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Abstract—The top-heavy demographic of low birth-rate and
longer lifespan is a growing social problem, and one of its expected
effects will be a shortage of young workers and a growing reliance on
a workforce of middle-aged and older people. However, the
environment of today's industrial workplace is not particularly suited
to middle-aged and older workers, one notable problem being
temperature control. Higher temperatures can cause health problems
such as heat stroke, and the number of cases increases sharply in
people over 65. Moreover, in conditions above 33°C, older people can
develop circulatory system disorders, and also have a higher chance of
suffering a fatal heart attack. We therefore propose a new method for
controlling temperature in the indoor workplace. In this study two
different verification experiments were conducted, with the proposed
temperature control method being tested in cargo containers and
conventional houses. The method's effectiveness was apparent in
measurements of temperature and electricity consumption.
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. INTRODUCTION

The aging of Japanese society has been progressing over the
past several years, and the population of elderly people aged
over 65 years of age now constitutes more than 20% of the
overall population [1-3]. For this reason, the work force at
production sites is becoming dependent on elderly workers, and
the aging of the workers is becoming a great social problem.
Furthermore, it is gradually becoming necessary to implement
improvements in workplace environments with consideration
for elderly workers [4-6] The first points which are usually
emphasized when considering indoor environments are the
temperature and the humidity. Although a well-known health
problem associated with rising temperatures is heat stroke, the
surge in the number of instances varies depending on the age
group. While the surge in the number of heat stroke instances in
the age group of 15 to 64 occurs at 35°C, it occurs at 33°C for
people aged over 65. Moreover, temperatures above 33°C
induce circulatory system disorders in people aged over 65, and
the death rate associated with heart attacks increases [7-9]. For
this reason, the “Association for Preventive Medicine in Japan”
recommends temperature and humidity measurements to be
performed at indoor workplaces twice a month.
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Moreover, Global warming has recently become an
international concern. Therefore, various organizations of
Japan-domestic are making efforts to address global warming
[10, 11].

Taking into account the above circumstances, the present
research proposes a new temperature control method for indoor
workplaces. If the temperature at indoor workplaces can be
adjusted to the most comfortable level, the number of accidents
during work can be decreased, and a pleasant work
environment can be offered to elderly workers. Specifically, the
proposed method prevents the temperature from rising by
applying energy-efficient materials which reduce the emission
of CO,, without the need for air conditioning devices, and its
effectiveness was verified experimentally. The proposed
temperature control method uses a paint containing ceramic
beads with insulating properties

Il. VERIFICATION EXPERIMENT USING CARGO CONTAINERS

A. Experimental Setup

In the first verification experiment, the two containers (H:
2591mm, D: 2438mm, L: 3658mm) shown in Figure 1 were
placed side by side. One container was coated with a paint
containing ceramic beads (container A), the other was an
uncoated, ordinary cargo container (container B). The
effectiveness of the proposed temperature control method was
verified by comparing temperature fluctuations in both
containers during the summer. The experimental conditions are
detailed in Table 1.

Fig. 1 Cargo containers
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Table 1 Experimental conditions
(Verification Experiment using Cargo Containers)

CONTENT DETAIL

Latitude 35.6 north and
longitude 140.1 east

From September 19,
Measurement period | 2006 to October 4,

Experimental location

2006
L Internal container
Evaluation index
temperatures
Measuring instrument | RSW-20s, ESPEC
machine CORP.
30 minutes

Measurement interval

B. Results and Discussion

Figure 2 shows temperature fluctuations inside the
containers and outside during the measurement period. It is
clear from the figure that container A had a lower internal
temperature than container B. There is also a visible correlation
between outside temperature and internal container
temperature, with temperature fluctuations inside the container
following those outside. The average internal temperature in
container A was 26.8°C, compared with 37.0°C in container B,
showing that the proposed system was able to lower the
temperature by 10.2°C. Moreover, the largest temperature
difference, occurring on September 28, was 17.1°C. These
results suggest that by using the proposed method, it may be
possible to control temperature without the need for energy
consumption.
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Fig. 2 Temperature fluctuations inside the containers and
outside

1. VERIFICATION EXPERIMENT USING CONVENTIONAL
HousEs

A. Experimental Setup

Figure 3 is a photograph of the target buildings, these being
two adjacent conventional houses of identical construction.
The roof and external walls of one building were coated with
paint containing ceramic beads (house A), and the other
building was left as a normal, uncoated house (house B). The
effectiveness of the proposed temperature control method was
verified by comparing temperature fluctuations in both houses

during the summer. Comparison was also made of the amount
of electricity consumed by each house's air-conditioning
system to maintain a constant indoor temperature. The
experimental conditions are detailed in Table 2.

Fig. 3 Target Buildings

Table IT Experimental conditions
(Verification Experiment using Conventional houses)

CONTENT DETAIL

Latitude 34.1 north and
longitude 136.2 east
From August 25, 2007
to September 17, 2007
Indoor temperature
fluctuations

Amount of electricity

Experimental location

Measurement period

Evaluation indices

consumption
RSW-20s, ESPEC
Measuring instrument | CORP.
machine 3169, HIOKI E.E.
CORP.

5 minutes (RSW-20s)

Measurement interval 10 minutes (3169)

B. Results and Discussion

Figure 4 shows temperature fluctuations inside the houses
and outside for one week after measurement began. It is clear
from the figure that house A had a lower indoor temperature
than house B. The same trend was also seen in the measurement
days not shown in Figure 4. The average indoor temperature in
house A was 28.8°C, compared with 30.5°C in house B,
showing that the proposed system was able to lower the
temperature by 1.7°C. The largest temperature difference was
2.4°C, occurring on September 17. The difference between the
results of the house and container experiments can be attributed
to the use of insulating materials in the construction of the
houses. In other words, the proposed method is effective even
in buildings constructed with insulating materials.

