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Abstract — The present paper considers the conceptual design of floating wave-offshore wind hybrid power gener-
ation system. The worldwide demand for ocean renewable energy is increasing rapidly. Wave and offshore wind
energy have been attractive among the various ocean renewable energy sources, and the site to generate electricity
from wave and offshore wind accords well together. This means that a hybrid power generation system, which uses
wave and offshore wind energy simultaneously has many advantages and several systems have been already devel-
oped in Western Europe. A R&D project for a 10 MW class floating wave-offshore wind hybrid power generation
system has been also launched in Korea. A semi-submersible platform, which has four vertical columns at each
corner of the platform to be connected with horizontal pontoons, was designed for this system considering arrange-
ments of multiple wind turbines and wave energy converters. A mooring system and power cable were also designed based
on the metocean data of installation site. In the present paper, those results are presented, and the difficulties and
design method in the design of hybrid power generation system are presented.

Keywords: Hybrid Power Generation Platform(¥ 3 %% &% %), Conceptual Design(7ll'd A7), Mooring
System(Al5F A|2~&), Power Cable(@J#A0] &), Large Semi-submersible Platform(th & "2 Z33%)
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(a) Poseidon

(b) Wave Treader
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(¢c) W2—Power

Fig. 1. Hybrid power generation platforms (Images taken from http://www/floatingpowerplant.com, http://www.power-technology.com, http://

www.pelagicpower.com).
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(b) Wave rose plot
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(¢) Current profile from west to east (installation site = center)

Fig. 3. Example of metocean data.
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60000 aration distance between WTs: (1) 125m, (2) 140m, (3) 150m, (@) 160m 450 Table 1. Principal dimension of 10 MW floating wave-offshore wind
n @6 @ s hybrid power generation platform
oo AEAE o , m P .
b Item Unit Value
§‘°’°°° . Column span (center to center) m 150
230000 =  Draft (design) m 15
g ® Column height m 27
o Pontoon size (height x width)* m 4x4
10,000 Deck size (height x width)* m 3x4
. Displacement Ton 26,848
Platform orfentation [ Weight of hull structure and braces Ton 13,796**
= Potential AEP Wake loss vCF Weight of wind turbine (tower-+rotor) Ton 1800**
(a) BEMT analysis Weight of wave energy converter (incl. frame) Ton 2,344%%*
7SS Weight of ballast Ton 6,255
S Center of gravity (from keel) m 13.67
5:5 Roll radius of gyration m 58.59
ﬁx Pitch radius of gyration m 58.65
b Yaw radius of gyration m 78.44
= a GM m 101.31
s *Deck and pontoon have square sections and the height and width
mean the height and width of the square section.
**The contingency is about 15%~20%. It is included in this table.
L 2 s, 7w 5ol agel aasE 23 gtk g
A DA o5l tig FAIE el ka7 7F ok
(b) CFD analysis webd ol5el oiet ehl S Eg] sle] 10-15%e] alg
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Table 2. Stability results

Loading condition Power production

Storm condition Wet tow condition

Maximum VCG (intact) 82.5

Maximum VCG (damage) 88.6

VCG Margin (intact) 65.11

VCG margin (damage) 71.21
ABS criteria Acceptable

82.5 82.5
88.6 88.6
65.11 64.28
71.21 70.38
Acceptable Acceptable

*VCG : Vertical center of gravity
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Fig. 7. MUFOWT analysis.

Table 3. Motion results
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(b) Motion signal (100—yr condition)

Model Environmental condition Maximum heave (m) Maximum pitch (deg)
Hybrid Power Generation 100-yr condition (Hs=11.32 m, Tp=15.1 sec, 416 6.4
Platform Vw=48.41 m/s, Vc=1.52 m/s) ’ )
. 100-yr condition (Hs=13.5 m, Tp=17 sec,
%
WindFloat Vw=25.9 m/s, Ve=0.8 m/s) 493 5.77
WindSea** 100-yr condition 10.3 6.2

*Roddier et al.[2009], Cermelli et al.[2009]
**WindSea[2015]
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Table 4. Mooring chain properties (uncorroded chain)
Chain type Unit Chain [ Chain II Chain III
Chain diameter mm 130.2 136.5 149.2
Dry weight t/m 0.339 0.374 0.444
Wet weight t/m 0.293 0.322 0.385
Maximum broken loading kN 15,596 16,894 19,563
g3t Ho |91 USeES AAfstaL glon ol tigh g 525 AlREe] AAY AR Mg e A S Al
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Fig. 8. Mooring analysis in ORCAFLEX.

