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Abstract

Energy efficiency solutions are being pursued as a sustainable approach to reducing energy
consumption and related gas emissions across various sectors of the economy. Vacuum
Insulation Panel (VIP) is an energy efficient advanced insulation system that facilitates slim but
high-performance insulation, based on a porous core material evacuated and encapsulated in a
barrier envelope. Although VIP has been applied in buildings for over a decade, it wasn’t until
recently that efforts have been initiated to propose and adopt a global standard on characterization
and testing of VIP. One of the issues regarding VIP is its durability and aging due to pressure
and moisture dependent increase of the initial low thermal conductivity with time; more so in
building applications. In this paper, the aging of commercially available VIP was investigated
experimentally; thermal conductivity was tested in accordance with ISO 8302 standard (guarded
hot box method) and long-term durability was estimated based on a non-linear pressure-humidity
dependent equation based on study of IEA/ECBCS Annex 39, with the aim of assessing durability
of VIP for use in buildings. The center-of-panel thermal conductivity after 25 years based on
initial 90% fractile with a confidence level of 90 % for the thermal conductivity (A90/90) ranged
from 0.00726-0.00814 (W/m K) for silica core VIP. Significant differences between manufacturer-
provided data and measurements of thermal conductivity and internal pressure were observed.

Keywords: 2137 o'd (Vacuum insulation panel), 7} 8K Accelerated aging), @4 =&
(Thermal conductivity), W% = (Internal pressure), 7|43 5 (Long-term performance)
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Fig. 2 Schematic representation of a cold bridge between two VIP

Fig.1 Components of a VIP'”
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Fig. 4 Constant temperature and humidity chamber for aging test of vacuum insulation panels: exterior (left) and Interior
(right)

A 7O} 23R AR B S ZIAOH, Fig, 49+ o] 23Tgald Al 89 59 80°C
9 -15CE 12/ HE0 2 L& Wale rlels, 7145 st Al 270 2 812815 oA 1nE & ohA] &
AL ghs St e o] lee} Bl 7i&ieel 205 whe7| flsl 2= AHE Alsialem
AR A= DIN 12880, [EC 60068 H2e] 7125101 Altetelet, e glAE AW 7] Im X 1m X 1m
CI=/A=/Eo)7H] F70] 7FsstH 895 AlRF71E sl AlES Bad o Qlh. & ~40T ~

Journal of the Korean Solar Energy Society Vol. 37, No. 4, 2017 39



el ] =2l

150C, 55 45 ~ 95%HSIZ 2F50] 7FsdH (2% 0.3~0.1, 5% 0.5~0.62] 24D Fig. 5= ZAH 75k
3 2002 918 FLTE B T Béolt

Laser distance meler

@ Puimp - /Cij' Py

[ vies ]

Wacuum chamber

Fig. 5 Conceptual diagram of the vacuum chamber measured the VIP envelope lift-off by pressure compensation

AL AIFAT, ME A, B, CE= AR, Bo-2= 1014 0.00143, 0.00387 28] 1 0.00429 W/m
K& 212} eyl 123 -2 23°CoflA] 0.00235, 0.00420, 12117 0.00448 W/m K & 21z} Urehyich
C AxA AR EE AFO] 3%, AZRANA AARE A 57 g alat g2, 27] EAes gk
0.00429 W/m K= Wepiet. o]e} o] Alguhol| wiet gt duld o] ©d/ds 2to)7} 30% 7Hg U A

= BRI 4= Qlrt.
o|% 7l&rsl o] tiek =g AAT, AE A B, CY @HEE-2 0.00185, 0.00394 1237
0.00431 W/m K& Yelith, AE AQ] 7% 71458t 4 G Ego] vlof 7151t & A E80] 9F29% 5

7F=1om 3700 ABE 5 71 A 7= IC HE B

27 et en ole 27] GHE&o] gulsie] Z7180] 7
71408 ME CO) 749 7143t 169 o5 2443,

HH&E-£(0.00429 W/m K) thH] 2F 7.5% S71=|3ick

, C9] 7% 71512} 2 0.00387, 0.00429 W/m K=
242} 1.8% 0.5% vlehe =z 24 = r.
FHAEE2 0.00461 W/m K2 e O™ 7]

3.2 ABEHETHe] oLy

Bk
(1) B3
BA=L B7lot WA ATALRA) 22 W} A FE SRSt AT 2] DR} Mest
£ R, 3 A3 Pl 4 5
712 18l TEAE A1k, TEAIE [EA/ECBCS Annex(Subtask A)o] 712815091 gJ2i4o] of
G 27 @Al el B2 AE Im X 1m X | m GH2/A12/0) 74 270 7Ksst

