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Abstract: The use of polystyrene (EPS) in ocean farming has recently changed to eco-friendly materials such as polyethylene (PE) 

and polypropylene (PP). However, despite this shift, PE and PP still contribute to microplastic generation owing to their vulnerability 

in marine environmental conditions and potential collisions with ships. Fragmented micro-plastics continue to occur due to the use of 

plastic materials without fundamental material conversion. Therefore, the development of an ocean farming buoys utilizing biode-

gradable materials such as polylactic acid (PLA) is in progress. As biodegradable materials have higher density than existing PPs and 

PEs, buoys crafted from PLA are heavier than those made from conventional materials. Accordingly, the buoys may sink and the 

buoyancy or productivity of farmed organisms may decrease. Therefore, in this study through hydrodynamic diffraction and response 

analysis, a weight of PP, PE, or PLA was applied to each buoy, and the kelp weight was assigned and compared to each buoy for 

analysis. 
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1. Introduction 
Recently, various studies have been conducted to reduce mi-

croplastics generated in the ocean [1][2]. Ocean farming has 

recently changed the usage of polystyrene (EPS) material (com-

monly known as Styrofoam) to an eco-friendly material com-

posed of polyethylene PE and polypropylene PP [3]. However, 

PE and PP continue to generate microplastics due to ocean en-

vironmental conditions and ship collisions [4]. Fragmented mi-

croplastics persist due to the use of plastic materials without 

fundamental material conversion [5]. Therefore, the develop-

ment of ocean farming buoys using biodegradable materials, 

such as polylactic acid (PLA), is in progress [6]. In contrast to 

existing PP and PE, biodegradable materials possess higher 

density, resulting in increased weight than existing buoys [7]. 

Consequently, the buoys may sink, decreasing the buoyancy or 

productivity of farmed organisms. 

In this study, the suitability of the biodegradable buoy under 

development is reviewed by analyzing the wave motion char-

acteristics of an existing buoy alongside the biodegradable var-

iant. 

Figure 1 displays the developed biodegradable buoys and im-

ages depicting their actual installation in the sea. Biodegradable 

buoys exhibit similar shape as existing PE and PP buoys in appear-

ance. 
 

  
Figure 1: Biodegradable materials buoys (PLA buoys) 

 

2. Model and analysis condition  

2.1 Model 
The focus of this study was a buoy designed for kelp farming. 

The aquaculture area measured 100 m × 100 m in width, accom-

modating a single row connected to 25 buoys horizontally, result-

ing in an approximate yield of 1.5 tons of kelp per row, as de-

picted in Figure 2. With twenty such rows installed vertically, the 

fish farm produced approximately 30 tons of kelp. Therefore, the 

weight of kelp per buoy is about 60 kg (1.5 tons/25 pieces = 60 

kg). 

The basic specification of the target buoy is a sphere with a 

radius of 120 mm and a thickness of 2 mm, as shown in Figure 3. 
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Twenty-five horizontal directions were connected by strings, 

but each buoy was not completely constrained to perform six-

degrees-of-freedom movements; therefore, in the horizontal di-

rection, only four in the first and second rows were modeled. 

A kelp weighing 60 kg was assigned to each buoy for analysis. 

The analysis was conducted by applying equal intervals between 

the buoys, spaced at 4 m horizontally and 5 m vertically. The 

model was utilized to review the interference and collision 

caused by horizontal and vertical buoyancy waves. The fish farm 

being studied was installed in the coastal sea and was secured 

with a rope to prevent it from floating away without using a sep-

arate mooring device. Therefore, the analysis was conducted by 

defining only the position such that it did not move by assigning 

boundary conditions without setting up a separate mooring de-

vice. 

The PP, PE, and PLA models were analyzed according to their 

respective material properties, and each buoy was assigned a 

weight of PP 3.25 kg, PE 3.47 kg, and PLA 4.34 kg according to 

the physical properties. As mentioned above, it can be seen that 

PLA, a biodegradable material, weighs approximately 1 kg more 

than the existing PP and PE materials. Considering that approxi-

mately 500 buoys are installed throughout the fish farm, the total 

weight increased by approximately 500 kg. The densities and 

weights of each material are listed in Table 1. 

Figure 2: Layout description of kelp farming 

Figure 3: Section shape of the biodegradable materials buoy 

Table 1: Specimen dimensions of biodegradable plastic material 

Material 
Density 
(g/cm3) 

Weight 
(kg) 

CoG 
(m) 

CoB 
(m) 

PP 0.90 3.25 0,0,0 0,0,-7.1x10-2 
PE 0.96 3.47 0,0,0 0,0,-6.6x10-2 

PLA 1.20 4.34 0,0,0 0,0,-5.3x10-2 

2.2 Analysis Condition 
The ocean conditions for the hydrodynamic analysis were 50 

m (L) × 50 m (B) × 10 m (D), as shown in Figure 4. As illustrated 

in Figure 5, wave conditions were simulated with a wave length, 

breadth, and period of 8.5 m, 0.7 m, and 5.7 s, respectively. The 

data was acquired from the Meteorological Data Opening Portal 

of the Meteorological Administration, specifically from Nohwa-

do, Wando-gun, Jeollanam-do, which closely represents the ac-

tual buoy installation location. 

