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Numerical Simulations on Hygrothermal Performances of the Intermediate Model Unit

in RC Condominium Covered with Various Thermal Insulation Levels — The Effect of ci.
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Air conditioning loads of sensible heat and latent heat, and annual variations on moisture content of the RC structural layer

in building envelopes with four kinds of insulation standards are numerically evaluated for the intermediate model dwelling

unit by in a condominium by the windows application WUFI Plus and WUFI Pro. Comparing differences between four

insulation standards quantitatively, the features of each standard are summarized as follows. On JAEI (Japan Association

for External Insulation) level, solar heat gain coefficients of window openings is to be selected as the lower value and the

more careful operation of ventilation system is to be considered, since it introduced the higher risk of indoor air overheated.
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Table.1 Heat transmission coefficient

U-Value | unit 2013out | IECC | EIPC | 2013in | HEAT20
Wall W/mK | 0.681 058 |033 | 0681 | 043
Window | W/miK | 3.42 322 | 236 | 342 2.36
Ua W/mK | 0.84 084 | 073 | 054 0.45

Table.2 Wall configuration of internal insulation method

Material/Layer p c L Thickness
Nr. (from outsidetto inside) fkgim | Dikgk] | [Wimk] [m]
1 |Acrylic Stueco 1795 840 0371 0.005
2 |EPS (heatcond.: 0.04 WimK- density: 15 kg/m®) 15 1500 0.04 0.04
3 |Bonding Mortar 1350 850 08 0.002
4 |Concrete, wic=0.5 2300 850 16 0.15
5 [AirLayer 20 mm; without additional moisture capacity 13 1000 013 0.02
6 |Interior Plaster (Gypsum Plaster) 850 850 02 0.009

Table.3 Wall configuration of external insulation method

MaterialiLayer 1} c A Thickness

M. (from outside to inside) [kg/m?) [kgk] [WimK] [m]

1 |Acrvlic Stucco 1795 B40 0.371 0.005
2 |Bonding Morar 1350 850 08 0.002
3 [Concrete, wic=05 2300 850 16 015
4 [Spraved Polyurethane Foam;closedcell 39 1470 0.025 0.025
5 |AirLayer 20 mm; without additional moisture capacity 13 1000 0.13 0.02
6 [Interior Flaster(Gypsum Plaster) 830 850 0.2 0.009
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Table.5 Latent heat load of End unit(kg/m)

Load 2013out | 2013in | IECC | HEAT20 | EIPC Load 2013out | 2013in | IECC | HEAT20 | EIPC
Humid 7.92 8.01 794 | 7.80 0.00 Humid 8.21 8.49 8.36 | 858 8.36
Dehumid | 2.25 2.28 223 | 221 0.03 Dehumid | 2.33 2.40 224 | 234 217
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Figure.10 Moisture Content of Concrete
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Numerical Simulations on Hygrothermal Performances of the Building Envelope Assembly
to be Designed for an Oceanic Humid Climate Zone
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In order to form the building envelope assembly consisting of the most appropriate combinations and thicknesses of
building material that can minimize heating and cooling loads of sensible heat and latent heat, and the lower moisture
content of plywood built in the assembly, numerical simulations are carried out. The computational target is a simple
rectangular shaped two-story detached house with the conventional timber framed structure. Numerical comparison can
provide the optimized building envelope assembly for an oceanic humid climate zone (Hourly weather data of Choshi in

2015). The stability and effectiveness of the selected building envelope assembly is discussed.
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:] - Cellulose Fiker (heat cond.: 0,04 W/mK) 012 m
I - PE-Membrane (Poly; 007 perm) 0001 m

Figure.13 The Optimized Wall Assembly
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Numerical Evaluation on Energy Performance and Moisture Control Characteristics for the 2x6
Detached Houses with the Higher thermal Insulation and Airtight level
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"1 Kyoto Institute of Technology

Air conditioning loads of sensible heat and latent heat, and annual variations on moisture content of plywood boards built

in building envelopes with three kinds of insulation and airtight standards are numerically evaluated by the windows

application WUFI Plus.Differences between three levels of the UA values for three climate zones of Sendai, Tokyo and

Fukuoka have been examined. In the hot and humid climate of Tokyo, PHIUS level, which has the highest performance in

considered thermal insulation and airtight standards with a continuous insulation layer, shows the lowest air conditioning

loads of sensible heat and latent heat as well. It could wipe out concerns of overheat.
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Table.l The structure of component

2 2
U-Value(W/m K) U -Value(W/m K)

Part Continuous thermal Insulation Cavity Insulation
Roof 051(034)*2 Tokyo &Fukuoka — GW** 40mm(70mm)
Wall 0.51(0.39) 0.85(=0.87)* — GW 40mm(60mm)
2013* .
Floor 0.59(0.43) Sendai GW 40mm(60mm)
Window 4.05 0.73(=0.75) — —
Roof 0.28(0.20) Tokyo &Fukuoka — GW 90mm(140mm)
Wall 0.28(0.21) 0.43(=0.46) — GW 90mm(130mm)
Heat20 .
Floor 0.28(0.21) Sendai GW 100mm(140mm)
Window 1.90(1.45) 0.33(=0.34) — —
Roof 0.10 PF*5 90mm GW 140mm
Wall 0.14 PF 90mm GW 140mm
PHIUS 0.26
Floor 0.12 PF 40mm GW 184mm —
Window 144 — —
2013*' A (2013 4EE) (- UBICIRIT I (A SENED _LRRYE

TIA7—)L (BMREF : )=0.032W/m-K)
Table.2 Airtightness
C-Valug(cm®/m?)

GWH** -

Natural ACH (1/h)

2013 5 11
Heat20 5 11
PHIUS 0.3 0.6

*C fiE & B AR O BIFRIT S 30K 6) 2 21

Table..3 Air Conditioning load (KWh/m?) in Sendai

PF*—T7x /) U w7 74— (EMEER : 3=0.019W/m-K )

Table.4 Air Conditioning load (KWh/m?) in Tokyo

Load(kWh/m?) 2013 Heat20 PHIUS
SH Cooling 2521 2351 23.77
Heating 96.97 65.78 11.19

LH Dehumid. 1891 1891 9.47
Humid. 13.26 13.03 250

Total 172.0 136.3 57.7

Table5 Air Conditioning load (KWh/m?) in Fukuoka

Load(kwWh/m?) 2013 Heat20 PHIUS Load(kWh/m?) 2013 Heat20 PHIUS
SH Cooling 1158 7.70 1335 Cooling 34.65 27.44 25.80
Heating 134.49 97.40 20.68 Heating 99.56 70.16 10.77
» Dehumid. 11.16 11.30 1335 Dehumid. 29.17 27.66 12.10
Humid. 15.67 15.56 6.26 Humid. 9.76 9.83 236
Total 172.90 131.95 43.66 Total 173.14 173.14 64.7
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Table.6 Air Conditioning load (KWh/m?)
Load(kwh/nm?) PHIUS PHIUS-NP
Cooling 23.77 22.89
Dehumid. 9.47 11.06

Total 33.24 33.95
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Figure.6 Cooling Load(kWh/m?)
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Research on Hygrothermal Performances and Mitigating Odor Generation
of Fibrous Glass Duct Systems
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In order to clarify the appropriate upper limit on humidity for Fibrous Glass Duct (FGD) systems under field operations,

a long term in-situ monitoring for active duct systems installed in movie theaters has been carried out. The hygroscopic

characteristics of the fibrous glass duct board should be included in the limit. Monitored temperature and humidity profiles

of SA, RA, OA and the ambient air of the duct illustrate condensations occurred under ventilation cooling conditions without

considering moisture control. A laboratory experiment has been conducted separately to evaluate the quantitative relation

between the generated odor concentration in a wet box and moisture content of FGD board specimens.
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Figure.1 The Air Conditioning System and Loggers
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Research on efficient heating system for a plastic greenhouse in winter
-Comparative Experiments of Temperature distribution and Heating amount by Warming method of High floored sand -
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Shunsuke KIMURA*! Minako NABESHIMA*!  Masatoshi NISHIOKA*!
Yoshiyuki Oohashi*? Chihiro TANAKA*10samuOKAMOTO*® KazutakaMAEDA**
*1 Osaka city University *? TORAY Construction Co., Ltd.

*3Sjgehirogumi Co., Ltd. **Green FARM Co., Ltd.

High floored sand culture is known as light work and high productivity. In this study, we examine a efficient heat insulation
method by measuring temperature and heat flow rate of a sand bed for several insulation methods. As the result of this study, it
is shown that there is a difference of 3.25 degrees C in sand layer temperature at most  between surface heat insulation by
using polyethylene mulch and non-adiabatic state. Also, this study shows heat balance on surface heat insulation by conducting

indoor experiment.
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Tablel Measurement item

Wind direction
Wind speed

Short wave radiation

Air temperature

solar radiation

Outdoors In Plastichouse Sand bed
Air temperature
Humidity Sand temprature

Sand heat flux
Polyethylene Mulch
temprature

Long wave radiation

Figure 1 Figure 2
Sand bed Sand bed
(polyethylene Mulch case)
11.8m
O
S
Temperature |~\
% N
Dat N e
CRio00 I~ 2 3
| Actinometer |’ g 14

Entrance
Figure 3
12 REAXDEE
PRIRST D Case OMEEL & 3% &% Table 2, Table 3|2
"7, Casel & Case2 DL CHIEA DZIFIZ OV THR
S 7=, Case2 & Case3 DLt Gl DWrEb O A HEA
FAEFTZIFIZ OV TR L7, Case2 & Cased DILELT
B VT o— b OFERRITT DRI OV TG LT,
Case2 & Case5 O L CHOJE DIEAH M FIFE T ZhFAZ D
THRT L7, Cass2 & Case6 O E#IZ L 0 PRI & 4
TRIMFEAD B R D OV TR LTz,
Table2 Warming method

In plastic greenhouse

Thickness of  [Insulation Insulation  |Polyethylene
sand layer (Bottom) (Side)  |Mulch

Casel 100mm X X X

Case2 100mm O(Inside)  |O(Inside) |x

Case3 100mm O (Inside) |x X

Case4 100mm O (Inside) [O(lInside) [O

Case5 50mm O(nside)  [O(Inside) [

Caseb 100mm QO (Outside) |O (Outside) [x

Table 3 Detail of cases(Sectioned drawing of sand bad)

Casel

Case2

Case3

Cased

Case5

Caseb II

13FEREBE
131 HEEN. INEE
& Case DIRFKIEOIEIEY L —03d 5 —D— HDIRE
725 % Figure 4 |79, Figure 4 X 0 T/ —ZIZH
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i 2 DO THEZE (BROIEEZ) 7 7.3°C & Hry/
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DOEFEENEE S 720 AEET 84°C & i)/ & <
oz,
FEERWIMI(12 H 18 H~2 A 11 )i EE ) OR4EH Figure
5 (2R d, TR A Uke ) T e 7o DI ER BT
FRTOD Case TRELEDLbLR)oT, LoTaETD
Case THIEENEITE LA, RMBIEEDE L Case 28
PREZRE OB Case THDH EEZBND,

HEEHIM D% Case DRYEOFEHELE H % Figure 6 (287,
FEAE B3y RHROEES 50 mmORSEIRE D A
V)i iMEE L= b O TH b, 45 Case & LLiled 5 &
Casel 23 HIK< 5445°CH, Cased b i< 697°CH
Lieot, F7-. 4 Case DYHE L7I=1EMD 1 #4720 O
) A Figure 7 1279, 4% Case & ki d™% & Case3
IR T 634 g, Casel 235/ C 3499 & 72 ~7-, FEEIR
FEDIEA -7 Casel & Case5 DUNFEREIMED 72, L
L&D @ Case (23N TIIFEAIRE & P H & O BILRME
NHEY RoNRhotz, AR YOME T HIbE O
REHT 731°CH & 609°CH TIX U EROIHER I &
FOERAONR -T2, THOHENS H HFEE O
REAZHEZ L LRI REL RITS 2 hb LEX
bhvs,

Thermal
Insulating(25mm)
(Outside)
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Figure 7 Each case of average weight and standard deviation
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Figure 13 |/~ 77, B~ /LT A% E Lo L RE L TR
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2.2 EEER
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Temperature distribution (27397, ZR3SIRELITEH 1ZITY VR
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DO—HOENTH % Figure 15 Heat flex (2597, {H L. #A
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L CaseB #[Hikd % LIREZEIIERE T 04°CCaseA
DIRENE < T2 o T2, BGRERH O FEYIEIT CaseA T-27.0W/
ni, CaseB T-324W/ni & 72 -7, WPEORMIEE, 225
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Table4  Experimental condition
Laboratory experiment | Greenhouse experiment
Heating amount(\W) 250 250
Plant X O
Moisture content(%) 0 25
Mulch °

[Temperature
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Figure 13  Sand bed
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Figure 15 Heat flex

R= AQ—T Eq. 1 Heat flex equation
Q:Heat flex(Wi/nt) AT: Temperature difference(K)

R: Thermal resistance(K ni/ W)

M Thermal resistance of air between polyethylene multi and sand surface

m Thermal resistance of air
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Figure 16 Thermal resistance
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Research on efficient heating system for a plastic greenhouse in winter
- Comparisons of heating and insulating method on the basis of vertical section temperature distribution
by numerical calculation -
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Chihiro TANAKA™  Shunsuke KIMURA*'  Minako NABESHIMA*' Masatoshi NISHIOKA*!
Yoshiyuki OOHASHI**  Osamu OKAMOTO*®  Kazutaka MAEDA**
*1 Osaka City University *? TORAY Construction Co., Ltd.

*3 Sjgehirogumi Co., Ltd. **Green FARM Co., Ltd.

