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ABSTRACT KEYWORD
Purpose: Vacuum insulation panels (VIPs) are among the high-efficiency insulation materials with a thermal ~ ISTHELd

conductivity of approximately 0.002W/mK. VIPs have an insulation performance approximately eight times higher E%E% A

than that of conventional building insulation materials, allowing buildings to meet insulation standards with only a o 3_ N

thin layer when applied to building envelopes. However, VIPs can cause thermal bridging in various aspects when — croin=

applied to buildings, which can reduce the insulation performance of building envelopes. For this reason, this paper

investigates the types of thermal bridges associated with VIPs and analyzes the thermal bridging and insulation
performance based on different installation methods of VIPs. Method: For this study, building envelopes were

Vacuum Insulation Panel (VIP)
Building Insulation Material
Installation Method

designed and constructed using two different VIP installation methods. The insulation performance of building  Thermal Bridge
envelopes with VIPs was compared and analyzed through thermal transmittance experiments and thermal analysis ~ Thermal Performance
simulations. Result: This paper confirms that the construction method of vacuum insulation panels is important for

reducing thermal bridges and maintaining high insulation performance.

ACCEPTANCE INFO

Received May. 20, 2024
Final revision received Jun. 7, 2024
Accepted Jun. 12, 2024

(© 2024. KIEAE all rights reserved.

1. ME

[

L1 @79 W3 2 27

A AAH g 27 2dste] o3t o=/ 4
o720 A Bk} wlof7}t o] F7hotH A 2] st
5 IRl ATA IS tigt F8 /o] F7Feta oIt 2018

715 st tigt AE 7+ & oA (International Panel on Climate
Change, IPCO) el A& ™A -2ds} 1.5C SR TA & TR
of R BuAof 2 A4 P27t 44} o] tfu] 2°C
FePs o A AR R 7)1 e HstE QIgE 97lo] A7 IRt
2 sk Qlek. o] gt 7| F - A5t SleAl = A EE 2
& eS Abdat tie] 1.5C ofstz oA|stofof st o] & EAdst

q

of>

=
B[t
o2
1

7] 18141 20509714 1 742 Tk Fo] ol o] ok gt
A SJeHiLl

olafat A AlAAR) 580 wko] 2020 $2] ARE 2050 T
459 200 PEIGon, Bopd B4 5 DAL 9T %
A 9 Atele ASS FEAAT AR BRI AL LUAA
472 Sl AR B L Fristste] o7 Hehe s}

pISSN 2288-968X, eISSN 2288-9698
http://dx.doi.org/10.12813/kicae.2024.24.3.079

ShaL, AN 2] Ag-& Sl YA 28-S HAaR Sl AR
iz AFE B S AFsttt. 20308714 1zk-55 A%
= BE AR SE O FoE SRR ARNUANZE IF
oFdde A gista Aok, Ee, 71E S A EES
Eo|7] Aol 22 ReY ALE =Uste] A= AiAdee

o]7] 9af sl QITH2l.

A9 YA ZE&E HAdstr] SJeiA 7H WA e = ojof 5}
Sttt Z1E Qn] o] g Folnt 29 oflvA] &
T Rt 7P 2 HlES AAIska glom, ol
Hols Fol7] Qe A= B85 7ol
SHH3]. o] gt o] & AFEC] GEAAY
S| 31 Qlom, ofj 2] HoFAdA 7] Eo A Al Aok
W ATRE 7| B2 23R oA} 20089 FHA]
F(97] A7) dBHEL 0.47W/m* Ko AT
E 71%(9471 222 0.150W/m’K
o] A AEo] WA, 7]
2 KSF 2277 TA%8 2AA

we, ol

Ay oF
Mo ofN e
L o
of, oL P>
ro
L -

x Jo
TR
<
o
%ff%
_& I

o

frorlo e

o =
o o

18 39 fN do o T oplr
A

[\ )
o
o M
ML
ol
T g
RN
12 oy
o
ol
N
fu

r o
_O‘L
fu
e
=)
=i
o
o
o
_\3[5
i)
3@ 4
& 1o

O.lSOW/mZK% TAIE g aE DS ofrlska ATl

(©2024. Korea Institute of Ecological Architecture and Environment all rights reserved. 79


https://crossmark.crossref.org/dialog/?doi=10.12813/kieae.2024.24.3.079&domain=https://kieae.kr/&uri_scheme=http:&cm_version=v1.5

