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INPUT ENERGY AND CO, EMISSION OF SOLAR/AIR HEAT
UTILIZATION SYSTEM INSTALLED IN A RESIDENCE

% H & = R & AT

Yoshishige KEMMOKU Tateki SAKAKIBARA

Abstract

Input energy to a solar/air heat utilization system is the sum of fuel energy and
equipment energy. Using a simulation over a year, input energy, CO, emission and annual cost
necessary for a private residence are calculated as a function of the total area of
photovoltaic module and solar heat collector. Solar/air heat utilization systems are
classified by utilization method of a heat pump: (1)solar/air heat heating type, (2)
solar/air heat hot-water type, and (3)solar/air heat heating and hot-water type. These 3
type systems are compared wiht a conventional system and a solar system without the heat

purrp.

Simulation results show that, (1)input energy takes a minimum at a ratio of photovoltaic
module to heat collector areas if the total area is constant, (2)when the total area is 20m
? . the solar/air heat heating type minimizes input energy and CO , emission, and (3)the
solar system minimizes annual cost.

Key words : Photovoltaic system, Solar heat collector system, Heat pump system,
Equipment energy, Fuel energy, Input energy, CO, emission
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load [Mcall
Heating 7,973 | Set temp.:20 C
Cooling 1,088 | Set temp.:27 C
Hot-water 6,054 Set temp.:50 C
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Type of system

Energy supply equipment

bil fan heater
Gas heater,
Air conditioner

Conventional system

0il fan heater,

Gas heater,

Air conditioner,
Fhotovoltaic module,
Solar collector
Heat storage tank

Solar/oil heating

system

Heat pump air conditioner,
Gas heater,

Photovoltaic module,

Solar collector,

Heat storage tank

Heating

Sclar/air -
0il fan heater,

heat Heat pump water heater,

Hot- Air conditioner,
utilization| water|Photovoltaic module,
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system Heat storage tank,
Heating|Heat pump air conditioner,
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Material Solar Heat storage
- collector tank
Stalnless steel 9.7 kg 42.1 kg
Copper 3.1 0
Aluminium 3.1 1.1
Glass 17.4 0 -
Rubber 0 7.3
Lumber 1.1 0
Styrene foam 0.7 2.5 B
Total welght 35.1 53.3
K5 VAT LBEBORM T w0 F—
Equipment Equipment Equipment |Durable
size energy periods
e (Meal/yl | Lyl
0il fan 10,000 kcal/h 393.7 10
heater
Gas heater |20,000 keal/h| 228.1 | 10
Air 9.4 kW 217.7 10
conditioner
Photovoltaic{l kWp (10 m®)| 1,532.2 | 20
module
Solar 1 n® 13.3 1 20
collector
Heat storage| 0.5 m® 138.0 | 10
tank
Heat pump Cool. 9.4 kW 217.7 10
air Heat. 13.3 kW
conditioner
Heat pump  |1,500 kcal/h 109.7 | 10
vater heater
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Energy |Carbon |Average (02 emission
source {weight |heat value|rate

ratio 7~7E§£gl/kg] [kg/Mcql]
Coal 0.70 . 6,200 0114
0il 0.93 9.250 0 369
Gas 0.75 13,000 O 212
Electric I0 390 kg K
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Equipment (02 emission
[kg/y]
0il fan heater 177
Gas heater 85.1
Air conditioner 69.8
fﬁotovoltaic module 287.3
Safér collecor 4.2
Héat storage tank 49.5;__"
Heéihbﬁmp air conditioner 69.3
Héat pump water heater 35.2
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uipment energy
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Input energy [Mcal/y]

S
100/0 80/20 60/40 40/60 20/80 0/100
Ratio of PV module area to
solar collector area

K2 FRTERCAE - KRR
VAT LERBLIEEDORAT ANLF -
(KKTEMy - BB AR - 20m®)
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Installed|Solar |Solar/air heat utilization
area /0il system
heating
[m*] system |Air heat|Air heat |Air heat
heating |hot-water!heating &
type type hot-water
type .
5 0/100 | 0/100 0/100 0/100
10 0/100 | 0/100 40/60 0/100
15 0/100 | 0/100 60/40 40/60
20 20/80 | 20/80 60/40 60/10
30 40/60 | 40/60 80/20 60/40
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Equipment Annual cost
Photovoltaic module 65,800 ¥/kWp
Solar collector 3,300 ¥/m®
Heat storage tank 31,300 ¥/m®

Gas heater

800 ¥/kcal-h

0il fan heater

2,200 ¥/kcal-h

Heat pump

11,900 ¥/kcal-h

Air conditioner

9,300 ¥/kcal-h

KB LR IVF—




REZEE - MR

Solar/air heat heating .
hot—water type

140 -

Solar/air heat .

heating type e
\ O 3
- ’.«é""-.“—“""\é

Annual cost [%]

Installed area [m?]

X5 HixDyATDOKY -
Aa 2 b

KEBEN o 27 LD

EKOITHRT,

RKODP B/ AT LD R D 2N TE
ZDFERER BITRT o [ 2T L DI |HRELY
(33.87511) # 100%& Utco WD S, KEEFI A
BUR D il b e TIRREFHMICAFITH B I Ebbd b,
ZoHihE LT, HPFNE, BAizxrF—Hich
DMKl H AT AN TE W RETE D OMH &5
ANEHL I ENET 6N,
RSB DT ODEIARG TRV F -2 RT A
ThY, FHCEABOLIFIE SN D 2FETR 15
m?E TS IIRECRI S R T A LB EAEEDS
e bbb, KBHERBOANKEENENE
DI, BRI E T HREFMICR D L5 I L2 &
WL T B o RFRTE TR ORI - TERIERELE A1
AU T B NIRRT A & 5 # Al DK
LB HDTH B,
RHETROM AT EVRA TR LF - BDT 5
Chh b o THEMBSAMATAEBEL TE, K
ISRk, Ak, THoREAE, =53
e 7 E DD B AN E SRR A S
ARBIENHBLTWEEEZOND,

Journal of JSES

—50—

6. £

AT 2 VF— B L OKZE - G ETN T2
VAT LERFRTHERICEATS I EEMEL, YA
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T 5 A0 - REBRER, HBAMIUHET 5K -
KEBBER, b L CIEFAR EAEEAT DM ITIC
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INF— AT LANEDL NI EITH B,

£I0 HADEILTDY AT LOFATFLF -,
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Type of system Input |C02 Annual
energy |emission|cost

Conventional type 100 % | 100 % 100 %
Solar/oil heating type| 74.8 80.4 |104.1
Solar/air heat heating| 70.9 49.5 [127.1
type
Solar/air heat 79.0 81.4 [127.6
hot-water type
Solar/air heat heating| 74.0 50.2 134.4
and hot-water type

X wk

(1) BRI ZAVF—F: [TRAF-BRDEH LR
2], p5l, WdEEEMNE R, 1993

(2) KEKEE : [ZxrF—FAOBRRKESR], &
M#EL, Vol.63, No.8, p.755, 1994

(3) A, HFE: Tk RFBLRAVF—2 2T L
O—BEE~NODBAL I2L—vav], KT
FIVF =, Vol.20, NoA, pp.15-21, 1994
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