™ 215 0.001 Torr (0.0013 mbar) 7HA] W= 4= it} F5280H+=0.1%2] QAR 2= 24 u)A| A

of GoE HAE A3 dEe] U B

40

Journal of the Korean Solar Energy Society Vol. 37, No. 4, 2017



3

5 AIES

AN
==

7k

g7=l= 130

=
-

Ael

A

| 78] Eoiglet. ZEA MM o)A Al

7

T oA AA7t
A WO +15mm ~ +12 mm °]H, +0.1% FS ~ +0.25% FS9]

T o]l 22 wefez <l

_04

_z_ﬁ
mm

Ho

—_—

A

Ghs

7

_z__H

g

® 91Zo]) 9218 2ol AA vl

=

oflA] e}relat

=

sl Aol Edgo] vk, W74

O

3|

14 o]

j=

Al

S
=

A

spof| <]

1l A

2=

A g o)
oA A7 2] H, e EAe] 9

=]

—

o
=

5k

L= HojE3 gl
o]
=

4= Qlrt. Fig. 500141 A

T

o
=
=

IE|

1] 7]
QJu}= FoJEH(core surface) © 25 BF2| = rHlifts off). 0|7 o] #AA]

i <fx]
_]

A

a4
FX
Fig. 6 Internal pressure measuring device for VIP

sf| wfjid efmje} FojA 7t

S

CEREEE ERED
L. Fig 62 2123w 4

iT
ar

10
=
—1 O

o

2
N
o=

=]
=
_]

-

=
H|9] 9t 5ot

[¢]

g]

14 7]

Bz %

-
1

Thdufd o]

-
E

7] Azl 28l AEE
Ame vreh T gck, webd 4

=

3 g0l
o8 AYsjo] Az

e %e

A5

T

41

5t

s

==

=74e] v}

3

7} #llo]q 414 Ao} Azt

S

-

_]O

A
]

& df2] 5]

=]

s

Al

a4
o] o7} Foj=.

of] iz

=

B AL 37) Al FA]
15

|

nhA} e T o]
RApEICE aiebd A o) o

an

[

Journal of the Korean Solar Energy Society Vol. 37, No. 4, 2017



el ] =2l

7714 e AR e 4 gl H, 1AM Al o] FAIE 242 S5l A1 wadellA 0.3 mbar
_]

+5% gz AFAES] URgEol 2=

CRGER
N AZASR R AR L, AES0] YHIHE AE A 13 mbar, 45 B 0,725 mbar, #Z C0.542
mbar 23201t} 9hA AR QrelARe] ojg URSIe AR AT 220] QeSS A 100 mbar, A5 B

2.4 mbar, A& C 1.7 mbar= B71=l.oH, s}l mkg o] 7|2 Hok= Fig. 7oA &1 4= Sl

142.0 130.0 7
138.0 128.0 /
1340 | = %" E 1260 o
£ & £ Pq
g 1300 & € 1240 &
5 z
2 126.0 © L.aser 1 g 122.0 © O Laser
§ 7777777777777 Linear(scope) @ Linear(flat)
= 1220 ——Linear(flat) | 1200 +— Linear(scope)
118.0 T T T T T T T T T 118.0
0 50 100 150 200 250 300 350 400 450 500 0 1 2 3 4 5 6 7 8
chamber pressure[mbar] chamber pressure[mbar]
(a) Sample A (b) Sample B
130.0 -
B A S I S S S S SR
128.0
= <&
€ ;
£ 126.0 $
3 &
E 124.0 g
2 <O Laser
el
§ 122.0 Y Linear(flat)
=2 120.0 -~ Linear(scope)
118.0 T T T
0 1 2 3 4 5 6 7 8

chamber pressure[mbar]

(c) Sample C

Fig. 7 Determination of the internal pressure

AFET2RE, A S R Az AR ek 2 Aot e A g 4
oM 58], AE A uie- 2 oY Aol & Zheth S AT e mold B, AE As reHsto] nhE o]
A 712] Wapt kg AEEl Hish =2 4= "SlollA ElolA AR 9] HolEde Zhe 4= 9lom, Ho] Ao
ERHE Zhe o 4 ek ERF AR A FSl U RS o1t e Riatel mhE A S AR
ola]e ATt Lehic. o] HFG7HE Ao,

