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ABSTRACT

Newly constructed residential houses in Japan are better insulated and more airtight than their prede-
cessorsto increase energy conservation. Although reduced energy consumption was expected, the energy per-
formance of these buildings has not yet been clanfied. Therefore, the indoor thermal environment and energy
consumptionin 300 well-insulated and airtight houses newly constructedin the Tohoku District, the northem 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 of indoor themmal 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 of increase 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 onlythe living/dining roomis 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 thermal comfort. In
such houses, it is expected that the quality of the indoor thermal 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 performance of these buildings has not yet been clarified.

The purpose of this study is to grasp the indoor thermal environment and energy performance of well-
insulated and airtight houses during winter, and to obtain more information on influencing factors on the heating
loads. This paper firstly describes the characteristics of indoorthermal 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 mettiod takes the multi-zone effects of heat transfer and air flow distribution into
consideration.
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Characteristics of Indoor Thermal Environment

Questionnaire Survey on Indoor Environment and Occupant’s Behavior

Method of Investigation. The indoor environment and energy consumption in three hundred well-insulated and
airtight houses newly constructed in the Tohoku Distiict, the northiern part of Honshu Island, were investigated by
a questionnaire survey in winter of 1994. These houses are equipped with mechanical ventilation system and
space heating systems for the entire house. The information provided by the homeowners included thefloor area,
year of construction, level of thermal insulation, space heating equipment, number of occupants, occupancy
schedules, occupants’ behavior in regard of heating and ventilation, utility bills, problems with the indoor environ-
ment. Because it was difficult to select randomly only 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 reglon and the number of respon-
dents are shown in Table 1. The total number of respondents is 303.

Results. Figure 1 shows the results.of questlonnalre survey for winter indoor environment.
Features-of the houses: Floor area is in the range of 100~220m? There are many houses larger than 200 m?
in Yamagata prcfecture The average floor area is around 160m?. As for the space heating equipment, water
space heating system with pane| radiators and vented kerosene heater are popular. As for the ventilation system,
exhaust-supply ventllatmn systém is most popular Exhaust ventilation system is dominant in Fukushima prefec-
ture. But mechanical ventilation in each room is used in more than half houses in Aomori Prefecture. These
differences reflect the home builder’s design principle. e Tl
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 warm 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 intermittently. Room
ventilation'system tends to be used in these houses. 25% of the occupants noted to feel air pollutior! from cooking
and smoking. : ‘ '
Humidity environment in living foom: About 45% of occupants responded that the new house feels dner than
intheir previous homes.
Figure 2 shows occupants’ behavioral change in new house. 60% of occupantstesponded that it is easier
to get up in the mommg and also easier to go to toilet at midnight. A few occupants stated they wore socks less
““often and that children'and aged people were more active. In regard to occupant’s health after moving into a new
house, absut 40% of homeowners respond that there was a good effect in health, while about 15% of homeowners

5"

Table 1. Number of respondents

Investigated region Belivery Respondents

Aomori Pref. 107 72

; Iwate Pref. B3 25
Tohoku | Akita Pref 197 | 100
District | vy, | Yamagata Pref. 41 14
Mlyngl Pref. 158 43
: Fukushima Pref. 61 | 49
i, iy i Total 647 | 303
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Location(No. of respondents) | Aomori lwate Alita | Yamogata | Miyagi kughima| Totel
Question (72) (28) (100) (14) (43) (49) (303)

. 7 .
100m " i *g ‘ 40

100~120m’

120~ 140m?
. 140~ 160m?
Flaor Area. . _1ie | | oy 160~ 180m™ [

" 186~200m®
o T [P { 200~ 220m’

[ irg 220m™~
* ____ Noresponse
s ! Wawt heating system with panel rediators (kerosene)
Hot air heating system(kerosene)
Water heating system with panel rediators(gas)
- 1Hearing syatem TG . Hot air heating system(gas) |
. (multiple answer) Elgct,ric heateir
5 B30 . - Vented kerdsené heatér
T Vented gas heater
=g o df " Others |
No.response ]

1.'_'.|_1___l' =

—

i
- 1
]

[
L.'
n

7 ]_I —LJﬁﬁ_J- | 1,_1:- —
L]
B e & B

d
]
L

Exhaust-supply ventilation system

Exhaust ventilation system | |
Mechanice] ventilation by each room |
Qthers

No response

Using all the time W"]

Using duirng the dn)'ume"T

- Using during the night.
diEE 5 .

