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STUDY ON PRIMARY ENERGY REDUCTION EFFECT
BY INSTALLING HOME-USE FUEL CELL COGENERATION SYSTEM
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Yuki ARINAMI, Jun SAKAGUCHI and Shin-ichi AKABAYASHI

In this paper, numerical simulation is conducted when total 5.3 million units of SOFC and PEFC are operated nationwide, for power generation

configuration and electricity supply amount of general electric utilities before and after the Great East Japan Earthquake. Calculate the annual

primary energy reduction amount when a large number of fuel cells are installed and operated. Evaluation of introduction effect of home-use

FCCGS as distributed power supply is performed.

Keywords : Home-use fuel cell co-generation system, Polymer Electrolyte Fuel Cell, Solid Oxide Fuel Cell,

Primary energy consumption, Primary energy consumption unit
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Fig. 1 Building model plan
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Fig.2 Number of houses FCCGS installed in each area

Table 1 Air conditioning and ventilation conditions

. Setting temperature 28(°C]
Cooling n -
. S Period From june to september
Air conditioning n =
Heating Setting temperature 20[°c]
Period From november to march
Air change rate 0.5[1/h]
Range hood flow rate 300[m/h]
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Fig. 3 Example of power consumption schedule (Tokyo)

Table 2 Amount of hot water supply for each number of
household members

Number of 1 person|2 people|3 people |4 people|5 people
housefold members P peop peop peop peop
Hot water supply
(40°C) [L/ (day) ] 186.8 267.4 399.4 446.9 427.0

L0115

Table 3 Region classification by heating degree days and water
supply temperature regression coefficient

Region classification in . Regression coefficient
. Heating degree days
standards of judgment for (D18-18)
residential construction clients a b

1 4500 degree days or more

2 3500 degree days or more and 0.6639 3.466
less than 4500 degrees days

3 3000 degree days or more and
less than 3500 degrees days 06054 4515

4 2500 degree days or more and
less than 3000 degrees days
2000 degree days or more and

5 less than 2500 degrees days 0.8660 1.665
1500 degree days or more and

6 less than 2000 degrees days 08516 24713
500 degree days or more and

7 less than 1500 degrees days 09223 2097

8 Less than 500 degrees days 0.6921 7167

Table 4 Monthly average outside temperature and monthly
average water supply temperature in Kanto region (2012)

Prefecture | _lbaraki Tochigi | Gunma [ Saitama Chiba Tokyo | Kanagawa [ Yamanashi |_Shizuoka
Cit Mito Ut Maebashi | _Saitama Chiba__|Chiyoda-ku| Yokohama | Kofu Fuji
11.9 124 12.9 13.6 14.2 14.6 14.1 13.9 14.7

ot 117 122 127] 139|144 1a8| 144] 142[ 148

17.2 17.7 18.2 18.6 19.2 19.5 18.9 18.3 18.6

May

16.6 17.0 17.5 184 18.8 19.2 18.6 18.2 184

19.0 20.1 210 210 20.7 213 208 218 215
18.2 19.1 19.9 204 20.1 20.7 20.2 210 208
245 25.1 26.0 26.2 256 263 254 26.1 252

June

July

230 235 243 249 244 250 242 248 240

rgt 270[ 276] 286 286] 282 200[ 281 279 274

251 256] 265] 26.8] 265 272[ 264] 262[ 258

onthly average 242 246] 250 254] 256] 263] 255] 249 253

September

(upper row) 225 208 232] 240 242[ 248[ 241[ 235] 239

oty svrsgo [~ 175 174 178] 184 193] 198] 194[ 178] 195
water su

o row) 164 164] 167 178] 186] 190 187] 173] 188

10.0 9.3 10.2 10.5 12.6 12.7 12.5 9.8 12.3
10.3 9.7 10.4 114 13.2 13.3 13.1 10.8 12.8
44 39 47 51 7.0 72 71 38 6.8

November

December

55 5.1 58 6.9 8.5 8.7 8.6 5.7 83
28 2.2 3.2 3.5 55 5.6 55 2.1 50
4.0] 34 43 53 70 72 71 42 6.7

January

35 3.0 3.6 45 6.1 6.4 6.0 43 6.5
February

4.6 4.1 4.6 6.1 74 7.1 74 6.0 7.9

9.1 9.2 9.3 10.2 11.3 1.7 11.6 10.9 120

March

9.8 9.9 10.0 11.4 124 12.8 12.6 12.0 130

70.0
Bath 62.0¢

= 60.0 —Hot water supply(70°C)
‘g 50.0
= Lavatry
> 40.0 1.2¢
§ 30.0 Kitt(;hgn Shower
» . .
o Lavatry Lavatry 8.32
3 20.0 1.90 1.20
g ! '

10.0 ,\_/'J
o
o
£ 00 ! AL

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00

Fig. 4 Example of hot water supply schedule
(Tokyo, detached house, 3 people, 2012)

