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Metal roofing without good insulation could cause serious issues on condensation and thermal performance, especially in

mixed climate zones. Improvement on hygrothermal performance is essential for metal roof since roof is one of the most

significant components for affecting hygrothermal performance in the building. Better hygrothermal performance and air-

tightness as well, ensures significantly decreased HVAC loads and can provide impactful design for low-energy and

sustainable buildings envelope options. In order to find out the best solution, research on hygrothermal performance of

various countermeasures on corrugated steel roofs are numerically analyzed and In-situ monitored for mixed climate zones.

1. Introduction

Roof is one of the most significant components for affecting
thermal and moisture performances in a building. The roof is the
building surface that receives the greatest amount of solar
radiation in general, with more than 60% of heat transfer occurs
through the roof regardless of weather.”

A roofing material market survey conducted in Japan
addresses that the roofing material market size in 2019 increased
by 1.3% from the previous year, with metal roofing materials
driving the market. Moreover, share by material in Japan’s
domestic roofing material market in 2019 shows that metal roof
has the highest percentage share, which is 64.1%.2 Therefore, it
can be presumed that metal roofing is widely used in Japan and
its usage will increase in the future, mainly in residential
buildings, warehouses and factories.

Metal roofing are known for its durability, low-cost, minimal
maintenance and longevity. However, metal roofing without
good insulation causes serious condensation and thermal issues.
In mixed climate zones of Japan, freezing and dew condensation
during the winter and rainy season are troublesome and frequent
incidental problems that bother builders and facility managers,
and an affordable solution is long-awaited. In order to find out
the most affordable solution, analyses on hygrothermal
performances of various countermeasures of building envelopes,
with special focus on corrugated steel roofs are to be investigated
for mixed climate zones. Various insulation materials and shapes

of metal corrugated roofs as well are to be analyzed for both

retrofitting and new construction. The windows application
THERM?7.8% is applied for computational configuration and
performance evaluation for roofs with various insulation
strategies. Besides, in-situ monitoring with real scaled specimens
is carried out on the building of Meiko Kensho, Co. Ltd. in Fukui.

With improved hygrothermal and air-tightness performances
of metal roofs, HVAC loads can be reduced significantly and
impactful design options for low-energy buildings and
sustainable building envelopes can be provided. This is
beneficial on the long-term energy and cost reduction with the

lower emission and overall environmental impact.

2. Outline of Computational Method

The two-dimensional steady-state heat conduction occurred in
folded-plates steel roofs are examined by THERM7.8 software®
provided by LBNL. The Windows application THERM is
mathematically modeled by the finite-element method and
features built-in heat transfer analysis. Materials can be
manipulated under steady state heat conduction and irregular
shaped cavities for radiation heat transfer can be handled as well.
The calculation results can be viewed in several forms, including
U-factors, isotherms and heat-flux vectors.

3. Computational Geometries and Conditions
Improvement on thermal performances for both renovation
and new construction are evaluated for several variations of

computational geometries. Renovation or retrofitting is a metal
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roof repair process consisting of double layer corrugated steel,
where the existing metal on a building is overlaid with another
layer. However retrofitting results have been examined certeinly,
newly built roof geometries consist of the single corrugated layer
are to be illustrated since this manuscript has a limited space.

The first option is to select insulation materials such as
Fiberglass, Lami-pack SD-S and PEF™. Lami-pack is an air cap
with double-sided aluminum foil while PEF™ is self-adhesive
polyethylene foam. Only PEF is directly taped on interior surface
of roof. As an example, the geometry with 12mm Fiberglass is
as shown in Fig.1. The next parameter is to select air cavity
without ventilation or with slight ventilation. The last option is to
select short-wave and long-wave radiation parameters for regular
or highly reflective surface (Sipoface paint).

For winter calculations, the temperature is set at 10 °C for
indoor and -18 °C for outdoor. These temperature values are
extracted from THERM software. The thermal property and
thickness for each material is as shown in Table.1. Boundary
condition parameters are shown in Table.2. Frame Cavity for
non-ventilated and slightly ventilated has no conductivity and
emissivity value assigned.

4. Computational Results

Although there is temperature contour and heat-flux vectors
results illustrated for each geometry, only the effective U-factor
comparison is shown in Fig.2 because of limited space. In the
figure, the following abbreviations are used; that is, FG25: 25mm
Fiberglass, FG12: 12mm Fiberglass, Lami-P: 4mm Lami-pack
SD-S, PEF: 4mm PEF, Naked: no insulation, SIPO: Sipoface
coating on exterior surface, NoSIPO: surface just as is, SV:
slightly-ventilated air cavity and NV: sealed air cavity.

U-factor is regularly defined in one-dimensional shape.
However, these cases consist of two-dimensional geometries
where interior and exterior boundaries have different
accumulated lengths. In order to compare cases, the shortest
length is adapted to convert the two-dimensional results into
effective U-factors.

Results shows that FG25 result has the best performance,
followed by FG12, Lami-P, PEF and Naked. Sipoface has only
little influence on effective U-factor since cases are only applied
to nighttime situation. However, NV shows slightly better
performances than SV.

5. Purpose of In-situ Monitoring

Since computational conditions adapted in this thesis need to
be validated for its applicability, In-situ monitoring is carried out
in order to make precise comparisons. The parts that are difficult

to parameterize by calculations can be confirmed with actual

ZESARFN - AR TR s
IR TE R SRS (2022, 3. 11)

measurement, such as temporal variation impacts on solar
radiation, long-wave radiation, temperature and relative humidity.

The field monitoring is done in Meiko Kensho’s research
building. In the research building, dew condensation occurred on
the indoor side of the metal folded plate roof and a conventional
heat insulation measure that is PEF tape, is used. However, after
a certain period of time, the PEF will deteriorate and peel off.
Even if the existing PEF is peeled off, the PEF tape construction
is performed again, and the peeling is repeated in about 10 years.

In order to find a more durable and economical alternative,
excellent dew protection measures are to be investigated. As
monitoring and actual measurement is done in the research
building, the peeled PEF is not repaired.

1001.68

Air cavity
Insulation

& 112

Fig. 1 Two-dimensional cross-section of folded-plate steel roof

with 12mm Fiberglass (mm)
Table.1 Material Properties
Material Thickness Conductivity Emissivity [-]
[mm] [W/mK]
Galvanized Steel 0.8 45 0.23
Fiberglass 0.04 0.9
25-12
Lami-pack 4.0 0.034 0.09
PEF™ 4.0 0.031 0.9
Sipoface 0.2 0.09 0.23
Table.2 Boundary Conditions
Boundary Convection Radiation Relative
Condition | Temper Film Humidity,
ature Coefficient Humidity
Ratio
Exterior -18°C 26W/m’K Automatic 50%,
Surface Enclosure 04
Interior 10°C 329W/m’K | Automatic 50%,
Surface Enclosure 3.8
NV, NoSIPO
— ® No insulation (Blank)
§ wv,sipo PEF 4mm
“_g - Lami-Pack 4mm
2 SV, NoSIPO Fiberglass 12mm (FG12)
- I
® Fiberglass 25mm (FG25)
SV, SIPO
——
0 1 2 3 4 5

Effective U-factor [W/m2 « K]
Fig.2 Effective U-factors for folded-plates steel roofs
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6. Monitored Roof Sections and Hygrothermal Sensors

Fig.3 shows eight different dew measures being tested.
Abbreviations and application method are as listed below,

1. Blank [ASIS] (No insulation)

2. PEF [PEF] (Taped onto plate)

3. Lami-Pack SD-S [LAMS] (Below plate)

4. Corrugated Plastics [COPL] (Below plate)

5. Fiberglass [FGMT] (Below plate)

6. Urethane Board [PUFB] (Below plate)

7. Solar Panel [CVPV] (Above plate)

8. White sheet [CVWS] (Above plate)

The insulation material 3, 4, 5 and 6 in Fig.3 will be closed
back and the air gap between insulation and metal plate will be
slightly ventilated. Fig.4 shows location and names of sensors
while Fig.5 shows the various meters on rooftop.

Fig. 3 Tested Specimens for Various Countermeasures
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7. Monitored Performance Results

For observation results, on 23rd December at 8.30am, there was no
dew on metal plate’s interior surface for PEF, CVPV and CVWS. Next,
LAMS, COPL, FGMT and PUFB were thinly covered with ice, while
ASIS is heavily condensed.

For metal plate’s exterior side, snow remained mostly on South-faced
slopes of only FGMT, PUFB and COPL sections. It can be thought that
FGMT, PUFB and COPL’s air cavity gap between metal plate and
insulation material is well sealed with lesser thermal and moisture
leakage.

Moreover, snow was accumulated much more on South-faced slope
surface as shown in Fig.6 even though South-faced slope surface is
warmer and receives sunlight while North-faced slope surface is in the
shadow and colder by touch. This may be caused by nighttime radiation
and radiative cooling.

° T-CC sensor
(Temperature sensor)
w4 Capacity Type Polymer
RH Sensor
wy Hot Wired Anemometer
for low velocity

2. Heat Flux Transducer

£E_Co,C ion Meter

Fig.4 Location of sensors on metal plate roof

@ Pyranometer 1 for Global Solar Radiation
@ Pyranometer 2 for Global Solar Radiation

@ Ultrasonic Wind Sensor

@ Temperature and Relative Humidity Meter
® Precipitation Meter

(® Radiation Balance Meter

@ Pyranometer 3 for Reflective Solar Radiation

R

; Sipoface Board

Fig.6 Snow remains on South-faced Slopes
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Only results between 22 until 24" December 2021 for Blank,
Solar Panel and White sheet is shown in Fig.7, Fig.8 and Fig.9
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Fig.7 Surface and Dew Point Temperatures for the Bare Roof
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Fig.8 Surface and Dew Point Temperatures for the Roof w/ PV Panels
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Fig.9 Surface and Dew Point Temperatures for the Roof w/ White Sheet
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Fig.10 Relation between measured and identified albedo,
corrected with black (4.3%) and white (82.6%) sheets
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respectively. Blue line indicating dew point temperature need to
be lower than other temperatures to avoid condensation. Result
shows that when PUFB is compared to COPL, COPL is better.
Meanwhile, when CVPV is compared with CVWS, the CVPV
is better. Overall, Solar Panel shows the best dew performance
than other sections. This is maybe because the solar panel acts as
a good barrier between the outside air and the metal plate.
Fig.10 show results where the measured solar reflectance for
the flat surface was calibrated with a white and black sheet whose
solar reflectance are known in advance, and compared with the
solar reflectance in the manufacturer's catalogue value (Sipoface).
The identified solar reflectance value for Sipoface paint is 84.5%,
shows very good agreement with the catalogue value of 84%.

8. Conclusion
Analysis

countermeasures on folded-plates steel roofs were investigated

on hygrothermal

performance of various

for mixed climate zones and In-situ natural exposure
performance monitoring under severe winter conditions were
carried out to support numerical results. Results show that Solar
Panel and White Sheet Covers demonstrate better performances
in reducing the impacts of night radiation on the roofs. Sipoface
paint and non-ventilated air cavity assist the performance

improvement of metal roof as well.
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In this manuscript, dynamic hygrothermal simulations dealing for multiple zones in a building which implement interzonal

airflow networks are numerically analyzed by using the Windows application WUFI ® Plus with the airflow function. The

computational object is a high performing single-family detached house with traditional timber framed modular panels to be

built in Chiba Prefecture. Under the intermittent air conditioning situation, the influences of moisture buffering insulating

material infilled in the partition walls are examined in details. Results illustrate impacts on the autonomous indoor

hygrothermal quality controls and the reduction of AC loads as well.
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Fig.1 Overview of the model house in WUFI Plus 3.2
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Fig.2 Plan of the model house
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Table.1 Designated average airflow rates
Volume SA EA

Zone Room 3 5 3

[m] [m'/h] [Vh] [m’/h] [1/h]

1 Bedroom 38,0 78.0 2.1 -

2 Children's room 26.1 65.0 2.5 -
3 LDK+a 123.6  62.0 0.5 62.0 0.5
4 WIC 14.3 - - 21.0 1.5
5 Bathroom 19.0 - - 86.0 4.5
6 wC 7.1 - - 36.0 5.0

7 Attic 71.9 - - - -
SUM 300.0 205.0 0.68 205.0 0.68

—k{ Children’s room

wC

Walk-in closet

EA
&/ Batoon |

Fig.3 Multi zonal airflow network

Child
MBR
LDK

Child
MBR
LDK

1234567 89101112131415161718192021222324
Time [h]
Fig.4 AC schedule (Top: Weekday, Bottom: Holiday )

ZESHEN - R TR T S
FITR IR S OCE (2022, 3. 11)

r¥a—/v (Figd) 1A - IRAD 2 RE—UZFRE L
TW5, WEDIRA 4 H30 H~10 A 13 B, EEER%
10 H 18 H~4 A 25 H & LT, Ei= DR 20~25°C,
FERHILEE S 40~65%%itiT=3" & 5 EHT 5,

4. FREMDETE
WUFI Plus #3256 - C, HHEED Y BEZ FeE3 2 5T
Wbt 2 30E Uiz, FRBMRENS IR  CE 2/ & LT,
O Bro—xTyFA—
© KEfRHERERT GUTEX
@  ANEMGHENTEES Pavaflex
@ EEHETEGS Swisswool
D 4 FhEZRGEHEARI ST T, S OKRASILBAR TR
L E/KED T T 7 % Figs, Fig6 (T, FEXHEE 40
~80% DHIFAIZI T D BEKEDOELEN R RKE W
GUTEX Z it ERED & D84 & U CRIEICHW =,
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Fig.5 Water vapor diffusion resistance factor (1)

50
—GUTEX
40 - —Cellulose Fiber
B —PAVAFLEX
B —Swisswool
=30 -
g
=
S 20 -
5
«
Z 10 -
0 - — 1T
0 02 04 06 038 1
Relative humidity [-]
Fig.6 Moisture storage function
No Filling GUTEX
100mm | | 100mm |

Interior gypsum board 12.5mm
Fig.7 Assembly of partition walls



A-28

5. TERR

EWTEL - B ERAEEET WZE LT, WUFIPlus
Airflow F$REZ V- S HERSGEH R 2 Uiz, [t BE
DOHZEEIREREWT (GUTEX) Z2FE A0,
ARSI R 223 T ORI 0 BEOR - B4R, &5=iR - 1BER
FOENIREEME PMV) . 25HAR 2 BAETHI L, F
HLZ2WGE (NoFilling) & Okl A Lz,

