
 
 
 
 

 
 

PROPOSAL OF MEDICAL COST ESTIMATION METHOD ACCORDING TO THE THERMAL 
ENVIRONMENT IN HOUSES AND EXAMINATION OF ECONOMICAL THERMAL INSULATION 

PERFORMANCE OF HOUSES IN CONSIDERATION OF MEDICAL COSTS 
 
 

 1  2  3  3  3 
Koji FUJITA, Atsushi IWAMAE, Yutaka SATO,  

Risako TAKAHARA and Yo SUZUKI 
 

We proposed formulas to estimate the medical costs from the thermal environment in houses. Using these formulas, we examined the most 
economical thermal insulation performance, taking into consideration insulation costs, heating and cooling costs, and medical costs. The UA value 
of a house having this most economical insulation performance is 0.4 to 0.5 W/m2K for a floor-insulation house, and 0.36 to 0.4 W/m2K for a 
foundation-insulation house. We found that by considering not only heating and cooling costs but also medical costs, the cost recovery period for 
the improvement in the thermal insulation performance was significantly shortened.  
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Table1  U-value of each insulation grade 

3 4 5
Ceiling 0.87 0.30 0.16
Floor 1.09 0.50 0.38
Exterior wall 0.93 0.53 0.35
Window and entrance door 6.51 4.65 2.91

Insulation grade

Table2  Heating schedule and room the family inhabits 

Shaded cells : Heating ON 
L : LDK, Be : Bedroom, C1 : Children's room 1, C2 : Children's room 2, Ba : Bathroom, L : Lavatory 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
LDK 1 2 1 1 1 1 1 2 2 3 3 2 1 1
Bedroom 2 2 2 2 2 2 1 1
Children's room 1 1 1 1 1 1 1 1 1 1 1
Children's room 2 1 1 1 1 1 1 1 1 1 1 1
Bathroom 1 1
Lavatory
Householder Be Be Be Be Be Be Be L L L L
Spouse Be Be Be Be Be Be L L L L L L L L L L L L Ba Be
First child C1 C1 C1 C1 C1 C1 C1 L L 1 Ba C1 C1
Second child C2 C2 C2 C2 C2 C2 C2 L C2 L L C2 C2 C2
LDK 3 2 2 2 2 1 2 3 3 4 2 2 1
Bedroom 2 2 2 2 2 2 2 1 2
Children's room 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Children's room 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bathroom 1
Lavatory 1
Householder Be Be Be Be Be Be Be Be L L L L L L L L L L L L Be
Spouse Be Be Be Be Be Be Be La L L L L L L L L L L L L Ba Be
First child C1 C1 C1 C1 C1 C1 C1 C1 C1 C1 C1 C1 C1 C1 C1 L C1 C1 C1 C1
Second child C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 C2 L L L C2 C2 C2 C2
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Table3  Calculated value of operative temperature 

0 19 20 39 40 59 60 All
22,238 29,017 33,846 41,979 127,080

Heart diseases 4 13 154 1,564 1,735
Vascular brain diseases 0 7 85 1,089 1,181
Hypertensive diseases 1 55 1,477 8,682 10,215
Diabetes mellitus 6 72 572 2,520 3,170
Asthma 462 137 236 364 1,199
Dermatitis and eczema 283 238 250 405 1,176
Pneumonia 8 2 5 54 69
Inflammatory polyarthropathies 6 26 133 342 507
Allergic rhinitis 287 91 144 150 672
Conjunctivitis 41 30 43 173 287
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Population [×103 persons] 17)

Age

Table4  Prevalence rate before moving and improvement rate 
after moving of each insulation grade7) 

Table5  Population and Number of patients 

Table6  Estimated prevalence rete of each insulation grade 

0 19 20 39 40 59 60 All
3 0.014
4 0.009
5 0.008
3 0.004
4 0.002
5 0.003
3 0.046
4 0.055
5 0.060
3 0.017
4 0.013
5 0.020
3 0.026
4 0.023
5 0.019
3 0.052
4 0.042
5 0.030
3 0.016
4 0.008
5 0.014
3 0.023
4 0.017
5 0.019
3 0.223
4 0.204
5 0.156
3 0.112
4 0.087
5 0.066

