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Abstract

There has been an increasing number of studies on photovoltaic energy generation system in an offshore site with the largest energy
generation efficiency, as increasing the researches and developments of renewable energies for use of offshore space and resources to replace
existing fossil fuels and resolve environmental challenges. For installation and operation of floating photovoltaic systems in an offshore site
with harsher environmental conditions, a stiffness of structural members comprising the total system must be reinforced to inland water spaces
as dams, reservoirs etc., which have relatively weak condition. However, there are various limitations for the reinforcement of structural
stiffness of the system, including producible size, total mass of the system, economic efficiency, etc. Thus, in this study, a floating breakwater
is considered for reducing wave loads on the system and minimizing the reinforcement of the structural members. Wave reduction
performances of floating breakwaters are evaluated, considering size and distance to the system. The wave loads on the system are evaluated
using the higher-order boundary element method (HOBEM), considering the multi-body effect of buoys. Stresses on structural members are
assessed by coupled analyses using the finite element method (FEM), considering the wave loads and hydrodynamic characteristics. As the
maximum stresses on each of the cases are reviewed and compared, the effect of floating breakwater for floating photovoltaic system is
checked, and it is confirmed that the size of breakwater has a significant effect on structural responses of the system.
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(a) Bird's-eye view

(b) Fish's-eye view
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(c) Arrangement of buoys and connectors in unit module

Fig. 1 Configuration of unit module

Table 1 Dimensions and properties of buoy and connector

Item Property
Material Aluminum
Dimension BxLxHxt, ;%=
1,800%1,800%1,720%10x20mm
Draft 1.005m
Buoy Mass 593.957kg

Center of gravity in
vertical direction
Center of buoyancy in
vertical direction
Material

0.634m

-0.503m

Aluminum H-beam
LxBxHxt;xty*=
18,000x340x380x30x30mm
Mass per unit length |81.0kg/m

Dimension

Connector Rotational mass per
. 2.445kg-m*/m
unit length
Elastic modulus 69.60GPa
Shear modulus 26.17GPa

Aluminum, solar photovoltaic
panel, and so on

Unit module |Dimension LxB*=18,000x18,000mm

Draft 1.005m

Mass 30,041kg

*B: Breadth / L: Length / H: Height / t;: Web thickness / t,: Flange
thickness

Material
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Fig. 2 Total structure for offshore photovoltaic system
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(a) Arrangement of buoys in total structure
z

(b) Numerical model of buoys for hydrodynamic analysis

Fig. 3 Buoys consisting of total structure
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Fig. 4 Numerical model of buoys and connectors
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Table 2 Modal analysis results
0.00 |
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1 2.4275 0.3864 2.5883 | | ! | | . ,
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Fig. 8 Wave loads on buoys of total structure
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(a) Bow wave condition(g =0°)

(b) Bow-quartering wave condition(f =45°)

Fig. 9 Deformation configurations of total structure

FEA] 2 Bh5o] 2851 He.

wHeb Aot A FEAN A= o1E S
7] $lakol FAl WSkAL S Al ol £ 1 0 = XS0
o, Apst 2101 49] Aol ol S E D T 4
o) el Y=g vl watech

233 H54) WA )RS o4
AT FRA YA S AX O R S
EBo] g TS 7104 SO0, YA
of Z7|B)} FRERE L ALD)E MakAY 02 T}
F u FxolE o]t GFL BAlskug sk
A, ] 2717 oH”EH %

o ofof T3t F3FS =<l o}oﬂu} Flg 1001] B0 Al vl A o]
o w2 gAgat 2 ER] w25 Urebf qlck

FfA] WA o] F st w2 s e g RE ol 2
Sh= wots 20 Fig. 119 e )it %ﬂ— A a7}
AR R B2 74-HFig. 8(b))2t Bl ek wf F5-A] WA 7}

H
H

14 FIFPMNREZEE =2 M35H M25(2022.4)

(c) Breadth (B)=8m (d) Breadth (B)=16m
Fig. 10 Breadth condition of floating breakwaters
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