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Abstract
This study presents a new concept design combining a solar array with a

floating steel fish-farming cage. This combined solar and aquaculture system is
intended to utilize the ocean space and water resources more effectively and
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more economically, while greatly shortening the payback period of investment
in offshore power generation. The details of this solar and aquaculture design
are described, showing that a square-shaped fishing cage serves as a floating
foundation for the 7600 m* solar array. ANSY S Design Modeler and Agwa are
used to perform the hydrodynamic response analysis of free-floating condition
of solar and aquaculture in the time domain and frequency domain and coupled
anaysisinvolving solar and aguaculture and the mooring lines in the frequency
domain and time domain. The motion RAOs indicated that the proposed
concept possesses effective hydrodynamic seakeeping performances. A
potential Site located in the Bay of Bengal is selected to deploy the solar and
aquaculture system. Its feasibility is then examined in terms of the
hydrodynamic motions and structural dynamic response driven by waves and
current. Fully coupled time-domain simulations are carried out for 50-year
survival conditions. The whole structure exhibits outstanding performance for
its small motions in random seas. Technically, the solar and aguaculture system
has strong competitiveness and wide prospects in the offshore industry for both
power exploitation and marine aquaculture in intermediate and deep waters.

Keywords. Floating foundation; Offshore fish farming; Combined solar-
aguaculture system; Hydrodynamic analysis and Responses

|. Introduction

This study is focused on the hydrodynamic analysis for a Wind Solar
Aquaculture (WSA) offshore structure shown in Figure 25.1); which are being
used in blue economy for support economy of a country.

The WSA structure operation are secured to use of mooring line. The moored
system of a structure made the study of hydrodynamic response. For renewable
energy like wind, solar the structure should be a specia and cutting edge system
and the structure should combine with net steel cage that is helpful for fish
farming.

This floating platform support the economy like a foundation support a
building, which aso includes solar, wind energy systems and fish farming
gpace. This platformis fixed under the sea ground surface and electricity will be
produced by the vertical axis wind turbines (VAWTS) and by the solar panels.
The power should help the structure to run aguaculture system. Fish farming
cage in this cage make this structure economical structure. WSA structure is
involved for blue economy, blue economy means the sustainable use of ocean
resources for economic growth of a country that will help to improve
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livelihoods, employment related to this ocean eco system. It encompasses to the
tourism industry, renewable energy industry and also help in educational sector
like ocean engineering, biotechnology etc. students. The aim of blue economy
to balance economic development and protect the environment.

In this study we have studied a novel concept of combines multiple megawatt
VAWTSs and solar panel with a floating aguaculture steel fish cage. The solar
panel take more than 7000m*and the panel is installed top of the cage. The
whole WSA system is designed unconditionally stable with the Centre of
gravity and Centre of buoyancy. In hydrodynamic analysis for accounting wave
actions the Morison formula applied. As a case study, a potential offshore site
location in extreme south east direction of India and Bay of Bengal. The
extreme responses under a 50year wave and wind condition are investigated
using software ANSY S (v 17.1). Aquaculture ecosystem refersto the cultivation
of aguatic organisms such as fish, shell fish in a controlled environment. The
use of ANSY S can help us to design and hydrodynamic analysis of agquaculture
fish cage. In aguaculture system floating structure is an essential component. In
addition mooring secured floating structure is simultaneously determine results
tension, bending, stiffnessis determining by ANSY S.

1. The WSA Concept

In the below figure, the WSA concept is clear to comprises main five parts;
1. A sted cage.

2. Four vertical axis wind turbine mounted at the top of the cage.

3. A group of solar panel to capturing solar energy.

4. Mooring systems those stabilized the structure.

5. Quartersfor workers. (optional)

.;).(m : —_ prellotr “ 1% £ .- =22/ 4" = ,'-. -+ "." ‘fﬁ)%’ns
Figure 25.1: Wind Solar Aquaculture (WSA) offshore structure
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This WSA structure occupy less marine area and this is more economically. The
estimated volume of WSA structure more than 250000 m®. This economical
system revenue multi begger rupees from production. The heavy investment in
offshore wind power generation can be greatly reduce to severa years. In turn,
the power generated by the wind-solar system easily satisfies the electricity
consumption by fishery.

