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Eliminated volume of CO, emissions and effects on Economical efficiency
of PV/FC system for various load patterns
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Abstract

PV/FC system is consisted of photovoltaic power system and fuel cell generation system. This system is
very easy to operate it, and its capacity is flexible. In this paper, the annual amount of electric power loads and
the amount of hot-water supply loads were aimed at the individual residence which is 14000kWh, respectively.
This value is equivalent to four houses. The economical efficiency in considering annual CO2 emissions and an
annual carbon tax was searched for by the simulation.

As a result, it is found that the best system is 2kW in capacity of a fuel cell, and it is the operation mode
of 2.2. Operation mode best from the viewpoint of economical efficiency is the method of fixed operation

through every year, which is the mode 1. It can be concluded from these things that PV/FC system is an

outstanding system.
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Table. 1 Conversion efficiencies
Fz 1. VAT LAOHEE

PV array 13%
DC/AC inverter 98%
Town gas boiler 80%
Air conditioner Heater 503%
(T company make Cooling 478%
RAS-325YDR)

LR SR 1.0kW/m?, £ o — VIR 25°C
T ERTT 2 OWSERDRITRKAT - ER AR PRIAR
BEEAWENTNODRE BICHEE 5 & TR L EE

Table. 2 Conversion efficiencies
£ 2. FCEHHFD

Capacity 100%~ 20%~13% | 13%~
utilization 20% 0%
rate
Generation 35% 30% 20%
efficiency
Rate of waste 40% 37.5% 35%
heat recovery

2-2. WRBEHEAE
KRBT —HILHASP 7 — & (HI)D | Bl 1 5D H
& AREE, RET—¥ 20, KBEHEY 2—1
DEBGRER/ET — ¥ 2RI UTOLICLTEHL
7z
T =0.0417-29X +0.75T +284 -273(1)
a=a'{l-p(r. -25) @
P=alAd 3)
TIC, P:REBEN[W] A: PV T LA EME[MY,
[: BS&E[WMmY, X: B#E[ws], 7 AR EK],
T,: BENVREKK], o BEFEEK o ©RERHE.

Vol.28, No.4

2-3. EEE—F

oA T Y v R AT LOBIEE— FIZ PV RHREERT
DHF - HEDETHEETALOL L, BREVER,
HAEKEL S E— FTEHET DD L Lz, Znh i
e — FOPHIIROEY Th 5. iz, BT 400L
FHEEL, 6bEDIBKEEXDI LD L Lz,

M 1E—F: EBE
FC IIERBELZITY, MR ORELITEEICE R
5. RPBBNERAEEB AN, FC 0BG EILXYE
3. Fi, BBAWEROEREWE TR, T RIEAKRE
EREHSED.
2) 2-1E—F : EX8E
BAAWMIGEES S CFC 28R L, REFITEEICE
25, WEHOEREEREINE, FC OEERZEILLX
W5, Ele, HHFEOBRTHREAT AV ENZVES
HARKBEBEHSED.
(3) 22F—NK: BEFXRpH2
BEAGER 1 OB 1T ORMFHR(EHEGM 3
T HHIND 2006 T DBE, EBELELIES.
4) 3-1E—F:BFEHE
HBEBBRGBRESECFRC # &R L, REBAMNTHOZ
A, TABKEEZHREBSES.
(5) 32F—F BITEHME?
BEEEH 1 TTOREFIAED 20% L T OHE, FC
OEELELEIYES.

B.ﬁﬁﬁa—y

BANEEOAFR AT — I EBCBITREFEA Vo
—NE T FAX—HE] DL TR RCE D 2T R
L—3a UV AT LFHE - REFEEHME) OB EICLTE
L. 48 o0FMEARERRLCEL, AFOY—
P RE < ANEERORKAEAR 3 BEOFEEIC
T HEBTEHEOEE)D/NE b OELIT HART &V D),
BRNFELINTHTRWERRERBOCLT L A%
EV ), ILIZHAR Y —v & LAR Y — D

—— Load pattern L. —=— Load pattern H

Electric Power load[kWh]
D = N W R ON ) S0

1 3 5 7 9 11 13 15 17 19 21 23
hour

Fig. 2 Electric power load pattern
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Table. 3 Electricity charges

3. BEXEE
30A contract Price rate
[yen/kWh}
Base charge 780 yen
Bud ¢ ~120kWh 16.41
ucget o ~300kWh 21.78
electric power
300kWh~ 23.85
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Table. 4 City gas charges
x4 BHTAEE

Budget Base charge [¥] Price rate
[¥/m’]
Om’~ 20m’ 690 127.25
20m°~ 80m’ 1040 109.75
80m*~200m’ 1460 104.5
200m*~500m’ 2000 101.8

T, BHHROERE CH D 90%, CHy 23 10%, #8
A AOBEE 11.000kcal/Nm® & LT CO, HEHE A %
0.184kg/kWh & 5% E L7z,
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Fig. 3 Relationship between FC capacity and ORFC, CO,
emission, ROE and ROH