Table 5 Power generation capacity of general electric utilities in 2012

Power generation Tharmal power generation Hydro- Pumped-storage Nuclear Renewable . Emergenc_y
N 4 . Lo power energy installation| Total
capacity[107kW] Coal LNG Petroleum electricity | hydroelectricity generation generation |power supply
Hokkaido 241 11 181 81 100 207 3 15 998
Tohoku 68 438 1004 195 46 466 23 76 2315
Tokyo 460 3498 1211 218 681 1731 3 104 7906
Chubu 410 1947 951 198 466 500 4 4475
Hokur i ku 290 42 231 193 0 175 1 932
Kansai 180 1117 1080 328 492 977 2 1 4182
Chugoku 316 217 409 99 212 540 1 1793
Shikoku 125 224 94 96 69 202 1 809
Kyusyu 424 489 468 192 230 685 31 2519
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Table 6 Comprehensive loss of 9 general electric utilities

Comprehensive . . . .
loss[%] Hokkaido | Tohoku | Tokyo [ Chubu | Hokur iku | Kansai [ Chugoku | Shikoku | Kyusyu
2010 11.9 8.8 | 7.8 8 9.4 7.9 8.4 9.8 1.7
2012 10.7 8.4 | 7.1 |11 9.4 1.5 8.3 8.9 1.2
‘— Before the earthquake wmmm After the earthquake ‘
Interchange power from other companies
9.00 \ After the
Emergency installatio
—8.00 -t v -earthqualke
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=7.00 Ity pao 0O Before the
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N
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£5.00
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5200
w
§1.00
o
0.00

[

Petroleum
(Steam)
Pumped-storage
ydroelectricityl

on u
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hydroelectricity
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LNG (Steam)

|
S

Receiving end primary energy

0\ 1000K 2000 3000 4000 5000 6000 7000
Hydroelectricity Nuclear power LNG
generation  (MACC)

Power supply amount[10* kW]
(1) Comparison of before and after the earthquake

‘ [E——y — a5eB
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9.00
Hydroelectricity COF| City| gas (ACC) l /

= 8.00 I \
=7.00
S
= 6.00
x

Nuclear power
generation
Petroleum
Pumped-storage
hydroelectricity

City gas(Steam\ |
[

Receiving end primary energy
un

0 1000 2000 3000 4000 5000 6000 7000
Power supply amount[10* kW]

(2) Comparison of caseA and B
Fig.5 Power supply amount and receiving end primary energy
consumption unit in TEPCO
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Fig. 6 Power supply amount and Primary energy consumption
unit in TEPGCO (2012)

| ——Primary energy consumption unit [MJ/kWh] (left axis)

——Power supply amount (2012) (right axis)

S
o
S

| Primary energy consumption unit |

o o N & ®
o o o wu 9o
S o© & o© o

o
o
S

Primary energy consumption unit [MJ/kWh]

~
o
(=3
o

6000

5000

4000

3000

2000

Power supply amount [10*kWh]

[ Power supply amount |

.00 t + + +
2012/4/1 2012/5/1  2012/6/1 2012/7/1 2012/8/1

2012/9/1 2012/10/1 2012/11/1 2012/12/1

1000

2013/1/1  2013/2/1 2013/3/1

Fig. 7 Primary Energy Gonsumption Unit in TEPCO (2012)
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Table 9 PEFC startup time (2012)

