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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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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/m?K 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.

Keywords : Thermal insulation performance, Economy, Medical cost, Insulation cost, Heating and cooling cost
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ZHEET D, £, KMEHIETNREORELZIT VD LM
E L, HAOREICK T 2ENENOWEY L — RIZxHET 2 FEE
PR A HEE T 2, VT S RTOFEIZI T D& TR ORI Al
DA T D RS O KR LIRS OFFEIAT D 2 BRSO
HWEN T L — RRNCHEE S %, 7eds, AaREIAIFEmIC L > TR 2z
LHEEZLND O, JBAETBEOBERHEDT —% V% T 20
R OENRBNCHEIE Y 5, S 612, BAEBBE OEREICHET T
— & 0 DB W CRFRGN OF FREI G R IR L, KRR
R OERE ZWES L — NI ORI AR LIl & & Wi L
— RIZxhied D EENIRE & OBEREEABNCEE LT, FENIR
FED B STIIR O GFHIERE A HET 2 RARET 5, Aod, Hil
DR D TREN TV HESER OBFERR O WHRIT, EEICk D
EENIRE OO, JEOREERCRANE, EihRoXh, FizkE
FHERAICE S22 LIC K DIRBOD R Y, Bir R BEEAEK
BROVHMEEBZOND, ZTOTH, AR TH I bEEA i
B 5 T REE PR O MEOHEE E X D, -,
ARG TIEPEE L OIS ¥ L R, DHFEER, M ERE, @i
JE. BERRE. RAESWRE. 7O E—MRE gk, Mgk, Bk, T v
NX—PERR T L F—PEREER D 10 OB E R LT 5,
2.2 WEJL—FIZHET HEENEEDHTE

HATOFE T, 7 — FRA THER LEEEOROMER L

Table2 Heating schedule and room the family inhabits
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Table1 U-value of each insulation grade
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

Hour| o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
- g LDK 1 2 1 1 1 1 1 2 2 3 3 2 1 1
° % Bedroom 2 2 2 2 2 2 1 1
& 2 |Children's room 1 1 1 1 1 1 1 1 1 1 1
i § bED Children's room 2 1 1 1 1 1 1 1 1 1 1 1
2| z % [Bathroom 1 1
8 % _|Lavatory
= 2z . 8 Householder Be [ Be | Be | Be | Be [ Be | Be L L L L
E E _g Spouse Be| Be|Be[Be[Be|Be| L [ L [ L | L L | L L|L|L|L]|LJ|L|Ba|Be
S &< First child ci|jcijcifcijcijcijca L | L 1 [ Ba| Cl1]|C1
~ = |Second child c2flc2|lc2|c2|c2fc2]cC2 L|]C2[ L L | C2[C2]| C2
- g LDK 3 2 2 2 2 1 2 3 3 4 2 2 1
° % Bedroom 2 2 2 2 2 2 2 1 2
& 2 |Children's room 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
e § bED Children's room 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o | Zz % [Bathroom 1
G % _[Lavatory 1
= < . 2 Householder Be[Be | Be| Be| Be| Be|[ Be | Be [ L L L L L L L L L L L L | Be
g T‘é ,5 Spouse Be | Be | Be| Be [ Be | Be | Be [ La [ L L L L L L L L L L L L | Ba | Be
S &< First child cijcijcifcijecijecijecijecijecijecijceifca cijcijecijLjcijcijcifct
o] ~ [Second child c2lc2fc2fcC2|cCc2)cCc2]cCc2|cC2 c2lcCc2]cCc2]C2 L]l L|LJc2|C2[cC2]C2

Shaded cells : Heating ON

L : LDK, Be : Bedroom, C1 : Children's room 1, C2 : Children's room 2, Ba : Bathroom, L : Lavatory
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Table3 Calculated value of operative temperature

