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Study on Natural Energy Usage and Energy
Independence in Wooden Detached House (Part3)
Evaluation of Outside Air Load Reduction by Roof
Thermal Collection and Energy Independence by

Solar Power Generation and Storage
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Abstract

In this study, we aim to evaluate the effect of reduction of the outside air load of a natural energy
ventilation system and also determine the energy independence of solar power generation and storage
with respect to the actual power demand. To this end, measurements of a residential wooden detached
house located in Hino City, Tokyo, were performed., Based on the residential data obtained through the
measurements, we evaluated the energy independence of the natural energy ventilation system and the
solar power generation and storage system. Although the thermal collection efficiency of the roof thermal
collection surface decreased owing to the installation of the solar power generation panel, the ventilation
operation proved effective in reducing the outside air load. Additionally, while the average annual energy

independence rate was 27 %, the average annual energy self-sufficiency rate was 90 %.

Keywords: Wooden detached house, Roof thermal collection, Outside air load,
Solar power generation and storage, Energy independence
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Table 1 Overview of measured building

Location
Total floor area
Total air volume

Hino City, Tokyo
Approx 110 m?
Approx 310 m*

Building skin

Ua: 0.47 W/(m? + K
Heat transmission coefficient B (m )

Building skin

Solar heat gain coefficient na 14
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Fig.1 Overview of the natural energy ventilation and solar
power generation systems and measured points
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Table 2 Control conditions for switching the outside air
intake route by the natural energy ventilation system

‘Outs1de ar Summer Winter
intake route
(2019/3/18~7/9, (2019/12/1~
Roof thermal 23:00~ _ 10/12~~11/30 2020/3/17)
collection 5:00
A y h
Under the 5:30~ ! ! ! !
eaves 23:30 - - - —>
15 16 24 25
Roof thermal collection inside temperature[C]
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Table 3 Overview of solar power generation and storage system

Solar power Maximum output 4.5 kW
generation panel | Conversion efficiency 18.3 %
Power Rated output Single phase 4.0 kW
conditioner Conversion efficiency 96.0 %
Type Lithium-ion battery
Storage Execution capacity 8.8 kWh
battery Charging time 1:00~6:00
Discharging time 6:00~1:00
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Table 4 Outline of system and measurement

Area : 53.8 m?

Roof thermal The pitch of a roof : 22 ©
collection Use material : Galvalume steel sheet, Vent layer, Solid
cedar, Thermal barrier sheet, Rafter, Structural plywood
Total heat Air volume : 170 m*/h
exchanger

Building direction | 0 °(South)

Measuring period | 2019/3/18~2020/3/17

Humidity : Air outlet, Air inlet, Indoor, Outside air, etc.
Surface temperature : Radiation heating and cooling
Electric power consumption : Total amount,

Hot water supply, Heating and colling, Kitchen(IH),
Total heat exchanger, etc.

Smart meter : Commercial power supply, Electric power
selling, Solar power generation, Charge - Discharge
Wind velocity : Air outlet, Air inlet

Measuring points

Temperature and humidity, Accuracy :
Measuring accuracy| Temperature + 0.3 °C+Humidity + 5 %,
Electric current, Accuracy : + 2.0 % rdg, = 0.13 % f. s.

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

Measuring
interval
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Fig.2 Overview of electric power system and measured points
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Fig.4 Outside air intake temperature and humidity indoors, outdoors, and via the roof thermal collection surface
measured in the actual building, amount of solar radiation
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Fig.5 Time required for intake of outside air via the roof

thermal collection surface or under the eaves per month
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Fig.6 Difference in temperature from that of outside air taken
in through the roof thermal collection surface
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Fig.7 Difference in temperature from that of outside air taken in
through the under the eaves
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Fig.8 Amount of heat for pre-cooling/heating required from
the natural energy ventilation system per month
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Fig.9 Outside air load reduction effect from the natural
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Fig.10 Relationship of outside air load for the
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5. KEBAREBIZLDIRIILXT—BHIMKE

51 EABYMDODENHEE

KUY T 2B HE R L KECREROFHT
—Z DRGNS =X — A OR G 21T 5. B
FEITIXNG)IRT LD YN THER SNZERLD
ARG ER,GEER L EEMICHEE L ZENREDE
LelEIC Lo TR L.

Ey =Ep+Ep+Ei—Ec—Ec 3)

Fig. 11 \CFE 0 FRBERIE N & Z R~d. 7 —
AU, —RTFVF—ITHRE DU B E R E R LT
5. EROBIEEET 59,157 MIAET, Wik & L CmiE
TBEEIRD 43 %, B+ a2 ME29%, KEEIE15%,
BIEM 3 %, #RIL10% 2 HO TS, FRZELT,
HRBEREICEARRa Yy bo—Lax TRE LizZ e

Vol47. No.4

_81_

AR Z RO L2 Lab, MREBAMOEEARE
<, WMBARMOEIGH/NE .

Ventilation

Heating

Kitchen (IH) and cooling*

Electric power

Hot water supply

consumption
59,157 Ml/year

and outlet

*Radiation air-conditioning was always in progress while the resident was at home, except for during
a part of the interim period.
The hot and cold water (outward) temperature settings for the radiation air-conditioning were arbitrarily

chosen by the resident at 12-20 °C in summer and 28-38 °C in winter.

Fig.11 Annual electric power consumption by application
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Fig.13 Annual reduction in primary energy consumption
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