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ABSTRACT: The focus of this research is individual thermal permissible level. The housing project described in this 

article is promoted by Yokohama city municipality in collaboration with task force groups (housing corporation, 

architectural design companies, construction company, and research institutes) in Japan, from 2011. The main 

opportunity is promotion for the local public in terms of energy-conscious lifestyle implementation by providing 

sustainable design houses utilizing natural ventilation. The author is a member of the task force, and has designed the 

environment information monitoring system. The component of the system includes wireless thermal sensors, stand-alone 

data server and monitoring device in the house, and a weather station at the site. The environmental information 

provided by the system assists occupants to adjust the indoor climate, particularly utilizing passive energies and to 

recognize their own permissible level in their daily lives. The system has already been installed in the sustainable design 

house; development of the system and on-site investigations will be carried out in the next research.  
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INTRODUCTION 

    There are many researches such as predicted mean vote 

(PMV) or adaptive standard [1] for indoor thermal 

comfort. Environmental design or control with these 

comfort indexes aim to create a comfortable indoor 

climate for occupants, for instance in an office or 

classroom. However, design of a residential room with a 

suitable indoor climate for a specific occupant should be 

considered. This paper’s focus is thermal comfort for the 

individual.  

 

    Understanding thermal environment from the point of 

view of the occupant’s thermal recognition is important to 

adjust the indoor climate appropriately. However, when 

using Heating, Ventilating and Air-Conditioning (HVAC) 

systems that control the climate automatically, occupants 

do not need to take action for small changes in indoor 

climate. This may result in the loss of their fine control 

over thermal factors, and decrease the chance of applying 

passive control. Thus, in implementing an energy-

conscious lifestyle, occupants are required to perform 

three steps: recognizing thermal environment, 

determining level of adjustment, and taking action to 

adjust it. In the housing project, thermal environmental 

monitoring systems (TEMS) are designed and developed 

together with designing sustainable houses. 

 

 

HOUSING PROJECT 

    The housing project described in this article is 

promoted by Yokohama city municipality in 

collaboration with task force groups (housing corporation, 

architectural design companies, construction company 

and research institutes) in Japan, from 2011. The main 

opportunity is promotion for local public in terms of 

energy-conscious lifestyle implementation by providing 

sustainable design houses utilizing natural ventilation. 

House construction was completed in May, 2012, and 

occupants are moving in from June, 2012, after which 

data collection of energy consumption and thermal 

environment, lifestyle surveys or experiments will be 

carried out. 

 

    Located in a hilly town area, the site is approximately 

2,435 square meters with four meters level difference. 

Residential areas are demarcated into pentagon shapes for 

effective use of land. This shape also makes void space 

and helps improve wind flow from various directions. In 

the center of the site, a common area was created where 

residents could meet. The area contains native plants, 

making it a cool spot in summer and providing a small 

ecosystem.  

 

 

SUSTAINABLE DESIGN HOUSE 

    Fig. 1 shows the site plan of the project. There are 

eleven houses divided into three areas, designed by three 

architectural groups. The houses have no fences 
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separating individual and common areas, and also have 

connective area such as terrace space in order to flow 

from individual to common areas. These functional 

spaces are also expected to move natural ventilation 

effectively into the house. As all houses face different 

directions, wind can blow through the site. 

 

    One of the three types of sustainable design houses 

described in this article is the model house (Fig. 2 and 3). 

This model house is 106.84 square meters, two-storied 

with terrace space on the ground floor. The terrace space 

faces south, serving as a connection to the community as 

well as resources such as natural ventilation in summer. 

In winter, the terrace can be used as a sunroom by closing 

sliding walls. As there are no walls for the staircase, 

natural ventilation is available from the terrace window, 

going through to the staircase and exhaust at the top light 

of the roof. On the roof, 4.14kW of Photovoltaic panels 

and solar heating panels are placed. The details of house 

functions are listed in Table. 1.  

 
Table.1. Details of house functions 

 

 

 

 

 

 

 

 

 

 

MONITORING SYSTEMS 

    Here, the supportive tools for occupants are described; 

namely the thermal environment monitoring system 

(TEMS) and home energy monitoring system (HEMS). 

HEMS, provided by the internet service company, 

measure and monitor consumption of electricity and 

water, and generation of the photovoltaic panels. TEMS, 

developed in the project, measures indoor and outdoor 

physical environment values, and monitors the thermal 

environment of the house itself, as well as the site. TEMS 

consist of four elements: wireless thermal sensors (Fig. 4 

[2]), stand-alone data server (Fig. 5 [3]) and monitoring 

device (Fig. 6) in the house, and weather station (Fig. 7 

[4]) at the site. There are four wireless thermal sensors for 

each house, two on each floor, and are placed 

approximately 1,200 mm above floor level. These 

measure and monitor indoor air temperature and humidity. 

