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Thermal Environment and Energy Performance of Well-Insulated and Airtight 
Houses in Tohoku District of Japan 

ABSTRACT 

Hiroshi Yoshino, Tohoku University, Sendai, JP 
Ken-ichi Hasegawa, Shinshu University, Nagano, JP 

Newly constructed residential houses in Japan are better insulated and more airtight than their prede­
cessors to increase energy conservation. Although reduced energy consumption was expected, the energy per­
formance of these buildings has not yet been clarified. Therefore, the indoor thermal environment and energy 

consumption in 300 well-insulated and airtight houses newly constructed in the Tohoku District, the northern part 
of Honshu Island, were investigated by a questionnaire survey. The information provided by the homeowners 

included the floor area, level of thermal insulation, space heating equipment, occupants behavior in regard of 

heating and ventilation, utility bills, problems with the indoor environment. 
This paper firstly describes the characteristics ofindoor thermal environment in the investigated houses 

and energy consumption. Secondly, the relationship between kerosene consumption for space heating and the 
influencing factors on energy consumption is discussed by a multi-regression analysis method. Thirdly, the influ­
ence of these factors on the heating load is estimated using computer simulations. 

The energy consumption of well-insulated and airtight houses investigated consumed more kerosene 
than the ordinary existing houses, because ofincrease in heated floor area and heating hours. Computer simula­

tion reveal that the well-insulated and airtight houses in the Tohoku District consume more energy for space 
heating than ordinary existing houses, in which only the living/dining room is heated. The results also show, that it 

would be possible to keep a comfortable indoor environment with less energy consumption than the ordinary 
existing houses, if the houses had an insulation comparable to R2000 houses in Canada. 

Introduction 

Newly constructed detached houses in Japan, especially in the northern portion of Japan, have become 

more and more airtight and highly insulated due to energy conservation and the demand for thennal comfort. In 
such houses, it is expected that the quality of the indoor thennal environment will be better than that of existing 

houses. However, there is the possibility of problems related to indoor air quality and humidity in the winter and 

the energy perfonnance of these buildings has not yet been clarified . 

The purpose of this study is to grasp the indoor thermal environment and energy perfonnance of wel l­
insulated and airtight houses during winter, and to obtain more information on influencing factors on the heating 
loads. This paper firstly describes the characteristics ofindoor thermal environment in the investigated houses and 
the buildings' energy consumption. Secondly, the relationship between kerosene consumption for space heating 
and the influencing factors on energy consumption is discussed and calculation by a multi-regression analysis 

method are presented. Thirdly, the influence of these factors on the heating load is estimated using computer 
simulations. The simulation method takes the multi-zone effects of heat transfer and air flow distribution into 
consideration. 

Thermal Environment and Energy Performance of Well-Insulated and Airtight Houses - 5.351 



Cbaracter!_stics of Indoor Thermal Environment 
; ,, 

Questionnaire Survey on Indoo�Environment and Occupant's Behavior 

Method oflnvestigation. The indoor ehvironment and energy consumption in three hundred well-insulated and 
airtight houses newly constructed in the Tohoku District, the nofthempart ofHonshu Island, were investigated by 
a questionnaire survey1in winter of 1994. These houses are equipped with mechanical ventilation system and 
space heating systems for the entire house. The infomi.ation provided by the home.owners included the floor area, 
year of construction, level of thennal insulation, space heatirtg,equipment, number of occupants, occupancy 
schedules, occup�Ts' behavior in regard of�eating and ventilation, utility bills, problems with the indoor environ­
ment. B�c�use it was difficult to si;lect randomly oµly the well�insulated and airtight houses among detached 
houses in Tohoku District, the questionnaire was distributed to owriers of homes constructed by the forty-five 
builders dealing with the well-insulated and' airtight houses. The investigated region and the number ofrespon-
dents are shown in Table 1. The total number ofresponden�s is.303. 

· 

, I I 

Results. Figure 1 shows the resultiof questionnaire survey for winter indoor environment. 