LTI W REg T ey R T S S N N W R~ ORI - O ) _
GRS m P B E RN g Boob NI W E T gy ot S WM op KSR g
= Zw TN odog o H W AR g FE P TS Ty Mo ko< %
XLog B oar oM R oo W K g FE MR ERE WD Uy g oy 2 §—
T - or T WR Ly o BT AR voogr g opr £ o B og g ST
o 2 X o e = T E T g w]ﬂ%%%ﬂiwﬂjﬁ%ﬂ%mw_mur%g_ﬂ 3
< o ~dl hu B — o = T NG RS o = X il =
T ER T R G I T GRS G 0
=T g o T K T o om BX ﬂlaﬂLMMaWaTHTATq_oI T oo W g R
N < & ﬂﬂ.mEove_‘_ﬂH a5 o B = b ) 2 XA o L, K E R T N
S E o ﬂQHﬂﬂu%mm%%ﬂau% Wa%d]aﬁ%wqmuuw%momﬂu TE =3 W B
0 = ] oF ey [ = o @ :
rred  LEMEiREzuwch e DEEALSREEpr R bR 8
U o o BN T T XN 2 r APk @R e o &R :
Bk ot R N mo 10 oy 70 = = Lo RN of ® 9
TR < W Noopdp MG ko K AMO MBS EER e s RE Tk -
w Rl o T ey B P T gopdlagngsd &y g
BEEE T EEaNET RS w R SR SO o o R e o
o XoE E %%ﬂﬂo_.mw%ﬂmgwﬂz T REGTE s R WY 5 g4 S o
FREY p BEIZEXSPARE B p RRrATENTIETEiEZASGEF e |
& B 2ol ® o = N2 == ol NN el . B i ~ :
W W NEmEB e E ST g N R AT A ME R T STy &° 37T
T o B o ThoarWax Tl y O T ZMecTThm opmioo 3w ax ot =
b rom T rrmhoundtrilagg o W RURIER oHT A BT T R
g LT IPEPLoswE®nr B B IxelryrimeshliT ipa b wgs
T T oo &R B! @ﬂdﬁo@m%aﬂ%mqﬂiﬁ =J N 10&10%%%%0%5@0%lExmﬂlomﬂwaﬁ
o M E N~ Mo XK foodo OF mop w Al T . oo AR X gt UK m s mE o
TR M 4 FRUTRTPF DT H N B N R T W E W R W
Mo e =T N R do T T T oo W A M OE R W R TR Oy o RO o T iR o oF oo B m
op N T T Kooy KB T gy o Ho Ho RN R ooy Ho B oo ogg oo TR WAE W gy XWX
g Ne g o T ﬂ%mﬁﬂp&ﬂoﬂﬁc_z#omaﬂcwmxﬁ%uawaimﬁaen_/nwﬂ__ﬂma% Jo = Mo zr i
N T A T U %%@M%%%ﬂ%%%1ﬂ@,mwémﬂﬂ%E%ﬂmﬁ%muma o m X E A
BERB ot MHAR-Z L TURgFadphd Comp et TWET |
AR T WHNDTEGA TR IVGge  BpFeRE |l pnmE® BT :
gREPHy NUTEFREaE I BRI =T BT o N F
o ) o A o= o_LHwﬂwmﬂu%zuMﬂﬂﬂume%ﬂﬂ%ﬂ%%ﬂ%ﬁﬂﬂw% T JJ) o R
THPTE®W & E ! MBS o A Rs e By R
FEXETW S Ep i nIelbdnisRen e N AT g X amg T
TUHTRTw Teop@uyEomsgh T rey p 7wy gy S ooy
saThee Ex M ELwa TR s T e X TR E e 0
= A2 Mg oY oy B b g RORY LR s D =g do O mu
ﬂuﬂﬂw‘mﬂmﬂa_ﬂ_ NS ﬁ_i‘_uml_ﬂ___ol ix_ 7O~EA_I‘m.EXOJI@.E;O HT,@.M%.iL
B R E T o S oo P oo Bl R o we O T g w Ul WD a g g w o B o
WH%Q%% ME%&M%WW%%SOMmm@%%@%%%%ﬂ%%m__f_m;__umE_EE]JM%HO
o A Ao R w@@cxau_.}o O#EEOTQZE_/Lor_ﬁ%ﬂmﬂi,mMuEa_LﬂL%EJmaﬂnﬂﬂLﬁo
RN W ,In%%Wﬂmomm%@ﬂoﬂwgm_xﬂﬂ,%%%ﬂ%ﬂﬂaomamﬁi@amaao.ma
FelEE g ET RS T T h LG e T TR TR S Wy o w
PR T oD wy B Eg | TER D @ WS T g5 fe ot R ® )
WET NS R Em T o W T e PP ETEHT RN
mﬂ%cfidl.zt_ﬂ_MW&H%W%;of,no%mMHHWﬂﬂ%etfa%wﬂawzvmamaﬂmﬂ%@]ﬂ
FEURNR RN pareagEipohmer @ WPy er2 L@ oo B XA B oy fo 8 gyopfo A =
TEIZWBHBR T dCBRPECTFE I armes T DH PR T w o WR
%mﬂ.%zT%%%mﬂﬂﬂ@%ﬂ%ﬁow%ﬂa}l&%mﬁﬂcw%w1@ﬂmﬁ%ﬁrﬁﬂm@
e T ERY TP TP aa S Mp BT OEFTNERERRAET S
Wl Hoxs e ® PO EDTNTTETRTLodp Prooramdapdidegxr i 28T W
MroH e BR B R W Ne N o im B B N W X o RBK R do o BE oo <k oM omkom- X D R OmE

