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Performance Evaluation of Adhesively Fixed External Insulation and Finish System
Using Vacuum Insulation Panels for Apartment Buildings
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Abstract

For the target goal of Zero-energy House construction in 2025, the government announced that the insulation
regulations will be continuously enhanced. It has been predicted that high-performance insulation materials, such as
vacuum insulation panel (VIP), should be used to decrease the thickness of outer walls. The aim of this study was to
evaluate the performance of adhesively fixed external insulation and finish system (EIFS) with VIP. The energy
performance of a base model with conventional internal insulation system and three alternatives of EIFS with VIP were
analyzed by three-dimensional heat transfer simulation. Construction cost and convenience of each alternative were also
evaluated and compared. As results, effective alternatives in terms of each performance as well as overall performance
considering the weighting factors of each performance were suggested.
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Keywords : Adhesively Fixed EIFS(External Insulation and Finish System), VIPs(Vacuum Insulation Panels),
Energy Performance, Construction Cost, Construction Convenience
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Table 1. Alternatives of adhesively fixed EIFS(External Insulation and Finish System) using VIPs
No. Image Yemc§l sectlp n. 1.ncludmg Wall composition Remark
insulation unit joint
< % @ Concrete structure
— i
A
P-B-1 g = (VIPy " Tone 2 EPS) EPS : Expanded polysty-
— . P rene, molded beads
(— @ Reinforced base plaster +
I 1_'_1 TI finish plaster
o 200 @
@ : Factory-built
@ Concrete structure
o @ Adhesive, anchor
” @ Encapsulated type 3 layer
] insulation unit
P-B-2 4 (Type 2 EPS + VIP +
Type 2 EPS)
X @ Reinforced base plaster +
O] finish plaster
== @ Concrt?te structure
. C5=3|\ | @ Adhesive, anchor
“ —1CX—|( | @ Covered type 3 layer
T ] == insulation unit . o
P-B-3 2 SW= (Type 2 EPS + VIP + @ : Factory-built
Shvs= Type 2 EPS)
| L[ T U] @ reinforced base plaster +
O @ 0 ® finish plaster

daj Ao E JAF3EEATL 2JE, & IFTLA Edge
Aol duddE WFT FE GAEE, Aae HE
. dHFE AL HER 4 AsE dAEE @2
Table 59} #Z31, Table 2& 7]&¢ 9 dicke] A4 <Y
GHFE T IZDEA S} dRiagdA] 74 " T
E UE AolH, AlF dEA AF FAE J&3 T4
2 BE gitelA d#FEol EXsAE Ferh II3H
Fig. 2. Bobbin anchor A dFo urddAE F7 HASt= 2#olo] <t
(P-B-Do] A5 AFdEAe ditddA] FAE A2 @
D opw GwRe S o Gad o S #@lstel % 7} tielP-B-1-D, P-B-1-2)& 4 A3Hsict
AA oY dERFEE UEHste Uk dEA FAE 33 MST7} Uy
AHgetr] Y dRFE AAA, 2IYE ¥HA FA=
200mm= shlar, duje] EHEHT AL AHE9 ol D oy= A%
YR A A 7| 2[5], [BE4]NA Al Jde e 38
St gWta Ao A ASEY AUAAFHEAT] O AL =L
=, [(EE1Y dg9A 55 £/ 7 539 Fste A 32 AAE W4gaE)A =z o= Physibel TRISCO
o= sy, AegddAe B FdF dREE (A= v.11.0wE Ab&3 9 ch TRISCOE 2, 339 A 44 e
ALtk (MU E B7HE g 3akd A4 A
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Table 2. Insulation unit composition and thickness by U-value

