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Proposal of net-zero energy house by introducing
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Abstract

Solar energy would be the most important energy resource. The highest performance
solar-energy receiver recorded utilizing 74.3 % of the solar energy in total of electricity and
40 °C hot water in summer, Yokohama, Japan, has already been reported in 2020 as a
photovoltaic/Thermal (PV/T) solar panel. In this paper, the system design on introducing the
PVIT solar panel to be a part of energy-supply system in a household and the simulation
results are reported. Using a Monte Carlo simulation method, it can generate different
energy demands at every 15 minutes through a year for various family members as the
simulation calculation, while the results always follow the input existing statistics
information. Not only solar-energy management in a household but also the environmental
thermal load is evaluated. An example of the net-zero energy house having the best
combination of the environmentally friendly PV/T and PV solar panels is presented in this

paper.
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Fig. 1 Photo and Cross-section image of CIS PV/T solar panel.
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Fig. 2 Solar electricity and heat supply system.
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Table 1 Simulation settings
Family structure Husband and wife (Forties) with 2 children
Weather Tokyo, 2020
Total floor area 126.6 m?
Total panel area 32m?
Heat loss coefficient 14W-m2K? (HEAT20 G2)
Heating and cooling Allroom
Capacity : 12kw
Heating
Power consumption : 2.2~37kwW
(R410A heat-pump)
Settemp. : 40°C
Capacity : 2~TkW
Cooling
. » Power consumption : 0.24 KW~14KW
(R32air conditioner)
Settemp. : 27°C
Capacity : 6 kW
450 L/day
Hot water supply Load :
(Demand temp: 40 °C)
(COz heat pump)
Power consumption : 11~36 KW
Settemp. : 65°C
Cooking IH heater
PV panel CIS panel (Model number: SFK-185S)
Inclination angle South direction, 30°
8.0 -
B Hot water [AHeating
— B Cooling ElCooking
8 60 | Electricity
o]
c
E
@ 40
he)
>
>
2
w 2.0
0.0
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Month
Fig. 3 Monthly demand of the simulation in 2020.
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©9.52 %1320

Qpvr; Pevr
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Fig. 4 The horizontal cross-section structure of a PV/T solar panel.

Table 2 Parameters of PV/T solar panel

PV panel SFK-185S (CIS)

Temperature coefficient /5 0.0033K?

Cover glass transmittance T-¢ 091
Nominal PV efficiency 7. ¢ 151%

Packing factor PF' 093
PV panel emissivity &;, 0.90
Cover glass emissivity €, 0.90
Back board emissivity &p, 090
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Table 3 Parameters of cooling tower

Model SBC-P3ES5L
Cooling heat amount 136 kw
Water flow rate 0.65kg-s*
Air flow rate 054kg-s*
Power consumption 0.05kw
Cooling tower coefficient 06
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BETox prane V3 GEZKIREET K) FREE OCTHY, AWFFETIEL Bk
RIBHTK) & LG T 7

IRISUHIEEDBEENT, IKOZEFIZ X > THMRURLL T CHEEAE
o e L, EEAAMT 7 ELF—T0 L LT

4. PV/TIY—5—IRILDETILOZEZ L

HEEGIR - FERERERO I & HEE O A Fig. 51277
FHUT—21213 12 A 23 BICEHAIL 727 — 2 &M L7z, S50
TIE, BFGHEN S PVIT Y —F— S U 7 GEFRYERT
D25SCD5.25) %/ L CTIZEMIA (k) #Ha L, okl
HEF (=R FD-MBAY), AR & A ORELASHIR
BEPURTHIE L7z, F72 A EITBHFE Gl - EKO
MS-402), FEeERNT MPPT A48k L7csdERmsT (R k
o= A :PV-757) CrHEIL7Z. ZOHOPHERGhERIE, &£
BT 322 %, HEEEAY 339 %THY, FHPEERRL, FEll
fET115 %, HEENT114 % ThHo7z. KET VOGNS
595 ASHRAE }i#% 300> CV(RMSE) (%, #E3h=-C 11 %,
SR T 21 %E 7272, ASHRAE TiE 15 %Ll FAAZE L
ETNELTEY, RETAVOZIPEIE & LT

06 — Solar radiation 1000
Calculated heat collection efficiency 800 NE
— 04 —““_‘*\.._g =
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il Heat collection efficiency , {400 &
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Fig. 5 Heat collection efficiency and PV efficiency of PV/T solar
panel model with those of measured data.

