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ABSTRACT: The use of eco-friendly energy in the offshore plant system is expanding because conventional generators are operated by fossil fuel
or natural gas. Eco-friendly energy, which replaces existing power generation methods, should be capable of generating the power for lighting
protection equipment, airborne fault indication, parameter measurement, and others. Most of the eco-friendly energy used in offshore plant facilities
is solar and wind power. In the case of using photovoltaic power, because the structure must be constructed based as flat solar panels, it can be
damaged easily by the wind. Therefore, there is a need for a new generation system composed of a spherical structure that does not require a separate
structure and is less influenced by the wind. Considering these characteristics, in this study we designed, fabricated, and tested a unit that could
provide the most efficient spherical photovoltaic power generation considering wind direction and wind pressure. Our test results indicated that the
proposed system reduced costs because it did not require any separate structure, used eco-friendly energy, reduced carbon dioxide emissions, and
expanded the proportion of eco-friendly energy use by offshore plant facilities.
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Table 1 Four different types of photovoltaic panels

281
4. B33 174 Al EiQY LS| Mty )

B Ao A= Table 13} #Zo] AAA 7
F(Type A9 7% ulgo] ko] 3] Sok % uﬂ)% Ak
3t Fig. 1(b)&} 22 725 2A 715

7} 3 d-& Fig. 29} 2o)(Type A Fig. 2(a)9t 2Zol, Type B,
C, D= Fig. 2(b)¢}F Zol) dHo] A Bl 53h4, 3¢
o2 dx|Eo] gty AASGTh o9} e AX| e
AE Zgete IE F- tiAo]E R Fig 3oAl9f 2ol tidH
£ 7120 = 3 wnt 1 s Ha, o] W Hujel ¥ RWEY}
283k AIFig 39 A AR)lA 2 el Aesh= F
stgo R Q3 HAsHE §8S& AklSIAth ks ALkt

7] 918 22 4 ()3 Z2Th(Fox et al, 2010).

Front View

Fig. 2 Photovoltaic panel attachment to the beam
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Fig. 3 Stress at the point A

Type A

Type B

Type C Type D

Shape Rectangle
Size 527 mm x 1,037 mm

Weight [kg] 4.85

Power [W] 50

Voltage [V] 20

33
(Series: 3
Parallel: 11)

Number of cells
(Connection between cells)

32-sided shape

Diameter :

(Series: 3
Parallel: 10)

Pentagonal shape
600 mm

Sphericity

650 mm Diameter : Diameter : 540 mm

3.35 3.80 3.60
69 41.4 259
20 20 20

30 144

10 .
. (Series: 6
(Parallel: 10) Parallel: 24)
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Table 2 Variables used for eq. (1)

1.2041 kg/m® (20 C)

60 m/s (MAEMI, 2003)
2.05 (Type A)- Square prism
0.38 (Type B, C, D)- Hemisphere
0.546 m* (Type A)

0.332 m* (Type B)

0.283 m* (Type C)

0.229 m* (Type D)

Density of air, p
Wind speed, V

Drag coefficient, Cj,

Cross-sectional Area, A4
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Fig. 4 Structure design for spheric panels

Table 3 Stress on the column

Tensile stress, o Shear stress, T

Type B 6.56 MPa 15.58 MPa
Type C 5.59 MPa 13.26 MPa
Type D 4.53 MPa 10.74 MPa
Allowable Stress,
(ASTM A36) 250 MPa 145 MPa
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Fig. 5 Photovoltaic panels used in test

Table 4 Weather conditions during the performance test
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Date

Jan.
16 17 18 19 20 21 2 23 24

16th

~ 24th .
¢ 3T 9°C 4°C 5G| =0 27 | 5% 70 |~1C AUT|AT -10°C | 2°C 1| A -14°C|0%C

Feb.
7 8 9 10 1 12 13 14 15

7th

~ 15th ’
6°C 3°C 6°C 3°C 6°C -1°C -8°C -2°C 8°C 0o°C 9°C 4°C -7°CISC 4C 77T 6°C 9°C
Table 5 Comparison of power (in W) value according to time and panel
Time e Type Al Type A2 Type A3 P (Avg) Type B Type C Type D

8:00 1.11 1.79 1.09 1.33 2.79 2.62 0.76
9:00 5.6 5.39 542 5.47 4.18 3.28 1.13
10:00 15.48 17.7 16.8 16.66 4.1 4.89 1.69
11:00 25.29 27.48 26.39 26.39 3.07 5.94 1.73
12:00 29.38 31.98 29.66 30.34 4.65 6.38 1.7
13:00 30.69 27.59 31.37 29.88 5.7 5.73 1.77
14:00 26.65 19.04 30.47 25.39 4.6 4.44 1.83
15:00 5.07 16.59 12.48 11.38 4.17 5.44 1.77
16:00 223 372 2.36 2.77 3.39 391 1.65
17:00 2.76 5.1 2.14 3.33 2.58 3.39 1.35
18:00 0.51 1.03 0.43 0.66 1.36 1.1 0.74
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Table 6 CAPEX analysis result of solar cell installation in terms of panel types

Items Cost (10,000 KRW)

Planarity Solar cell: 200 ea x 150,000 KRW/ea 3,000

@ Structure: (6.5 + 3.5) ton x (200 / 40) x 12,500,000 KRW/ton 62,500

3 kWh . Solar cell: 630 ea x 150,000 KRW/ea 9,450

Installation  Sphericity

cost ® Beam: 7.86 ton/m’ x 0.05 m x 0.05 m x 1.6 m x 35 x 500,000 KRW/ton 674
Column: 7.86 ton/m® x 0.15 m x 0.15 m x 2 m x 35 x 500,000 KRW/ton

Profit on spherical panel (@-®) 55,376

Table 7 OPEX analysis result of solar cell installation in terms of panel types

Items Cost (10,000 KRW)

_ Cleaning: 100,000 KRW/person x 2 people/time x 1 time/week x 313 weeks 6,260

Plal&%my Replacing (panels): 200 ea x 150,000 KRW/ea x 1 time / 3 years X 6 years 6,000

OPEX per Replacing (labor): 1,500,000 KRW/person x 4 people X 2times 1,200

6 years Cleaning: 100,000 KRW/person x 1 person/time x 1 time/week x 313 weeks 3,130

(313 weeks) Sphg;)icity Replacing (panels): 630 ea x 150,000 KRW/ea x 1 time / 6 years x 6 years 9,450

Replacing (labor): 100,000 KRW/person x 6 people x 1 time 60

Profit on spherical panel (@-®) 820
0] a3 e g TEY e el Bod FxEe] & U TasH ayslordith 7€ a8 B BE A
SOl Bt 6.5ton O E F2EN I 7] FFL %69 6 2HlS Fes Eol7] f% AV oilE Fekes Ave
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