Age

Asthma

Dermatitis and
eczema

Pneumonia

Inflammatory
polyarthropathies

Insulation
grade

Allergic rhinitis

Conjunctivitis

Heart diseases

Vascular brain
diseases

Hypertensive
diseases

Diabetes mellitus

Insulation grade
(after moving)

Prevalence rate
(before moving)

Improvement rate
(after moving)

3 0.02 0.29
4 0.02 0.53
5 0.02 0.58
3 0.01 0.59
4 0.01 0.83
5 0.01 0.66
3 0.06 0.24
4 0.07 0.22
5 0.08 0.25
3 0.02 0.14
4 0.02 0.34
5 0.03 0.33
3 0.06 0.56
4 0.06 0.62
5 0.08 0.76
3 0.08 0.35
4 0.08 0.47
5 0.08 0.62
3 0.03 0.46
4 0.02 0.61
5 0.04 0.66
3 0.03 0.25
4 0.03 0.42
5 0.04 0.52
3 0.25 0.11
4 0.24 0.15
5 0.23 0.32
3 0.13 0.14
4 0.11 0.21
5 0.11 0.40

Heart diseases

Vascular brain
diseases

Hypertensive
diseases

Allergic rhinitis

Conjunctivitis

Diabetes mellitus

Asthma

Dermatitis and
eczema

Pneumonia

Inflammatory
polyarthropathies

Householder Spouse First child Second child Avg.
3 13.47 14.32 14.32 14.20
4 15.21 15.89 15.95 15.85
5 16.35 16.81 17.02 16.96

Insulation grade
(after moving)

Mean daily minimum operative temperature of house
 (2/1 2/7) [ ]

Mean operative temperature of rooms the family inhabits (1/1  2/28) [ ]

─ 161 ─



13
2 10 12

1 10 6

26

Table8 0 19
60

.  

Table3 1/1 2/28

Table3
2/1 2/7

Fig.1
(6)

    (6) 

Table9
1/1 2/28  

2/1 2/7

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.  

UA 0.3 1.5 W/m2K

 

U U

500mm 200mm
120mm

30mm
Table10

 
2.2

Table10

2401 74 UA

UA Fig.2
UA Fig.2

Table11  

Table7  Total medical cost of each disease 

Table8  Estimated medical cost [ 103 yen/year/person] 

Fig.1  Estimated relationships between indoor thermal 
environment and medical cost 

Table9  Value A and B of equation(6) 

(a) Except for heart diseases and  
vascular brain diseases 

(b) Heart diseases and  
vascular brain diseases 

Age: 0-19 Age: 20-39
Age: 40-59 Age: 60
Approx., Age: 0-19 Approx., Age: 20-39
Approx., Age: 40-59 Approx., Age: 60

Total medical cost [×108 yen/year]10), 11)

Heart diseases 18,203
Vascular brain diseases 17,821
Hypertensive diseases 18,513
Diabetes mellitus 12,196
Asthma 3,403
Dermatitis and eczema 4,287
Pneumonia 3,237
Inflammatory polyarthropathies 2,829
Allergic rhinitis 2,382
Conjunctivitis 1,951
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Mean operative temperature 
of rooms the family inhabits (1/1 2/28) [˚C]

0 19 20 39 40 59 60
A 684,161 269,505 279,108 591,753
B 0.133 0.145 0.121 0.107
A 0 0 4,816 40,654
B 0.132 0.129

Age

Except for 
heart diseases and 

vascular brain diseases
Heart diseases and 
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─ 162 ─



13
2 10 12

1 10 6

26

Table8 0 19
60

.  

Table3 1/1 2/28

Table3
2/1 2/7

Fig.1
(6)

    (6) 

Table9
1/1 2/28  

2/1 2/7

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.  