60% reduction type(set U-value 0.15W/mK) 100% reduction type(set U-value 0.11W/niK)
Total thickness | Modeled Total thickness | Modeled
Insulation unit composition(thickness) of insulation U-value Insulation unit composition(thickness) of insulation U-value
unit(mm) (W/niK) unit(mm) (W/niK)
Existing
case Type 2 EPS(230mm) 230 0.141 Type 2 EPS(300mm) 300 0.109
P-B-1 (D VIP(25mm) + Type 2 EPS(40mm) 65 0.141 (D VIP(35mm) + Type 2 EPS(40mm) 75 0.107
( VIP(20mm) + Type 2 EPS(70mm) 90 0.144 ( VIP(30mm) + Type 2 EPS(75mm) 105 0.108
Type 2 EPS(30mm) + VIP(20mm) + Type 2 EPS(35mm) + VIP(30mm) +
P-B-2 Type 2 EPS(40mm) % 0144 Type 2 EPS(40mm) 105 0.108
Type 2 EPS(30mm) + VIP(20mm) + Type 2 EPS(35mm) + VIP(30mm) +
P-B-3 Type 2 EPS(40mm) %0 0.144 Type 2 EPS(40mm) 105 0.108
2,200
2247 1.761 439.6
2,000 287
— "
3
g
1"
="
— Cement mortar 40mm — 8
— Cement mortar 40mm 4 : — 1
I Light weight concrete 50mm C E‘E:;rmigh;(ﬁ;ggi::&?m — § v .
(— Expanded polystyrene extruded 20mm .
7"
=
3 B N ¢ N s vk 2 g
s S ce 2 t‘g N
3
3 8
=.
Concrete 200mm G board 9.5 L g
VIP 25mm }7 T)yg: ;rgx::r:ded prgln;styrene, = -
Type 2 expanded polystyrene, molded beads 230mm — i
molded beads 40mm Concrete 200mm % ¢
——
——
|

a) Vertical section(P-B-1-D)

2400

1200

|

2700

¥

b) Elevation of insulation unit installation
(O indicates Bobbin anchor)

A

Fig. 3. Evaluated domain for heat transfer simulation
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a) Vertical section

b) Simulation model

Fig. 4. Vertical section and simulation model of existing case
for 60% reduction type

3F9a, Fig. 3ollAet o] dgsid mde oY HeE
AFFEA =710FH] 1,200mm, =] 600mm)E 317, LH]
(Fig. 4, x& %3 2,700mm, =°|Fig. 4, y&F %) 2,400mm
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Journal of the KIEAE Vol13 No.6 2013.12.



gl s 7/

2

¢

o

HE AUy=o=Z 2000m= sty 71&< 2 =2
QA HdsiA mde] AA ZHol= &Y FA 9
GG, AW F3EY Ynl, Eol, ZHole FYETh
A mdoA nig-S
Omm, 7] ZZ3YE 50mm,
< B 210m=E FAAS}R[ L =

AA A FAS FYsHA mdFstHen IR F4
< w3ttt Bobbin BFAFig. 2 =) A A=
F1g 3 b)et 211, Fig. 4= AABAN 60% 270E 71E9
o tialAT dHE 9 HEsd 2dS YeEld Aol

E- RN
E)

rlo 1m T S

4
4

o off T

@ HMgsA AA=xA, 3 gL
g Hed AU ﬁﬁ] %712 Table 3, sfX=
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3 B Type AFGEAe] A8 FHAFE(¢vwp = 9.19+
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Table 3. Boundary condition

Temperature(°C) Surface. heat traznsfer
coefficient(W/m'K)
Inside 20.0 9.09
Outside -11.3 23.25
Table 4. Simulation condition

Item Value
Maximum number of iteration cycles 5
Maximum number of iterations within each iteration cycle 10,000
Maximum temperature difference within each iteration cycle | 0.0001°C
Maximum temperature difference between iteration cycles 0.001C
Max. heat flow divergence for total object 0.001%
Max. heat flow divergence for any node 1%

Table 5. Material property

Thermal
Material conductivity Remark

(W/mK)
Concrete 1.600
Light weight concrete 0.130
Cement mortar 1.400
Gypsun board 0.180 2011 Manual of design
Type 2 expanded . o

0.034 criteria for building
polystyrene, molded beads .

energy conservation

Expanded polystyrene

0.029
extruded
Glass wool 0.034
Wood 0.170

2005 ASHRAE

Steel 53 Handbook Fundamentals
VIP Acop 0.0045 Test result, OCI

Ao Var. IEA/ECBCS Annex 39
Adhesive 0.353 Test result, Korea
Reinforced plaster 0.181 Testing & Research
Finish plaster 0.196 Institute
Silicon 0.146
Bobbin(PVC) 0.170 FACET, CWCT

Table 6. Effective thermal conductivity of VIP by thickness

Thickness(mm) A ei( W/mK) Thickness(mm) A ei(W/mK)
15 5.189x10-3 30 5.878x10-3
20 5.419x10-3 35 6.108x10-3
25 5.648x10-3 - -

2) AEHE 9D AZAE
NEH g A, duAds BLE
QS 7|Fo =2 3te], 10X10m WA A ZA

Mol wRul FAE T, o deuAg AFue
Azt AFHE AE 20 2oF Fesd oy
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oAgue AY, HF v JEow AgTd
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A7t Sl

