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Fundamental Study of a Green-Roof Building Air-Conditioning
System with Thermal-Energy Storage
Units Using Light-Weight Soil

Toshio OTAKA*

Abstract: The heat island or urban warming effect by the consumption of energy in a megalopolis would make
better recognizing the importance of planting such as rooftop garden and efficient use of energy such as high efficiency
building air-conditioning system. Accordingly, the author proposed a green roof building air-conditioning system using
light weight soil as heat storage materials. The author have designed and developed a prototype test unit of rooftop
garden as a thermal energy storage unit. The heat transfer characteristics of this unit have been evaluated. As a result,
the heat transfer characteristics of the test unit have been clarified with respect to design factors such as apparent
thermal diffusivity. Experiment was performed in which heat energy stored in the unit is recovered, revealing thermal
storage properties of this unit. These results demonstrate that the green roof building air-conditioning system is one of
the promising candidates as a new building air-conditioning system.

This paper is intended as a proposition of a green roof building air-conditioning system which is a new practical co-

generation system used a thermal energy storage unit.
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Fig. 1 Model experiment system

Fig. 2 Model experiment system
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Fig. 4 Coconut bark based material

Table 1 Water retention rates of soil

Mass [kg] X103
‘Water retention
wet dry rate [%]
Normal Compost 100 48.9 51.1
Phenol foaming resin 100 30.9 69.1
Coconut bal.'k based 100 73.9 26.1
material
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Table 2 Apparent thermal diffusivity
Soil Apparent thermal diffusivity
0 [m?/s] X 10
Phenol foaming 2.09
Coconut baJ:k based 0.16
material
Normal Compost 0.25
Water 0.15
Concrete 0.57
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Fig. 14 Heat balance (Summer mode)

BICENX S H 5, Bo5NEKIBAIHBEEZNL
TENLAIITESN S,

2) EVHNEBTRBE, 5 VIIEEERIC(@2 45—
Vv SBEEY) MEEShTVWE, 20O, #%
BHE O SR MBI O B HEE, (1) T
S>hiciKicmA %,

B) EVHBTRBENEEDLDORKEL, £— b H#
v IHREIAOE I AEB B ID, KB/ N4 TR
vy bR F=T7EFHLE @RF-) iy
vv) OEBELITOATWVWS, X b — T OHEH,
BEEA R D, ETicT v Yy DIKR IS HEE
POoHBEEEII L% (2) THRONIEKITMA
%,

4) B) THEShEKEELTE FIATHT) o
%y v 7 icE L, E VB OBEICRIET %,

[EFkIC Fig. 13 O = 2 v F —EUEF BLITO £ 5 i

155,

(1) BEZOREGEZBZMEITEINL, BAEE
%,

@) EVHNEBTREEERIC (@25 -1 v 7B
PEEISNTVS, T OB, HBEBOEEMBR
g o A HEEE, (1) TiEShiBAKImA
%,

3) ELVAHTRBED -, KENA A <22y
RN =TEEINTBY, ZOHREFRHEL
T @rs—-yVvIzroy) MBHEEDID
WKEIZENTWE, DI v Y vyDKERIEAIH
#Br ol 2HEEE (2) TELNLEKICINA 3,

@) ) THLhKEKE, RrFick-TBLICE
Banhlr (OBELRLEHR2 = ) HiF OB
BBILEON S, TV BEBEMEDONT
KHDOBWTOEMOFKE LT, CO,itHE%:
BWLESEBIENTE S, -

RICEIWVHT - V2R =Y 3 VY YRFLADYRT A

MBROREEZTV, YR FLMBOPWIBRE AT - 72,

Input Heat Powcr of Engine 1.72kW

Excess Waste Heat | Heating as Hot Water
| 1.42kW
Radiation 124W
Exhaust Heat from Enginc
Cooling Capacity . 1.29kW )
Elcctric Power Generation 0.16 kW
46.2W
ical Losses (Enginc) 0.27 kW
Loss of
Output Power of

Heating Waste heat
of Stove 22.65 kW

Refrigeration
Motor Input
nw Power 89.3

Mcchanical Loss 33.7W Heating Value

Efficiency (Hot Water) 92.8% (Pcllcts Burning Stove) 24.4 kW
Efficiency (Heating) 83.0%
Efficiency (Electric Power) 9.18%

COPO0.52
Fig. 15 Heat balance (Winter mode)

Z D#ER % Fig. 14, Fig. 15 1c/R%, T Z T PFig. 143
Fig. 12 icX$Ji5 L, Fig. 15 & Fig. 13 i %59 %,