Recently it is known that high floored sand culture that can cultivate in easy work and high productivity. This study shows that
comparisons of heating and insulating methods on the basis of vertical section temperature distribution. A steady two-dimension equation of
heat conduction analysis is carried out. Parameters are confirmed by an indoor experiment on sand temperature without vegetation. As a
result, it is shown that inside insulation is more effective than outside insulation which makes heat bridges in the frame of sand bed.
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| Thermocouple |
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| Heating wire |

Figure 1  Sectional view of outside insulation(Term1,2)
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RS E /KR ZME L, Formulal X 0 BYZERZHIE LT,
RIS /KRITWREIZ 6 SDONREBE O e =&
ZERE L, EZICEENDL B K LI OEREL | L
PRSI OEEOYEIZ LD KD,
12f8REBE

THEE )BT AT O Term T 270Wh Th o7z, F7-,
BB I RFLIRAE(Term],  Term3) TA, =0.228(W/(m -
K)). &/CIRAE CHOMAIKT R (Term2)A, =1.54(W/(m + K)).
NIRRT (Termd) A = 1.56(W/(m « K)) Toh 72, PIAIET
ENRFIAMAMTEMRE L 0 HHEK LI WEB X 7203, Wik
MIOERH VPR LT < o TS T8, BKEICH
F Y EL A2 o 7, Figure 3~Figure 6 (245 Term O F ¥
DIREE A Z+d, £72 Figure 7 120w R #2245
IR L DRI 2 G ATIRE ST, b
(2L EEDIREED Terml, Term3 & i L CEAIKEED
Term2, Term4 [T~ R & R OREZ/ NS < 78
STz, FEWNEL o T=DITEK LIZZ LI X0 BYRE
BRREL 2D BEOBIPINN/ NS ootz Z EMR
RThHDHEEZLND, ET-HIINEETT > TNDHDT,
GAIREED Term2, Termd TIIW v REHEDH DFRTE
DIEL, WAL L > TD_y FREOIREMET LT
Wb EBZHND,

Figure 8 |24% Term OFPJEIEEE (x=500mm) & #5~<» R
EOZERIRE D2 ~T, WRITEAZ1T > 72 Term3,
Termd TlE. y=60. 80mm DALE TIREENKE S 2o
TW5, PMUENCH S Terml & NHIBEEACTH 2 Term3
DENRZFI T 5 LRI O REGE 125Wim* D 5 5
Terml 1% 26W/m?, Term3 I 73W/m?* 73 & & & LT
g AR 5D TEY, VI TR & -ORtm X
WZEDNSEITTWD Z & gooTz, ZHUC K WERIFHD
BB, AMABEAETT - 72 X0 NI E T T 72
RFDF NIRIRIR D & DFEEDPI AN AL DN TN D Z &)
B S NZ e~ T2,

1= 0228 + 0563 Formulal
A : Thermal conductivity (W/(m - K))
0 : Volume moisture content (%)
Table 1 Detail of terms
Insulation
terms condition Thickness .
(mm) position
1 Air-dry 50 Outside
2 Hydrous 50 Outside
3 Air-dry 25 Inside
4 Hydrous 25 Inside
Table2  Air temperature("C)
Terml Term2 Term3 Term4
195 16.3 10.1 124
& Ton e
Figure 3 sand temp. interml  Figure 4 sand temp. in term2
ST A ;
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Figure 5 sand temp. in term3
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MR A ZFE I L, IR - RIBTFEA AL L Z0
WRIREIC X, I - (RETEE T 5,

21 BB R BB AER

TEH Rt EME U E Formula2 (25-2 B b, FE
BT O SRR T x, y HIICERIEA > = Ax, Ay
CTHEIIE L7= 225l & LT Formula3 (2 S5,
B & LTIy RET /WIS 2 TURBIIEER 2N 9
BT 2 2, SER SR S B e+ 2 F
Too ARAFFRIZEBWTIHAIZHWD /NT A —% % Table 3
\RT
2.2 YEEHERR

VR 2 b—v g v L FEAOREIREE SIS T DR Ao R
R 5726, FEH| Terml, Term3 ORYBIREE ZHEE L=,
MMM OREALEZEBEL A v ¥ R
Ax, Ay =0.01m & L. iS5 E7 V% ER L7z, Figure9 (2
Terml Off 5 E7 /L%, Figure 10 (2 Term2 Offi 5 €5 /L
T, S ETMUIZHT-->T Terml IZBW TRy B
RS L W DR O ZE @I & U, OBEWA 1T
KA Z BEET/KE L Lz, Formulad, Formulab (23§
B N OB R OB AR~ d, Terml 1B 522
2 b—3 3 URERO x=400~800(mm) (21T B IEES A
% Figure 11 (2, btz & LC Terml O3EHIFE 4 Figure 12
(Y, BHIEHARTY R 2 b— 3 URERIT SR
BENEL 2o TS Z LN ynD, ABFE T ER D
FRONE 2 HAE L L, y=40mm (2B Tl TRIED
FEEE R FEAR Cdb 5 45 —FRRZE(RMSE) &2 L 975 &
Terml Ti% 3.2K, Term3 TIX 35K & 72 o7, AENKE
R0 T=DIFfHSTT MEIZIBN T, RBEEIIFTEOR
PRARTEIAS 7.85X 107(nd)ICkf LT, ¥R 2 b—3 3 1T
BIF A RBERE)S 1X104n) TH Y, 127 fFREVWZ &
e EMEBZ LD, BEITIKE L 2o TWDA, SRiEkT
I 2 KT R OIRE AR ORERR 21T 5 & LIZIRC
K YT DIRE AT & H5 & FER & [ CAmEic
2o TNDZ D ZOXEHWTARIEZ D 5,
23R - REFZEOHR

Table 4 1Z7~9 45D Case TV = b—v a3 &{To
7o, 4= Case |ZHEADRM% Table 5 1R 7, BEARSMHC
BWTE, By N EmIIWEEZZE, Fiim &k OMHlmiE
Wbt & B8 L 72 BMBE R+ ) & L7z,

Casel [TIRAHFE A 200mm fAIfE TRxiE L, JE S 50mm O
SMAIKTEKA & F VT2, Case2 [ ZIEASHR 2 100mm [HfE Cak
&L, JEX 50mm OSMAIWTEWA A -, Case3 [HIRK
#r% 100mm [EFRCRRE L, JES 20mm OSMAKTEWS 2
FHVN=, Cased | ZiEARR A 100mm [BIfE CRrE L, JES

0°T 9°T Q,
ax?  dy? A

Tl,]

(((Tivn) + Tic)A9% )

=0 Formula2

= ;{ +(Ti_j+1 + Ti,j—1)Ax2 } Formula3

2(Ax? + Ay?)
k+Ax2Ay2 %

T : Temperature("C)
Q. : Heat density (W/ni)
Ax : Mesh width in x direction(m)
Ay : Mesh width in y direction(m)
Table 3 Common parameters in this research
T, : Airtemperature("C)
a. : Convection heat transfer coefficient =6.0
(Wi(m - K))
a, : Radiant heat transfer coefficient(W/(m - K)) =5.0
Aq : Thermal conductivity(sand)(W/(m + K)) =0.228
As : Thermal conductivity(Element)(W/(m + K)) =50
A+ @ Thermal conductivity(insulation) =0.034
(Wi(m - K))
R, : Thermal resistance((m - K)/W) =0.075
Ax : Mesh width in x direction(m) =0.01
Ay : Mesh width in y direction(m) =0.01
| Element 10mm | | Air layer || Insulation 50mm |

<P 50mm

Figure9 Simple model(Term1)

Insulation 25mm

200mm $100mm
Figure 10  Simple model(Term2)
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FREMBRIZ OV T, Case2 & Case3 TWiEWSDIEAIZD
VT, Case3 & Cased CHIEWA DFRRENLEIZ DV T L
L7z,

4 Case O y=40mm ORYJBIZI51T 2 VAR M OMEHE
fize% Table 6 127~ 7, & 7= WrEH<CH, 2 & e y=40mm
DIRPEARHEERE % Figure 13 (253, Figure 13 L 0 |
SMAIKTEAE 1T~ 7= Casel~Case3 TIFEMERDm WD
Ry ROT L—LEDEREIZ 2 0 e IR < 7o
TWDDN3H 5, NHIKEETT 72 Cased TITEEDN
HELTELT, IMUBEAE TS 72REL O L HPIE D)
IR 20CHE < 72 BEERAIFRI 05 /ha < eoTe,
ZIUD K0 SMAINTEE AT > T2 BRI ONINC &
D7 L—ALEMIZE Y, WEE PRI MR TE TV
W2 EDgino Tz,

F T AMUBTENA AT VIR, « PRIRSRAE A 255 L 72 Casel
~Case3 D y=40mm |Z33\) 2 RPEIRFE % Figure 14 (2”9,
TEERRORRE MIRE 2 -0 L7z Case CTIIRPEON-HIE
FEAR05CHi< 720 | HERZAITR 10 /hS< 2ol £
7o WA & 30mm < L7= Case ClIHDIE D IR EET
0.7°C/h&< 72 | AR 03 /h &< Zente,
3FEH
® SHNCXE Y., NHIKENVELT S L AMATERDHK) 3 f5D

B CHYEE MR L TWD 2 ERghoTz,
® EHlLT Il — g0 RMSE (LAMulkr 2
32K, WHIEENUR 35K & 7e o7z,
® Izl —valTkh, WHIKEETTS &AMk
L0 bWEREIL 22CR< oo,
e b L VAMANTEL L v & NRINTENGD 5 A EhER K
SHWEENETE 52 LRSI,
4 SHDFE
® AHFETIZIRMSE 28 34K L oo T LE =D
T, WEIRFE DSRE AT A &5 2 2B, &
DIBEDENY S 2 L—3 g V21T BERH D,
® [HULIREED Y R 2 L—I g U EITHTN, GkINEE
RIEEFEDY I 2 —rarE&iTH2 LT, kE
FABZRIREE A0 OGS 21T 5 BN B 2,
SEIK
1) FREEEITH  KAHICRT 2B E =T ZAONERK
TR A RUICEET 298 1 )RR~y ROANE &
PRIBZHROFRAOGE 225G - /1 LR KPR
F422015 4 3 H
2) EENEY AR DA B =T ZAORhERY
TR EFRUIZEET 20585 2 )RR~y ROHME &
PRI X D ESEEA B D5 & Fah i~ A FTRENE
DT 22N - R TP R P iR 43,2016 42 3 A
3) BRFHKRDHQ010) [=rEll~rATTELEREDY
Jalb—yay F2R] BRSNS

1 1 d*m

Q, =qx I 72" Axdy Formulad
W= area of sandqbed(1.8 *1.2) Formula
q : Power consumption (Wh)
: Length of heat wire (m)
d : Radius of heat wire (m)
Table 4 Detail of Cases
Distance of Insulation
Case | heating wire Hea flux
Thickness . (W/m?*)
(mm) position
(mm)
1 200 50 Outside 2315
2 100 50 Outside 2315
3 100 20 Outside 2315
4 100 20 Inside 2315
Table 5 Common parameters in this simulation
T, : Airtemperature("C) =50
qy, : Heat flux(W/nt) =2315
Table 6 result of simulation

Case 1 2 3 4

Average Temperature("C) | 22.3 | 22.8 22.1 24.3

Standard deviation 2.2 1.3 1.0 0.6
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25 - -
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24 —
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< /
© 23 A —
2
o
822 / % |
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Figure 14  section temperature of sand layer (y=40mm)
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Long-Term Evaluation on Thermal Insulation Performance
of RC Building with Wooden Exterior

OBA A CRBRFFALRT) R R — GBI T3St
AT E— (KBUFLKT) HHOEIE (KB RT)
Hiroki TSUKAMOTO **  Shinichi SHOHO **  Shinichi KINOSHITA*!  Atsumasa YOSHIDA*!
*L Osaka Prefecture University ~ *?Koshii & Co,Ltd

In this research, long-term evaluations of heat insulation and energy saving for RC building where the whole outer wall
was covered with wooding exterior was performed. For Yonezawa city library in Yamagata prefecure, the thermal
performance was was evaluated through the measurement of local meteorological elements, the temperature and the heat

flux of the outer wall and the temperature profile of the indoor hall.
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Fig.2 Schematic drawing of library building
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BED 7T 7 % [ L ARESMEDWEMEREN Z Z THaRd
5. ZIZT, —Eh AT Ty LT XEAEOR IO
FE45AR % Fig.l4,15 \Rd . BT AN HAD & ATl
HOFRMRE TN Z &b 5. BT A CTOEER
LA, BREOMNENRSS.

F7, YEEED RC BEm TR E B TN 5.
SUEREED 7T 7 L XEREOKE DT T 7 &l 5 &
Z 2 CHARESNEDKEGFITA G Th o 72

XIEAR DO PEDORNIEE OHERE % Fig.16 |t =il
EERR TNV L, TIRAEW 8 HNDRIEN A>TV
IONTEITNEL 2o TNL . ZIUTENDZERIE
Tob BT sE TRy, ETORERATETOEE
M EBHES LB X B,

T T T T T T T T T 100

S ——Relative humidity T
2 30 {50
=
= |
g
g 20
|_

10 lo

L ——Temperature
| | —IGIobe temlerature
06 7 8 9 10 11
Month
Fig.4 Averaged temperature, globe temperature and humidity
for a day
15

=
83} o

Solar Radiation * IR * UV (KWh/m?)

CDO
~

8 9 10 11
Month

Fig.5 Solar radiation, IR, UV

Relative humidity(%)



Wind Velocity (m/s)

Temperature(‘C)

Integrated heat flux for four hours[kWh/mZ]

Month

Fig6 Averaged wind velocity

w
ol

2016/9/25 East

30

25

20 ——Outside of wood |
—Inside of wood
—Air
——OQutside of RC

15 I ,

0 12 24
JST
Fig.7 Surface temperature(east)
0.1 T T T T T
2016/9/25 South I Quter surface of Wood

'O'lo 4 8 12 16 20 24

I Quter surface of RC

T

JST

Fig.8 Integrated heat flux for four hours(south)

Integrated heat flux for four hours[kWh/mz]

Integrated heat flux for four hours[kWh/mZ]

Integrated heat flux for a day[kWh/nf]

©
[

o

Fig.9

0.4

0.2

T T
2016/9/25 West '
[

Outer surface of Wood
Outer surface of RC

16 20 24

Integrated heat flux for four hours(west)

T T
2016/9/25 East

-0.2+ Outer surface -

I Wood

I RC _
04 | | | ! FIQC(cuItur? center)
0 4 8 12 16 20 24

0.5

JST

Fig.10 Integrated heat flux for four hours

(East of library and culture center)

0
Outer surface |
1 Wood
2016/8-10 South I RC
05 A '
8 9 10
Month

Fig.11 Integrated heat flux for 24 hours(south)



>
<
w0

o
(&)

— 600
— L C
E - 550
= -
E - 500
= |8
= - 450
= L
S 0 - - — - 400
E] — - 850
g | | . b -
- Outer surface i { % B Is L 0
= 1 Wood ! : C :
qs)j 2016/8-10 South RC | . jis 200
- - | N | N |
£-05 8 9 10 A284°C B30.51C
Month
Fig.12 Integrated heat flux for 24 hours(west) Fig.15 Temperature distribution(shadow)
0.5 . - T - T
NE T T T T T T T T T T T
= } \ 1 g
= SR AL Ao 3
% Temp 1 E
S g =
30+ <
g 0 . - |2
x Relativae humidity | §
= 5 / 3F o
T % \/\/\M \‘\/—« — -0
2 Outer surface E M\/\:\ 1
2 Wood g 25- SN |
= RC g X
> 2016/8-10 East I RC(culture center) E “\Vﬁ
goos—1 — . T |
= 8 9 10
Month 20 . I R L R L . L . L . I
i 820  9/1 10/1 10/18
Fig.13 Integrated heat flux for 24 hours Date
(East surface of library and culture center) Fig.16 Room temperature of the library
- o 4 FEO
[ ss0 RC ASEMITHT D ARBSMED WG R KR K A
[ s PEIAKRE XOBEMCBOTHRDD b, ET7,
ey FERCHASATO @M THS LD DL HEET
i b5, ARITAFCRT DWEWEREOMREL L CVET
e - ' V. EETORZELIHE L TS SBERDD.
= D= — 350
- . = xc -
300 PN .
e e _ 553
— -_— - 2 1) FECRM—, "BABIAR 24 o 7o AREUAMEC L 2 )
. = w2l S OEESFHIHI DR KRB SRS oRK 25 4R
A355C B45.7C C:831.6C D:36.42°C fEERSC, 2016.
2) Wi}, “REUSNEIZ I 5 NS~ OBV AT
Fig.14 Temperature distribution(day time) ORI BIT D9, 7 KBRS RF K 25 AEREfE

A, 2014.



