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Abstract : The pros and cons of green building thermal insulation materials and systems have been reviewed from traditional
thermal insulation materials such as mineral wool and polyurethane to new thermal insulation materials like VIP and aerogel and
future insulating VIM and DIM. VIPs and aerogels with very low thermal conductivity can use for green buildings to signi-
ficantly increase residential area by reducing energy consumption. Aerogels can be produced as not only opaque and but also
translucent forms, thus enabling a wide range of possible building application. For building applications, there are many pro-
perties to consider like building site adaptability and mechanical strength, fire protection, cost and environmental impact.

Keywords : Thermal insulation materials, Green building, Aerogel
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Projected US Total Green Building Market Value

2010-2015 in US billions
Compound Annual Growth Rate =19.5%
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Figure 1. Projected US total green building market
(www.EnvironmentalLeader.com).
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Table 1. Thermal conductivity of green tomorrow’s insulation ma-
terials

Area Thermal insulation material | Thermal conductivity

Vacuum Insulation 4.5 mW/mK
Acrogel 15 mW/mK

Bedroom

Livingroom Triple glazing (U-value) 0.85 W/m’K
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718 dgA o] e FAFEANAY FAdS =01, 30~
40 mW/mK9] Hlu 3 #2 AEEE zh=t) o] A=
U | AEA(zero energy building)o|y T A] 25122~ (passive house)
712 SEA717] Aeide YH 9 FAZE T FAKE 5
nom, sEEFo| et dAEgo] ol 4= Qi ZE¢
GERE 2030 mMWinK®] e BAESE FpA, 3 A] £
K7k et ARl L)

w
—

. ZZIH(Mineral wool)

Sy}t ¢rHrock woo) = HE WjE W BHE PR APYAL
=, SR E SEET FAHY] AEELS 30~40 mW/
mKQIE], &%, ¢i3te, Yof wel gt o & S0 &
28] 0~10 vol% & F7Feho] whet G- =& 37~55 mW/
mKE F7FstA F 9]

3.2. YU Ep|AE|A
9}z 2 2] A €] HI(EPS: Expanded Polystyrene)& -G-o 4 3=

E3 Ze|2Ed YPol R FHEo| AT EPSO] HH LSS

30~40 mW/mKRld, &5, Eeta, Wieo] wheh Makgic) of

Figure 2. Mineral wool (Board) and rock wool (Roll).
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Figure 3. EPS and XPS.

£ So] 1alko] 0~10 vol%Z Z7}ato] uhet AHNEL-L 36
mW/mKol| A 54 mW/mK= Z7}5174] cH9].

33. = ZE2|AE|H
Hrz e AEREPS)o] F22Ql d9l 7|5 FxQld] H]
EZ T A€ H(XPS: Extruded Polystyrene)2 @3] 7]
Zo]t}. EPS9] @ A=8-2 30~40 mW/mKolEﬂ, 2L, 8
s, Wimo] wel AR of 2 ol -2l 0~10 vol
%= S7Hetol Wt A a2 34~44 mW/mKE 271544
9]

ol

H)

oH

34 MEEQA

A 22 @ A (Polysaccharide, (CsHioOs)n)= A E o Lt 2R
Areld dolxl= gadAfolth AERL A= FAAHE Hol
SEEY HE 9 fE FEHRE PikE = Stk

AER QA0 HERS 40~50 mW/mKIH], 2%, 5535
&, Wio] ue Walett) olE S0l el 0~5 volnR
Z71gtol whet GAEL-2 40~66 mW/mK =2 Z71517 Hrho).

35. 3=

23 (cork)= FEFUFA dojAH, F] £ &2
TR YAE $ ok Z2F9 AEEL 40~50 mW/
mKo|THI].

3.6. Z2| 2| Et

Z 2] EHPUR: Polyurethane)2 o] A A] QA (isocyanates),
2] 2(polyols)®] WHEo] o3) FATTE BE Felw Ak
A9k, =3 Fov U 71D AAY " Sk SR

Figure 4. Cellulose insulation materials.

Figure 5. Cork insulation and Polyurethane insulation
(expanding foam).

2E ARgET Z89EEY 9AEES 20~30 mW/mKS
2, 334N, ZeaEd, AgReskvs B W2 Hof &
ey

AHELE L&, SEE, e uet Wajd ds 5
o] f=R3kgFo] 0~10 vol%= ——7}@;01] w2} A= 25~46
mW/mKE =7}5HA| QE}

2L EﬂlTﬂﬂ < oA /\1011% ARt Ade) -2 9

AHE 7HAE o= ek oA Al E2)ee2 AleRE(HCN)

9 o] aAlQtAL T Ze e fET BAL WE

3.7. 7| Ef

o] lof = EA(FHEL 100~200 mW/mK), 7HAEL(55,000
mW/mK), 28] o1& A2 E(17,000 mW/mK), 2H=1]%(220,000
mW/mK), 3.2 E(150~2,500 mW/mK), 7 ZFZ4(100~700 mW/
mK), HE(400~800 mW/mK), 4] 7(1,000~2,000 mW/mK) 2 &
2](800 mW/mK) 3o S1tH9].