[11.Numerical Model of WSA Structure

Stedl Fishing Cage

In this structure Steel cage is considered a very important role. Whole structure
consist of columns (shown in Table 25.1), steel cage and steel deck. Breadth of
structure is 93.566m. In the steel deck four openings are there breadth is
36.461m and thickness of the deck is 0.500m.

Table 25.1: Column details

Member Properties Area(m2) Quantity | Total area(m2)

Corner D=6.8m, r=| 2n34x60 |4 4 % 1354.4

column 3.4m, h=| 4+ 273.42 = 5417.6
60m. = 1354.4

Centre D=6.0m, 2m3.0 * 60 1 1%1186.92

column r=3.0m, + 2713.02 = 1186.92
h=60m. = 1186.92

Side column | D=5.0m, 2m2.5x60 |4 4 x981.74
r=2.5m, + 27m2.52 = 3926.96
h=60m = 981.74

Mooring Systems

The WSA is keeping station that’s maintained and controlled by mooring line.
In this structure definition we need 3 mooring line for one connection point. We
have 4 connection point so we need 12 mooring line. The connection points
(end point of structure) is under the water. The distance between C.G. and C.B.
the station keeping mooring systems. In this analytical project we have study
about the catenary connection such as like cable connection that used as
mooring linein this project.

1. The natura period of motion and makes are significantly cut short by tension

in mooring lines. The floater more susceptible to wave-frequency loads.
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2. In our project study we have considered WSA will be transported where the
water depth is 100-200m, where mooring line affected by tidal waves
variations.

3. Utilizing polyester line is more expensive than using catenary connections
(mooring line) in the same water depth.

As shown in figure 12 identical catenary lines are deployed and used to mooring
line in the WSA system. There are 12 symmetrical mooring line in mooring
system. Symmetrically in a circle around the fishing cage, in accordance with
the DNVGL — OS — E301 design guidelines. In each corner column has one
connection point. Connection point is a point where the 3 mooring lines from 3
fixed point are connect in one connection point. The angular distance between
two mooring line is 5° . The design parameters of mooring line given in the
Table 2 and mooring line configuration shown in Figure 25.2.

Table 25.2: Design parameters of mooring line

. M ass Break | Characteristic
Segment | Length(m) | Diameter(m) | o vk gym) | load(kN) | strength (kN)
Upper | 135 0.115 82.0 3065 | 3766
line
Lower | 507 0.115 82.0 3965 | 3766
line
Clump |8 0.930 11.666 : :
Mass

NS

Figure 25.2: Mooring line configuration
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Mesh

Meshing is aso known as mesh generation, it is the process to divide a structure
to limited number of elements and number of nodes (shown in Figure 25.3).

Figure 25.3: Meshing of WSA

= Details of Mesh
= Defaults
Global Controd Basic Controls
=1| Mesh Parameters
Drefeaturing Tolerance 4 m
Masimum Element Size 10 m
Masdmum Allcwed Freguency 0.149 Hz (Estimated from in..
Meshing Type Program Controlled
= Generated Mesh Information
Mumber of Nodes 10206
Mumber of Elements 2344
Mumber of Diffracting Modes (1]
Mumber of Diffracting Elements (1]

Figure 25.4: Details of meshing in ANSYS AQWA

IV.Results
Hydrostatic analysis of WSA

The hydrostatic analysis of this WSA will occur on the structure equilibrium
position, where the point of buoyancy balance overall the WSA system included
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mooring systems. The relevant parameters of hydrostatic analysisis given point
of mass where center of gravity works and point of buoyancy where center of
buoyancy works aso include connection point.

In WSA the point mass below the point of buoyancy, which means that the
whole system is unconditionally stable like spar type platform.