ESIRAE A A2 &1 3 Ao, LDK & EEMOMH:
) v BEDE EMFR i OETEI L ORI O R A 8 %
Fig.8 | 2R T, FEZEHARHIM 77— R & HIZRHEE) 0 BED3 K
WL HAIZE - IR BB L CDd, FIEAR LB
WATNRE VDI, MO0 BEE B U sy —

(LDK) ~E - BB ENT 2B LB 6D,
GUTEX FRHE DA, 25 ILEZI TR 2205, —&
BERTRE S L WAl L LT D, Z3UE GUTEX 23
10 BEOE - 5D B2 L T2 7o FEEMAIDNS
GUTEX OFFARFE TEE L2720, 2Ll EWGEE L7
MolzEEZ LD,

ERIRASE A &2 & e 1 OB EOIRE « e -
FERHEE ORFFIAE 2 Fig9 (R 7, 15 B2 HEX 25 &
Hi7p L OO INIREE - AEcH B & H IR 72 b, Ziudseik
@ GUTEX OWm 4 2RI LT b, —
75 ClRFEZN ORI I/ LISk LT GUTEX &
VRV MEFNC 8 2 IREE . MEHEEE I TS 5720, 1R
DRV TETFERHBEE I ST & B 2 bhd, £z,
PMV % Fig.10 (T~ 7, Z5afRF S <im0 T -0.5
<PMV <0.5 OPSHEIRNTH 578, 22 Timinst &
720 ZOEENIHIRE - MExhEEOREN NI,

1 ABEONT A OIEZERRED A28 DOIERRE RS X

10

1 Outflow to MBR —GUTEX
NoFilling
= b |
E 0 :\_“ fl — A J\\‘\A
= -l
= { Inflow |fro BR M / by //
T ] '«\”Vﬁ h\, Lﬁ\,
T -5
g ON
0 1 W/ A [\ Pt
3
— 2 | Outflow o MBR 73%5@
g 1 ] [ | |
= =
EX) HI‘ J\g‘;l f\“‘ﬂ‘
|
é 1 Inflo kron}/‘l\flﬁfé "H /\] ‘II /“//\l
| 1
© 7 | / | | ‘ Y | //
521 | Wiy i
23
‘5‘ TV WA A /| R
717 7/18 7/19 7/20
Date [m/d]

Fig.8 Heat and moisture fluxes on partition surface (MBR)
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Table.2 DB and HR averages for non-AC period (No Filling)

Janualy July
DB [°’C] HR[ghkg] DB[’C] HR [gkg]
MBR 14.9 3.9 26.1 14.4
Children 16.0 4.0 26.3 14.7
LDK 17.4 4.9 25.4 13.1

Table.3 DB and HR averages for non-AC period (GUTEX)

Janualy July
DB [°’C] HR[ghkg] DB[’C] HR [gkg]
MBR 14.1 3.8 26.3 14.5
Children 15.3 3.9 26.4 14.7
LDK 17.5 4.9 25.4 13.3
35
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Fig.9 DB, HR and RH in the peak summer week (MBR)
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Fig.10 PMV in the peak summer week (MBR)
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Table.4 Annually accumulated AC loads (No Filling, [kW/m?])

Heating Humid  Cooling Dehumid
MBR 11.4 1.2 1.1 3.1
Children 8.5 1.3 3.2 3.9
LDK 19.3 5.7 16.9 7.9
SUM 39.1 8.1 21.2 14.9

Table.5 Annually accumulated AC loads (GUTEX, [kW/m?])

Heating Humid  Cooling Dehumid
MBR 11.9 1.1 1.2 3.2
Children 8.3 1.1 3.4 3.9
LDK 18.9 5.6 15.9 7.6
SUM 39.1 7.8 20.6 14.7

Table.6 Annually accumulated AC period (No Filling, [h])

Heating Humid  Cooling Dehumid
MBR 1606 878 591 1085
Children 2242 1454 1555 1658
LDK 2013 1657 1855 1399

Table.7 Annually accumulated AC period (GUTEX, [h])

Heating Humid  Cooling Dehumid
MBR 1627 824 602 1110
Children 2287 1323 1542 1635
LDK 2009 1607 1814 1347
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Fig.11 Cooling and dehumidification load in the peak week (MBR)
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Environmental System Analysis of RC Buildings with Wooden Exterior
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The purpose of this study is to verify the thermal insulation performance of existing RC buildings with wooden exteriors

in cold climates, Yonezawa city library. The surface temperature and the heat flux on wall and window surfaces and the

indoor thermal environment was measured for a long term. We made a model of the Yonezawa city library, in order to

calculate numerical value by using the data.
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Table 1 Thermophysical property of wall
Wall Density Specific heat Thermal Thermal
conductivity diffusivity
[kg/m?] [I/(kg- K] [Wi(m-K)] [m?/s]
Wood 367 1455 0.081 1.53E-07
Airspace 1.18 1007 0.026 2.21E-05
Polystyrene 28 1255 0.037 1.06E-06
foam
RC 2100 1050 2.3 1.04E-06
Table 2 U value
Thickness U value
[mm] Wi m?-K)]
Wall 430 0.503
Window 24 18
Window frame 24 6.66
Table3 Area ofeach part of library
Area[m?] East West South North Sum
Wall 495 574 349 449 1868
Window 233 152 195 106 686
Window  frame 21.0 214 25.4 48 72.6
Ceiling 970
<Ceiling>
Waterproof seat, Rigid urethane foam, RC,
Air space, Plaster, Rock woal
<Wall=
Wood, Airspace,
® o00 ® 900 0 Polystyrene foam, RC
Air conditioner Ventilation
<Floor=
RC
Fig.4 Analysis model (1)

Wall and window are
(west)

RC: 574.49m?
Window : 152.25m?

Wall and window area
(north)

RC: 448.63m?
Window : 105.56m?

a

Ceiling area
RC: 969.74m?

Set temperature
(constant)
Winter : 22°C

(east)
RC:

Wall and window area
(south)

RC: 349.16m?
Window : 194.88m?

Fig.5 Analysis model (2)

Wall and window area

495.23m?

Window : 233.45m?
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Influence of Air-Conditioning Temperature Setting for Cooling

on the Power Consumption Amount due to Applying Hygroscopic Material
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Yoshihiko KISHIMOTO*1

Osaka City University
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In order to evaluate influence of air-conditioning temperature setting for cooling on the power consumption due to

applying hygroscopic material, numerical calculations were carried out. The conclusions were as follows.

In both cold and warm districts, the power consumption decreases due to hygroscopic material even in case total heat load

increases due to ones. For improvement the energy-saving effect of applying hygroscopic materials, it is effective to use the

cooling at night when moisture absorption occurs in district with small heat load, to use the cooling during the day when

moisture desorption occurs in district with large heat load.
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Table 2 Specifications of AC

Capacity Min. Rated Max.
Cooling load[kW] 08 4 43
Electric energy
consumption[W] 165 1835 2000
6
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— 4
-]
.E.. 3
3 2
Y1
0
0 1 3 4 5

2
Cooling load [kW]

Fig. 4 Relationship between cooling load and COP
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Roofs in Mixed Climate Zone (Part2) Numerical Comparison of Hygrothermal Performances
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The lower the solar absorption rate and the higher the emissivity, the higher the cooling capacity, but the dehumidifying

capacity does not always increase. Considering the heat insulation performance, it is better to choose one with low solar

absorption rate and emissivity so that you can spend the whole year under comfortable conditions.
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Table.1 Heat gain parameters
Heat convection [W/h] Heat radiation [W/h]
Human 39.3 33.3
Forklift 502 502
Light 1350 1350
Plug load 0.375 0.375
Table.2 Solar absorption / emission

Short wave radiation
absorption [-]

Long wave emissivity,
surface to outer air [-]

No.1 0 0
No.2 0.106 0.877
No.3 0.16 0.23
No.4 0.158 0.922
No.5 0.2 0.9
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Table3. Air conditioning powver in Tokyo

No.1 No.2 No.3 No.4 No.5
Cooling power [MW] 0.25 0.33 4.04 096 1.86
Dehumidification power
033 144 014 123 1.00
(MW]
Cooling+Dehumidification 058 177 418 219 2.86
power [MW]
Usage time [h] 457 1285 567 1227 1153
Tabled. Air conditioning power in Fukui
No.1 No.2 No.3 No.4 No.5
Cooling power [MW] 0.04 0.10 3.29 055 1.29
Dehumidification power
0.81 295 050 257 215
(Mw]
Cooling+Dehumidification 085 304 378 312 344
power [MW]
Usage time [h] 813 2678 906 2503 2272
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Hygrothermal Simulations on a High Performing Detached House with Traditional Timber

Frame Designed for Cold Climate Zone — Performance Evaluations for Cold Climate Zone
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Applying the Windows application WUFI® Plus Ver.3.2, the high performing two storied single family house has been

numerically evaluated for the three types of mechanical ventilation systems (HRV, ERV and NRV) to be utilized. The model

house was designed and constructed for the cold climate zone which has a large south opening intended for passive use of

solar heat gain and the thicker insulation layers of fiberglass for both the cavity infill and exterior attached layer.

Regarding the sensible heat load for air conditioning, HRV shows particularly effective reduction for heating load, but the

less effect on cooling load. On the other hand, ERV shows the greater reduction on the sensible and latent load for air

conditioning.
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Influence of Indoor Environmental Changes in Relaxation Space on Relaxation and
Refreshment Effects of Occupants
(Part 1) Influence of Lighting and Wind,Odor Changes on Psychological Response

O%
(e

FHEHAR  ORBRRTE)  uh #&3% CRBRRT)  # L (RERKRS)

A (BRERE) /MR Js CRBORS) BEL & CRERS)
e 2B (R Y=v ST e s Mgt 2 —)
Natsumi SO Toshio YAMANAKA"™  Narae CHOI''  Akihisa TAKEMURA™
Tomohiro KOBAYASHI"'  Tomoki FUJIE"  Kaoru IKEDA™

"' Osaka University ~ Setsunan University ~ Panasonic Analysis Center,Panasonic Corporation

Since proper break between office work is helpful in decreasing work-related stress and fatigue, a break space in office
is also an important place to create healthy and productive workplace environment. However, there are relatively few
studies focused on the break space compared to ones focused on work space. In this study, experiments were carried
out to investigate the influence of the break space’s indoor environment on occupants’ psychological and physiological
responses. To examine whether change in indoor environment during break positively affect occupants’ responses
and productivity, lighting, odor and air movement conditions were intentionally changed before the end of the break.
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Rest Space  Task Space
Y v~ _ | _ o . Task Space Relax (Illuminance:100 1x, Color Temperature 3500 K, No Odor, No Wind) Refresh
L Faq\ [Asubiective Evaluation 7] Break [ ] Task (llluminance above the desk750 1x)
Aroma Diffuser 4 &.4% @ @‘ @ Task(T) | Equipment Installation Task(1) Task(2) Task(3)
) %}) / Experimenter g . 30 — 15 10 15 -
Relax(R) | Equipment Installation Task(1) m tL . V/I Task(3)
Aluminium Frame| Panel
30 15 10 15
\ D . . Relax R’efresh
[ Light(L), Wind(W) - - N
|__| : : _ 0dor(0), All(A) | Equipment Installation @ Task(1) [2] N }- . m Task(3) m
Projector 7000 Partition 30 15 8§ 2 15
@Temperature and CO,concentration Measurement Point Time [min]

Fig. 1 Experimental room plan

Tablel Environmental conditions of each phase

Illuminance(lx)| Color Temperature(K) Wind Odor
Task(1)(2)(3) 750 3900 Calm No Aroma
Relax 100 3500 Calm No Aroma
Light(L) 3500 5700 Calm No Aroma
Wind(W) 100 3500 Fan No Aroma

Refresh

Odor(0) 100 3500 Calm | Peppermint
All(A) 3500 5700 Fan Peppermint

Fig. 2 Experimental process of each case
Table2 List of measurement items

Contents Item

Environment |Temperature = Humidity = CO,concentration

Relaxation * Refreshment - Fatigue

Two-Dimentional Mood Scale (Stability * Activity)

Odor Intensity * Odor Pleasantness * Odor Preference

Brightness * Glareness * Light Comfort * Pleasantness of Air Movement

Psychological
Responce

Pleasantness of Overall Environment

Physiological

Heart Rate * EEG
Responce

Task Processed Rate of d2test - Persentage of Errors of d2test
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* p<0.05 O - —- —h—
* %p<0.01 | An (A) Relax (R) Task (T) Light (L) Odor (0) Wind (W)
Very easy to concentrate Very relaxed 6
E: 1 trat
asy to concentrate Relaxed 14 *
Slightly easy to concentrate Slightly relaxed * % 42 *%k *i*
Neutral Neutral - N
Slightly difficult trat * Slightly stressed I B i '
ightly difficult to concentrate 1ghtly stresse ii kk ii *k -2
Difficult to concentrate stressed -4 ii** 1;'; 2
Very difficult to concentrate Very stressed -6
Before  Before After After Before ~ Before After After Before  Before After After
task break break task task break break task  task break break task
(a)Easiness to concentrate (b)Relaxation (c)Change of relaxation
Very refreshed * * +3 Very tired10 +10
skok ko 8
focaioid W, S RS %K 8 % +6
Slightly refreshed +1 A 6 ig %
ol L Y L e B
1 T 4 2
Refreshed -1 S | | ‘W‘ ‘T‘
b %k %k  k 2 kkkk sk 6 sk Sk
7 2 *k  kk % N
Not refreshed | 3 Not tired0 -10
Before Before After After Before Before After After Before Before After After Before Before After After
task break break task task break break task task break break task task break break task
(d)Refreshment (e)Change of refreshment (fFatigue (g)Change of fatigue
+10 +10 +10 +10
+8 +8 +8 +8
+6 +6 +6 +6
+4 Ty = T o+4 +4 +4
% % Fe—-O—_J= % * J% 7
T~
2 AWHTI 2 \/—“\,‘ 3 2 2 2 W__
-4 -4 -4 -4
-6 -6 skofesksk  sksk -6 -6
-8 -8 * 3k -8 -8
-10 -10 -10 -10
Before Before After After Before Before After After Before Before After After Before Before After After
task break break task  task break break task task break break task task break break task
(h)Stability (i)Change of stability (j)Vitality (k)Change of  vitality
Very easy to relax Very easy to be refreshed
Easy to relax ‘ Easy to be refreshed l
Slightly easy to relax Slightly easy to be refreshed
Neutral Neutral T
Slightly difficult to relax Slightly difficult to be refreshed
| E— | I
Difficult to relax Difficult to be refreshed %
Very difficult to relax Very difficult to be refreshed
Before Before After After Before Before After After
task break break task task break break task