Insulation grade Mean operative temperature of rooms the family inhabits (1/1~2/28) ['C] Mean daily minimum operative temperature of house
(after moving) Householder Spouse First child Second child Avg. (2/1~2/7) ['C]
3 13.47 14.32 14.32 14.20 14.08 717
4 15.21 15.89 15.95 15.85 15.72 9.30
5 16.35 16.81 17.02 16.96 16.78 10.68
AFHFCIIMEE L 1R AL CHRE L TR Y . B b LR Table4 Prevalence rate before moving and improvement rate
e . . o e ) . . et
WBiAHET, WE, BT & ~OBEIIRBLL TR0, BRI after moving of each insulation grade
I " Insulation grade Prevalence rate | Improvement rate
SRR LBRIRIR & 72 5 2O DEMA~OBBITH Y, T D% (after moving) (before moving) (after moving)
M EWEFEE L OWREEITER T 508 8 - M REORIENRE 2 . 3 0.02 0.29
Heart diseases 4 0.02 0.53
LMD THD W, DEE - IMILERBLUSNOR BT HIR g 83? ggg
NN N X Vascular brai : :
JEL LTIt AHIOEBMRAMERNA EARFK L BT D 19 111 et an bram 4 0.01 0.83
diseases 5 0.01 0.66
~2/28 DIFFERMEMIREE D) & f07E LTz, Hypertensive 5 0.06 0.21
RO THE LB RE DR R % Tabled 12777, ZNEi diseases 5 0.08 0.25
N o . . " 3 0.02 0.14
DOWEL T L — RizBW T, IHFELEMEE. F—1. B _TOME Diabetes mellitus 4 0.02 0.34
5 0.03 0.33
EME)EHYDIL @“l“i/j@% ij(? < foll/\f\_&) %ﬂb@+i@%%@m?\ 3 0.06 0.56
N 1% Asth 4 0.0 0.62
7 L— RICEIET 5 [1/1~2/28 OWERERIREDFES | & L, sthma : 2.08 282
. . I 3 0.08 0.35
2.3 BEEROERIERASOET Dermatitis and 2 0.08 047
Pl x, WAL —F g FA0(205%1F) a OHFREIE Rygq #UAT 2 208 262
ORTHEE LT, Pneumonia 4 0.02 0.61
fiere 5 0.04 0.66
R =R Txa (1) Inflammatory 3 0.03 0.25
xga = Bxg T o polyarthropathies 4 0.03 0.42
& 5 0.04 0.52
3 0.25 0.11
=77L Allergic rhinitis 4 0.24 0.15
5 0.23 0.32
Ry gr =Ry grperorel —Cyg) 2 3 0.13 0.14
%gl TxgTbefore g Conjunctivitis 1 0.11 0.21
S 3) 5 0.11 0.40
xT— . .
pr Table5 Population and Number of patients
Age
_ Mxa @) 019 [20 394059 =60 | ANl
Txa ™ Pa Population [x10° persons] 7 22,238 29,017 33,846 41,979[ 127,080
Heart diseases 4 13 154 1,564 1,735
" N N = 3 Vascular brain diseases 0 7 85 1,089 1,181
Rx,g,T : Eﬁﬁ X O)I*ﬁ?}\"y L—F 9 o)ﬁ"ﬁ:il |/—1\ EF‘{J‘) 5 7 |Hypertensive diseases 1 55 1.477| 8,682] 10,215
. s % Z [Diabetes mellitus 6 72 572 2,520 3,170
Rygrpesor - Wi x DWIENT L — K g OERJERITA SR (R4ER) 7 & 2 [Asthma 462 137]  236]  364] 1,199
A 0 R B & [Dermatitis and eczema 283 238 250 405 1,176
Crg DR x OB L — R g otkER (ENR) 7 ;:vg Pnoumonia S 5 3 oL 59
. S x [Inflammatory polyarthropathies| 6 26 133 342 507
pr sREAET (N Z " [Allergic rhinitis 287 91 144 150 672
n PR x DIRERL (SRR 9 Conjunctivitis 41 30 43 173 287
x,T . ey
P AR e D AN () Table6 Estimated prevalence rete of each insulation grade
a Insulation Age
o RBxOBEH () S N 7Y Y T A T Y BT
SE ENENOBIFIC DN T RO A FREIE Ry gr (5T Heart discases 1 0.000 | 0,000 | "0.003 | 0.026 | 0.009
o - 5 0.000 | 0.000] 0.003]  0.023| 0.008
T OBEENDHFHENE RygalT WA L — FIZ L 5T RENRDAR v : 3 0000] 0000| 0001] 0011] 0.004
ascular brain 1 0,000 | 0.000| 0.000] 0.005| 0.002
Lo [T HEFROFRERJIFELWEHEEL TS, £, diseases 5 0.000 | 0.000| 0.001| 0.009| 0.003
) ; N et [ N Hypertensive 3 0000 0,001 [ 0025] 0.117] 0,046
ZCHEE LA R HIGICIEBE R ICH o IER EZ AR LI AE S doe 4 0000|0001 | 0030 0.140| 0.055
5 0.000 | 0,001 0033 0.154|  0.060
ANTWRNTZ, ZNEEOTAFHE LD L/ DDOHEIZ>T 3 0000 0002 0012] 0041] 0017
N Diabetes mellitus 4 0.000 0.001 0.009 0.032 0.013
WaEBEzHLN5, 5 0.000 | 0.002| 0.014] 0.048]  0.020
B 3 0058| 0013 0.020] 0024] 0026
HEEIC AW 7245 % Table4, Table5, #E &k 4t % Table6 12777, Asthma 1 0050 | 0011|0017 0021| 0.023
5 0042|0010 0014 0018] 0.019
B2, WiEA 7 L — RS B35 & HEREIA T/ NS R DN S 5 Dermatitic and 3 0072| _0046] 0042] 0.054] 0.052
o ) coroma 1 0058 | 0038 0034 0044| 0.042
2.4 BEROERIEERZEDHT 5 0042| 0027| 0.024] 0032] 0.030
) ) 3 0011 0002] 0004 0038] 0016
P x, WLV L —R g L HEAR(20 ) a DEREM, (/45 Pneumonia 1 0005|0001 | 0002| 0018]  0.008
5 0.009 | 0,002 0.004|  0.032] 0.014
N) & HCAM3E L TRATHEE LT, Inflammator 3 0002|0005 0022] 0046] 0.023
N {h. 4 0.001| 0004|0017 0.036] 0017
Rega . Mar polyarthropaties 5 0.00 0.004| 001 0.039| 0.019
Myga= 720 X = x 0.3 (5) 3 0543|0132 0.179] 0.150] 0223
00 mr Allergic rhinitis 4 0.49 0.12 0.164 | 0.138| 0.204
5 0382 | 0.093] 0.126] 0.106| 0.156
My SR x ORSERE 0.1 (1 /48) 3 0091] 0051 0063] 0204] 0.112
k - Conjunctivitis 4 0071 0040|0049 0.159| 0.087
Nyr R x DREBFEIL Y (N) 5 0054 0030 0037] 0120] 0.066