Fig. 14 £ 0, THE 455W, ©— % AF189.3W, =L v
bR — TREE 244kW IS LT, BEBEES 46.2W,
FBEIHF 0.16kW, FRBEEHE 24.11kW BESNTVWBE T
Lisbhd, TOERFEETIE, HBEMNE LIS RE
%1% 9.18%, COP0.52 T& 5,

Fig. 15 T K (@) EREEROANICHL T, KEHEE
71462W, FHEHT 0.16kW, BEEH T 22.65kW, #85
BME14L2kKWHBESATVWEI bbb, TODER
LR T IR E IR 92.8%, $RBEHE 83.0%, FEXR
9.18%, COP 0.52 T& v, Fig.14, Fig.15 D\ Fh d
VAT LREKOYEREIEV, T/, KVYZFLRIEN
RTHBRITEL, BRERLTHEREAWTH
57 (R =Y v G HEBEERSEERA VS0
AV v ERELHIKER L ET RIS TV, Ly
MR M—TFEBHWEZRS -V vy Yy 3HER A R
oY) —vTCo, Mt bR H 2, BLBLE
o=y bR3E—FTA 5y FEREEOWEPHIKIEE
LRIk ic &L D,), HIERERIEICE L W x % v FEIY
VAFLATHBEVZ B,

6. #& i

itz =y FiCAVEBELELT, 7=/ —VRAE
Bl 22 o vEMICOWTEL I BILERE T 7
EREBICLOFHE L 7, 7 DRER, —ARHISEYRLE
TEDBREGRLTEIHEEFLTVSE Z EHHS
MITTE otz 12, 74—V FRBRICK D ®FIVERE
EVEBROBAOKIL2L = b OREZHEETETVS
CEER LI, £h, EEEICHERL T @K
5 EIC K DBAEINETY, EBGEZT -7 0o
DT LS, ENVEFYRTFLALBALELELR(LY X
TLOEEEL L TEMICTER T A EE b 5 2 &
MO 7, E5iC, Bt =y r 2 EEGE
ELTHRIHETAENHT - V2R L —Ya Y YRATF LA



BFEEZEBMEICH WA ENVET Y 27 4B 5 BEBHE 7

REL, VA7 UREFRET L LickFHABEEZH

5hic Lz, SEE
DT onicAEERT, 1) T.Otaka, K Nagata, Performances of Thermal Energy Storage
1) 7 x 7 — ARk D B 1 BdEsERIZ, 2.09% Unit using Light Weight Soil for a Green Roof Building Air-

conditioning System, Proc. The 3ed Asian Conference on

6r. 2 < - g =
107m7s] Th > 7eo (7272 L, fRIKE 69.1%, Refrigeration and Air-conditioning, (2006), pp. 87-90

AR T WIREE) 2) T.Otaka, | KODAMA, M OTA, Experimental Study on a
(2) a3+ v VEMOR»FEILEEIL, 0.16 Th - Stirling Cycle Machine of 100W Design Capacity, Journal
Fro (12721, BKER 2619%, WMIAMEZ TO of Power and Energy Systems, Vol. 2, No. 3, (2008) pp.
: 1027-1035
15 WREE)

Q) L2EBHEAHTER~DRBBAELE(LE ¥ 1
LEDOKLEPEBINE IV ISEKEENTD
D, HEEBEOH 5% HEINFTEETH - 72,



	0385_8030_004_06.pdf
	141.tif
	142.tif
	143.tif
	144.tif
	145.tif
	146.tif
	147.tif
	148.tif
	149.tif
	150.tif
	151.tif
	152.tif
	153.tif
	154.tif
	155.tif
	156.tif
	157.tif
	158.tif
	159.tif
	160.tif
	161.tif
	162.tif
	163.tif
	164.tif
	165.tif

	06.pdf
	0385_8030_004_06.pdf
	141.tif
	142.tif
	143.tif
	144.tif
	145.tif
	146.tif
	147.tif
	148.tif
	149.tif
	150.tif
	151.tif
	152.tif
	153.tif
	154.tif
	155.tif
	156.tif
	157.tif
	158.tif
	159.tif
	160.tif
	161.tif
	162.tif
	163.tif
	164.tif
	165.tif

	0385_8030_004_06.pdf
	141.tif
	142.tif
	143.tif
	144.tif
	145.tif
	146.tif
	147.tif
	148.tif
	149.tif
	150.tif
	151.tif
	152.tif
	153.tif
	154.tif
	155.tif
	156.tif
	157.tif
	158.tif
	159.tif
	160.tif
	161.tif
	162.tif
	163.tif
	164.tif
	165.tif