B-4

BHERE T 7 — K O R T L B RESEA
Thermal Performance Evaluation of High Quality Facale Systems

Ot 5 # ¢ Wb TEE) A

(b THE )

RO (P TEE)

Masako SOMA *! Atsushi KASUYA *! Hiroaki NAKAGAWA *!

“ITakenaka Corporation

In this study, we evaluated thermal performance of facade systems which balanced great securing

visibility with solar shading performance in the high-rise building planned in Osaka city. We report

specifications of glass and natural ventilation effectiveness by opening area on its top and bottom in

high-rise area. About lower floors, we report the result of thermal performance comparison between single

facade system and air-flow window.
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Table.1 Member Heat Characteristic

i BStRSTE|  BSEAT | DapinE AsRies MERE

%] ] 5] [ [W/m2/K]

AG1 [LOW-E#8 /& (8mm+ F2Z212mm+8mm) £ 7 17.7 49.6 32.7 0.58] 1.8
AG2 |LOW-E#5 & (8mm+ A 22 12mm +8mm) )L/ \—| 22.1 45.8 32.1 0.54 1.8
AG3 | P BEL OW-E#5 [ (8mm + #1221 2mm +8mm) 334 20.0 46.6 0.26] 16
2.8

| —YPIF

L
[
AG4 |48 & (8mm+ H1Z2 12mm+8mm) 114 63.7 249 0.73
AGS5 | Biffz (FL15) 6.3 69.1 24.6 0.78
B

5.6

AG6 | B4R (FL8) 6.9 79.1 140 0.84]

5.8

BL [J54F 28.0 22.0 50.0 -

RCHE Rk S, ERC7 v &
FyAharzU—hok — #
DONBIEARLT 52 LT, e |

SR D 78 A A L Fig.1 Building Diagran

Table.2 Basement Cases

SHSUREELC] |ZRIRE[C] [BRBOESIm] |$aEE 5T EW/m2]
ES 36 26 3.65 850
2 5 22 3,65 100

2.1 87279 —F

BET 77— R, 7742 ROFHH T Af@e L
FEREIRNC K D BMERERNIR O & & H12, DS D
L OB SIS X A mEGh I A ST AT



B-4

D, BEFHTIZ K Bt 21T o7, AREIOE) T, H
J& DS Z B D7D GERDNIIE 1 J#57 Tdb 5, Table.3
(ZRHRS T

Table.3 Calculation Cases

case NASR IS4V RASR | EEEIC | FAEAQ
casel AG5 L AG5 - -
case2 AG5 HY AG5

case3 AGS Hl AG4 - -
cased AG5 HY AG1 - -
case5 AGS Hl AG2 - -
casef AG5 HY AG3 - -

2.2 REO7H9—F

&g 7 79— Ni&, ElEEE T 7 A0 AFW & Hg L
T A OBWERE AL 2 R 372012, CFDFRITIC LV =N
BUREEO I AT -T2, Fig3 |2t 7 h— N EEHE S
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PCM(EBRERM) TN ZAVWEHKAT Y FORREREICEAT 8%
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Study on Improvement of Thermal Environment of Disaster Tent with PCM bamboo blind.
— Basic Study by Model Experiment —

OHH Ml (KIREBEKRT) WH A (KIREREKRF)
Hisashi OKUDA*! Haruo SOEDA*!

*1 Osaka Electro-Communication University

In this paper, The cardboard tent models with Plastic bamboo blind made of straw and PCM bamboo blind were heated by
using infrared lamps. PCM bamboo blind is the Plastic bamboo blind with Micro Encapsulated PCM (MEPCM). After
completion of heating, the air temperature inside the model with PCM bamboo blind kept 1°C or more higher than the air
temperature inside the model with only cardboard for 45 minutes. The air temperature inside the model with Plastic

bamboo blind on PCM bamboo blind kept it for 72 minutes.
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Fig. 1 Picture of experimental apparatus

Fig. 2 Schematic diagrams of experimental apparatus
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Table. 1 Experimental Cases

Model 1 Model 2
Casel — PCM bamboo blind
Case2 — Plastic bamboo blind
Case3 B Plastic bamboo blind

on PCM bamboo blind

Fig. 3 IZEWEE, Fig. 4 |2 L—Y —BEMEE TOILRE
AR, R 25~40um, PCM DEMEHEE 34.1°C,
BEEIRIE 37.9°C, TN 195kJ/kg @ MEPCM % FHV 7=,

D @1
o "Q. AL

\'/"Jc
J

P
Ay
0 ¢,~

Q." Gy

TS =i

[

.

o

Fig. 3 MEPCM Fig. 4 MEPCM by microscope
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Measurements on Folded Plate Wall Reflection Characteristics

O K HE (KK KF)
s X & 1 (KRIKMKE)
Kaoru FURUBAYASHI™  Masatoshi NISHIOKA™  Minako NABESHIMA™

v E fe ORBRISZRSE)

1 Osaka City University

Reflectors which have directional sensitivity of a target is produced to reduce absorbed solar radiation in
urban in the daytime of summer as a method for controlling heat island phenomenon. The purpose of this
study is to show BRDF of folded plate wall which is one of a reflector, and the effect of controlling island
phenomenon when the reflector is set on street canyons by conducting model experiment. As the result of

this sutdy, the effect of controlling heat island phenomenon is widely different by reflectance properties of

folded plate wall and angle between reflectors when folded plate wall is applied in urban.

1. [XL®HIC

e — "7 A 7 RBIGRBE(L L TR, £
DIFREDO—2IZ, #HINZFHEET 2 BOEEENE Y H 4
@E?ﬁﬁﬁlﬁf%%ﬁﬂﬂb Bz FBE RIS T2 2 &M

FF b, ZIUTKHT 28R & LT, @i A s
T2 2 & T, BTN S5 H 245
T ORI M Lo0d 5, REMRIFIET PN R
Bha WD H1ED & 2 73 BEH IR 2 R0 72
EHRBERIZ AN D & | Figure 1 0 &5 IT55 HE23)E
A~DNTE - BE L RHBNDN B D,

T, BN AR RIS D Z TN, B
Z PO AUL, AN TR S 4D B AR C
=% (Figure 2) ., ¥4, ZD X 5 ZapbHamttE42 A4
HEGHA (CUTRRRMERCRE) 2B s Tns,

< :Incident radiation <@} <— :Incident radiation <@}

<-- :Reﬂectlve radlatlon < --:Reflective radiation

A B/
mamn) I
D]]]

1 L[] (111}

Figure 1 Diffuse reflection Figure 2 Upward reflection

EHDITZNET, BIlSGNT L 0 FRAEZ 3BT 5
FEHARIZE B LT A AT > CE 72y, JERCH 251 H
L7 B bERIAWEIIRELS 5 2 L m b it a(il,

AHRCIE, Yl & SEm AR L < EFRT b E
PR 2R L, AT T E SO S L TR A
108D 2 ENRDIF S D BT OGO 2T L
BRDF HIEZ#1T > 7=,

2. PR R TR DR
21 M FaR—

KERTIE, Brp s 2 FEOYTHURU A Z R E LTz,
PUFR G, 2 KON O 7 0 i— a )6, Figure 3
RO RZ 1 VRHTHIRECR AR (PR 1:1 7)) | 1 :
3 BUPTHOIRECHA (KRR 1:3 7)) LIRSz L 45, =
NEND RS- HEDFEMZ Figure 4 127777,
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2.2 RETEDFRM

AR, ALIHADRSE T - 114 Table 112779
FEM TR L2 DEIFERSR E L,

White (3E A4 1.0mm O K (muse « ¥ Y VR
— R CA-335) /£ 1.0mm D7 /L IHUZBERF L CTHW
7. Black 1Z/E7 0.3mm DEAHK (eo - » JERIL S —

N /&% 1.0mm O 7 /L AR L THV =, Mirror
IS BIE S S D52 R D, JEA 0.6mm D
TV HER (ACA f « ProtectAL) %V 7=,

Glass T2 7 0 — N7 A & KRN FEIEIS
BIEH 3.0mm OFEWT 7 U AR E W, Glass D H
ST 92.6% TH D (JIS K 7361-1 THIE), Fic
Glass OEmEIZITHEEHLEZWIN S 572D, Black &[F
—OERAEANT LT,

FAHAZ ST 25E10IE, ROFmEIZI3ANE 2 v
D, A CITL LOFEH CHEBINGGIER T o7, 72
B, MEITOT SIS E R T,

IR (REERYERT - UV-3600) L AfsER (FiE
FYERT - LISR-3100) (& & 0 IE L7oEb O 53
% Figure 5 ("7, F 7253 6AU=RIT JIS 5602 %1 H
L TR L72FE D SCI (ESHAALD B GH=) &
SCE (ESUHERED HIEER) % Table 2 12777,

Table 1 Type of reflection surface

Type Surface 1 Surface II
(White / White) White White
(White / Black) White Black
(Mirror / Mirror) Mirror Mirror
(Mirror / Glass) Mirror Glass
;122 1 — White Table 2 Solar reflectance
§i§i§é§3§§§?§%%i MTL. | sci-] | SCE[-]
g0 —=wa | \White | 085 | 085
Mo | Black | 009 | 009
Figure 5 Spectral reflectance Mirror | 0.71 0.06
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HORGIREE & | Z OGO FEREE O b2 SO 2
CICRBLLUT-B D Z L &6

BRDF OJIEITIFEANLEF RN DL D03, AR T
KGR & T B EHRITHEN K E . BAYEEFCITXHIE
T&EARV, LI T, KEHEADHE & [RIFRE OREHT L
Tt BRDF OBIEM AfaE7lEEw® (DL T BRDF &
) AHYWEL7- (Figure 6), HIEFRELL, THIRKOZEA
FEFHEFRECH D, BEESNIIEEN D, R
FEE U, SO GIEE %52 Yoas CHIET %, alkh &
ZIEHIERRA T — VIZRE SN TR Y . B~ AS

HDAFEL | NI D3RO AL AR TRIET
& D NI & R DOEF % Figure 7104,

RO ZE LR CIE Figure 8 129 & 912, A
B SR —ER IOV, BRAD/N SV s
THUEEERIEAAT 9, AZEE TIT Figure 9 1”389
(2, SEEA RS SRRl R A A ORI
Z O CTHEHERERIEZ1T 5 2 & TRV IRV EIPH T
1972 BRDF JIEN TE 5 LW o TR 3 B 5,

JeP & LCix, LED )i (DOLAN-JENNER -
MI-LED 7 7 A 3—HJi) &, 7Ly ) v 7 Lo X
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ERAE DO THER LTSRS R S E 5,
el Ui, B R R 2 e,

32 EAEAMATHEERT
HOCRASEIEER T (CUTHBSHIEEERD) 13, =R &
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Figure 6 Equipment to measure BRDF
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4. ik REHAD BRDF AIE
4.1 EERE
THAT U722 C, BRDF JlE 2 A 7= ITheik
$HA&D BRDF JITEZ1T > 72, HIEGEEHE, SHTHCR
RO % Table 1 O/3% — > TRAE T~ 8
FEEEIC, FHmAEUEL U CRORABR D & R C-HED A
SEH (LT Plate (White)) &z, 9FfH & L7-, Plate
(White) 1%, EZ 1.0mm D7 /L I #IZ White & [F—
D EEERST L TH D, HIESMIL Table 31T L,
#8to BRDF (3 (1) L0 HEH L,

BRDF = L — Ereceiver (1)

Eilluminate

BRDF : BRDF of reflector [1/sr]
L : Radiance of reflector [W/ (sr * m2) ]

Eijtuminate : Irradiance of illuminate [W/m?]

Eilluminate(‘)

Ereceiver - Measurements of receiver [W/m?]

w : Solid angle of receiver [sr]

4.2 EERER
421  PRERRETERDOEM DL

Plate (White) & K&HA (White/White) + (White/Black)
@ BRDF # ki L7z, 7235, (White/Black) 13 Figure 10
(R X 9T KBS EE D @ E 2RI (White/White)
ERBRICE WA R L, K B OMERWAZRZITR
Fm I (Black) (2L VIR EZED D Z EAHNE L
T A TH 5,

(1) Plate (White) &5HA (White/White)

1: 1% (White/White) 1%, Figure 11 - Figure 13 X
D NS 80 FE - T0 EETE BT, FAAMIZISWLT,
Plate (White) X ¥/~Xuy BRDF 233541, FAEK
F AT DR R ST, S BICRAERICE
W, Plate (White) XV K&y BRDF 73§64, L
M & B 2 R S B DR MR STz,

1: 3% (White/White) %, Figure 14 &0 A4 70
FEZHWTIE 1: 1 A (White/White) & [RERIZ Tl
S AARIR L, b & SO AR S 2 B3R S
72, Figure 12 £V AK 30 E 23\ Tld Plate (White)
ERER & I U TR E R IT R SN o Tz,

(2) F5HA (White/White) & (White/Black)

1: 1% (White/Black) %, Figure 11 &0 A4+ 30
FET, B ABAMANZIV T, (White/White) L 0 /hEw
BRDF 3% 572, ZiuuE (White/White) oS 1T

(White) T Fa& 2 LTV A3, (White/Black)
TIHKHE T (Black) THINSHZZ LizLdb0l
Ezbib, £, Figure 13 XY AKA 70 FE T,

(White/White) OfEHIZ1FV BRDF 235 541, JHY il

D OMENMEFENTND EE R LD,

1: 37 (White/Black) (23 T, Figure 12 - Figure
14 10 1: 1B EERROEMmZ R L, 2D, 1: 18 KD
BT I O~HEDN R E W= ORI SN A IR 720 |
B Az % BRDF OEIL L 0 BEE L 7272,

Table 3 Measurement condition

Incidence angle a(deg.) 30 - 70
Reflection angle range (deg.) -70 ~ +70
Reflection angle interval (deg.) 10

Incident 2
radiation &
. R
Reflective Downward
“*" radiation \ reflection

I :White I :White

I :White

I :White

Most of the incident radiation
enters to reflection surface 1.
8-
(White/Black) is as effective as
(White/White) in summer.

Incident radiation enters to
reflection surface I and II.