UA 0.3 1.5 W/m2K

 

U U

500mm 200mm
120mm

30mm
Table10

 
2.2

Table10

2401 74 UA

UA Fig.2
UA Fig.2

Table11  

Table7  Total medical cost of each disease 

Table8  Estimated medical cost [ 103 yen/year/person] 

Fig.1  Estimated relationships between indoor thermal 
environment and medical cost 

Table9  Value A and B of equation(6) 

(a) Except for heart diseases and  
vascular brain diseases 

(b) Heart diseases and  
vascular brain diseases 

Age: 0-19 Age: 20-39
Age: 40-59 Age: 60
Approx., Age: 0-19 Approx., Age: 20-39
Approx., Age: 40-59 Approx., Age: 60

Total medical cost [×108 yen/year]10), 11)

Heart diseases 18,203
Vascular brain diseases 17,821
Hypertensive diseases 18,513
Diabetes mellitus 12,196
Asthma 3,403
Dermatitis and eczema 4,287
Pneumonia 3,237
Inflammatory polyarthropathies 2,829
Allergic rhinitis 2,382
Conjunctivitis 1,951

0

5

10

15

20

25

5 7 9 11 13 15

Es
tim

at
ed

 m
ed

ic
al

 c
os

t
[

10
3

ye
n/

ye
ar

/p
er

so
n]

Mean daily minimum operative temperature 
of house (2/1 2/7) [˚C]

0 19 20 39 40 59 60
3
4
5
3
4
5
3
4
5
3
4
5
3
4
5
3
4
5
3
4
5
3
4
5
3
4
5
3
4
5

Allergic rhinitis

Conjunctivitis

Heart diseases

Vascular brain
diseases

Hypertensive
diseases

Diabetes mellitus

Age

Asthma

Dermatitis and
eczema

Pneumonia

Inflammatory
polyarthropathies

Insulation
grade

0

50

100

150

200

250

10 12 14 16 18 20

Es
tim

at
ed

 m
ed

ic
al

 c
os

t
[

10
3

ye
n/

ye
ar

/p
er

so
n]

Mean operative temperature 
of rooms the family inhabits (1/1 2/28) [˚C]

0 19 20 39 40 59 60
A 684,161 269,505 279,108 591,753
B 0.133 0.145 0.121 0.107
A 0 0 4,816 40,654
B 0.132 0.129

Age

Except for 
heart diseases and 

vascular brain diseases
Heart diseases and 

vascular brain diseases

 

 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

UA 0.4W/m2K
UA UA

0.4W/m2K
wd7 w6 w7

 
 

.  

2.2 3
Table12 UA

UA

Table11 A : 
15 Table2

B : Table2
C : Table2

20
28 70% 15

2.2
3)

 
27 /kWh

10 35 /kWh
27 /kWh 12,000

/ 27,000 /  
1/1 2/28

2/1 2/7
Fig.3 1/1 2/28 UA

2/1 2/7 UA

1 2.5
 

 
 
 
 
 
 
 

30
UA Fig.3

3
172,000 680,000 1

30 2 0
Table2  

UA 0.4 0.5 

0

200

400

600

800

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

In
su

la
tio

n 
co

st
 

[
10

4
ye

n]

UA value [W/m2K]

0

200

400

600

800

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

In
su

la
tio

n 
co

st
 

[
10

4
ye

n]

UA value [W/m2K]

Table10  Candidates for insulation specification 

1  For foundation insulation, [W/mK] 
2  For window and entrance door, [yen/house] 

Insulation material Thickness
[mm]

Thermal
conductivity

[W/mK]

U value
[W/m2K]

1

Cost
[yen/m2]

2
c1 Glass wool 10K 50 0.050 0.82 420
c2 Rock wool 100 0.038 0.35 1,000
c3 Rock wool 200 0.038 0.18 2,000
c4 Glass wool 10K 350 0.050 0.14 2,685
c5 Glass wool 10K 500 0.050 0.10 3,788

c6 High-performance
glass wool 20K 465 0.034 0.07 12,545

c7 Phenol foam 500 0.019 0.04 39,548
f1 Nothing 0 2.22 0
f2 Glass wool 10K 75 0.050 0.58 585
f3 Glass wool 10K 100 0.050 0.47 758
f4 Glass wool 10K 150 0.050 0.37 1,170
f5 Glass wool 10K 200 0.050 0.32 1,515
f6 Rock wool 200 0.038 0.27 7,400
f7 Phenol foam 200 0.019 0.20 15,819