(1)Easiness to relax
Overpowering odor

(m)Easiness to be refreshed

Extremely pleasant Like extremely
Very pleasant Like very much
Strong odor Pl t Lik deratel
i;‘: 11 - 1easan ike Tno e'ra ely
Considerably strong odor — ightly pleasant 1 . ) Like slightly y i

Neutral [‘:g — -1 Neutra] e e [ e =l

Easily perceptible odor Slightly unpleasant Dislike slightly
Unpleasant isli

Weak odor p D1Ash¥(e moderately
Very unpleasant Dislike very much
No odor V¥ 1 Extremely unpleasant Dislike extremely

Before Before After After Before Before After After Before Before After After

task break break task task break break task task break break task

(n)Odor Intensity (0)Odor pleasantness (p)Odor preference

Fig. 3-1 Result of subjective evaluation (mean value of all panels)
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Very unpleasant % * Very unpleasant
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Before Before After After Before  Before After After Before  Before After After
task break break task task break break task task break break task
(t)Pleasantness of (u)Chair comfort (v)Pleasantness of

air movement

overall entenvironment

Fig.3-2 Result of subjective evaluation (mean value of all panels)

Table3 TDMS(Two Dimentional Mood Scale)

Not at all A little Slightly |Moderately | Quite a bit | Extremely

Calm 0 1 2 3 )

Irritated
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Fig. 4 Individual results of subjective evaluation
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Fig. 5 Correlation between fatigue level and psychological reaction
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Influence of Indoor Environment Changes in Relaxation Space
on Relaxation and Refreshment Effects of Occupants
(Part 2) Influence of Lighting and Wind, Odor Changes on Physiological Response

OFFIL A (KBRRF) i &R CRIRKF)
B (RBRT) Mk BIA (BREKX)
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USSR (R F Y= RS T a2 s My X —)
Tomoki FUJIE"™ Toshio YAMANAKA"™ Narae CHOI'™ Akihisa TAKEMURA ™
Tomohiro KOBAYASHI"' Natsumi SO Kaoru IKEDA™

"' Osaka University > Setsunan University

” Product Analysis Center,Panasonic Corporation

Recently, the importance of human health and well-being has been emphasized, as in the case of the WELL Building

Standard. In office design, the environmental design of break spaces is attracting attention because taking effective break

can enhance workplace productivity. This study aims to investigate the influence of the change in the indoor environment

during break on occupants’ performance. Both the psychological and physiological responses of participants were

observed under five different conditions of indoor break environment and the responses without break were also examined

for comparison.
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Effects of Workplace in ABW-Office
on Intellectual Productivity, Psychological and Physiological Response

Part 1

Om ¥ GLantEKRT)
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Teppei TANAKA*1

*1  Ritsumeikan University

Yo B (2=H 3 VEBRASH)
Tomoyuki CHIKAMOTO*1
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Building Summary and Analysis of Subject Experiment in the Middle and Summer
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Hideaki SAKATA*2  Yuusuke KOBAYASHI*3

*3  Takenaka Corporation

In this study, we will investigate the effects of different work environments on intellectual productivity and communication

in an Activity-Based-Working (ABW) oriented B-site office of Company A, which has multiple workspaces with different

settings for the purpose of improving productivity and health. In this paper, we use a subject experiment and report on the

effects of different work environments on the intellectual productivity and physiological and psychological quantities of the

subjects in the ABW office, based on the outline of the building where the subject experiments were conducted and the

results of objective and subjective evaluations of the subject experiments conducted in the middle and summer periods.
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Tablel Outline of Experiments

Category Details

Target 4 University Students (age.22~23)

Experiment Period 2~5, March, 2021 / 13~14, Sep., 2021

Experiment Points 8 Points

Clothes Short Sleeve Shirt, Suit Trousers
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2. HERERBEE Table2 Measurements List
2.1 REMRE Subjects Evaluation items Evaluation Method
Tablel |23 27”7, 22 7 ~23 DO KFAESE M 4 Objective |Concentration WEF | Typing Test

LExigl U-, PRIMOEERRZ 2021 43 iz, E#Ho Intellectual WEf Creation WEf Mind Map Test
FEEaA 2021 49 AICFE L. A& B A RND 8 23D Productivity  |Subjective |Concentration WEf [Questionnaire Survey
T GRS BR AT 71 2. WAL I — zirfl Creation WEf Questionnaire Survey
BIEMIIES D72\ EAEARIES L Ml Y b R—Y Qu}e]mtity y Satisfaction Level (Table 6) Questionnaire Survey
VML, 05clo THt— L7z,  Tabled (23R —  physiological
A% Figl \ 7 —AND A P a—)VERd, FEREH  Quantity

iﬂf’%bﬁ?@?%#ﬂﬁfﬁﬁ— A4 —A (Case 1, Case 2) LR AN Communication Conversation Time Conversation

Biodata (Table 5) Biosensor Survey

=] 3 Evaluati R din

BSR4 HHIORIRTX 54— (Case3,Case4) DZ4L V:; ‘on — — t Mecor g -

s — N o n nvironmental Measuremen ecasurement by
ZHUTOWTEAD —A (Casel,Case3) LI/ N—TD L oo (Tabl ) —

/r—2A (Case2,Case4) %#%\T. Tabled (T x9 Hrp B4
0)5‘“—1“(3%75& L/?Lo

2% WEf means Work Efficiency, WEn means Work Environment

Table2 (ZHITEMHA 2783, &—AH, HEEIL S 5T Table3 Working Place List
DHHREEEL 7.5 HTOBHRABEEEE T, Bl A = Jmm$; [ »D
S THICT v r— AT o1z, 2 NG S
29 BIESFOEE 4th Floor, East |4th Floor, East |3rd Floor, North|3rd Floor, North
Terrace Cafeterla Common Space Meet]ng Room

Table3 | ZHUESHATOME 2779, A « B #SUZIER, C
~H HSIFHRICH Y | FERO IR IO T B ERE
YT ABW ZHAJE LR 2 2 B0 AN T-3EATC
& %, PRI OIEER TIIHMH 6 2 T 2 X OBEE T C

SR FBRCLH 4 BT & BB 2 07 6 DO s . G T

B CHERE IR A 1T o 7, Newilding (North Building) | Old Building (South Building)
A~F #is i?ﬁ Eﬁ G-H #4) iIEﬁO)Wk%ﬁﬁf&b Do 3rd Floor, Center |3rd Floor, South [ 1st Floor, North |2nd Floor, North

A WSIIESNOT T A, B M3l mic#E9 %5/ High Counter  [Meeting Room [Meeting Space [Meeting Room
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/\~7\z_3%>é/\4j3r7/5(~ﬁ% F #2800 70\ FfEe

HeE. G MU TS A — A H HIE D220
SHETHS,
Table5 Biodata Measurement and Analysis List
Table4 Experimental Conditions Bieekia Lish Analysis List
Select Points Group / One Person Times in the Case Heart Rate [bpm] [Heart Rate [bpm]
Case 1 Disable One Person 12/12 RR Interval [msec]|Heart Rate Standard Deviation  [-]
Case 2 Disable Group 15/ 8 Amplitude [-] RR Interval [msec]
Case 3 Able One Person 2/ 2 Amount of body movement  [-] RR Interval Standard Deviation [-]
Case 4 Able Group 11/ - Posture [[] |-MSSD [msec]
Skin Temperature [‘C] [pNN50 [%]
Posture [-]
I A ; LF [msec]
{ Adaptation Tning Test Rest Mind Man Test ; s Moveto | HF [msec]
yping Tes (Seated! in ap Tes Ques |onna|rez Next Points | LE/HF []
i(Seated Rest) : .
] Rest) i !
[ I I I I I I I I ]

o1 —
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; ¥ [ :
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) ' - -
. ove Points (Seated Rest) | naire ove Points {5 oated Rest) naire
; ; ] Rest) ] |
[ I I I I I I I T I I I I I ]
0 2.5 5 7.5 10 125 15 175 20 225 25 275 30 325 35 375 40 425 45

Fig.1 Time Schedule of Experiments
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2.3 RIEEE Table6 Questionnaire List and Results (Average)
2.3.1 FIRVAEREM (FERFHME)

VBN O BRI & LIk oiE 2L Swjeet | A B € D e e
oo AFSRITERF PR L ALSHURIERD 2R & LT, Heatness | -180] 2.00] 1.97] 200 1.71] 1.77] 288| 225
SRR E T B 72O OB L LT 5 DX A A Fiow | -048] 0.90] 1.14] 121] 1.13] 095 1.33] 133
B S LT, BPEERGR 5 TRIOMICTHC™ Sunlight | -0.04] 1.45] 1.90] 160] 1.16] 0.92] 0.92] 0.75
BRI, £, AREIEEREEZHI D T OB#EFEEL L Brightness | 048] 2.15] 198[J20A| 1.96] 2.28] 2.00[7267
T 75 HMDO~A > Fv w70 2 Hh L=, AKE(EER  Loudness |2068| 180 0.43] 146 0.29] 197[-1.00] 125
ETwA L R o FOAEERES 2 5, Smell 0.35] -0.80] 0.74| 082 071] 1.5 1.83[ 208
93,0 ANAUtEEEME (HERSTE) Wideness | 0.43| 2.25] 0.65] 2.38] 1.76| 1.69| 2.08| 233

S PEME O TIBREAT = LC. Wi Heiht  [RRBS|RANG|T2d8] 1.cs[G8] 174[ 1s3] 208
B A s T v e h A LT, Rb iy View 2.17| 180] 1.73| 161| 1.24] 010 042 042

e Surface | 1.48| 215 178 207 2.16] 1.97] 0.75] 1.42
FRERRIBE 100%. BOB RIBE 0% L Linb &0, o0 1.70] 2.20] 1.90] 2.02| 200 195 042 133
BB D — A COMSEAE 0~100% TR L1 Synthesis | -0.74| 1.90] 1.82] 282 175] 1.92] 1.25] 1.92

O R RO Average | 042 | 1.71 | 155 | 1.84 | 155 | 164 | 1.20 | 165

2.3.3 ILEE
3 3 3

SR EEON L2V T Table6 (<3 3EHE (3.4
~3IIE 7 BECEE) o7 v — NEEAER LT,
2.3.4 £¥Es

%ﬁuﬁfﬂ ?%JEI

Eplin >3

Table7 Test results and significance probability by building

WS DITERLT AR T B TR AT . TableS 1257 WEF List New Bldg. |Old Bldg. |Difference ]S)‘rg;f;;‘g
F/EPREEIE E R OVERE B Y 7 R = 7T Objective |Concentration WEF[50.35  [46.51 3844 |0.07467*
TS T 7 N R S . WEf  [Creation WEf  |5043  |46.05  [4.381  |0.04165%*
L?B;ﬁjbj: ({\X TR R A T LT, Subjective [Concentration WEF [65.68 59.04 6.640 0.08773*
2.3.5 IRIBAIE WEf Creation WEf 69.50 62.29 7.208 0.03517**

Table3 | T~ KB ITORIR AU CEREEHIE %
1T o7, BREEHEIE H % Table8
- ) S ) 0o - 584 67.8 71.1 51.7 71.3 73.8 62.5 02.1
(2, IR LI E R 56 537 676 670 434 681 673 552 629 89
Fig.3 (2757, 54 I I 75 =
2.4 TRIMIEBCEMERO F g 2 S i o { I 03

. e = 50 65 =
e i P l I [ o 2

M Tabled (R § BE 4 } ot
THRCOMABEDETER £ 25 4y { 50
TEDITH L B3R T i i § 42 45 E

. o z z

5= Tadno s, g sC =

Cased &I L7/ o127 =240 495 483 50,0 2 61452 493 49.4 (427 fg 2

RERBHRE LLABET < 2 ;2 485 486 489 528 495 520 458 472 3
-

\ZDUNT, R A~F His
EMIIC~HH#SE LT &6
2. EHASERRIL, PRIEERO

A

B

Typing Test
® Subjective Concentration WEf
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D 13

F

G

Mind Map Test

H

® Subjective Creation WEf

Fig.2 Work Efficiency Test Results and Subjective Work Efficiency

WERE A DB 1 LEET

LCHEHE LT,

Table8 Environments Measurement List
Subjects Height [mm] Equipment Time (interval) Installation Method
Temperature FL+100,600,1100|KN-Labs Thermochron |24 Hours (2 min.) Fixed to a Tripod
Globe Temp. FL+1100 TandD RTR-53A 24 Hours (2 min.) Fixed to a Tripod
Relative Humidity ~ [FL+1100 TandD RTR-576 24 Hours (2 min.) Fixed to a Tripod
CO:2 Concentration (FL+1100 TandD RTR-576 24 Hours (2 min.) Fixed to a Tripod
Wind Speed FL+1100 KEM AM-101 9AM ~ 5PM (30 min.) [Fixed to a Tripod
Noise (Background) |FL+1100 RION NL-42EX 9AM ~ 5PM (30 min.)|Place it on the Desk
Illuminance (Top of Desk) |SATO SHOJI LX-28SD [9AM ~ 5PM (30 min.) |Place it on the Desk

Fig.3 Measurement
with a Tripod
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3. WEREEROERLER
A - B #RIXH IO IEREE R 2. C~F Huml X

EEWIOERAERT & G « H #uSi3ZE o308 2
EFNEIURT,

3.1 HRILEEM (FEEHE)

Fig.2 (T, USROS HVERERGE, - AEIEERGER L O
ENENOEBUWEENEEZ T, RPFOT—HF~YLF
BEDMENERGE, B TBUEER R TH D, Table7 IZIH
PR B OISR & A EMER A~ T, 1B (G -
H #15) OEPIEERGE - ALETEERGE O FAENR
2465 KA 2 b, 460 KA R THY, Hill (A~F H#t
S OSEEHENZFIEI 504 RA > b, 504 RA T
HY DT NOIEETHHHIEBE D 22 3.9 RA
Vb, 44 RA U REVEERDE ST, Bl E IR
T, EEERGE (p=0.074%) ITEBRENDHD LITE R
PR, AREEERGE (p=0.041%%) THERZENDHD &
Z25,