of w2t AE AS Vo= ofe Ao YRy 4 Al
H

) Slfet SU% AP EIE Lebgict, oleigt Aol Fekae A1) BE A

rlr
-,
il
tot
|
>,
)
N

>,
2
10

42

Journal of the Korean Solar Energy Society Vol. 37, No. 4, 2017



7HSLCSHAISS S8 IS (VIP)S| A7 14s B i _ 2RIg] o

AE B, Coll Hlsl| o] m-¢- AN Z=o] g2 | JFoz ZHHU. Fg, 30014 A S5 295
de BRI o Sl mebd SRk AR 9] Eo] A3 B o] Ay dud o] wiete 574 Avte] gt
e v W2 o2 ek o] miet SRkas Al RHUEES e At ad o UiRE 54
= FI5l, ASAHE o8t UHEAH AT efofl 21t S Aol Ae{sjofo ottt A4 B,
C 2l A7, STl w2 <] H2jo] ofgh #|o] 47 2= Smm o2 Het= vreptom A £A14 9]
i FHE] R A=A

Y
ox
=
X
>

o oot

A AES-2 EA ECBCS Annex (Subtask B)©] 7518} 270 A3 5, 714 712 918 thA] ]
HIEEA A2 SF61eleh. 574 2} A1E A 9] 922 150 mbar, Z27] WE o =o] vlgh 1.5 vz 27
Z7h FI900] A B, C 247} 3, 1.8 mbar HlulR 5.0 2 Z7hslgleHFig. §).

142.0 130.0
138.0 p— 1280 99‘
oo _ 4
E 1340 5 ¢ £ 1260 on
£ & z &
§ 130.0 § 124.0 f
'—?_ 126.0 o Laser — lg 122.0 < Laser T
% ,,,,,,,,,,,, Linear(scope) ‘E """""" Linear(flat)
o 10 Linear(flat) N 1200 Linear(scope) |
118.0 : : : : : : : 118.0
0 50 100 150 200 250 300 350 400 450 500 0 1 2 3 4 5 6 7 8

chamber pressure[mbar] chamber pressure[mbar]

(a) Sample A (b) Sample B
130.0
<

128.0 (g
E 1260
£
g 124.0 i
C .
% y < Laser
:5_ 1220 +— 0 = Linear(flat) —
@
3 Linear(scope)
~— 120.0

118.0 T T T T T T T

0 1 2 3 4 5 6 7 8

chamber pressure[mbar]

(c) Sample C

Fig. 8 Determination of the internal pressure

3.3 UBCIEHEO| AIIMS

Aggu o] it Bk A 7152 obd giek. e 9 QHE AR el wet, o)
o] U §F2fo] 100 mbar ©]31 Q271471 2 mbar/year 24 BRG] U7 A S0A0 2 2
Qe S QI ABDETI] Tl TS A5k, 27] GAES °F0.004 W/ KeflA 251

-{>

Journal of the Korean Solar Energy Society Vol. 37, No. 4, 2017 43



el ] =2l

201 0.006 W/m Ko 501 5o
o] A4 9 QA x| whet EAE
2 R} 7k 5} A7
A= 9 R

Table 10f|4

o] 27]

<
_m
_m

=S
_‘I

20.007 ~ 0.010 W/m Ko] = &= 9},
ANE o g s

B
Q18 1)1 e} F SRS 9 vglelis ik

Table 1 Thermal conductivity and internal pressure of vacuum insulation panels before and after aging

Item Sample A Sample B Sample C Note
0.0015 0.0039 0.00361 Provided by
Thermal conductivity manufacturer
(W/mK) 0.00387 0.00429
0.00235 0.00420 0.00448
. 0.00185 0.00394 0.00431
Thermal conductivity (29% increase) (1.8% increase) (0.46% increase) ISO 2302
after § days of Standard
accelerated aging 0.90284 0.09450 0.09450
(21% increase) (7.1% increase) (0.46% increase (Mean temp.
. 0.00461 10°C, 23°C)
Thermal conductivity (7.5% increase)
after 16 days of - - '
accelerated aging 0‘90483
(7.8 increase)
13 0.725 0.542 Provided by
Internal pressure(mbar) manufacturer
100 24 1.7
By pressure
Internal pressure after 8 compensation (Vacuurm
days of accelerated 150 3 1.8 chamber)

aging

Mt =Agoso+ Ay * Dy o tF Ay o Xppoy = (1—e17)

A” (25) = )\90/90 + >\p * Py * 25+ A)(I/V * Xmeq * (1 - 6(7 25/T))
0217]}\% )‘90/901_1:" 0% ﬂﬂE —/r\—i‘o

K. bar. a), P,= VIP2] A7t 542 571 gh(mbar/a), t+=
& F(W/mK)/mass—%, X, = 3 2= 237, 50% RH(mass-

BHER(W/mK), A= g oJEsio] Z7lek= 4

AZH@), Ay

o= 1o 25 O] Y AgkS 99k 254

)