fd1 Nothing 0 1.80 0
fd2 Polystyrene foam 15 0.050 0.72 655
fd3 Polystyrene foam 20 0.050 0.67 830
fd4 Polystyrene foam 30 0.050 0.61 1,240
fd5 Polystyrene foam 30 0.050 0.56 1,600
fd6 Polystyrene foam 45 0.038 0.53 1,860
fd7 Phenol foam 66 0.019 0.33 4,371
w1 Glass wool 10K 50 0.050 0.78 420
w2 Glass wool 10K 75 0.050 0.59 585
w3 Glass wool 10K 100 0.050 0.48 758
w4 Rock wool 100 0.038 0.41 1,000

w5 Rock wool
 + Polystyrene foam 100+30 0.038+0.036 0.29 2,240

w6
High-performance
glass wool 36K
 + Phenol foam

105+30 0.032+0.020 0.22 5,402

w7 Phenol form 120+30 0.019 0.16 12,228

wd1 6.51 749,680

wd2 4.65 1,182,580

wd3 4.07 1,239,429

wd4 3.49 1,462,089

wd5 2.33 1,495,270

wd6 1.90 1,374,200

wd7 1.60 2,337,500Wooden sash or plastic sash, Double Low-E
triple-glazed glass (G7 or more ×2)
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Metallic sash, Single-glazed glass

Metallic sash, Double-glazed glass (A4 or more
and less than A10)

Metallic sash, Double-glazed glass (A10 or more)

Metallic sash, Low-E double-glazed glass (A10 or
more)
or Metallic and plastic composite sash, Double-
glazed glass (A10 or more)
Metallic and plastic composite sash, Low-E
double-glazed glass (A10 or more)
Wooden sash or plastic sash, Low-E double-
glazed glass (G12 or more)

Fig.2  Relationships between UA-value and insulation cost 

Table12  Conditions for estimating electricity cost of heating, 
cooling and ventilation and medical cost 

(a) Floor insulation 

(b) Foundation insulation 

Table11  Combination of insulation specification and insulation cost 

UA value
[W/m2K]

Combination of
insulation
specification

Insulation cost
[ 104yen]

UA value
[W/m2K]

Combination of
insulation
specification

Insulation cost
[ 104yen]

0.31 c6-f7-w7-wd7 557 0.30 c5-fd7-w7-wd7 429
0.33 c5-f6-w7-wd7 453 0.33 c5-fd7-w7-wd6 333
0.36 c5-f5-w6-wd7 338 0.36 c5-fd7-w6-wd6 245
0.40 c4-f5-w6-wd6 234 0.40 c4-fd7-w5-wd6 195
0.50 c3-f5-w4-wd6 171 0.50 c2-fd7-w4-wd6 165
0.60 c2-f2-w3-wd6 157 0.60 c1-fd7-w4-wd6 161
0.70 c2-f5-w1-wd6 157 0.70 c2-fd6-w1-wd6 153
0.90 c3-f2-w2-wd2 142 0.90 c3-fd6-w5-wd1 123
1.10 c2-f5-w2-wd1 97 1.10 c1-fd5-w4-wd1 94
1.30 c1-f4-w1-wd1 89 1.29 c1-fd2-w1-wd1 84
1.47 c1-f1-w2-wd1 85 1.43 c1-fd1-w2-wd1 85

Floor insulation Foundation insulation

UA value
[W/m2K]

Floor insulation : 0.31 / 0.33 / 0.36 / 0.4 / 0.5 / 0.6 / 0.7 / 0.9 / 1.1 / 1.3/  1.47
Foundation insulation : 0.3 / 0.33 / 0.36 / 0.4 / 0.5 / 0.6 / 0.7 / 0.9 / 1.1 / 1.29 / 1.43

Heating,
cooling and
ventilation
method

A : Heating and cooling : Continuous operation in whole house and
                                              intermittent operation in partial space
      Ventilation               : Heat exchange
B : Heating and cooling : Intermittent operation in partial space
      Ventilation               : Heat exchange
C : Heating and cooling : Intermittent operation in partial space
      Ventilation               : Non heat exchange