(1) Coldest day in winter season

4 ZREEF FCCGS METEE£H
= TIZHFFEM FCCGS OMERE « k%, & 8 ICFFEH FCCCS D iEis

4 . N Coldest da Operation method 1 Operation method 2
b &, 3 91T PEFC O @ IGH) % | 8 IZF i H FCCGS D4y A in wintery Detached | Apartment | Detached | Apartment
‘ . ; . house house house house
WRFRE D HIAR 2R3, B AR ¥ v 7 OFEFIXEERE S+ (PE) & Hokkaido 2012/12/26 7:40 10:30 7:40 9:50
S e o PSRN Tohoku 2012/12/25 8:20 11:00 8:00 10:10
B AR LY (S0) @ 2 FJH & L. PEFC (X PEFC-T (&R HBTH 4 2 ) Tokyo 20137224 530 700 =0 1010
3 P . . . Chubu 2013/1/4 5:40 12:10 4:30 9:10
& PEFC— 1L (A k2 LP 7 2 ), SOFC (& SOFC-T(SUAT £k ) J OF Hokur iku 2013/2/24 | 550 12:10 5:20 10:10
B I b - " oy s pon ) Kansai 2013/1/3 310 12:10 5:10 10:20
SOFC— T (43ftlhe) a4 MR % A FIx G 2 T 5, AMOMEE pansel B
3 A R N Hh SR A o ) 2R s A A B Shikoku 2013/2/1 9:30 12:10 4:20 9:00
Mo TR BNFLIR S OB AL C AR B IETE (HHY) o 21327 1 930 L 120 | 420 1 900
THLT D, FEMFCCES OB X 2 L — 3 L5 54 H T (2) Coolest day in summer season
5 o SOFC- II (el Vﬁﬁ??zﬁ—']‘%7ﬁ 30L O)‘%{:'\k 90L @%6\@51‘%%?7 Coolest d Operation method 1 Operation method 2
oolest day
- o — = " o . t t t t t t
5, PEFCIE 1 A 1 BB I 2475 %, xSk - 5 - AE e - in sumer | Dsrached | Avarinent | Detached | Apar tnen
TR A R BIEA ) 2 RET 5. REIRERE A IR O A s T 0 T oo T oee T a0
ITBWLWTAZ =S # N D 5E ST A AN A IR 28 Tokyo 2012/6/12 10:40 12:10 2:20 11:30
MIZBWTAE, EF, FHEllEnZh oA ( B EYAKIERD Shibe 01278722 1020 TR S 51
Hokur i ku 2012/6/1 11:10 12:10 1:00 7:10
Kansai 2012/6/21 11:50 12:10 1:00 7:00
Chugoku 2012/6/1 11:00 12:10 1:00 7:00
. . Shikoku 2012/6/5 12:10 12:10 5:20 10:20
Table 7 Performance and specifications of Home-use FCCGS Kyusyu 2012/9/22 12:10 12:10 100 330
Fuel cell type PEFC-1 | PEFC-I | SOFC-I SOFC-TI 3) ¢ .
oldest day in moderate season
Performance level Current specification I_’uFure_
specifications - -
Fuel type City gas | LP Gas City gas Coldest day Operation method 1 Operation method 2
P - in moderate Detached | Apartment | Detached | Apartment
L ower generation 35. 2% 34.3% 42.0% 49. 6%
Rated efficiency Heal recover 50 6% 50.5% 39 2% 27 1% season house house house house
(HHV) Total L 85‘8% 84.8% 81‘2% 76.7% Hokkaido 2012/4/17 5:45 12:10 0:55 1:40
- — - - — - - Tohoku 2012/4/1 6:40 12:10 0:55 1:25
Rating capability Power generation 0.75 0.70 0.70 0.70 Tokyo 2012/4/7 340 1210 055 205
Heat recovery 1.08 1.00 0.65 0.38 Chubu 2012/4/1 6:45 12:10 0:55 1:20
Gas consumption[kW] 2.13 2.04 1.67 1.4 Hokur iku 2012/4/7 3:20 12:10 1:00 1:10
Hot water storage tank capacity[L] 147 200 90 30/90 Kansai 2012/4/7 8:55 12:10 0:55 2:55
Start-up timelminl 50 - Chugoku 2012/4/7 8:55 12:10 0:55 2:55
Fan power consumption(W] - 4.8 Shikoku 2012/4/1 9:45 12:10 0:55 5:20
Hot water storage temperature[°C] 70 Kyusyu 2012/4/1 10:15 12:10 0:55 6:20
Table 8 Operating conditions of home-use FCCGS
) Method 1 During operation, power generation is performed at the rated output, and surplus electricity is reversely
Opr:ertahto';" flown to electric company’s public utility supply system.
Method 2 Power generation follows power demand.
Start

PEFC | condition The startup time is determined by inversely calculating the operation time from 20:45 when the hot water supply demand peaks.

Stop power generation under the following conditions.
Stop When the amount of hot water satisfies daily cumulative hot water supply demand, when the hot water storage tank becomes full and the
condition |Power generation time reaches 20 hours.

The start and stop are set once a day, and forced to stop for 4 hours per day.

. Method 1 During operation, power generation is performed at the rated output, and and surplus electricity is
Operation reversely flown to electric company’s public utility supply system.
method
SOFC Method 2 Power generation follows power demand.
Operation ! .
condition Continue driving 24 hours a day 365 days.
®Total efficiency[%] Power generation efficiency[%] ®Heat recovery efficiency[%]
90 - 90 - 90
_ Toi‘:?l %l To}al efﬁoleni—-_ﬂ__ﬂd_‘. Total efficiency 76. 1
=7 - 88 =75 4 g =P b
5 o | S e 12 [ N
5 60.6 Heat recovery efficiency 50. 6‘ 5] " Heat recovery efficiency S P~ Power generation efficiency 49
) 27 4 —— S / 42 0 — p —e———"""1
Qo 45 1374 ¥ 45 s 45
e = 35. b 453 »
30 — 4 * a0 - 39 2] w30 ~—— 21.
23.2 4 % o
15 P o o 15 = \ 15 -
ower generation efficiency Power generation efficiency Heat recovery efficiency
0 ) ) ) ) ) o | \ ! ' ) ) ) 0 110.7 | ) ) . ; )
200 300 400 500 600 700 50 150 250 350 450 550 650 50 150 250 350 450 550 650
Output [W] Output W] Output[W]
(@ PEFC( I, I) (b) SOFC- I (¢) SOFC- I

Fig.8 Capacity curve of FC at partial load
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PRRHE M O SHIE T VR I TE M IR R VB R & 5, ERKIERIC
£ I X—HIR R E OB EIT) 2, BEEERICLD
MR BAT 5, BIEEERICITR 8 Oy AT EFRE /) #if 2 VT4
WAL ESE D, BES BT ERRICFE M FCCCS % ot L T\ 2
EHEADOET VU ZITIESWTER L, FEEM FCCCS BBIR D 4
FIENIHTE S D, M. AR CILFC IS ¥ v 7 22 b BB K
IR LTS, BBREBE L ZRFHIAHOBELE Lz,