3.2 ANMIEEM (FEEEME)
FRUEENRIZ OV TR, BB OE VRS - AEIE

SR ONWEHENZNEH 59.0%, 623% TH Y | Hilio

SEEHEMNEIEI 65.7%., 69.5% TV . WITNOIEHESD

BTHHHMDIEM L Y ZNEI 6.7%. 7.2% 5\ FERD S

BV, FilR e BT, TR (p=0.087%) X
BRENDD LIXE ARV, AlEEEDR
(p=0.035**%) | THEREZNHD EWVZ D,

3.3 LEE
Table6 (=, HLSRIDT > — MEE O Z 7”7,

[FAR RO AMEIE 1.43 ™A > b, il (BAD A Hi

ZR<) RO 1.64 RA > BT, FHSEREEON

FEE D RASEHEITIARAN R L D 021 A > b

Rlipol-, A HUSITESNZERT, B OSBRI O

SR 10.0°CTH -T2 DRI TORFEITITE LTk

59 BUEBRBE O E I LKL 2o T,

4. FLHES5%

AT, S ZER OIEN DN FIRARENE & D - AR A
CRIFTHEEZHALNCTHZ L2 HE LT T 728
B SRR OOMEEE & | )AL pEPE A S S OVEBE - PR
DOHTHRERZ R L, LT ORABG BT,

1) ABW {547 ¢ A TH DR & WER-EA 7 ¢ AT
B IFFIC OV T, IR EEMR M COEER DK
BN, FEEHHO S CHBN IBHL » BUVEER
L FEEERME DN, £ 0 EMIIET
TEE X W ARSEE T 0 @RS 5, ABW 5
A7 ¢ 2 CRICRIEVEZE DR AEFEME D M) = L
TWBATREMDS R STz,

2) DERECH B PEERBE O LI DU T, FHFAS IHAR
£V A<, FIHROBFEREEHEEIZOWVTEH ABW

2SR - MR TR T S S
TR R R SRS (2022, 3. 11)

FRIEVRA T ¢ ABERIUA 7 4 ALV BIFTHD 2

EPWERTE T,

A TIE, 2B OENC L > TAEUES, Fo X
D 7R D BREE BN CAE U E TSNS T
X leio T, Stk RS CE Aed o s =
Ra=f—va v, AEEBSIUORENEOMEEE 7
— AR DA PENE S OVERE « DB ORIRZ I H 2N
T 5,

Eilkii
AWFIEDBITIZ 872 Y HERE TR I T2 RIS
OB EZRS, AT, =B I/ VIEPRAT
VA (R DD IFAE NS~ OZFE IS L D FEf
U 7o, RIBRIZE K72 T ) 2 TAO T RTRERRER, /IR,
SESUROR AT C O B ORI OB 2 R,

R

1 ABW Do & ) & LIZEFRITZ2 WA, AHFFE CTlE,
Engelens) HASEIT THEHNEITL U BRE CE< 2 &
NTXDMEET) L TFE LI 6), TFEIZIIULABW IZH
BN T =, BHEIRET T 4 ASOEHZER & 5D D8,
ARG TIIA T 4 ANDHE G E L,

w2 Flaa A VR EYRLIE DT YA 1T SR 1 3
AIZ PCR M &2 2 Al L, £ To%ER
r— AR IR AT~ A7 ZTELLSEM L, Im ULk
DB RIVIREEA et LT,

ME3 CEMEAGE X, BEIC3 B, SR 1 B 5720 i
HT1AULESET D N EEBRSNTWD (A EE
[ R - SR

4 EEUMERTRNT BMI 28 18.5 UL 25.0 Kiifi & L7,

S EADREN A BT B 720, HA Z L ITRZAEZHH L.
FNORAEZEERRE L LT, #nlcEE L,

(B NZE(E) =50+10 X% (VEZERGRE — a0 F-41E)

/(WA O RZ).,

H6 G2 ONT-HENGHEBEIN D HELEIH L THBRT
?F {fot YR, BRREIPICIEES L= BEEn% (FRhalss) <
R}

17 ARt P TDK # Silmee Bar Type Lite % fiV 72,

S FEBRHIRITICH 2 o U A NV ADRBYER IR L, TR
HIRR] 2 50 L7272,

9 FRIMIEER & EERR A R —OERE LT — A2 5K
LCobT L,

10 WSZ L7V 70 t e R Filifi, p lTABEHETHD,
*:p<0.10, **:p<0.05
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Study on the effect of indoor CO: concentration on human productivity, physiological and

psychological quantity

-Verification of workability and fatigue level by typing and calculation-

OWH B (LanfEKT)
B BT (O Y =v 7R EH)

Yosuke SAKAI*1  Tomoyuki CHIKAMOTO*1

*1  Ritsumeikan University

A BT (LAnEERT)

HE B0 (Y =y 7 #ialath)
FR B (N Y=y 7 k&t)

Toyoji GUSHIMA*2  Akiko YUASA*2 Masaki NOBUNAGA*2

*2  Panasonic Corporation

In this study, subject experiments were conducted to clarify the effect of indoor CO: concentration on workability and to

investigate the relationship between indoor CO: concentration and physiological psychological amount. As a result, it was

shown that the error rate of the workability test tended to increase depending on the CO- concentration, and the concentration

ratio tended to decrease. It was also suggested that pulse affects PCOs.

1. [ZC&®IC

COUTARNITINT SN2 HT A TH D, EiRET
HIUZ AR ORI L T T E Shh s, FE
|2 50000ppm ZHBZ H72 E . FERICEEED 0, TIIbE
VOB 72 CREEE ED ) 27 BT S AREER B B
FFAFREZREENZEE DT O O, ASHRAE
Standard 62.-2016), F£7=. COJLEEITHEE D/ X7 +
— VAR B2 DAt 0 Y 1D R
1% 5000ppm LA F &5t 821T, COJRBEMMERENEIC -2 B8
IPAEFEA N = AN 2 DB A L C&* *
4)

2 CHIE R E AR TIL, |ND CO-JREENMEREME
(CRIE TR L AR L ORRMEZ LT 5 2 &
ZHIE L, CO-JREZ 30 /3 TR B 31752
B & 5 TR ER ST EROQODE 2 /X — D
Bl SR A S L7, ARRCIXE T, FEROOMEE L ik
RACHOWCEER L, Z D% IFEROIZ DWW TR T 5,

2. EBO (C0.RE3NHLR) #HE

2.1 SEERGH

FROIF 2021 4 1, 2 HIZ, amfigRFHh 2 < &9
Xy L NANIZH HIEIRIERE RIS CTITo 72, #EERE T
FER BT RFEILHTH D,

2.2 EEIT—X

FRr— A% Table.1 [T~ 9, F72, COJREDZEA{LD
A A=V % Fig2 (T, COMEEEIT 30 45T RE)
W ERSE W& TXTOFEBRIZEBWT, 22N
100ppm LAPNIZIN E 2 & 2 IREE & HilE L7-,

2000mm

\ [ 78 .
A 0 (FK3) § §

A BFRE | mEAw FEEE
*W;E.". 3 45 S

Q TR | s | COBBALEY

A| =se /1;117 HMPY

Fig.1 Laboratory (Experiment (D)
Table.1 Experimental case (Experiment (D)

NNNNNN

CO2RE RE HEXEE | BRE REE
casel-1 600ppm
casel-2 1000ppm o
25°C 50%RH 0.8cl 2
casel3 | 2000ppm ° o HE
casel-4 3500ppm
4000 Taskl Task? Task3
3500 pmmmmmmm e
3000 b
S 2500
i 2000
#£ 1500
S 1000 T ————— s
500 P =—bee==
0
RERERERERRERERERRRRREREREERERREREE®

Fig.2 CO: concentration (Experiment (D)
2.3 EEMETA R
TEEMET A B & LT100 v AFHR & 2 A v 7 % il
L7z, 100 = AR — AR LT 5705,
HESEDHE—SID L H AT 2 HixX 1 Mok L, fig<
NEFFHEE Lz, £le. XA TIE7 )V —Y 7 N ThDH
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[TypeLighter] Zf#/H L 7=,
2.4 RIEIER
AFEEOHIEEH % Table2 (R T, Fiz, LHEOH
HE LT, Table3 (/R LA TY o — k& Tabled (2
R UTZIEE THRE L HEY 2586 LT,
Table.2 Measurement item (Experiment (D)

L ) RIEEEB R TEAR AL
PCO,
(P EERESE) |
SDM SpO, s
(BREmESRE=SLY) | (BRnEESRE) | =
PR
(AR$E%0)
A0,Hb
—AE=% NIRO-200 (E‘ﬁiﬂ:’\fﬁﬂf’/fﬁﬁfﬂi?mm_ %
(FNRBRE-SESE) TOI
($B#EIEFENDO0,HbDEIE)
Y—EHOy THEER (AR BEETA
FHRMEE HEM-6324T mE i
Table.3 Questionnaire items (Experiment (D)
h7ay— NE EalibapsS
i/ BAR BER /KRR CRBREERE  |TEREEFHE
REMIER fiban AFR B ET il
FEHB  ERBREHEE 7E% B STl
N ZELR 7R B AT
AT E
LEERR S 1B

Table.4 Awareness Questionnaire items (Experiment (D)

BIHE (1.FFKBHTEESLN6 I FEITEHTIEED)
VEE (123 5R) E?l!?‘J“T:'%)L‘gg@i‘%{:‘l:\%i{?fb“\T:L\,

2.5 RERFIE
B A DAY a—)V Fig3 1T, B EAET E5-
B, EHO 30 5t50F 3 [ENZHV T, Task (TE¥EMET

AN & FHIHRE) 2550 LT,
[\ o o Ry o\ e e,
15 0 0 B e 6 80 % 110 fmin]

-30
[ R
CORELAMM  CORE—EMR
V i W iii \/ iv \]
5 1 5 4 [min]

(NRAEHIREE QEXMETR MRE QR (BERFH!. Onet)
i. TOOTREH i k@ ii.24EVT iv. THRE
NEERBAIGFEM Z0min&g L TR  XTaskl, 2, AIFT R TR LAR

Fig.3 Time schedule (Experiment (D)

3. EBD COREINHLR) #HFE

31 EEMTR MER

B AT E 100~ ZAFHED I AROIEHEE Figd |2
R, XA BT ORISR, 3EH (BE EAO
30 43%%) 1Z 3500ppm DI T ASRNEVMEZ 7R LT, 100
~ ZFEIZIBUVTIL, 3500ppm THEE AN~ BH%
(AR L=, LasL, 600, 1000, 2000ppm Tl
CORFEIC L DB IMER CTE TR LT, COJREE & ApE

2SR - AR TR R
IR TE R SRS (2022, 3. 11)

PEOBIRZTRET 5720101, b 570 L 0O 215 < 32
& LIS T 5 BEN 5D LB DL,

1.8 45

%g 4.0

g PO =35
a 19 X
$1a B = ;g
X 13 < b 23
1.2 74 A < X T

1.1 = wr 1.5

10 — 3 10

0.9 w 0.5

0.8 0.0 *

Taskl Task2 Task3 Task1 Task2 Task3
—8—600ppm —# 1000ppm 2000ppm = »=3500ppm

a. Typing b. 100 squares calculation
Fig.4 Error rate of workability test (Experiment (D)

3.2 BhozE

AT D KM (1 43720 DATF—40
& IR A ORARZ Fig5 \OR, HE AL BIZRWT,
SEBRIAHS A B 2 P THIERE D KPM 723 -9~ D8I D
RCE o, ZAUTFERAENR DT, BEREDMEREITT L
WAIBEN TV T2 Z ENFRTH D B BILD,

290 210
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270 x = 190 -R?=0.4941
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§ .
250 170
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® Taskl X g e 2 (TH9)
a.sub. A b.sub. B
Fig.5 KPM x Day (Experiment @)

W Task2 Task3

4. EEQ (CO.RESHRALRE) HIE

4.1 SEEREM

FHOTHRINTAEREZEE L T, BENORELR
0 72 HEBR LIREEAMT 2 K& < T 5 %0kES LTk
@%FEE LTz,

FERDIT 2021 4F 3~12 FIZ[FIFBRE TITV ., P
R B RFEATH Q.3 A 7 VAL 4) ThD,
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Fig.6 Laboratory (Experiment )
4.2 EBRT—X
JR— A% Table.S (T, Fiz, COJREDELD
A A—=V% FigT (Tt FHROTIL 30 53 HT#H0H
2 R SH TV 7223, COMREEZ X D AM AT 720,
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77 VB 13 600ppm & 3500ppm F 721d 5000ppm D 2 47— A &
Ffi L. 2, 3 A 7V HIL Table.S DY 34 r—ATHE
BaiTo7,

Table.5 Experimental case (Experiment )

N 3l N =2 Pt
CO2RE R HXRE | BERE REE
case2-1 600ppm
case2-2 1500ppm
PP 25°C | 50%RH | 0.8clo R
case2-3 3500ppm
case2-4 5000ppm
3 S
_— | el T |
5000 et T T Tt e S S E s —-———
4500 ] 0
£ 4000 i \
g 3500 I \
i 3000 ' \
s 2500 ! x
X 2000 ‘ EQ
8 1500 (/~ o e — s — =200
1000 i ~ e
500 M. —

0 T
RRERERERERERELRERERERRRERERERERLRERERERERRERERRER R,
OCVLOVOVLOVLOVLOVLOVLOWVLOWVLOWVMDULOWMOWOWOLW

A NANOMNMITITODNDOORNDOINOO A A ANANMMT T
ER-R=R=Rafs Ru i i

Fig.7 CO: concentration (Experiment )
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4.4 BIFIAE
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Table.6 Measurement item (Experiment 2)
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Table.7 Questionnaire items (Experiment )
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Fig.8 Time schedule (Experiment (2))

ZERANRN - S TR s
IR TE R SRS (2022, 3. 11)

5. XEQ (C0.BESNRELR) #R

51 #EEMTX MER

A3 YA INDEA T DI AR LA~
HO% Fig9 lR7, 728, a K CO- I 600ppm Dk
B b, 5 COPREEDOYIRE A, C 1% 3500ppm, R D,
E. G 1% 5000ppm DFERTH 5, #RE D LISMNIIBWTIE
B BAAD I I AENFDT 5 LD L5 RBigE
AONZRNZ ENnD, BOFEEL VR THZENT
XTVDEBEZ LD, [AFRIC 100 ~ AFHEIZEBWNTH
Wl E LS CITEN ORI R SN T,
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X ¢ —
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Effect of Aroma on Stressful Mental Work Performance Intended to Drive a Car

O 7k WA (EmKRE)

Wi ok (FERIRE)

Akihisa TAKEMURA Daisuke YAMADA

Setsunan University

It was necessary to measure the driving ability better by a mental work, thus the "d2R2 test" was proposed as a improved
driving ability test based on the "d2 test". The "d2R2" test was conducted by twenty participants in four smell conditions,

those were the lemon oil, the lavender oil, the fragrance for vehicle and only water as a control. Consequently, there was a

significant difference in the multiple comparison among smell conditions about the achievement rate. On the other hand,

there were large individual differences in the error rate, and

was necessary.
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Figure 9 Relationships between performances and smell/driving environment evaluations
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Learning Performance in Odor Environment with Aroma Oils

(Part8) Study of the Type of Aroma Qils in the Study Room and Learning Performance
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Recently, there have been an increasing number of cases of incorporating odor in order to improve comfort and

productivity in architectural spaces. However, there are few examples of incorporating odor into school learning spaces.