Hydrostatic Results

Structure WSA
Hydrostatic Stiffnoss
Centre of Gravity (CoG) Position X 0.m Y 0.m z 40.73 m
z RX RY
Heave (Z): 0. N/m 0. N/ 0. N/*
Roll (RX) 0. N.m/m 1.9824010 N.m/* 0 N.m”
Pitch (RY) 0. N.m/m 0. N.m/* 1.9824010 N.m/*

Hydrostatic Displacement Properties

Actual Volumetric Displacement 26110244 m*
Equivalent Volumetric Displacement: 16090512 m?
Centre of Buoyancy (CoB) Position: X 0.m Y 0.m z 3623 m
Out of Balance Forces/Weight FX 0 ry 0 FZ: 15686807
Out of Balance Moments/Weight MX 0.m MY 0.m Mz 0m

Cut Water Plane Properties
Cut Water Plane Area 0. m*
Cantre of Floatation 0.m Y 0.m

>

Principal 2nd Moment of Area: X 0. mt Y 0.
Angle Principal Axis makes with X(FRA): 0.
Small Angle Stability Parameters
CoG to CoB (BG): 4.5m
Metacentric Heights (GMX/GMY) 45m 45m
CoB to Metacentre (BMX/BMY): 0.m 0.m
Restoring Moments about Principal Axes
(MX/MY): 1.0824010 N.m/ 1.0824010 N.m/*

Figure 25.5: Hydrostatic analysis result of WSA;
Stability analysis

The forgoing stability analysis of this WSA system there is six degree of
freedom for response different type of inputs. The freedom point is Surge,
Sway, Heave, Pitch, Roll, and Yaw. The responses is given below; in this
analysis of six degree of freedom we found every modes have a crucia degree
of freedom. The movement of effected points are given below (shown in Figure
25.6).
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Figure 25.6: Natural frequency of six degree of freedom

Mode 1- RZ: 10.000°, Mode 2- Y: 10.00000m, Mode 3- Z: 10.00000m, Mode
4- X: 10.00000m, Mode 5- RX: 9.99994°, Mode 6-RY: 9.99606°.

In the analysis process of WSA structure; the structure will be response in two
degree of freedom out of six degree of freedom. The most effected position is
Heave (Z) and Yaw (RZ). But in Z direction the structure response more than
RZ direction.

Z Direction Iteration Step

-42

V€ 43

-44

4.5

-4.6

-4.7

48
1 8 15 21 29 36 43 50 57T 64 71 78 8% 92 99 106 113 120 127 134 141 148

Figure 25.7: Stability Analysisin Z Direction
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It involves the studying the response of the WSA Structure and a particular
wave spectrum. And this spectrum is commonly used to characterized wind
generated waves and its significant wave height and wave period. On anaysis
time we have focused on vertica movement of the structure by pierson-
moskowitz wave type. The graph and table are showing six months data (shown
in Figure 25.7 and 25.8).

Name Structure Position, Actual Response
State Not Solved
Details of Structure Position, Actual Response

Presentation Method Line

Axes Selection Distance/Rotation vs beration Step
LineA

Structure WSA

Type Structure Position

Sub Type Actual Response

Component Global Z

Reference Point Centre of Gravity (WSA)

Motion Relative To Origin of Fixed Reference Axes (FRA)

Abscissa Position of Minimum | 0.0

Abscissa Position of Maximum | 0.0

Minimum Value 0.0m

Maximum Vaue 0.0m
LineB

Structure | Undefined...

Figure 25.8: Details of Stability Analysisin Z Direction
RZ Direction
It involve in this response study on the structure the wave action generated by
rotational direction. We have learn about this study how the structure response

on rotational movement caused by pierson-moskowitz wave type. The graph
and table are showing six month data (shown in Figure. 25.9 and 25.10).
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Iteration Step
S NAPFREREOINE R SHANSARAN AN ERSTITIES
-0.0001
~0.00H2
-_.f.‘ -0.0003
~0.00H4
-0L00HE
-0 00
~0.00T
Figure 25.9: Stability Analysisin RZ Direction
Name Structure Position, Actual Response
State Not Solved
Details of Structure Position, Actual Response
Presentation Method Line
Axes Selection Distance/Rotation vs Iteration Step
LineA
Structure WSA
Type Structure Position
Sub Type Actual Response
Component Global Z
Reference Point Centre of Gravity (WSA)
Abscissa Position of Minimum | 0.0
Abscissa Position of Maximum | 0.0
Minimum Vaue 0.0”
Maximum Vaue 0.0”
LineB
Structure | Undefined...