5 HEIJRN—RUEHE case

F10ICEHEARNT A —F %, F11IZEE case 21, HH AR
B2 B — o XBFRMRK 2 84— X KB OBE - k5 <
B = XPRELVB I O L TR 2 N F — =60 NF — L OFFEE
TV, KT 1LIRT case [COWTHET 2, HHh# AR
2NRE— TR, BEEAMTY (BIMBA Y 2=, BRBAYT
Va—)v) &, BEK2 Y - TIIREBRICB AEEOR
M (B RER ORELIBIE AL ) & BREHEM O E - 4k 5 3
Z— U TITRB M O - RESRMEE TN ENARTA—F LT D,

e G EE (LU, #ER{ESE) K OFEE M FCCCS 7% & (1 £
(LLTF, FCHEE) OFEEMA - ALtk BAWER T V2 —0,
KB T — 23R LT 5, RMENNPOEET IEO—K=T
FUXR R FHAIT A BRI OB DR ERBME L K5 oKD -
G RN — R XL F—HEFEMLE AW D, BT, ERkEE
TIXE A Afalits (BN%E :95[% 1), FCEE TR EH
FCCCS (B RARRIFITIIN Y 7 T v THRA T — (BEhE95(% ]) T
o) TIFHbDLT D, B RKEMFCCCS DB I =1L — 3
IS AN TIT O N, —REF A —WHEBEOHE TILRHEE
FI OB HAE FREAE DO AFN 1 B AL D 7=, FRE M FCCGS O
B S 2 L—ya URERE T REALICEA L, FHREIT .

Table 10 Calculation conditions

Calculation parameters

Number of household (DDetached house: 3 people, Apartment house: 2 people

members

(@Detached house: 4 people, Apartment house: 3 people

2010, before the earthquake, nuclear plants are driving.

Year to be analyzed
22012, after the earthquake, nuclear plants are not driving.

(DDetached house: SOFC-I (Current specification: 90L)
Apartment house: PEFC-I (City gas: 147L)

(@Detached house: SOFC-I (Future specification: 30L)
Apartment house: PEFC-I (City gas: 147L)

(3Detached house: SOFC-II (Future specification: 90L)
Apartment house: PEFC-1I (City gas: 147L)

@Detached house: PEFC-1 (City gas: 147L), PEFC-II (LP gas: 200L).
Installation rate is 9 : 1 = PEFC-I : PEFC-T

Specifications of
Home-use FCCGS and
installation rate

Apartment house: SOFC-I (Future specification: 30L)

(BDetached house: PEFG-1 (City gas: 147L), PEFC-I (LP gas: 200L).
Installation rate is 9 : 1 = PEFC-1 : PEFC-I

Apartment house: SOFC-1I (Current specification: 90L)

Table 11 Analysis cases
Number of L
househo |d menbers Fuel cell conditions
case b Yearlto J Installation condition
e analyze:
Deﬁached Apahrtment Yy Operiﬁwgn Detached Apartment FCCGtS
ouse ouse metho house house parameters
in table
°“e; i § 2012
Case.
Method 1
cased-A 2010(caseh) | SOFG- 1 0]
case3-B 2010 (caseB) PEFC- I
case4 Method 2
caseb 3 2 SOFC-1r (30L) @
caseb 2012 Wethod 1 SOFC-1I (90L) [©)
casel PEFC- I :90%, | SOFC- T (30L) @
case8 PEFC-T:10%) | SOFC-I ®
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FHEH FCCGS & 4% i L I OE AN E OB 51T 5 B h.
FCORBEERENICL Y ZME AL OB ITFENHEAD T D720,
FC B BRTZICB WV TEME N O — R T R F— I JFEN KT
L. EREERCIEEETMEY 2BV TS —RT R F—HE
BENHIBIND EEBEXOND, D%, RIFFRTIXFCREET
VS OEEROIFEEEHM L EE L. FCHEADROBHZ1T D,
FREREETOB NG ERENO FCICLL2BEEIOE
HEELWEEERRENARSOBHIMGBREL L, K510k
0 HAG BRI R = R L X —H B R HNL 2 RO EREE R OPEME
EHANCBT 2 KR x VX —HERETEHTT 5,

DLECTHRELESIRSFMEEZ LI ARATA—FRET 0 %217
VY, FBEH FCCGS AR O — R T FK L ¥ — & REAZ RO, HI
wBEENT A, HAEICHVIEHXEZLLTIIRT,

Prc

Grr = ——— e (2
Fe ng(PFC) ( )
Hpe = Gpe X 1(Prc) *e1(3)
Wy = Hre @)
T Cow X Py X (Th = Tew montn)

Er=Pr—E4 -+ e(5)
Operation method: Method1
Prc = P “e(6)
Operation method: Method2

Eq (Eq<Pg)
Ppe= {4 Md=R ==(7)