Therefore, in this study, experiments were conducted to find an efficient spraying method for odor. In this paper, the results

of subjective evaluations for students who used the self-study room where the odor was sprayed zere analysed. Compared

to the control conditions, the odor environment with essential oil was significantly more preferable and pleasant, and

tended to reduce fatigue.
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Table 1 Experimental Conditions

. Time of 10 minutes cycle 30 minutes cycle
Aroma Condition Spraying[sec] | Male | Female a%lsov{/lér Total | Male | Female a%lsov{/lér Total
Lemon (LE) 30 17 24 1 42 16 25 1 42
Rosemary (RM) 15 22 31 2 55 14 22 0 36
Peppermint (PM) 20 26 32 0 58 21 36 0 57
Lavendar (LA) 15 14 27 0 41 17 34 0 51
Cypress (CY) 20 12 26 1 39 17 31 0 48
Geranium (GE) 20 17 31 0 48 21 31 0 52
Eucalyptus (EU) 20 21 31 0 52 18 37 1 56
Bergamot (BE) 20 18 38 1 57 16 34 0 50
Tea Tree (TT) 20 18 22 1 41 14 34 0 48
Anounced Control (CO) - 19 33 0 52 - - - -
Control not Anounced (N_CO) - 14 45 0 59 - - - -
[1]Preference [2]Pleasantness [3]Intensity [1]Progress of study [2]Fatigue [3]Time Evaluation
Like very much Very pleasant Overpowering odor - Very progressed - Very tired - Very long
Like moderately Pleasant Strong odor 1 prosressed 1 Tired Lion
Like slightly Slightly pleasant Slightly strong odor g g
gzl‘gi Sightly Is\’l?;‘;rt"l‘; unpleasant - Fasily perceptible odor < Slightly progressed - Sightly dred - Sightly long
Dislike moderately Unpleasant Weak odor — Neutral —— Neutral —— Neutral
Dislike very much Very unpleasant No odor
—+ Slightly unprogressed -~ Slightly untired - Slightly short
[4]Acceptability of odor environment Clearly acceptable

Just acceptable

—_—
O Acceptable Just not acceptable

DINot Acceptable ]: Clearly not acceptable

Fig.3 Subjective Evaluation Scales for Odor

— Unprogressed -+ Untired -+ Short

-L Very unprogressed - Very untired - Very short

Fig.4 Subjective Evaluation Scales for Learning Performance

10 minutes cycle

N )

OB O N 0D

Percentage of dissatisfied[%)]

. % H
LE RM  PM LA CY GE EU BE TT [€0)
(42)  (55) (58) (41) (39 (48) (52) (57) (41 (52

30 minutes cycle

PM LA CY GE
(51)

LE RM EU BE TT N_CO
42) (36) (57) (48)  (52) (56) (50) (48) (59

Fig.5 Percentage of Dissatisfied
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Intensity (Enter) No odor —— O(;/Oerrp owering No odor - Oocilsgpoweﬁng
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Accspaniliy (Ente) ey 10 Qoo g Qo
Accspabiliy (Leave) ey 10y Qo e Sl el Qo
Progress (Leave) unprogre\g:ed: t t :;%rgyressed unprogre\s/‘ssgi: t t :pr?)rgressed
Fatigue (Leave) Very untired t\i]reer Very untired ?i/ree
FREIence (Leave) Sho————+—01 Lo ho——+—— liong

% p<0.05 | —=O—CO(52) —O—LE (42) —O—RM (55) —O—PM(58) —O— LA (41)
s% p<0.01 | =O—CY (39) ~O—GE (48) —O—EU (52) —O—BE (57) —O—TT (41)

—-O—CO0(52) —~O—LE (42) —O—RM (36) —O—PM(57) —O—LA (51)
—O—CY (48) —O—GE (52) “O—EU (36) —O—BE (50) —O—TT (48)

Fig.6 Resluts of Subjective Evaluation

% p<0.05
x3k p<0.01

Rosemary - 30 minutes cycle

Peppermint - 30 minutes cycle
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Fig.7 a) Subjective Evaluation Compared
by Gendar in RM - 30min Cycle

Fig.7 b) Subjective Evaluation Compared
by Acceptability of PM - 30min Cycle
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Influence of Repeated Odor Adaptation Experience on the Olfactory Response

(Partl)Olfactory Adaptation after Repeated Exposures to Rosemary Essential Oil
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In recent years, odor has been attracting attention as a new added value to the indoor environment because it is

considered to have a positive effect on occupants’ mood and performance. In architectural spaces where odor environment

is created, occupants are exposed to the odor for a relatively long period. However, the influence of the long-term exposure

of the odor to occupants has yet to be made clear. In this study, experiments were conducted using rosemary aroma to

investigate the influence of the repeated exposure of the odor on occupants’ odor threshold and subjective evaluation.
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Table 1 Experimental Conditions

Case Exposure Frequency | Experiment Days | Time Interval
Case A 1 time / 1day 9 days
Case B 3 times / 1day 3 days 2 hours
Case C 9 times / 1day 1 day 1 hour
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Study on Possibility of Relaxation of Set Temperature Based on the Actual Condition Survey

of Indoor and Outdoor Air Temperature in the Cooling Space
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If the concept of the adaptive model can be applied to commercial facilities where the user does not directly adjust it, the

set temperature may be relaxed. This paper considers the actual state of the indoor temperature during cooling in an

underground mall. In addition, a subject experiment was conducted in an underground mall to examine the possibility of

relaxing the set temperature according to the outside air temperature. As a result, it was considered that the indoor

temperature could be relaxed to about 26°C to 30°C when the outside temperature was 28°C in the passage.
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neutral temperature (Passage)
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Fig.15 Outdoor air temperature and indoor air temperature, thermal
neutral temperature (Passage opening)
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Fig.16 Outdoor air temperature and indoor air temperature, thermal
neutral temperature (Store)
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Factors relating to cooling duration change

in Osaka apartments under the COVID-19 pandemic
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FR Bk ORBRMINZRS)
Naoki OHMAE*1

Noriko UMEMIYA*1

e i CRBKSZRSE)
i Bk CRBX iR
Lin SUN*1  Yuto ASAOKA*1

*1 Osaka City University

The purpose of this paper is clarification of factors related to cooling duration changes during the COVID-19 pandemic.

Then we analyzed results of a questionnaire distributed to Osaka apartment residents. Results revealed that thermal

constitution, comfort and rhythm of life, awareness of heat stroke, the amount of solar heat received and airtightness of the

dwelling unit, and the frequency of air conditioning use in a normal year were all relevant factors. Furthermore, changes in

lifestyle during the COVID-19 pandemic, such as telecommuting and frequency of going out, were also related.

1. BRLEW

2019 4= 12 A LRI EREN CHEt Sl o o
T AN, MRA7RRGER A T L, 2021 4212
AOBAEZBONTHIGROIK LA Z 20 Y (Fig 1),

FEINIZHWT Y, 2020 45 1 A 15 BIZEN THIOBGLE
DIHERR ZH, 3 H OBUFIZ L D F RO ERE 5| & fot
x,4 A7 BIIIENYIE e D BEFRERES BT IND
FREL 72077,

2015 F-[ERE A B SAIRERIE 2 (CoP21) T
PR &N BhERe 2021 4E0D COP26 (12 K v, pEZEHEAn
& L7 AR B A 15 CLATF &35 HAEAERR
S, iR F S DO FEBUNEFRAI BB ORYE & Sz
— 5T, DHREIZBW T I v IRV T, RERZAD

SHED AFROHT = 11 T A L A DRGSR 2 ZUi,

TEEEES OHERL 2 8 IEER MO, FRED =)L
XF—EHBEII L2V TF—2 b H 5 2,

KIFFRIE, ULoBEREZSEZ, a0 WIcBiT 3%
JEOHREMERARROZIZE R LT, D) EIEEEM, 2) o
IS B EE DL, 3) AEDE AR, 4) (FF &
PEDBLEN G, WA RN U7 R A 55355,

2. /&

KIRTHEE K& &%, B SAEREIN OIS
D 6 fE~15 PR CHER T RC IEDOFERITHES T
LR (437 25, &Y 6) ZAAKRIGRE Lic, 2021 23 A
IZHEARA MEEIZ RO T 77— 22093
WA LT, 4R T3 H~5 AN T THEET 189
wWEEIY LTz,

FPREEE I, D EEEEARBREOIED, 77—k
FLARFOREFEIRAE, MHEE, MM, i 2 M7 & OIRE)
E, AEIEOHRIMECHPRIE 72 & OATEEE, B RFER,
BREGRCIE, HiFE7R & OREEEM - B, 2) R AAREMED
F0y, B0, B, BRSO H B SR EBIEEE, 3)
SARIZHSUT B, R RRIL & U AR, R & 2
SR O FHIREHE, eI, MERem s, 4) = v ik
J %, an RO = 2 — A~ fEEEEOAMNHFE
72 EOETREDZEAL, ¥ H OTEERH, B0 0RO
&0, BREHE, 77, HEHROE TH 5,

2020 DO EOFEHKIRIE, XY 7 AN 1L TKKL, 8

A1 TK 9 AA30. 6K @iV, femRdild, FELY 7 A
23 2. 2K K<, 8 A28 2. 0K, 9 230, 5K =\ 2 (Table. 1),
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Fig.1 Number of newly infected people in Osaka

Table.1 daily mean temperature in Osaka

Average [C] Maximum[“C]
JUN. AUG. SEP. JUN. AUG. SEP.

Osaka

2020 26.0 | 30.7 25.8 29.6 35.7 | 30.0

normal | 27.7 | 29.0 25.2 3L.8 33.7 | 29.5

diff -1.7 1.7 0.6 2.2 2.0 0.5
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2021 4 3 H~4 HIZ, KB D 2 a FFiEGE 50 3
A1 HD56 A0 B 4 HIZHK 1242 NIZEEL, 55 4 JOKE
HEHER D, 2020 FEIT, HIORDFEE S DR T,

[GO TO 2Fy 1= 72 T, IR U 7= O FE B3]
DAIVTWED, 7 AT OSTHUEGSE N L 29 HIZ
1000 NZHEZ 570 L, 8 2 AU L T,

3. AERROER

31 EEEREM

[RIEE T AERR 61, 0 F, 40117, 3%, 501X 16. 8%, 60
X 26. 3%, 70 1% 16. 8% T, ZztH: 60. 6%, A 52. 0%, 7
Y — MR ARFOREREIRREIL TRAF) 26.1%, &)
60.2% CTdH D, WEE LT, B XMk TR 22.4%, 59
VN 26, 4%, ZEXHME (88N 19.5%, 890N 28. 7%, 4
ZME TV 137.8%, 721 29. 7% CTh D, A& TH
HIFY ) 73. 7%, [ooAHIRN 29. 7%, A DHAT)
68. 0%, ORI 21. 6%, AETE OO RERRY TR | 64. 4%,

(] 27.6% Td 5D,

BREE#RE LT [ CE2E0BEICELTHRD
JRTE I Lz, TEE AN D, TEWEICR
R TCVD ) I BERICHGUTIES) , [HTUTED]
DEFHE, 76. 7%, 88. 9%, 97. 8% Td 5,

3.2 ¥FEM

JEAEE 10 4FASE 45. 6%, 10~20 4F 32. 8%, 20~30 4F:
16. 4%, I EEREEL 5.8 BE, G 001X 61. 3%, H
44. 8%, 14 37.6%, B0 [ Xy ] 70. 5%, HOERE KU
7251 21.6%, &0 11.5%, ImERicB 0 (28 g
W 15.8%, TZH0iz<\W 57.3% Th S,

3.3 aBFBICHTHEHLEEFig 2

TR CH 5 2021 4 3 A~4 HIZBWTC, a4
BT D=2 —2 2 TR D | 91. 5%, EiEDE kL
LT, RADBEEEIEIC 125771 26. 6%, FHEDEEET
\Z (72072 25.2% CTh %, AN MHi>72] 90. 4%
T D, 9 REREEC [Hpo7-] 20. 4% T 5, Hif,
Bé, LoD EIFENEN [HD] 48.9%, 11.8%,

20. 7%, 720> 18.9%, 35. 6%, 25. 9% Td 5, =11 T4
DOIEERE O HEOIEER 2 5 Wl THEZ 7 )
16.9%ToH 0, HNOEHEIL 4. 5 K Th 2.