©)

HeE&(W/m

Sl olEst S7kshe 24
)N HASE, r= S22 AR

44

Journal of the Korean Solar Energy Society Vol. 37, No. 4, 2017



7155t AEE S5 /BT E(VIP)S 27 s BIH AT _ RIS 9|

4= mass—%/ (mass— %/a)°|t}.
Akks Slel, AxRAIA Aledt F¥=s gt 1SO
temperature 23°C)-& 242} 0|85t AE B, C2] 25\ & =& Aklolart. S4H =8 W i &
& ] mjetn]e] g2 IEA/ECBCS Annex 3994 HalE, FEA 7L wideto] = 9] E 2= 15
£ k& 24510] Aktetd om At A =8 31t 87 Table 20 UeRct. Bl o] gitof m=m',

= gel} AR duE Y] 259 5 GHESL 0,008 ofstelck

8302 EFol ofs) 247 FH=E Fhimean

U:loh

Table 2 Parameters used for silca core material in IEA/ECBCS Annex 39'® (except 190/90 values)
Xy rA, (25)

Parameters Ago/90 Ap P, t Axw

0.0042
(based on
manufacturer data of
0.0039)

0.0045
Sample B (based on our data  0.035 2 25 0.5 6.4 35.6 0.00786
of 0.00420)

0.0039
(based on
manufacturer data of
0.0036)

0.00478
Sample C (based on our data of 0.035 2 25 0.5 6.4 35.6 0.00814
0.00448)

Sample B 0.035 2 25 0.5 6.4 35.6 0.00756

Sample C 0.035 2 25 0.5 6.4 35.6 0.00726

Bt A}, AzAESE A 27] SRS gholl o9t 259 o AE B, Cof d=E-2 0.00756,
0.00726 05 Z}Z} ARSIt whbA] LeotA & E3E280] 0.008 ofskz VIPS] 4782 259 0 = IH2
= Uk 1SO 8302 FE Aol ot EEs ghos Ak, A& B, Co 259 & dd=a2 242
0.00786, 0.00814= 7=t ME BL] 749 T2 0.008 o]sk= 25 9] =1 7|7He ZIA T A E C=
BRET QHkEo] ot ot - drte] 25 T A2 2o FIHE I,

N

o

& A= el ATEEd Al s B RdEs Brkeldler AdAvE e 1y

crlufjg o] A7 | A5 (UFAsh-S B715Hah GAE-8-2 150 8302 Alg E0]| 2J5] A5t .om viietre

= o Pe) =
2 iRl o3 NE NS olgtel Asisct.

A AET =R E A AL Alget s B URYE gt 2 A5 E9 A | w2 v Aoy

Journal of the Korean Solar Energy Society Vol. 37, No. 4, 2017 45



el ] =2l

sjo) Wiz Zulslolof & Zlolck

ApPAe] 27 GUEE S W M RS B DHES I YRS Bskg.on, A
PRI vl ABALRIL] P15 BRATS Bolsklct ek AAe] AR
S0} ABS B SAES B RS Wb} A ep o e et Ao A gTangdel
=g 9 RIS njulg 5.0 2 ekttt nebd 37 14% SHolH 2wt A

sdo] 72elA B eld oz weEt FEAe A 23Rgde] P, 714t 9
K

or %
Jo rlo
ne 1R 4

1o

B
o
H1

T
.
iy
=]
i
=
ofll
b
By
o
ri
g
£
i
1o,
r
= R
ox
olr
e,
) it
5
or
Mo
il
[~
o
> H
rlr
do
|
>,
)
X
1o
o>
=2
2,

r\l
e
>,
o
=2
X
5
0.
3l
2
H
fijo
E
o
N
N
N,
2
i
ol
2]
1
rE m?,_h
of A
%0,
H-]
Juo

N
o
o
ox
or
Bl
>
WE
ox
§
o
=2
L
L
Ty
i)
o
X, E
ko
ol
L
s
=2,
>,
Ll
)
il
)
o
c
ng
EL
ik
Jlm
L
s
i
ox
or

olck

27

o] =2 20179: FR(wgH) ] Yoz AT AU Fop =P 7|2 ATARI (No.
2015R1D1A1A01059050) 3 AFFFAAFLAR(MOTIE) 9} o q2]7]1&87HFA(KETEP) 9] A ¢L Hhof 4
et 1 IA PYTHNo. 20162010104270).

REFERENCES

1. Caps, R., Beyrichen, H., Kraus, D., Weismann, S., Quality Control of Vacuum Insulation Panels: Methods of
Measuring Gas Pressure, Vacuum, Vol. 82, No. 7, pp. 691-699, 2008.