Table 5. Maximum tension at fairlead for Chain I1

Status Heading (deg) Max Tension (kN) Safety Factor Criteria Pass
100-yr Wave, Intact 0.0 6511.3 2.30 >1.67 Yes
100-yr Wave, Intact 22.5 7754.5 1.93 >1.67 Yes
100-yr Wave, Intact 45.0 6777.3 221 >1.67 Yes
100-yr Wind, Intact 0.0 6437.0 2.32 >1.67 Yes
100-yr Wind, Intact 22.5 7713.9 1.94 >1.67 Yes
100-yr Wind, Intact 45.0 6775.1 2.21 >1.67 Yes

100-yr Wave, Damaged 0.0 7969.2 1.88 >1.05 Yes
100-yr Wave, Damaged 22.5 10722.0 1.39 >1.05 Yes
100-yr Wave, Damaged 45.0 13208.4 1.13 >1.05 Yes
100-yr Wind, Damaged 0.0 8308.5 1.80 >1.05 Yes
100-yr Wind, Damaged 22.5 10895.3 1.37 >1.05 Yes
100-yr Wind, Damaged 45.0 13061.6 1.14 >1.05 Yes
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Table 6. Maximum offset for Chain II.

Status Heading (deg) Max Tension (kN) % of Water Depth Criteria Pass
100-yr Wave, Intact 0.0 23.2 28.9 <35 Yes
100-yr Wave, Intact 22.5 22.5 28.1 <35 Yes
100-yr Wave, Intact 45.0 22.0 27.5 <35 Yes
100-yr Wind, Intact 0.0 21.9 27.3 <35 Yes
100-yr Wind, Intact 22.5 21.5 26.8 <35 Yes
100-yr Wind, Intact 45.0 20.6 25.7 <35 Yes

100-yr Wave, Damaged 0.0 31.0 38.8 <50 Yes
100-yr Wave, Damaged 22.5 32.9 41.2 <50 Yes
100-yr Wave, Damaged 45.0 30.6 383 <50 Yes
100-yr Wind, Damaged 0.0 31.6 39.5 <50 Yes
100-yr Wind, Damaged 22.5 31.5 394 <50 Yes
100-yr Wind, Damaged 45.0 29.5 36.9 <50 Yes
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Fig. 9. Mooring line design.
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Table 7. Power cable properties
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Table 10. Effective tension at hang-off based on dynamic analysis

Parameter Units Value Condition Heading (deg) Maximum tension (kN)
Outside maximum diameter mm 105 180 8.0
Weight in air kg/m 21.5 100-yr Wave, Intact 0 178.9
Weight in sea-water kg/m 12.6 90 422
Maximum safe working load kN 270 180 7.9
Static minimum bend radius mm 1050 100-yr Wave, Damaged 0 177.8
Dynamic bend radius mm 1575 90 41.4
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Table 8. Hydrodynamic & seabed coefficient for the power cable global analysis

TOUCH DOWN POINT / 70267

DISTANCE FROM

Hydrodynamic Coefficient Value Seabed Coefticient Value
Normal Drag 1.2 Vertical Soil Stiftness 100
Tangential Drag 0.0 Longitudinal Friction Coefficient 0.45
Normal Inertia 2.0 Transverse Friction Coefficient 0.45
Tangential Added Mass 0.0
Table 9. Minimum bend radius (MBR) based on static analysis
Condition Minimum bend radius (m) Location from hang-off (m) Criteria Pass
100-yr Wave, Intact 5.217 77.25 >1.05 Yes
100-yr Wave, Damaged 4.691 77.25 >1.05 Yes
‘ ﬁ
' “ '
(=3
A - - g
MWL EL 0.0 [i11] warw 1] o
T EL-14000 J[ AL dEdTILIE s J[r EL -15000
SUSPENDED LENGTH FROM HANG-OFF  HANG-OFF POINT | |
TO START OF BUOT : 74000 / !
(=3
BUOY OD : 400 \ [ HANG-OFF 6deg ‘ g
BUOY LENGTH : 10000 ‘ ®
CABLE OD : 105 \‘ ‘
SUSPENDED LENGTH : 109517 - SEABED EL -80000
]

HANG-OFF TO TDP

149517
Fig. 10. Power cable design.
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