8
Downward reflection is reduced by
Black in winter.

Figure 10 Reflection on

(White/Black) eg. Type-1 : 3

- Plate (White) o White/White e White/Black
0.40
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o
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Reflection[deg]

Figure 11 Type-1:1 (a = 30)
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000 M9ge®
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Reflection[deg]

Figure 13 Type-1:1 (a = 70)
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Figure 12 Type-1:3 (a = 30)
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Figure 14 Type-1:3 (a = 70)

BRDF of Plate (White) , (White/White) and (White/Black)

422
FAHA (Mirror/Mirror)
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Z i U7z, (Mirror/Mirror) (23U THE S5 SO
DFk{% Figure 15 1Z7~7, 7235, (Mirror/Glass) (3K
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FRAZR L, KB EAMENAZTR I T (Glass)
TAFZ BRI TS Z L TRINEZmD D Z & 20
L LA TH D, (Mirror/Glass) ICBWTHEESH
% S Ok % Figure 16 1217,



(1) 1:17% (Mirror/Mirror) & (Mirror/Glass)

Figure 17 & 0 A& 30 I35V T, (Mirror/Mirror)
TIE. S 30 FEE 60 FEIZ BRDF O B — 27 NHIE X
iz, Figure 15 £V | 4 30 BEO IR ITSERL
M2ETHY, & 60 FEOGH TR 1 [5]
Th D12, FERHEHED 2SN 30 £ BRDF 13X
§14 60 £ BRDF X W /NS o= B2 HLb,

(Mirror/Glass) TiZ.2- 2O BRDF Ot —27 D H b,
S 30 DY —7 OAIEK LT-, ZiuL Glass
~DOANF R BB LT-Z LIk B0 EEZ N, X
48 60 FETIE, B T (Mirror) (235072 1 [BIRH
DEREZ2Y KEHE T (Glass) OFEIXTEA LR
W=D Th D,

Figure 19 £ 0 ASHA 70 FECIE, MIEGHA & BT
4 20 £ L 30 £ ¢ BRDF O v —7 BNHlESNTZ, Zh
. NS 70 ECIEsTHE T Mirror) (235175 1 [H]
RN TFERE 720 ME&E T (Glass) OFEITITE A
Elrn=dTh A,

(2) 1:3% (Mirror/ Mirror) & (Mirror/Glass)

NFHA 30 FEIZRV T, (Mirror/Mirror) Cl, F&
#4-70 £ & 30 12 BRDF @ &' — 2 2NilE &7z, BRDF
DORPBURIZONTIE, R L7 B0 SRR O
WZErbneEEZBND, Mirror/Glass) Tid, 20&
H BRDF OB —27 B L7= 2 E b 1T (Glass)
~ONFHETFEE L= B2 DD,

NS 70 FEIZIW T, MR A & SIS 50 FED»
5 70 LT/ T BRDF AR &E < R RGBT Z
EnD, A (Glass) 13 Mirror &R U< ASHE%
BRI L2 & B2 bND,

LU Dtz & DEEEICIV T, S & i
EHTAEMND T & T EZETIT LA E A EHR L,
AT H T AFZBNCHFRZEBSESH 2 & TR
SRR 2R PEFOND EE AL D,

5. F&

1) REEURMEE AT D VR dRERE & PTiRigIEIC
THZET, EMEMFEHARL, TH&E 2K
BT 8RBT OoND Z L AR LT,

2) PRSI E A T DITHAEIEO R A | bR
EWINE THAGDED & BRI R E %
R L, AFRTIT TR & U2 AR L CRIR 2
DOLMRPGFOND Z EamrRLT,

3) Wi & HW AT, S a4 T A LAAE
PELHZET, BRI EMEEERES L, 4
ZETIE A5 2 N~ g D RAMG H AT,

a=70

Once

Once

Unavailable

Incident
radiation

Twice

Reflective
radiation
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| 70 deg. | | 30 deg. | :

Figure 15 Number of reflections on (Mirror/Mirror)
(left—Type-1 : 1, right—Type-1 : 3)
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Figure 16 Reflection on

Incident angle for Glass : Small

Glass shows permeability in
winter and the light is incident
on the room.
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Figure 17 Type-1:1 (a = 30)
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Figure 19 Type-1:1 (a = 70)
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Figure 18 Type-1: 3 (x = 30)
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Figure 20 Type-1:3 (x = 70)
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Evaluation of Radiant Ceiling Panel using Water Medium
(Part 1)Thermal Performance Mesurement of Corrugated Panel in Environmental Test Chamber

O & (KPKR) i Bk (RBR)
PR B (KBRS Hyr FEX (KIRKT)
FHE  FofE CRPRKT) K EX (At 2r 7)
Shin TAKEUCHI"' Toshio YAMANAKA™  Yoshihisa MOMOI™
Hisashi KOTANI"'  Kazunobu SAGARA™ Masashi UIITHARA™

"' Osaka University > SASAKURA ENGINEERING CO.,LTD.

While radiation cooling and heating are spreading widely, radiation panel manufacturers have developed various panels.
However, the detailed performance measurements have not been conducted sufficiently and the performance evaluation method
has not been established yet. In this study, the purpose is to measure the performance of panels with various surface shapes,
which are used in ceiling radiation air conditioning system. In this paper, the results of thermal performance Measurement of

corrugated panel in environmental test chamber is reported.

1. [XL®»Ic
T, A7 4 AE NV OREME RS, BNAR O RK
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N7 T N RIFFE S DEPERRIZ DV THRRGEE L
Teo FETo. RS [B]IE M%NXW®m%ﬁE%%@
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1%, AKAKRFHEZE > AT HMTH wém%ﬂxw_0
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BEMIRE, KSR & Ofkx RERRSMHDO S LT, 3%
VD IENVERE 2R U TR R A 35,

2. EERHE
2.1 REBEABREHNE

EBRIIR XS I8 G T2 RERBREZ
AWTITo 7o, BREERBRE Fim X % Fig.l, K
i % Fig2 (2R ¥, B S5 O m SR b
1990mm, KHEFEIL S8 i TH 5, A EDERTHN
7o BB D SRV OB % Fig.3 177, BRI
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WOTED, OO AZGIET 5 2 &2
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Fig.1 Plan of test chamber
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Fig.2 Cross section of test chamber

Material: Aluminum composite polyethylene
Thickness : 2mm

|above ceilingl
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Water pipe Material: Aluminum
Thickness : Imm
Room

Fig.3 Detail of corrugated panel

2.2 EBREH

FhT, BARTE, BVAME, BEmIEL., JREE
WMOAEEDNT A= ZH B S E T & E DS 3
DR OO Z B & L TRIE 217 -
Too NN DBEFRED AL & 1T, SRVEED
N/ € SIS R = APk A = B

FBRME % Table 1 1R 7, HERMFIL, BHZER
IREEAS 25CIT/2 D K 91T, "RV EKIEEIREE 18C,
PR R 4.3L/min, EPNAAT 222W, BEREKIRE 25°C
& LT, BAERKIL, BENORIZ2 SFELE, A
o DB E SR T, AR R 2 = PO 2 o
BliE U 7o, BEm AN - BEE IS BN Tl BERRIKIR
JEIZ X o TREMmIRE 2 2 b S, /SRVITkd 25k
WEwma BT, AR/NRETIE. BAfED
WENVEZ 6OW 12 E/hS LT, £, ZRUTfE-T
ENERIBEMELS 225720, BEEHL OB R E
B <72 I BERIRE % 23°C & L7z, JiIxHi st <
L R BRE O BB I R R (10OW B2V £) & 2 BfkE L,
SRR A 2 LTz,
2.3 BIEIEB

MEHH % Table 2 (Z7R~9, HIERMRITAETOEHHA
IZBWT30HE L,
(1) iRE

O, ZXIRR S, KB OIRE L T HEGE
RECHIE Uiz, mOREICHY AT 7B T AT,
TNVIT—T% EPGRED T, 61220 Erb
=T HNT =T HED T, Fmfh BT AR s
Too RIF. IR, BEORMEIREIZHOWT, PIHER X
DIREESARDN L AT T2, 1 IIC D E FREEE O,

Table 1

Experimental condition

.. Panel water | Panel water Wall Heat
Condition Layout
temperature flow rate _|temperature| load
Standard 5% Basic Center load
Center load 20w dum;g 8
hill all . 23°C
Chilled wall | oo 4.3L/min . :
M 27°C Convection
Low load 2°C__[1eow| [ O Fan
Convection 25°c_ |22w| (O 4
Table 2 Mesurement item
Mesurement Point Device Amount
. o Center of room T type thermocouple .
Room air temperature["C] 1 1100mm, 1 700mm) 3points
o Glove thermometer .
+
Globe temperature[°C] Center of room (+1100mm) (Nihon-keiki. JC-3503) 1point
Air temperature .. .
A | 1 t
above ceiling]*C] pove celng T type thermocouple e 1
Surface temperature of Spoints distributed P 30points
wall, floor and upper slab[°C] | arrangementon each side
Panel surface temperature[ °C] | Room side of panel surface Gpoints
Resistance temperature
Panel water temperature[°C] detector 2points
(Nihon-densoku, ¢1.6)
Upper and lower radiative Long amfl short wave .
heat transfer asmount[W/ri] 70mm below panel surface radiometer 2points
(Eiko-seiki, MR-60)
Heat flux of wall, center of each side Heat flow sensor 6points
floor and upper slab[W/mi] (Eto-denki, M55A) P
Flowmeter
Panel water flow rate[L/min] (Aichi-tokei, NW50- | 1points
PTN)
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Fig.6 Relationship between panel water pipe
heat release and heat balance
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Qu :Upper radiative heat transfer amount[W/ m ]

Tdu: Absolute temperature of radiometer upper doom[K]
Ty :Caluculated absolute temperature of panel surface[K]
Op : Caluculated panel surface temperature[ °C]



Table 3 Change in each condition

Temperature Upper radiative Lower radiative
.. Average temperature | Average temperature )
Condition . o o difference heat transfer heat transfer
of room air['C] of wall and floor["C] . )
between panel water amount[W/m ] amount[W/m ]

Standard ~ |25.5 25.2 6.5 -15.1 4.9
Center load |25.7 25.0 7.0 -14.3 3.6
Chilled wall [24.7 24.2 6.1 -14.3 4.2
Heated wall [25.8 25.4 7.1 -16.3 5.2

Low load |22.6 223 4.1 -10.2 2.1
Convection |25.4 25.3 6.2 -13.3 3.5

Caluculated Temperature difference| Temperature difference
Average temperature . .
Condition of panel surface temperature Radiometer upper Radiometer lower between 6p and between 6p and
P 0p[°C] of panel surface doom temperature[°C ] | doom temperature[C] 1.7m height air Radiometer lower MRT
P 0'p[C] 0p - 0i°C] 0p - MRTI[C]

Standard  |20.2 22.3 25.0 24.7 53 5.4
Center load |19.8 22.3 24.8 24.6 6.1 5.4
Chilled wall |19.7 21.7 24.3 24.0 5.0 4.9
Heated wall |20.1 22.3 25.2 24.9 5.7 5.8

Low load  |19.2 20.5 22.3 22.1 3.3 3.3
Convection (20.7 22.7 25.1 24.8 4.5 4.7
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MRT(Table 3 H1-ClZ,MRT, & %3l ) % (Eq.4) ~ (Eq.6)
FVRETLZZEMTE S,

Q! =eo(Twrr-Tdl) (Eq4)
TMquV%%f+1uf (Eq.5)
MRT,=Twurr - 243 (Eq.6)

Q!': Lower radiative heat transfer amount[W/ m |

Tdl: Absolute temperature of radiometer lower doom[K]
Twmrt: Absolute temperature of radiometer lower MRT[K]
MRT! : Radiometer lower MRT[°C]
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Study on the influence of dirt and coating deterioration on aging of solar reflectance on high
reflectance paint
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It has been recognized that solar reflectance on the roof coated with high reflectivity paint (HRP) is reduced by dirt. We

continuously measure solar reflectance on the roof coated by HRP with and without self-cleaning function for more than 2

years. Solar reflectance on self-cleaning paint is reduced 0.5%/month for 2 years by dirt. Solar reflectance on conventional

paint is reduced 4%/month for 4 months after coating. Then, it is recovered to the similar value on self-cleaning paint for 2

years by coating deterioration. Self-cleaning function with little decrease in solar reflectance is effective for obtaining the

heat island mitigation effect and the energy-saving effect continuously.
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Fig.1 Outline of self-cleaning paint
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Fig.2 Roof coated with high reflectivity paint with and without
self-cleaning function
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+ Self-cleaning paint - Conventional paint

Fig.3 Daily average solar reflectance on self-cleaning paint (10-14)
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+ Self-cleaning paint - Conventional paint

Fig.4 Solar reflectance applied the calibration formula based on the
measurement results in the winter solstice 2014
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« liner approximation of solar reflectance on self-cleaning paint

+ trigonometric function approximation
Fig.5 Difference from linear approximation of solar reflectance on
self-cleaning paint and its trigonometric function approximation
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« Solar reflectance on self-cleaning paint removed the sun
altitude effect

Fig.6 Solar reflectance and its linear approximation on

self-cleaning paint removed the sun altitude effect
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Fig.7 Solar reflectance and its linear approximation on

conventional paint removed the sun altitude effect
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Fig.8 Solar reflectance affected by sun altitude
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- prediction result of solar reflectance on self-cleaning paint

- Measurement result of solar reflection on conventional paint
+ prediction result of solar reflectance on conventional paint
« Measurement result of solar reflectance on self-cleaning paint

Fig.9 Measurement and prediction result of solar reflectance on
self-cleaning paint and conventional paint
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«+ Solar altitude at Kobe Solar altitude at Singapore

Fig.10 Solar altitude at Kobe and Singapore
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Fig.11 Correction of solar reflectance by sun altitude at Kobe and
Singapore
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- prediction result of solar reflectance at Kobe on self-cleaning paint

«+ prediction result of solar reflectance at singapore on self-cleaning paint
Fig.12 Prediction result of solar reflectance on self-cleaning paint at
Kobe and Singapore

85%

80%

75%

70%

65%

60%

55%

50%

as%

W_\,ﬂ \0‘(\} ‘JN@' ‘quh \_«s" d\“";’ m‘:\f’ w\(s‘l .,go";' ‘m,:\i' \“ﬁ.x" ‘w,@ w_‘x‘“
» prediction result of solar reflectance at Kobe on conventional paint

w*

- prediction result of solar reflectance at Singapore on conventional paint

Fig.13 Prediction result of solar reflectance on conventional paint at
Kobe and Singapore
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Estimation of Hot Water Demands in Each Use
on Domestic City Gas and Water Consumption Data
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This paper describes the actual state of hot water demands in each use. We decomposed the domestic city gas and water

consumption data into some uses, and analyzed hot water consumption in each use in households classified by the amount

and daily fluctuation of hot water consumption. As the result, the frequency of hot water filling and hot water amount in bath

had an impact on daily fluctuation of hot water consumption per day in family. And the households, consuming large and

stable amount of hot water, had a trend to take a bath regularly.
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Table.1 Characteristics of measured data