2 Net using

&l Qthers |

No easponse |

Ventilalion system

i
i=is

B 7|
j;|:‘

4

Paltern of um‘ng
the heaung sykle

o= e 3 | B P
= |
fo
5

2y
m

-_J

1
T

L |

nnerxy saning ||
T Qul-of house during the daylime |-
Feeling warm enough

Otkers |

i
]
~ « Pallern of using Usng all the time :L

k4

£ a ,uamg the hqgnng
systsm all ths time

T
~~F

(multiple anawer)

=1
o
«Hengbn Tor nod.” [
i
|

the ventilation lﬂlﬁmfllm_ﬂ_"
systam Nat, using
- - No response

byl YT A h

..

Feel néthing
J-],ﬂ'_d"c)"“’i'; qualjity- Feei air pollution
No response
Cpinio to'the’ 1 4ot LT © Foel humid
humdity | Feel dry
environment in the | ho change compared with previous house
long room | No response

i
- OO
|

IR

i
-
E

e
0 50 100% ~ e ;3-:‘.:.’
TR Flgure 1. Outcomeof questxonnmre survey for wintef inddor environment

L TRV G N AT 85 °recef (G0 Beds

say they deveJoped a healih problem. Many respondents say they ware less likely to.catch a cold. Afew }éphes
indjcated that neuralgia, lumbago and stiff shoulders were cured. 01_1 the other hand,{oc,cugants pointed to dry-
ness of nose, throat and skin.

] .

Field Measurement of Indoor Temperaturg'arid Humi‘d'i'-ttylf);riﬁgtﬁ’i'n'ier

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 and Morioka, which are in Miyagi
Prefecture and Iwate Prefecture, respectively. The latitude of Sendai and Morioka are 38°16' and 39°42, re-
spectively. The mean outdoor temperatures of Sendai and Morioka are 1 3°C and -1.9°C in February, respec-
tively. The houses investigated were selected randomly'from the respondents of 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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o ... Figure 2. Changes of occupant’s behavior in new houses during winter
Table 2. Description of houses measuered
x .+ Floor Thermal Insulation(mm) . . | Cooling = Family
No.* [Compl - Heating S s : ' :
‘u‘ :mp_ .EUDI':I‘! Aran - Wall. Floor | Celling .M ain Heating System ' Supplementary Heating System | Numbers
1 1982 182 | 100 [100+30**| 200t | central heatpump _ electric heater, kotntsy & ] 5
_2 1989 124 100 150 200 central / circulator kotatsu X 4
) 1991 196 | 100 | BO+80** 100 !| central / circulator electric heater | =5 ]
{1989 161 . 40 30 40 ' | central i circulator | Siectric heater, | eater | X 3
B 1980 L 7/ 40 | 160 | 200 | central/heating panel| kotatsu B
6 1991 | 164 100 | 50+25** 100 | electric heater | unvented kerosene heater O g
1! | | it 2 -
7| 1988 185 25 25 50+30% x T eisene x 5
iy ) = 1
8 1992 106 40 . 40" | 100 F.F. systein | electric carpet [ 4
9 1 - ST : | F | . | F.F. system | x I G g _
10 1982 151 50 30+50** 200 __ central/ heating panell x C g """
11 1992 208 100 88 | 200 | central/heating panel' electric carpet < a
12 1989 116 100 | 100 200 | central / heating panel X x )
13 . . | i | . . F.F. system X X "
14 1992 137 50 30+50™ 200 | central / heating panel X X 3 4
16 1990 105 100 88 200 | central / heating panel X I' =@ 4 4
P16 1891 224 106 | &8 200 central / heating panel x 0= 3

* No.1~8 are sited in Sendai City, and No.9~16 in Morioka City. : ** Thermal insulation of foundation : *** Thermal insulation of roof
C: equiped, . not equiped

:

frame construction. The floor area of houses is from 105 to 224 m?. All houses have insulated walls, ceilings and
floors: The thickness of insulation in house no.2, which is the most heavily insulated, is 100 mm for the walls, 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 whichis mounted under a low table covered with a quilt).

- The measurements were conducted during February and March, 1994. Temperatures at three points
and relative humudity 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 S cm above the
floor level) and in'a room with a relatively low temperature (1.1 m above the floor level).

