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Abstract: Higher temperatures can cause health problemsasibleat stroke, and the number of cases increhagsly
in people over 65 years old. Elderly people havega risk of heat stroke, not only during the day hlso at night, and
they also have a reduced sensitivity to heat, sopthssibility that countermeasures are taken twifereases. In such
cases adverse effects cannot be prevented by resaswolving voluntary action, including the prdeis of air
conditioning. For these reasons, heat stroke cowefesures involving methods that do not depend hensensory
functions of the target person are needed. Thexefoe propose a new method for controlling ind@sngeratures using
heat-resistant paint. In this study, two verifioatiexperiments were conducted totest the propamegbdrature control
method in cargo containers and communal buildiigre effectiveness of the methods was apparent assurements of
temperature and electricity consumption.
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attacks increases [7-9%lderly people have a high risk of
heat stroke, not only during the day but also ghtiand
they also have a reduced sensitivity to heat, s@dssibility
that countermeasures are taken late increases|fil@lch
cases adverse effects cannot be prevented by msasur
involving voluntary action, including by the proia of air

1. Introduction

The aging of Japanese society has been progreseang
the past several years, and people aged over 65 yow
constitute more than 20% of the population. Thisnge has

also occurred in many other developed countrie3].[For oY
this reason, the work force at production sitebesoming ~conditioning. Therefore, heat stroke countermeasirg

dependent on elderly workers, and the aging of arsrks methods that do not depend on _the sensory fgn(_:ubme
becoming a major social problem. Furthermore, it i{2r9et person are needed. For this reason, theciagisn for
gradually becoming necessary to implement improvitsne Preventlv_e_Med|C|ne in Japan recommend_s that teatyrer
in workplace environments with consideration fodegly an_d humidity measurements be ma‘?'e at indoor warkpla
workers [4-6]. The first points that are usuallypérasized Wice per month. Also various studies have meastined
when considering indoor environments are tempesaand e_ffectwene_ss of bwldmg |n_sulat|on on d_aytlme pemature
humidity. Although a well-known health problem asiated 'S¢ restraint. However, its influence at night hasbeen so
with rising temperatures is heat stroke, the teaipez at well studied. L . .

which a surge in the number of cases occurs depEmdge Moreqver, global warming is an |r_1ternat|0nal comcer
group. Although a surge in the number of heat stizdses in and various domes_tlc organizations in Japan areingak
people aged 15 to 64 years occurs at 35°C, in pemptd ©forts to address this problem [11, 12].

over 65 years it occurs at 33°C. Moreover, tempegatin Taking into account the above cwcums';ances, WPqE®
excess of 33°C induce circulatory system disoritepeople & NeW temperature control method for indoor worsgia
older than 65 years, and the death rate assodiatecheart USINg heat-resistant paint. If the temperature rafoor
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workplaces can be adjusted to the most comfortiviel,
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Table 1. Experimental conditions (cargo containers)

the number of health-related incidents during woak be
reduced, and a pleasant work environment can leeedffto

Contents Details

elderly workers. Specifically, the proposed metipoelvents
rising temperatures by applying energy-efficientterials
that reduce the emission of €@ithout the need for air
conditioning devices. The method uses a heat-apsigaint
developed by Nissin Sangyo Co., Ltd., which hadalgest

Chiba PRF, east of Japan. Latitude
35.6 °N and longitude 140.1 °E

19 Sept. to 4 Oct., 2006 (2 weeks).
RSW-20s, Espec. (for temperature)

Experimental location

Measurement period
Measuring instrument

Measurement interval 30 minutes

market share among energy-saving paints. This paimtains
ceramic beads with insulating properties. We hdueady
published several reports indicating that this dnesistant
paint is superior to other paints [13]. Here wecdés the
experimental verification of the paint's effectiems on
cargo containers and communal buildings.

2. Verification Experiment Using Cargo
Containers

2.1. Experimental Setup

In the first verification experiment, two contairefH:
2591 mm, D: 2438 mm, L: 3658 mm; Figure 1) wereeth
side by side. These containers were made of sted
container was coated with the paint containing mésa
beads (container A, right in Figure 1(a)), anddtieer was
an uncoated, ordinary cargo container (containele®,in
Figure 1(a)). The effectiveness of the proposegerature

2.2. Results and Discussion

Figure 2 shows temperature fluctuations inside and
outside the containers during the measurement gheltidgs
clear from the figure that container A had a loweernal
temperature than container B. There is also visible
correlation between outside and internal container
temperatures, with temperature fluctuations inftlewing
those outside.

Next, we calculated average temperatures over the

measurement period from measured daily peak teryresa
inside the container (Figure 3). The average imtern
temperature in container A was 29.2°C, compared wit
37.0°C in container B. This shows that the propagetiem
was able to lower the temperature by 7.8°C. Morgahe
largest temperature difference, on 28 September,18&°C.
These results suggest that the proposed methodesnab
temperature control without energy consumption.
Insulation materials were not included in the cowa

control method was verified by comparing tempeeturused in the experiment. Therefore, we conducted an
fluctuations in both containers during the summEne experiment that included insulation to verify the
evaluation index was based on measurements ofnaiter effectiveness of the proposed method in colledtiasing,
temperature at five points, as shown in Figure .1{b) as described in the next section.

addition, external temperature was measured taaiathe

effect of the method. The experimental conditiome a ContainerA

Contaner B Outside temperature

detailed in Table 1. 1o | .
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Figure 2. Temperature fluctuations inside and outside containers.
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Figure 1. Experimental setup. Figure 3. Average peak temperature during measurement period.
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3. Verification Experiment Using a 3.2. Results and Discussion

Communal Building Figure 5 shows the temperature fluctuations inside
outside the houses for one week, from 28 Augus8 to
September. It is clear from the figure that housball a
lower indoor temperature than house B.