Features-of the houses: Floor area is in the range of 100-220m2. There are many houses larger than 200 m2 
in Yamagata prefe�ture. The average floor area is around 160m2. As for the space heating equipiµeht, water 
sp�ce heatjng syste� ��h .�anel radiators and ventep kerosene heater are popular. As for the ventilation system, 
exhaust-supply ventilation system is most popular. Exhaust ventilation system is dominant in Fukushima,prefec­
ture. But rhechanical ventilation in each ro'om is used in mor� than half houses in Aomori Prefecture. These 
dif!ere��e� reflel;t tll� h�m� 'gµilder:'s design principle. - - - . ' 

' 

Pattern of using the heating system: The heating systems tend to be used 50% of the time. The reason why 
the system:,was not operated more is that occupants felt wann without space heating . 

Pattern of using the ventilation system and indoor air quality: Half the houses in the Tohoku District are 
ventilated all the time. But, in Aomori and Akita Prefectures , many houses are ventilated intennitterttly. Room 
ventiiation;system ��nds to be used in these houses. 25% of the occupants noted to feel air pollution from cooking 
and smoking. - " ' 

Hl!mj_djty e.11_yirn!irn�nt iQ living room: About 45% of occupants respond�d that the new hou_s� feel; ·dri�r_than 
in their previous homes. 

Figure 2 shows occupants' behavioral change in new house. 60% of occupants-responded that it is easier 
to get up in the morning and also easier to go to toilet at midnight. A few occupants stated they wore socks less 

;"often and that children; and·aged p'eople were more active. In regard to occupant's health after moving into·� new 
house, about 400/J'ofhomoowners �es pond that there was a good effect in health, while about 15% ofhomeowriers 
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Table 1. Number ofrespondents 

fovestigated region 

Tohoku 

District 

'• ' 

., ll 

" 1• I 

Aomori Pref. 

Iwate Pref. 

Akita Pref 

Yamagata Pref. 
Mi:rngi Pref. 
Fukushima Pref. 
Total 

' . 

,I \ 

Delivery Respondent.a: 

107 72 
83 25 

197 100 ---
41 I 14 
158 43 
61 49 

647 303 

�'·_ ... 

.. .'I. 

J : ' ; , 



'.J : I �-�•,.a'. 

r , ... . , 

' tRe�HY.�t>t>m 
,: (rn1f1Liple answer) 

j • ·f.13 

LoaLhon(N o. of respondents) 

�100m' 
100-120m1 
120-140m' 
140- 160m2 

'!8'0-1som"· • 

1ao-200m' 
200-220m2 220m�-

Wa�I heating sy<1em "ilh panel rediatars(koraseneJ 

Hot air heating sy•tem(kero•en�) 

Water heating syst.em with panel'ridiatars{iias) 
, ;iv.- , Hot air heat.mg system(ijll!li. 

El�ctric )ieater 
Vented ker6seno heater 

oto 
(303) 

I 

r-����-.�-.....��-::--:���:--�.c..:.,;;;,,,,;,,;,;;.r;:.;.;;;;..;;,.1:;-"-!'�-;t:==�--!l==:::!::::::;-�::::::;!'----!l==:::!:::::::;--!l'-���1::::==-...... J � Exheust·supply ventilatipn sy.stem 

Ventilahon system 

. '· 1 
Pattern o{ "'\Bl:" _1 . _.; 
t.he heating sy tern �· ' · 

I .... . I � • 

• · •·-Ru,><h'n or niif: " · • 

.1r1u•ing the hqQf!Ag I"'. 
'sl•st.im alfthe time 
(multiple answer) 

" ',Pattern ef using 
the ventilnlion 

system 

.; 
; ]�"<lo<>;, air qua\il�:-
(Ip nio� to't�• • 

humidity 
environment Ln the 
l!'!l'/18 room 

Exhnust ventilntion sy•tem· 
Mechanical ve nlilat1on by each room 

Others 

Using all the time 
Usir.g duirn;: th.c dllyllm•• 

Using during the night. 