Areas 1 8
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Fig.3  Estimated relationships between UA-value and mean operative temperature of rooms spouse inhabits (1/1 2/28), mean daily 
minimum operative temperature of house (2/1 2/7), costs of insulation and ventilation equipment, electricity cost of heating, cooling and 

ventilation, medical cost and total cost 
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Electricity cost of heating, cooling and ventilation
 (Heating, cooling and ventilation method : A)
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Costs of insulation and ventilation equipment Heat exchange Costs of insulation and ventilation equipment Non-heat exchange

Mean operative temperature of rooms spouse inhabits (1/1 2/28)
(Heating, cooling and ventilation method : A)
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Fig.3  Estimated relationships between UA-value and mean operative temperature of rooms spouse inhabits (1/1 2/28), mean daily 
minimum operative temperature of house (2/1 2/7), costs of insulation and ventilation equipment, electricity cost of heating, cooling and 
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Area 2 
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Area 3 
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Area 4 
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Area 5 
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Area 6 

(g) Floor insulation 
Area 7 

(h) Floor insulation 
Area 8 
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Area 1 

(j) Foundation insulation 
Area 2 

(k) Foundation insulation 
Area 3 

(l) Foundation insulation 
Area 4 

(m) Foundation insulation 
Area 5 

(n) Foundation insulation 
Area 6 

(o) Foundation insulation 
Area 7 

(p) Foundation insulation 
Area 8 

Total cost (Heating, cooling and ventilation method : A) Total cost (Heating, cooling and ventilation method : B) Total cost (Heating, cooling and ventilation method : C)

Medical cost (Heating, cooling and ventilation method : A) Medical cost (Heating, cooling and ventilation method : B) Medical cost (Heating, cooling and ventilation method : C)

Electricity cost of heating, cooling and ventilation
 (Heating, cooling and ventilation method : A)

Electricity cost of heating, cooling and ventilation
 (Heating, cooling and ventilation method : B)

Electricity cost of heating, cooling and ventilation
 (Heating, cooling and ventilation method : C)

Costs of insulation and ventilation equipment Heat exchange Costs of insulation and ventilation equipment Non-heat exchange

Mean operative temperature of rooms spouse inhabits (1/1 2/28)
(Heating, cooling and ventilation method : A)

Mean operative temperature of rooms spouse inhabits (1/1 2/28)
(Heating, cooling and ventilation method : B)

Mean operative temperature of rooms spouse inhabits (1/1 2/28)
(Heating, cooling and ventilation method : C)

Mean daily minimum operative temperature of house (2/1 2/7)
(Heating, cooling and ventilation method : A)

Mean daily minimum operative temperature of house (2/1 2/7)
(Heating, cooling and ventilation method : B)

Mean daily minimum operative temperature of house (2/1 2/7)
(Heating, cooling and ventilation method : C)

W/m2K UA 0.36 0.4W/m2K
UA
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Table13  Insulation cost, medical cost and electricity cost of heating, cooling and ventilation, and payback period of insulation cost 

  Evaluation period, 30 years 

A B C A B C A B C A B C A B C A B C A B C
H25 standard
Most economical 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.50 0.40 0.40 0.50
H25 standard
Most economical 2,340 2,340 2,340 2,340 2,340 2,340 2,340 2,340 2,340 2,340 2,340 2,340 2,340 2,340 2,340 2,340 2,340 1,712 2,340 2,340 1,712
Difference 377 377 377 377 377 377 716 716 716 805 805 805 896 896 896 896 896 268 896 896 268
H25 standard 207 281 342 204 261 310 200 244 281 208 273 303 193 231 253 191 218 237 157 167 184
Most economical 200 254 316 198 239 290 180 198 239 168 181 221 133 139 178 137 141 191 88 91 146
Difference 7 27 26 6 22 20 20 46 42 40 91 82 60 92 75 54 77 46 69 75 38
H25 standard 235 321 387 233 300 352 228 279 319 236 309 341 221 262 287 218 248 269 181 192 211
Most economical 228 293 360 226 276 331 207 229 274 194 210 254 156 162 206 160 165 220 106 109 170
Difference 7 29 27 7 23 22 21 50 45 43 98 87 65 100 81 58 84 49 76 83 41
H25 standard 181 67 84 159 57 71 134 45 58 156 53 62 107 38 44 93 40 43 56 29 31
Most economical 155 59 77 136 50 66 84 33 47 67 32 40 31 22 27 35 29 34 24 24 25
Difference 26 7 6 22 7 5 50 12 12 88 21 22 75 16 17 58 10 9 32 6 6