A= OAF A=
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N

O

oVAT ¥x, 3z g9 ke ¥x, 7Md3A
HECEEHA 9 k), d484d - &5 2 AA

A g4 AF 20 A8

NERS A, 4 UEeA AFHLAR wF o,
FA5S AF dolrt gaAAl P, gdd iyl
AR R AFA AT T AT dolER PR
27kl oe ABHSS Bk
4. 34 T3 ATENAY MYt At

41 o4z Y5

60% 2 100% ALl A AT o thebEe] o

A A% H7t A= Table 7, Table 83 2o} theh 2
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Table 7. Performance evaluation result of 60% reduction type

Existing case

P-B-1-D

P-B-1-Q

P-B-2

P-B-3

Temperature distribution
25C

-15C
Composition of VIP(25mm) VIP(20mn) Type 2 EPS(30mm) Type 2 EPS(30mm)
insulation unit Type 2 EPS(230mm) Type 2 EPS(40mm) Type 2 EPS(70mm) VIP(20mm) VIP(20mm)
Energy Type 2 EPS(40mm) Type 2 EPS(40mm)
performance|Heat loss(W/m) 80.3 36.7 35.7 36.7 34.0
Variation rate(%) 0.0 -54.3 -55.5 -54.3 -57.7
Performance - *k 2.0 8¢ * 22,899
Material |Insulation |25,600 91,155 80,655 88,834 85,534
cost Finish 9,976 21,470 21,470 21,470 21,470
(Won'nf) [Sum 35,576 112,625 102,125 110,304 107,004
. |Labour |Insulation [4,877 13,615 14,371 8,045 12,102
Construction) o [Finish_ [8.953 10,673 10,673 10,673 10,673
cost 2
(Won/nt) | Sum 13,830 24,288 25,044 19,318 22,775
Total cost(Won/m?) (49,406 136,913 127,169 129,622 129,779
Variation rate(%) 0.0 +177 +157 +162 +163
Performance - * 22,88 ¢ ¥k *k
*EPS is very *One side of VIP is *One side of VIP is *Manufacturing cost of |*Two sides of VIP are
thick(thickness 230mm). | covered with EPS covered with EPS EPS mold is high covered with EPS
(VIP+EPS) (VIP+EPS) *No risk of VIP damage | (EPS+VIP+EPS)
*Requiring care to make |*Requiring care to make *Requiring care to make
insulation unit with VIP| insulation unit with VIP insulation unit with VIP
Manufacturing and and EPS of same size | and EPS of same size and EPS of same size
handling of *Requiring care in *EPS is relatively thick *Requiring care in
insulation unit handling of insulation | *Requiring care in handling of insulation
unit because one side handling of insulation unit because edge of
and edge of VIP are unit because one side VIP is exposed
exposed and edge of VIP are
exposed
- * Kk * 22,88 28,8,
1. Insulation fixing 1. Concrete surface 1. Concrete surface 1. Insulation fixing 1. Insulation fixing
2. Gypsun board cleaning cleaning 2. Anchoring 2. Anchoring
Construction installation 2. Insulation fixing 2. Insulation fixing 3. Finish 3. Finish
Construction| process 3. Finish 3. Anchoring 3. Anchoring
convenience 4. Finish 4. Finish
- * * ok K ¥kok
*Commonly-applied *Requiring cleaning of |*Requiring cleaning of | <Identical with *Identical with
construction method concrete surface contact | concrete surface contact | construction method of | construction method of
*Easy to construct with VIP with VIP existing EIFS existing EIFS
*Requiring care in *Requiring care in *Requiring care in
installation of insulation | installation of insulation installation of insulation
unit because one side unit because one side unit because edge of
Difficulty of and edge of VIP are and edge of VIP are VIP is exposed
construction exposed exposed
*Silicon sealant and hot |*Silicon sealant and hot
melt are used when melt are used when
fixing insulation unit to | fixing insulation unit to
concrete surface concrete surface
*Difficult to adjust level |*Difficult to adjust level
- * * kK **
Performance - * % * 22,8, 8. 22,8

3 % Poor, % Common, %% Good, k%% Very good

50
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Table 8. Performance evaluation result of 100% reduction type

