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In the recent years, the amount of energy consumed by people around the world increases due to the realization of comfortable
life. Now, most of consumed energy is originated from fossil fuels. It is necessary for a sustainable society to advance the use of
non-fossil fuels because resources of fossil fuels are limited.

A photovoltaic power generation (PV) is being promoted widely in a residential area in Japan. PV is an electric generator
which uses renewable energy and exhausts no poisonous emissions. However, a PV output is not synchronized with electricity
demand because an electric power generation of PV depends on quantity of solar radiation. Thus, a PV power supply is insufficient
for the residential needs when solar radiation is at low level. On the other hand, there are the case that a PV power generation exceeds
a demand.

In this study, we propose a PV and Solid Oxide Fuel Cell (SOFC) combined system (PV-SOFC system) which is applied to a
residence. By the way, SOFC is a kind of fuel cells, and has high energy efficiency. A PV-SOFC system uses “surplus power”, which
comes from a gap between PV output and electricity demand, to produce hydrogen with an electrolyzer and storages the hydrogen in
a storage tank. The SOFC utilize a mixture gas fuel, which is made of the stored hydrogen and city gas, to generate power and
hot-water as needed. Surplus power from a PV is able to be stored at the consumption area. Additionally, the system can improve the
energy independence of a house because the SOFC supply power and hot-water with hydrogen produced by renewable energy.

In this paper, we purpose that the energy reduction by introducing a PV-SOFC system to a residence is simulated. As a result,

the primary energy consumption in the PV-SOFC system is reduced by 53.8 %.
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Fig. 1. Operation principle of SOFC.
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Fig. 2. PV-SOFC combined system.
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Table 1. Comparable energy supply systems.
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Fig. 4. SOFC efficiency with hydrogenation.
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Fig. 5. Hourly energy demand in a residence.
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Table 2. Performance of machinery.

Power generation [kW] 0.70
Solid Oxide Fuel Cell Fuel .cell Generating efﬁc.iency [%] 45(LHV)
unit Heat generation [kW] 0.62
(SOFC) Heat recovery efficiency [%] 40(LHV)
Hot water tank Capacity [m3] 0.20
Photovoltaics (PV) Solar power capacity [kW] 3
Heat generation [kW] 43.2
Gas Water Heater Hourly heat-relation efficiency [%] 80.0
Hydrogen formation [m3/h] 45x10%
Water Electrolyser Electrolysis efficiency [%] 90.0
Capacity [kWh] 6
Battery Charge / Discharge efficiency [%] 90.0
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6. %8
ARaClX, KB K 2 ENE LLFAHT S FTRE
1w&ﬁcyx%A%%@mgﬂﬁé_k%@m

L, ZENIZBIT 52— RV FHEELZ VI 2

L—ya ik vEH L. £72, PV-Battery 18

FORERBIEEY AT A LEHEBETDHZET

PV-SOFC ¥ A7 LDE T )L V2R L 7.

1) PV-SOFC, PV-Battery > 27 LADWH &b, it
k& LFEICB W TR SN D —KRT xR
VB EZRT D 2 ENFREE 2D,

2) PV-SOFC ¥ AT LZEFIE~NEANT HZ LT,
FEHO—R TR FHEELZ R ET L
1 LT S3.8%IKBAIRE CTH 5.

3)  FIENOEGEENEE R 5 A MR L O
IZBWT, PVORFENZHHLIa—2x
X L— =3 VIRATHEZR PV-SOFC ¥ A7 A&
WA TRV R

4) BFEEOLIRWEMI, IR SN KEEER
WZIEH L7z =k v fia 217 277, PV-SOFC
VAT LDOBETRNVFHETETT 5.
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HART AV F 2 A L 72 BRI il S A 7 L O3S

PEFHHEK (R A= =7 U v 7 fhiEdt)
BEROHBEAIK CRIREIER SR 25 ARGF5E
DFATIZHT= 0 Z K THREETAEWZ, £72, A0F
e LI EEoBEICHTZY, KT AT
=7V RS, KIRENR SR L0k
TSR 2 TEVWZ, Z ZICRR L THE
ERTD.
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