Object Area Osaka

Measuring Period 1 Year in 2013

Target Households 118 Households
City Gas and Water Use

Data Items Power Consumption in Washroom and
Kitchen

Temporal Resolution | 1 Minute Interval
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Fig.1 Energy consumption data in a household on a
day (The upper diagram : Water use,
The middle diagram : City gas use,
The lower diagram : Power consumption)
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Fig.6 Scatter diagram with hot water amount and amount of fluid
flowing of use decomposition result in a household
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Quantifying and Analyzing the Effect of Price Signal-based Demand-Response

for residential Customers
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Nobuhiro ARAKI Noriko FURUTA Yohei YAMAGUCHI Yoshiyuki SHIMODA

Osaka University

This paper verifies the effect of critical peak pricing (CPP) Demand-Response (DR) for residential customers and finds

out the capital factor which affected the reduction of electricity consumption. The quantification of DR effect is calculated

using electricity consumption data measured at all circuits of a distribution board for several years. This paper focuses on

LR I3

the three indexes, “in-home ratio”, “operating schedule of appliances and rooms”, and “service-level provided by appliances

and in rooms”. As the result, the reduction of electricity consumption by DR was observed and it continued during the

treatment period.
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Table. 1 The days of non-DR day and DR day

Winter Summer
Year
Dec. | Jan. | Feb. | Jul. | Aug. | Sep.
Non-DR day 20 17 13 18 18 15
2012
DR day 0 4 6 2 2 2
Non-DR day 18 16 15 12 16 16
2013
DR day 3 5 4 7 0 2
Non-DR day 18 18 19 | 20 17 16
2014
DR day 4 2 0 2 4 4
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AR 2 EMERIC B U ot 24T o 72, 220 D 5 b,
6 A HAB) X A THE D O 14 N GO T
b5,
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Table. 2 Classification to which kinds of circuits

LD Kitchen Bathroom Corridor Private
room
LD-AC Private Washing Bathroom Dish
room-AC machine dryer washer
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Electricity consumption is classified into
occupant’sactivity related consumption
and non-activity related consumption
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Fig. 1 Method to calculate the three indexes
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Estimation of Water Heating Energy and Demand Adjustment Potential with

Heat Pump Water Heater in Commercial Buildings
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This study attempts to quantify the electricity demand adjustment potential with heat pump water heater by using
EnergyPlus. For this aim, we develop archetype models of water heating demand focusing on hot water usage and
consumption which varies with building use or scale. We calculate hourly hot water consumption of each building type and
estimate hourly electric demand of heat pump water heaters in the commercial building stock of Kinki region. The result
shows heat pump water heaters can generate 0.3~0.4 GW in the daytime by controlling operation hours.
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Table. 1 Modeling parameters of hourly hot water consumption

Daily
Egéldmg (?fr?el ? :trt]gbute g:tlggﬁes Hot water usage Number of users ([;E? ?;;f;':n Hourly use ratio
day)]
Hotel CL1~CL7 Commercial Guest room Regression formula ® 1509 Research ©
(~20,000 m?) | hotel Worker Regression formula ¥ 1259 | Occupant density ¥
Restaurant 1.5 [m%seat], 3 rotation On equal terms with Restaurant
é‘f&)crhi) m lthlg\r}lc)tlon Banquet hall 3 [m%person] ¥ 759 | Occupant density ¥
Medical CL1~CL2 Small medical 207(*1)
facilities (=500 n¥) clinic Medical care ' Occupant density 9
CL3~CL9 Medium medical 80 [m?/bed] ® 36.89 (*2)
(500 m?-) ﬂmlc(tal Bedroom 80 [m?/bed] ® 68.29 (*2) Research 10
oS! Kitchen *3 179 Research 1
Restaurant/ | Urban (-U)/ | Restaurant 1.5 [m%seat], 1.8 rotation 12 *4 137 | Occupant density 9
Café /Pub | Suburban(-S) | Café Kitchen 1.0 [mP/seat], 5.2 rotation 12 *4 47 | Occupant density 9
Bar 1.7 [m?/seat], 1.6 rotation 12 *4 137 | Occupant density 9
Office CL1~CL9 General Rest room 0.1 [person/m?] 13 39 Research ©
office Office kitchenette 0.1 [person/m?] 13 54 Research 0
éla%%lﬁL) chc;ggzgd Restaurant 1.5 [m%sgat], 3 rotation On equal terms with Restaurant
Retall xgglgga ) g‘;?g;gln dise Rest Room 0.3 [person/m?] 1) 3 | Occupant density ¥
Large facility(GMS) / Restaurant On equal terms with Restaurant
(30,000 m?~) | Department Store | Café On equal terms with Café
Education Primary school School meals 334 [person/school] 1 109 Research ¥
buildings Junior high school 356 [person/school] 1 109 Research ¥
University Student cafeteria 3,232 [person/university] 18 109 | Occupant density 9

*1: L/ (m? - day) *2:L/(bed - day)

*3: Calculate the number of patients, doctors and nurse from the number of bed and staff assignment ratio.

*4: On weekends: 3.7 rotation (Restaurant), 10.9 rotation (Cafe), 2.7 rotation (Bar)
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Estimation of GHG reduction effect by replacement of electric home appliances considering

distribution of appliance ownership
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CO; emissions from households vary widely among households, depending on various factors. Distribution of the

ownership of electric home appliances is one of the important factors that generate the dispersion of energy consumption

among households. Therefore, this paper reveals the relationship between the household characteristics with the appliance

ownership. Using multinomial logistic regression, this study explores witch household characteristics (e.g. number of family

members, floor area) affects appliance ownership and develops the database from a questionnaire survey. Linking this

database with the residential energy end-use model enables us to calculate CO, emission reduction by replacing of electric

home appliances.
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Table. 1 Outline of questionnaire survey

Area Osaka, Sakai, Ako, Kyotango
Period of the survey [Nov.18, 2013~Dec.2, 2013

Number of total 7650

Numger of vald
682

samoles
Building type, Tenure, Building structure,
House Floor area, Number of rooms, Age of building,

Duration of residence

Question |Family Relationship with householder, Gender, Age, Occupation

Appliance [Number of appliances, Year of purchase, Size, Type

Others Type of water-heater and heating appliance
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M 2FETH D, BROBRALEZRMT 52 &030]
REZR 72D k& 7R A B CTE 5, EHITHT AV
—HOMFREFEINT 2 N TH D, flZET LY
DRESITHIUL, BTV =119 BELT 6 51 BILL
EETE ST T KBk 2, £k
L, B XD OB AT DHERDZ L ThHD, ZDO L
N YRR R 2 9% 2 & TRARDLD
EH & Z2HETE 2, BRI TIORTEY TH D,
P 37T —=5%ThHD, i-1HOXLY EHIHA
e, Qg FUREREB,, -, B 2R 2,

ln< ipl )zal—ﬁlxl_"'_ﬁnx" ©
k=2 Pk

2

1=3F1

i-1

P, AT AU —ORER, x : HZEL, n KD
"

Table. 1 DIETE, FEMARIZBNE U 7-diATH B 2 @i 2 5dv
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Table. 2 Example of the efficiencies in each category

Size 201~ |251- |301- [351- |401- |451-
Year of purchase 2004 1osor |aooL [3sor ool |asor [sooL |2°*-"
Less than lyear 241 371| 389 382 372 258| 222 265
1~3year 256| 409| 411| 393| 421 285| 266| 353
3~5year 290 498| 472 466| 442 389| 336 423
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JEUT 22 CRRS LIciastART — & _— 2 L 0 &
THEET) - FHEE A RET 5, LLEOTFIET, AR
AT el BT D ANEMHTIE O D& 2R 8 5,

Household Nol | Household No2
Area 40~60m’ 100~120m’
Expla_natory Households 4 people 4 people
variable 5 ol
resence of elder Yes Yes
people
1 P
2
Z 08
8
° 0.6
o
g 04 —e— Household Nol
©
E 02 Household No2
=}
o 0

0 1 2 3 4 5 6 7 8
Number of televisions

Fig. 1 Generation of input condition for the simulation
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Fig. 3 Comparison of CO: emission reduction
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Table. 3 Average CO: emission reduction and Coefficient of

Variation by appliances

Refrigerator |Television

Average CO, emission reduction[kg-CO,] 92.3 78.1

Coefficient of Variation 1.12 0.94
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Fig. 4 COz emission reduction in each household
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Fig. 5 COz reduction by family composition in Detached house
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Fig. 6 COz reduction by family composition in Apartment
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This paper estimates floor heater energy consumption by a simulation model. Heating energy
consumption depends on many conditions such as sizes of the rooms, family compositions, and thermal
insulation levels of the building. We developed a simulation model that estimates energy consumption for 3
types of floor heaters considering household characteristics. This study clarifies that the energy
consumption for floor heater varies widely among household categories. Finally, by aggregating the
calculated heating energy consumption, we estimate heating energy consumption in Kansai area. As a result,
the installation of optimal heating equipment in each household reduced heating energy consumption by

37%.

1. FRER - BMN
FREAFI O TR X —HE B DK 25%VI38EF HiR T
b%, =T Ay KERE, SEEERE. SEE4EH S 4Rk
(LT 2 IEFE#EG O L X —HE &2 ERNICHET S
Z EMFEM O R X—HE BEHIKT 572D
HCh D, BREOT VX —HE &I, KR OFEERL
RFEOWEWERRIZ L > TRES B DR H H, &
ZTAMIIE S —T T, TS OBER & EE LT
PLED A — VCEBERMH =L X 2 WG T 25K
JEHT R L X —T )y Ra—RETF L ERR L TX7-,
KET ML, BEFEOFIFRELST A 7 A2 AV TR
ARXFEWRA IR E, Z2< OHEREZBELTZAR b
LT TR 2 L— g BT ILTHD,
INETRET LTI, BEREH L LT v X
A N=T HARX =7 A F—7 O 4 FF O
ZEE LU TEN, RBEITER L WO T, KR
EARETNVCTEET DI, K F~OBGERHERT 5
TEOKENFE DOEERERNR | BUE OBGERE 2 & OB RS
LT D E L OREE BB T XL END D,
AMFETIE, R e —& —, AAREAL, B— FRY
TARD 3 FHDOKREFEDET MEEITV, RET L
\ZHEE T 5, & LT, RO R2 D ik 4 2t s 1
DIRBERE D—IR T3V X —HE B2 L, thoREm
FREDTINF B EOAER L ERNNGHET 2 2 &
ZHNET D,
2. REAIRILY—IY F1—RETFILOHRE
AET I, FEOZ LT —HEREEL 1 R 5
WECHRT T A Z LD TELERMNLT v 7 HDY I 2 L—
TarETANTHY, JREFEOITEA T Y 22— OFE

DWEMERE, FEAEMSER ORI - AR, ]GSR EAN
NG ZE M BRIE TE Do AET VLTI JBEEE O TE)
ALY 2 — WD TEMEER DB A 7 ¥ o — L &k
EL, EInb—MHOBENFELZRNTL LV 7R
—THERF 21T > T D, & LT, U ORI 2 57
IERERCCEEIE (P-4 | JERIAEfE, WEWERED 5
727% 912 FARNAVE L SR OME OB TR AR
52 LIk o THER A r— L D= )L X —1HE B2 HE
RS

KETNVNOEREET VT, 5 EOITEIAF Vo
—VROERIZGEC T, BREOBBA 7Y 2 — )V &k
ET b, BHEETVOHF 7 —L LCILL N OEY
Thb, £, 8- B OME - fifg - HFALREE DAL
ERIRe EOT — 2 | KURSOIE, H & EOREA)
BORGT— 5 WEZIRI - SRR O NEHFEENOEH %
(2, BNEIEHETE O &2 W BERRHRIC KL > TRRE R
925, BEEOITEIA T Y 2 — MIEESWTERED
HIEAHWT 5, WIZ, TEBEDFET D56, BREE
T 20 EDDHERRNIRE S ND, ORIV DR
IXER OB TR I N, BRMENE EREREZ AT
DRERNEL 72D, BT 5 &HE SN A . BOEIRE
1T T DI RN R RAR A R L, IRAEE
ARG U THRFEEIRO =1L X —H R R {2,
ARETNVORHEE UTIE, SIS, 2 OWEWERE
ELL DI EEB L QD Z Lo, BVEMHEEZET
NMNTITo TS Z & A COT RV F—HE &
R CE DL b oD, ZOFT VKR
FBET NV EHESES Z LIk 0 B EEOTE), K85
. FEEOHME R E OO S A FHEL L EClEgE



A-82

TRAF U BEMEET D 2 L AR B,
3. KEBTETILORSK

ABIFECIE, R — X — R, AR
B B PR (LI, HP) SRKSARIERE O 3 FRIOMR
ERAET MEDORRE Lz, K3 AT AOET LI,
HEGEFIEITO TR 28 A T L —SLHE T HeL U foor
FR—HBMERE DT B % £l LY (LU, K
FurGh) \TESE T,

3.1 BRE—42—XKBEEOETIVL

BR b — & —AREFEIL, K FICERR e — % —% N
L, HEEREAIRED 5 VAT A ThoH, DEREHOH
. 2) =R —{HEOEHONATT /L —{HEHER
iy

— 4l
v

1) RO
TR — 2 REE ORI @3B DIz k-
THEHT %, EXe—%—APREFE ORE I IRER
WEXEREDOIAKLTT D, R —2 — R HEITH )
DY FEZ N TET, BFTITEIC—EDOH ) TH S,
Q,=q9xAXp 3-1)
q: FEEAEES (Wim2 A 0K [m2
P RIEENGEE ()
2) TRLF—IHEEORM
wER b — % = UREE O RN X —{HE Erld. (3-2)
UL - THIT S, EmfEE Ll X, PGS 272
BT DR RICHHE T 2B EOFIG AR L, *IBYE
EOMBWREREE AU L > TR DEE L D,
Eo= X (3-2)

T

Qr: BRE — ¥ —REEOERELS W] r: EriBEeR (%]
3.2 HRBAKXERBEDETIVE
HARKKFREEIL, T ABIROKEE ) S E FIZiR
KEWHE LRI ZBRET 5 VAT L Th D, ARFFETIL,
REEFRDIRKFEFE L o v U —C N8 SRR EEE %
[F Ckathan CED2 D | MR —ARRIE 7B 2 e
%o T AWRKERER Tl falae> HHHE 3 HIRAK O
BII—ETHY ., EKROBELZFREST S Z & THAIEIY
BEZ#AT 9o D URIEAKIRERHIE, 2) BEFS ) DL 3)
TR —THEOEHONE T R XY 21T O,

1) BHATE/KIREHE

FREH O H AR XRIEE OHHAIRAIRE L 60°C &
40°CHO BT H Y . O BEOH T L IERE A Wiss
BRI L CEIRATIET 5, FREET LV COVRIRE
SOWEWERER b S ICHEH LR OBAERIIS LT, it
IRKIREZ T+ 5 2 & TREOFHIEEIT O,
HARMIZIE, Fig.l O X 512 40°COMHEEELL F D
Bl 4A0°CTRABHE 2T FBER OEA DY 40 COHES
BELL EOBATE 60°C TIRAME 21T 9,

Heat capacity at 60°C
60°C
Hot water supply
————— Heat capacity at 40°C
40°C
Hot water supply

Heat load of the room

Fig.1 Temperature of hot water supply
2) WEBH I DELH
Bt ) @uIR (BN L > THIT D, HAEARX
RIEFRIE, HSaRAREZ T 5 2 & T 280 &
RN
6—20

e 3-3
60 — 20 &3

Q,=qXAXpX

q: FEBEHED [Wind A : SEOKER [m?

