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Environmental Evaluation of Low Energy House with its Roof Totally
Covered by Photo Voltaic Modules
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Abstract

Annual energy consumption of highly insulated and passively designed house with high-performance air conditioners, hot water supply
system, cooking heater, and lighting system can be reduced than annual energy generated by the roof-integrated photo voltaic system.
Annual energy balance, defined as the difference between energy consumption and energy production in the house, is evaluated with several
simulation methods. Actual energy data of 15 houses are shown. Life cycle analysis is also performed to evaluate the environmental load
and cost effect. Calculation results show that initially required energy increase can be recovered within 1.3 to 1.4 years. Although photo
voltaic system facing north generates small amount of electricity, low energy house with photo voltaic system covering not only south side

but also north side of the roof has advantage in life cycle cost mainly because of reduction of maintenance cost.
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Fig. 1 Calculated Zero Energy House
Table 1 Insulation specifications
Base spec. l Zero energy spec.
Ceiling | RW40kg/m® 200 mm RW40kg/m® 200 mm
(GW16kg/m® 200 mm) (GW16kgm® 200 mm)
Wall GW8kg/m® 75mm GW16kg/m? 75 mm
(GW16kg/m® 100 mm) (GW16kg/m® 100 mm)
Floor GW8kg/m® 75 mm GW16kgm® 75mm |
(GW16kg/m® 100 mm) (GW16kg/n? 100 mm)
Window | Aluminum-plastc sash double  Aluminum-plastic sash Low-E |
glazed window double glazed window
(Plastic sash Low-E double  (Plastic sash Low-E double
glazed window with Argon gas) ~ glazed window with Argon gas)
Vent. Heat exchange type duct system  Heat exchange type duct system |
(Heat exchange coefficient  ( Heat exchange coefficient
70 %) 70%)

GW : Glasswool RW : Rockwool Parenthesized contertts are for Hokkaido
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Table 2 Specifications of household equipments

Base spec. Zero Energy spec.
Heating ~ Room air conditioner System air conditioner
Seasonal COP=3.5 Seasonal COP=3.07
(Thermal storage heater) (Thermal storage heater)
Cooling  Room air conditioner System air conditioner
Seasonal COP=2.5 Seasonal COP=327
(Seasonal COP=2.5) (Seasonal COP=3.53)
Hot Gas water heater Heat pump System
water Themmal efficiency 80 % Annual COP=228
supply (Annual COP=1.11)
Cooking  Gasrange Induction heater
Thermal efficiency 40 % Thermal efficiency 80 %
Lightng — Fluorescence light

Note : Parenthesized contents are for Hokkaido

Table 3 Specification of PV system
Zero energy spec.
Building materialized module

(Polycrystalline silicon )

Cell efficiency 15 %
Module efficiency 10 %
South 50kW  (Peak power)
North S0kW  (Peak power)

Base spec.
Spec. —

va=—oHIizk W BEEOBSARTEI L TWE, RERD
BNERIINEL T2 2 L CEFOBFEAROEREH T
%, FELZ2BIIOWTIIBL L 0BIE & 3z B SHERSh R %
BOHBEENL L ¥ v X —ERIT TS, VHIRIZRIT HEER
OWFEMIERIE Table 1 D@V THY ., ¥a - =RF—HRIO
HIROURMRAE T P —HHS FRID HOTHD, RTL
DOFRNEHERRIT Table 2 D@ Y TH D, BAREEIZE TR EF
BUAT AL Table 3 D@D THD, HED=d, MR
L LT, HRORHRE T RN —FHEL L L2 D TR
B’ bEDETHRRLTNS,
FEEAARRTRIT B — AT D ATEEFEORIICER LN
Bi-%, i COP (SCOP) ixh#% u Jffiiz L& BEIHEHMN
RELUEEZRE L, o« 2XNVF—HEDL 2T AT
avik, ERFARTH D0, B CIERENERERA L
frAEND, P« XX —HHEOREIL. RET o145
Dt — bRUTIHRBY AT L THD, CO Bt — FRUTH
BV AT MIOWTIRhRRT L., %Rikt 5,
FERABHRES 2T Ait. THEOEZVEIREICRET
BT ENETHY ., BBE X L BIREMENI KR SN D,
BIREEAL. BRMEZ—BBEVTHLLI AT AREDOTS
OREARTH Y . BIRM & OIE 0 235 5 L EHEDLEEAY
DIV, BIROBAKER: ERHTAIC RIS T RENES X
na,