Not using 
!.. .Others :. 

No re• onSQ : '--+---'! Eherk'!iaving ; 
Ouvor house during the day\.nne >, . 

f..,ling warm eno�gh 
Othen; i 

0 50 l(l(J% 
Figure 1. Outcome of questionnaire survey for winter inddor environment 

')'<)l'.'1. ::;· '/-.�1- r..I'.:; :,;i,i;. i�� �}r · ·,:')f ·. (!t ��:1:: say tn�){,d�v�C?ped a health problem. Many respondents say tgey.�o,re)ess like,!}; to.c,a�c�. 8:. ��ld. A.few rep�es 
inP,i�aajth(\t neuralgi,l;h:lu111bago and stiff shoulders were cured. Or.i the ojper_ hand •. o�cugants pqwted to dry­
ness of nose, throat and skin. 

Field Measurement of Indoor Temperature·and Humidity During Winter 
- -· - - -· . - . -

Description of Houses Measured and Measurement Procedure. The indoor temperature and humidity of 
16 units of well-insulated and airtight houses was investigated in Sendai ail'd Morioka, which are in Miyagi 
Prefecture and Iwate Prefecture, respectively. The latitude otSeq��i and Morioka are 38°16' and 39°42', re­
spectively. The mean outdoor temperatii.res of Sendai and Morioka are l .3°C and-I. 9°C in February, respec­
tively. The houses investigated were s,ele�j�·d ��do�liylfrom-th.e r�-�pon_ct�Ii.ts 9(questionnaire survey, which told 
that there are some problems related to dryness. Table 2 describes the houses measured . All houses are wood-

' .  . ..... ,. -
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l Hee.ting hours degreased 2 Became easy to get up in the mornig. 
3· No need to put an socks indoors anymore. 4 Chlldre,-, and a�od people 
beciline able t.o· rnove due to less thermal stress 5 Bec(mrn easy to go 4?Ut 
due �to 1mproysd)ndoor e-n\'ironnuiint. 6 Became easy to go t.o toil el at nu�nlghl 
7 Frequent occurremce of static electricity 8 No cahange 9 Others 

, " ... Figure 2. ��anges _of occ4pant' s behavior in new houses during winter 

Table 2. Description ofhouses measuered 
I Floor Therrnal'lnsulation(mm) Cooling , Family No.• Compl.etion Aren Main Heating System '. Supplementary Heating Systen.1 I. Numbers Wall, Fl.oor. Cciilinit # "� .. ,, ".1 :· 

l 1992 182 100 100+:!0** 200 
2 1989 . 124 I 100 150 .. 200 -
3 199.t 196 100 150+30*"' 100 ! 
4 .. 1989 161 .. 40 30 �o 
fj _, 1990 . . 1117 40 150 200 

6 1991 164 100 �0+25 ... 100 

7 1989 155 25 2� :1')0+30*** 

�· 
8 1992 JOG 40 l 40' 100 

�9 1.L . 
lO 1992 l�l 50 30+50*" 200 
1 1 1992' 208 100 88 200 

12 1989 116 100 100 200 
13 

14 1992 137 50 30+50- 200 

' 
r.P.ntral I heat pump 
cent.ral I circulator 
central/ circulat<ir 
central I circulawr 
cr:nt�nlJ heatin1r. panel 
electric heat.er 

x 

F.F. S\'steln 
F.F. S\'Stem 
central I heai.in11: panel 

electri� ho.�tN .. l<nt.nt.<11 
kotatsu 

eleclric heater I 
I electric heater, I 

unve.nted kerosene heater I 
kotatsu 
unvented kerosene heater 

unvented kerosene 
kotat.su 
electric c:aroet 

x 
x 

· central I heating panel! electric Cftrpet 
ce.ntral I heatinl? panel! x 
F.F: system x 
central I heatinl? panel " 

n : f) ' • ' 
x 4 

. 0  � . 
x 3 ,, 
x 5 
0 1 . . 