Indoor Temperature and Humidity Profiles. Figure 3 shows temperature and humidity profiles of eighlt houses
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Flgure 3. Temperature and humidity profiles averaged for five days dunng winterin the 16 houses

averaged for 5 days during the winter in Sendaiand iri‘Morioka. Excebt for house no."7,"températures varied
between 10°C and 24°C. In houses no.1, S, 12, 13 and.15, the space heating system was operated throughout
the day. The temperature in these five houses was maintained around 20°C. The temperature of the other houses
ranged from 15 to 22°C during the heating time, but after the heatmg systém was tumed oﬁ" the temperature fell
no.2 and 15, the relative humldlty was 40~70% Except for houses no.7,9 and 10, occupams complamed of
dryness. However, relative humidity measured in these houses was riot very low. Possible reasons for occupants’
dry fee!mg may be indoor air pollution ( Burt 1997, Sundell & Lmdvall 1993)
Compans"on of Winter Thermal Envnronm‘ent'm Various House_s:. AuthOrs etal haveftmeasure.d the room
temperature of 139 houses with different construction features in the Tohoku District (Hasegawa et al. 1987).
The thermal environment of the 16 houses reported in this paper was compared to those houses. The room
temperature averaged for 3-hours in the evening after supper (p.m.7 ~ p.m.10) was used for-comparative analy-
sis of thermal environments. The 155 houses‘including the well-insulatediand airtight houses were categonzed
into sevén groups as shown in Figures 4 and 5. S LI g -t
Figure 4 shows the relationship betweenithe vertical temperature dlﬁ'erence and the indoor-outdoor
temperature difference. The vertical temperature differenceis the temperature difference between Scmand 1 1m
“abave the floor level. The vertical temperature differences are smallin 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*14°C. The ratio of the temperature difference between 5cm and 1.1 m above the floor to the indoor-
outdoor temperature difference (non-dimensional vertical temperature) ranges from 0 to 0.13, in‘case of the
well-insulated and airtight houses except for one house.
4l Figuré 5 shows the indoor-outdoor temperature diffefence and the temperature difference rélationship
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z;_\: “PHC Houses” sold by the publlc housmg corporntlons in the main 8 cities of the Tohoku District(78 houses, constructed
in 1968-1 979).

B: “Rural Houscs erutal arcas s of Yamagata Prefccturc(?O houses, constructed before 1978)

C: “Village Houses™ it & rural wllage of Iwate Prefecture( houses. constructed in 1970-1981).

D:"*Isulated Houses™ with a space heater in the cily of Sendai(7 houses, constructed in 1982-1984)

E: ““Floor Heated Insulated Houses” in the city of Sendai(6-houses, constructed in 1982-1984) .

F: “Well-insulated and Airtight Houses” in the city of Sendai and Morioka(16 houses, constructed in 1989- 1992) in
this paper . - A= :

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 corridor or the room with relatively low temperature, a\férog"éd
for 3 hours in the evening after supper. These temperatures are expressed as the difference from the outdoor
lemperature T emperatures in the houses ieasured were between 11°C and 23°C for relatively low temperature
room when the living room temperature is 20°C. The distribution of the temperature s dueto the difference i in the
\éVels of thermal insulation and airtightness, and the types of space heating systems employed. ,
Table 3 shows six indices for indoor thernal environment and their values. Room temperature, vertical
temperature difference, globe temperatire, and other parameters were taken as indices related to indoor thermal
environment. In this table, shown are the ranks of the thermal environment indices of well-insulated and airtight
. houses measured together with rural houses (group B) located in Yamagata Prefecture and insulated houses
' (group E) equ1pped with floor heating. It appears that the decrease of the vertical temperature difference and the
improvement of the radiant environment created by thermal insulation. The ranks of five indices of well-insulated
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

Fork > s 4 __I._ 5 *1 Temperature difference between Sem and 1m
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Livingl family

*2 Radiant temperature in this table represents
the difference between the globe temperature
and dry-bulb temperature at 1m above ﬂoor

Temp difference’ klo | 8 [ \._3 1].\0

! Radiant temp.™ -3 2y ad lﬁ' DeL. "

Lowest temp. by daybreak™ (é | 6 /m“ }-1'* 18

room | time
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0
Well-insulated and aurtight houses at 1m above. ﬂoonr level is 20 °C and- OUISK‘C
Fleor heated 1nsulated houses temperature is 0°C.

Rural Houses

Energy Consumption

Method of Invesrigatio_n

Questionnaire survey mentioned in the previous chapter included information on uulrty bills for each
energy source. Monthly calorific consumption 1of electricity, gas and kerosene for each house 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/m? (different in each area), 12,000 kcal/kg and 8,900 keal/l, respectrvely One-
year data were obtained for February, 1993 through January,.1994, .. - .

