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Abstract

In our previous report, we evaluated the outside air load reduction effect of the natural energy

ventilation system by roof thermal collection and earth tube of house located in the city of Fujisawa

(Kanagawa Prefecture).

In this report, we evaluated the outside air load reduction effect, surveyed the

electric power consumption and predicted energy self-sufficiency rate of wooden house located in the

city of Kasukabe (Saitama Prefecture). The results the outside air load of this system is about 36 %

reduction compared to the case without system. In addition, the annual electric power consumption of

the measured house was 6,796 kWh/year, and the energy self-sufficiency rate with the introduction of

solar power generation and electricity storage system reached 81.1% at 5 kW of solar power generation.

It was expected that energy independence would be possible by reducing the outside air load of this

system, optimizing of control conditions for switching, or energy conservation behavior by residents.

Keywords: Wooden detached house, Natural energy, Yearly measurements,
Roof thermal collection, Electric power consumption, Energy self-sufficiency rate
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Table 1 Overview of measured building

Location Kasukabe City, Saitama Prefecture
Approx 120 m?
Approx 290 m’®

Ua: 0.58 W/(m? - K)

Total floor area

Total air volume

Heat transmission coefficient

Outer wall
Heat transmission coefficient
Window glass
Heat transmission coefficient
Solar heat gain coefficient

It
v
Roof thermal %

collection

0.36 W/(m? + K)

2.33 W/(m? - K)

na: 1.6

Outside air intake
through roof thermal collection
or under the eaves

Total heat
exchanger

First under floor €= 8

@ : Temperature and humidity

Fig.1 System diagram

Table 2 Control conditions for switching outside air
intake route in this system

Intake outside air of
under the eave
5:00~23:00
At 20 °C lower

Intake outside air of
the roof thermal collection
23:00~5:00
At 22 °C higher

Summer
Winter
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Table 3 Outline of system and measurement

Area : 47.3 m’
M . o
Roof thermal The pitch ?f aroof : 24
. Use material : Galvalume steel sheet, Vent layer,
collection . . .
Waterproof , Moisture permeation roofing, Sheathing roof
board, Heat barrier seat, Rafter
Total h
otal heat Air volume : 170 m*h
exchanger

Building direction | 24 degrees from the south to the west

Measuring period | 2016/7/1~2017/6/30

Humidity : Air outlet, Air inlet, Indoor, Outside air, etc.
Surface temperature : Foundation, Underground, Roof,
Radiation heating and cooling

Solar radiation : Horizontal solar radiation

Electric power consumption : Total amount,

Hot water supply , Heating and colling

Total heat exchanger, etc.

Wind velocity : Air outlet, Air inlet

Measuring points

Temperature and humidity, Accuracy :

Temperature = 0.3 °C + Humidity + 5 %,

Electric current, Accuracy : +2.0 % rdg, £0.13 % f. s.
Helio-meter, Accuracy : + 0.5 % lower

Measuring sensor

Temperature, humidity, Surrounding weather: 10 minute
Electric power consumption : 1 minute
Wind velocity : At the time of completion

Measuring
interval

ELB }—— Lighting and outlet 5@1(;:61 \1};/1ng room
lp3W TH cooking heater
(200 V)
Heating and cooling (Azui:c%ng)lt(lgglon%,)
Radiation heating and
cooling (200 V)
Tt Total heat
exchanger (200V)
Hot water supply @ :Measuring points

Fig.2 Electric power system and measuring points
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Fig.3 Weather data and indoor temperature over a year
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Fig.4 Relationship between indoor dry-bulb temperature and
outside air dry-bulb temperature
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Fig.5 Outside air intake temperature through roof thermal collection
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Fig.6 Outside air intake temperature through
roof thermal collection and under the eaves
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Fig.10 Difference in intake temperature through
roof thermal collection
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Fig.11 Difference in intake temperature through under the eaves

4 BRI FLE—FIRRS
FiHIE R

DRATLIZKBNRE

4.1 EBREZEBHONTKBANCLLSF S FER=E
E%i*w¥~ﬂ%@%72?A’i6%%ﬁﬁmﬁ

i, FHUT — 2% b &I, BB 0 @i Al

%WIV&wE~%@m»uioTEMLh

Vol47. No.2

_79_

Qhe = pVex(hhc - ho) (1)
Fig.12 IZAVKEAN T - FREE A ARRE TR, 7

A~9 BIZEHELRE— FCBE L TWaD 7o, BIREEL
i CORMBSFHENC LY, KB ANITEGELTH Y
AR THINTEN~SANLN TS, —J7, 1 H~
4 AI3AMEEE— FTERE L T\ 5720, KEBEMC XY
AVKIAFUTEISS & 72 W AR FR ST D Z &
e S 7z, 7ed, Figs [FERIC 2016 4% 10 A~12 A,
2017 #£ 6 HIZBEE L LT-.