4.1. Vacuum insulation panels (VIPs)

VIPE FE=A2]7Hfumed silical) 5 A A(core)7} &2 7
el 2 FHejolrk EHEEE 3~4 mW/mKRE, 259 A= Zoj
© 8 mWmKE F7}sk=t °ol= & 9 5717} VIP 2]9] 5l
Y3 BEew YEaly] gRolth T VIPY AAEES
50~1004 Foll= =LA Z/SHA Hi, ol VIPe] b4 2
SHoz Faln gtk

3} 28 7ol ol VIP olafo] o] A7 AgolE B
T§0] 20 mW/mK o)A 27138 4= gt} o| & Q3| VIP=
ARl ARG Bl el 4 glo] FUS B
glom, o] E3F VIPO| hite] A7Eo] il itk
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4.2. Gas-filled panels (GFPs)

VIPS} fARGE 712 VIPY] AFdjile] F7|Ht dd=&
o] W of=H(Ar), AHEK) U Al=(Xe)ye 283 Aot
GFP Hjo] A=E 7tsegs FAAATE 23 37 2

_131_0 ‘1E§_ alsl= A A—L‘: A
Figure 6. Typical VIP (Vacuum Insulation Panel) structure[9] and a o A sk Aol wd of agAelt.

comparison of equivalent thermal resistance thickness of GFPol| -85 7tART= 2347 & 450] o S0t
traditional thermal insulation material and VIP[10]. HhH o] AR G2 = VIPSF Zro] Wi Ao A=A golw
ST GFP W30] Lo MALE WS BARY AL 7HaA)

1 ! Z—]q—

i GFP Z2EEFQ]O] AAELL 40 mW/mK JEZ o] 27|

F o2 AXtE ARHE 7 2 Holth GFP 9 A] VIPS] i
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Time (years) HAPAES: ol 4|5}7] 9] 7} (carbon black) S AHE-}
Figure 7. Thermal conductivity for VIP (fumed silica core) as a fu- H, @A =& 50 mbar o)A 4 mW/mK7HA] W& 4= Sl
nction of elapsed time[ 11], Panel size 50 x 50 x 1 cm, 100 x ofAdofo] 2 A} 7 A}l R ofo]ZA o] AHEL-S Ao

100 x 2 cm, fo-il type AF (a metal film)/ MF1 (a single N al a0 |
layer metallized film)/MF2 (both three-layer metallized Al 13~14 mW/mK =2 23051 Qlck. ofjof 22 AAh]g-2 of2
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Figure 9. Aerogel insulation performance (KIST).

Figure 10. An example of aerogel as a high performance thermal
insulation material for building application (Aspen Ae-
rogels, Inc).

Figure 11. Translucent aerogel insulation used in a curtain wall at
the sculpture building and gallery of yale university[12].

Figure 12. Two examples of translucent acrogel insulation as a high
performance thermal insulation solution for daylight-
ing[12].
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5. Oj2f EFExH

5.1. Vacuum Insulation Materials (VIMs)
A AEE0] 4 mW/mK ©0]5}e] Z-ZAEHE Y
EZoltt VIME FA &3

VIME z7] 4
A P 71 P2E 7R 22

Lg_t’ _51
Porevs 931}3 Cd{;x{

Figure 13. Development from VIPs to VIMs[11].
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5.2. Gas Insulation Materials (GIMs)

GIME %27] dHE&0] 4 mW/mK o]3}¢l of= =
9 Al=1 22 A A SR QYR @ 71T 129 o
4 gHolt.