BAIR DR N % Table7 277, MEREICHOWTIE, A A, 8BS TnZevigkmim (7 b E—PER gk, T Laax—Ea
B DOFRL 26 FEEFERERE VICEH SN TS RBITEOEE . T UK —PERSES) IXEATEE O 26 EHESERDS

— 161 —



T AR VO EROERBIE 18 RIRSL TSR E Tk
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BT D R g, AT ICE T 2 REA RSN TR,
AL AT 10 FCH s Ly 20 ofilx 6 A —F A M oaEHEE
BCThHDHIDTHD, 7of, ERERE &HDERBIITANHHA
DM F IR SN TV BERICONT, (R ENRBIIT A BIHE O
T =20 LEOFECHE LI ERE & ERERSICBE ST
WO EREMNR—ET 2 2 LA REMR L T\ D, E7z, Ak 26
FEOTF =2 ER VDL, T—2IZL o UIFEEREI L T2
LObLHY ARFCHAT 28T — X DEERIZHT2DTH D,

R OHEERE R % Table8 IZ” T, 0~19 ik TIELT LL¥—ik
B 60 Ll ETIET LV X — MRS & iR D EFE N R E e
STWVD

Table7 Total medical cost of each disease

M = A - exp(BT) ()

M CHEE R (/4 - N)

A, B : Table9 |2/~ 7l

T SRR - M E R B LM 1/1~2/28 OAEEEA IR

FEDNH(CC) . DR - M R T 2/1~2/7T DEE
N B BARAE T IRLEE O SFE-) (°C)

A Age:0-19

B Age:40-59
— = =Approx., Age: 0-19
—— Approx., Age: 40-59

A Age:20-39

B Age: 260
— = = Approx., Age: 20-39
Approx., Age: =60

N
a
o
N
a

N
=3
S
N}
S

-
o

._.
o
IS}
=
15}
[ ]

Estimated medical cost

I~

wu
S}
!
1
1

e}

[ X 10% yen/year/person]
I
G
o
/
’
'l
//-
Estimated medical cost

[ X 103 yen/year/person]

o -=5 o =

10 12 14 16 18 20 5 7 9 1 13 15
Mean operative temperature Mean daily minimum operative temperature
of rooms the family inhabits (1/1~2/28) [°C] of house (2/1~2/7) [°C]
(a) Except for heart diseases and (b) Heart diseases and
vascular brain diseases vascular brain diseases
Fig.1 Estimated relationships between indoor thermal

environment and medical cost
Table9 Value A and B of equation(6)

Age
0—19 20—39 40—59 =60
hear%ﬁ?gggsgg and A 684,161 269,505| 279,108 591,753
vascular brain diseases | B —0.133] —0.145| —0.121] —0.107
Heart diseases and A 0 0 4,816] 40,654
vascular brain diseases | B — — —0.132 —0.129

Total medical cost [x10° yen/year]w)‘ w
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
Table8 Estimated medical cost [ X 10° yen/year/person]
Insulation Age
grade 0—19 | 20—39 | 40—59 =60

3 0.1 0.1 1.5 12.2

Heart diseases 4 0.0 0.1 1.0 8.1
5 0.0 0.1 0.9 7.2

. 3 0.0 0.0 0.5 5.2

Xascular brain " 00 0.0 02 21
1seases 5 0.0 0.0 04 43

. 3 0.0 0.1 1.3 6.4

Ey pertensive 4 0.0 0.1 16 76
1seases 5 0.0 0.1 1.8 84
3 0.0 0.2 1.3 48

Diabetes mellitus 4 0.0 0.2 1.0 3.7
5 0.0 0.2 1.6 5.6

3 4.9 1.1 1.7 2.1

Asthma 4 4.3 1.0 1.4 1.8
5 3.6 0.8 1.2 1.5

s 3 7.8 5.0 45 59
Dermatitis and " 64 i 37 18
cezema 5 4.6 2.9 2.7 35
3 15.1 2.9 6.2 54.0