Pr (Eq> PR)
Erca = Up(Esa) X (Epa — Era) + Grea + Brea ==-(8)
Epca = Up(Esq) X (Ep,a - ER,a) + Grc,a + Brca +ee(9)
Ca = Up(Esp) X Epca+ Gea =+(10)
Cq = Up(ESA) X Ep,ca + Geq ~ee(11)
Rpca = Ca — Erca ++(12)
RFc,a =Cq— EFC,a --(13)
C= prlcddA+jEp_cadA *==(14)
E :ESA—<ng_ddA+ng,adA> o (15)
N =3600xE — f%ﬂmA+f@uﬂm> -++(16)
Re = (Up(Esp) — Up(E)) x C “+e(17)
R, = (Up(ESA) - UD(E)) X N --(18)
Rp = RFc,d + RFc,a +R.+ Ry *+=(19)

6 FHE#HR
6.1 REEFAFCCGS MBI I aL—>a iR

X 9 IZFHE M FCCGS DRI S S = L — 3 3 VAR (caseb) 2R,
HEREAIZBWTESETITRE Sz PEFC- 113 13 K 00 4312
FEERIET D, £ D% 5 KM 50 3 DIREY ZATV, 18 I 50 43I
HOMETHERE 272 LIF1R79 2%, SOFC- 1T (90L), PEFC- 112X %
KEENET1IIOHBEENEONZTNZN86.5[% ], 15.1[% ]
o TR . HWITEE I BEIEFEEM FCCCS I X 2 BB REOW
EFNENGEL3[%], 68.3[% ] CTHhD, X, BHEHREMEILZN
ET2.3%, 85.8%TH D,
6.2 FEEEICETIEM—RIRIILX—HEE

0 A EBICBT 2FEMO KRNV F—HH & (caseb) &
R, BAO -REZANF—HEEIIHBEICLD R LF—
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SEE- ¢ Qapuib. bl —REFLX—HIEEEEELTET, <
AT ADHEDBEITEMEZ B L TCEHBICL > THELLE—KRZ R

R — LR LTI KV EIR L e — R =R L F =B LN 2
LERLTWD, ZZTRAREE LTIEE, =ik, ST, #5is,
KB, B OfER %KY, caseb TRHEHILOFEEEICEBIT D
EROHEM— R RV F—HE BT, FCE2%E LA TN 41
~56[G]/ 4 F 1, TERMEETIINSL ~67[G]/FE-F] &y,
FCHRELILGATH I ~24[% ] WP T2, EEEEICRET
L EWROFER —R T XX —ER R, FCZRE LLHEE TIIN
4%&MHNPF]%%E%T,SM~MMV¢+J&ﬁb\
FCABRELILBETHNE~9[% I BAYT 5, Eh - AFEELDL
(Z R 2 W AR I B W THINE R 2 < R 2B D D, ETo,
RRBZITB W TRME S O —KRT R X —HE LA L Z
WHE ) (HR) BT E ﬁ(k%)£WTiEﬁm r 25—
WX —HI RN Z < 72 26008 H

6.3 REBNENCETH2EMO—RIRIILF—HIBE

BJ 11 AR — = L F —HIE & ARG R o FE
b (caseb HILENEN ) 2777, FCAERETIE R RLF—
THE ISR T 12[P]] BREHIR S D, FEMAFSE TiE SOFC- i
KA EBEEN TN TR, IFGX v 7 RBEE2M- L%
DOEINEEIL T Vo —Z TRRUTHA SN TV D2, REHER O
HENEPRHE N OZERFBEBEDR LB L TEWZD, BF
%%ﬁbkw%%K%wT%*&I*W¥~ﬁﬂﬁéhé E
FBEF FCCGS D AT & 0 xh 58 18 N AR 08 ) 75 B 5 0 R/t

Amount power generation
from FCCGS

[ mmmm Purchased electric energy mmmm  Energy to utility grid

—O— Power consumption schedule  -+-%-- Total efficiency of FCCGS --0-- Hot water storage

—a— Hot water supply from backup boiler

% 1.50 100% 150 E
90¢

= R LI °
12 a S| W% S 10 o
o0 \ > 70% © =
Zow ool w8 0

§ ﬁ o \ . 50% 5 .
L2060 110l .5 N w0 _ 60 S
S -1 , ©
5 I I N- gl E 30% S =
©0.30 B H b 0% 2 30 4
oo I o =

0.00 0

Hog-g gy
0:00 2:00 4:00 6:00 8:00 1000 1200 14:00 16:00 18002000 22:00

(1) Tokyo, detached houses,
SOFC- L (90[L]),

3 people,
coolest day in summer,

after the earthquake,
rated operation

Amount power generation

from FCCGS = Purchased electric energy

mmmm  Energy to utility grid
@z=z Startup power consumption

—O— Power consumption schedule ~=-0-- Hot water storage
of FCCGS

—A—  Hot water supply from <. Total efficiency of FCCGS

backup boiler

—, 1-50 r{Power generation start time is < > 1005 150 —3
= 13:00 and stop time is 18:50 M . 90% i’
= | 5 |/Cunulative operating time is 5 %""x i\ 8% & 120 &
> hours 50 minutes : i o5 S
1Y) i o Pt o
5 0% T et N 60% 2 %0
e iv St
S : - 50% s N
o 0.60 : ,,ll : q% _ 60 3
'5 Z7A\ B I I ; \ 0% S g
0.30 " 20% 2 30
3 AL =0y
— 5 H H N 10% -
oo 0% 0
0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
(2) Tokyo, apartment house, 2 people, after the earthquake,
PEFC-1, coolest day in summer, rated operation