GIM2 VIM¥} 7] 24| o 2 Fdst, @] VIMo] Jgo=
AYA = 23l 715 2P, GIME A AEw B2 A
A Q= ol thaoi1],

5.3. Nano Insulation Materials (NIMs)

Z7] AHiolA d-E=&°] 4 mW/mK o]5k¢l dF 5
3 e 717 Pzl @AYo,

NIMZ VIMO|u GIMS3} th=27] 2]4x 1001 9] AH]2 7|3t
BQF B9} io] AES A Wat gick FHAo|=
7} 40 nm ofa1% old A9 AMEGo] ) HolAit). o]
knudsen effecttf] &21d], 7}AE2L9] B HFA-3-3) % (mean free
path)o] F=A7 K}y 7] wjFo|t}[11].
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5.4. Dynamic Insulation Materials (DIMs)
dA=Eo] Yotz e W= Aofd 4 e 545 DIM

oletil sHetl, 7taRAe] B L sha

(surface interaction)2 3Z3H3t 3= U9 71A shaaF W &,

= WREHS BARS, AA20] 1A dHEES Sl

FAEES AT = A1)

55. 232|E @& NIMs

TR GAERe] obxl At FAol, A%E 9w
5L A a4E Tesol Bt

Fae|E0] oS SU, NIM3} £32|ES BgHOR A8

slo] AUERS WET S0 ARsIEE Al A4 %
5 3RS £ 9t 23 EE 1,700~2,500 mW/mK Q] =
& JUERS M ug, BaeE AFE ui e I
F&(Uvalue) TEA7]7] $15) choret w4 S ALg o}
L EE T [ERRE e PEL R EY
Bg5) Sl L oo ejuzt £AA 4 gtk o

Tt ARIES] Al e o] ofAlsheiaTt A

Indoor and
Outdoor
Thermal

Insulation

Retrofitting

NIM

NIMin =7 oo®
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Concrete
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Concrete

Figure 15. NIMs as a thermal insulation for concrete[9].
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56. L=

U= F(NanoCon)-> {2 Zo g 2 2 FIE 3} 7
2 AFZAA 7Y ot 2B ETL ASAAEA 7= EF
I AU B 2 EAS 7HAIHA g EES W, ol4bEt
i w22 BAAQl e JaFo] w2 d A E4o]
9] Y22 dHEEo] 4 mW/mK o]akel dd &2
3l Y 73 2 FAEEE FAGERY o 2 7
AN zA e EAE 7HA= 4ot

Uirg2 ZaERY ¥ 22 AZAAEA S EAL 7}
A= NIMol2kar g74ek 4= Sl A&
FEE it 48 vEW, NIMO R Qla] of-- W2 dx=
&5 7HAA HAL, R U R E o8 w2 AFAEE
A1 % otk PR RO RS 63,000 MPag 2
AEH, o]22| 0 2= 300,000 MPao]] &atth A2 79 500
MPa, A/ gl 2B 49 J7HE 3 MPa, &
S = 30 MPaolth. whebA] Uhe o) el w9 Ackal

3 % el

Making
a New
Material:
NanoCon

Figure 14. NanoCon[9].
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6. E| & ErER 2| H|W

g W dxlEgo] 714 Fad SN, ok
& 7144 BE, b, Wl 5 AFAA7F 7k sk &
AHx FQ3dlch o2 AHe|3H Table 29} Zrh.

Table 2. Requirements for future insulation materials[9]

Properties Requirement
Thermal conductivity (Pristine) <4 mW/mK
Thermal conductivity (After 100 years) <5 mW/mK

Thermal conductivity (After modest perfor-
ation)

<4 mW/mK

not to be influenced

Perforation vulnerability significantly

Possible to cut for adaption at building site |yes

Mechanical strength (E.g. compression and

tensile) may vary

may vary, depends on

Fire protection -
P other protection

. . any toxic gases to be
Fume emission during fire Y &

identified
Climate ageing durability resistant
Freezing/thawing cycles resistant
Water resistant resistant
Water permeability may vary

Costs vs. other thermal insulation materials | competitive

Environmental impact (Including energy and
material use in production, emission of pol- | low negative impact
luting agents and recycling issues)
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2| 2 AR 24 VIPS ool 24
€2 VIP7} 4 mW/mKZ 7h3 Yo}, 48
Qa7 £A4E A& A9 20 mWmK o4 S7hE 4= Qlth ®
St AL A At E F8E 5 Qs 9o

AL 13 mWmKe| A= 7AH, A7k
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Table 3. The potential of the traditional, new and future thermal insulation materials and solutions for tomorrow[9]

. Low pristine/aged Perforation | Possible building site | Load-bearing .
Materials - . . . S Solution for tomorrow?
thermal conductivity | robustness adaption cutting capabilities
Mineral wool x O O x x
EPS x O O x x
. XPS X O O x X
Traditional
Cellulose x O O x x
Cork X O O x x
Polyurethane X O O x x
VIP Oo/A X X X O
GFP A X X x X A
New
Aerogel A O O x A
PCM - - - - *heat storage and release
VIM o/A @) O x A @)
GIM o/A O O x A A
Future NIM O )e) oJe) XA 00
DIM AN N/A N/A x A 00
NanoCon O O O O 00O

% O yes, A maybe, O O excellent, x no
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