P RIEHECE (%] 6 : HERIRKIRE [C

3) TRAX—IHEEDHH

H ARKKHE O = L F—18E Eal3(3-4)=Uz X
STHEIMT 5, LHEBEE r 213, BEGHCE 2 7B
WX 2R BICa T 28 EDEIEE R L, XREED
WIEMAERECEEIERUC L > TR DEEFR T, T
BRI & I TEERE CIE S NI B 1B 5 £ T
(KT DBEERT, BEEIREQ e 105s X OB
e 1 IENZIUEBHA, B-6)XTHIET 5, EVEEWE
KiTiL, EEFEOR S R ORERE GESHNEH L
TFEORER S WD,

% + Qpipe,loss + Qh.loss (3_4)

G

€g
Qo - T AR FIRFEOEGEH ) [W]
r: RHEEE (%] pipeoss : BUEERIS [W]
Qhioss : PFFSHEMESR W] e : BRI

Qpipe,loss = (HSW - (T x 0.7+ 20x 0.3 ))

Asum (3_5)
X K X lpgse X Apoe
Osy - HEkSIRANRE [C] lpase * IEEEEORERE [m]

T SV [C K B HERSAR [WmK]
Agum : SIBHEEOTE~KHEFE [m2]
Apase : FEEFEOME~KiHFE [m2]

e = erea X f (3-6)
erea © RN (%] £ TERRER AR
3.3 HPB/KKXEREEBDETI/IVE
HP iKUK L, HP 2YRORE#2 R MK
S LRI AERET A2 AT A Th D, AWFIETIE K
BEEOMETRE L v U — AR EOMORGHEE%
BT DR T O | AR BRI 2 A8E LT,
HP KSR C 6 A ATRKREREE &[RRI, kD
REZFEET 22 L THADOKE SOYVEZ %2179,
1) BHGIEAIEEHE
AMFZEClrE, HP IR KRERE TIE 55°C, 45°C., 35C
DOWTINDOIREDIRAKZ K Pt L ChERET H4E &
L7z, FREET L COMKIRESCWEMERE A IR L7
HEOBEAMIIIG T, HEKRELEET52 LT
FIROFEEEIT 5, BARANIE, HP IEKRKRRERE T,
R DOBEEHS 35 COUFEEELL F DI5513 35°C. 35C
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DOPFGEELL E A5 COMFEEVELL T D413 45°C, 45°C
ORFEEELL EOBE 1T 55°CCIRABIGZ1T 9,

2) BEHEMDOEH

BE ] @ulEH A IRAKERIES & [Akkc, R(3-3)iC
Lo THHT 5, HPIRAKSIRIEG L, HaEKIRE S
TR 5 Z L THAEIV X D, HAMRKAKERE O
60°ClR/KBEAREDIR A /12 HE & L 55°C, 45°C,
35 COMKBAGHF CENE NI DIEE 72D,

3) TRNLXF—HEEORET

HP iRAKEREE O =3 L X —1HE Eal3(3-71=Uc &
S>TRHET S, EEEEAIT G-HNEHNTHEHL,
B =Re, IZLL FD(3-Q): TR 5,

EH _ Qr_H + Qpipe,loss (3_7)
H

Qu : WFEEAT (W] r: FHEBEE [%]

Qp{pa]o&v : Eaﬁg%&*ﬁ% [W] ey . %Nﬁ*%%’;j]%z

_ (11.62 4 0.2781 x 6, — 0.00113 x 6Z)

e

e
H g max

(0.1271 X G5y +0.00363 X Gy X Osw) _ Grea . Caer
Prax 6 085
0., : SVKUREE [(C Osy : BEHGIEKIRE [C]
Prax : KNIHEES) W g, : BUEHOERAES) [W]
Caef = 7 7 BLA MEHK

4. HHEENCEOBERHEZIRIILY—HER
4.1 HHEIER

FERERL 19 FlfH, (B2 fE (EA. 7@,
FIRIFE 6 FikE, WraWhee 4 FikE (MEWrEL, IHAE, 37
B RAEREE) R 912 FEREO HHEPERI SOV TR
Wers 3 FfAZ & 7 FFHOME R D—IR T /L F—H
BrEAHER LTz, AR % Tablel (2779,

Table.1 Family categories

mber of Family characteristics Number of employed  Category
chold members household occupants®

1 1a

1
(1]
o 1d
2
1

Two 2a

Zh

erl o r. 4

othy hild* 1 2d

o 2e

Thres Couple and achild 2 EN

1 3b

Mother and children 1 3c

o 3d

Four Couple and children 2 4a

1 b

Five Couple and children 2 Sa

1 Sb

More than five Couple, 2 Ba
(modeled as six)  children and parents

1 Gy

4.2 HHEEUNTLOBRE—RIRILXF—HEELE

3 TR LI-KEEET V% 2 OFEHTRLF—x
v RL—RETTHEET 5 2 & T, 912 FEO MRS
FNZOWT, IEEHERROENT L D — R R X —1E
BOERAHERT S, = 2 CIIEROBET KL X —
BROBERNR LT D, BLIA =T, HAA =T 4T
MA =7, =7ar & Qe —¥—AKRERE, ¥ AR
AREGRRED, HP EARRERE O 7 FEHORE RO —
W FNF—{HEBEEHEGT U, SRR OWR AR UE

DEFITIT 5 HHERIR ORE FE— k= L X — 14 &
Z Fig.2 \Td, ME 0 i AT K> TR oEE—
WEFNF—HEEITSIFERE S B bR, L
ImOWDH A (2e, 3b, 3d. 4b, 5b, 6b) KU #HE DU
AHiAE (1e. 2¢, 6a, 6b) IZBWT, — KR XALF—H
BENPREV, 2o ANBIL, BEOTEERI R
<. BEHOBEEOMEHRHNBENZ ENEL TS &
E2 N5,

F 7o WAARIEECIT ML & il U C, 2Rk C
—IRTRNF—IHEEID LTz, B TH, HP IRAKEUR
BEE DOEBEEOZITE LS. EHEATIE=T 2 04T
WA =772 8 LR TR FF—HBEEDPRKE )
STED, WHHREHEC B W TR, £ TORREERO T T—
W FNX—EEEN RN 72 o7, BIR & LTI, Wit
PEREN] B & & IR T~OEBMREN NS e n 2 &, K
HBEERO A3, FAIREE & AGIRAKIRE DOIRFE D3N
SN COPBREL DI ERERDHIT LD,

60 160
g 3 g
g £ g
g 8 120 E
3 540 2 T
s 8 £ 2
8= 80 S—3
>R e o
POE 4 525
e 0 §52<
>822 282
S2g R
ET g0 . . . . . . . 0o EC8
Iee la 1c 2a 2b 2c 2d 3a 3b 3¢ 3d 4a 4b 5a 5b 6a 6b a2

Family category
60

- <
2 S
g %
2 0 3 o
2 £ &
8 0 8_§
3 33 <
5] 20 $95
2 2598
5 0 82%
> 282
< T D
g L L L L L L L L L L L L L L L O §f§
a la 1c 2a 2b 2c 2d 3a 3b 3c 3d 4a 4b 5a 5b 6a 6b T

Family category

Electric heater Gas heater — — Kerosene heater Air conditioner

—u— Floor heater(HP)

Fig.2 Primary energy consumption for heating in each family category
(see Table 1 for family category)
(Top: No insulation, Bottom: 1999 standard )

5. iEBRXT—/LCOBRRHBIRILX—HEELE

IRIER 2 &t 7 FHOBRERR O K IZEI LT 2 5D
= ABEIEE L, TNENDr— AT OV ISR 2 -
— LT IRT RN —IEEEHG 21T 5, BR 28Kk
Ar— AL, 2013 FEDOUTEEE DOIE RSO M 2R % W 5
[R—2r—R | SR CR b — IR LT
BO/NSWVIEFEHES (LT, 5ol a2 atithiiiig
AT5 sy —A] ©275—AThH2b,

— RN T, SRR EIEMICERE &4
5 ENEL BEOMETRICRESND Z L1
VY, Ko T AR CIIRERI RH O GRE S D &
HET D,

5.1 R—Ry—R#EtAE

912 RO AN R H S iR ¥ —1H
R, FMHHEAN BT D M 04 3] U, IrEeiE 2R
DRV —HEBELZHINT S, Zha&RREERICD

—— Floor heater(Gas) —e—Floor heater(Electric)
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WTATV, TR OFREER O MR D2 IV TEAR
ST D 2 LT, N—R 7 — AT HKEREE kT
R —HE R AR LT,

5.2 mliy—A#RHE

B — AT, T D A TS5 2 D iz ik
FEEA LI EO— IR —EE B HEET 2,
Table.2 |[ZJFR{EFE DO I 2 Fetilg ik i
R,

HERTELCII T N COEM T2 7 a U D itz Bk &
2%, WIBMERED = < 72D & | bl RS AT A h—
TRHPIKARET~E 7 M5, HEWREIEE Tl
HERICA LD BVEM R E < @AM CERE S 2 R 23
R\, =720 COP @<, &2 ToE T =
> DTSR T2 D o AET LTI, IE~RIEFEDO R
SV TIIERNLS REROZT a VivRES LD
HEL LTS, REEOTZT 2 OEH COP (XL
RN ENZND | FEAPRIEFEDS K & WL F0 T
&, WIEMEREDS BEEYELL LS =T 3 v d—RTx
R —IHEREDRE 720 | ORGSR
LR,

RMAEEETIR, EA~RERO/NS W Th =7 =
VS DORREE G D o g 272 D, FEIRIEIFE D
REWVHE TR, BREDIRRE SBRL HORRERE
ST A b —7 DS M T e D, RHERIEED(EE
T, HP KRR i & 72 2BV %, Z
DT &0 HP IRKSREREL, /NS WO 2]
JE SRR KB N TWND Z E RN 0D, B E L
T, 7 amio HP RKRRIERET, KH RO T
DS EAIRE & HHATEKIRE D 2EAVINE < COP 3E< 72
5T L, MEEREDM E & & HITIR F~OBEE /NS
R epEnbHIToND, ZOXIITLTHERELE
B Z L D— RV —IHE R, UTaiE OB
AR LT AT 52 LIk il — ATl
-k —HE RSN T 5,

Table.2 Optimal heating equipment and annual primary energy

consumption for heating [GJ/household]
(see Tablel for family category)

ITRE RO —R= VX —HEELR LI bOEZ
Fh Fig.3 | Fig.4 \Z~d, Fig.3 kv | &g — A Tl
RIE A N SR T_R— R — A & T 15% L4 BN <
W5, £72 Figd K0 | SHRE0R Choii /el mikan 28
AT 52 &T, BEHBO—R=FNVX—IHEEL 37%
B C& D Z Lot

ZDZ D, FHHEFEANC X o ThROER AR T
R0 FNENO IR LR AR T S
Z L OEEM AT,

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Electric heater
" Gas heater
= Kerosene heater
Air conditioner
I Floor heater(Electric)
= Floor heater(HP)
® Floor heater(Gas)

No insulation 1992 standard 1999 standard

Total floor space[m?] Total floor space[m?] Total floor space[m?]

~40 60~80 100~120(~40 60~80 100~120|~40

60~80 100~120

1a 3.22 4.80 6.85 2.49 381 5.41 1.80 2.83 4.06
1c 510 7.68 1121 3.86 5.90 8.46 2.72 4.61 6.14
2a 4.71 7.10 10.30 3.42 5.29 7.60 241 3.96 5.37
2c 6.12 9.26 13.64 4.54 6.90 9.67 2.93 5.39 6.91
2d 4.83 7.25 10.67 351 5.38 7.89 2.46 4.05 5.58
3a 5.23 7.90 11.63 3.72 5.69 8.36 2.51 4.28 5.80
3b 6.36 9.63 14.31 4.54 6.90 9.88 2.87 5.27 6.88
3c 4.78 7.13 10.71 3.42 5.14 7.79 231 3.87 5.39
3d 5.68 851 12.84 4.07 6.11 9.11 2.63 4.73 6.33
4a 5.20 7.80 11.74 371 5.54 8.27 2.42 4.26 5.74
4b 5.95 8.92 13.47 4.25 6.35 9.34 2.65 4.83 6.50
5a 5.32 7.94 11.99 3.78 5.61 8.11 2.38 4.27 5.73
5b 6.09 9.14 13.84 4.34 6.45 9.18 2.60 4.81 6.42

Air conditioner  Kerosene heater  floor heater (HP)
5.3 R—RF5—X, HB7r—ADLLER

NR—R A — R il — AT DB KRR

Base case Optimum case

Diffusion of heating equipment

Fig.3 Diffusion of heating equipment

§ 120
a
£ 100
>
2 a0
[}
© _
sz
()
52%
2 2
E =
=5 0
a % .
Base case Optimum case
Fig.4 Primary energy consumption
6. £EH

AR 2 2 8 U T2 R ET T VOB 2 T 72, it
TR L ORE RV ROENC LY |
IREFHIBEMERE D i MR 92 2 & 2V o7z,
T A r— L Tlix, X"—A 7 — R L g — ATl —
W FNF—HEEIC 3T%DFENE L, B HHEA
U 7-BEaian 2 iR 3 5 B A /R T,

s E X #

1) HUBRIRWELRRHBEAST ; BARDKIREZE, 2015 4

2) Yoshiyuki Shimoda, et al; Evaluation of city-scale impact
ofresidential energy conservation measures using the detailed
end-use simulation model, Energy 32 (2007), 1617-1633.

3) Ayako Taniguchi, et al.; Estimation of the contribution of
theresidential sector to summer peak demand reduction in Japan
using an energy end-use simulation model, Energy and Buildings,
Vol. 112(2016-1), pp. 80-92
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BRI AL—avICkBBRAMEMICES TSI RILF—HEEDODHICET S
Study on analysis of building energy consumption in existing urban area by electric, heat load
and supply simulation
Ot 2 A Fn Bt (B KRF) oAk R (B REE)

Kazuki SASAKI*!  Hideki TAKEBAYASHI*!