AT

Annual Amount of Energy Consumption Tre TTHD i

Figure 6 shows the frequency distribution of the annual enérgy consumption. The number of respondents
is 87. The energy consumption ranges from 10 to 48 Geal, and the mean value s 22.4 Geal. Frgure 7 shows the
mean value of total energy consumption for the well-insulated and airtight houses mvestrgated meach prefecture
compared with the mean values in all Japan, in Tohoku District and in Hokkaido District in 1993. These values
come from a data book (Nakagami 1993). This figure shows that the energy consumption ef investigated houses
is more than the mean value of ordinary existing houses in Tohoku Distriet, and close to that in Hokkaido District.
Because, in the existing detached houses in Tohoku district, only the living room is heated intermittently.

Qr_lnua_lAmount_of Kerosene Consum ption for Space Heating T o

“Annual kerosene consumption for space heatmg 18 calculaled ﬁom the brlls reponed on the question-
narre When kerosene is used for space heating as well as water heanng, ‘annual kerosene consumption only for
space heating was estimated by subtracting kerosene consumption for water heating from annual one (Sawachr et
al 1994). The kerosene consumption for water heating is estimated using the value of non—heatmg seasonin June
to September. The number of respondentsis 115. Figure 8 shows the frequency dlstnbutron of annual kerosene
consumption for space heating. It ranges from 250 to 3000 liters, and the mean value 15 1269 liters. Figure 9
showsthe kerosene consumption of each house investi gated and the mean value of the ordmary existing detached
houses in'local cities in Tohoku district (Yoshino etal. 1997) The weIl-msulated and airfi ght houses consumed
more kerosene than the existing detached houses because of the mcrease o heated ﬂoor area and heatmg h0urs
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InAomori,and Akita, the amount of kerosene consumed in well-insulated and airtight houses ranges from 500 to
3000 liters, which is from 0.5 to 2 times that of the ordinary existing houses ;

- s
T f

'lez{l))'sis of Relzll_ti(\)il\iship betw‘éé'r-l‘ Kerosene Consum ption for Space Heating and Influencing Factors
by a Multi-Regression Method

1

A multi-regression analysis method was applied in order to clarify the relationship between kerosene
consumption for space heating andinfluencing factors, such asindoor thermal environment, building components,
heating patterns and equipment. Data sets for 85 houses selected: from the houses shown in the Figure 8 were
used for the analysis, Figure 10 shows the calculated results. For the pattern heating, for example, 47 houses
used t_p:é h@atiﬁg system all the day and 39 housesused the system intermittently. The category weights ofthose
WO groups are 113..2 liters and -140, 1 liter, respectively, which means that the influence of heating hours on
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Average 1300 Liters, Standard Deviatian 507 Liters
No. of respondent 86

Objective variable : Kerosene consumption for space heating "
| Multiple correlation coefficient 0.75 (contribution 0.36) ‘
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Figure 10. Result of calculation by a multi-regression analysis Fqgure 11. House plan for calculatlon

method of heating load

kerosene.consumptionis great. The partial correlation coefficient of floor area, anniral income, the heating period,
insulation thickness, patterns of heatingusage are comparatively greater in-afl factors, so these factorstends to
influence kerosene consumption. The ana]y31s mdlcates that thermal msulatlon 1s very eﬁ'ectlve for decreasmg
keroserieconsumption. ¢ o w  ETrRt PeAERT 00 2k i

24y

Numerical Analysis of Heating Load

Calculation Procedure :

-~ Inorder to study the effect of improvement of building envelope performance on spaceheatmg load, the
caleufation has been done using a model which takes account of the multi-zone heat transfer‘and air flow. This
calculation model is divided into two parts. These are thermal model and airflow models. The thermal mode]
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calculates the internal surface temperature of building envelope, room temperatures, the heating load and the
amount of heat transfr thuough walls using thet esponse [actor wethod. Ailow model ualuulalcs wulti-zone an
infiltration by the airflow network model (Yoshino'1993). -

Input Data for Calculation

Figure 11 shows a house plan for calculation, whichis a standard house of Architecture InstituteofJapan
proposed by Udagawa (Udagawa 1985). The model house has 10 rooms including an attic space. Table 4
shows the assumption for calculatidn. The parameters used for the calculation are five level of the envelope
performance, five regions and two types of heating schedule. Standard weather data were used. Table 5 shows
the conditions for 33 cases The énvelope™performances are decided in accordance with the different climatic
area classification (R on Ito V"I} descmbeet in the new version of “The Law Conceming the Rationalization of
Energy Use” issued in 1994 in Japan Table 6 shows the levels of thermal insulation, airtightness and windows for
Region III including Sendai and Fukus ima. Two heating schedules are presumed as follows. (1) Alivingroom
and a kitchen are heated from 6 a.m. t0 11 p.m. The bedroom is heated from 7 p.m. to 11 p.m. and room