3,000

(Heating)

2,000

1,000

0+

-1,000

-2,000--”47,4”,1”,{,,,4:,,,.,,,J,,,,L,,,L,,,:ﬂ,,L,,,

(Pre coolmg) i i i ><Wh1te box Reference
-3,000 l I l l
Jul. Aug Sep "Oct. Nov. Dec. Jan. Feb. Mar Apr May " Jun,

2016 2017
Fig.12 Outside air intake pre-cooling* heating

Pre-cooling - heating [MJ/month]

4.2 FEREONTERHIBINR
Fig.13 1%, FMEE COINKAMHENNZ R, NaRE L
THENTZ XNV E—2EFETOFHT—% & Licis
DARZFNVF —FIFAHREK S AT K K DIV R A I
22,081 MI/AEC, EIREENE & OF FREH DSV U AL T
BV 3,255 MI/AE & FHUEEVGR 9,151 MIAEAHIE S, 4h
KROBEFERAIIC K DIV AR (XQ2)H b H) 34,487 MI/
AT 36.0 %DOHIETH 5.

Got = PVex(hi — ho) ®)

Outside air load

(Direct intake) 34,487 MJ/year

3,255 MJ/year

Pre-cooling

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' 9,151 Ml/year _

7777777777777777777777777777777777777777777777

Heating

Outside air load

(Measured house)

22,081 MJ/year —
n . 36.0 % reduction

L L L
0 10,000 20,000 30,000 40,000
Outside air load [MJ/year]

Fig.13 Outside air load reduction effect

Fig l4 lIZIBANT AN —% L LIZGE0O T AT A
IZ L D4 KA LANVRIESE IR L DA T O BfR % L
BLZbDTHD. 7 —ZILFERHIRIZ BT 5 REE S
ETHY, KM ANREEOY Y 2 BN ETIATHT
N2 2016 45 7 A~ 9 A, 2017 4= 1 A ~[F4E 5 A %5F
ikt S & L7236 OO X 1% 0.61 THHZ k
N, KA OHITERIE, i ERY)R 2 ER I

Kb LA ) F—



Toshiaki KOIZUMI, Toyohiro NISHIKAWA, Masanori MOCHIDA and Hiroo MARUYA

DHKI39%IZ72 D & TFHEEND.

= 250 T r T "

<} O : Evaluation period (Jul.~Sep. , Jan.~May) !

= 200 49 Referenlce (Oct.’\'De(‘:. ,Jun.) . 4: 7777777777
B . ‘ . :

2 i i i '

S 150 4o [ — oo . y=0.61x

=] i i i

= : | ,

=3 1 | @)

W) 1 1

g 100 4---ooooooe Fommomoo--- - 24580 O~ DRI~
= :

g i i

g 50 ---------% et
= i

= :

3 0 t t t 4

Bz} 0 50 100 150 200 250
5 Outside air load (Direct outside air intake) [MJ/day]

Fig.14 Relationship of outside air load for the
natural energy ventilation system

5. KIEARBICE DI RILF—BHREDOTFA

51 EARMICETA2BNHEHESE

Fig.15 ([CFEHEH D% ARICH T 2 HBEN R &L R
T B - mrkEr b, MROBNHEEIIFHAEEL
TR —ETHY, HBEIXAHIC, MEFETEY, £H
ML Tna.

1,000

800 b

ot BR8N
200} I
0 I t t t

Jul. ‘Aug. Sep Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.
2016 2017

Il :Heating and cooling I :Hot water supply
[ :Lighting and outlet [ :Ventilation

(=N
(=3
(=}

1

e A

Electric power consumption [kWh/month]

Fig.15 Electric power consumption of each use

Fig.16 |2 FREEY) O AR E G &L~ T. FH
DFEITHEEIL 6,796 KWh/AET, WFRE L THIERITAE
D 33%, BT - a2 NI 43%, BT 18%, Hkix
6 %H HDTNA., FERZBELT, HEEEa hr—/iT
BHHEEEZ TR E L2 b, MO+ s - ADNE
FELTHEY AREHEZEN L2 LD, BREBEAND
HEBREL, MBGAMOFIGI NS ofc LHELES
ns.