*1K obe University

In this study, we calculated the time change of energy consumption in several kinds of building uses in by electric and heat
load and supply simulation, and estimated the reduction of primary energy consumption by cogeneration system operation
and the local connection of electric and heat supply between several buildings. In the case of the local connection between
same building uses, the reduction of primary energy consumption is small because the characteristics of time change of
electric and heat load are similar to each other. In the case of the local connection between different building uses, the
reduction of primary energy consumption is large because the time change of electric and heat load is appropriately

combined with each other.

1. [ZL&HIZ 2.2 RREYDETE
A<— M7 4 T, BHEOEYM T L —{it B RE T T HIRE S RE R A R E LT,
fewary ha— 3528 T, WaORIFEIRC K HEONHEITE = 3L X — i AR T H 5 2000

DA 2 fEnHOEND. £DFIHIZIL, BEHRBDOA
WA Z WU T DB H D0, BAFEwDOE

ZHR L L, BURODSFRZAT - 72, 2000 mi Al OB
ZERNT, A& - B Z L IR A8 L7, E

NRBDOARTEBERE, FICRL L OTF — X 25 =
FHDRAINAGFD Z LIXREECTH H. Z ORI L
T, Va2 lb—v a3 L0 ESRORL B AR
#FaTRIL, O RE W TEEOEwFToTx
NF -G O FTREMEZ T CRFT T 2 Z R TE 5 A
HEMER D D.

AWFFETIE, REHIEOK BRI 5Bk O =%
X —EEEMEE S I 2 — g Ik VHEEL, £
NICHEASZa—V s R —2 g VAT LADEAR)R
OS], AT VX — O W O FIREME 2 R LT

L7oARE#EY % Table. 1 1RT

2. DR ROBE
2.1 AZIBOBE

AWFZE IR X =X A5 e L, &
MT—2 3B ) L OBRYRA L b T2 VD5 H
RS L IR RS & e SEEHE R A Fig. 1,
21T Y. ZEBRE NS E ST & RO
%<, ZOIMINAEETIROBEMN B 5. RT )V, Tkt
RO T 720, FEIRRTE AR 300 G sl D JEPR
HAEIZ A5 60 HEIADIEFITNE <, 2 < /IS it
MO T= D LI TIIktgst & Lz,

Fig.1 Building use in Sannomiya district, Kobe city

Fig.2 Total floor area ratio of each building use
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Table.1 Representative building in each building use and scale

3. IRILF—HEEDHH

BIE Lo AR OBAST & =L — & & )
B B I 21— 3>/ 7 b EnergyPlus? %
WCHEIH L.
ST 1T RIFILF—HEEDEER

BEDZBNT IRV —HEEZRH L, &
FET— 4 L el U CEHE AR LT, B O4ERT 1
RN —{H B RO ER R % Fig.3~5 7.
BB TIL, Office A, B,D DFET/INE W,
Office C 1X—#&B 24 FFERE) L TWDEED & 572D
oM X v K&\, PFEEMRGOEY TIZHE - 2
T FOBEIENKE. Commerce B IXBZEDIHE EN
KZ V. Commerce CIZERUALH ZETe7= DA « =2
T NOHBEEDIEFITKZ V. Hotel A, FHBIZ
RTNVTHDHN FEIIEEREOT- O] - 2
FOEIGRRKE N, FESLT B —TRMIZHHIEEA
WDV, FHEIZ LD =R F—HEEND LRE .
FEHIBO House AlL, MH, Bgs & bk U<, %
B, M OEIG IR E . oo ik & ik L TR O
BRPRKE .
3.2 KAEIBDENERTEAERERR

FHREYNC R HAER] 8760 W DFHAE % Fig. 6~
8IZRT. FEATHROBMY I, MG U Eic 72
S TWDA, 0ffice C (F—H0 24 REfIRE@ L T\ 572
INS TR A DIFRIZ . BEEMIROEY T,
MR AN 2 B AR OFEIGH K E V. BRUGL
HZ&&ie 0ffice CIXBIAMDOEIGMRIFFIZRKE V.
fl oD FHik & Ebile L TR AR O R E WK Z V.
Hotel A VIR AL O/ SUWRERI 232\ 2 &I
MEEAMII T 2B AR OEIG IR/ S .

Fig.3 Annual primary energy consumption in office building

Fig.4 Annual primary energy consumption in commerce building

Fig.5 Annual primary energy consumption in hotel and house

building

Fig.6 Electric and air-conditioning load in office building
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Fig.7 Electric and air-conditioning load in commerce building

Fig.8 Electric and air-conditioning load in hotel and house building

4. =Pz RL—Y a3V ATLDEAME
KREMOAMFHEICESE a—Y e Rx L —Ta v
AT I (LA CGS) DA & = )L —DEiF I
DWTHEF L7z, OGS Z HUREW) T A LT56 & #
By TSR L7258 O g 2470, =8 /1%
—IHEEOHIBI R A BE LT
4.1 CGS M:Esrid

CGS OIEHRITEFEIR L L, TBIEM D DIEIR G %
RE L, ZOPEEFIH L CHIREEIR 21T ) . B
VR L D 7= D2 B — 2 B D-10%LL F CHEEA L,
BARARTRILB0% L Lic, —HmRE AR DNRIET 57
D, HEAH LV EEFHREEL L. £70, miEmERE
TP LT A I B N CER 28R L 7=, ‘iR =
ARIVD 75 < SRFIPEE & 5 B A1% C6S DiElxHE %
WO LA & OlEREZITW), 1 IR L —H%E B
D ip < Tp B EEE T 1E A BRI UTZ. Table. 2, Table. 3 (24
AR A R T

4.2 BEREMIZE TS C6GS DEARES

TEBIEY)~D CGS AT L B 1 = /L X —Hi
ZREt U7z, 3R LA Table. 4 (TR, Office A,B,D
TIX CCS EVVVARPETEE L, 1 Ik R/ ¥ —HE &
DHI S D23, 0ffice C TIE OGS 2MEAL Cihz L,
BEEFM HE < 1T L A CHI S U720, Commerce A, B
I CGS DA EVVARTEE TR L, 1 ke R /L X — 8 &
NHI SN A2, Commerce C Tl CGS 2ME AT CTiriilis
L, BB S A< 13 E A CHI S 7220, Hotel A
T CGS D3RR TR 2 2%, iR & bICR
RGN K & <, BHARICK 2 iR EATR OEIE
DS WEFFIR RN 28 1 IRV —1HE B OHIK
ZhEIF/NE U House A TIEXEHAMA/NEL, OGS 23
AN CRE L, AR 5B EAR OES
MIEF IR E WD RFIFEE I 72 ASERBIRF ] 35
<, 1 RERLF—HEBROHNBEARIT/ N W
4.3 TxRILF—EMFAOKRE
FEMOAMFHEIC IS & =3 L F — DRI %
BET U7e. B 8 7= 0 OB AR/ E <, C6S AMEHA
faf1EHiE & 72 o 7= Office C & Commerce C (ZITHEDEY)
& OHEBFINC L0 @O FREM R B 5. £72, 1
& A 0/ X 72 AN R < {RZhER D Hotel A 1, #iiE
AffOREZWEWY) & OmpIFIH TRz O rTRENE

o
Table.2 Equipment specification of cGs?
Model | Electric power Auxiliary Waste heat Gas )
number generation power consumption
EP400G 400kW 20kW 316kW 87.6m/h

Table.3 Equipment specification of absorption chiller?

Waste heat

Model Cooling Auxiliary
number Capacity recovery power
amount
NZdJ-400 1,407kW T22kW 42kW

Table.4 Annual Primary energy consumption and reduction by CGS

Existing use Introduction | Reduction
of CGS rate
Office A 50,324 46,112 -8.4%
Office D 13,480 12,431 -7.8%
Office B 19,259 17,848 -7.3%
Office C 11,755 11,585 -1.4%
Commerce A 76,464 70,225 -8.2%
Commerce B 45,515 40,803 -10.4%
Commerce C 24118 24,007 -0.5%
Hotel A 61,526 57,366 -6.8%
House A 20,500 19,953 -2.7%
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WD, ZNH0EY L DOEEEAZZE L Table. 5 1T
THpE A — A B E L=, Table. 6 [ZEH ARG B4R T

Casel T, MIEERHIRREHEELD/ NSV Office €
OHPFIHTIL OGS AMEAMTERS & 72 > 7223, HRIF]
XY GamTEiR S 700 | IRER LT —IHEENH
BRI L0 B S iz B L, CGS OREBIFRERRITZA L L
2N OEIRE T/ X V. Case2 Tl, Commerce C MDHL
A TIX OGS AMEAMERER & 72 o 7223, IR
XV EARHES & 7 o 7 BRI O 2 k120 72 < A
WL/ NSV, Cased, 4 T, HAVFIAIC X 0 HIEHERE
DEFHEED NS, £ 72, CGS OB N E L 220
L IRE RV — BB S . [F CHEO @Y <
ERIRIFH 21T o =345 (Casel, Case2) 121, Bfarheit
PTEY 1 R —HIEZ R NS0, B
WROBEY) CHIFI A 217 o 124856 (Case3, Cased) 1213,
BTN S AR S AL OGS ORFMRERE A2 = &
T 1 ReVF =B ENHIR S .
441 RIFILF—HIFEDES

Fig. 9 12 CGS IC LD FER L | R RLF—IHE &
HITRER DB 2773, OGS 1T X BB EDOEINI L 1
W VX —{HE BT S 5. AL, Hotel A X°
Commerce A M X 9 IZRFIFEEN K & EHIEERIT/N S
PRIV 21T 9 2 & TRAMDER S C6S O
BRI 5 Z & T 1 IR LT —HEREDOHIE
FIIKRE L Ao 7o B L, AMRHEDIT W@ R L O
HIFIHI Tl C6S DB@R O 2 kid/h & < HBERILH
F OB L. ARREICEV DD B &, 0GS DR
RERAMENINT 5 7= O HBERII R X < 72 5.

5. #&im

FEHTH X =B I3 C, R - B T R
KW ZEE L, B B I 2L —2 3 V& T
7o BIRBDOKZ Z & OAMFHEIC ISV THEE D
M TOT RN F MR L 2E =R —2 1%
Wt Lc. 2 OfER, HRIRIHZAT 5 2 & THRAMPE
R S AU CGS ORISR AT 5 Z & T 1 IR R/LF
—HE BEOHIBERIIR E 2o 7o, ARFRED T
WIRCIE 1 IRE= R —HIRBEARIT/ N A, Afirk
PED ST 2 R CrE IR A 21T o 7235 A L, AfT
DEYIZERL S 1 RV —HEEDHIR S
7-.

Table.5 Case study of several buildings connection

Case Combination

Casel Office A~D

Case2 Commerce A +Commerce C
Case3 Commerce A + Hotel A
Case4 Commerce B + HotelA

Table.6 Reduction of primary energy consumption

Case Existingtotal(GJ) |Single use total(GJ)| Planaruse(GJ
Casel 94819.6 87977.4(-7.2% ) 87075.2(-8.2% )
Case2 100582.5 94232.8(-6.3% ) 92885.7(-7.7% )
Case3 137559.7 127592(-7.2% ) 124287.5(-10% )
Cased 107041.9 98170.4(-8.3% ) 94523.7(-11.3% )

Fig.9 Relationship between power generation amount and annual

primary energy consumption

A ATEORTIC b1 Y IRREHE BT O
BB, $RSRHEIRIC Z ST . B AR LET

2 iR

1) #RA &4 ZENRIN,

http://www. zenrin. co. jp/product/gis/marketing/ma
rketing04. html

2) KIRAT Akt

http://ene. osakagas. co. jp/product/cogeneration/1
186581_2619. html

3) IR TR,

https://www. khi. co. jp/corp/kte/pdf/catalogue/01—
02_ANJ0305. pdf
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T49 bRRYZTDHKS - BKVRATLDEIRILF—
—KEBHE - T—ILRRKDOEIC & 2 BB RHEIRA K—
Thermal Analysis and Energy Saving of Hot Water Supply System in a Fitness Club

Ok # fR GUEERS) ot B — GUEKRT)
+E E— (BEEEN) pree TR GUEERS)
Sumiyo IKEGAMI*!  Shuichi HOKOI*!  Shinichi DOI*? Chiemi IBA*!

*1 Kyoto University *? Kansai Electric Power Co. INC.

In fitness clubs, there are usually facilities such as an indoor pool, big baths and shower rooms, and a large amount of
energy is consumed for the hot water supply. In this paper, we compared the calculated energy consumption (heat loss)
from the hot water supply systems for the baths and the indoor pool using the design formula (SHASE) with the measured

results. Next, we proposed a dynamic model of thermal calculation, and examined the influence of insulation on the heat

reduction.
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Fig.1 Hot Water Supply System
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Fig. 2 Supplied and consumed heat (2015/8~2016/10)

Table 1 Calculation of heat loss from bath and indoor pool
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Fig. 3 Hot water temperature and room conditions (Measured)
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Quantitative Evaluation of Energy Consumption and Heat Loss

on Hot Water Supply and Heating System of Nursing Home
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In Japan, with an increase in the aging rate, the demand for nursing home is increasing. Such facilities are

equipped hot water supply and heating system and require a lot of energy for bathing, preparing meals and heating rooms.

In this study, the temperature and the flow rate of hot water were continuously measured, and then the energy consumption

and the heat loss from the system were calculated. Furthermore, on the basis of the results some effective energy-saving

measures were examined.
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(B 1#) EVEAOEOIRILF—LICET HEHIAE
~RKIETIZIRZEAT Y VNRRAERREL T~
Creating Zero Energy Buildings through building management:

Case study of Sugimoto campus in Osaka City University

OX T&F7F (RIRHNLKRE)
Chikako Azuma, Osaka City University

Nowadays, ZEH (Zero Energy House) and ZEB (Zero Energy Building) in which the net amount of primary energy

used in a building is zero or less due to saving energy and using renewable energy has been gaining attention. In this

research, the power consumption in Osaka City University Sugimoto Campus is analyzed for changing Osaka City

University Sugimoto campus into Zero Energy Buildings through building management.