Pneumonia 4 7.3 14 3.0 26.0
5 12.7 24 5.2 45.3

Inflammatory 3 03 08 8.7 1.1
. 4 0.2 0.7 2.9 5.9
polyarthropathies 5 02 07 39 6.6
3 57.7 14.0 19.0 16.0

Allergic rhinitis 4 52.9 12.9 17.5 14.7
5 40.6 9.9 134 11.2

3 18.6 10.4 12.8 41.6

Conjunctivitis 4 14.5 8.1 10.0 32.3
5 11.0 6.2 7.6 24.6

2.5 FERNRELEREZOBGROHEER
FNEFNOER L OWE S L— FEIC O - ML 5% B L
ETOEFREZE LA D72 EE Table3 18 Lz [1/1~2/28

WEEMERREDTY) L OBEKRE . TLENOERS LOWES

L— REEIZDRE  i E R B O ER % L&Y 728 & Table3

R LTz 1211~2/7T DTN B EIRIEMIREO VY & ok, B

LN OB AR L- iR % Fig.l (o7, 72, =%

FEBIT &0 1ERE L =B B o ek Lz eI R Y,
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PR A de b MM 7o RO, AN R CRREWTEILRE) ol
BB L O - BEOHARETIE L, T Ol & 2 O Wi gE O Ik
wL Lz,

Ur?ﬂﬁwﬁﬁsraﬁfg”*il@%UT TRT . E T WBEAL & R
SMBE PR (CREREMTEM T IERE) | ST, ERENOEAIZ T
OErEWERE (U i) 24858 L, Z\Wv@%h%hmlﬂ?’% PEgE (U i)
e b M 7 TR 2T Ue, KOF, AMEE, IR (GERENTE L

) OFRIAIIFEAE AR 7 v b PR PI2B#E SN T 52 TORE
MEREME L, BBy U A=A — 3 HTAA—T— 24
WZARAE U7 Aliks 2 el & Lz, RIFIE 500mm J& % T, JRI% 200mm
JEETOEMKY bEME L, ST mEpiEl (LR 120mm JF)
ZIEARIZHNEY (B 30mm J2) Z T 54856 b Lz, =
D KD ITEFE L =B O W IRk B4 22 Table10 (2”9, 7R3,
Bat T 2B IR R OA & L, THREZIE LR,

Wiz, 2.2 fli LA U< ASERRUFEE~ORFHTA K742 DD
~ﬂx%7/vmﬁﬁxf%& L. Tablel0 {27k L= KA, ApBE IR (3

WEWT TR | 2 - BEE N ENOMIEVEAREA &2 2 TS bE T
2401 (=74) @Y Lou\ﬂf%é%@m%z‘wétab (Uafl) &Mt
FOE - oA &2 FH Uiz, Uafili & A5HRS OBt % Fig.2
T, ZRENO Ua i Tie b GaMilitg 23/ s < 72 % Fig2 ITH
TR L7AERRIZ DN T, SO WEMEAR DML AG o' & A FH
¥ % Tablell (2789, LA TILZ OAFHIliF 2 Z OWrEWERE IS