3.4 aOFBICEITEAREE

5 AL 8 ADEREIEOEEBFEE L LTI, 12
L 82.5%1% 2020 4= 5 A3 8 A X 0 EXEHENZ) -7,
IS EBRWISEE OIS s, d. 1% 4615+3150.2 [
T, 2000 B2 RHEL 18.2%% HH 5,

4. EEIZBIT3EROAEFERIRR
4.1 {HFAsR, REEE temeRE Fig. 3)
JENZIS T DR R 7. 426, 77 FERC, 5

2SR - MR TR T S S
TR R R SRS (2022, 3. 11)

R & 6 REREIZN 12. 5% Th D, mma Bl I -) 25. 4
+2.07°C T, 24°C73 10. 1%, 25°C & 26°C75 18. 0%, 27°CH
21. 6%, 28°C28 14. 4% Ch 5, MR )
23 T78.8%, AN 233.7% Td D,

4.2 SEERAE HERE BREDORKRFig 4

R 2 BRI D 10 FERRE, BREIRARIE 24T D
28 CIZEFTHHINN B 5D, FXEWE & ERE 2 55
VWIEDOFHBEIN & 1, BEIREE DS BV T EPERET SN T
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Fig.2 questions about COVID-19 pandemic
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5. AEEAREOZELLBERT 5EE

5.1 mEFEAREOEIL

I HRIZIT D EE R & T 5 B
FHIEC 1R 725721 10. 7%, D LE<L 72572 16.6%,

RIC) 72.8%Th b, LI, TR Z2o7z) & TDLE
7pol=) O&F%E T8N & LTI,

5.2 mEEREMFig b)

2ot (p=. 0058), FEXIZFFV (L 0004), #3214 (. 0016), &
SUZH5V (L 0358) , AVEIRFHIA (. 0315) , AR A HIHI
(. 0332), ZEFEHFREIAIHAN (. 0954) DIF 5 23T 5,

BPSE PR E RN E O (L0003), HAREFE MIMEAS E
(. 0025), FiEEERRAMEN Y (L 0209) 1 9 23, {# FHRER 23540
T 5, FDOMMOBRE SR OV TRIRITTI N, Flh, T,
fRHERAEIZEIR L7220,

5.3 FFEMFig. 6)

I (p=. 0365) 23, RIS 5, mofs, B
FEEIIREFR L7V, 7 E3AE Lo (L 0153), BN TH
ZLESLW (70239, BMRARLENZ H DT
(.0469), # DERF N ZAZ 72 5 (10859), HM b L
(. 1358), AADZEEIHIL TS (L 1883) 1F H 73, B4 5,
FEFROEEL, AFBAOED L S, IRLIFBER LRV,

5.4 FEOSEERAKRFig T

SAEDIR HEBERE DS i (p=. 0190), SEAEDMm
REEDY R (L 0254) 13 9 M HIRFRIZSEIN3- 5, AR EIRE,
Y EFRIAIMEIXRIRR L7 uy,

5.5 OO FHRICEET AEHOCEEFNEIL Fig. 8)

5.5.1 aOF#8ICEEd 255

T D = 2 — A~DBILNIRR L7220,

5.5.2 aRAFRIZKBEFENE

FHEDMEEEBEIZ 72572 (p<. 0001), B R E T /2572
(.0001), = - HDOIEERHE AN L7z (. 0353), SIS
FEDN- 72 (L 0057) 1Z 9 2%, (EHIFRIANEINT %, [IEE
ARANDEEBEEIZ 2> T2, IWADZAITEHR L7220y,

55.3 &Y - 5D FKEEF

IR FHGT D - REEFEIZIR o7 (5= 0027), LD
E VDN (L 0084), DD LY AN (L 1147), FEF D
P& DRI 1753)1E 5 23, fEFRFRIAHIIN 5,

5.5.4 KHIKREE((Profile of Mood State) (Fig.9)

POMS 13, KUikAE A 65 REEIZ > CRHiid 2 didL <

BDe RIEEILC:IREL F IS, VAIER, A-H: &R 08, D:
20, T-A : B ANEOR SN DY, RT-Z ki
2 REFSlA TIRERFOR D A7 LTz, <oz
%) (= 0795), B2 E L F 570 (10903), MRAEY
aHeD %] (.0938), Lo CTEWE 2] (1225), [KFFH A
AT (L 1289), DAL= | (L 1456) T, Ak F s
MMEINT 523, BRIFEIUT ETRLS 72u,
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5.5.5 HEERDE (Fig. 10)

OSA BEHRZFAGE TI, MEIROOE A e RIFIRS, AR - i
MRS, 22, S5 1alE, EIR R o 5 (K- I2B89 % 16 %t
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(p=.0016), TERMTZHVN ((0585), [EHIRZR
(L0657 , MEEEIRZV) (1253), A L AZEL
%1 (L 1793) THEINT 2,

6. fEim

KBKHNOESEE 189 FaRTHIC, 2020 D=0
FHIZIT BB RRFR OB OW T Lz, 1)
B E R 2 2 BV T TR 72o72] 10. 7%,

O UEL o7 16.6%, [FRIL) 72.8%,2) TR 7>
7o)+ W LEL Zeofc) & TRIL) TENHHHE (L)
X)L, ZERFWIEIS, FIRNSESER (H V), EEHA L
(7po72), BAE T IHEMR (B V), ZEXMME (550, 15 2
PE(&B V), ASREFRRIE (EVY), 90« REfEE (7R o7,
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(GEAE) , P OWAEFSEE (FyY), iR (K, =
WO HZEL (KUZ725), SEEDOMHEE IR (R, A%
(AR, Rd ] CRBLAD, 2 ST (55, 5L
(78), TELRN(Z H D090 Th b, AAlEE (K
72%), ATERERE CRERD, BE&0d L v (720y), B4 Y
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fEFRERI SN 5, ANR - BEARKER? & IEIRFFH OE 113
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U REBEEREVMEFIZ L, HEOWEHEAENZ TS,
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D EEFEHE  Fllaat oA ABGEIEIZOWT
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Table.2 Factors relating to cooling duration change

Item

Yoo

Item

Telecommuting
(family member)

. 0001

Luck of exercise

. 0001

Careful of heat
stroke

. 0003

Not resistant to
cold

. 0004

Sensitivity
to cold

. 0016

Prefer the
natural wind

. 0025

Be depressed

. 0027

Less frequency
outing

. 0057

Woman

. 0058

No room
in our heart

. 0084

Concerned
about mold

. 0153

High frequency of
cooling in normal
year

. 0190

Awareness of
power saving

. 0209

Concerned
about the sun

. 0239

Long cooling time
in normal year

. 0254

Night owl

. 0315

Irregular
meal time

. 0332

Not resistant to
hot

. 0358

Windows face west

. 0365

Build up
moisture and odors

. 0469
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ZHIFENZBRRETOABRIGICRIFTHZEOERMZEET
Fundamental Study on the Influence of Seasonal Acclimatization
on Physiological Responses in Hot Environments

O Il #k A& CRERIFSLKREE)
& OH O IE CRBRFSLRS)

e

7 W FE I (RIRUFSLREE)
AT — CRERIFSLRSE)

Hiroki SEGAWA*1 Ryusuke YASUDA*1 Atsumasa YOSHIDA*1 Shinichi KINOSHITA*1

*1 Osaka Prefecture University

To investigate the effect of seasonal acclimatization in hot season, we conducted subject experiments and evaluated the

difference in physiological response. The differences in physiological response between before/after and during acclimati-

zation were not significant overall but there were known trends in some subjects. We also evaluated the effect of acclima-

tization on thermal load using a numerical model. The acclimatization was represented by the changes in basal metabolic

rate and setpoint temperature. Changes in basal metabolic rate had little effect on the thermal load, on the other hand,

changes in setpoint temperatures have a significant effect on it.

1. [XLC&HIC

T, B— 7 A 72 RBBIZ L AE T O b
RO KA S NMEAOBEINEE ) DI T2 X A EHRED
HEINASRIRE & 72> TvD. ARSI 2 BB I 35 55
D X 5 TR 72 Ca<, (RERSOHEERAE & Vo
TENRERNIC bR E KFFT 5. NIERO—2ITIEE
BIR(k & IS —ERIM, BEREET D Z & TREC
i LT AR b A 2T ERD B 5. BENIR LI L 5E
B & 2 ORBUWERIC X B 26 I S h
08, FTHEENE TR~ O B HEAIEO TR & ff
THE Y R S D AR LT BVt 2 1E L < FHld
5 ECTHETHD.

BEEORIZE CITEBEREE T2 5 AEBSE OZEIC
EDENIZHOWTERMICGTHMiS TRV, BRI
T DRTEOHEN, SPEEEEOKT, BARICLDEE
IRE D ERROETENN LT DA, AAB D
FEARERTH LB GHE LT 5 2 Ems X
TND?,

AW CIIMERE SZHRIC L 0 BB Omi%IZEB T 54
BINEOELER L, BiEET VA AW CEHIIELIC
L OBAMOENERHET 5 Z L2 N ET 5.

2. EEBAZE
2-1 SEERIE

PR FEBRI IR LR ORI ) oo AT
fBE=2 (L 97m, 2. Im, = E1.9Tm) (T THM6 AN ZE RIS
(AT o7z, WERE OIRKET — & ZTable 1 1 RT. 2R
AL DOBRHAX 53 1320214F 6 H3~24 H Z (LT, 202147
A27TA~9H3A ZNEkH, 20214 11 H2~5 A ZNE AN
LB LT

2-2 EBREH
AN LRIEZE ORERETBFSL (25°C), KAM
(32°C), m&f (35°C) O3fE, BAREITW TN
60 %& L7z (Table 2). RBATERHEEIZIZETHY R
T TIROBEE\E 525 Z LN TE 7202, Phase
2 L 3 IWERE N AN TEERIZAE LTI CRIEREE
AL e

Tablel Subject data

Height | Weight | Age BMI
em] | [ka] | [yo]

A 159 62 24 245
B 167 82 24 294
C 170 62 23 215
D 172 87 22 294
E 162 53 22 202
F 178 75 25 23.7

Table2 Protocol of experiments

) . Air temperature Relative
Time Environment .
Phase . . [°C] humidity
[min] setting -
Low ‘ High [%]
1 0~30 Comfortable 25
2 | 309 Hot 2 | 3 60
3 90~120 | Comfortable 25

2.3 EEAE
EERORIEBILEMRZNL 10 Bips 6 15 BF & L, (RIR
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SN TRABDOEEMN ST, BULOE W EERED, D
I OREERE L0 FITIEZVN, L OFTF ORI

Ronehot=. 7B, #REBITIELF CPHPhasel DR
EHEEEPKRE L, BEENTE 5 2 D00 LI BIG
SHTCWERTEEMER B 5.

Z, F£7z, HEBLED 3L ERI Offe e U, ¥
BpaEniL, BIEBRAAO 1 FFANCKIE 256 CIZZEfRE S
NI-REERICBEN L, ABRT v Y, ARy, W

VHENEER GERE 0.3 clo), HREIEKTN 3008 DSy 36
BURA o, SRS, e TR Y L | <
7. PRSI ZERIE Tl T o 7. o =

AEFRERE, RREE (T A, LI, TR, B, B, o 7 3 Tal)
TR, ), HER (EURLE, HPSRED), AHE, 2 g
FEITRE (REZE(LR, RFTEITR), D, &5 L0 S 2 __m
B Rh U7, HORARIE & BERRIEE 10 PRI, Lo 3 2 o ry
B 20 FOMING, MUFRE 1 ORI CIE, (KEIE3 5 2 & R
PGB L. (BB D 1549, 45 49, 2

0 30 60 20 120

105 43212, 20 FHIEC 3 SyIE 21T~ 7z

Table3 Measurement instrument

Items Instrument
Skin temperature [°C] Gram LT-ST08-12
Rectum temperature [°C] Gram LT-ST08-11
Tympanic temperature [°C] DBTL-S
Metabolic rate [W/m2] V02000 S&ME
Heart beat [bpm] CorTemp Date Recorder 262K
Blood flow [g/min/100g] ADVANCE ALF2
Sweat rate [g/min/m?] Rousette Strategy SNT-200
Weight [g] AND GP-100K
3. ERER

31 BIEHLR

AR L ONERAr— 2381 4 JE FHERE s O
EREROM ZFig. LRT. Taldkis, TelXBERIERE, RH
VIR 2o~ g, RURIZHSE) & B ERAEICI3/155)
TELTRY, —F, BRIRIEDHHSIA~T3055 8L Eps
JTIEF LTV 5. SEBRBIAED S 9053 REAL COIRILE
A — A T34.4%0. 3C, KAM7—AT31.7£0.2C
Lo TEY, ENENDOr—AIBWTHZ b E
BB O NS N LD,

Ptk r — AZ2 T, IE(RRT Be) /B LA (Ac) /NIEfE
fiEiEt% (AL  AREST (L) /maf H) 2RI HFA T v 7
AR £, KA EBIIRITEN Do 12720,
AR 134T > TR,

3-2 EBHRRICHTLEHIBLATRORETIGE

FITOFEIE & U CIREZ LR SR ERD & 9IHHE
) Z WL 72721, JIERAED 530 I OIREZ X
M & & 2 305372512045 £ CTOREZ L& % 3l
LTW5. EARMr—ACBIT 8 = & OIREZE L,
FAFig. 2177 BULOARW VIR A, C, E, FOO4NTFFABR

time [min]

Fig.l Variation of Ta, Tg and RH during subject experiment.
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Housing environment factors related to the number of electric fans owned
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/N CRFIAND 2 LX)
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*1Osaka City University *> DAIWA HOUSE INDUSTRY

Synopsis : Electric fans can do some excellent things, but the numbers of their shipments have decreased. The
author investigated the number of electric fans owned by respondents using questionnaire surveys administered
in 2004, 2011, and 2017. Results elucidated the following: 1) Between 2004 and 2011, the difference in the
number of fans owned was greater for respondents who had lived in a residence for fewer than seven years than
for those who had lived someplace more than seven years. 2) Differences in the number of fans owned are

related to sunlight, security awareness, Neighborhood noise, humidity and odor, mold, insects, solar heat, and

sun glare.
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Evaluation of Thermal Stress Reduction Effect by Using Parasol

Ok BN (RIS KZF) EHH O OEBIE (KRIRFFSLKE) KT #E— CREFSLKRE)
Kento NAGAI *1  Atsumasa YOSHIDA *1  Shinichi KINOSHITA *1

*1 Osaka prefecture University Engineering

In this study, the effect of a parasol on reducing thermal stress was evaluated by subject experiments in the summer
season and numerical calculations using a thermoregulation model. In standing condition, body core temperature, mean
skin temperature, sweat rate, heart rate, and thermal sensation were lower under the parasol than in the sun. In the walking
condition, only the sweat rate was lower under the parasol than in the sun. When the shielding area of direct solar radiation

was only upper body, the sweating rate and the core temperature increased slightly compared to whole body shielding.
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Table.1 Measurement items
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5. BN YOHFETIE AR FCO MRT, UTCT O FAY
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Environment component

Iltem Interval

Solar and Infrared radiation (6 direction), 5s
Wind speed, Surface temperature(parasol,
floor, wall), Globe temperature

Air temperature, Relative humidity 60s
Physiology response

Item Interval
Skin temperature(7point : head, arm, hand, 10s

abdomen, thigh, leg, foot ), Core temperature

(rectum)

Heart beats rate 20s
Blood flow 5s
Weight 1
Metabolic rate -2

Psychological response

Item Interval

Thermal sensation 3min
*1 at0,24,36,48,72min *2 20-23, 44-47,68-71min
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Table.2 Input parameters for experiment comparison
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Fig.7 Sweat comparison in two conditions
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Status of Use of Heating Equipments in Apartment Houses in Osaka

Off k (KBRHNLKS)
Lin SUN*

e B CRBRITNZRS)

Noriko UMEMIYA*

* Osaka City University

A questionnaire survey was administered to 189 residents of family-oriented housing complexes in Osaka in 2021. Their

statuses of use of heating equipment were analyzed. Respondents were classifiable into seven clusters according to the status

of use of heating equipment, such as 1) a cluster that only uses air conditioner for heating (percentage: 23.8%), 2) a cluster

that uses both the air conditioner and kotatsu heater or hot carpet (16.5%), 3) a cluster that uses gas floor heating equipment

(14.3%), and 4) a cluster that uses both the air conditioner and electric stove or gas fan heater (10.6%).
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Fig4 Heating equipment usage patterns divided into convection type and radiant type
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Fig.5 Heating equipment usage patterns divided into electric type and gas type
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"Use" is denoted as "1" and "Do not use" is denoted as "0" in the following order: air conditioner, electric type, gas/kerosene type, contact warmer, and floor heating.
Fig.6  Heating equipment usage patterns divided into type A-E

25

20

15

10

percentage[%)]

living room 20 whole house

)

=

S

T 15

=)

S

c

@

3 10

o

o}

o

H H ” 5 H

”” ”nﬂ”n ﬂnnnnnnnnnnnnnnn 0 ”Hﬂnnnnﬂﬂﬂﬂﬂﬂﬂﬂnn nnnnnnnnnnnnn
0000000000000 —000 - ——O0 O = O === O
2888852828885 38388=2225=2z555382 I St st o = = R o= d = L= P o R o == =2=2=2==]
S88288c38c2228888c-oc=-8c=-c8882% S e e 8080 oo 08 o oo~ o -oorroo oo =
oS oo o I o o o e o R o o o o R o D Py e
S8582882828585==-38822588z525=22 e o B, e OO, oo~ r 0O O = ——
28222852 -8288s =22 - 888852c-s55 B R - = e o R R R ISR SRR SRS SRS PSPPSR

"Use" is denoted as "1" and "Do not use" is denoted as "0" in the following order: air conditioner, kotatsu, electric stove, electric carpet, gas fan heater, and gas floor heating.