1. [ZL&HIZ

HIERIERE (L ORI T % 002 BIED 7=, BB = *
NF—IFRE L 2o TV D, T, WAARKEKIZE
D ENFTEROEE, ERESOZIZ XL D =¥ —
iR R EA LT K B O = 3L X — B IR O LB
IR R EIND L 91272 > TRV, BIDOBREENE %
EFSEDZ LR ARERRY 0BT L FFAERTRET R
NF—DFEANTHEMO—RTRLF—NERTE R
5. 7B (Bo « ZRLX— N R) /B (o - =
FNAF— - BT 4 7)) [ZHEADETE - TND, B
DB =R E T DIl LT T —THE AR
EFAERREZ XL X—DF|H &) 2 SOMENEE T
H5,

AR T, RIANERFP A RN, =L —HE
DOEBZARE LD, FHAERET R X —2FIH L,
WEAF O 2 BN L » THREB O = 3L F—18% % 1EBE
TERrIZTAZLEEZ TV, 79| KEOZFLX
—HEDORXRESE O TWDEHEEICELT, O
AR LF—Z2FHA LT 7202, —HOME
FEORZIREA L FEROFERIC L D2EBZHHET 52 &
QOWHEBIHIROT-DIZ, EO L) IEEOEIGNRE
WODPNREYET S 2 L & B2 BHORM AR
T5Z BB EIT -T2,

2. Ak

KRN IEERAF v L2 (B2 A< Aseige
Bl OSCREPEEL D EIE T 2 ARMEHIX, 22w
B OREEZ T DHESLIIIIFET O 8 5 IR B X
PR EITE 2 BRI O F BT~ T a2 x4
ET 5,

EIHEET — X IR L T, KREBENO =R ¥ —

BHER (T () CHEHEL., 2013 4 AD
2016 FE 3 A £ COT—X 24 %,

[E2€: 310178

e g2
IEl- DMQ
i i D

T EoE

AL X

Fig.1 Site plan in Osaka City University Sugimoto Campus
Table.1 Overview of buildings in Osaka City University Sugimoto

Campus
Building [ Structure  [Gonstruction area(n) [Total floor area(rm)
A:Humanities Colleges area
1_[Student Support enter RCS 1808.78 353154
2 _|Kokai Engineening Hydraulics sLi 1418.38 1551.15
3_[Tanaka Memorial RC3 1628.60 333728
4| Law Faculty SR 87433 646001
5 ic Research Institute RC4 1096.21 4064.22
6_|Urban Affairs Center RC3 25920 89424
7 |Literature Faculty RC4 1797.09 6801.33
8 _|Business and Economios Faculty RC4 1229.36 475794
9 |Takahara Memorial S2 937.52 1448.27
B:0ld Liberal Arts Clleges area
10 |University-wide General Education RC5/B1 4693.93 12642.79
11_|Advanced Research Origanizarion RC3 137095 628202
12_|Gommon Reseach of Science RCS 1257.98 373464
13 |Basic Education Laboratory SRS 749.69 2597.58
C:Sience Colleges area
14 [Sience Faculty RC/B1~4 6586.22 23030.28
15_|Engineering Faculty RC/1~6 907125 2761968
16 |[Human Life Science Faculty RC1~4 3663.97 8485.42
Academic Information Technology Ce
17 SRC/B1~10 2864.94 37434.00
Café in Academic Information Technc

Table.2 Overview of Sections in Osaka City University Sugimoto

Campus
Sections Construction area(m) |Total floor area(n)
Humanities Colleges area 22186.38 96569.38
old Liberal Arts Colleges area 17446.45 39600.46
Sience Colleges area 20190.74 49725.61
Total 59823.57 185895.45
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Fig.7 The details of power consumption in a day
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Fig.9 The distribution of power consumption in fiscal year 2015
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Fig.10 The distribution of the temperature when the power
consumption is more than 1700kWh in fiscal year 2015
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Fig.10 The details of power consumption the day that the peak power
consumption is more than 2000 in fiscal year 2015

4.3 BHHEBEELKERICET 55
B — 7 B DOFREICH DIRMN DL K BB E I
KL OBENE 2 D, 2 fzm3$ﬁﬂ%2m5
FEE COHTHXOEEE DK, REEHIX DOFE
& KRIROAKIRDBIRIZ DN T 21T~ 72,
ZORER, HZ& (6 A~9 H) REWIMOTEERH
FREIMTHOI TV D 9:00~18:00 & FRE) DOZEEIZEH)



A-87

IR L IRORN, BT HIK, AAFHIX & 41
< R b7, BTHXTIE, 20CLAETHRAL, 35°C
TIL300~4 0 0kWh OFENMENRHET D, AfEH
X CIE. 20°CUA BT L, 35°C T 200kWh 1E E3E3 5,
— )7, AFFTEFL AT, BAOME L KIEOREN
PN Tz, 1272, T AFERHOEN S 2 nlREMEN

HLDOTHRTHRDLUEN D D,

500

-

E 400

— ‘-g

O 300 BN

B x5

o : 2

E 200

=

2 3

c X

O 100 o

(8]

5 %

s 0 ‘

o A ot

a X

-100
0o 5 10 15 20 25 30 35 40
0,
Temperature(°C)

Fig.11 The relationship between temperatures and power
consumptions at Science colleges area during the term of classes in the
summer in fiscal year 2015
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Study on the reduction effects of primary energy consumption in the heat interchange system among
buildings —Estimation of the system efficiency gain by shared use of a highly-efficient heat source
equipment in real operating conditions-
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In the thermal grid system of the heat interchange system where the demonstration test is conducted in the INTEX Osaka, a

high efficiency heat source machine and a loop piping have been introduced into the existing heat source equipment. The heat

source machines have operated preferentially with the high efficiency and indoor air has conditioned in each building with

reduced primary energy consumption. In this paper the primary energy consumption between before and after introduction of

the system is compared using both real operating data and simulated data. As a result, when the cooling load was 24% and 18%

with respect to the total refrigeration capacity of the heat source machine, the reduction rates are 21% and 36% respectively.
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Building Number 1 Building Number 2 Building Number 3|High efficiency heat
source machine
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:Air Condionor E:Heat Source Machine
:Cooling Tower :Roop Piping

@:Cold Water Pump @:Cooling Water pump

Figure 1 Outline of air-conditioning equipment in exhibition holl

Table 1 Performance of heat source equipment

Refrigerating

E'\(l]ulprr:)ent Equipment Name Capacity cop
umnber USRT N
Building Number 1 R101  |Direct Fired Absorption Heater Chiller 600 0.94
Building Number 2 R201  |Direct Fired Absorption Heater Chiller| 800 0.87
Building Number3| R301 |Direct Fired Absorption Heater Chiller 600 0.94
Building Number 4 |[R401~R404 Hear Pump Chiller 102 0.89
. R501  |Direct Fired Absorption Heater Chiller 550 0.82
Buiding Number 5 - - - -
R502  |Direct Fired Absorption Heater Chiller 280 0.83

R601 |Direct Fired Absorption Heater Chiller| 1,000 0.86

R602  |Direct Fired Absorption Heater Chiller| 1,000 0.86

Buiding Number 6 R603  |Direct Fired Absorption Heater Chiller 300 0.83

R604  |Direct Fired Absorption Heater Chiller| 1,249 0.86

RG605  |Direct Fired Absorption Heater Chiller| 1,249 0.86

Addition R606 Turbo Refrigerating Machine 500 2.24
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Figure 3 Calculation method of correction coefficient

Table 2 Correction factor list

Eqipment R602 R604
Number R101|R201|R301|R501|R502 R603 (R605)

(R601)
Correction
Factor 156 156|129(194|194( 160 |1.74| 1.68
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Figure 4 8/21 Image of operating status

Table 3 8/21 each condition used heat source machine

Shared use of high efficiency

Individual operation estimate .
heat source machine

R101,R201,R301,R401,
R402,R403,R404,R502,
R602,R603,R604

R201,R301,R501,R502,
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[0 Gus cooling tower B Cooling water pump

M Heat sourse machine [ Cold water pump O Grid pump

700 7 Reduction rate
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(G))
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100 ~

®Individual operation
(Updated heat source)

(@Shared use of high
efficiency heat source
machine

DIndividual operation

Figure 5 8/21 Comparison of primary energy consumption
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Figure 6 7/3 Image of operating status

Table 4 7/3 each condition used heat source machine

Shared use of high efficiency

Individual operation estimate .
P heat source machine
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Figure 7 7/3 Comparison of primary energy consumption
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Study on Thermal Energy Storage Air Conditioning System utilizing Aquifer
(Part2) Influence of heat storage temperature on energy conservation
for seasonal thermal energy storage
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Thermal energy storage air conditioning system utilizing aquifer can contribute to energy conservation by using ground

thermal energy and waste heat from buildings. The purpose of this study is to estimate its introduction effect and the

influence of various conditions such as heat storage temperature and operation method on energy conservation. In order to

achieve the purpose, we build Aquifer thermal energy storage system simulation model. Through simulation study with

this model, the power consumption of aquifer thermal energy storage system reduces up to 30.9% compared with existing

system in a year.

1LHARER - BW

11 HEER

HA BRI I & OO B oWz LD, o
O— X R—TF A —F ) — 1IN 5, B
Z M S AEER SR P AR RIS 5 7 v — X
RA—T 13 EN D0 | Z< ORBEEEL72DIC
IS DOH TR E L 72D, — T, HITFKRESKLT
BN EAZ RIS 24— 7 2 —T 13 1 RO
TEL OB EET D Z ENTED, KEELT,
HTFIKOEZKIZ L 2 Hillgik o P ORZER ST Hivs
2, ZHHOREICONT S, =T —T D KR
HEA T B RN CIIBRI AR IR 2SN SV TR Y . BRIN
DIRAEBEBIZTHZ LT, A% ARICBNTHFRS
nNdEEZLND, ULDZ L, ARFETIIHA 1
KT ODBFAELE LR TE DA —T L L —T7 5K
OHTHHKEERZEF S AT MIEH L,
1.2 FKBERZR L AT L

HKEE N AT L (ATES) 1%, Hirp#A A /i
BEOBRE LCTRIAT S & & bio, BIgERICRAET S
WIRBEEAE @ T O KBS L CRIfT A2 & T
BT RV —RERIFCE 5, EEHICRBNTL
P REPICBEE Lz &b e— T A T REL
BOEFRE L CTHHIFRNTE 5,

1.3 BAER B/

R AT LOBNZANT, EH OITEHR OB EIER
(X D BEIERIK 8 BT OND Z L AfERL, 2=
L— g AR Z0FERER AR T 5 E TV
EREELLTZ D, Fio, HEE D 20WED IIIFHIM ToE
BRI 2 0E LI RO FEBR 217> TR0 . FEYA
I NEED I ETEAEERS EH Lz EHE LTV 3,
ZDOE DI, FKEOREISEIZE L Cldkkx Zefatns
TRENTODA, EEERHOEM AT 5 AT
TR 7= 5700,

T, AR KEAERET L 92V,
HMERAAEEE LY Ial—1a il Ar—ARA
T A EBUT, KVAT LOEERFE & B FHBHR
I 72 & OFEREITENE T R F— 2 AT AT 58
LMY B,

2.3 alb—2a &l
2.1 BER/ B —>

AWFTETIX, FEREOIERL T IEIVE =)L — 2R
W RAET A ST D72 0OIZLL R 3 DDiE R S
H— B RRE LT,

O WE&HKEE (Fig.1)
W FE&MTKEENT, AW DBEE A 2 Vs UL

L. HIFKZRFAKE UCRIAT 5 &R mHERE



WK CEET HEf5Th 5,

©@ ®EEFRABE (Fig.2)
EHFIRMEIL AWNTER LI IKIZ L AT
BT DK E T T DB CThH D, MAKD THEIZK
0 VRS OB 2 BT D 2 & TIHEE S OHIEN
HIRFCX %, WKETHHROM FKIT AT~
RE (18°C) TEKT 5, eBmAVKITMABRIZ LY
W5,

@  BJEAFAME&IRKZEE (Fig.3)
KRB &IBAKEENL, AHNEEA LT
KIZE Y BHKEGHEIT H#EIETH D, T KEHE
& LTI 2 2 & Trimmitgo COP M BT
&5, £z, WERRHCREET DIRIEEE SR~
BT 5 EENEEITEYKIRE+5C), 7ok, HITFKIZ
L GHHKEGHIT BT OmEERII V2,
PG & T DRV AT ML, BEREANE LS e —

FARCATT VB, AL 2 i & A X

0 ALPRA B iEER L T 5> TN D,

2.2. BNRREERSE

AHFFECIE. Modelica Buildings Library PICZEHE ST

WAERBEET L E W TN D, ZOET /U Tablel |2

Demand

: refrigerator

E : Evaporator
C: Condenser XN XN

@ : Cooling Tower

HEX : Heat Exchanger

Hot Well

Cold Well

Fig.1 Heating & Storage (ATES)

> oemans >———

RTRIEEAY ATRE/R U & Table2 |2~ 325/m e — haR
VT OB A RHL TR 2 b—y g TV,
2.3 T—REEE

Al U7-id#fis S 2 — o 2 E % | Table.3 12779 4Case

({2 C Table.4d DEHZA Y =—)L (FRIEI LA 2358

ELRWERE) TYRalb—va a1, LFIUR

7~ Case DIHHRIZ K V) | EENRECEHA TV ENNVE =R V¥

—NRIC N E T RS D,

* Casel 13tk AT L TH D, Casel & Case2,3,4 D
I X OAR Y AT AOBRERET 5,

- Case2~4 |Z ATES TH Y, Case2,3 ITLHDOEENE
FED 6°C, Cased 1313 CE L7z, ZDHHZIC X &M
DFEEGREDE =R FA LI T THEE RS 5,

+ Case2,3 IZEHADIER XX — L 372V | Case 1TEEN
L7= PR &2 BEEFIAT 2Dk L, Cased | XE ]
FICEFAKFIR 2092 KIRE T 13°CYIv
Z)e INHOWEZEY 2 SOMEIRE AT 52 &
\Z K DR AHET 5,

- Case4 1%, HHOEIRIBFKFIHO A L 725 TEY
Case2~4 D HHERIZ XV EHFIH & BKFIH O R

RS 2,

>«

Hot Well

Fig.2 Cooling & Direct (ATES)

XN X I Xyq

Cold Well Cold Well

Fig.3 Cooling & Heat Source (ATES)

Hot Well

Table.1 Refrigerator Table.2 Heat Pomp
Cooling Capacity kw| 700 Heating Capacity kw| 180
Heating Capacity kW 850 Hot Water Inlet Temperature °C 40.5
Chilled Water Inlet Temperature °C 14 Hot Water Outlet Temperature °c 45
Chilled Water Outlet Temperature °C 7 Hot Water Flow Rate m3/h 34.4
Chilled Water Flow Rate m3/h 86.4 Air Inlet Temperature °c 16
Cooling Water Inlet Temperature °C 19.0 Air Outlet Temperature °c 104
Cooling Water Outlet Temperature °Cc 23.7 Air Flow Rate m3/min 124.8
Cooling Water Flow Rate m3/h| 139.6 Power Consumption KW 39
Power Consumption(Cooling) kW 70
Table.3 Case Study
Winter Summer Table.4 Operation Schedule
Case ;
Operation Heat Storage Operation Heat Storage Season Period Load
Temperature Temperature Winter 12/1~3/31 Fig.4
Existing | 1 Heating - Cooling - Middle 4/1~5/31 -
2 | Heating & Storage 6°C Cooling & Direct 18°C Summer 6/1~9/30 Fig.5
ATES | 3 | Heating & Storage 6°C Cooling & Direct,Heat Source | 18~23°C Middle 10/1~11/30 -
4 | Heating & Storage 13°C Cooling & Heat Source 18~23°C
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