Table10 Candidates for insulation specification

. Thermal U-value Cost
. . Thickness L. 5 9
Insulation material [mm] conductivity |  [W/m?K] [yen/m?]
[W/mK] %1 X2
cl |Glass wool 10K 50 0.050 0.82 420
c2 |Rock wool 100 0.038 0.35 1,000
0 c3 |Rock wool 200 0.038 0.18 2,000
é c4 |Glass wool 10K 350 0.050 0.14 2,685
g ¢5 |Glass wool 10K 500 0.050 0.10 3,788
.~ |High-performance N p K
c6 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
5 § 2 3 |Glass wool 10K 100 0.050 0.47 758
EO f % f4 |Glass wool 10K 150 0.050 0.37 1,170
£ 2| f5 [Glass wool 10K 200]  0.050 0.32 1,515
| 6 |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
= _E = fd2 |Polystyrene foam 15 0.050 0.72 655
% E 2 fd3 |Polystyrene foam 20 0.050 0.67 830
= g L; fd4 |Polystyrene foam 30 0.050 0.61 1,240
2 “E % | fd5 |Polystyrene foam 30 0.050 0.56 1,600
= £ 7 |_fd6 |Polystyrene foam 45 0.038 0.53 1,860
fd7 |Phenol foam 66 0.019 0.33 4,371
w1l |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
g w4 |Rock wool 100 0.038 0.41 1,000
5| ws [Rockwool 100+30| 0.038+0.036 0.29 2,240
g + Polystyrene foam
5 High-performance
w6 |glass wool 36K 105+30] 0.032+0.020 0.22 5,402
+ Phenol foam
w7 |Phenol form 120+30 0.019 0.16 12,228
wdl [Metallic sash, Single-glazed glass 6.51 749,680
Metallic sash, Double-glazed glass (A4 or more _
wd2 and less than A10) 465 1,182,580
wd3 |Metallic sash, Double-glazed glass (A10 or more) 4.07 1,239,429
=
E ,§ Metallic sash, Low-E double-glazed glass (A10 or
58 more)
"g g wdd4 or Metallic and plastic composite sash, Double- 3.49 1,462,089
S ‘E glazed glass (A10 or more)
3 - - -
_ |Metallic and plastic composite sash, Low-E
wdb double-glazed glass (A10 or more) 233 1,495,270
wd6 ‘Wooden sash or plastic sash, Low-E double- 1.90 1,374,200
glazed glass (G12 or more)
‘Wooden sash or plastic sash, Double Low-E _
wd7 triple-glazed glass (G7 or more X2) 1.60 2,837,500
%1  For foundation insulation, [W/mK]
22 For window and entrance door, [yen/house]
800
- . .
8 = 600 + a) Floor|insulation
S .
S < 400
£5
2 X 200 .
< .
= e}
0
0.2 03 04 05 06 0.7 08 09 1.0 1.1 1.2 13 14 15
U,—value [W/m?2K]
800 L
2 b) Foundation insulation
8 = 600 ()
o
S < 400 i
23
2 X 200 T
< .
- q - O

0

02 03 04 05 06 0.7 08 09 1.0 1.1 12 13 14 15

U,—value [W/m?2K]

Fig.2 Relationships between Ua-value and insulation cost
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Table12 Conditions for estimating electricity cost of heating,
cooling and ventilation and medical cost

Ux-value Floor insulation : 0.31/0.33/0.36/0.4/0.5/0.6/0.7/0.9/1.1/1.3/ 1.47
[W/m?K] Foundation insulation : 0.3/0.33/0.36/0.4/0.5/0.6/0.7/0.9/1.1/1.29/1.43
A : Heating and cooling : Continuous operation in whole house and
Heating, o ) intermittent operation in partial space
cooling and Ventilation : Heat exchange
ng a B : Heating and cooling : Intermittent operation in partial space
ventilation S .
method Ventilation : Heat exchange
C : Heating and cooling : Intermittent operation in partial space
Ventilation : Non—heat exchange
Areas 1-8

Table11 Combination of insulation specification and insulation cost
Floor insulation Foundation insulation

U,-value _Combm_atlon of Insulation cost [U,-value _Comblrfatlon of Insulation cost
[W/m?K] insulation [x10%ven] [W/mK] insulation [x10%ven]
m specification yen. m specification yen.

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-wl-wdl 89 1.29 |c1-fd2-wl-wd1l 84