Fig.9 Results of operation simulation of home-use FCCGS
(case6)
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BHABINED L, RHEHOMAERER]— KT F L X — 4 E R
AL T 5, D%, FEEH FCCCS OF AR CTRI%EDOE N
WEETHHUERMEEROIEEEMHTIX, EREBEL TR
AN —HBEENPHIBEEIND, KRB IENTO R LF—
VA B3 caseb DA, HH T 23P] RIEHIK S 5,

6.4 2EICEFTEHI—RIFILF—HIBFEDLE

B 12 (2 BARREICE T 2 FRHE — R 0L X — Bl K& OHIE R
BT, HHBCTOAME R I LF—HIEELZARE L., AAL
EHO—REzALF—HERERLHEHT 5, —REZAF—HIEEL—
PR EER OKIIFEEOEBPREHEE & CH T A2 OH T A
A& LPHADERRIER " 2N X THHT 5 (20104 15, 643[PJ],
2012 4% :6,093[PJ]), A H DM case T, caseb DEFA THR D
—REANVF—HIEENZ <, HRRETO Kk L F—H# &
13K 75 [PJ] B S, — R R F 1R 1.3[% ] &7 5,

K case D LW & 1T 5 &, A A B % (casel, case2) T I3,
case2(JF&E : 4 A, 5 1 3AN) OFNB, HIGOFEENEXITEL N
%, FCEBICBIT 3 —RZFUF—HIHENL L, B—RTFNLF—
A= © R 25 % %< 725, BIFHERL (casel,case3) THERT S L.
EHLLDOEAETHR KRR LF—HERITHIMI NS, cased (Ji
R (2010 4 )) TIXFCHEED—RT R VF—{HEEITHEML T
Wh, REEZZDHEEMROBE., FHENO—RT R NLF—HE
JEENL AR N SNy, — IR F—HIEII D7 < R D, B
BHEM O ERL L (casel, cased) THIT 5 &, Wity O EE
IS D120, EREILZIT > 72 casel DFF R —IR T FI/L X —HilE &

80.0

house]

0.0 ‘ mElectricity consumption BGas consumption OBac-up boiler gas consumption‘

67.1

60.0

50.0

40.0

30.0

20.0

10.0

0.0

-10.0 Left is FC installed house, right is conventional house

Primary energy consumption[GJ/year,

Hokkaido Miyagi Tokyo Niigata Osaka Fukuoka

(1) Detached house, 3 people, after the earthquake, SOFC- I
(90[LD)
T 80.0
_§ 0.0 ‘ mElectricity consumption BGas consumption OBac-up boiler gas consumption‘

60.0 54.4

5.0 50. 1 66

' 5% T gy g 43.8058 4y gaa 4 4y g4l

40.0

30.0

20.0

10.0

0.0

210.0 Left is FC installed house, right is conventional house

Primary energy consumption[GJ/year,

Hokkaido  Miyagi Tokyo Fukuoka
(2) Apartment house, 2 people, after the earthquake, PEFC-I

Fig.10 Results of annual primary energy consumption in a
house (case6)

Niigata Osaka
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8 40[% 1 W EMA H 5, SOFC D14k (casel, caseb) # b
5L, caseb D MBIPRMAETHEEDER B VA, B—KZ R F—
HIE 2K 200% 1 < /2%, SOFC DRFY; 4 v 7 7 & (caseb : 30[L],
case6 : 90[L]) TH#T B &, case6 D FNIFGF v 7 RENVKE L,
RECHBAEND 2RV F =B %8, FCERITBT 5 —K
TN F—HIEENZ < B—IRT I F—HIE R 23[% ] £<
2%, BEFEMORESM: (casel & case8 KN cased & casel Tl
MR R F —HI R RE RET AL,

—R T ARX —HIE R T R L (EKE 20124 E) ©
case TIX 0.6 ~1.3[% ] FELLY, FREHV (FEIRAT 2010 4
JE ) Tl case3-A TIEH 0. 1[% J.case3-B TIFH0.8[% ] & 725,
SHIENR & U TBREIER A ZBEEA L, W & & O 1B &
79 28 FHPEO—RZ XX —HEEOHIRIZK L T—ED
DRBDDEBEZOLND,

7. % case D—RTFAF—HIHEONRTIE, RFRENDOE
NEMBFD L, — R F—HEFEMEMET T2 2 &1k -
THA L 2HFFEEBMO — RV F =B EIEFICRE L, &
D case THR6FILL LA ED DL, DHIUEREZEEANT LHE5D