32 34 32 28 29 26 69 58 54 128 113 104 135 109 92 112 87 55 100 81 44

33 36 34 29 30 27 71 62 56 131 120 109 140 116 98 117 94 58 107 89 47

2013 standard 234 86 109 206 73 92 174 58 75 202 69 81 138 49 57 121 52 56 72 38 41
Most economical 201 77 100 177 64 85 109 43 60 87 41 52 41 28 34 46 38 44 31 31 33
Difference 34 9 8 29 9 7 65 15 15 115 28 29 98 21 22 76 14 12 41 8 8

32 34 32 28 29 26 69 58 54 128 113 104 135 109 92 112 87 55 100 81 44

41 38 36 35 32 28 86 65 60 157 126 116 163 121 103 134 97 61 117 90 49

H25 standard
Most economical 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.40 0.36 0.36 0.40 0.40 0.36 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
H25 standard
Most economical 2,451 2,451 2,451 2,451 2,451 2,451 2,451 1,948 2,451 2,451 1,948 1,948 2,451 1,948 1,948 1,948 1,948 1,948 1,948 1,948 1,948
Difference 681 681 681 681 681 681 824 321 824 996 492 492 #### 672 672 672 672 672 672 672 672
H25 standard 210 286 347 207 265 313 204 253 289 209 272 302 197 235 257 194 222 240 161 172 188
Most economical 196 235 297 195 224 274 177 203 229 164 187 225 130 148 184 146 149 179 102 104 138
Difference 13 51 49 12 41 39 27 50 59 46 85 77 67 86 73 48 73 61 59 68 51
H25 standard 238 325 390 236 302 354 232 287 326 238 307 340 224 265 289 222 252 272 185 198 215
Most economical 224 271 338 223 258 313 203 234 263 189 216 257 152 173 212 170 174 206 121 124 161
Difference 14 54 52 13 44 41 29 53 63 49 92 82 72 93 78 52 78 66 64 74 55
H25 standard 172 63 83 150 51 70 125 39 55 143 51 61 96 38 43 86 39 42 49 28 31
Most economical 123 48 71 107 38 61 60 30 38 44 28 36 20 20 25 28 25 27 20 19 20
Difference 49 15 11 43 13 9 65 8 17 99 23 25 75 18 19 58 14 15 29 9 10

63 66 61 55 54 48 92 58 76 144 108 102 142 105 92 107 87 77 88 77 61

63 69 63 56 56 50 94 62 80 148 115 107 147 111 97 110 93 81 93 83 65

2013 standard 223 82 107 194 66 90 162 50 71 185 67 79 124 49 56 112 51 55 63 37 40
Most economical 160 62 92 138 49 78 78 39 49 57 37 47 26 25 32 37 32 35 25 25 26
Difference 64 20 15 56 16 12 84 11 22 128 30 32 98 23 24 75 19 20 38 11 13

63 66 61 55 54 48 92 58 76 144 108 102 142 105 92 107 87 77 88 77 61

78 74 67 69 60 53 113 64 85 177 121 114 170 116 102 128 97 86 102 85 68
Difference including medical cost (after 11 years)
(×103 yen/year/household)

0.87 0.87

Insulation cost [×103 yen]
1,770 1,770 1,627 1,455 1,275 1,275 1,275

0.46 0.46 0.56 0.75 0.87UA-value [W/m2K]

Mediacal cost (1-10 years)
[×103 yen/year/household]

Mediacal cost (after 11 years)
[×103 yen/year/household]

When an
electricity
bill is 27
yen/kWh

Electricity cost of heating, cooling and
ventilation (×103 yen/year/household)
Difference including medical cost (1-10 years)
(×103 yen/year/household)
Difference including medical cost (after 11 years)
(×103 yen/year/household)

When an
electricity
bill is 27
yen/kWh
in first 10
years and

35
yen/kWh
after 11

years

Electricity cost of heating, cooling and
ventilation (×103 yen/year/household)
Difference including medical cost (1-10 years)
(×103 yen/year/household)

