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A Study on the Building of Tuna Farming in Floating Offshore Wind Power
Generation Field at East Sea
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Abstract : We need measures that can come up with alternative about fishery living zone and enhance local
acceptance for responding to the increase in the proportion of renewable energy production and construction of
12GW Offshore wind power according to Korea’s Renewable Energy 3020 initiative and Korean-version New
Deal. In this study, We suggest that differentiation plans of co-location model in connection with offshore wind
power generation suitable for the East Sea. The East Sea is an optimal site for building of a floating offshore wind
power generation(FOWPQG) field. It is expected that economic effects like energy production, aquatic resource
development and tourism industrialization by farming bluefin tuna which is high valued fish and suitable for off-
shore aquaculture on public waters in FOWPG field. And we can confirm that budget reduction, smart manage-
ment by sharing operation management technology and increase in fishermen income.

Keywords : floating offshore wind power generation(FOWPG), co-location model, offshore aquaculture, bluefin

tuna, economic effect
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Table 1. Theory for FOWPG (Floating Offshore Wind Power Generation) field building

Classification Main formula

Floating 5 B: Buoyancy
body B=pV %3Density
theory V : Cubic metrics vector
W, Transverse length for wake effect
W,,: Longitudinal length for wake effect
FOWPG W, = B(ff’ @ oz Horizonal mooring raise by current speed, moving length
arra =B (@ of X axis direction
intefference w,, =B @) - Vertical mooring raise by current speed, moving length of
=B Y axis direction
(D: Fixed type WTG arranged
@: Floating type WTG arranged
Anchor H: Holdm{,y force of a'nchor
formulation H=W A: Coefficient of holding force
W. Weight
A= %(yl + 3y, + 33+ 2y,..3y,.1 t ¥, A:_Waterplane area Simpson’s rule
3 h= X = Xn1
n(x, t) = Acoz(kx — wt) = Acos®@ 7. Surface wave shape Airy wave theory
dx,y, )= gf—)ek“sin(kx - ot) #: Velocity potential (Linear water surface
Floatin, 3 ¢
bre akwiter o =gk : Circular frequency waves)
Idi? +M=0 Equation of motion
dt Ship motion
T,= 1.108% Rolling period




Fig. 1. Layout plot of FOWPG field by wake effect.
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Table 2. Related technologies with FOWPG

181

Fig. 2. Floating offshore wind power generation field potential gen-
eration capacity and estimated layout at East Sea.

2016 PBF catch(mt)

2019

Fig. 3. Catch distribution of Pacific bluefin tuna caught in the
Korean water, 2016~2019.
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Item

Summary

Floating breakwater

Protection of offshore wind farms and offshore aquaculture by blocking wave energy

O-STAR Radar

Real-time remote monitoring of offshore facilities using X, Ka band radar in the

target sea area and Al correction

Offshore Defence Detector

Predicting and responding to disasters through marine environment monitoring

Lighting protection S/S

Lightning protection device and system for offshore wind power facility protection

Bluefin tuna fish farming

Co-location model project to increase profit of local fishermen
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Table 3. Costs incurred in transporting juvenile bluefin tuna

AT - EA

Item Cost(unit: 10° xKRW)

Remark

Import of Japanese

0.25 KRW/fish x 1,000 fish

+ Standard on fishery resources transport

. . . 2
Case 1 juvenile, transport — 250 KRW approval: 1. fish/m ,'7 kg or less
to the South Sea * Transportation cost included
Capture in the 45 KRW/1 Time (Charter)
* M t cost Excluded
Case 2 East Sea, transport + 30 KRW (Transport cage manufacture) anagemment cost Exciude

to the South Sea =75 KRW

* Transport cage: inner dia. 20 m
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Fig. 4. Key map of aquaculture co-location model in floating offshore wind power field at East Sea.
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Table 4. Predicting profit by farm operation in 0.5GW FOWPG field

183

Item Profit (unit: 10° x KRW) Remark
 Rearing period: 18 months
Profit/cage 0.7 KRWifish 1,000 fish/cage * Production cost: 0.8 KRW

. =700 KRW/cage
(Cage dia.: 30 m)

