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ABSTRACT This study provides a foundation for the conceptual design and performance analysis of a large-scale centralized
offshore green hydrogen production and storage platform. It focuses on optimizing the layout of a 1 GW-class floating offshore wind
farm to maximize power generation while minimizing costs. To achieve this objective, a site near the Donghae gas plant in the East
Sea was selected as a candidate location for the floating offshore wind farm. Wind resource analysis was conducted using MERRA-2
reanalysis data provided by NASA. The Jensen wake model was applied, and an optimization objective function was developed
that considered both the wind occurrence frequencies by direction and in-field cable costs of the farm. Continuous Ant Colony
Optimization was performed. Consequently, the power generation estimates were calculated by statistically considering the actual
wind occurrence frequencies at the farm sites, ensuring realistic power production results.

Key words Layout optimization(HH X ] Z 3}, Floating offshore wind farm(3--8-4] 3jAFHE=2FA ¢ X)), Continuous ant colony
optimization($1<-2] 7 0] %] %] &3}, Donghae gas field(F-3 7}2~4)

Nomenclature L,,_ 4 total length of in-field cables, km
4, :wake overlapped area, m? Py + power production of OWF, MWh
C,,  :costof cable laying vessel, m-W/day Py : average power production of OWF, MWh
C,, _ 4 - cost of in-field cables, m-W R, :radius of rotor
F,, :optimization objective function, m-W/MWh W, :radius of wake zone, m

k : shape parameter

1) Researcher, Korea Research Institute of Ships and Ocean Ta : daily cable laying length, day/km

Engineering, Deep Ocean Engineering Research Center v, : incident wind speed, m/s

2) Senior Researcher, Korea Research Institute of Ships and Ocean L .
. . vy - wind speed at hub height, m/s
Engineering, Deep Ocean Engineering Research Center

3) Principal Researcher, Korea Research Institute of Ships and Upes - reference velocity, m/s

Ocean Engineering, Deep Ocean Engineering Research Center % : surface roughness length, m

*Corresponding author: sh.park@jiae.re.kr . - hub height. m
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z,.s - reference height, m

a :wake decay coefficient(=0.5In (2 /7))

~  :location parameter, m/s

6  :coordinate C.C.W. rotation angle, deg
0, :wind direction, deg (=37/2—0)

A :scale parameter, m/s

p :air density, kg/m3

o :power law exponent

Subscript

ACO : ant colony optimization

CACO : continuous ant colony optimization
MST : minimum spanning tree

OWF : offshore wind farm

RWT : reference wind turbine

WT  : wind turbine
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Fig. 1. OWF target area and 150 grid cells for WT layout
optimization
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Fig. 2. The target area near the Donghae gas field™ and
MERRA—-2 grid (M1~M3)
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Table 2. Specification of NREL 15 MW RWT

Description Symbol Unit Value
Table 1. 3—Parameters for Weibull distribution and mean
wind speed Rated power Py MW 15.0
Cut—in wind speed v, m/s 3.0
Parameters Mean -
Direction | Scale Shape | Location F(I’;C)J. speed Rated wind speed Vg m/s 10.59
(m/s) () (m/s) (m/s) Cut—out wind speed Uy m/s 25
N (0") 9.38 2.01 0 5.88 8.31 Rotor diameter D m 240
NNE 9.88 2.13 0.11 8.23 8.86 Power density P, W/m” 331.6
NE 10,47 2.45 0 12.41 9.29 Hub height H m 150
ENE 9.25 2.33 —-0.09 8.20 8.11
E (90" 6.91 1.9 0.11 3.89 6.24 16 1.0
ESE 6.18 1.67 0.17 2.58 5.69 141
SE 619 | 16 | 012 | 231 | 567 12} 1°°
SSE 7.27 1.56 0.04 | 260 | 657 < 1o} |6
SU80) | 7.94 | 163 | 004 | 330 | 7.14 2 4 oS
SSW 8.39 1.85 018 | 598 | 7.63 § ; sl o 5
SW 8.69 2.31 0.03 8.9 7.73
WSW | 858 | 221 | —0.02 | 6.05 | 7.58 i {o2
W (270°) 8.84 2.02 0.11 4,93 7.94 2r
NWN | 1231 2.4 -0.63 | 7.62 | 10.28 ¥ = 5 - 15 2 P ot
NW 16.46 3.85 | —-3.83 | 1161 | 11.06 Sinicpesd i)
NNW 9.89 2.44 —0.32 5.85 8.45 Fig. 3. Properties of NREL 15 MW RWT
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