2006 4




HMAMGEREY AT L%

V728 3OV F— T 0 RET il

—J. Fig 2I1TFT¥a - TRX—HEOKBHFKES 2T
DE, BARBMEIDL 2T 5L LTHRENLDOTHS,
BB ARES 2T 2AOHITIL. £ TRBOEFHIR
WC—IRBAAKSNBZHE LT %. KBBAREE Y 2 —/VOR]Y £t
VT & BRI A R T L S L— L& BIROTEN SN AT
WCBGRT 5, RIZ, —ROBRBEOKEL & AR, THDE
T a—/VOWERZ EEDED 2 — O EERD L HITL
RIMBT VI L—/UIEHO DT AL L TRIIMETT 5, 7
NI VL—NZRAWEZ LT, BV a—/L & BIBOFHROR
W VT TUARPED. T a—/VEREIOERMER S A
LTW5, (72, B2 a—/VOERRERDHE Y AT e IKiE
TS L—)L EEETRND -0, FHIRSRATEND Z L
N2, —ROBREE - HIZ, B TERBEMEATEY
2—/VEID 1T B kL X, BT FEERRWET T
<. BEKBASESIND DO THAME LB,

PV module

Roofing material —

Aluminum rail

PV module

Roofing board Aluminum rail
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2. ¥0 » TRILE—REED 3L I
2.1 FRTRTAINF—IE S 2aL— 3y

Yr » TRAXHHEEOER TR IAF—IE E, L
TIORTHARRIDZ RN —HEES I 2 L—Y g v KB
HEREL I 21— a3 AT TRILE,

BB R AL, BARMHEY 7 - SMASH % v Vg
WEANE L, AT SRR EEOHR COP 2 b LITEH L
7o EEAEARSTREDOBEO R 7Y 2—/W, 2000 FHK NHK E
BATERRTAARER L b LR Z— U 2ER L, BB
EWTEERIGAL U, BERUWE ORBREXZNETN
22 CL 26 Ck L7z, £FLHb—ATHEZTNIZERATDH
DL LTREL, KB LFERIZERRIT VRV, 2233, 10
BOREIIHKA 22 CREL Ui, BB I3, FEAT
FIVX—FRHER ODT — 7 M OAREE - LT, ERT 5
FOBRIZESWISHREAZ R Lis, BRETRLX—IZon
THRIETH S, BATOM= L MEAIL, FEA=XL
X —FHERDT —F Z =R NX—EREOHEE L TRV,
BIMCRE LI KR EL 2T AORERIT, HIROBRHE

Vol.32, No.2

F—5 LBV 2= VOEBERPLREB L TRY, TOFBK, &
FIZ L5 ASNEER. 22— EOEN, BEERICI %)
FKTF, A 2/ —F TORKZREEER LT3, Z58, &5,
BE. BAZOMa 2y NEADEEEREL ARNIETEL.
KSAFEIZL D ARIREREZZLSIK Z &L THER= XX —
W2 & Uiz, FRT L OFESIES Table 4 ITE LD D, 7233,
IOV al—Y g VR, Ba - TRAXAHR(EEDE
=X —MCETHET D FiEE LT, (M) B8RE - H
INX—HHED (Y - XNVX—FEE) 2FTT=bDTH D,
TR« TRVP—HAREEOFL. B, BRI HF
MR RN R Fig 3 WORT, HEES +, %
BEA—LLTRRLTND, 85 & U THELEECORER
BHAEDLRGRT, Toblel, 2 1WTFBY .. AVERRIIAHIRD
TR 3L X — A TR T DB AR R R %
MOEIRIZBDOTH A,

Table 4 Calculation methods for energy consumption and electricity
generation by PV system
Calculation method
Air conditioning

Air conditioning load simulation

software (SMASH) and seasonal COP

Statistical ~ data”
efficiencies for each usage

Hot water supply * Cooking - Lighting
and others

and  equipment

PV generation Parameter analysis method”

Table 5 Heating and cooling schedule
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Table 5 Conditions for calculation of LCC
O Slatetilerodf @ PV module of @ PVmodulerodf @ Glass module

+Slate tile roaf roaf
Oyr - Slate tile + Slate tle. PV * PVsystem + Glass module
+ Canstruction system * Canstruction system
10yrs * Repaint * Repaint
20yts - Retile - Power conditioner - Power conditioner
* Retile
30yrs * Repaint * Repaint
35y1s + Loan camplete + Loan complete - Loan camplete * Loan complete
40yts * Retlle *Power conditioner  * Power conditioner
* Retile
50y1s * Repaint *PVsystem Qoan)  *PVsystern (oan) * Retile (Loan)
* Repaint
60yts Retile +Power conditioner - Power conditioner
* Retile
70yrs * Repaint * Repaint
80yrs Retile *Power conditioner - Power conditioner
* Retile
85y1s - Loan complete + Loan camplete + Loan camplete
90yrs * Repaint * Repaint
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Fig. 12 Comparison of life cycle cost among several roof specifications

Table6 Calculation chart of LCE
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Fig. 13 Companisons of LCE between conventional house and Zero Energy house
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Fig. 15 LCE of Zero Energy Houses located in Sapparo, Tokyo and Kagoshima
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