[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information

oo@a) OO0000000000D0O0DOO0DOO0DOO0ooOoooooooooon
O

Title(English) ECONOMIC EVALUATION ON THE EFFECT OF THERMAL
ENVIRONMENTAL CONTROL IN SUMMER ON SLEEP AND WORK
EFFICIENCY

oo@a) OO0o0O0,00000,000,0000,00 0

Authors(English) Eri Honda, Toshiharu Ikaga, Noboru Ohira, Keiji Okajima, Wataru
Umishio

oo@a) O0000000O00D0O00, Vol. 81, No. 724, pp. 523-533

Citation(English) Journal of Environmental Engineering (Transactions of AlJ), Vol. 81,
No. 724, pp. 523-533

000 /Pub. date 2016, 6

oood ooooog

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

[#5TY—1) HARRES BB R R 58814 #5724%, 523533, 20164:6 A
7 J. Environ. Eng., AIJ, Vol. 81 No. 724, 523-533, Jun,, 2016
DOI http://doi.org/10.3130/aije.81.523

B OmBIRE R 2NMEIR & 22 H OVESERI=RIT- 2 5 B O R F il

ECONOMIC EVALUATION ON THE EFFECT OF THERMAL ENVIRONMENTAL CONTROL
IN SUMMER ON SLEEP AND WORK EFFICIENCY

ENE 2 S BN 3T M NI R - S =0 T M 5 S S
Eri HONDA, Toshiharu IKAGA, Noboru OHIRA,
Keiji OKAJIMA and Wataru UMISHIO

Reduced sleep quality is a serious problem. Previous studies have reported that the thermal environment affects sleep, and that although
thermal environmental control via cooling is necessary, this increases energy consumption. Here, we conduct an economic evaluation of the
impact of thermal environment control on both sleep quality and energy consumption through experiments conducted in August 2013 and 2014.
Reduced sleep efficiency led to decreased work efficiency. The economic impact of improving sleep quality was much greater than that of energy

consumption. This study showed importance of the improvement of the sleep quality.
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Decline in the quality of sleep increases the morbidity and risk of lifestyle diseases. In addition, daytime sleepiness
causes traffic accidents and decreased work efficiency. According to a survey conducted by the Japanese Ministry of
Health, Labour and Welfare, 20% of people experience sleep problems, and decline in sleep quality in particular is
serious. One factor that has been linked to decline in sleep quality is high heat and humidity in summer.

Against this background, some studies have examined the effects of thermal environment control on sleep.
Appropriate use of air conditioning has been shown to improve sleep quality; however, maintaining a good indoor
thermal environment using air conditioning increases energy consumption. Given the present state of climate change,
the reduction of energy consumption in the Japanese residential sector is a pressing issue. However, an excessive
reduction in air conditioning use for the purpose of saving energy could create a poor sleep environment. The effects
of thermal environment control using air conditioning on sleep quality and energy consumption have been
independently investigated in several previous studies.

In this research, we elucidate the impact of thermal environment control on both sleep and energy consumption
during the summer. The effect of thermal environment control on sleep and energy saving was unified as a monetary
value. Increase in energy consumption can be estimated as an increase in air conditioning costs. Conversely, because
reduced sleep efficiency translates to reduced working efficiency, improved sleep efficiency was converted into
monetary value as a reduction in wages.

Eight healthy male university students participated in this study. The study was performed in a two-story
maisonette room in an apartment building with high environmental performance. Experiments were conducted in
August 2013 and 2014. In the 2013 experiments, we examined the effect of thermal environment control on sleep and
energy consumption. Three thermal environmental control scenarios were used: an air conditioner set at continuous
operation at 26.0 °C (Case I); an air conditioner set at continuous operation at 28.0 °C (Case II); and natural draft
only (Case III). The increase in air conditioner temperature setting from 26.0 to 28.0 °C used in this study resulted in
a 0.03 kWh/day/m? reduction in 8-h energy consumption (Fig. 6). Sleep efficiency was significantly higher for Case IT
(average SET* during sleep, 27.4 °C) (Fig. 8). Low SET* caused by excessive air conditioner use and high SET*
caused by not using an air conditioner adversely affected sleep efficiency. The relationship between sleep efficiency
and work efficiency was verified in the experiments conducted in August 2014, confirming that the economic impact
of decreased sleep efficiency could be converted to a monetary value. Working efficiency decreased by 1.1% per 1%
decrease in sleep efficiency (p<0.01) (Fig. 13). The combined economic impact of energy saving and sleep quality was
calculated. The economic impact of improved sleep quality was much greater than that of energy saving, and the
economic value of Case II (average SET* during sleep, 27.4 °C) was the highest (Fig. 14).

This study found that sleep quality influences work efficiency, demonstrating the importance of improving sleep. To
create a comfortable sleeping environment, further verification of thermal environment control in more detail is

necessary.

(2015 4E 8 H 7 HIsURa 3, 2016 42 2 H 19 HIRMIE)
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