" 5 'J 

x I 4 
\. _, G 
0 6 -

0 3 .. 
x 5 
x !t ;. 
x 4 

· �- 1990 105. 100 88 200 central I heatinl? panel x C) 4 

I JI I)' 

"l'6 -i99i 224' 100 88 • ' 200 central I heating oanel x () a r . ' 
•Ko. l-8 are sited in Sendai,City, and No.9-16 in Morioka City : ••Thermal insulation of fo\mdation: **"Thermal insulation of roof 
C: equiped, · • .  not equipecl 

. ' 

, '· 

·' 

frame construction. The.floor area of houses is from 105 to 224 m2. All homes have insulated walls, ceilings and 
floors. The thickness ofinsulation in house no.2, which is the most heavily insulated, is 1 QO mm for the w,alls, 150 
mm for the ceiling, and 200 mm for the floor. All houses except no 7 have a water space heating system with 

panel radiators, a vented kerosene heater or an electric heater. House no. 7 has an unvented portable kerosene 
heater and a "Kotatsu" (a Japanese style electric heater which is mounted under a low table covered with a}1uilt). 

·' The measurements were conducted during February and March, 1994. Temperatures at three po�nts 
and relative humidity at, two points in each house were measured continuously for a week by resistance type­

thermometers·and data recorder The measuring points were set in the living room (1.1 m and 5 cm above the 
floor level) ana in a room with a relatively low temperature (1.1 m above the floor levd ). 

, Indoor Temperature and Humidity Profdes. Figure 3 shows temperature and humidity profiles of eight houses 
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-0 .6 i,2 is 24 . o " -:.:� -,t\ -- :.: · r2 -· 18 -· · - · . 24 � . ·I f - · · 'Figur-e 3. Temperature and humidity profiles averagedfor fiv_e ditys .Q\.!Qng yffiiteriQ tbe 1_6_hq_u�es ' _ , • I '- I 

averaged for. 5 days· during the winter in Sendai-and in-Morio�a. except for house no.!7, -�emperatu�es
. 
varied 

between l0°C and 24°C. In houses no. l, S, 12, 13 and.15, the space heating system was operated throughout 
the day. The temperature in these five houses was maintainedaround 20°C !he temperature of the otb�rhouses 
ranged from rs tO 22°c during the heating time, but after the h�ting system was turned off, the temperature fell 
and became 5 to 1 S°C by daybreak. The temperatl.lre _ofhouses ·n��2 and 7 decreased rapidly. Except,for houses 
no. 2

--;;r;d 1 S, the relat ive humidity was 40-70°/o. Excep.t for houses-no.1, -9 arid 10, Q(!cupant1.'.@rriplained of . ., . � .- . . . ' . . . ' 
diyness . However, relative humidity measured inthese houses was not very low. Possible reaso!JS for opcupants' 
dry feei�ng may be i�door air pollution (Burt !997� $'1'.mdell & LindvaJl 1993). 

' � t . 
Comparison ofWint�rThermal Environment.in Various Houses;, Authors et al. have· measured the room 
temperature of 139 houses with different construction features in the TohokU District (Hasegawa ef al. 1987). 

The thermal environment of the 16 houses reported in this paper was compared to those houses. The room 
temperature averaged for J hours in the evening after supper (p.m. 7 � p.m.10) wasused fbr:comparative analy­
sis of thermal environments . The 155 housesfocludihg the well:.insulated•and airtight hous.es:were categorized 
into seven�groups as shown in Figures 4 and 5, o.c,1·1 -'- ,- • 

Figure 4 shows the relationship between:the vertical temperature'Ciifferenceand the indoor-outdoor 
temperature differenee.: The vertical tempentture difference is the temperature differen�e between Scm and :bl m 

'ab'bve the floor level. The vertical temperature differences ar.e smalHn the floor heated insulated houses (Type E) 
and the 16 houses in.this paper (Type F). Except for these houses, the vertical temperature difference is between 
·3°c and�l4°C. The ratio of the temperature difference between 5!�m anc! l'. l m above the floor to the indoor­
outdoor temperature difference (non-dimegsional vertical temperature) ranges from,O to 0.13, in'case of the 
well-insulated and airtight houses except for one house. 