Fig. 2. Comparison of vacuum insulation panel

(b) Fiber glass/ EPS/ PU/ VIP
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(a) Vacuum insulation panels
Fig. 1. Vacuum insulation panels and comparison of insulation

materials
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Fig. 3. Thickness of various insulation materials to achieve
equivalent U-value

Cold side

(a) Thermal bridge due to the
VIP system level between
core material and envelope

(b) Thermal bridge due to air
gaps between two adjacent
panel level[12]

=

=

(c) Thermal bridge effects at a building facade level[13]
Fig. 4. The type of thermal bridges of VIPs
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(a) Case 1 — VIP applied wall with air gap (3mm)

[

(b) Case 2 — VIP applied wall with Urethane foam (10mm)
Fig. 5. VIPs applied walls depending on installation method
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Fig. 6. VIPs applied walls depending on installation method
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(a) Thermal transmittance measuring
equipment
Fig. 8. Thermal transmittance test facility

(b) Guard box (c) Cold box

(b) Installation case 2

(c) Back of specimen (d) Specimen of case 1

(f) T-type sensor (adjacent area)

(e) T-type sensor (edge area)
Fig. 9. Installation of VIPs applied walls

Table 1. Specification of measuring equipment

Equipment

Specification

Temperature range

- Guard box: 15 to 40°C

- Cold box: -10 to 20°C
Accuracy: + 0.1°C

Air velocity

- Guard box: 0 to 0.5m/sec
Cold box: 0 to 0.2m/sec

Thermal transmittance
measuring equipment

Temperature range: -270 to 370°C
Accuracy: £ 1.0°C
Limits of Error: £ 0.5°C or 0.4%

T-type thermocouple
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Table 2. Test results of thermal transmittance
Case 1 Case 2
Thermal transmittance
(W/nK) 0.227 0.249
Table 3. Temperature of VIP applied walls
1 2 3 4 5 6
Case 1 24.5 233 247 225 229 23.6
Case 2 24.4 22.8 24.2 22.1 225 235
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Fig. 11. Experiment for VIPs applied walls
Table 4. Boundary condition for simulation
Surface thermal
(o
Temperature (°C) resistance (m’K/W)
Indoor 25 0.11
Outdoor -10 0.043
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Table 5. Thermal conductivity of materials

