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Optimum Structure of Photovoltaic/Solsar Heat/ Air Heat System for a House

under Carbon and Energy Taxes.
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Abstract

This paper treats a photovoltaic/solar heat /air heat system for a detached house. Optimum
structure of the system is so decided that an annual total cost of the system is minimum. The
annual total cost is sum of costs of equipment installed(oil fan heater, gas heater, air
conditioner, PV array, solar collector and heat pump), fuel cost, carbon and energy taxes.
Input energy to the system and CO: emission from the system are calculated as a function of
carbon and enegy taxes, production rate of PV array being parameter(7, 10, 1000 MW/y).

The main results of a production rate of 10 MW/y are as follows : heat pump as well as PV
array is installed when the carbon tax is higher than 160 X 10® yen/t-C, and PV array is
installed when the energy tax is higher than 5 X 10° yen/Gcal, and input energy decreases
from 20 to 13 Gceal when the carbon tax increases from 80 to 100 X 10° yen/t-C, and CO,
emission decreases remarkably when carbon tax increases from 140 to 160 X 103 yen/t-C.
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Type of load|Consumption[Mcal] Remarks
Heating 7,973 (45.4%) |Set temp. :20 °C
Cooling 1,088 ( 6.2%) |Set temp.:27 °C
Hot-water 6,054 (34.5%) |Set temp. :50 C
Electric 2,482 (13.9%) |= 2,742 kWh
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Type of load|Energy supply equipment|Max size
Heating 0il fan heater 13. 3 kW
Heat pump 13. 3 kW
(Air conditioner)
Cooling Air conditioner 9.4 kW
Heat pump 9.4 kW
(Air conditioner)
Hot-water Gas heater 23. 2 kW
Heat “pump 1.8 kW
(Water heater)
Solar collector 40.0 m?
Heat storage tank 0.5 n®
Electric Photovoltaic array 40.0 m?
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Casel |Case2|Case3

Production rate [MW/y] 7 10{ 100
Efficiency [%] 10.0] 12.5 13. 8]
Cost [yen/Wp] T70| 480 275

Equipment energy [Mcal/Wpl| 22.6| 15.7 8.5]
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Equipment Equipment energy |CO. emission
0il fan 29. 60 Mcal/kW 3. 03 kg-C/kW
heater

Gas heater 9. 83 Mcal/kW 1. 00 kg-C/kW
Air 23.16 Mcal/kW 2. 03 kg-C/kW
conditioner

Solar 13. 30 Mcal/m? 1. 15 kg-C/m?
collector

Heat storage| 276.0 Mcal/m® 27. 2 kg-C/m*
tank

Heat pump 23. 16 Mcal/kW 2. 03 kg-C/kW
air
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Annual cost
3,300 yen/m*
31, 300 yen/m®
650 yen/kW
1,630 yen/kW
9,800 yen/kW
7,800 yen/kW

Equipment

Solar collector

Heat storage tank

Gas heater

0il1 fan heater

[ Heat pump

Air conditioner
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Setting data
Carbon tax, Energy tax,
PV array data,
Weather data

I?andard system structure I
|

No Ts Eq.(5) satisfied ?

Yes
lﬁmpuling operating energy |
Changing system (Annual sunulauon)
structure :
0il fan heater Computing equlpment energy
Gas heater (Accumulatmn method)
Air conditioner
Solar collector Computing mput energy
PV array and CO2 emission
Heat pump

Computing annual cost

Is the annual cost
minimum ?
Yes
I Decision of the optimum structurﬂ

K1 FZ#iy RFLREO 7O+ Fv—F

%o

min C :Zk:Cek+Z‘clj+ Cer + Cer
' ®
BEICAHMT 7 v E—F—, BRBEIKITIY, Kk

WA ZBBBRERNAHERE Y AT LEHELLT,
VAT LERAEEAI B I LI TIRE Y X T A
BEAERkDDE, 2070— - F+— bR 1IZFRT,
9, REBRBEMAOIRIVF-REM PV L
4 F— I ROEBOEET— 5 2ANT 5, KIT, it
KRR TFLEBFESEL, BAZXNVF-RUCO
HEHEAHET S, RIFETANF—EIESL LITIE
BT XVF—ZEMY I 2=V a3 VICKDEET
5, INSDEICRERR ST RIVF—BERE LI

BEBLEL, BENMUMNIZEETY AT LHERE
ZlL=E5,

6. 1 REBEAT CORMY X7 L

REBE 0N S 240FH £-C ETRAZIETRD
rolRl Y AT LOBWBRERUKERGER 21Z, PV
TlA EHBEELER3ITRT. M3 RUT6ITHN

<, BT —2EPVTLAEEE, Blw—7 itk
BREBELEEL TS, K2,

3NSUTDI ENG




¢

RERBR UL X NVF-BEAT TOFRTEERKRBIE - B AR R T LOREHERK

"5,

r—Z 1 TREFICLS TEARNIRESN, PV
TUAEHRBEINT D, /o, RFB 160FH 1-C
ULTRERICHPAMAEND, ¥— X2 TEKRE
B O00FH A-CULETP VT LA DBEENZAY v
NEEDL, SHBICMZTREIND, S SITRER
NERL, 160FHA-CUEIZRS &, BE - HiBIC
HPAFRIAIN S, KEICHPEZRATLEE, £&
BRIBEINT, PVFTUAEINREING, T —
Z 3 TIRERER 0TFH A-CLUTTIRERBLP VT
LA EpFEIR, 100FHA-CUETEYT—X20D
160 FH A-CUEDBEERUELIIC, PVT LA
DANRKEZIN, BE - KREICHPIFIASINS,
ZDEIHiT, REBROHE, BEER UL
HPAFEA LY X T LOEARENRNH D EN
Db, £z, PVT LA BREIIINRA LEng —
Z2D&HNEETIE, BESERIYIIEITLD
PV7UADEAXRESRIHEND 5,
oD Y RT LR TARANERIN S ZxIVF
—DEEERAITRT, REBRMENE T, BE
ICRIET7 7 Y E—IDBFIAING VR T LR ETLD
T DOEAREIE DN EL 1> T b, KEBNEFLP
V7 LA EAZNS E (5—X2 1 JKHEB 100~14

Carbon tax [yen/t-CJ:
0t0140%10°

Load Equipment
{Cooling }s——————{Air conditioner 9.4kW]

over 160~ 10°
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Hot-water] Gas heater 9.4kW
(a) Case 1
010 140x10?
Oil fan heater 13.3kW
Air conditioner 9.4kW
Gas heater 23.2kW
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-
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Load Equipment
[Heating | Oil fan heater 13.3kW
[Cooling | Air conditioner 9.4kW
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