A weather station at the center of the common area 

measures outdoor air temperature, humidity, wind speed, 

wind direction, and solar radiation.  

 

 
Figure 1:Layout of eleven houses at the site 

 

 
Figure 2:Model house (southern side) 

 

 
Figure 3:Section of the model house 

 Calculation 

Q value [W/m
2
K] 2.085 

U value [W/m
2
K]  

  - roof 0.291 

  - wall 0.421 

  - floor 0.624 

  - window 2.330 
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    Fig. 8 shows the data flow of TEMS. Data 

communication is based on the internet. Data are 

collected every five minutes and stored in the stand-alone 

data server of each house. Occupants can view the current 

value, as well as records from the previous 24 hours 

through the TEMS monitor interface. The interface is 

available via the internet and does not require any 

specific devices. The current data from the wireless 

thermal sensors are shown on the house plan (see Fig. 6), 

and the data from the weather station is listed on the 

screen. When the current value is clicked, a trend graph 

for the previous 24 hours is updated on the same screen.  

 

 

APPLICATION OF THE SYSTEM 

    Besides a house’s high performance, practical 

implementation by its occupants is required for achieving 

an energy-conscious lifestyle. One of main objectives of 

the project is lifestyle promotion for citizens by showing 

actual lifestyles. Generally-speaking, it is difficult for 

occupants to recognize, analyze, and make solutions for 

their own daily lifestyles. Here, application of TEMS, 

particularly in terms of its use in recognizing and 

modifying occupants’ own lifestyle is described. 

 

   Firstly, an application is used to recognize the 

relationship between environmental change and daily 

behavior. When changes in energy consumption are 

focused on, the monitoring information from HEMS is 

insufficient, but the environmental information provided 

by TEMS is needed for adjusting the indoor climate 

actively by utilizing natural potentials of common space 

(e.g. natural ventilation, direct gain, and so on).  

 

    Secondly, it is possible to design a built-in 

environmental education program using environmental 

information from TEMS. Suzuki [5] carried out a semi-

field survey of family members to understand their 

thermal environment experience and its associated 

cognition. The survey method confirmed that this is a 

way to clarify the thermal cognition of children in 

relation to their parents’ thermal cognitions. The survey 

measures the daily thermal environment. Occupants were 

asked to record their past and present thermal cognitions 

using charts we prepared. These measures were taken 

several times each day. Occupants were asked to record 

their exposed thermal environment during the previous 

hours. Subjects had thermometers and measured their 

thermal environment. Suzuki [5] concluded that further 

improvement and development of this method and the 

accumulation of data to be provided with similar surveys 

will provide more knowledge and a clearer understanding 

of the process of occupant thermal cognition.  

 
Figure 4:Wireless thermal sensors (e.g. next to the switch box) 

 

 
Figure 5: Stand-alone data server 

 

 
Figure 6: Monitoring device (e.g. PC or Tablet PC) 

 

 
Figure 7: Weather station 
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A similar survey will be carried out in the housing 

project in the summer of 2012 using data from TEMS.  

 

    Results from the survey indicate that as occupants can 

be sensitive to their thermal environment, they can also 

have a preference for the kind of thermal environment 

suitable for them. As the survey was carried out in their 

own houses, the data can be easily fed back into their 

daily lives. The accumulation of experience and the 

findings and knowledge obtained through the survey 

make it easily to adopt them in their actual lives.        

 

    Generally, research targeting thermal comfort is 

required for dealing with both groups and individuals. 

Thermal comfort within the house is focused on specific 

people, its occupants. In this case, solutions will come 

from both the physical quantities, as well as the personal 

preferences, cultural backgrounds, and daily behavior of 

occupants. In this project, the individual thermal 

permissible level is focused on as a thermal cognition of 

occupants. The environmental information provided by 

TEMS is expected to help understand it. Some surveys in 

terms of thermal comfort usually use the five-scale 

evaluation index or seven-scale evaluation index. These 

indexes focus on the comfortable zone of subjects. 

However, occupants usually notice their thermal 

environment only when they dare to focus on it. This 

means that finding the thermal permissible level of an 

occupant is a suitable method in this case. Thermal 

permissible level will be represented by a range. Through 

continuous on-site survey, the range of thermal 

permissible level will be understood more clearly.  
 

 

CONCLUSION 

    This article describes the outline of the housing project 

promoted by Yokohama city municipality and the feature 

and advantages of TEMS in practical daily life. Through 

this project, passive and low energy lifestyle will be 

verified with continuous measured data from HEMS and 

TEMS. The environmental information provided by 

TEMS has the capability to assist occupants to adjust 

indoor climate, particularly through utilizing passive 

energies and to help realize their own thermal permissible 

level through their daily life. TEMS and HEMS are 

already installed in all project houses. Development of 

the system and on-site investigations will be completed in 

the next research.  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Data flow of TEMS 
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