In addition, three directions–0°, 45°, and 90°–were set, as 

shown in Figure 4 (b), and the floating characteristics of each 

material were reviewed. Hydrodynamic diffraction analysis was 

performed to review the characteristics of buoyancy according to 

ocean environmental conditions and to review the wave move-

ment of buoyancy through hydrodynamic response analysis. 

(a) Plan view 

(b) Side view 

Figure 4: Layout description of analysis model 

Figure 5: Description of wave load 
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3. Hydrodynamic Analysis

3.1 Hydrodynamic Diffraction Analysis 
Hydrodynamic diffraction analysis was performed using the 

ANSYS AQWA 2022R2 analysis software to review the wave 

motion in the buoy. Hydrodynamic diffraction analysis is based 

on the potential theory of Equation (1) [8]. 

∇2Φ= 𝜕𝜕2Φ
𝜕𝜕𝑥𝑥2

+ 𝜕𝜕2Φ
𝜕𝜕𝑦𝑦2

+ 𝜕𝜕2Φ
𝜕𝜕𝑧𝑧2

= 0       (1) 

Equation (1) denotes the Laplace equation, where the poten-

tial can be expressed as Equation (2), and the potential of the 

buoy represents the potential of the overlap. 

Φ=∑ Φ𝑗𝑗 + Φ𝜔𝜔 + Φ𝑑𝑑
6
𝑗𝑗=1        (2) 

In Equation (2), Φj represents the radiation potential Φω for 

buoy’s six degrees of freedom, and Φd represents the diffraction 

potential of the incident wave. Hydrodynamic diffraction analy-

sis was performed using Equations (1) and (2): Two boundary 

conditions are applied: the pressure at the free surface of Equa-

tion (3) and the speed of wave motion at the seabed of Equation 

(4): 

g 𝜕𝜕Φ
𝜕𝜕𝜕𝜕

+ 𝜕𝜕2Φ
𝜕𝜕𝑡𝑡2

= 0: 𝑧𝑧 = 0           (3) 

𝜕𝜕Φ
𝜕𝜕𝜕𝜕

= 0: 𝑧𝑧 = 𝑑𝑑     (4) 

Figures 6-8 show the wave characteristics of the sea around 

the aquaculture buoy through hydrodynamic diffraction analysis 

according to the angle of incidence of the wave. Red and blue 

represents the rise and descent of the waves, respectively. Gener-

ally, floating bodies alter the flow of waves [9][10]; however, aq-

uaculture buoys, being relatively small compared to the waves, 

tended to move in synchrony with the wave flow without signif-

icantly affecting it. The maximum wave height was 0.7 m, and it 

was confirmed that the load conditions were appropriately as-

signed. Figures 6-8 depict the results for 0°(X), 45°, and 90°(Y) 

directions, respectively. The figure subsection (a) demonstrates 

the movement of the buoy due to wave activity, and (b) represents 

the wave surface height at sea level.  

(a) Buoy movement due to waves 

(b) Wave surface 

Figure 6: Hydrodynamic diffraction analysis result (0˚) 

(a) Buoy movement due to waves 

(b) Wave surface 

Figure 7: Hydrodynamic diffraction analysis result (45˚) 
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(a) Buoy movement due to waves 

(b) Wave surface 

Figure 8: Hydrodynamic diffraction analysis result (90˚) 

3.2 Hydrodynamic Response Analysis 
Hydrodynamic response analysis was performed based on the 

hydrodynamic diffraction analysis results. The analysis evalu-

ated the wave motion characteristics at the center of gravity of 

the buoy for aquaculture, and the RAO of the buoy's response to 

the wave load was calculated using Equation (5). 

�−𝜔𝜔2�𝑀𝑀𝑠𝑠 + 𝑀𝑀𝑎𝑎(𝜔𝜔)� − 𝑖𝑖𝑖𝑖𝑖𝑖(𝜔𝜔) + 𝐾𝐾�𝑋𝑋(𝜔𝜔) = 𝐹𝐹(𝜔𝜔)             (5) 

In the equation, Ms, Mα, C, K, and F represent the structure 

mass, added mass, attenuation, hydrostatic stiffness, and incident 

load and diffraction load of the wave, respectively. The ocean en-

vironmental conditions used in the analysis was identical to those 

used in the hydrodynamic diffraction analysis. 

