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Abstract

The objective of this study is to evaluate technological combination to attain sustainable energy supply for an apartment of one

hundred households equipped with distributed energy system. The distributed energy system consists of photovoltaic cells, batteries,
solar water heating system, storage tank, gas engine and gas tank. Because it is difficult to predict when energy outage happens, the
timing of 8760 cases of the outage, which implies it occurs every hour, were examined to calculate the probability of sustainable
energy supply for one year. Sensitivity analysis was conducted to discuss the effect of the technologies on the sustainable energy
supply. The results indicate that either electricity or heat is difficult to sustain supply for seven days unless the system has quite large
size of renewable energy facilities. It implies that gas engine and gas tank are necessary to improve sustainable energy supply

significantly in the case with restricted capacity of photovoltaic cells.
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Fig.1 Energy supply systems in emergencies
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Table.l The outline of the apartment®
Living space
Spot Structure Building type
Tokyo RC-10 floor Balcony type

i~ |[ \ /
~ [
\ .)(\ Bed room
Child room[Ml_," | f
; N

\
= Living and dining
Child roo DII

RoonTlayout of living [l

Communal Space [m’]

Elevator hall Stair hall(indoor) Stair hall(outdoor)
50 100 100
Entrance Corridor Car park
80 1000 1000
Bicycle park Assembly room Manager room
50 80 10
Table.2 Family profile!)®
Type Inhabitant Number of
Child Adult Senior Houscholds
! ! 34
2 1 6
3 2 14
4 2 4
5 lor2 1 8
6 lor2 2 30
7 3 2 3
8 2 2 1 1

Table.3 Power consumption of home appliance

Home appliance

Power consumption

Rice cooker

180 Wh

Electric pot

475 W

Refrigerator

64 W/72 W/86 W (winter/period/summer)

TV(32 inch) 130 W
Room ventilator S50 W
Room light 5 W/m*

Table.4 Set value of hot water

_42_

Use Quantity [L] Temperature [C ]
(winter/middle/summer) (winter/middle/summer)
Face wash 13.9/-/- 38/-/-
kitchen 14.6/ -/ - 39/-1/-
Fill the tub 200/200/200 44/43/42
bath 15.2/16.5/18.5 39/39/38
2014 4



THEIANF -V AT L2 BT 2EEHEOIFFRIC

B B A0 F — s e i EHb

QHAMIRILF—ERT—4 FEFATIZIE AL T,

Pt 5%%®m%kbfiﬁw%%i#%ﬂwﬁﬁﬁﬁé

S R O JFUHLAT,  HABA ASOT R R X BE A7 STk 2 el
L7z, SR O % EE % Table.5 | Z7”9. IVA—&
IR ERFCIIERAR &35, AR CIXED, Bofth
DHBRE LAGEDBHEITRNE D &35, fkrAuxmE
KR E LTHAR T8 hEENT 5. Ko 78i%
W T OHLEEERE L, # 2 7 KEMIKNIZEST S &R
VR, WA LFEIETA b DL LTHRT L.
Q) FERFEEERFOLE  (El LR ROANT —
ZOFE LT, A1 BOED, HEAm%E Fig2 lZR7.
Fig2 O 7 7 7\ZHEH T 5 L IEFIFOTB AR D 40 %
X7 LEDHBE I Ch D, SO OREIC, "D
M ZERTIE, IEFROENAMITE— 27 /S FHE L
SNTNDZ Enognd. EAMARII2MEDE AR D
TUREETH D, FEROPFIMR T 7 7ICERT 5 LJEFEE
KT 2R ICREEIC L D BBATMAREAELD
7o, WMGAMOY— 7 3N RET D2 BN D
[AIRR 72 J7 15 TR L7 S RE D A 7 — # & IEHIREA
T —H DAL O Fig3 IZRT.
ﬁyauO®$7?7’@H?é&%ﬁﬁﬁiﬁﬁﬁﬁ
I B[\ > TV B, FEFEEOE AT EFIFD 65 %& HE

Eéiﬂfz. —J5, 20o00INRS T 7IERT D LHRGA
FHIAMICH D 1,2,3,12 A CTHEIEFREDR ERl> TS, 2
FUTFE TR A D ICAE T L CAETR L CRERE 26
LTWAW, KIEBIZLAMGAMNRKEL 25T LM
FHATHS.