<" Table4. Assumption for caluculation of heating load

Structure, story | Wooden, two-story

Floor area, Nuifiber of room¢, Nunber of walls | 126m? 10, 124 .- ety
Thermal insudlation:(glass wool) . © - Table 6 (example for region I11) o
Finishing of floors . Carpet, tatami k. (gmest ronm) i i
Heat capacity of furniture ' | 4.5 keal/m*C ' 1

Effective area of windows, Window ratio to |

wall, Window glass | 21.5m?, 14.5%, Double glazing

Family members Parents and two children
- 3
o Sichedule afentzal vertilation system: - 24 hours (supply-exhaust sys tz:m total 240 m>h)
Schedule-of ventilatiqp fan in the kitchen | 6:00~7:00. 17:00~18:00 (200 m*h)
3 sy RS WRDURD LR a1 (e DR _112:00~13:00 (100 m¥%h)

. ' \ 1 | Fok £y 1y £ a o Sy : ‘[
S ! i 1 Ly E 1 Sy 4 ! 2 dl

Table 5. Conditions for calculation of heating load

oo Tl Bavelopetaler o | L UER T
| e wpe oy <oy DETfOrmERCE Level 1 Level 2 | Level 3 l Level 4 Level 5 " '
e e Wy ¢ T K ' | -
Teamer | —
schedule (1)* ﬂ—{ Sap[lmro. Akita, Morioka, Sendai, Fu]nubh.}m_nv_r—»
Heating | Akita, Moriaka, A P
schedule (2)** || Sendai, Fukushima |~ L g
> ot Commuouc operating of space heatmg for the entire heuse
SV ATk Intermittent uperatmg of space lieating only for a living reom
s R il
Car. ;:.Tab.l'e. 6. Building envelope performance level (Region I1I)
Envelope Th'ickn)ests‘ of t'herr::al Airtightn e*ssrf'ype of
insulation Imm ] 5
s St Ceiling | Wall | Floor | A'lem¥m?)| Class
Level | 50(10K) | 25(10K) ; 25(10K) 125 | Single
Level 2 65(10K) 46(10K) | 40(10K) 7.1 _Doub]e
Level 3 100(10K) | 100(10K) | 100(10K) 4.1 Double
Level 4 200(10K)| 100(16K) | 100(16K) | 1.25 ' Double
I AP ;. Level 5 400(10K) | 150(32K)[ 160(32K) ____0.41 | Triple

it b Wi \ () :density of glase wool
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Figure 12. Calculated result of space heating load for one month

temperature’is maintained at 20 °C during the space heating operation and at 16 °C during the other time. (2)
Only the living room is heated from 6 am. to 11 a.m. and from 5 p.m. to 11 p.m. and room temperature is
maintained at 20 °C during the heating operation. : i

Calculated Results

Fig‘ﬁre 12 shows, the calculated results which illustrate the relationship between the space heating load
and the level of envelope performance in each city for January. In eachcity, the heating loads decreasé as the level
of envelope performance improves. Inthe case of the entire rooms heated all day, the heating load of Level 4 is
about 1.7 times that of ordinary existing house equivalent level (Level 1 - Heating schedule (2)). The heating load
of Level 5(Canada R2000 standard equivalent level) is about 0.6 times that of ordinary house. It canbe expected
that if the houses have thermal insulation comparable to R2000 houses in Can‘ada, indoor environment will be
thermally comfortable with less energy consumption than the ordinary existing houses.

Conclusions

1) Indoor environment during the heating season of well-insulated and airtight 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[Edry feeling, whichmay be indoor
air pollution. This problem should be investigated further.

2) Theenergy consumption of well-insulated and airtight houses mvest1gated 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 exxstmg detached houses because of increase in heated
floor area and heating hours. - -

3) Toclanfytherelationship between keroseneconsumptlon for space heatmg and influencing factors, a multi-
regression analysis method was applied. The factors which influence the dispersion of kerosene consump-
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tion are floor area, annual income, the heating period, insulation thickness, patterns of heating usage. The
analysis indicates that thermal insulation s very effective for decreasing ofkerosene 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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