The interpretation was performed for 30 s. Figures 9-11 show 

the analysis results for three incident angles. A comparative 

graph was generated, illustrating the floating performance of the 

farming buoy in the X-, Y-, and Z-directions, categorized accord-

ing to the material properties. 

Thus, the hydrodynamic response analysis of the wave at 

0°(X), PP, PE, and PLA were 0.975 m, 0.949 m, and 0.838 m, 

respectively, indicating wave movement in the surge (X) direc-

tion. In the sway (Y) direction, all three materials indicated min-

imal movement, with curves showing vibrations of less than 0.01 

m. In the Heave (Z) direction, PP, PE, and PLA were 0.697 m,

0.698 m, and 0.699 m, respectively, depicting analysis results 

similar to a wave height of 0.7 m. 

(a) Surge (X-direction) 

(b) Sway (Y-direction) 

(c) Heave (Z-direction) 

Figure 9: Hydrodynamic response analysis result (0˚). 

As a result of the hydrodynamic response analysis of the wave 

at 45°, PP, PE, and PLA were 0.708 m, 0.677 m, and 0.582 m, 
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respectively, indicating waves movement in the Surge (X) direc-

tion. In the Sway (Y) direction, PP, PE, and PLA were 0.708 m, 

0.677 m, and 0.582 m, respectively, which represents movement 

by waves. In the Heave (Z) direction, PP, PE, and PLA were 

0.697 m, 0.698 m, and 0.699 m, respectively, depicting analysis 

results similar to a 0.7 m wave height. At 45°, movement oc-

curred in X and Y, unlike at 0°and 90°. 

(a) Surge (X-direction) 

(b) Sway (Y-direction) 

(c) Heave (Z-direction) 

Figure 10: Hydrodynamic response analysis result (45˚) 

As a result of the hydrodynamic response analysis of waves at 

90° (Y), all three materials displayed graph curves indicating vi-

brations of less than 0.01 meters due to minimal wave movement 

in the Surge (X) direction. In the Sway (Y) direction, PP, PE, and 

PLA was 0.993 m, 0.962 m, and 0.833 m, respectively, represent-

ing the movement of waves. In the Heave (Z) direction, PP, PE, 

and PLA was 0.697 m, 0.698 m, and 0.699 m, showing analysis 

results similar to a wave height of 0.7 m. 

(a) Surge (X-direction) 

(b) Sway (Y-direction) 

(c) Heave (Z-direction) 

Figure 11: Hydrodynamic response analysis result (90˚) 
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As a result of the hydrodynamic response analysis of the three 

material properties, it was confirmed that the displacement of 

PLA, in the surge direction at 0° angle, the surge and sway direc-

tion at 45°, the sway direction at 90°, was about 0.1 to 0.15 m 

smaller than PP and PE. It was predicted that an increase in 

weight would result in decreased movement. 

However, the analysis of the heave direction indicated a move-

ment almost equivalent to the 0.7 m wave height, showcasing 

sufficient buoyancy to reflect the wave's movement characteris-

tics. Therefore, despite the decrease in movement in the surge 

and sway directions due to increased weight, the floating perfor-

mance of the buoy is expected to remain unaffected by this 

weight increase. 

4. Conclusion
As a result of hydrodynamic analysis considering the marine 

environmental conditions of kelp farms and comparing PLA, a 

biodegradable material, with previously used materials, PP and 

PE, the following results were obtained: 

1) First, the PP, PE, and PLA models were analyzed according 

to the material properties of the buoy. Each buoy was

equipped with weights of PP, PE, and PLA, with individual

kelp weights assigned for comprehensive examination.

Ocean conditions for the hydrodynamic analysis were 50 ×

50 × 10 m. Wave parameters, including a wavelength of 8.5 

m, a wave depth of 0.7 m, and a wave period of 5.7 s, were

applied to simulate conditions at the actual buoy installa-

tion site. Additionally, three directions (0°, 45°, and 90°)

were set, and the floating characteristics of each material

were reviewed.

2) Hydrodynamic diffraction analysis was conducted consid-

ering the incident angle of the waves. Generally, floating

bodies change the flow of waves; however, aquaculture

buoys, being relatively diminutive structures in comparison 

to waves, exhibit movement concurrent with the flow of

waves without significantly affecting them.

3) Based on the hydrodynamic response analysis of the three

material properties, it was confirmed that the displacement

of PLA was smaller than that of PP and PE. However, when 

looking at the analysis results for the heave direction, it was 

confirmed that it had almost the same value as the wave

height. Sufficient buoyancy was ensured to demonstrate

wave movement characteristics. Therefore, despite in-

creased weight, the aquaculture buoy's floating perfor-

mance is anticipated to remain unaffected.

4) In the further research, buoys will be installed in actual fish 

farms to review the floating performance of buoys applied

with biodegradable materials will be conducted through

simulation comparison of results.
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