Fig.7  Main six heating equipment usage patterns
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Table.1 Clusters according to the status of use of heating equipment

Wi 23.8 (@) X X X X X
@] (@) x X X X
W2 16.5 O X X @) X X
O O X @] X X
O X O X X X

W3 10.6
O X X X @) X
O X @) @) X X
O (@) O X X X
(@) X X X X X
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O X X @) @] b
O O X @] @] X
O O @] @] X X
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W7 6.3 X X @) X X X
X X @] X @] X
X O @] X x X
x x X O O x
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others 14.3
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Analysis of Characteristics of Time Change in The Number of Underground Street Visitors

B E (R R

Prodk S s (E R

Haruki KUROKAWA*1 Hideki TAKEBAYASHI*1

*1 Kobe University

The Sannomiya Underground Street is used for commuting to school, commuting, and leisure. In this study, we

analyzed the actual measurement data of the number of underground passage visitors and examined the characteristics

of time change. As a result, the human flow data measured in the underground mall had the possibility of effective use

for efficient air conditioning planning and operation, store sales strategy, event attracting customers strategy, etc.
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Table. 1 Outline of objective area

Total floor area [m?] 19,109
Passage area [m?] 2,622
Service (Passage) 6:00~24:00
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Table. 2 Number of classification days per cluster

Clusterl 87days (12.7%)
Cluster2 198days (28.9%)
Cluster3 362days (52.9%)
Cluster4 4days (0.6%)
Cluster5 1days (0.1%)
Cluster6 11days (1.6%)
Cluster7 13days (1.9%)
Cluster8 4days (0.6%)
Cluster9 4days (0.6%)
Total 684days (100%)

Table. 3 Number of days per cluster

Day Season Rain Pandemic
Work | Weeke | Holid | Sprin | Summ | Awu | Wine | Abse | Prese | Befor | Afie
week nd . e
1 67 10 10 42 16 19 [ 10 | 50 | 37 | 25 | 62
2 | 19 145 34 26 62 | 56 | 54 [ 120 | 78 | 167 | 31
3] 362 0 0 59 103 | 111 | 8 | 193 | 169 | 305 | 57
4 0 3 1 1 2 0 1 3 1 4 0
5 1 0 0 0 1 0 0 0 1 1 0
6 0 11 0 3 4 2 2 1 10 11 0
71 13 0 0 1 1 1 10 9 4 13 0
8 1 3 0 0 0 0 4 4 0 4 0
9 0 4 0 0 0 0 4 3 1 4 0

22 75RAK—1, 2, 3ODH

Fig3 27 7 A% —1, 2, 3 OFEYAGEEOREHZE
fbZmrd. RO T AX—1, 3 [XZRRIZLORH%
PMEIEFE CT, &Y HITmE), BEOE— 7 R
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Effects of using air conditioning before bedtime on thermal environment and sleep quality in

bedrooms

O#F A A CRERANZKY) g B CRERMNZRS)
Shu YOSHIMI*1  Noriko UMEMIYA*1
*1 Osaka City University

For this study, we used data from 1176 nights of surveys administered to 168 residents of an apartment complex in Osaka
City from 2015 to 2017 and 2019. The survey included sleep quality using the OSA sleep questionnaire, behavioral records
at 30-min intervals (regarding use of air conditioning and opening and closing of windows), and bedroom temperature at 10-
min intervals. This study analyzed changes in the thermal environment from 2 hr before bedtime to 4 hr after bedtime. The
purpose was clarification of air conditioning use effects before bedtime on 1) sleep quality, 2) thermal environment, and 3)

temperature sensitivity, and to identify conditions for good sleep.
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Table.l Bedtime, wake—up time and Sleep Duration
Into— wake—up Sleep
bedtime time Duration
Average 23:27 6:31 7:06
s.d. 1:09 1:17 1:17
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Max 4:00 13:20 13:20
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Weekly Variation of Thermal Environment, Thermal Control Use, Thermal Comfort, and

Sleep Quality during Summer
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Naho MORIKUNI*1 Noriko UMEMIYA*1 Shu YOSHIMI*1 Yuuto ASAOKA*1

*1 Osaka City University

Synopsis This survey assessed thermal environments, thermal control use, thermal comfort, and sleep quality based on

questionnaires and weekly warm temperature surveys of 502 evenings in apartment houses of Osaka. 1) The rate decreases

gradually at air conditioner (AC) use time. The rate changes parallel to natural ventilation (NV); it is approximately 10%

lower at use of electric fan (EF) time. 2) The outdoor temperature is constant in relation to use of AC, but it gradually

decreases use of NV. 3) The thermal sensation of AC changes to “neutral”; that of NV changes to “hot”. 4) A feeling of

perspiration during AC use gradually changes to “no perspiration”. 5) Sleep quality associated with the use of AC tends to

improve gradually, but that of NV has no tendency shown by the week.
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The Effect of Indoor Thermal Environment and Airflow on Physiological and Psychological

Response after Bathing
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E = B % (L R) =B Z B R E (ZZEER)
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Satoshi MINEZAWA*?  Marika RIKU*2

*1 Ritsumeikan University

*2 Mitsubishi Electric Co. Ltd.

Several studies have been conducted on the sense of warmth and comfort during bathing; however, studies on the effect of

room temperature and airflow conditions after bathing are few. A bath adaptation human thermal model was developed and

the effects of different thermal environments on the physiological and psychological parameters of subjects who spent time

in these environments after bathing were investigated in summer and winter. Results of the summer experiment indicated

that a higher sense of comfort was obtained by applying wind for 30 minutes after bathing than with the use of a low

temperature setting; however, the physiological quantity returned after the wind, lowering the sense of comfort. For the

winter experiment, a vertical temperature distribution occurred in the laboratory, and a correlation was observed between

the coldness of the feet and the sense of comfort. It was also suggested that the difference between the trunk and obliterated

skin temperatures was related to sleepiness.
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Table.3 The average of thermal environment
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Fig.5 Amount of sweating in summer experiment (S-3) (Right)
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Table.5 Input condition (S-3)
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Hep Zad (AL chy[RLTHL
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EEE[m/s] 0.05 0.05 — 0.05 1.0 0.05
KB EBIMETs] 1.0 1.0 1.2 1.0
ERE A clo] 0.46 0.05 0.05 0.46
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Understanding the actual status of operating electric water heaters in houses

and investigation of the energy-saving effects of replacing them

OK H J ¥ (FEALLLHN)
Daisuke OGURA*2
*1  Jutaku Michishirube Co. Ltd.

Noriaki OTA*1

M R GRS

*2  Kyoto University

We estimate the number of electric water heaters in operation in households, and estimate the energy-saving effects of

replacing these with heat pump water heaters. The estimations of 10 regions in Japan are carried out. It was found that the

effect of simply replacing the electric water heaters owned by 7% of all households would be to reduce the energy

consumption of all households by about 3% in Japan.

[ZL&IC

BUE BRDENZBOTIL 2050 SED I — Ry =2— T
TN T2 B0 S DRI T T D, RAFESEE
75 2021 4 10 HIZHE L5 6 IRV —EAGHA T
1%, 2050 EITEE - BEEU D A b 7 45T ZEH - ZEB
FEOKEDE =V —MREDHER SN TND Z L %
Hfsd Ve LTHY, BHFEEE~OXENEE L 725 T
W5, 2019 AEICEIRT RV —TFANVRERE L= ZEH OFE
FCIX, AR RV —FEE RS, KE—-RoxL
F—HEED D 20%LU EDO— RT3 X —THE B % B
L7fEE 22 ERMIEREE LTEY ., BIFEEEIZBLTY
INEERIAZZENEELNWEEZOND, ZZTE D,
FEE R VX E LR R TR S
—RERNVF—EFT,

Fo BRI —ITICE D 2021 FFEDRFEIZ LD
& 2019 FEEOHHERY 72 ) O R L —HEEESITHEE
M 288% &L 7o TEY I, MBI =X —2hH
DYCEIIEETH D,

FEEHARIC TED b fala il Ta = ek
W) detree, AR (R famss L TR,
ZIMBD 20%Lh EO—IRE X —IHEHI A B
ETHIENLEE LW EEZDND, —FHTIOHHEL:
BRE D b =L —MREICS D ESIRKERT Figl 12
R I D ICHRESICIR W T TR CRbE - AT Y Skt
FTEY ., BEANTTE S TN,

VLEMND, ARRCIIBEREAISRO—RT R —THE
BEAHER L., BEREICBONTHEE L WA EEZ LR
L ERIRAKG ORI ERRTT 5 Z L2 A, T EFELT
BHEBHERE L TSR e — MR TG lE &
iz 7= 5 DB =NV X —h A RET 5,

1. #EtAE

1.1 HEOFIE

AR DHEETTIEE Fig2 (¥, MUl OREA
AN K 2 BRI OFTAEIA 2 2 OTrAEIG &
RE L CERIR/KESOBREE A HEE T2, 2Ttk
DAY 72 OFGTaE T HZ AT K HIEE =L —H
JENTA N CTRIKOBRAE RO 5, AHUEO MY 72
D OE &M RORHI T X EMRER R
a7 7 MEER Vverd.12 (LU, WEB a7 4) %
W, BRI EZR BB IR X oy & A O e RifE
ThHY, %k T D HEFHEZ V-,

1.2 REEM CO. i ERMERATIC L SFFEIE
BRI KEROBEEIS 2 WG D701, AR
BRI LTS, FRERRFT CO, HEHSEREF A D
% 31 AEEERER T — & 9% V-, Z OFAIE, RSO
MEELS ORI ET R TR 20 Ll EExig s
L. FERERGIED D OBAEZHH T 6,500 &
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Fig.1 Production volume of electric water heaters
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Extraction of electric water heater ownership rate by
sample survey in each region

Step.1

/z’%u)ﬁfu %EI T8I
B0 S (2022.3.11)

Table.2 A is number of households counted, B is percentage of
electric water heaters owned, C is number of households, D is average
gross total floor area per dwelling unit, E is climate classification

The ownership rate is multiplied by the number of
Step.2 households in each region to calculate the estimated
number of possessions

Step.3 from electric water heater to heat pump water heater
P-> based on the typical climate classification of each region
and average household floor space.

Calculated energy savings per household when switching

Multiply the values for each region obtained in steps 2
Step.4 and 3 to calculate the estimated replacement effect for
that region.

Fig.2 Estimation procedure

Table.1 Number of surveyed households by city class by region,
upper-side is investigator's survey, lower-side is internet survey, 1), 2),

Region A B (%) C D E
(m?)
Hokkaido 899 10.7 | 2,471,140 | 90.8 2
Tohoku 932 6.4 3,507,928 | 1145 | 4
Kanto-Koshin | 1,625 43 | 21,306,099 | 82.5 6
Hokuriku 835 9.6 2,027849 | 1320 | 5
Tokai 977 7.7 6,225301 | 101.3 | 6
Kinki 1,087 5.7 9,223,157 | 87.8 6
Chugoku 889 147 | 3,125,540 | 102.1 | 6
Shikoku 797 133 | 1,629,887 | 102.6 | 7
Kyusyu 981 9.6 5,589,912 | 914 7
Okinawa 639 84 612,749 75.8 8
Total 9,660 7.0 | 55,719,562 | 92.2 -

3) is level of city”
Region 1) 2) 3) Total
) 220 200 140 560
Hokkaido
208 208 148 564
180 240 180 600
Tohoku
184 242 169 595
) 480 520 80 1,080
Kanto-Koshin
488 519 81 1,088
) 220 220 120 560
Hokuriku
216 211 122 549
) 220 360 80 660
Tokai
218 360 88 666
o 300 400 60 760
Kinki
304 389 65 758
200 280 100 580
Chugoku
202 276 104 582
) 220 140 180 540
Shikoku
223 137 179 539
K 280 220 160 660
S
e 287 210 158 655
] 120 240 140 500
Okinawa
125 241 138 504
2,440 2,820 1,240 6,500
Total
2,455 2,793 1,252 6,500

6,500 i A8 E L C\U 5, Table.l (ZJERRE SiL7- s
10 X55 & #B RS 3 K03 Col) =it iz 7,
ABTHPER & 1% 1) ERERFRITRTES GROERIIKER) K&
OESHREEH, 2) A0 5 FAL LD, 3) A0 S5STH
AFKIHGOT R QWA T 5,

SRIERT 2PET — 2 13 Ems OFEEIC DU TEE
ZRFTCND B DT A3 44 HBaFn 2473 AIZEA
&« HEEL « R AT o o e SR S TR Y L %

HIF X5y D N HERITHE S X 5 i K- dEa s
FIFH L7-. Table2 A, B |24 X DS HIHHL & BBRIEK
EHARIEE AT, REVFRCHERGOMER 12
WTC, BRIEKIROFTAEIGNZNZ L3305,

1.3 BHROMHH & FHENEDEORESE

BHIXIZEIT D MR AR T 572010, 5§ £ LI
1T EEHEOS 2 FEBFERE R VAR H T 5,
R ST HLG Xy T & O A Table.2 C LIRS,

BHIK D 1 F7Y472 0 OFHFERERE AR T D720
(2 SEEZ L IATONAEE « THE R DAL 30 4
MR OEFHT 5, — ke R, RT3 M
DI TEI SN TEY , #HENREOETNZNDLR L
1472 0 OFEEPE~GEFEL Ve, ZHUSaFn 2 42
[EBHAAS R OBENF IR R L, &Ko
JF T SERPENEFE 2 RO T2, T OFER %A Table2 D 12
Y, BRIRKGOFTHEIE N\, FIE - PUEHDTC
&, REESE RS EFmEETH D,

1.4 FBHRICEITIHE—EEIRILF—DRE

KX DGR 72 KX S Z BB RO W TRTER D
KU 3 % HETIRTE LTz, S HIKIZE TR A&
[X43% Table2 E 127”7,

B HIX DR KX Sy & A HIX D724 72 0
FENAEZ VLT, WEB 71277 AT, £PERIEK
AT DM OB T DG —RIEE L ¥
— L RIEE = L — KD, RICERE— bR
v el ARG SR & LT G ORE —IRIH
%xz\/vﬂe%%;}m%_o WEB 7'u 77 ATCiE, B
FE/KIRE 2 RN L DANKIRE N D ED TN D, F
FAAEIZ K> TR GEEJ\%IM%E M. ZHEHEAL
WEY Y U —, IR 2K X D55,
WHEOBI D &2 L~ T, HYERRAKIEE SAVKIEN S
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Number of households
(ten thousand)

Fig.3 Number of households that own electric water heaters by region
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Fig.4 Primary energy consumption of hot-water supply facilities,
per household, Latent heat recovery water heaters are kerosene-fired in

Hokkaido and Tohoku, and gas-fired in other regions.