3.3 “%ﬂl*»ﬁ—ﬁﬁﬂfmﬁmMNax—a
BT FLF —FIRO R T A — 5 & BT O PERE %
wfa%bt.%ﬂ7f%&®§ﬁﬁ%T%b6_mﬁ.ﬁ
WFECIEZE B MO FERF ORI E T H 5 7o b A vl hE
ELT, EROBRIOAZZE L T\ AH. SWH B K i &
1Ty 2 2 b—3 g VIRTIC X 0 KEEENE K S O MEREFEAM 2
1T 7= R85 0.05 mhour & L7-. HAT Y Udie
BT 20 H 7 7 L OWMBEE N EEEBE LTS

4. BADHEHRELT- G H FriE = 0T

4.1 EABRYIaL—YavETIL

fEMF O PV 3 T MET-PV3" 0 & B O A B 5 i
DOWVBET — 2 2 ANCHEINT 5. PV REEROHEXE
KA T. VAT AR E T T —arT v a T
—DOEBROBICAEC LR EER LR THD. HER
FAREL L 1T SR VIRSE ERIC K D REHIME T E2EE LT
RECTH D, AR TSI EEEICE OEEHE L
7. PVRERNDEE LD K& W ERES 2 EEMICESE,
INEWERBRGE GBI OET D, BRFOEEREY
FHRL, EEEENTEICH L TAR LA E G
FRie T L 705,

Epy = IWpy ST Apy
7L
Apy: PV /S FLIRIFE [m?]
Epy: PV S8 & kW]
ISR B 57 [kW/m?]
S: VAT AR [
T R EHRRARE [-]
Wpy: &Y =2 — VEHZNR [-]

@)

Table.5 Set value of hot water

Use Basic unitfW/m2] | Lighting time(winter/period/summer)
Stair hall(indoor) 6 Full time
Stair hall(outdoor) 6 17~07/18~07/19~06
Corridor 5 17~07/18~07/19~06
E Communal space 7 Refrigerator N\N\TV
Rice cooker Pot =7 Light
##The other equipment ——Hot water supply
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Fig.2 Energy demand in
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Fig.3 Energy demand in usual and emergency cases

Table.6 Parameters of each equipment @»(10-(1D:(12(13)

PV(Tokyo, South, 30°)

SWH(pump circulated system)

Efficiency : Wpy=0.16 [-]

System coefficient : §=0.74[-]

Temperature coefficient :

7=0.88/0.91/0.94 [-] (winter/interinV/summer)

Solar collection efficiency : za =0.78 [-]
Heat loss rate : Uswh =3.96 W/(m’* K)

Gas engine

Electrical efficiency=32 %

Battery(Lead battery)

Heating efficiency=53 %

Discharging efficiency=0.87 [-]

Fan running power=61 W/kW

Storage tank

Waiting power=39 W/kW

Heat loss rate=1.0 W/(m’-K)

Vol.40. No.5 - 43 -
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Fig.4 Probability of electricity supply by PV capacity
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Fig.5 Probability of electricity supply by initial battery charge
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Fig.6 Probability of electricity supply by battery capacity
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Fig.7 Probability of electric supply for each days
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Fig.10 Probability of electricity supply with gas engine
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Fig.11 Probability of energy supply with gas tank
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7. FEER
100 HHHEAFEEE RS & L TMB= 3L X — R 08R
Ha L= R D E 18 X UMD BRI DU CRHRHERFTE SR
IR L U CREME L7z, 2 ORER, LL T O B3ME S iz,
EWoENMERICIE PV, EEoFED, OB
NI E B &N RN EL 52 5.
FEEEA L 200 kW O PV SR IE FIBE /2556, w1 ke
iR 80 %Ll LIERFIRECTH D, —F, FEAR 100
kW O PV Ti, 5 A& 2 2 aHeFRIREECH 5.
IEHREOBMAS XA ORE A A B 28271, 4 H
ML Lo RMH ORI Ch D, — K, KIE
BEEERT 256 3B O AN N L 22 5.
EHEBDOWM G E2EBLIEBATY, HEHEAT AL
JERFELTCHAZ VY, HARA ZHERT D2
& T 7 A BB HER R £ 80 %L RITIERTE 5.
IR L F = AT TR RO = RV X — G
HEGT D, OB BIEFRFOMAGHERF I &
DOBEMROW ST %GO Ti i 2175 Z L NRETH 5.
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