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Basic Study on the Application of a System Consisting of Photovoltaic Power,
Fuel Cell, and Gas Turbine Generation to Vessels on the Berth

-Comparison the system consisting of the photovoltaic power generation, the solid oxide fuel
cell, the gas turbine generator with the system consisting of the photovoltaic power generation,
and lead storage battery-

R
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ABSTRACT
For improving the environment in harbors, this paper proposed the application of the system consisting of the
photovoltaic power generation, the solid oxide fuel cell that moves under the high temperature, and the gas turbine
generator powered by the exhaust gas from the solid oxide fuel cell to the vessel anchored on the berth. The author
considered the operation method of the system, designed the new system, and carried out the simulation of operation
by using a real training vessel. The author calculated the reduction of fuel consumption, NO,, and SO, emission from
the diesel engine generator of the vessel, and compered the system with the system consisting of the photovoltaic
power generation, and lead storage battery. As a result of comparison, the system proved that the setting space for

storing the electric energy could be reduced by about 95%.
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Fig.1 Construction of PV/SOFC/GTG system
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Fig.2 Load power model
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Table 1. Revising coefficient of the output of the PV array
F 1 KBEMH A IELRE

14 0.89 7 0.83
2 A 0.89 8 H 0.81
3 H 0. 88 9 H 0. 82
4 H 0. 86 10 A 0. 84
5H 0. 84 11 A 0. 86
6 J] 0. 84 12 A 0. 88
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Table 2. Consumption and reduction of the fuel, the reduction of

the NO, emission and the SO, emission

K2 PRBHHEE - HIE, NO, PEH BN SO, HEH o
il e

WO | EER AR | WG | WG | Ry | PURY
71 ik | OB (ke GIA| TIA| | GG
# W | PV/FC | PV/FC | TAH | TLAH | AFA | ATA
flhl | /6T¢ | /GTG DIRED | DIED | Ao | HOERE
A | KRR | aden | oRR

v A vA

T on | T o | RREIEL | EECR | bt | SOF
L | AV infkg] kel e Hifkg]
i 6888. 0 164. 3 153.8 10.5 3005. 3 49.9 6.0
ikl
S 155.0 140. 8 133.3 7.5 60. 4 0.9 0.1
Jik2
S 221.5 93.4 91.0 2.4 51.1 0.3 0.1
i3
S 195.0 87.2 75.7 11.5 393.7 2.3 0.8
kA

- - - — 3510. 5 53.4 7.0

Table 3. Reduction ratio of the fuel consumption, the NO,
emission, and the SO, emission

3 OPREHHELE, NO PREHE, M OMSO, HEHIEOH|EER

e (%] | NoHRHE B | SOl B
SRR S 1 1 6.4 14.2 6.4
SRR ST 1: 2 5.3 12.6 5.4
MBI 3 2.6 4.3 2.6
BRI 4 13.2 43.7 21.5

W, RSB W TCERA LIZKEET Y 2 —1DRb I
B A WS (PV/Battery AT L) DI a2 L
— g VRO L D E T 7.

PV/Battery ¥ A7 AOMEEMARL, WAICL - TR
%*_ L7’:(14) (17).

E + 1000
B, =—4 (12)
LeVeD
ZZT, By, : o E[AR]

By, MO EE T )& [kWh]
L fRfEsR (GEmREIC R T H AR =),
AL TIE, 0.80 & L7z,
Vy : FEM ORI AREL[V],
AR TIE, 12V &Lz
D : BCEEIRE, ARFSUTIE, 0.65 & L7z,
FEOREE, B DA EIT 71794, 9Ah IT72 o 72, $hiE
B HER T B AT L L, HEMA—D
DALREED 286 ATREBIE 12V, &5 65Ah, 7% 0.01 m®
DEEME T84, £ 1105 8 D% B 2 3 5112 Hk
L, ZEEAAL—21TH 1n® BB D2 ENNho Tz
Zhicxt L, KFEY 2—NERAWESA, BHKEREORK
KAE (7132.4mol , 9 H 14 A, EHiE4) 25, 10504
WERIAAT, Hi%x 1926m0l & LT, AREAZEEHR
(30kgH,/m*) M HIKFRINEGBOEFEEZ KD H & 0.52m [T
20, SEBMAEROVALAICHEAREER A= 2% 20 4y
DIUTICTEDZ B hoTz.
F 41T 4 — B RERICKSEM LGB A S
DRI AT AR5, BRENEE & - HI8E, NO, PR &
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AT SO, B B OHIEZ /R~T®, F4 LR 2 2HETD
L B JTIE 3 TITHRE TS LW, Z OfoElR 75T
1% PV/Battery ¥ A7 LDOFERO T AEIEEITD LEL< o
TW5. ZhuZL, PV/Battery AT ADEE, KEEMH
NEFETEXDHT 0D, BEERFOEIBIN, KiGHCoOK
FEV 2 VEHNEVAT ALY DN EDTHD.

U723 C, AU L7z PV/FC/GTG 3 AT A, B
BHEZ R, NO, HEHf, WU SO, HEH O HIBE SIS
T, PV/Battery VAT A LIFIEREOMREE 22D 2 03y
Mmool

Table 4. Consumption and reduction of the fuel, the reduction of

the NO, emission and the SO, emission (Result of reference[3])

F4 BRRHYE A - B, NO B B ONC SO, PR B
IR (SCHR (3] DR R)

TR F R RRE Pfttay | PV/Battery | PV/Battery | PV/Battery
TH 2 Hkg) SATA | VAT | VATLE | VATLE
Whattery | Pbattery | AORD | ORI | D IORR | 0O
SAFME | Lo | TR | BRI | NO MG | SO, Ml
L Y Hl s i | kel ke ke
kg

R 164.3 153.6 10.7 3083.6 50.8 6.2

ikl

R 140.8 131.1 9.7 77.8 11 0.2

T2

MR 93.4 91.0 2.4 51.1 0.3 0.1

T3

R 87.2 65.4 21.8 589.9 3.2 1.2

i

anl — — — 3802.4 55.4 7.7

5. ¥&oH

ST, AR oMM, KR, BB
BREL, K OH A X — B3 ER A A b T i ERE Y
AT AORH R L, BE LY AT L& AW CTERTO
AINCEN 2T HEIEY S 2 L—2 3 U EITD, Ao
T 4 — BV B O ENE R &, NO, JEH &, I ONS SO, HEHY
BOHIEENFIZ ST PV/Battery 3 27 A DG E L i L
WBREZIT 72,

ZORER, UTOFEMBI SN/ oT2

- KEHSCTHET L 7= PY/FC/GTG ¥ 2T M2 L 0, BB
£, No, e &, I N S0, HEH B o EIER R o v
PV/Battery v A7 A ELIRIEFEOVEREZSGD Z EBNAHET
H5D.

« RFRSCTHGET L T2 PY/FC/GTG 3 A5 AT, PV/Battery
VAT LEHOCLGAICHS, HBEHAR—A%E 20 50 1
UUTFICT D ENARETHS.

AFRSCCUE, AR Ex G s LiElii I 2 b—y a3 v
24T\ PV/EC/GTG & AT LADMRIE AT > 1278, &%, —ik
P ~OFIHZHIE L LT, ARG D v I = b— a3 V&F
X ATFENNE L, SRR, REMIMENZ1T
REMY —I T A T THMBMEREIT) 2T 4 —
T D PV/FC/GTG ¥ AT LOEADKF 1T 9
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