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Study on High Performance Building Envelope for raising
Building Energy Rating
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' Dept. of Architectural Engineering, Kyungpook University, Taegu 702-701, Korea
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ABSTRACT: The best plan is that the insulation performance should be improved because
the insulation and airtight of building envelopes have an effect on the energy consumption

basically. New

insulation materials, which have the high performance and are

above

insulation standard, have been developed steadily. Because there are not studies on the

building energy rating system and economic evaluation considering new insulation materials,

these matters should be studied. In result alternatives, which applied 6 high performance

material each, influence, reduce the annual heating energy and raise the building energy

rating. Applying the vacuum insulation material(Casel,2) and vacuum or triple glazing can
retrieves the investment with $120 and $140~150 per barrel each.
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Fig. 1 102 Block floor plan.

Table 1 U-value and insulation thickness.

Type U-value Thickness
[W/m'K] [mm]
Ext. wall 0.475 60
Int. wall 0.414 70
Roof 0.256 100
Floor 0.321(direct) 90
0.376(indirect) 70

312 HE x|

Table 3 New materials and U-value.

Case 1

VIP
(Vaccum insulation
panels)
U-value = 0.13
[W/m'K]

Case 2

Vacuum insulation
materials
U-value = 0.02
[W/m'K]

Case 3

Aerogel insulated unit

U-value = 0.3
[W/m’K]

Case 4

Aerogel insulation

U-value = 0.012
[W/m’K]

Case 5

Triple glazing

U-value = 1.20
[W/m’K]

Case 6

Vacuum-insulated
glazing
U-value = 0.65
[W/m'K]
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Uk oy r daeEe 2791 Case
2, Case 3, Case 4, Case 1, Case 5, Case 6 =2
= /b= Ae® yEsth(Table 3,4)

Table 3 Heating energy by households.

Table 5 Energy rating system by households.

Casel | Case2 | Case3 | Cased | Caseb | Caseb

]
E[D 33.73 | 29.65 | 29.95 | 32.38 | 51.21 | 61.61

=]
V)

=+

@

—
Do
Do
Do
—
—

Type St;r;iird [((Z;ajs/e 1] [%ase 2 Case 3
(Gl/yr] VI. J/yr] | [G)/yr]
46AM 35.49 27.29 28.65 28.56
46AB 49.41 36.34 37.79 37.71
46BT 46.85 31.13 32.97 32.83
46BM 34.98 23.97 25.71 25.58
46BB 48.92 33.01 34.85 34.73
54AM 36.18 24.14 25.53 25.42
54AB 52.14 34.21 35.71 35.59

Table 4 Heating energy by households.

Type St;r;izrd [((Z}ase 4 Case 5 Case 6
(Gl/yr] I/yrl | [GJ/yr] | [G]/yrl]
46AM 35.49 217.74 19.63 15.46
46AB 49.41 36.82 28.02 23.26
46BT 46.85 31.73 25.65 21.77
46BM 34.98 24.55 18.87 15.37
46BB 48.92 33.61 27.46 23.50
54AM 36.18 24.60 17.64 13.91
54AB 52.14 34.70 27.00 22.68
322 A2o|UX58EE HD

41 "It R

BAE H7E Wels FA3] 71 HH (PP,
Payback Period Method), W4 << & % (Internal
interest rate method), FA}°]%-&H(Investment
interest rate method), AolH]&H(Life cycle
cost method)s o] ATt & AFolA= GG
ol 7bd Mz star ’OUJ] 7] tib] gk
BA B &olgk FAE I (PP)E A

L3le Aow YTt

(AF2 3 (Geal) X A8 25/0.95)] <1.1 (1)
A o oA HEe 20079 119 199 7
AE A GdFALe] duyx a75S A8

AtH(Table 6).
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Table 6 heating consumption data of the

Table 8 Cost of heating energy with each

housing case.
Unit cost Period R[ate C;f\/IMCl]al Price of | Heating Rl
[won] ero won/nca Type oil energy cost C
57.05/Mcal (%] [won] [won]
Spring, Fall 55.91/Meal
(3-5, 9-11) e 100 937,990 -
g Reference B
49.02/m’ ?gger 50.32/Mcal building |20 | 150,249
Wi 200 1,953,769 -
nter 58.70/Mcal
(12-2) : ca 100 655,562 282,428
case 1 150 929,526 420,723
o ko] T2 3] =71 3F =
200 1,332,070 621,697
7] &R A TR EF 7
STEerg A e a2 100 691,536 246,454
case 2 150 982,384 367,865
4.2 AN 9ot 23 200 1,409,736 544,031
100 688,952 249,038
Lid}
42.1 = ol 4 XH1E ] case 3 | 150 978,588 371,661
fFr7bdsel weE dR7F4(FOB) AbE2 oy
AAAATDAN 20079 Fukole] u7rEH (S 200 1,404,158 549,609
10028 AlYl 7 9y AAMA) BRaAE v E 100 667,288 270,702
o= 245t} case 4 150 946,756 403,493
AF7FA(FOB)e] $10/B 53 A9 AFA% 200 1,357,386 596,381
o] 7}A L 639/ 229 Q2 a<lo] wAys A f 100 548,633 389,357
AEL AXEololA] i A= Yrb <12 o] case 5 150 772,412 577,837
Sl olE EE AF FS HES AE 200 1,101,218 852,549
3ukf= 42%, 45 5.0%, HFEF 8.0%< 7 100 473,504 464,486
AJ3EZ YEFGT2007d 9€¥ 714 7] 5). case 6 150 662,024 688,226
T3 xFFY o] AZF e A vjg A 200 939,021 1,014,746
74L& Table 87 o] LrElYth