5. Y3al—YalitER - EE

\

5.1 V—5—N\RIILOBEAEIEE|EDWRES

AT CIE LTIl 5 /S Vi A F 1R 5 7z
o, 8 m? T ANEEAAE R T, BIIHE R L OB EAT
TR —DFREIT o7, Table 4 (28725 PVIT V) —F—X
OVIEFEOAETE THE &8 OB E T = 7 ZLF—, K
Bk LR —EEMIG S AT AT DR - SER, M -
TEFREROHERIERZ, Table5 12 PVIT BLUPV V—F— 31
ZRRIEE N 22 B OR LT aAT o 1356 0, THEHIZ L
DENHEEBLOENLOGFHEEZ T

TR AT T 5 FED )i (Grid-power consumption) 1,
W AFE /15 (Buying electricity) 7>57E# 8 (Selling electricity) %
FlWTfiEE U GHRE LTS,

Vol48, No.2, 2022



Proposal of net-zero energy house by introducing environmentally friendly PV/T solar panels

Table 4 Annual calculation results of solar-electricity and -heat supply system

PV/T solar PV solar Grid-power consumption Environmental Solar heat Solar electricity Buying electricity Selling electricity
panel area, m? panel area, m? GJ (MWh) exergy load, GJ Gl GJ (MWh) GJ (MWh) GJ (MWh)
0 32 3.02(084) 332 0 236 (6.56) 205 (5.69) 175 (4.85)
8 24 093 (0.26) 274 103 233(647) 185 (5.14) 176 (4.88)
16 16 047 (0.13) 222 207 230(6:39) 178 (4.95) 173(482)
24 8 032(0.09) 170 314 227(631) 17.3(4.80) 169 (4.71)
32 0 040 (0.11) 1.16 431 224(631) 169 (4.70) 165 (459)
5. 1.1 BIHEE 7 AT SN TERBGRRHE DA 83— Z 25500 Bt

Table4 L0, PVIT ¥ —F—/SF/LOE NG 24 M2 D & &
R HE RN 032G Ly b 7e b, ZOEARFET, Tableb
DL E 258 Gl DIRFLETOT L F—%& KBt R /LX—
DOHCHIETREL 725, AL CIIEEER 21T Y FED T
EEHREVS, PVIT YV —F— v OV CEEMI G %
17T92&7T, ZEH (Xv b - ¥o « ZRLX— - NTR) &5HE
B 52 ENARETH .

VAT AOBERIROEABIE LT, PUIT YV —F—/ /L
NIHiffZ 24m? & LT-BEo, HiE 4 A 8 H) D AT hEEEL
5, 80 - R, ISR A Fig. 612, AT L%
TEER JOIENT ?éiﬁﬂ% i - el Fig. 7 :/ﬁ“

Flg 6 1RT L HIZ, BRI S RITREL TR,

VIR ééibﬂ\é O KD 7 BEE Tl iﬁﬁ):’%%
_ﬂ L CHBASOIEERRE L TV D T2, BBEAREE— b
R THBH LTS, BB TOA R CIE, HEENREE
2340 °C Pl AR BRE AV TV BIERE OIS A B L, IRIT
SEENRIEA 60 °C LU HIC U TRGHIDITG AT 5. 2 b DT
W5E T LIZHESTC, AR Bz, PVIT V—F— %%
NanHT D, KA T DI8E - b Ziox Ui
WK A BEHRT 5700, ISR N L.

—J57C, EINLFig. 7 XV 0 WD 7 HHEE CIEERGS E
— MRV T EEIT 57 OISR 1D DIEA L T .
B2HWTRLIZE DG, AVIal—I 30T, HAINCE
WTH 7 NS E % Tal > TV AR — MR 7 %
92572, TEIEEIRAZEN TS, B2 TRED B
INDHLEEIZUT ML, KENZITEYS - BEHEIEFEAEOREAK
D 12, HEFE IOl FAFEINOIEALTEBY, #fi

