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エネルギー消費量が少なくなることが示された．その他

にも有意差が確認できた項目は尺度得点の平均値が世帯

人数の違いによって，エネルギー消費の多寡に応じて逆

転している傾向が見られた．このことから少人数世帯と

多人数世帯では個人の抱いている省エネや節電に関する

価値観や意識が異なる構造をもって電力消費量の結果に

影響を及ぼす可能性が推察された．上記の考察として,保

守性に関しては少人数世帯では保守性が高いことで急激

な変化を避けることから,電力消費量の結果として現れ

る際に少なくなる傾向にあり,多人数世帯では保守性が

高いことで外出・外食に対する意向が少なく家庭内での

生活行動や食事をする機会が多くなる際に,電力消費に

影響を与えうる要因として示された世帯人数が多いこと

が影響して電力消費量の結果として現れる際に多くなっ

てしまう傾向が見られるのではないかと推察した． 

総括すると世帯人数の違いでは,省エネに関する価値

観や意識に大きな有意差は確認できず,世帯人数別に電

力消費量の多寡との関連性を確認した際には,少人数世

帯でエネルギー消費量が少ない世帯では日々の生活の行

為行動に関して変化に対する意向が少なく,個人的な趣

向をもつような傾向がみられ,多人数世帯ではエネルギ

ー消費量が少ない世帯は日々の省エネ行動や電力消費機

器に対して費用対便益に対して特に強い意向を示さず, 
日々の生活の行為行動に関して変化に対する意向が多い

傾向が確認できた． 

 

５．おわりに 

本稿では HEMSを搭載した対象住宅の電力消費量につい

て季節・系統別の電力使用割合を確認するとともに，本

稿と連報である「省エネを推進するライフスタイルに関

する研究その 1」のアンケート調査の結果や分析内容を参

考に世帯人数や電力消費量の違いによる省エネに関する

意識や価値観の違いについて傾向を探った．今後は系統

別の電力消費量の違いからの対象者の価値観や意識の違

いについて分析を進めていきたい． 

 

 

 

 

 

 

 

 

 

 

 

 

 

注記 

ⅰ）参考文献 1）2）の調査の中で 2013年 5月 17日（月）～12月
22日（日）の期間内で 4季節を夏への移行期・夏・冬への移行期・
冬として季節ごとに 2週間の期間を設けて，本稿と同じ調査対象物
件に対して実施された電力消費データの分析である． 
ⅱ）注記ⅰ）の結果より電力消費に影響を与えうる要因として，系

統別では夏・冬のエアコンの使用・冬のエコキュート・全季節の浴

室乾燥機が挙げられた．本稿では系統別の電力消費を分析するにあ

たって，上記の系統に着目して分析をおこなった．平日での電力消

費を対象に，主幹は住戸全体の電力消費，エアコン・エコキュート・

浴室乾燥機・その他は主幹の内，どの程度の割合を示すかについて

図 2に表した． 
ⅲ）一世帯の中でアンケート回答者が複数人存在した場合は，本稿

の分析では行動の実践度（実践度得点より判断）の低い回答者を世

帯の代表として抽出した． 
ⅳ）一つの因子に割り振られた項目の得点を足した数値を項目数で

除した点数のこと．合計点を尺度得点とする手法もあるが，本稿で

はアンケートの設問により項目数に違いがあるため，尺度得点とし

て平均値をとる手法を採用した． 
ⅴ）世帯人数の違いにより 1～2人世帯を少人数世帯，3人以上の世
帯を多人数世帯として計上した． 
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1. Introduction 
People adapt different behaviors to maintain comfort 
environment inside the building. An understanding of 
pattern of behaviors of the occupants to maintain thermal 
comfort may be very much fruitful to the designers 
especially to this modern competitive housing world for 
constructing and maintaining comfortable homes. The 
adoptive model of the thermal comfort was developed 
largely on the basis of thermal comfort surveys in European 
society and American offices, no Japanese data were 
included. Occupant behavior is different in the office and at 
home, and thus the existing adaptive models may not be 
applicable to residences [1]. When working with developing 
technology, of limiting liability risk; and the wishes of 
clients who increasingly seek ‘low energy’ buildings for 
economic and moral reason [2]. 
Currently, Home Energy Management System (HEMS) has 
been applied in different residential building for energy 
saving and creating comfort thermal environment and it is 
the attraction of occupants while finding a new resident. 
How the resident occupants adapt to various indoor 
conditions in HEMS managed building is not fully 
understood. Generally, people adjust clothing for thermal 
comfort. 
This study is set out to investigate the thermal comfort and 
clothing trend of the occupants for thermal adjustment. As 
the residential building selected for this study is HEMS 
managed so how the occupants maintain thermal comfort 
and clothing insulation is the focus of this study. This study 
purposes to find out thermal sensation, thermal comfort and 
clothing insulation of the occupants of the study building. 
 