Existing case

P-B-1-D

P-B-1-Q

P-B-2

P-B-3

Temperature distribution
25T

-15C
Composition of VIP(35mm) VIP(30mm) Type 2 EPS(35mm) Type 2 EPS(35mm)
insulation unit Type 2 EPS(300mm) Type 2 EPS(40mm) Type 2 EPS(75mm) VIP(30nm) VIP(30nm)
Energy Type 2 EPS(40mm) Type 2 EPS(40mm)
performance|Heat loss(W/m) 68.5 30.8 29.2 31.1 29.0
Variation rate(%) | 0.0 -55.0 -57.4 -54.6 =577
Performance - * %k Yok k * 22,88
Material |Insulation | 33,300 118,455 108,480 116,659 113,359
cost Finish 9,976 21,470 21,470 21,470 21,470
(Won/in’) |Sum 43,276 139,925 129,950 138,129 134,829
Labour |Insulation | 4,877 13,615 14,371 8,045 12,102
Construction| -
cost cost , Finish 8,953 10,673 10,673 10,673 10,673
(Won/n?) | Sum 13,830 24,288 25,044 19,318 22,775
Total cost(Won/m%)| 57,106 164,213 154,994 157,447 157,604
Variation rate(%) | 0.0 +188 +171 +176 +176
Performance - * 22,8, 8. %k %k
*EPS is very *One side of VIP is *One side of VIP is *Manufacturing cost of [*Two sides of VIP are
thick(thickness 300mm) | covered with EPS covered with EPS EPS mold is high covered with EPS
(VIP+EPS) (VIP+EPS) *No risk of VIP damage | (EPS+VIP+EPS)
*Requiring care to make |*Requiring care to make *Requiring care to make
insulation unit with VIP| insulation unit with VIP insulation unit with VIP
Manufacturing and and EPS of same size | and EPS of same size and EPS of same size
handling of *Requiring care in *EPS is relatively thick *Requiring care in
insulation unit handling of insulation | *Requiring care in handling of insulation
unit because one side handling of insulation unit because edge of
and edge of VIP are unit because one side VIP is exposed
exposed and edge of VIP are
exposed
- ** * L.2.8.0.1 K ¥kok
1. Insulation fixing 1. Concrete surface 1. Concrete surface 1. Insulation fixing 1. Insulation fixing
2. Gypsun board cleaning cleaning 2. Anchoring 2. Anchoring
Construction installation 2. Insulation fixing 2. Insulation fixing 3. Finish 3. Finish
Construction| process 3. Finish 3. Anchoring 3. Anchoring
convenience 4. Finish 4. Finish
- * * %k k %k k
*Commonly-applied *Requiring cleaning of |*Requiring cleaning of |<Identical with *Identical with
construction method concrete surface contact | concrete surface contact | construction method of | construction method of
*Easy to construct with VIP with VIP existing EIFS existing EIFS
*Requiring care in *Requiring care in *Requiring care in
installation of insulation | installation of insulation installation of insulation
unit because one side unit because one side unit because edge of
Difficulty of and edge of VIP are and edge of VIP are VIP is exposed
construction exposed exposed
*Silicon sealant and hot |*Silicon sealant and hot
melt are used when melt are used when
fixing insulation unit to | fixing insulation unit to
concrete surface concrete surface
*Difficult to adjust level |*Difficult to adjust level
- * * 2.0.8. ¢ *x
Performance - *k * 2.2.8.0.1 kK

3 % Poor, % Common, %% Good, k%% Very good
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60% = 100% A7 Wi 7]t
H|-& 9 AlF4d%s W7t A+ Table 7, Table 83 2t
tiRbE2 7]&b Hla] AlFH|&o], 60% E7FAHe 74
+ 157~177%, 100% A7 A5 171~188% F71st=
Ao g UeEth ol FE FEEA sHHo] Eof v
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A5 333%= 5 TS A-5-(Total A), 50%, 30%
0%2 AUAYE e AFAE FolF FH(Total

ArZ3%t A3l Total A, B9l 7 P-B-39] 7F& =1,
Total Co| 4% P-B-1-@7} 714 7 Uehdeh mela

49 A% FY AFAE RASAY qUARSE F

Table 9. Scores by combinations of weighting factors

60% reduction type 100% reduction type
P-B P-B P-B P-B P-B P-B P-B P-B
1D |-14@ |2 3 1D |-1-@ |2 3
EP
(Energy 2 3 1 4 2 3 1 4
performance)
CCS
(Construction |1 4 3 2 1 4 3 2
cost)
CCcvV
(Construction |2 1 4 3 2 1 4 3
convenience)
Total A 1.7 2.7 2.7 3.0 1.7 2.7 2.7 3.0
Total B 1.7 2.9 22 32 1.7 2.9 22 32
Total C 1.5 3.1 2.6 2.8 L5 3.1 2.6 2.8

%% Weighting factors by evaluated performances
Total A: EP 33.3%, CCS 33.3%, CCV 33.3%
Total B: EP 50.0%, CCS 30.0%, CCV 20.0%
Total C: EP 30.0%, CCS 50.0%, CCV 20.0%
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