'11 Figure 5 shows the indoor-outdoor temperature difference' and the'tem}!letature.differeaoe·telationship 
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Figure 4. Indoor-outdoor temperature difference 
and vertical temperature difference 

Figure 5. Temperature of living rom and corridor (or 
lavatory or the room with low temperature) 

during the evening after supper in living room during the evening after supper 

', -

A,: "PHC �ous�.s'' sol� by th� public. housing corporations in the main 8 cities of the Tohoku DistrLct(78 houses, constructed 
·\: .I". '· . I • I : , ,  ,, > .• . 

Iii 1968-1979). . . 
ii.: '''Rur.al Houses'' i� 1..rural ar�� of Ya�agat�· Prdecture(3,0 houses, constructed before 197S ) · :. 

C: -�V.lhlge Hdtise;''-1�' � ru�l'villag� of Iwate Prefecture(9 houses. constructed in 1970-1981 ). 
D:::-1I:flsulated.Houses;; with a sf>a:ce heatbr in the city of Sertdai(7 houses, constructed in 1982-1984) 
E: }"Floor Heated Iilsulatcd F-fouses" in' t;he city of Sendai(6 houses, constructed in 1982-1984) 
F: "Well-insulated· and Airtight Houses'.' .hi the city or Sendai and Morioka(16 houses, constructed in 1989-1992) in 

this pape1· : :i , , 
G: "Multi-Family Houses" constructed of reinforced concrete on the city of Sendai(9 houses, constructed in 1964 and 1971) 

between the living room and the bathroom or the conidor or the room with relatively low temperature, averaged 
for 3 hours in the �ve�g after supper. �hese temperatures are expressed as the difference from the outdoor 
te1hp,erature . Temp'�;atu�es in t�e huus�� measured w�re �et�een l l°C and 23"C fo� relatively lo:'temper��ur� 
room, when the.living room temperature 1s 20°C. The d1stnbut1on of the temperature 1s due to the difference m the 

'leVels �fthermal'iii�·ulation and'ruttightness, and the types of space heating systems employed. 
· 

Table 3 shows six indices for indoor tbennal envirorunent and their values. Room temperature, verticaI 
)'...J . j' ) . . ·  ' . ' temperature differ�nce, globe temperanire, and other parameters were taken as indices related to indoor thennal 

environment. In this tii.ble, shown are the ranks of the thermal environment indices of well-insulated and airtight 
'houses measured together With mral houses (group B) located in Yamagata Prefecture and insulated houses 
' (gr6i,ip E) equipped' with floor heating. It appears that the decrease of the vertical temperature difference and tll� 
irilproveniertt of the radiant envirorunent created by thermal insulation. The ranks of five indices of well-il1sulated 
and airtight houses are higher than those of rural houses, and close to those of the floor-heated insulated houses . 

< • •  
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Table 3. Rank of indicies for indoor thermal environment 

Living 
room 

R:nnk 
Temp. at lm above 

Evening floor level 
family I . .. . Temp difference · tlme 1·; Radiant tem)I:' 

Lowest tem)I. by daybreak'3 
Bed room temp."1 (Evenlng family time) 

Bathroom and .corridor temp."' 
(Evening after supper) 

.. l �' 
(12 15 
10 8 
.3 -2 J (2 6 
4 s. ! 
2 5 

I 3 

f.�8 \ 
6 
·1 

,..-ro: 
12: 

\8{i 

·4 ·; ·1;-; .. 
' . 

f:> - I 24 \ 
I 

-...: 3 , .. -0 \ I I I ·I 0--.., I I 
H-� 

i 16 ' 

------"":"" I 
18 
20 

.· 

·. 

�' 
� . .. ii . . "")'4' ' I ' , I 

'>.. ./I - �-- --Rural Houses � 
Well-insulated andairtigh� houses l 

Floor heated insulated houses 

Energy Consumption 

Methpd of Investigation 

*1 Temperature difference between Scm and lm 
above floor level. 