2. Outline of the Study Area 
The study area Branz City is located in Katsushima of 
Shinagawa. It has been established with the concept of 
HEMS. It is one of the unique projects for this study as it is 
a residential building for 356 families with HEMS. How 
people maintain comfort temperature and what kinds of 

clothing are used by the occupants of this building is the 
concern of this study. The building has been established 
with the concept of HEMS with unique temperature and 
lighting management system.  
It has launched the concept of ENE-FARM for the first time 
in the world. ENE-FARM converts gas into electric energy. 
It has been expected that it will reduce the load of 
electricity to some extent. While converting gas into 
electric energy the released back up heat is used for heating 
water that is used for kitchen, bathroom and floor heating.  

 

 

Fig. 1 Investigated residential building 
 
3. Investigation methods with field data  
This survey is conducted among the occupants of Branz 
city. A questionnaire related to thermal comfort, clothing 
etc. was provided to every resident dweller and the votes 
were collected several times in a day from their smart 
phones, laptops and iPods. The collected data were 
classified according to their nature and analyzed. The 
recorded outdoor temperature is observed from the 
meteorological station to find out the relation between the 
trend of the clothing and outdoor temperature.  
The clothing insulation was investigated by descriptive 
method. In this method the clothing insulation was chosen 
by the occupants of the building from clothing scale. The 
insulation of male and female clothing was provided by the 
investigation. 
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3.1. Subjects 
The occupants of the building were selected as the subject of 
this study. 19 males and 18 females voted 1534 times during 
the period of the month November 2015. The voting time 
was not always similar but mostly it was in the morning, day, 
evening and night. 
 
3.2 Scale of thermal comfort survey 
To know the wide range of thermal condition of the study 
area, 1 to 7 point scale questionnaire was provided as shown 
in the Table 1. The meaning, relationship, and the evaluation 
method of the questionnaire were clearly provided to the 
occupants of the building in advance to obtain the data 
accurately. 
 

Table 1. Scale of thermal comfort survey 
Scale Thermal 

sensation 
Thermal 
satisfaction 

Overall comfort 

1 Very cold 
 

V. unsatisfied 
 

Very uncomfortable 
 

2 Cold 
 

Moderately 
unsatisfied 
 

Moderately 
uncomfortable 

 

3 Slightly 
cold 
 

Slightly 
unsatisfied 
 

Slightly 
uncomfortable 

 

4 Neutral 
 

Slightly satisfied 
 

Slightly comfortable 
 

5 Slightly 
hot 
 

Moderately 
satisfied 
 

Moderately 
comfortable 

6 Hot 
 

Moderately 
satisfied 
 

Very comfortable 

7 
 

Very hot Very satisfied 
 

 

 
3.3 Thermal Measurement 
To understand the thermal comfort, thermal sensation and 
clothing patterns of the occupants, a questionnaire method 
is used. To find out the air temperature, relative humidity 
and illuminance of the building a device is used (Figure 2). 
The device records the indoor temperature, relative 
humidity and illuminance in every 10 minutes interval. 
However, the measured data by this device has not been 
analyzed in this paper. 

 
Fig. 2 Air temperature, relative humidity and lighting. 

recording device. 
 
4. Result and discussion 
4.1 Thermal sensation 
The thermal sensation of the occupants of the investigated 
building seems almost satisfactory as around 72% voted 
neutral. Neutral temperature refers to the air temperature, 
which on average, a large sample of people would feel “just 
right” or neutral [3]. The mean sensation is 3.7 on 7 point 
sensation scale (Figure 3). On the contrary, around 26% 
voted slightly hot. The result clarifies that the occupants are 
satisfied with the thermal sensation of the building. Even 
though the occupants of the building used heating and 
cooling in some cases but it can be said that they are 
satisfied with the thermal environment of the building. This 
might be the cause of the environment created by HEMS 
and ENE-FARM.  
 