1.47 [c1-f1-w2-wd1 85 1.43 |c1-fdl-w2-wd1 85

5. BEMRELIERE - BEAREE - EREOBEIR

WrEh - HSERI 2 & . R A 30 & U CRHEAE L72IEM 5 -
KELRNEERE BIORERLOEFE Uafii & OBf% % Fig.3 12
R, WTEN - R EICIE. 3 B OUR LBV IR AR G A &
L CIEEAAS I 172,000 [, #AZcHAIT 680,000 M2 & Ee™ 7, 14EH
12 80 D IAFE 2 B L0 D N ERIAD - L EL, K
Bt & F-HEDOWAEE X Table2 &7 U L 48 L7,
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—m— Total cost (Heating, cooling and ventilation method : A) —e—Total cost (Heating, cooling and ventilation method : B) —6—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 - @~ -Electricity cost of heating, cooling and ventilation - ©- -Electricity cost of heating, cooling and ventilation
(Heating, cooling and ventilation method : A) (Heating, cooling and ventilation method : B) (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) —e— Mean operative temperature of rooms spouse inhabits (1/1~2/28) —&— Mean operative temperature of rooms spouse inhabits (1/1~2/28)
(Heating, cooling and ventilation method : A) (Heating, cooling and ventilation method : B) (Heating, cooling and ventilation method : C)
--#--- Mean daily minimum operative temperature of house (2/1~2/7) --®-- Mean daily minimum operative temperature of house (2/1~2/7) --©-- Mean daily minimum operative temperature of house (2/1~2/7)
(Heating, cooling and ventilation method : A) (Heating, cooling and ventilation method : B) (Heating, cooling and ventilation method : C)
26 27 26 - - 27 26 27 26 27
(a) Floor| inSLIatio‘n/ﬁ:ﬁ (b) Floor|insulatign (c) Floor|insulati (d) Floor|insulation
24 1 24 24 ) 24 24 24 24 24
rea rea Area3 real4
22 21 22 21 22 21 22— 21
— 20 18 — 20 18 — 20 18 = 20 18
T oy S i T 3 =l | T 3 ‘q-*.._. )
218 =g 155 218 155 218 155 213 @i 155
g 3] ] - ¢ © -igg! 3 © Lo = 3
316 2 316 Lo —p 12 2 3 16 = 12 2 3 16 == = EEVEE|
3 © 2 8- © 2 ‘ © 2 ©
E 14 “é <14 & 9 "é.’ S 14 9 g =14 9 g
9 -
2n g > 6 &8 Sn 6 5§ S @ g
o 1% S o =1 o =] @
= s o > = =
z 10 2 X 10 3 2 % 10 2 % 10 2
= 8 © Z 8 0 g 2 8 0 g Z 8 g
S s & s 8 I 2
© 6 C 6 -3 © 6 = -3 © 6
“n §
4 4 -6 o -
4 PP = o 6 4
2 2 -9 2 = -9 2
0 0 -12 0 -12 0
03 05 0.7 09 1.1 13 15 03 05 0.7 09 1.1 13 15 03 05 0.7 09 1.1 13 15 03 05 07 09 1.1 13 15
U,-value [W/m?2K] U,-value [W/m2K] U,-value [W/m2K] U,-value [W/m?K]
26 27 26 27 26 - - 27 26 27
54 |(e) Floorinsulation 2 54 |(f) Floor insulation 2 54 |(9) Floor insulatian 2 2 2
Area 5 Area|6 Area|7 o
22 21 22 21 22 21 22 = 21
— _ — 20 _ — 20 S 18 — 20 By 18 _
3 ) = T = =) =l v
E S 28 5 %18& 55 218 —— 15 5
2 2 4 16 ] 3 16 12 32 4 16 ((h)Floorinsylation 12 2
2 o 2 e 2 e 2 Area|8 IS
s g S ﬂé’ E 14 9 “é <14 9 “é.’_
9 (3
z 8 o 12 2 o 12 6 g o 12 6 g
=) o =] o =] o = @
= = g =1 2 = g
x g X 5 =0 bEox H
m o} = 8 @ o @ = @
2 Q. 3 Q. 3 j=5 @2 Q
S o S 6 o S 6 o 8 9]
4 4 2 ==N=
2 2 —e
0 0
03 05 07 09 1.1 13 15 03 05 0.7 09 1.1 13 15 03 05 07 09 11 13 15 03 05 0.7 09 1.1 13 15
U,-value [W/m2K] U,-value [W/m2K] U,-value [W/m2K] U,-value [W/m2K]
26 0F 4 I 27 26 0P : I 27 26 27 26 27
i) Foundation insula j) Foundation insulation (k) Foundation insulation (1) Foundation insulation
24 Areal 24 24 Area 2 24 24 Areal3 24 24 Area 4 24
22 21 21 22 21 22 21
= 18 ) = 18 ) = o) = 20 18 S
S h 5 b S h 5 A — s
2 15 2 2 15 3 2 < 218 15 3
9 e O] e Bl g ] — <
3 12 2 B 12 2 E 2 3 16 =88 12 2
° I ° © ° I 2 o
> 9 8 S 9 & = 3 T 14 9 g
s s 5 2 6 5 2 § 2o = 6
3 3 2 3 3 2 3 2 10 > % 8,08
X ® X = X = X 3 =
p [ = 0 o Z @ % 0 g
a Q a Q 8 o 3 Q.
S 3 © S 3 © 8 o S 3 ©
-6 -6 -6
-4 ==Y
-9 -9 -9
-12 -12 -12
03 05 07 09 1.1 13 15 03 05 07 09 1.1 13 15 03 05 0.7 09 1.1 13 15 03 05 07 09 1.1 13 15
U,-value [W/m?K] U,-value [W/m?2K] U,-value [W/mZ] U,-value [W/m2K]
26 27 26 27 26 T _— - 27 26 27
24 (m) Foundation insulation 2 oa |(n) 'oundat@n in[gula{ion 2 24 (o) Foundation insulation 2 24 24