C—JAmount of primary energy reduction in non-housing sector

CJAmount of primary energy reduction in conventional houses

mm Amount of primary energy reduction in apartment houses with FC installed
zzAmount of primary energy reduction in detached houses with FC installed
—Total amount of primary energy reduction

100 ‘ ‘ ‘
90
g L Apartment houses
70
60
50 |
40 B

T T T T
Conventional houses ‘

/,

Mot

Fig. 11 Energy reduction amount and power supply amount in
TEPCO (case 6, detached house: 3 people, SOFC- I (90[L]),
apartment house: 2 people, PEFC-1, rated operation, after the
earthquake, 2012)

Primary energy reduction[TJ]

2012/4/1
2012/5/1
2012/6/1
2012/7/1
2012/8/1
2012/9/1
2012/10/1
2012/11/1
2012/12/1
2013/1/1
2013/2/1
2013/3/1 R

@Amount of primary energy reduction in non-housing sector

mAmount of primary energy reduction in conventional houses

OAmount of primary energy reduction in apartment houses with FC installed
DAmount of primary energy reduction in detached houses with FC installed
OTotal amount of primary energy reduction

®Rreduction rate of primary energy consumption

100 2.0%

=
E'C' 80 oY
S 1.5%
S s
: :
? 1. 0% E
o 3
§ &
z 0. 5%
=3
&

0.0%

Fig. 12 Yearly cumulative primary energy reduction and
reduction rate in Japan
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BN F =R eI 2B, RREHOERBEOL(LIC
RO EABETHLITMOTEETHD LEZOND,

1 F&H

AT, —IREBKFEE OREMR - B RE R &
LT, HAAET SOFC Jx U PEFC % &f 530 &4 S - 5H46 0
BEY I 2L —va V&IV, TRRICE > TRRENO—K =T
FX—WEFEMA NPT 52 LI LD R R — &
D YN H A 8 D T2 FEE ] FCCGS D3 BB IR & L C o A% H
DFMiZAT > 7o, RAFR TR OLNTCHRITILLTOEY Th 2,

ARFFETIXETERE (W L) &l U CERER (W
bV ) ZIToTHATREFAF—HIHEITN4EZL D,
TEAGBIR TILITE 2 v 7 NS & o 7oA, REHEM D S O HE
BUIRE A~ EN D2, REFEM O R BRI RN R E S OHE
B LTE WS, BRI & D — R R F —HEsh R
"EonizEzoN5,

FE B EM 2 AT D56, 4 B O S04 T AR
BOLWITR, KT FAF—HIEITZ < 2D, Zidfta A
BENZ VA, MGHESHEIMNICE L LD D, BEtERO
RENENREL bbb EBEZLND,

[Fl— OBREFERMO AR TIE, I Y v 7 BEPREVFR, KR
SN D TR NF =03 D7 7255, —IRTFVF—HIEED
% < 72 %, PEFC & Lhig L TR RN @ < P DA 721 SOFC Tk,
HERRDREANR—AEBRE L, I v 7 RENLRRD 78 &G
ENTVDER, AZFAX—DE=DIZYEROFFIAZ2E/E LT
RERIFGY VO RBEERETLIZENEETHLEEZ BN,

—RE X —HIEER T, R L (2012 ) DAL 0.6 ~
L3[%]RBELARY JFIHY (2010 4£H ) TIEA0.1~0.8[% ]
L%, RREOBRMERICFEENFEL T D56, RRE
HO—RZFNF—EEFHEMNFIE 2 LOSAE L L T/hE
W2, — ROV F—HIRRE I NS RHEMND D,
AFFETHRET L2 ED case THREFEMEZEATLZ LI2XD,
—WT R AF—HIERIFE LN, BBAEICBOTEBICEE
kLB Z ZHE AL, HRE & O BB AT 2 LT —K
THRAX—HEEBEOHICH LT EDRNH D L ELLND,

SBAEEE ZHEAT 56, RREDUNAETSENF
BEOELIZHEN, REENO—RZ RV X —HE TN b Y IRE
b+ 2 EE2 b5, AR TIHMERETHM, FRESHMICE
J 2 =R X —HINROBRF HAT o 72, RIKE SO —K
TRAF—WEFEMOE FICL > TELSIFESHMTO—K
TR —HHE AR IR E N ERH LN E ol L
BERE ZHEAT HEOE RN X =P REFMT 256, &
HENOBNAMOENIZLHEEBEYZETHZ &L, MO TE
HThhHeBExbND,

s

Tewmonsn: Monthly average feedwater water temprature [°C]
T montn: Monthly average outdoor temprature [°C]

a: Regression coefficient

b : Regression coefficient

Py : Power generation of FC [kW]

Hi..: Heating output of FC [kW]
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My(Prc) : Power generation efficiency of FC [%]

Mu(Psc) : Heat recovery efficiency of FC [%o]

Py, : Rating capability of FC power generation [kW]

E,: Electricity demand of house [kW]

W, : Supply amount of hot water [m’]

py: Density of water [kg/m’] (1,000 [kg/m’)

C,, - Specific heat of water [J(g - K)] (42 [JA(g - K)])

T+ Hot water storage temperature [*C] ( 70[°C])