Table 7 heating energy cost considering
higher oil prices. [won / Mcall

Price of oil

[$] 70 80 90 100 110

Unit cost | 57.05 | 61.61 | 66.54 | 71.87 | 77.62

Price of oil

(%] 120 130 140 150 160

Unit cost | 83.83 | 90.53 | 97.77 | 105.60| 114.04

Price of oil

[$] 170 180 190 200 -

Unit cost | 123.17|133.02 | 143.66 | 155.15| -

422 F7} AN3HIE
27 AT AS HE HA= 3862m(HH
(16.11m), FH(2251m)), FZ+= 29.06m (HAH
(19.77m"), ¥ (9.29m"))oll Z}7te] AddAE A
|3 grow g s skl
TE=FE gH] Al FH]E Z71R e o] A A
AHEE Ao T3 ITFE AMES
Hgo] & o= eyt
Fx). dolzd &
G T AME A" QS st e
x*og 7V AA FE ORI Qe AEL
G/ AFEY 1/10 A=2 vrol )
3] 7tAA Y] ds Ao Azdn

e
(e
i)
i)
av)
e
2
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Table 9 A Mount increased with Reference

building.
Type inl?:/iz;rslzd Unit cost Source
yp [won/m’]
(won)
Insulating:13,000 . .
iefﬁge.nce - Wall © 106,000 F“‘Ifoift
uiding Window : 236,000/ a
Germany
Case 1 | 3456567 195,502 o
Germany
Case 2 | 1,630,923 55,230 e
Case 3 |10.869213] 387440 %S'A
.Co
Case 4 | 5,592,562 157,810 %S'A
.Co
Case 5 | 5486528 424.800 De\l]“gark
L0
Case 6 | 7063905 | 479,080 De\rfgark
L0
423 SXt34:7|7
WZF wEl oA H] g A7k thdk AlFH] &
Frhole olgale] FARFANE AU
Aukzl o2 F717F $140~$1509 A9 A A A o]
8d~10d AEZ ooz dAAE AT 7
= AQstaes AAAC Ae A= YER
=3

Table 10 Payback period compared with

standard housing.

Payback period [y.]

Price
.| casel | case? | case3 | cased | caseb | caseb

of oil
70 | 1542 | 834 | 5498 | 26.03 | 17.75 | 19.16
80 | 1428 | 7.72 | 5091 | 24.10 | 16.44 | 17.74
90 | 1322 | 715 | 47.14 | 22.31 | 1522 | 16.42
100 | 12.24 | 6.62 | 43.64 | 20.66 | 14.09 | 1521
110 | 11.33 | 6.13 | 40.41 | 19.13 | 13.05 | 14.08
120 | 10.31 | 556 | 36.69 | 17.40 | 11.93 | 12.90
130 | 956 | 516 | 34.02 | 16.13 | 11.06 | 11.96
140 | 886 | 4.78 | 31.55 | 14.95 | 10.25 | 11.08
150 | 822 | 443 | 29.24 | 13.86 | 9.49 | 10.26
160 | 761 | 411 | 27.11 | 1285 | 880 | 951
170 | 714 | 3.86 | 2547 | 12.05 | 822 | 887
180 | 6.46 | 348 | 2298 | 1090 | 749 | 8.10
190 | 6.00 | 3.23 | 21.32 | 10.11 | 6.94 | 7.51
200 | 556 | 3.00 | 19.78 | 938 | 644 | 6.96

B oATe AT A& e afvke 715
Hof &S e Wetow FEwa 9lE a1
& A9 Azl AEBAUAZESHTE W
of ¥ Aol

o) % AZE Fobelel we AAYEL B
stk 1 Ay tha 2ok

(1) A=dUAEESTTE T = A
S ZwelA AEAS Al mEFE o)
50~60% AES =& duyA dik& BRAT o]
© A AR @ sixel ESH $4
w2 JFS PAS & 5 rh

(2) Zd‘?l o2 F7M7F $140~$150¢ 4§ A
Aol 8A~10d AR olojzd BN A}
&3t AFE AQetars AAAdel de A=
debgth dlelz A wadel Ae adAn 3
8 49E F7PF $1809 A% FAgel A
Ao war wer

anes
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