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Abstract
1. Objective
To promote measures against global warming in the residential sector, we need to adopt not
only efficient low-carbon technologies but also a new lifestyle: the low-carbon lifestyle which
maintains a comfortable living environment yet reduces energy consumption. The goal of this
study is to develop indices which quantitatively evaluate thermal comfort and health effects while

facilitating a reduction in heating and cooling energy consumption.

2. Contents
(1) Systematic organization of Non-Energy Benefit (NEB)

We cataloged literature on the thermal environment, thermal comfort and health effects which
relate to NEB deriving from the improvement of the residential thermal environment. We then
systematically organized the relationship between the NEB Indices, which we developed in the

previous fiscal year, and the existing residential thermal environmental NEB.

(2) Field investigation

We measured indoor temperature, humidity and electricity consumption of 50 detached houses
located in the Metropolitan area for one year, and conducted questionnaire surveys on ways of
living and seasonal comfort level among the residents. Additionally, we sent energy consumption
and indoor thermal environment reports (the energy report) to 25 out of 50 participating
households every few months to prompt behavior change in the use of home appliances.
Furthermore, we measured sleep of 23 out of 50 participants to evaluate the relationship between
the thermal environment and health effects, and conducted diary surveys to grasp subjective sleep

indices.

(3) Quantitative analysis of carbon dioxide emission reduction

We estimated the thermal insulation performances of the 50 houses based on electricity
consumption, indoor temperature, heat load, and house plans. The results confirmed that the
group with higher insulation performance (Insulation Standard A) achieved thermal comfort with
less CO, emission (approximately -11%) during the winter months than the group with lower
insulation performance (Insulation Standard B). Moreover, when we analyzed the energy
consumption of the households to which the energy reports were sent (test group) and that of the

controlled group, sending the energy report showed the energy-saving effect of 2-3%.

(4) Development and improvement of NEB Indices
1) Improvement of the Comfort-NEB Index
We set the temperature and humidity level for the living room and bedroom based on the

literature, and developed the summer and winter Comfort-NEB Indices from the temperature and



humidity measurement. Furthermore, we confirmed through questionnaire surveys that

Comfort-NEB Index is in correlation with the residents’ thermal comfort and thermal sensitivity.

2) Development of CO2-NEB Index

Based on the relationship between the Comfort-NEB Index and CO, emissions from heating and
cooling, we developed the CO2-NEB Index, which evaluates thermal comfort and low-carbon
performance. From the thermal environment and CO emissions of the participating households,
we determined the recommended range where thermal comfort would be high and CO2 emission

level would be low.

3) Development of Health-NEB Index

Based on the relationship between the Sleep Index and the night-time bedroom temperature, we
developed the Health-NEB Index, which evaluates changes in sleep quality due to sleep
environment. By using the bedroom temperature set in the Comfort-NEB Index and the
Health-NEB Index, we confirmed that the sleep quality was higher when the bedroom temperature

was lower.

(5) Consideration of public awareness

Through discussions in the evaluation committee and interviews with the air conditioner
manufacturer and the housing manufacturer, we reviewed the practical use of the NEB Indices. As
an application of the CO,-NEB Index, we simulated the relationship between CO, emissions and
the Comfort-NEB Index when the thermal insulation performance, behavior change, and air
conditioner efficiency were improved.

Also, we created a guideline for housing and air conditioner manufacturers based on the
outcome of this project. The guideline contains the following information:

- The relationship between the low-carbon lifestyle and the NEB Indices

- The list of items needed to conduct the NEB evaluation

- The measurement procedure

- The NEB evaluation methods
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