(In case of PV capacity : 4kW, Operating mode of FC : 1)
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Fig. 4 Relationship between FC capacity and ORFC, CO,
emission, ROE and ROH

(In case of PV capacity:4kW, Operating mode of FC : 3-2)
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Table. 5 ORFC and CO, emissions according to operating
mode(PV capacity : 4kW, FC capacity : 2kW)
# 5. EERT— NI FC BE=[%] & 4/ CO, #etti Elke]fE
(PV &£ 4kW, FC A& 2kW)

Operation mode ORFC [%] | CO, emissions [kg]
1 77.1 1475
2-1 44.7 1510
2-2 43.8 1503
3-1 38.6 1468
3-2 36.4 1455
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Fig. 5 Relationship between PV capacity and ORFC, CO,

emission
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Fig. 6 Relationship between PV capacity and ROE, ROB
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Table. 6 FC capacity of minimum CO, emission according to
operating mode
# 6. EERE— N CO, PR ER/) FC AR

Operating mode FC capacity of minimum CO,
emission [kW]

Load pattern L M H

1 2 2 2

2-1 1.5 0 0

2-2 2 2.5 0

3-1 1.5 1 2

3-2 2 2 2

Table. 7 PV non-installed CO, emission
7. PV RBEREO COHEE

Operating mode COemission [kg]
Load pattern L M H
1 1889 1889 1895
2-1 1904 1909 1911
2-2 1902 1905 1911
3-1 1851 1877 1902
3-2 1845 1845 1902

5-5. #ZFMEFE
FERAD PV 2B, FC RBOBMHEAE, BEXEE, TA
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SHEEC PV AE R B SRS ORI LT 81T
T, IRBORER, ERREREIIREERERORE RER
B E— F) ZRADEERL, MOBEESIEOEREE
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Table. 8 FC non-installed cost(Load pattern M)
# 8. FCRBEBERHOFMEEM AR/ F—1)

PV capacity Cost[yen] PV capacity Costlyen]
(kW] [kW]
0 127,700 8 163,400
2 135,000 10 175,100
4 142,500 12 186,900
6 152,100

Table. 9 Minimum cost with Load pattern L according to
operating mode

#9. LAM Y —UBOERRIERE

Operating PV capacity | FC capacity Cost
mode [kW] [kW] [yen]
1 0 1.5 116,000
2-1 0 1.5 117,000
2-2 0 1.5 117,000
3-1 0 1.5 116,700
3-2 0 1.5 116,800

Table. 10 Minimum cost with Load pattern M according to

operation mode

% 10. M AR E— VEBOERRIER &

Operating PV capacity | FC capacity Cost
mode [kW] [kW] [yen]
1 0 1.5 115,600
2-1 0 1.5 117,200
2-2 0 1.5 117,200
3-1 0 1.5 120,500
3-2 0 2 120,400

Table. 11 Minimum cost with load pattern H according to

operation mode

#F11. HAF F— /ﬁ@$F3W1&*+é

Operating PV capacity | FC capacity Cost
mode (kW] [kW] [yen]
1 0 i.5 115,700
2-1 0 1.5 119,400
2-2 0 1.5 119,400
3-1 0 25 126,500
3-2 0 2 126,500

- Operating mode: 3-2 —— Operating mode :3-1

-800

900

-1000
-1100

-1200

Difference of cost [yen]

-1300
0 2 4 6 8 10

Carbon tax rate [yen/CO2-kg]

Fig. 7 The difference of minimum cost with mode 1 in terms of

carbon tax rate
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Table. 12 cost for the year
#12. FEfBE

Carbon tax rate [yen/CO,kg]
Operating mode 0 5 10

Controlled 139,000 F9 | 146,300 4 | 153,600 [

1 139,200 {9 | 146,600 1 | 154,000 [

2-1 143,300 9 | 150,800 H4 | 158,400 M

2-2 143,000 F3 | 150,500 F | 158,000

3-1 141,800 3 | 148,600 F§ | 156,500 3

3-2 141,300 F9 | 148,100 4 | 155,900 M

Table. 13 Monthly operating mode on controlled
13, Foli e A BER 7 ik

Operating Operating mode
mode
Jan 1 Jui 3-2
Feb 1 Aug 3-2
Mar 1 Sep 3-2
Apr 1 Oct 3-2
May 1 Nov 1
Jun 1 Dec 1
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Table. 14 compare PV/FC system to Conventional

= 14. PERT L O

Emphasize cost Emphasize CO,emissions
Load pattern Conventional | Install PV Install FC | Install PV/FC | Install FC | Install PV/FC
H COyemissions [kg] 1911 1497 1895 1481 1883 1469
Cost [¥] 128,100 142,800 116,500 139,900 119,100 140,600
M CO,emissions [kg] 1911 1497 1889 1462 1865 1451
Cost [¥] 127,900 142,500 115,700 139,000 118,000 139,800
L CO,emissions [kg] 1911 1497 1874 1444 1845 1432
Cost [¥] 127,700 142,400 115,900 138,300 117,500 139,600
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