Next, we calculated average peak temperatures theer
measurement period from the daily measured peak

the paint containing ceramic beads (house A), hacbther temperatures inside the houses (Figure 6). Theageer
was left as a normal, uncoated house (house B). TH¥lOOr temperature in house A was 27.9°C, compaiéd
evaluation index was based on measurements interrfal-4°C in house B, indicating that the proposedesyswvas
temperature at 9 points, as shown in Figure 4(tje T able to reduce the temperature by 1.5_°C. The élfim
external temperature was also measured. The effiaeis of Petween results of the house and container expetsman
the proposed temperature control method was \eriig be attrlbL_Jted to insulating materials use_d in th_msle_s’
comparing temperature fluctuations in both houseimg the ~ construction. Thus, the proposed method is effeativen in
summer. We also compared the amount of electriciguildings with such materials.

consumed by each house's air-conditioning system to
maintain a constant indoor temperature. The exgariah
conditions are listed in Table 2.

3.1. Experimental Setup

Figure 4(a) is a photograph of the target buildimgsich
are two adjacent conventional houses of identimastruction.
The roof and external walls of one building werated with

House A — House B Outside temperature
.w .

o
Y
5
i
[
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28Aug 29Aug 30Aug 31Aug 1Sept 2Sept 3 Sept
Date of measurement
Figure 5. Temperature fluctuations inside and outside houses
“house A ¥ gures. =
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(a) Communal buildings o .
- 30 - . :
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. e e oo P i
conditioning i | 1050 mm i
i l H O I from the floor House A House B Ienc-):e:':teue
I ’ ® 200mm
L from the ceiling (*¥*: p=<0.01)
= P
[ er A=A and
5 l e I 200 mm Figure 6. Average peak temperature in measurement period
(I |——i-v i from the floor
- i o Outside temp. Figure 7 shows_an example of glectric?t_y c_onsun_nptio
| B | measurements during a period of air-conditioning. usis
' ' _ evident from the figure that electricity consumptia house
(b) Measurement points of house internal tempegatur A was lower than in house B. In addition, because t
Figure 4. Experimental setup. air-conditioning system’s thermostat was set t®26.in the

experiment, the air-conditioning system switchetivdien

Table 2. Experimental conditions (communal building) the indoor temperature fell below that value. la flgure,

Contents Details this state is indicated by an electricity valueefo.

Experimental location 'V“z IPRE W§St1%fGJ§EZn Latitude 34.1 °N Table 3 shows electricity consumption on each

" ¢ period gngngt'tuseS © 5007 (12 d measurement day (from 25 to 27 August and 4 to 5
easurement pena 19 "9 5 Sept, (12 days). September). On average, the consumption in hous@sA

RSW-20s, Espec. (for t ture). 3169, _ .
HIOKI. (fzr pip\)::r é;’;sﬁﬂgﬁgi)‘"e) 3.7 kWh/day, compared with 4.6 kWh/day in house B,

5 minutes. (for temperature). 10 minutes.  showing that the proposed system was able to reduce

Measurement interval - .
(for power consumption) consumption by 20%.
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Figure 7. Example of electricity consumption measurements during times
of air-conditioning use.

Table 3. Electricity consumption on each day of measurement (KWh).

Date House A House B Ratio (A/B)
25 Aug. 2.73 3.45 0.79
26 Aug. 4.98 6.62 0.75
27 Aug. 3.85 4.85 0.79
4 Sept. 3.77 4.56 0.83
5 Sept. 3.14 3.48 0.90
Average 3.694 4.592 0.804

4. Effect at nighttime

We compared the internal temperatures during thérda
and nighttime, for both containers and buildings.the
containers, the daytime effect is remarkable, &edetis no
difference at night. However, in the buildings, rihds
difference of temperature in both the daytime aigthttime.
Therefore, we compared the air conditioning enesaying
rates for daytime and nighttime. We set divisiorwsen
daytime and nighttime by the period of daylight.

Table 4 and Figure 8 show the electricity consuompti
results. The energy saving rate for air conditignituring
daytime was 26.3%, and during nighttime it was %.3
Thus, this heat-resistant paint can improve
temperatures in a building not only during the day, also
at night. This suggests that using heat-resistantt an
produce an environment in which the possibility hefat
stroke for elderly people at night is reduced.

Table 4. Electricity consumption on measurement (W)

Time House A House B Ratio (A/B)
Daytime (7:00-19:00) 245.8 3334 0.737
Nighttime (19:00-7:00) 122.6 144.7 0.847
mHousen B HouseB
S00.0 s s
_wo oy v
= 4000
g 350.0
-g' 300.0
7 2500 -
2 200
B 1500 - P
=500
0o
Daytime| 7:00-19:00) Nighttime|19:00-7:00)
(**: p<0.01)

Figure 8. Consumption electricity comparison for daytime and nighttime.
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5. Conclusions

In this study, two verification experiments were
conducted to test a proposed temperature contribladen
cargo containers and conventional houses. Thetsesah
be summarized as follows.

* In an environment with an average ambient temperatu

of 24.6°C, the peak temperature inside a cargaaourt
with the proposed system was 7.8°C cooler thamin a
ordinary container.

* In an environment with an ambient temperature great
than 33.1°C, for any arbitrary setting of room tenagpure
inside an ordinary house, the proposed systenmectuce
energy consumption by 20% compared with an air
conditioner alone.

* The energy saving rate for air conditioning in a
building was 26.3% in the daytime, and for the
nighttime it was 15.3%.
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