Thermal
conductivity
(W/mK)
0.0045
0.05

Thermal
conductivity
(W/mK)
0.144
0.024

Material Material

VIP Gypsum board

Urethane foam air gap

4.2. NEeold Ay ax

it

2!
[0}
~
Ir
[y
o
oH
oL
1>
o,
=)
i
Y,
o
i
e
=)
iy
15
i_l“
lo
e

L

g o

okl
ol
>
=,
= o
Mok
ro
l_n

R
20,
UM
e o
H 1R
w =
o 12
o e
oo H1
o, AL
o M
T

ol
re
:OLI’
T
o,
offt
o,
I

I_E.
or &

=) rlo
ox,
© 3

ne
‘Oh
o

o
|
=

ehts

pod)
o
e
e
30
o
Q)
&

&

o

N
—_

p
e
oX

ot
ol

Norr g

ofyi
o

o Mw
>
e

g
Ry

o
=
O o
ol
el
rlr
of4
N
ol
o
frtl

>
e
=

W, £ ol
I n
%

o}, st

ol
o
5o 1k 2,
o,
Ho
XN Qo gn 2 [r

)
o
:
!

2 & R

of L L P m

2
<
N
X
X
x
&)

ol
ol
rir
s

W

o
—_

™
of M

poth
o
frl
)
fuf
o
oM,
Ho
2
™
fuj

e
b
it
o,
inj
~
T
m,
v

I okl 2 rlo o O ok
)

b

e %8 i
)
=)

ng W g O

riL
:(IJg

fF of oo ™ O §2 nE pR o ox my
b
i1
o,

pory
o
fu
1T
1%
ri,
Nul

[
0
Mo
c
[
Rt
ol

o
I
O
I
172
@

2 oox e

:{O e i
Fol e ok
e i

7 Case 2 % 7t
0.143W/m’K2 F 45}
Case 10] 0.194W/m’K, Case 27} 0.221W/m?K& vrebytt), o) =
Case 27} G o] ot 9Jgko 2 ¢ 31 o| 2 23| Case 1Hct &g
7
1

o
o
-

N
N,
lo

, 2db=

o
[e]
AJ50] 9F 13.9% AHotd Aoz BEAHTt 3 Case 17} Case 29]
APLABE820.006,0.108W/mK= b on, Ao &3t o
FE HAFE AFAHFTE G 59, Case 271 Case 1HTF 4
oz

of ot 4 —i‘—é_lz] = ;;i %Z‘Q?i‘:}.
4.3. AlEFold ¥ Addxt v

Fig. 13.2 115 adud 28 HA| o] At Algdold Ssf 2
A AR phe HEH T molv, Al o] duE 31
o FE QERe i QERe AdS T €uRE g2 vlust
Aot Aol v e T SuFE ¢ Hlusi 2 Case 1
O] B¢ o 17%, Case 29] 3¢ oF 12%2] Aot e ALz 24
S}, Eok, Al ol 240 M = Case 13} Case 29 ©24%
Aol & oF 13.9% ztol7h WA, A& T 945 Aole oF
9.7% Aol 7 4 Ao &2 A E QT Case 19] 7% Case 2Kt}
A3t Algd el ztel7t o A Uehr, A& S Case 174

Case 2] E¥F-& @] 2ol Algeold ghitk gadt 2oz

UebgEt, ole Algeol oM 2 E 37152 ¢St 7

Hol H o] FA ]l el A9l £40] 7hestr] wZoltt. SR,

AA A= AlE Al e 718 AJE 9] ol o= Qs

Case 1 7152 7|2/o] HolA dadA5ol Algeold 24 Tt
§

AotEm, o]z dsf Aol Z4 M= Case 19] FIA50]

84 KIEAE Journal, Vol. 24, No. 3, Jun. 2024

(a) Case 1
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(b) Case 2
Fig. 12. Heat flow distribution of walls applied VIP

Table 6. Simulation Result of VIPs applied walls

Case 1 Case 2
Ui (Wm'K) 0.143 0.143
1 (W/mK) 0.006 0.108
Uer (W/n'’K) 0.194 0.221
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Fig. 13. Comparison U-value of simulation and test
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