•2 Radiant te1�perature in this table represents 
the difference between the globe temperature 
and dry-bulb temperature at 1 m above t}oor 
level. 

•3 At the time when the outdoor temperaiµre is 
Q'C. � 

•4 At the time when the living room ternpen1ture 
at lm above:flocir level is 20�C anif outsid.e 
temperature is O'C. 

.. 

·\ 

. ,,, . 

Questionnaire survey mentioned in th� previous chapter included information on utility bills for each 
energy sbu.rce. Monthly caiorific consumption of electricity, gas"ancfkerosene Tor e-acn'fi"olise were calculated on 
the basis of these utility bills. The conversion values of electricity, city gas, propane :gas and kerosene are 860 
kcal/kWh, 4,200-11,000 kcal/m5 (different in each area), 12,000 kCal/kg:and 8,900 kcal/l, respectively. One-
year data were pbtained for February, 1993.through January,.1994.. · • ':� _ c"' 

·; ! '
' ..... 

Annual Amount ofEnetgy Consumption ;•• .. " - j • • 

Figure 6 shows tbe frequency distribution of the annual energy cdn�urnption Th� number ofresporiaents 
is 87. The energy consumption rang�s fro� 1� to 48_ Gcal an� the��� yalue is �2r.4 �ai .. r�gu;e 7.shows the 
mean value of total energy consumption fm: th� well-msulated and .autt�t houses w.yesJl�at� 111 �i;;.h prefecture 
compared with the mean values in all Japan, in Tohoku Oistrict and in Ho,kkaido District in 199l These values 
come from a data book (Nakagarni 1993). This figure shows that the energy consumption of investigated houses 
is more than the mean value of ordinary existing houses in Tohoku District, and close to that in Hokkaido District. 
Because, in th� existing detached houses in Tohoku district, only the living room is heated intermittently. 

' . -: � : ('. ' 

�1:mual,Amount of Kerosene Consump�ion for Space H.eath�g 
j·-· '• : . 

. , , . . . �-- . ... ,_, r· ; . . . .) 
J Annual kero�ene consumption for space heating is ealculated from. the billfreporied'on the question-

�aire. When k�ro;�ne is used for space hea.ting as well as water h�a{ing, ·kinual kerosene
. consumption only for 

�pade· t{eatlng �as· est.imated by subtracting kerosene consumption fO'r water h��ting fr9m anf!uafone1 (Sa\,.,ac.;11! et 
aJ. 19,94). The kerosene consumption for water heating is estin:iated us\ngthe v�ue of rioii��eating s�onin Ju�e 
t� September. The number of respondents is 115. Figure 8 sho�s �e �equency distributio� �f annual_k�rosene 
consumption for space heating. It n;mges from 250 to 3000 liters, and the mean.value 1 1269 liters . Figure 9 
s��ws the kerosene consumption of each house investigated ·�d the mean value of th�. 9(dfriary e�siing d�tached 
ho_us�s ii:i."local cities in Toh�ku district (Yoshino et a1)99J). Th� '?'�il�ins�J lat�d �ncf aiitf�ht' n9use_s consun;ed 

,, . ' . • 1-.. • ,. .. �- , . , ,!J n:iore kerosene than the existing detached houses becau�e. of th� incq�_ase fn hea�ed _f\9q,r .wea �·a he�ti!_lg hgy"r_s . 
. ,;.JJ 1.r. .·. , • . , 111 • • . • .J - J • •  ·��.:f ,,. J • 111 

'· 
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space heating 

InAom�g,1µ1d Akita, �he amo\ltit ofkerqseI1e consumed in well"'insulated and airtight houses ranges from 500 to 
3ooq_liters, :which is from 0 .5  to � times that of the ordinary existing houses 

.:: I ; j • ' 

