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Abstract : Regulations to reduce greenhouse gas emissions from ships are gradually being strengthened. EEXI (Energy Efficiency Existing Index) has
been introduced in existing ships, and various studies are aimed at achieving the greenhouse gas emission reduction target are currently underway. In
this study, we proposed a method to reduce greenhouse gas emissions through reducing fuel oil consumption by applying a solar power generation system
to a pure and truck carrier among existing ships engaged in international voyages. The proposed photovoltaic power generation system consists of a
photovoltaic module, an energy storage system, and a power conversion device. To confirm applicability, the system was modeled through a power
electronics program, and a simulation was performed. In addition, economic analysis was conducted to check the feasibility of application to real ships,

and it was confirmed that significant results were derived in the economical aspect after about 11 years had elapsed.
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AA AH7} 7psEih B AT AE Hd BE S0[kW], Fig. 3. Installable location of solar power system.

o =] A A 2 ¥l 100[kWh] 24| E 2 DC-DC AWE]E o] &

o] Fig 17} o] BT WA 28-S FA ) 2.1.2 | MHE FX A 07| (MPPT, Maximum Power Point

Tracker)

Fig 4o} o] B3 g o] A7 S0 net &9

S Agel Aot HE Hol o o AHe Ay

m —f N Battery Module » Holgt gt} "YF REAAM T A= AT 259

— — et HjdH o] A &2 0w Wsty] wdel] i Hd

T e | e G2 3E7bsd Aol71E J8she Aol RpHoln], 2

Noz2 Barery Module Aol A A3 Bl AN 2EY Aoy HHEA O

2 wol Agstn i A AYWEHA | MPPDE A

Fig. 1. Overall configuration diagram of the solar power system. 25} % TH(Enslin et al., 1997; Hussein et al., 1995).
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Fig. 4. Maximum power point tracking control of solar system.
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Fig. 5. Concept of DC-DC boost converter.
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Fig. 6. The route of target ship.

Table 1. Daily solar radiation - horizontal by each sector
(Unit: kWh/m2/day)

JAN | FEB [MAR| APR |MAY| JUN | JUL |AUG| SEP | OCT |NOV| DEC | AVE

2.621347|4.28(5.21|5.47|5.05|4.55|4.63|4.15|3.62|2.76| 2.38 | 4.01

24612.59|2.98(3.8314.20|4.16|5.41|4.75|3.84|3.40|2.82|2.58|3.59

4.68|5.54|16.29|6.9216.62|6.28|6.17|5.82|5.42|4.87|4.31|3.91|5.57

g|la|wm|»

4.98|5.55(5.77|5.715.18|4.86|4.82|4.89|4.84 4.70 | 4.30| 4.26 | 4.99

s}

52116.19|7.08|7.64|7.55|6.21|529|5.30(5.77|6.14|5.47|4.92| 6.06

F |3.60(4.48|531|6.18|7.04|7.486.95/6.66|6.11|5.14|4.00|3.33|5.52
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Fig. 7. Simulation diagram of a solar power system.
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Fig. 8. Output of solar power system.
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Fig. 9. SOC of energy storage system.
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Table 2. Elements of Cost / Benefit analysis.

Factor Value
Solar panel  $300(per 500W panel system) x 100(ea) =
system $30,000
gtnzgy $1200 (per 1kWh) x 200(kWh)
Sy"stegrg = $240,000
Cost
. {$30,000(Solar panel system) +
I“Stz‘g:t“"“ $240,000(ESS)} * 5%
= $13,500
. {$30,000(Solar panel system) +
Opsztt“’n $240,000(ESS)} * 1%
= $2,700 (annual)
12,150k Wh(Annual solar power production)
At sea x 85%(Voyage ratio) x 3.6mt/640kWh(F.O
(VLSFO) consumption at sea) x $473.18/mt(Bunker
price) = $27,476.57(annual)
12,150k Wh(Annual solar power production)
At sca x 85%(Voyage ratio) x 3.6mt/640kWh(F.O
Benefit (HSFO) consumption at sea) x $374.76/mt(Bunker
price)
= $21,769.80(annual)
12,150k Wh(Annual solar power production)
In port x 15%(Port ratio) x 6mt/1200kWh(F.O
(MgO) consumption in port) x $507.50/mt(Bunker
price)
= $4618.77(annual)
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Table 3. Comparison of Cost / Benefit analysis Aol A o= A& freonlg AAA edde] BAES g
: A& = USdT
Ceriod A 0 AT B ATl N oAb gadust duHe
10 years 824,236 $29812 2 it +HUAAZL gl E FEFRA A S
NPV 15 years $84,482 $78,906 ShaL, AA dzAto] AEsk zgo] nH|2 =9} 7%
20 years $181,276 $175,700 4 T HolHE dF Q&3 Holx olslgol Ant 1
Hol| = H ;—/i_ELz"ls:]‘%};j z:s_]:@ﬁg_oﬂ 22 pl =
10 years 3% 2 Ho = &8kl o EH— 129 EF vEA
S A7) A7 A" 5 H A BRAES A
0, 0,
R 1 years i i S8 494 ATEA FEE o7k drka duac
20 years 11% 10%
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