 
Fig. 3 Distribution of thermal sensation 

 
4.2 Thermal satisfaction 
To evaluate the thermal satisfaction of the study area, we 
have offered a questionnaire of 6 points scale. From figure 
4 it can be assumed that occupants are achieving thermal 
satisfaction by using different appliances and modes of 
ventilation like opening the window or internal door. The 
HEMS also played an important role to create comfortable 
environment. The occupants were able to control the indoor 
temperature of the house when away from the home. They 
could adjust the indoor temperature of the house before 
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reaching home. It may be unfair to use the word very 
satisfied as the mean thermal satisfaction is 4.3 but they are 
quite satisfied. The result shows that they have achieved 
this satisfaction by adopting some behaviors like changing 
clothing insulation to adjust their thermal satisfaction. 
Around 10% of the votes answered scale 3 which is slightly 
unsatisfied. There might be different reason for this result. 
One might be the body condition to adjust heat or cold and 
the exercise hours they spent every day. Another might be 
the age. Regarding to age, we had provided the list of age 
groups of 5 points age difference scale.  

 

 

Fig. 4 Distribution of thermal satisfaction 
 
4.3 Guess temperature and temperature setting 
To evaluate the feeling of the occupants about the thermal 
environment, we had also taken their guess temperature and 
temperature setting. Figure 5 shows close resemblance 
between their guess temperature and temperature setting. 
Their guessed temperature was very close to temperature 
setting. We found that the occupants are very conscious 
about thermal environment. 

 

Fig. 5 Relation of guess temperature and temperature 
setting 

 

4.4 Overall comfort 
The mean overall comfort is 4.3. As shown in Figure 6 the 
highest votes are feeling slightly comfortable. It doesn’t 
mean that they are uncomfortable. The reason could be the 
slightly changing outdoor environment. As they are 
satisfied with the overall comfort of the house, they prefer 
slightly a warmer environment at the end of the month than 
the beginning of the month. The temperature of Japan 
gradually decreases from the beginning of November. 
 

 
Fig. 6 Overall comfort distribution 

 
4.5 Relation between overall comfort and thermal 
sensation  
Figure 7 shows the relation of thermal sensation and overall 
comfort. The report shows a very close relation in overall 
comfort and thermal sensation. When the thermal sensation 
is neutral the overall comfort is close to moderately 
comfortable scale. As the sensation level increases or 
decreases the overall comfort shows uncomfortable.  

 
Fig. 7 Relation of thermal sensation and overall comfort. 
 
4.6 Thermal Acceptance 
To know the overall comfort of the occupants of the 
building, we have analyzed their thermal acceptance to the 
thermal environment 
The pie chart shown in Figure 8 shows that most of the 

― 211―



― 212 ―

2015 年度日本建築学会 
関東支部研究発表会  

4 
 

occupants are satisfied with the overall comfort of the 
building. Answer the question of thermal acceptance at the 
moment of voting, 91.52% votes accepted the thermal 
environment. 

 
Fig. 8 Thermal acceptance (0=acceptance, 1=unacceptance) 
 
4.7 Clothing insulation 
When the mean clothing value was analyzed and compared 
in the month of November, the mean insulation value seems 
slightly changing at the end of the month. The result 
showed that the building occupants slightly increased the 
insulation of the clothing gradually at the end of the month 
than the beginning of the month. The mean clothing 
insulation is 0.7 and the overall comfort is 4.3. 

 
Fig. 9 Clothing insulation male and female. 

 
Figure 9 shows the difference in clothing pattern of male 
and female of the study building. Females seem using 
slightly thicker than males. The mean clothing of the male 
was 0.68 clo whereas the mean clothing of females was 
0.78 clo. The reason might be the women seems more 
sensible to the environment. 
Changing clothing is one of the important behavioral 
adaptations [4]. From the investigation it is also examined 
that the occupants clothing was significant to the outdoor 
temperature. As the outdoor temperature changed the 
insulation of the clothing also changed [4].  
 

5. Conclusions 
In this research we conducted a survey on thermal 
environment, thermal sensation and clothing for thermal 
adjustment in November. The thermal environment and 
clothing pattern of the occupants residing in Branz City 
Shinagawa were investigated. The following results were 
found. 
1. The frequency of thermal sensation and thermal 

satisfaction is satisfactory. Overall comfort clarifies 
that the occupants desire slightly warmer 
environment.at the end of November 

2. As the occupants’ guess temperature resembles with 

their temperature setting which proves that they are 

very much conscious about the thermal environment. 
3. The clothing pattern of male and female differs as the 

insulation of female clothing is slightly higher than 
male. The clothing and thermal sensation are correlated. 
The clothing insulation is high when they feel cold and 
low when they feel hot. 

4. The percentage of thermal acceptance is high. The 
occupants are adapted to the building environment. 
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