Analysis of Relationship between Kerosene Consumption for Space Hea ting and Influencing Factors 

by a Multi-Regression Method 

A multi-regression analysis method was applied in order to clarify the relationship between kerosene 
consumption for space heating and influencing factors, such as indoorthennal environment, building components, 
heating patterns and equipment. Data sets for 85 houses selected· from the houses shown in the Figure 8 were 
used for t�e analysis, Figur�) O shows the,calculated results. For the pattern heating, for example, 47 houses 
lf.�ed t�.e h�ting ,system � the day and 39 houses used the system intermittently The category weights of those 
:two gro,�p�, are 1 1 3 ·f liters �nd - 1 40,  I .liter, respectively, which means that the influence of heating hqµr_s on 
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r Objective-variable : Kerosene consumption for space heating 
Averaite 1300 Liters, Standard Deviation 507 Liters 
,No. of respondent 85 

, Multipl!! correlation coefficient, 0. 75 (con trib ution 0. 56) 
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Figure 10. Result of calculation by a multi�regressio� analysis 
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method 
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. . ofheating load 

kerosene,consumptionis great. The partialcorrelation coefficient offloor area, ann\.lal 'ineome, the heating period, 

insulation thickness, patterns ofheating·usage are comparatively greater iri-all factors, so these factors'tends to 
influence kerosene consumption. The analysis indicates that thermal insulation is very effective for decreasing 
ker©seiie'cd>-nsumption. 
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Numerical Analysis of Heating Load 
1 '' 

Cal'culation Procedure 

In order to sfudy the effect ofirnprovement of building envelope·performance on spice heating load, the 
calcufation has been done using a model whichtakes account of the multi-zone heat transfeiand' afr flow. 'This 
calculation model is divided into two parts . These are thermal model and airflow models . The thermal mod�I 
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calculates the intemaJ surface t�rnP.�r�tur.�_gf b�4�ing envelope, room temperatures, the heating load and the 

amount of heat transftr llu uugli walls usii1g:th� i t:Spunst: fai.:to1 iudlmd. Aid 1ow model cakulates mulli-zu111;: ai1 
infiltration by the airf!ow network model (Y0shino · 1 g93) .  

Input Data for Calculation ·-· :  

Figure 11  shows a house plan for calculation, which i s  a standard house of Architecture Institute of Japan 
proposed by Udaga�a (Udagawa 1985). The model house has 1 0  rooms including an attic space. Table 4 
shows the assumption for calcula�<Ji1� The parameters used for the calculation are five level of the envelope 

performance, five regions and tw<.?_typ�s of heating schedule. Standard weather data were used. Table 5 shows 
the conditions for 3 3  cases. The envelope-performances are decided- in accordance with the different climatic 
area classification (R��0�7.� � a��crlib�d iii the new version of"The La' Concerning the Rationalization of 
Energy Use" issued 41 199,;1- i� -�pan. fab!e§ �h�ws the levels of them1al in ulation, airtightne and windows for 
Region III including Sendai and Fukushima" Two heating schedules are presumed as follows. ( 1 )  A living room 
and a kitchen are heated from 6 a.m. ta_·�_ rp:_�;' Jhe bedroom is .heated from 7 p :m. to 1 1  p.m. and room 

1:- · ; "'  'table 4. Assumption for caluculation of heating load 
I Wooden cwo-stot 

, l26m� 10, 124 . · I - • J .,·1 i ,  , . .. 

Thermal insJ>otion:(gl'ass' \Vbol) • ' " ' 
Fio ishing of floo1·!1 

Heat capacity of furniture 
Effective area of windows. 
wa l l, Window gl ass 

Fam i l  members 

Window ratio to 

Table 6 (example for region ff!) 
r.aqrnt., t.Rtflmi nlflt, t'.81rnFt room) 
4 . 5  kcal/m2°C 

2 1 . 5m2, 1 4 . 5%,  Double glazing 

Parents and t.wo children 

. &<!hedule Qfi trenlltal ·verltili;ition sys�m· · • 

:: . .-: >"' :.��p�du\�:�f,�1�n.til�,t.i�p fa!l, i� �P,e k.i.t?;��n 
,24 hours (supp ly-exhaust syste m , total 240 m3/h) 
6:00- 7 : 00, 1 7 : 00- 18:00 (200 m3/h) ' I 

12:00- 13 :00 (100 m3Jh) 

1 1  ... •I 

� . .  