BENRCTHHEEIL — MR T IIEE L. 2ok Iz
BNETO6f U CEEAMEA 21T, FEREINTKR L COIES

AT D2 LT, BEEREAHT D Z EATREL 72D,
Fig. 8 IZPVIT ¥V —7— S ViRiRR Z & D A IR it s K
OMEINGR « MG OBEEAF AT, HRBEIEEENEOHE
DAY, FEESNICE I EEZERL TS, Fig. 8 £V, 8
A 72 EOBFIED/NSWEZIL PVIT YV —T— LB A
FAVNEL, PV Y —F— S VB ARREAS R & T ANE TN
BAHIRCTE 5T, BEEORZVAZIPVIT V—F—
VAR E W R 2 HRATEE T 5. B
L72 PVIT V—5—3%)U3, 32 FilR LIz &K 9 I REEMEER
FRANT PV BV 2 — VBRI LT IRTH Y, PV EY 22—
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DOFEDIHT BND Z L, EEROIEAKE 4258 T
PV EY 2 — VARDSERRIC e % Z E SRR & 720, Sl O
T L HOREEME T LTS, Table 4 1R L7V R
2 L=y a UAERND Y, PVIT YV —T— S LA TRIFED SN
T5 & VAT DRIRORERITD Z L0305,

Table 5 Annual power consumption

Demand Power consumption, GJ (MWh)

Heating 9.02 (251)

Cooling 0.49 (0.136)

Hot water 4.88(1.36)

Cooking 1.86 (0516)

Electricity 9.50 (2.64)

Total 258(7.16)

30 Heat collection amount 100
Heat collection amount (Cooling) o
25 + Hot water demand 0 o
Heating demand b @
S oon | mm=—-- Hot water tank ave. temp. 5
= 20 b e Heating tank ave. temp_ ©
—— ; = Q
= o
515t - .~ £
£ Jd 2
T 1) m=m————— ’ ] =
E *J\\l‘ q!"s":’hﬁ’——— E
I 5| ]
>
<
0 - =\ AT
0:00 5:00 10:00 15:00 20:00
Time

Fig. 6 Heat collection amount, hot water/heating demand, and average
tank temp. vs. time on 8" April.
6.0

Power generation
Power demand
5 | mmaa- Buying electricity amount
= . .
—-'40 +  ====- Selling electricity amount
5
o
g = i
o ]
g 20 = ".
[o] 1 non
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T :} H
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0.0 : .
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Fig. 7 Solar electricity supply, buying/selling electricity, and electricity
demand vs. time on 8" April.
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Table 6 Annual calculation results of environmental exergy load at different PV/T solar panel area

PV/T panel area PV panel area PVIT panel PV panel Grid power Heat pump, GJ Heat pump, GJ Total exergy load
m? m? GJ GJ GJ (Hot water) (Heating & Cooling) (32m),GJ
0 32 0 357 0.246 -0.198 -0.298 332
8 24 0.300 268 0.173 -0.150 -0.259 274
16 16 0.635 179 0.160 -0.125 0232 2.22
24 8 0979 0.89 0.154 -0.105 0232 1.69
2 0 1310 0 0.154 -0.090 0213 116

WD X 5 728G/ NSOV, ITAl -~ %A %

S WBEE LI, PVIT Y —T— S VB NI R & VIE
ERENROELTRRE LD, FEERN T2 L TE
THERH BN T5, — CATRIENTEED K& 2w,
PVIT V) —F— S UEFEAS R & N E S BAGEEN 2t L CERARK
OWFEEATH Z ENTE, BIEERREAHNCE 5.

WHEECHEL LT2A, AWFZEOARE CIEEATIREAS 24 m2 0O
Bl bINIREE ) (Grid-power) OFE TN RAHIN CX 5.
5.1.2 REBEHEFIIILY—

Table 6 | PVIT V' —F— S/ VB ATRIFEEIS 2 & OFRIEREE
A 7 X —%, Fig 9ICF DA R, 2B
M7 BLX—T, PUT BLIOPV V—F— 3L, MR
TS, WEATT a2 OREAITEDHETHY, HEEREL b
— MR TR T AN BIRET D O TADE (B
RERBE 2RS0T &72%. Table 6 [ R BREEEE = 7 /L ¥
—DEFHELL, PVIT <PV Y —F— )b, SNERET, 16 -
BB b — MR T OBREEEENTT 7 L —DFNTh 5.

Fig. 9 XV, PV V—F—3)Lin b OBBEEE R T 7 /L%
—OENRBRE S, INFRFTEICE — MR T OBEE
fAf =7 BV —(X PV V=TV E T 5 L/ S0,
BREEAAT = 7 VX — SR E At 2 500, (1) BEREN
REVEA, (2) BT DIEENEIRL 0 HEVEETH .
PV V—F— S VIR (OMRIRA30) °C TR & Hhlsrynii,
TV, FEEIFED 15 WL T 0 85 WM BERAL 72 572,
BREEE 7 BV — SR E e —J7C, PVIT Y —F—%
FVOIRFEIIINRIRFL0 ~ 20 °C FEEETH Y, BN - FEIRE
Bt D LI TR 70 %L EAFICE 572, BRieiE
7 RN —ZHICE D, LIZA> TPV V=T —Sp LD
HONHFEANEA L, PVIT V) —Z— ) VNSNS 512
ONT, BREEEENT Y B L — LTI 5.