Area|5 Area|6
22 21 22 21 22 22 21
20 18 20 18 20 2 .. 18
=) —e—y L =) =) =) i T =) =)
215 e 155 218 Smg 155 218 S 2, 15 =
%16 && 12 2 216 Pa. 03 %16 E 2 16 |(p) Foundation insulation | 1, >
3 ] 3 ‘ @ ] © 2 Area|8 °
S 14 9 “é S 14 9 “g’_ Su g % 14 9 ‘é’
[
} 12 6 2 o 12 6 2 :; 12 5 o 12 6 g
=) o =) o =} o S o
— - - - >
% 10 3 % X 10 é % 10 % x 10 3 2
5 8 0 g 2 8 0 g v 8 g 2 8 0 g
S o S _ - o S o S o
© 6 o = -3 © 6 -3 © 6 =9 3 C 6 -3
-2 & __|—: oW | o =_=—i:’—_"| ~-m-a 4 6
4 = -6 4 pes -6 4 A -6 PSS h
2 = --8-:=9 9 2 = - -2--8 g 2 2 = = -9
0 -12 0 -12 0 0 -12
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Fig.3 Estimated relationships between Us-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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Table13 Insulation cost, medical cost and electricity cost of heating, cooling and ventilation, and payback period of insulation cost
Area 1 Area 2 Area 3 Area 4 Area b Area 6 Area 7
Air conditioning | Air conditioning | Air conditioning | Air conditioning | Air conditioning | Air conditioning | Air conditioning
method method method method method method method
B B B B__C B A B B
Un-value [Wim?K] [H125 standar 0.16 0.56 0.75 0.57 0.87 0.57
A Most economical 5% | 0.40 | 0.40 0.40 0,40 040 |0.40 0.40 _0.40 | 0.40 _0.40 040 | 0.40 _0.40 050 | 0.40 0.40 0550
7{25 tandar 1,963 1,624 1,535 1,443 1,443 1,443
Insulation cost l><103 yen] Most economical 3¢ | 2,340 2,340 2 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 77377 16716716 805805 805 | 896 896 896 | 896 896 268 | 896 896 268
Mediacal cost (1-10 yoars) [H25 standard 07281 0 244 281 | 208 273 303 | 193 231 253 | 191 218 237 157 167 184
B<10" senfyearhousehold] Most economical 3% | 200 254 0198 239 168 181 221 133 139 178 137 141 _191] 88 146
ifference 797 0 46 42| 40 91 82| 60 75| 5477 46| 69 38
) & (af ; [H25 standard 235321 928279 319 | 236 309 341 221 262 287 218 248 269 | 181 192 211
Mediacal cost (after 11 years)
[10° ven/ome/household] Most economical 5% | 228 203 207 929 274 194 210 254 | 156 162 206 ] 160 165 220 | 106 109 170
yenyea S Difference 29 150 4 43 98 87[ 65 100 81| 58 84 49| 76 83 41
rioity o o, oooll H25 standard 18167 Ts4 45 58| 156 53 62| 107 38 44| 93 40 43| 56 29 31
Electricity cost of heating, cooling and |1
Hation (<107 ’ D Most economical 3 | 155 59 4 33 47| 67 32 40| 31 922 97| 85 20 84| 24 24 25
ventilation (x10" yen/year/househol ifference 2 7 012 12| 88 21 92| 75 16 17| 58 10 9] 32 6 6
c Difference including medical cost (1-10 years) . . -
£ \f,he,? an 610" ven/yearhonschold) 32 34 32| 28 29 26| 69 58 54| 128 113 104| 135 109 92| 112 87 55| 100 81 44
5 | electricity [Difference including medical costs (after 11 years)
3 S ars . -
E bﬂl/lks v%nz (410" yon/vomyhousehald) 33 36 34| 29 30 27| 71 62 56| 131 120 109| 140 116 98| 117 94 58| 107 89 47
| ven - L - - "
g Payback period (oonsidering electrcty oost of heating. oodingand | 15 57 59 (18 55 73 |15 61 62 |10 38 36 |12 55 52 (16 86 30 |29 154 44
'S
Payback period (including medical cost) [year] 12 11 12 |14 13 15 (11 13 14 | 7 8 8 7 9 108 11 5 9 1 7
When an_|Electricity cost of heating, cooling and __|2010standard | 234 86 _109] 206 73 03] 174 58 75| 502 69 81| 138 49 57| 121 52 56| 72 58 I
clectritty [ventilation (c10° yenjyearhousehold) | Mosteconomical ST 201 77 100117764 3l 10043 o0l 8T 41 sal 41 me aal 46 58 aal sl a1 5
y Difference 349 8| 29 9 7| 65 15 15| 115 28 29| 98 21 92| 76 14 12| 41 8 8
bill s 27 |Difference including medical cost (110 years) 32 34 32| 28 20 2| 69 58 54| 128 113 104| 135 109 92| 112 87 55| 100 81 44
yen/kWh 1(410% yen/year/household) S2| 34 ¢ i i e : 951 1091 = 5
in first 10 [Difference including medical cost (after 11 years) 41 38 36| 35 32 28| 86 65 60| 157 126 116| 163 121 103| 134 97 61| 117 90 49