2. Kwon, J. S., Jang C. H., Jung, H., Song, T. H., Effective Thermal Conductivity of Various Filling Materials for
Vacuum Insulation Panels, International Journal of Heat and Mass Transfer, Vol. 52, No. 23, pp. 5525-5532,
2009.

3. Kalnas, S. E. and Jelle, B. P., Vacuum Insulation Panel Products: A State-of-the-art Review and Future Research
Pathways, Applied Energy, Vol. 116, pp. 355-375, 2014.

4. Binz, A., Moosmann, A., Steinke, G., Schonhardt, U., Fregnan, F., Simmler, H., Brunner, S., Ghazi Wakili, K.
and Bundi, R. and Heinemann, U., Vacuum Insulation in the Building Sector-Systems and Applications
(Subtask B), IEA/EBC Annex 39, Vol. 39, pp. 1-134, 2005.

5. Boafo, F. E., Chen, Z., Li, C., Li, B., Xu T., Structure of Vacuum Insulation Panel in Building System, Energy
and Buildings, Vol. 85, pp. 644-653, 2014.

6. Johansson, P., Vacuum Insulation Panels in Buildings: Literature Review, Chalmers University of Technology,
2012.

46

Journal of the Korean Solar Energy Society Vol. 37, No. 4, 2017



10.

11.

12.

13.

14.

15.

16.

17.

7155t AEE S5 /BT E(VIP)S 27 s BIH AT _ RIS 9|

. Li, C. D., Duan, Z. D., Chen, Q., Chen, Z. F., Boafo, F. E., Wu, W. P., Zhou, J. M., The Effect of Drying

Condition of Glassfibre Core Material on the Thermal Conductivity of Vacuum Insulation Panel, Materials &
Design, 2013.

Li, C. D., Chen. Z. F., Boafo, F. E., Chen. Q., Zhang. J., Zhou, J. M., Ye, X. L., Li, C. Y., Determination of
Optimum Drying Condition of VIP Core Material by Wet Method, Drying Technology, Vol. 31, No. 10, pp.
1084-1090, 2013.

. Li, C. D., Chen. Z. F., Boafo, F. E., Xu, T. Z., Wang, L., Effect of Pressure Holding Time of Extraction Process

on Thermal Conductivity of Glassfiber VIPs, Journal of Materials Processing Technology, Vol. 214, pp.
539-543,2013.

Xiaobo, D., Yimin G., Chonggao B., Yongnian H., Zhen'gang X., Optimization of Glass Fiber Based Core
Materials for Vacuum Insulation Panels with Laminated Aluminum Foils as Envelopes, Vacuum, Vol. 97, pp.
55-59, 2013.

Simmler, H. and Brunner, S., Vacuum Insulation Panels for Building Application: Basic Properties, Aging
Mechanisms and Service Life. Energy and Buildings, Vol. 37, No. 11, pp. 1122-1131, 2005.

Boafo, F. E., Juntae, K., and Chen, Z., Configured Cavity-core Matrix for Vacuum Insulation Panel: Concept,
Preparation and Thermophysical Properties, Energy and Buildings, Vol. 97, pp. 98-106, 2015.

Brunner, S. and Simmler, H., In Situ Performance Assessment of Vacuum Insulation Panels in a Flat Roof
Construction, Vacuum, Vol. 82, No. 7, pp. 700-707, 2008.

Porta, P., Gas Problem and Gettering in Sealed-off Vacuum Devices, Vacuum, Vol. 47, No. 6, pp. 771-777,
1996.

Brunner, S. and K. Ghazi Wakili, Hints for an Additional Aging Factor Regarding the Thermal Performance of
Vacuum Insulation Panels with Pyrogenic Silica Core, Vacuum, Vol. 100, pp. 4-6, 2014.

Simmler, H., Brunner, S., Heinemann, U., Schwab, H., Kumaran, K., Mukhopadhyaya, P., Quenard, D., Sallee,
H., Noller, K., Kucukpinar-Niarchos, E., Stramm, C., Tenpierik, M., Cauberg, H. and Erb, M., Vacuum
Insulation Panels: Study on VIP-components and Panels for Service Life Prediction of VIP in Building
Applications (Subtask A), IEA/EBC Annex 39, 2005.

ISO/TC 163/SC3 Working draft; ISO/CD 16478 Thermal insulation products-Vacuum insulated panels (VIPs) —
Specification, Technical Committee ISO/TC 163, Thermal performance and energy use in the built
environment, 2013.

Journal of the Korean Solar Energy Society Vol. 37, No. 4, 2017 47





