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Development and Performance Evaluation of Natural Energy Utilizing House
(Part 2) -Energy saving/creating ability and dwelling ability of well-insulated

and air-tight house with an air circulation type simple solar heat utilizing
system and a photovoltaic power generation system-
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Abstract

A well-insulated and air-tight experimental house with an air circulation type simple solar heat
utilizing system and a photovoltaic power generation system was evaluated for its energy saving and
creating ability. An annual energy balance of 21.2 GJ of energy creation was attained during Apr. 2008
to Mar. 2009. Good insulation on an electric hot-water supply apparatus contributed to save 6.1 GJ/
year of energy that is equivalent to an energy consumption of a high energy consuming month of a
year. The house was also evaluated for it's dwelling ability using temperature-humidity index (THI) .
The living environment of the experimental house was kept within the range of good and allowable
conditions in THI through a year with little energy consumption showing THI could be a good index
to evaluate a dwelling performance of a house as a building.
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Fig. 1 External appearance of the experimental house
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Table 1 Specification of the experimental house.
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Total floor area 173.99 m® (182.69 m® including a
stairwell)
Building volume 483.90 m®
Azimuth angle — 2° (Eastward)
Location Lat. 36° 02' N, Long. 140° 13° E.(IV
area)
Equivalent leakage area (C value) :057 cm®/m” (< 5.0
cm’/m?®) Coefficient of heat loss (Q value) : 202 W/
m’K (< 27W/m’K) Overall coefficient of heat loss :
368.5 W/K (ventilation; 80 m*®*/h) Solar radiation
gain (u value) : 0030 (Summer), 0.107 (Winter)
[Insulator] Foundation : Form glass (1 = 0.035 W/
mK, ¢t = 60mmK = 0583 W/m*K) , Wall and
Ceiling : High performance phenol form (1 = 0.020
W/mK, ¢t = 50 mm, K = 0400 W/m°K) , Roof :
urethan form (1= 0.021 W/mK, ¢ = 40 mm, K = 0525
W/m*K)
[Windows] East, West and South : double glazing
plastic sash (K = 2905 W/m’K, n = 079) , North ;
Insulation double glazing plastic sash (K = 1.720 W/
m’K, = 062)
[Roof] Solar radiation collecting part (37.9 m?) :
Galvalume sheet steel (Black, a= 94.7% , e= 088) ,
Other part ; Galvalume sheet steel (Deep green, a’
= 87.8%)
[Wall] First floor ; Galvalume sheet steel (Deep
green, a = 87.8%) , Second floor ; Galvalume sheet
steel (Sand white, ' = 485%)
[Others] PV system (74 kW) , Electric hot-water
supplying system, LPG Range, Public water supply,
Amalgamation septic tank.
¢f. A; coefficient of heat conduction, K; coefficient of
over-all heat transmission, a; absorption coefficient of
solar radiation,e; thermal emissivity, a ;absorption
coefficient of near infrared, #n; solar heat Gain
coefficient.
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Table 2 Energy for dehumidification and air condition

MJ)

Year dehumidification air condition

Jul, Aug. Sep. Sum Jul, Aug Sep. Sum
2006 487 877 812 2176 0 1094 342 1436
2007 367 275 429 1071 246 431 167 844
2008 429 306 184 919 332 259 288 879
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Fig. 3 Monthly energy balance of the experimental house from Apr. 2006 to Mar. 2009 (A) . Simulations of energy
balances by reducing the hot water supply energy to 29.9% and 31.1% that are speculated to be used for heat pump hot
water heater (B) and highly efficient on-demand gas water heater (C) . B, D, F; Electricity generated from the effective
output of 3.6 kW PV system installed in Oct. 2007 was eliminated form corresponding A, C, and E respectively.
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Fig. 4 Annual energy balance of the experimental house
from Apr. 2006 to Mar. 2009. Simulations of energy
balances for the usage of heat-pump and highly-efficient
gas hot water heater and elimination of electricity
generated by the effective output of 3.6 kW PV system
are also exhibited.
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Fig. 5 Temperature (temp.) and relative humidity (rel. H) of living space (1F South-east part) of the experimental
house and outdoor air, through a year. Upper; autumn and winter, lower; spring and summer.
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Fig. 6 Temperature humidity index (THI) , temperature (temp.) and absolute humidity (abs. H) of living space (1F
South-east part) of the experimental house and outdoor air, through a year. Upper; autumn and winter, lower; spring and
summer.
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