.22 MCF Semi-submersible 2.27, Spar Buoy 1.5 MCF Semi-submersible 2.7, Spar Buoy 1.78
LCC semi-submersible +4.7% vs. spar buoy LCC semi-submersible +5.7% vs. spar buoy LCC semi-submersible +7.0% vs. spar buoy
H LCC semi-submersible -0.1% vs. spar buoy LCC semi-submersible -0.2% vs. spar buoy LCC semi-submersible -0.4% vs. spar buoy
mr LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible -0.1% vs. spar buoy
LCC semi-submersible -4.7% vs. spar buoy LCC semi-submersible -4.6% vs. spar buoy LCC semi-submersible -4.4% vs. spar buoy
LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy
LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy
v ) . ) ) LCC semi-submersible -3.3% vs. spar buoy LCC semi-submersible -3.3% vs. spar buoy LCC semi-submersible -3.2% vs. spar buoy
HEN Cable 1, Capacity: 4 turbines m Cable 4, Capacity: 7 turbines LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy

HR Bl Cable 2, Capacity: 5 turbines wiwm Cable 5, Capacity: 8 turbines
B Cable 3, Capacity: 6 turbines s EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
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Four alternative options for a floating wind farm are assessed:

1. Semi-submersible with tow-in, quayside major repair strategy l" f
2. Spar buoy with tow-in, heavy-lift vessel (HLV-based) major repairs o r ------ r r '-PI" r r rr r

Dmr

LCC semi-submersible +6.5% vs. spar buoy LCC semi-submersible +5.7% vs. spar buoy LCC semi-submersible +5.2% vs. spar buoy
. . . . . . LCC semi-submersible -0.1% vs. spar buoy LCC semi-submersible -0.2% vs. spar buoy LCC semi-submersible -0.2% vs. spar buoy
3 Semi-submersible with onsite. HLV-based maior repairs LCC sem-submeraible +0.1% va- spar buoy LCC serisubmersible -0.0% va- spar buoy LCC semi-submersible +0.0% va- spar buoy
° ) LCC semi-submersible -3.6% vs. spar buoy LCC semi-submersible -4.6% vs. spar buoy LCC semi-submersible -5.4% vs. spar buoy
LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy
° ° ° ° LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible +0.0% vs. spar buoy
o p a r u Oy W I t O n S Ite - a S e I I I aJ O r re p a I rS LCC semi-submersible -2.6% vs. spar buoy LCC semi-submersible -3.3% vs. spar buoy LCC semi-submersible -3.8% vs. spar buoy
) LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible +0.0% vs. spar buoy
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LCC semi-submersible +6.1% vs. spar buoy LCC semi-submersible +5.7% vs. spar buoy LCC semi-submersible +5.4% vs. spar buoy
LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible -0.2% vs. spar buoy LCC semi-submersible -0.2% vs. spar buoy
LCC semi-submersible +0.1% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible +0.0% vs. spar buoy
. . . . LCC semi-submersible -4.8% vs. spar buoy LCC semi-submersible -4,6% vs, spar buoy LCC semi-submersible -4.3% vs. spar buoy
to O ptl I I l a y S | Ze S p a r u Oy a n S e I I l | —S u I I l e rS I e S O r a LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy
LCC semi-submersible +0.0% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible +0.0% vs. spar buoy

LCC semi-submersible -3.0% vs. spar buoy LCC semi-submersible -3.3% vs. spar buoy LCC semi-submersible -3.3% vs. spar buoy

Wi n d fa rm Of 42 5 IVI W N R E L refe re n Ce Wi n d tu rb i n eS LCC semi-submersible +0.1% vs. spar buoy LCC semi-submersible -0.0% vs. spar buoy LCC semi-submersible +0.0% vs. spar buoy
LCoE "best" semi-submersible scenario - LCOE "best" spar buoy scenario [€/MWh]

Site conditions A/ -0.14 -1.57 [
Distance from port -2.92 -1.57 0.0
/ Sebsnuctce / / Comr cmpr// Casr / Discount rate -1.83 -1.57 -1.41
MCF -2.56 -1.57 -0.39
Vessels rates 0.4 -1.57 -3.53
Major repairs -1.68 -1.57 -0.94
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v' There is no ‘best concept’ a prioti: life-cycle trade-offs in
For each design driver variation, results of the MDAO workflow floating substructure concept selection are important and
obtained for each farm configurations 1 to 4 are compared should be accounted for in the depvelopment of a wind farm

Manuf. complexity factor Discountrate 3y construction and

Semi-submersible: 1.82.3)2.7 89%[10%]12% socurcing v Variations in design drivers have a significant impact on the
Spar buoy: 1.2[1.5]1.8 \ \ \ \

Mm g~ A~ A~ S~ /\-\ trade-offs and can make one or another floating substructure
ﬁ

- concept more cost-competitive

-1
N 200km Portsite dist.: 50km 150km 200km | 1o T warer depth v" Semi-submersibles with tow-in maintenance strategies and spar
oo buoys combined with an onsite major replacement approach
V l Si diti Wind turbi j i . - . .
e Mild Low. TO5R Sev. e yenBlreal e show a higher cost-competitiveness among the combinations of
int. LIt floating substructures and major repair strategies assessed
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