50

(thousand MJ)

Energy reduction per household

Fig.5 Hot water heater replacement effect by region per household

ENENOIEEGE R V2 ED TN D, SRS
HDOEESWZNRERAT D720, Kie, BEHA B
MOLRIREEIT R CGHME L2V & LTT 7 4L Mz i
W, WREOBRD LIEL LIC X D e E i U8R A
BL BB L > TED BN TR Y, AElEE:

O Reference B Latent heat recovery type @ Electric 8 Heat pump

2SR - MR TR T S S
TR R R SRS (2022, 3. 11)

- Total amount
55 - 137.2 [billion MI]

Primary energy consumption (billion MJ)

Fig.6 Reduction in primary energy consumption by replacing electric

water heaters in each region

WExEHD &L,

T2, AJHSITER E — ¥ —hha L ERE — hR v
Tkalen (COL 1) CRBEEVFI R ZFIFH L7 o)
EENENOMRIEERE L, WE OfaGaxlmekst—k
TARAX—HEEDEZE WX THREHET 5,
BB S T AR A CbHEE & Hdbick
WA E L, ZOoRgic VWi AL L,

2. HEEHEER

FHIX OERIR A& 2P 3 2 4R Fig3 1R,
BRI LIS 5 0T, 2E T 387 Jritafess
HY ., EHHOK 7% b kS FAEE IR bR
(2% B3 &9 (Table.2B). FTA B8 b2\ \OIIBIHR
EHIF CThD Z L3oyind, FHIKIZEIT S 1 Y7
D O—RTZFILX—IHEBOFHFEBRE Figd [T,
BRIAAERZ R L QO DT, k¥
—HEEOREED TR X —IHHRETH D Z L)
%, ZNEERE — MR TR E S A
JufpE, FACCRBO O R L R L [F
ERRE ZOMOMX T R —HEED
20%HI & [RIZEFEE & 70 D, EOHIXIZHW T L ERIE
KesaEE R 52 LA RN F—EFEIT 592 T
B THDZ LW D, £z, HUENRR AR
CE & T A, AEEIC B\ CaEEN eI G E
SROFNER e — MR TGRS 0 B TRE k3
NX—JHEEIN DR, ZHULH DB EoFER o
e, R e — MR TR RE A R T x
RN LT B,

WICELIE AL EBRE — MR RGP E Xz
TSEEOFMXICET 5 1 HHFdH- ) OB IZED
HID A Figs (O d, MHBOAOOME & M2 NEDMEK
VS, ZOMOHKIIRE S Bb b, FHIXIZET
HEEHZIC L DR IEES Figo (71, BEEHEI
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Study of Technology Evaluation Method of Facilities for Adaptation to Hot Environment

(L2 s CRBRIFNZ KR 2E) R
Kazuki YAMAGUCHI*1

— (RBRIFFNLR )
Shinichi KINOSHITA*1

HHEE (KIRFNLRS)
Atsumasa YOSHIDA*1

*1 Osaka Prefecture University

Recently, we are effected by global warming and heat island phenomenon and it increase number of heatstroke patient.

Summarize equipment is in the spotlight. Technical method for summarize equipment is not yet established. Purpose of

this study is to establish technical method for summarize equipment. I wondered if I could use Wet Bulb Globe

Temperature (WBGT) used as an indicator of heat stroke prevention. In this study, I make experiments with measuring

instrument on the market. Censer without radiation shield influenced by the sun.

1. [XL®IZ
TR, KEEEe — N7 A T2 RBIROEEIZ LY,
BREOBAGIR L S 2 LTk, AHERE O

IR T 70 & N2 DATEIZRE 2 KIT LTV 5.

%*fﬁ¢@%éﬂ%ktf FHARTPORT A IR

EOBREBGHIRBRIEORE INTE TN, TNHE
ﬁﬁ@%éﬁ%, BHE RIS OWT, FORHEFERE
2L NTRHMIETFEL, EE AT ST, R
WFZE ClE— A7 BHE R SR RIS Cdh D WBGT ZFakE
LT AHZ L AEE XTI, Keatisuwan HE, [FC WBGT T
H o> THRIRDEWGHDIE ) DBEFER - EE FAE
WEL, RITRREENS L, OB ORI ITA
BERENZNEOO, EBEOLHHBODR D RN &
PIREN, KV ARLABRSZNZ LERLTNWD. $2
FREE S OMFFEDTIE, WBGT 13ZEEECRITER ED
IEAAEPEOIEBERT & & SET* X0 LRI E W & e

SNTWD. AT, il WBGT FHZ X 0 2t
R 2 ARE L= BANER D WBGT HIE &1 TV, &g
OREDFHI 722 & N Z 3 B & AW =B EEAHE & 2 O F
HEERET LTz

2. EREE

KSR FHE TS v 2732 B4 FiDFEE AT
KEEIZT, 2021 49 AHA)G 10 H T’Em:ﬁxﬁfﬁ
> WBGT HIESE 3 F(T, A, M4 2 B L A RIFHAIE
o7 PERE, T3 THEk- (m/ir“t O RICHERK,
SNTEY, BEkV1 XI3HIER A, B, C #1241 15mm,
75mm, 50mm TH Y, HZFBIZOWTIIREKOKE = %
BIE U CHIIE SN ENFEE S VD03, Hlgs C I3
1To T T TORIZRT JIS B 7922 #EfL L émf
B, HEEA B, COZITAIZENTNLS, 2, 15T
H5. TNFNREEOHREE R 1ITRT

Table.1 Performance of each measuring instrument

model A B [
class 15 15
0~60°C 0~50°C 0~59°C
WBGT +15°C (15~40°C) +2.0°C +15°C
Globe 0~80°C 0~80°C 0~80°C
+05°C (20~60°C) 105 +0.6°C

Temperature

(¢ 150mm, unknown)

(¢ 75mm, thermistor)

(¢p 50mm, thermistor)

10~90% 10~90% 1~99%
" T B +5% (20~90%, 25°C) +3%(20~80%)
Humidity +3% (30~90%, 25°C) 79 (10~19.9%, 25°C) 5% (other)
(unknown) (capacitance type sensor) (capacitance type sensor)
0~60°C 0~50°C 0~50°C
Temperature +0.5°C (20~50°C) +0.6°C +0.8°C
(unknown) (thermistor) (thermistor)
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2.1 AIRIERE TORBIFRADSETME

RIFFSERFNO N TEMBEEICT, 2021 410 AT
AN D X 5 ITRIRFS K O RHE & D% E SR 2 4
A CENBREORIE 217\, Mg
I EI AL, A2, Bl, B2, C1, C2 &£ %. ik WBGT
FHZ & 2 &R, FERHEEE, BEREE OWIE & IRERIRE,
WBGT OFEHICINZ T, o 2 8 i Jm & 4 v
TIRRHZHIE LT,

(1) &f 1
FAXHREE 60% —E, KR 20°C, 25°C, 30°C
(2) &1t 2

RIR 25°C— 7, FHRHEE 40%, 60%, 80%

2.2 BHEER

HEEIZH T 1800 mmX 2700 mm, & & 1700 mmD 7
VR2EVEREL, 7 b FEEET S HBICBW

, TV MOBEMBLOT v P TFTORMEZE 2 THIE
ZATo 7. 7e BHIR WBGT #HC X 2 KIR, FRHEE
BERIRE OMIE &R ERIRE, WBGT ORI 2 T,
B¢ L FHRPERAL 6 70 6 0 B Rk, JEiEo
WEZIT T2,

(D &M1 T2 O

A L= ibhE 3 i C, T @B ids o,
BThHDH. HOBEMIZONWTUTZBREEZALTEY,
HBLORIZOWTRIZIEERME T 20,

@ %Mt2 77 0B

TV N TFIZ7 7 CPARRR 43.5 cm, 4 4%, HeRJEGE
118m/min)% 2 A% E L, JA&EZ%Z 3 B L x CTHlE
EiToT-. 77 FBEE S 1.5m OREECERE L,
Hm&7 v FFED L GBI Z 3% E LR O E
EiTolz. 2O LT AMORGEF N7 7 o OB R
F7RWE D ICEE L. 2B ZOREOT bR bk
EEMALL.

3. R
3.1 AIRIEENTOEER

AF D720 AN TEREENTORE TIEEHEROE
Y DOVERBOIEVNC K DEn 2 & fR 7203, FEHZEE LA
SMZREREITR N o7 g A LHEZRT &

rE] D= 2 Rl L7z

2SR - MR TR T S S
TR R R SRS (2022, 3. 11)

DA, KIS 0.1CAKN, BERRE bR RKTH 0.2°C
RG22 7208, FEXHE LI IR R T 10% D AR H LI,
TRERIEE TR 2.5°C, WBGT TR 1.5COEN A
bz, HIZRC EHIZEA & DT, KIENKK 0.3C
F L, BERIBE LR K 0.5CHIEL, FXHEEITRK 5%
FE, BERIBE CTRK 1LSCIEEDERA L.
SHBFEDREENEE L E 2 b, 7eslE UHEEO N
M TOBRETRNRT A —FIZBWTRE 2T
6%#}wBeriﬁwkﬁ%ozchT%ok.

3.2 BHEER

B, AR, BEEA2TOERAICBVTHEKS
WBGT 7%, HARERRFRDED DIHREICBVTE
7 A EE3nNTn5D 31CEBL TV, £25E6H
2B\ T H A WBGT & stsk L2 & £ 11
IRpa~12 I 0D H A3 BB 22 7 L 72 IRER 7 30 40 F2
EDOT =R EREM L, TOVYEE VT 7187
FHOEBRAICBIT D HAET v b FTORIR, fHxHE
FEDOMEEK 1, 21277,

37.0
36.0
35.0
34.0
33.0
32.0
31.0
30.0

BA
BB
mC

Temperature(°C)

sun tent
Place

Fig.1 Temperature under the sun and tent
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Fig2 Humidity under the sun and tent
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HE DO H RO D 23R, FRHREE, BERIEEL O
AENENENRELS 25TV D.

SIROFRAICE L TIE, W A TBHRTRH S

e, HmE 7 N TFTOEDOEMTE A LR, HER
B L HIEE C ITHHBRIT N2, SO
WRLRZTHZ LTI A AR TRKEHEIZ D72
WY, BEOFRWAROEAT >k FIZH_RTREL
HTZETHMET Y NTTHENEENTZEE X
biLs.
FRXHBRE D#RZ22ICB L QIXREIC K E KFET D72
b, HEE B &I C I Y BIRRZIT B 0%
BIONZ, [RIROZDPHTHBEIZ B HE L TT v M2
LD HMDIZI BHE A EDOENPKEL 2> TND
LEZOLND.

TS ERBE & OBIfR A LD 72912 MRT & OBIfR %X
3. 41T

o
O B-A

. o

2 oCA Co

@°
. %5‘?.2 00
' 0 gﬁm

-1 MRT
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Fig.3 The relationship between temperature and MRT
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Fig.4 The relationship between humidity and MRT

HIZE B, AR C & 612 MRT AKX 2 AI-oNT,
SRS A KV EKFHL U, AHHEEE 138/ N
LTCWA. HBEHRET, KIRICOWTIE, HiZs B &l

2SR - MR TR T S S
TR R R SRS (2022, 3. 11)

FEA DZEN 0.89, JEFC LHIER A DFEN 091 & EH
5 b IRVIEDOM BN A H v, FHHREEIZ DWW T, H
B EHIER A DZEN-0.94, IR C LHIZE A DER
-0.93 LIRWVADHBN AR BT,
DFE Y BURBRIT O/ WHIER B LI C X 52T
HOEEEZZTTWDHEFERD.
(D) E LD &, KRB RIX WBGT @ 1 #| &
NP 20D, WBGT O 7 #1456 5 IRERIRE O
BHIZROR &AEXHRE O AE DI TV 5728, 2D
2 DOMED L WBGT I[ZKE g% KIEd. 20
ZEMDRIRE W, AR o S BRI I
PR TWLZERMELEEZLND.
BEKIREIZ W TR, JIZR C O BEKIRE O, H
RV A XL MAEAITONTELT, TOEEDOHE
TITERKIBEICHE A EHEK SCULOERLELR
7e7=, BICHIE U7 mUE ofE 26 A L CEA 150 nm
BERIEE ~OWHE 21T o 7. HRER XA RITRTEL
tg1s0
=ty + [(1 4 1.13v0°d™ ) (tyq — t)/(1 + 2.4100°)]
72720, Taso: HEAE 150 mEBERIEE(C), ta: HERIRE
(C), tea: EEdmBERIEECC), v, EE#Hm/s)TH
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Fig.5 Globe temperature under the sun and tent
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Fig.7 WBGT under the sun and tent

at three levels of wind speed
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