— 7 CHNRHEE )T, BEEE IR Z S, BERNRIEDY (Ot
SURAT) °C /NS, BREEEARTT 2 L — I
S Fob— MRV, BERREIE AT D EIA R E
<, BREHAAMT 7 BAX—TADME 2> T,

Table 6 £ 0, PVIT V' —F— S0 VO Nifis Cdo 5 24 m?
DEL, PV YV —F— 330/ % 32 m2 i UTod & el LB
BT 7 216 —% 332 G) 75 1.69 GJ % T 49.1 % ¢
5. ZOLIIBREAAN T L= DT, v
AT DR O B IRERBE DB & BEEV RS S OBERRSE
DO ERINTHITT 2 Z L3 FHECH 5.
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5.2 EEMA=EOWEE

PrTRLXF— TR (ZEH) fb~DI AT LTH A L L
T, BHXROEOWEERMOBEARZ, —HONEAET)
HEREL, EEMOFREEZMRNT 5.

— H OB JROFRIEAL, PVIT V—T7— 33138
NIfifEE 24 m2 & L7503 131 KkWh, &2 TPV /3L d L2
AlE155KkWh &E7ao7e KGR —A L L TRERY:
WCEEERIT 2 2 & CEIMERRAZHI T, MEREEA R
% 24KWh Bl C& 5 Z & BB Tz.

F72, PVIT V—F— VB NfEE 24 m? & L7258, —
A ORI E S X 355 KkWh & 7257 58RI EHAL LTAEE
1, RO B A GRE T 2B 8 5 7o ORI TIE 72
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o

. Power consumption: 8 m? PV/T and 24 m? PV panel
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Fig. 8 Monthly power consumption at different P\//T solar panel area

with heat demand.
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Fig. 9 Annual environmental exergy load at different PV/T solar panel
area.
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AT E BN TRE R 7 T A X — L LTc =¥ —v
AT AL AT I (CEMS) 2L LTy N — 7128 L
BEORRIENIEELNOBEITFER S DM MHa L, K
BT RS B IR VRO S ERE 52T 5
LNlREZR, A ORI IANE Y AT DOWENEEND.
5.3 HIMEOEREICK HHE

IEIEE K DB LB L OB — 7 =L
—HIR AL RS D720, HEEOAIEC X 5 3Rk RO
WeaAT o7, Table 7 (ZAERIODHERL - R Rds JOVE HEL &,
BREEEAR T 7 X — O R AR, Table 7107389
\Z, IHEE A RET D 2 & CHEEEAN 176 GI 5 314Gl & 178
RAZHIINL, BHESIC L > TPVIT Y —F—SxAvihiliEans
Z &, RERY 224 Gl D 227 GITHEINY A, FE N EE
1, WES A RET D 2 L TPVIT V=T — SR LOFEE R
D950, MmEESAECEIDNETE SND 20, BHEEOA
HECHETIE N, — 5T, Table7 LV, MEBSAEA L7-85A1E,
IS 238N L QU VR A & Filik U CEBRBERE = 7 B L
—% 52%H I TE D Z Endbnd.

Fig. 10 (ZHBIDPVIT —F —/ SRV OERE G = 7 2L
—%d. Fig. 10 £V, MEMSAEALRVGE, HERTEE
BAT 7 YL X =D RIEIC ER 5. A A LR
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Table 7 Annual calculation results with or without cooling tower at 24
m?PV/T panel area.

With cooling Without cooling tower
Heat collection, GJ 314 176
Power generation, GJ (MWh) 22.7(6.31) 224(6.22)
Power consumption, GJ (MWh) 0.321(0.09) 0.321 (0.09)
Environmental exergy load, GJ
(PVIT panel) 0980 131

200 B With cooling tower

OWithout cooling tower

—

(S}

o
T

(92}
o

Environmental exergy load
of PV/T panel [MJ]
]
o

12 3 4 5 6 7 8 9 10 11 12
Month

Fig. 10 Monthly environmental exergy load of PV/T panel with or
without cooling towver.

Vol48. No.2

_69_
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