Air conditioning
 method

Air conditioning
method

Air conditioning
method

Mediacal cost (1-10 years)
[×103 yen/year/household]

Mediacal cost (after 11 years)
[×103 yen/year/household]

0.46

1,963

Air conditioning
 method

Air conditioning
method

Area 6

0.87

1,443

Area 4

0.75

1,535

Area 5

0.87

1,443

Area 7

0.87

1,443

Air conditioning
method

Air conditioning
method

Area 2

0.46

1,963

Area 3

0.56

1,624

When an
electricity
bill is 27
yen/kWh

Difference including medical cost (1-10 years)
(×103 yen/year/household)

Area 1

Electricity cost of heating, cooling and
ventilation (×103 yen/year/household)

When an
electricity
bill is 27
yen/kWh
in first 10
years and

35
yen/kWh
after 11

years

Difference including medical cost (1-10 years)
(×103 yen/year/household)
Difference including medical costs (after 11 years)
(×103 yen/year/household)

Difference including medical cost (after 11 years)
(×103 yen/year/household)

UA-value [W/m2K]

Insulation cost [×103 yen]

Electricity cost of heating, cooling and
ventilation (×103 yen/year/household)
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PROPOSAL OF MEDICAL COST ESTIMATION METHOD ACCORDING TO THE THERMAL 
ENVIRONMENT IN HOUSES AND EXAMINATION OF ECONOMICAL THERMAL INSULATION 

PERFORMANCE OF HOUSES IN CONSIDERATION OF MEDICAL COSTS 
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 The high cost of improving thermal insulation performance in houses is one of the hindrances to the spread of the 

improvement in thermal insulation performance, and it takes a long time to recover these costs through reduction of 

heating and cooling costs alone. Under such circumstances, in recent years, it has been reported that improvement in 

thermal insulation performance reduces the likelihood of various diseases among people inhabiting these houses, and 

this reduces medical costs. However, the relationship between thermal insulation performance and medical costs has 

not been quantitatively evaluated. If medical costs in relation to the thermal insulation performance of a house can be 

evaluated quantitatively, they can be taken into consideration in the recovery period of the costs of the improvement of 

the thermal insulation performance. Furthermore, it is possible to examine the most economical thermal insulation 

performance when considering the costs for thermal insulation, heating and cooling costs, and medical costs together. 

 Therefore, in this study, we estimated the medical costs in relation to the thermal insulation performance of the house, 

and examined the thermal insulation performance that is most economical when the costs for thermal insulation, 

heating and cooling costs, and medical costs are considered. Furthermore, we examined the cost recovery period for the 

improvement in the thermal insulation performance from that which satisfied the 2013 standard to the above-

mentioned most economical thermal insulation performance, taking into consideration the reduction in heating and 

cooling costs and medical costs. 

 We assumed that the onset of various diseases is not directly affected by the thermal insulation performance of the 

house, but is affected by the thermal environment in the house, which is formed according to the thermal insulation 

performance of the house and the heating and cooling method. On the basis of the relationships between insulation 

levels of various houses and improvement rates in various diseases shown in the previous research, we estimated the 

thermal environments in houses in correspondence to each level of insulation and estimated medical costs from 

improvement rates in various diseases. We proposed formulas to estimate the medical costs for heart diseases and 

vascular brain diseases from the mean daily minimum operative temperature of the house from February 1 to February 

7 and formulas to estimate the medical costs for diseases, excluding heart diseases and vascular brain diseases, from 

the mean operative temperature of the rooms the family inhabits from January 1 to February 28. We proposed these 

formulas separately for the age groups 0 to 19, 20 to 39, 40 to 59, and 60 and older.  

 Furthermore, using these formulas, we examined the most economical insulation performance, including insulation 

costs, heating and cooling costs, and medical costs. The average heat transmission coefficient of the envelope (UA value) 

of a house having this most economical insulation performance is 0.4 to 0.5 W/m2K for a floor-insulation house, and 0.36 

to 0.4 W/m2K for a foundation-insulation house. We found that by considering not only heating and cooling costs but 

also medical costs, the cost recovery period for the improvement in the thermal insulation performance from that which 

satisfied the 2013 standard to the above-mentioned most economical thermal insulation performance was significantly 

shortened, to around ten years. 
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