* Sale price: 1.5 KRW/30 kg

467 KRW/cage

Per 12 months

700 KRW/cage x 81 cage

Installing 1 cage each

81 cages in FOWPG field

= 56,700 KRW
Profit/500 MW in FOWPG field
(0.5GW) filed 37,800 KRW Per 12 months
(5 MW grade, 700 KRW/cage x 729 cage .
100 Units) Installing 9 cage each = 510300 K1§W & 729 cages in FOWPG field
in FOWPG field g
340,200 KRW Per 12 months

Table 5. Scope of farm management in connecting with FOWPG operating monitoring technology

FOWPG field technology

Estimated
budget (100

Item

Utilization tech. with tuna
farming management

million won)

CMS (Condition
Monitoring System) &

Farm and mooring system monitoring, farm auto-

SCADA (Supervisory 22 matic control system, cage sinking & floating remote
Control And Data control
Acquisition)
Farm data collection, data integrated operation, remote
Integrated Predictive control, environment of fishing ground monitoring
qperatlon and maintenance tech 42 (underwater camera, censor etc.): un-manned auto-
maintenance tech. ’ mate feeding, residual feed amount prediction, tuna
activity, growth pattern etc.
Control center infrastructure utilization-Integrated
Integrated control . . .
center 115 operation, action: weather, cold pool, water quality,
physical ocean conditions
Sub total 179 -
Physical security 25 Integrated management of marine environment mon-
monitoring system tech. itoring area: red tide, oil spill
) . Risk prediction, early . S Lo
. Dlsaster I’I.Sk' detection, situation 25 Accident situation awareness, remote action, joint
s1tuat19n monitoring propagation tech. response
and disaster safety Di .
response system tech. isaster sa ety. Manual for systematic joint response in marine disas-
response scenario 25 ter. risk
development ’
Sub total 75 -
Total 254 -
2AHNEALHC 2 Be| ST YN ANESL 778 5 Aok 20kE P4 V1% F ARET S0 A%
AIAIA FA719e He7le B AIAEE Fall oldde Ao} 71 M 2 HPHAE FED e 2ok (Lee
Befekan 9lom, Sls 73k 2okEskE Bae Wb etal, 2021) B £971%8 AAF 5 ek
A el 5L B 20509714 ZokE GAF HFE Table st ABNUA 3020 FARE FYS 913 24
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FOWPG field & Offshore
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Table 6. Predicting profit by operating FOWPG field

Item Profit(unit: 10° xKRW) Remark

500,000 kW x 8,760 h (Time) x 0.95 (Utilization rate)

Electricity cost: 2020Y

Power % 0.35 (Utilization factor) x 0.000282 KRW/kWh =410,691 KRW
generation * Electricity cost:
sales 964,191 KRW 0.000165 KRW/kWh (2030Y)
* 2GW
GHG 1,456,350 MWh x 0.4415tCO,/MWh x 0.02 KRW
Emission > ) 2 ’ Emission price: 2020Y

Trading (Emission price) = 12,860 KRW




Table 7. Annual tourist industry economic effects
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Item Economic result(unit: 10° xKRW)

Remark

150 ppl. (boarding scale) x 3 times/day x 200 day

cFaf;llitt}; (Number of days to visit, sailable days) gils,hgirnme:
Excursion =90,000 people .
ship tour i
P Estimate 45,009 ppl. (Expecte.d tourist) x 0.05 KRW Ship occupancy
effect (Admission fee, tasting tuna) rate: 50%
=2,250 KRW Cone
78,876 ppl. (Festival tourist) x 0.111636 KRW/ppl. Yeongdeok snowcrab
festival visitor:
) =8,805.4 KRW
Food Estimate 78,876 ppl.
tourism effect i i
3,669,249 ppl. x 0.22 (Epicureanism travel rate) Ganggu Port visitor:
* 0.05 KRW 3,669,249 ppl
=40,361.7 KRW OOSTTPPL

50000

Bluefin tuna Red snow crab

6,804

1,909

2014 2016 2018 2020 2022 2024 2026 2028 2030 2032
YEAR

Fig. 6. Comparative prediction of bluefin tuna and red snow crab
production.
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