Figure 25.10: Details of Stability Analysisin RZ Direction
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Hydrodynamic Analysis of WSA
Time Response Analysis with Pier son-M oskowitz

In the analysis process of WSA structure; the structure will be response in two
degree of freedom out of six degree of freedom. The most effected position is
Surge (X), Sway (Y), Heave (Z), Roll (RX), Pitch (RY) and Yaw (RZ). Here
the WSA structure response different with time. In the below all graph are
shown.

X Direction

Time response analysis by Pierson Moskowitz in x direction involve studying
how a WSA structure response to the movement direction by wave Pierson
Moskowitz. The analysis in surge direction is crucia for determining the safe
and reliable operation of offshore structure and other marine structure (shown in
Figure 25.11).

0.06 -

_ 0.04 -
: 0.02 1
E 0
o
0,02 4
0,04
006
0 50 100 150 200 250 300 350 400 480 500
Time (Sec)
Figure 25.11: Time Domain Responsein X Direction
Y Direction

Time response anaysis by Pierson Moskowitz in Y direction involve studying
how a WSA structure response to the movement direction by wave Pierson
Moskowitz. This analysis is an important tool for understanding and predicting
the dynamic behavior of the structure (shown in Figure 25.12)
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0.01
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-0nzs
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Figure 25.12: Time Domain Responsein'Y Direction
Z Direction

In this analysis similar to surge direction analysis. In this analysis focused on
understanding how this WSA structure react vertically movement by pierson
moskowitz wave (shown in Figure 25.13).

200

100 A R
o e
| l |
B - || II I| |||||I I| || IIill | |||ill |
2 40 b N R b '
s L O R
SR AR ARRRAALA AR AR AR AR RN AR ARRAAARRRLAARRRRALY
-200)
0 £0 100 150 200 250 300 350 4040 450 500
Time (Sec)
Figure 25.13: Time Domain Responsein Z Direction
RX Direction

In this analysis we have to study the structure rotation about x direction and
dynamically its behavior about movement due to wave spectrum (shown in
Figure 25.14).
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Figure 25.14: Time Domain Responsein RX Direction

RY Direction

The response of the structure in RY direction would be analyzing the motion
and loading characteristics over the period of time and analysis rotation about y
direction. This numerical techniques used to calculate dynamic response of the

marine system (shown in Figure 15).

0.08 -
0.06 -
0.04 4
0.02 4

-0.02
004
-0.06

-0.08 -
0 50 100 150 200 250 300 350 400 450 500

Fitch (m)

Time (Sec)
Figure 25.15: Time Domain Responsein RY Direction

RZ Direction

The response of the structure in RZ direction would be analyzing the motion
and loading characteristics over the period of time and analysis rotation about Z
direction. This numerical techniques used to calculate dynamic response of the

marine system (shown in Figure 25.16).
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Figure 25.16: Time Domain Responsein RZ Direction
V. Conclusion

The design and assessment of offshore structures in the oil and gas industry
necessitate a thorough understanding of their response to static and dynamic
loading conditions. This study presents a comprehensive analysis of an offshore
structure, employing both static and dynamic analytical approaches to ensure
structural integrity and performance across diverse environmental scenarios.in
the static analysis phase, finite element anaysis technique are utilized to
evaluate the structure’s response to steady-state loading, including gravitational,
wind, and wave forces. This investigation assesses stress distribution,
deformation patterns, and load carrying capacity. The results provide critica
insights into the structure’s stability and safety under static loading conditions,
offering a foundation for robust design and operational consideration. Similarly
to stability analysis in different directions that analysis natural frequency of the
structure.
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