.l�ble 5. c��ditions for c,alculation ofheating lo�d 
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schedule (l)* 

Heating 

schedule (2)** 
Akita, ::-.iorioka, 

Sendai, Fukushima 
• Continuous operating of space heating for the entire house 

•N! ,. r ·': ** 'lnt.erfuitleut operating of sjiate heating only for a Jiving room 
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Envelope 

perfomance level. 

Level I 
. ... Leyel 2 

Level 3 
Level 4 

• J' Lev.el 5 
i r ·� 
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Thickness of thermal 

insu Jation lmml 
Ceiling I Wol l I Floor 
50( 10K) I 25(101{) ' 25(101{) 

65(10K) 46(101{) 40(10K) 

10000!{) i lOO( lOK) lOO(lOK) 
200( 10K) I 1 00(16K) 100( 1 6K) 

Airtightness ! Type of 

., � I I Glass 
u -�· [cm-/m I 

12 .5  Single 
7. 1 Double 

4 . 1  Double 
1 .25 Double 

400(10K) 1. 150,(32K) 150(32K) . . 0 . 4 1  Triple 
( ) : density of gla ss wool 

' . 
. ' 
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temperature-is maintained at 20 °C during the space heating operation and at 1 6  °Cduring the other time. (2) 
Only the living room is heated from 6 a.m. to 11 a. m. and from 5 p.m. to 1 1  p . m. and room temperature is 
maintained at 20 °C duringthe heating operation. , I ' 

Calculated Results " 

FigUre 1 2  shows: the calculated results which illustrate the relationship between the space heating load 
and the lev_el of envelope perfonnance in each city for January. ln_each city, the heati_ng loads decrease as the level 
of envelope perfonnance improves . In the case of the entire rooms heated all day, the heating load of Level 4 is 
about I .  7 times that of ordinary existing house equivalent level (Level 1 - Heat�ng schedu_le (2)). The heating load 
of Level 5 (Canada R2000 standard equivalent level) is about 0. 6 times that: ofordinary house. It can be expected 
that if the houses have thennal insulation comparable to R2000 houses in

' 
Can'adii, indoor environment will be 

thermally comfortabl� with less energy consumption than the ordinary exiSti'ng houses. 

Conclusions 

1 )  Indoor environment during the heating season of well-Insulated and �irtight houses was more thermally 
comfortable, compared with that of the ordinary existing houses. Some occupants complained of dryness of 
indoor air in winter. There is possibility of other reasons for occupants DEdry feeling, which may be indoor 
air pollution . This problem should be investigated further. . 

2) The energy consumption of well-insulated and airtight houses investigated is more than the mean value of 
ordinary existing houses in Tohoku District, and close to that in Hokkaido District. Also, these houses 
investigated consumed more kerosene than the existing detached houses, because ofincrease in heated 
floor area and healing hours. .. : :_ . ! 

3) To clarify the relationship between kerosene consumpt�on for space �eatiJ?,g and influencing factors, a multi­

regression analysis method was applied. The factors which influence the dispersion of kerosene consump-

Thermal Environment and Energy Performance of Well-Insulated and Afrtight-Houses ·;: 5361 · 



tion are floor area., annual income, the heating period, insulation thickness, patterns of heating usage. The 
analysis indicates that thermal insulation is very effective for decreasing 0fk.ewst:me consumption. 

4) Computer simulations reveal that the well-insulated and airtight houses in the Tohoku District consume more 
energy for space heating than ordinary existing houses, in which only the living/dining room is heated. The 

results also show, that it would be possible to keep a comfortable indoor environment with less energy 
consumption than the ordinary houses, if the houses had insulation comparable to R2000 houses in Canada. 
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