5.2 KBAXKEEDHE LI RIILX—BHEDTFE

FEPNEED KIS FEE S F (1 kW + 3 kW + 5 kW)a% e
ERELESAEOT XX —ARRE PHEHMET 5. §F
MR 3 EEO (X (3) KO Table 4 & HWWCTHEM) &
BIHEREY RV F—THRFEO L, BEERT I

Journal of Japan Solar Energy Society

— 80 —

Ventilation
Heating and cooling

Hot water supply

Electric power
consumption
6,796 kWh/year

Lighting and outlet

Fig.16 Annual electric power consumption

Hel LCRBOLEEREE OZEIC LY TRRHMET 2.
Ep = K-Hy*Pas-f/Gs ®)

Table 4 Setting assumption of solar power generation

Roof area 473 m?
The pitch of a roof 24 °
Building dire 24 degrees from the south to the west
Pannel area 1 kW 6.7 m* (14.2 %)
(Occupancy ratio 3 kW 19.7 m? (41.6 %)
of panel) 5kW 32.8 m? (69.3 %)
Power generation efficiency 152 %
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Fig.18 Energy self-sufficiency rate of measured house

6. FhHYIZ
B ERAE B SIS EE T 5 KT & CEE %2 fEn s 5
EL, ERETIZBTDHEMT —F &2 LRITERTOHK

ARTHNBh R DAL & K essERERE L, BHHER
BEOFEAT —Z N5 X —BRRBOTFTHEIT-T-.
ZORER, FEYONKAN L, BEEMRBANELT
S 7oA OARAMITR LK 36% D4 A i 23 2k
SNz, E£7o, FENEY OFMIE S 1L 6,796 kWh/4E
ThHY, KBENRELNEES AT LAEEAN LT RV
X —HIERITRBIETEE S KkW 2BV T 81.1 %IlZiE L.
PLEDZ &b, By 2T AT & DAV AT E
R D ek, EE%:;%~E@%%ﬁ@K;@I*w
X— Eijjﬁb Z fﬂéﬂ’bt.

Vol47. No.2

_81_

WHTIEINETOMRERE 2, AR RLF—F
K S AT DR OVKBE T EE SRV 2 AL T 5 1
TR BB ORGP A CERICB T B A A I R
OFHt & =X — BN O 21T ) FETH D,

HiEF

RO FERIZ 7= 0 BURE ORI, £ K20

ZIEXEL. ZZICRLEHLET.

ERES
Qne © BAREREIC L HHE « PhEE [kJ]
Goi : IV AT [kJ]
p i ZERHE(=1.26) [kg/m’]
Vox + BEAZZHAZR DB H(=170) [m?/h]
h, AR AL E— [kJ/kg]
hy  BANTUHLE— [kl/kg]
hpe « VRV 2 A L — [kJ/kg]
E, : KiGeRERE [MJ]
K RARGEHRE [-]
H, : fsiRtbm A [kWh/m?]
Pys : KEFEm T LA HI(=1,3,5) [kW]
Gs : FEUEIRARIC X A HAITRE(=1.0) [kW/m’]
f R E(=9.76) [MJ/kWh]
P =¥ —HiAE [-]
E, : BINHE&E [MJ]

SE X

1) T. Nishikawa, M. Mochida, H. Maruya, T. Koizumi, Study on Natural
Energy Usage and Energy Independence in Wooden Detached House
(Partl) Evaluation of Outside Air Load Reduction for Roof Thermal
Collection and Earth Tube Based on Yearly Measurements, Journal of
Japan Solar Energy Society, 46 (6), 55-60 (2020).

2) T. Watanabe, T. Nishikawa, H. Maruya, Reduction in External Air
Load of Wooden House with Ventilation System Using Natural Energy
and Prediction of Energy Autonomy by Solar Power Generation,
Proceedings of JSES/JWEA Joint Conference (2018) (Nov. 2018), 275-
278, Matsue, Shimane, Japan.

3) JIS C 8907, KI5 tH L AT LD E R ) el & I ik, 5-6
(2005)

4) RWFFEESR BRIV F—)F, =X —OMH OIS
BT Dk B RIEOBEE, 7(2017), RFFFEHEE, B

Kb LA ) F—