Exc q: Primary energy consumption in detached house with FC [MJ]

Egc.,: Primary energy consumption in apartment house with FC [MJ]

E, : Purchased electric energy in detached house with FC [kWh]

E, ,: Purchased electric energy in apartment house with FC [kWh]

Ex 4: Reverse power flow in detached house with FC [kWh]

Ey ,: Reverse power flow in apartment house with FC [kWh]

G 4: Gas consumption in detached house with FC [MJ]

G .+ Gas consumption in apartment house with FC [MJ]

By 4: Back-up boiler gas consumption in detached house with FC [MI]
B, : Back-up boiler gas consumption in apartment house with FC [MJ]
U,(p) : Receiving end primary energy consumption unit [MJ/kWh]

p : Power supply amount of general electric utility [kW]

C,: Primary energy consumption in conventional detached house [MJ]

E, «: Purchased electric energy in conventional detached house [kWh]

G,: Gas consumption in conventional detached house [MJ]

C,: Primary energy consumption in conventional apartment house [MJ]

E, ., : Purchased electric energy in conventional apartment house [KWh]

G, : Gas consumption in conventional apartment house [MJ]

Rgc 4: Amount of primary energy reduction in detached house with FC [MJ]
Ry, : Amount of primary energy reduction in apartment house with FC [MI]
N': Electric energy consumption in non-housing sector [kWh]

E;, : Electricity supply amount [kW]

E, 4: Electric generation of FC in detached house [kW]

E, ,: Electric generation of FC in apartment house [kW]

E : Electricity supply amount after reduction of electric energy demand in FC houses [kW]
C: Electric energy demand in conventional houses [kWh]

R, : Amount of primary energy reduction in conventional houses [MJ]

R, : Amount of primary energy reduction in non-housing sector [MJ]

R, : Total amount of primary energy reduction in each area [MJ]

A Area of each 9 general electric utility

Py : Hourly Power supply amount in Shikoku Electric Power Co.,Inc. [10*kWh]
Ppugora :Hourly Power supply amount in Chugoku Electric Power Co.,Inc. [ 10°kWh]
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INTRODUCTION

In this paper, numerical simulation is conducted when total 5.3 million units of Solid Oxide Fuel Cell (SOFC) and Polymer
Electrolyte Fuel Cell (PEFC) are installed and operated nationwide, for power generation configuration and electricity supply
amount of general electric utilities before and after the Great East Japan Earthquake. Calculate the primary energy reduction
amount when a large number of home-use fuel cell co-generation systems (FCCGS) are installed and operated. Evaluation of
introduction effect of home-use FCCGS as distributed power supply is performed. When a large number of fuel cells are installed,
the power burden of the grid power is reduced. Operation of relatively inefficient power generation facilities will be reduced,
and the primary energy consumption unit of grid power will also decrease. There is a possibility that primary energy will be
reduced also in the non-residential housing that introduced home-use FCCGS. We will also consider this point in this paper.
It is considered important to examine the primary energy reduction amount when introducing a large number of fuel cells in

considering Japan's future energy mix.

RESEARCH METHODS

The target area is 9 areas for each electric power supply range of nine general electric power companies in Japan, and each
detached house and apartment house is the target housing. For the housing model of detached houses, use the standard problem
model for housing of Architectural Institute of Japan, and for apartment houses, use the intermediate floor / intermediate
dwelling model of one corridor type plate type. The average U-value 0.82 W / (m*K) for detached houses and 0.68 W / (m® K) for
apartment houses throughout the country.

For thermal load calculation, use thermal load simulation software TRNSYS Ver.16. Calculate the hourly air conditioning
load of each target housing in each prefecture. For meteorological data, weather data for every hour published by the Japan
Meteorological Agency on the web, lighting and various pieces of equipment heating data are calculated using SCHEDULE data.
Weather data is used for 2010 and 2012.

Type of the cell stack of the fuel cell is two kinds of the polymer electrolyte (PE) and solid oxide (SO). PEFC sets startup time for
target area, season, and house type and operation method in order to start and stop once a day. The start-up time is determined
as the representative day from the coolest day in winter, summer season, and moderate seasons. In the SOFC installed house,
the surplus heat after filling the hot water storage tank capacity is released to the atmosphere with a radiator (fan electric
consumption: 4.8W). Surplus electric power during home-use FCCGS operation is flown to utility grid. When power generation of

FCCGS follows power demand, each efficiency is changed by using the performance curve at partial load.

RESULTS

The results are as follows;

In comparison with the fuel cell operation method, the primary energy reduction amount is large when rated operation is
performed.

In terms of the power supply configuration, the total primary energy consumption will be reduced in both cases, but the primary
energy consumption of FC houses will increase in nuclear power plants (2010). In the case of the power generation configuration
including the nuclear power plant, the primary energy reduction amount is relatively small because the primary energy
consumption intensity of the grid electric power is small.

The primary energy reduction rate is about 0.6 to 1.3% in the case of no nuclear power plants (2012).

(2018 4% 10 H 7 HE A28, 2019 4% 4 H 10 HERFPE)
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