Figure 5 shows a snapshot of electricity consumption
measurements during air-conditioning usage times. It is clear
from the figure that electricity consumption in house A is lower
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than in house B. Also, because the air-conditioning temperature
was set to 26.0°C in the experiment, the air-conditioning
system switched off when the indoor temperature fell below
26.0°C. In the figure, this state is indicated by an electricity
value of 0. Table 3 shows electricity consumption on each day
of measurement. Electricity consumption in house A was
3.7kWh/day, compared with 4.6kWh/day in house B, showing
that the proposed system was able to reduce electricity
consumption by 20%.
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Fig. 4 Temperature fluctuations inside the houses and
outside
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Figure 5 Electricity consumption measurements during
air-conditioning usage times

Table IIT Electricity consumption on each day of measurement

(Wh, °C)
paTE | HOUS | HOUS | (00 | e RATUR
ea | es | 2
Aug.26 | 273 | 345 | 0.79 36.8
Aug.27 | 498 | 662 | 0.75 356
Aug.28 | 385 | 485 | 0.79 374
Sep.4 | 377 | 456 | 083 347
Sep.5 | 314 | 348 | 0.90 337
Averag | 3.604 | 4592 | 0.804 3564
e

The results of these experiments demonstrate the
effectiveness of the proposed method of temperature control
using paint containing ceramic beads with insulating properties.

By applying this technology to the workplace it may be
possible to create an indoor working environment suited to
older workers, but this is a subject for future research.

IVV. LABORATORY FOR RESOURCE AND ENVIRONMENTAL
DEVELOPMENT

The effect of paints containing ceramic beads became clear
by the experiment. Then, two laboratories were constructed as
shown in figure 6. A left laboratory is called as "Lab. A" which
is painted in the paints containing ceramic beads. On the other
hand, a right laboratory is called as "Lab. B" which is painted in
the paints containing silicon and acrylic. In other words, "Lab.
A" means the building of effective environmental measures.
"Lab. B" means conventional building. The comparative study
of two laboratories is scheduled to be executed in the future.

(Left side: Lab. A, Right side: Lab. B)
Fig. 6 Snap shot of laboratories for resource and
environmental development

V. CONCLUSION

In this study two different verification experiments were
conducted, with the proposed temperature control method
being tested in cargo containers and conventional houses. The
obtained results can be summarized as follows.

In an environment whose ambient temperature is 24.6°C
on the average, the temperature inside a cargo container
where the proposed system was used was 10.2°C lower
in comparison with an ordinary container.

In an environment whose ambient temperature is above
33.1°C, for any arbitrary setting of the room temperature
inside an ordinary house, the proposed system can
reduce the energy consumption by 20% as compared to
an air conditioner.

ACKNOWLEDGEMENT

The authors express great thanks to the Bureau of
Environment. Tokyo Metropolitan Government for their
financial support and Nissin-sangyo, Inc. for their financial
support and technical assistance.

333



[1

[2]

[3]

[4]

[5]

[6]
[71
(8]

[]

[10]

[11]

International Journal of Earth, Energy and Environmental Sciences
ISSN: 2517-942X
Vol:3, No:10, 2009

REFERENCES

llmarinen. J, Tuomi. K, Eskelinen. L, Nygard. C-H, Huuhtanen. P &
Klockars., Background and objectives of the finish research project on
aging workers in municipal occupations, Second. J. Work Environ. Health,
Vol.17, Supplement 1, 1981, pp.7-11.

Kawakami. M & Kajihara. Y (2001), A model for activating the elderly in
the production system, Proc. of NES2001, 2001, pp.359-363.

Seisamo. J & llmarinen. J (1997), Life-Style aging and work ability
among active finish workers in 1981-1992, Second. J. Work Environ.
Health, VVol.23, Supplement 1, 1997, pp.20-26.

Nygard. C-H, Huuhtanen. P, Tuomi. K & Martikainen. R, Perceived work
changes between 1981 and 1992 among aging workers in finland, Second.
J. Work Environ. Health, Vol.23, Supplement 1, 1997, pp.12-19.
Haermae. M & llmarinen. J, Towards the 24-hour Society-New
Approaches for Aging Shift Workers?, Second. J. Work Environ. Health,
Vol.25, No.6, 1999, pp.610-615.

Huuhtanen. P, The aging worker in a changing work environment, Second.
J. Work Environ. Health, Vol.14, Supplement 1, 1998, pp.21-23.
limarinen. J, Aging workers, Occupational & Environmental Medicine,
Vol.58, Issue 8, 2001, pp.546-552.

Kondo. M, Working-hours management for prevention of heat disorders
in workplaces at high temperature, Journal of working environment,
Vol.29, No.4, 2008, pp. 62-70.

Shishime. T, Promoting countermeasures on urban heat island towards
low carbon society, Environmental & sanitary engineering research,
Vol.22, No.3, 2008, pp. 195-198.

FY 2008 Annual Energy Report (outline) (2009, Aug). Agency for
Natural Resources and Energy (ANRE) [Online]. Available:
http://www.enecho.meti.go.jp/english/report/outline.pdf.

Global Environment Global Environment News Headline. The FY 2008
Annual Report on Ozone Layer Monitoring (2009, Sep 14). Ministry of
the Environment Government [Online]. Available:
http://www.env.go.jp/en/headline/headline.php.

334