ye”;;“d (x10° yen/yearfhousehold) 38 36 3 ¢ g ‘ § 3184 ¢ ‘ ‘
yon/kWh |oeyback beriod (oonidering sleotricty oost of hesting. coolingend | 14 43 48 |16 45 58 |14 50 50 |10 32 31 (12 45 43 |15 69 26 |25 121 36
after 11
years |Payback period (including medical cost) [year] 12 11 12 |13 13 15 (11 13 14 | 7 8 8 7 9 10(|8 11 5 9 M 7
Uovalue [W/m?K] 25 standar 0.16 016 056 075 057 087 057
A Most economical 5% | 0,36 0.36 | 0.36 | 0.96_0.36 _0.36 | 0.56_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
7‘125 standar: 1,770 1,770 1,627 1,455 1,275 1,275 1,275
Insulation cost [x10° yen] Most economical 3% | 2451 2451 2,451 | 2,451 2451 2451|2451 1,948 2,451 | 2451 1048 1048|2451 1,948 1948|1948 1048 10481948 1,948 1948
Difference 681 681 681 ] 681 681 681 | 824 321 824 | 996 492 492 |##H# 672 672 | 672 672 672 | 672 672 672
Mediacal cost (1-10 years) [H25 standard 210 _286__347] 207 265 313 | 204 253 289 | 209 272 302 | 197 235 257 194 222 240 161 172188
10 Honeshold] Most economical 5% | 196235297 | 195 224 274 | 177203 229 164 187 225| 130 148 184 146149 179 | 102 104 138
10" yen/year/househo ifference 3 51__49] 12 4 9] ¢ 50 59| 46 8 77| 67 86 73| 48 73 61| 59 68 51
Medincal cost (after 11 years) [H25 standard 238 325 390 | 236 302 354 | 232 287 326 | 238 307 340 | 224 265 289 | 222 252 272 185 198 215
(410" ven/ome/household] Most economical 5% | 224 271 338 | 223 958 313 | 203 234 263 | 189 216 257 152 173 212 170 174 206 | 121 124 161
X10” yen/year/househo Difference 14 b4 52| 13 44 41| 29 53 63| 49 92 82| 72 93 78| 52 78 66| 64 74 55
Floctricity cost of heating, cooling and __[H125 standard T72 63 83| 150 51 70| 125 39 55| 143 51 61| 96 38 43| 86 39 42| 49 28 81
ntion (410" ven/yom/household) ost economical 3% | 123 48 71| 107 38 61| 60 30 88| 44 28 36| 20 20 25| 28 25 27| 20 19 20
< ventilation yen/year/househol Difference 49 15 11| 43 13 9| 65 8 17| 99 23 2| 75 18 19| 58 14 15| 29 9 10
o 0 0 0 0
=] Difference including medical cost (1-10 years) _ _ -
2 [ When an {10° yensyearousehold 63 66 61| 55 54 48| 92 58 76| 144 108 102| 142 105 92| 107 87 77| 88 77 61
2 | electricity [Djff includi dical cost (after 11 years
£ gy |Difference including medical cost (after 11 years) 63 69 63| 56 56 50| 94 62 80| 148 115 107| 147 111 97| 110 93 81| 93 83 65
5 o/ EWh (x10° yen/year/household)
=] yel
g Payback perlod {opneidering electrioty cost of heating coclivgand | 14 45 61 |16 55 75 |13 38 49 |11 22 20 |16 38 36 |12 47 44 |23 77 66
5
o
w Payback period (including medical cost) [year] 11 11 12 |13 13 14 | 9 6 1 7 5 5 9 7 8 7 8 9 8 9 N
When an_|Electricity cost of heating, cooling and __ |2010standard | 233 83 107] 194 66 0] 162 50 71 T BT 7o gi 49| Ge i1z BIT sl G5l 1 a0
e o h Most economical 3% | 160 62 92| 138 49 78| 78 39 49 37 47| 26 25 32| 37 32 85| 25 25 26
electricity |ventilation (x10” yen/year/household) Difference T Y B NS VNS N 7 W T 5 N N 7Y B N N1 B AR T
billis 27 Difference including medical cost (1-10 years) 63 66 61| 55 54 48| 92 58 76| 144 108 102| 142 105 92| 107 87 77| 88 77 61
.yen/kWh (x10° yen/year/household) - 99| O : B g 7
in first 10, [Difference including medical cost (after 11 years) 78 74 67| 69 60 53| 113 64 85| 177 121 114| 170 116 102 | 128 97 86| 102 85 68
ye"‘gs;’“d (x10° yen/year/houschold) i j
yen/kWh |reyback period (oonidering sleotricty oost of heating. cooingand | 13 37 49 |15 45 60 13 32 40 |11 19 18 (15 31 30 |12 39 36 |21 62 53
after 11
years |Payback period (including medical cost) [year] 11 11 12 |12 13 14 | 9 6 1 7 5 5 9 7 8 7 8 9 8 9 M

3¢ Evaluation period, 30 years
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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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