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ABSTRACT

KEYW ORD

Purpose: Smart materials are concepts similar to intelligent materials in the past, and they change shape,
change mechanical, optical, electrical and chemical properties in response to small changes in external =°SE=995
environment such as light, temperature, pH, electricity, magnetism and pressure. These smart materials are being
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developed into various products for application to buildings. In this study, the smart material is named as
environment-responsive material and the applicability of the developed product to the building is examined. = Contemporary Architecture

Method: Environment-resistant materials can be classified into Passive type materials that do not require power
supply and Active type materials that require power supply. Photo-discoloration, heat discoloration, water or gas

Smart Material
Low-e Film
Thermochromic Glass

detection indicator, ultraviolet or infrared blocking materials are Passive type. In the study, We will select the

passive items with high applicability for the environmentally responsive materials shown above and confirmthe A CCEPTANCE INFO
application effect. Result: Applicability was evaluated by using mock-up test and evaluation tools for two items ~ Received Sep 30, 2019

of environment-responsive materials such as low-E film and Thermochromic glass. As a result, it was found that ~ Final revision received Oct 8, 2019

energy saving and improvement of residential environment were effective. Low-e Film can reduce energy

Accepted Oct 11, 2019

consumption by 10% and Thermochromic glass improves indoor comfort by the visible light transmission
control. However, the disadvantage is that it is quite expensive to apply in general.

© 2019 KIEAE Journal
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Fig. 3. Water on the Surface with Water-repellent Nano Coating
[Source:CEKO]

QlA

=2
o

an
oz

go ©:
i)
my,

BEoM e Ueige] 48 71&9] 28 A€ 4R
bo}, A U IY2 Am B B3 715 g3
of HlZolut, 718t @ g2l ols) 4
o] etz HA Ml & o] 7He3t 7]
oltt. & 31 7)ol 48+
Gl A A= A5 2P /B E, Zetold

o] e}, ol& 44 MlF o] 715k,

i<
o

do 52 wx
ofl,
o]

o
i)
o

e
>,
-
=
18
o H
of

<L |5 lo
N

oo b 40
o 1%

o o X

!
[2

o 2 of
ol
N,

S

i}

~
5

].

X it

o
mO]( H'LD'

0%
ik

N
I
o

OEO‘LII-FI_E‘O
l 3:_‘

>
2 ofn

=

fu & 1o

e
)
&
H 3o
kU
N,
i)
=3
£
1z
o,
o)

of, g,
A& A
[e]

it

RyoofN ¢ A

ol
i)
file
2
fu
=)
ofl,

S =M A&

ok 1
lo
il
-z
,
O
-+

I

P s oo
=
o

ol =

ol ™

> o
>
~ X

EXETOE% %mbﬁﬂ{blﬁ%@
o i off mi 2w T
~ B
o = on T—E L% ii g
o
f M S
= Osh
o
u
=
1
H
N
)
flo
Al
B e
ol .1).

o &

=

Ape7} st wol £714) e o] e
B4 Ho] WstsiA w @apolch, dvrael
BolAH of 5. A2 51, yle] oo
2 g 4ae Hic

AL o] 48 GG Hop AntE AL, Ante

[

L o4

Mo |m ol
o mx ot

oo
2
>
i
)
==

o

olrt

m
of,

©Copyright Korea Institute of Ecological Architecture and Environment

&

midlight

L3

indoor outdoor

Fig. 4. Photochromic Smart lens[Source:seiko-opt]

3) F2wA
2R 4 (Thermochromic)= 2ol whep A/Fo] HsH=
Qta g uho-uf Byt A EF¢do] qloH, Sl weh £ ok
E73& Beltt, ohif= 2 of wheh FA oA §41 0 8 Wsh= A4
o] jlow, E thE EAL Lo weh thE Ao g ok

28 7hs woFe
of -85t 44
Rkt A1 A4,
Qg & Qlot o
oA 71 A =
=5 oI 4 9
upet Ajo] Hsh=

4 EWe Y2

2 W 429 A =Y 2 oo HAE s Az defle
Mg B3 AT S E7E gAY, 2ol sl Hd FEsiA W
She 4Ae Adn 2 i 939 A9 o 2w fAo] kst 7)
Ggol Bz of 2l HhE ARG 4 9l o] Y9] ¢ AL
2 AFN 28 B AXEE oIVl 91l o2 cl2EH=, #E
oiH 2 5o & &85t ARSI

2 g 3 B8 Foke AMET, SV Fleft vt A, 7]
B2 S ALH] S T Ead B o] = ihe JAE 28
o Bl aede w9 4 A Aol

Fig. 6.2 & Wh-g Y25 B-8oto] 5710 Fofet AAAE 2%

57



et

CHA

HZ0M 2HEHSH 7ls

Mzo| Cixtel B Hat 24

A s £EE A28 99 AdE S AdAolEold,

mew |mm

HUW&WE"

000000

READ AT TOP OF GREEN COLOR (PE(h.LH
COLOR CHANGE BETWEEN YELLOW AND GREEN

Fig. 6. Humidity Indicator[Source:Tradekorea]

3.2. &N a4 AS ofold AA

Aol A AFe BARESE Aol tisto] AEE AR H4
go] =2 oto|dll Astr| Sl A-§F9], A8ayt, W4, 7H4,
Needs ZHA|A $4495 Hrtst o)

2 ke A B, N3P, A4EER 5 4250
B2 Aw7re] oA AA B 71E 2AE F9f ol Tl BoHE
TH= Table 1.7} 2o}, 2 Qo] Al SAE97He2 2744 714-&
ﬁEHo]—Oq Z—]_Q_}\-]—% %E‘H H:]- AENE] 7]/\% L]'l‘r_i% %%34_

FUA A2 o8¢ FuMg ol

Table 1. Selection of Smart Materials

Applications Effect Durability Cost Needs Priority

Nano Coating Window o o [¢] © 1
Thermochromic Wall - o 0 2 4
B Window 6] 0 0 0 2

Humidity Sensing
Indoor o A Py a 5

Dye
. Underground

Gas Sensing Dye Space A A A O 3

Sl M 27lE SRR 24 F Y o] flo] ALz
ggoll v-g-oto] A o #] defo] 7153t B A ofolglo] f
stof 2859, A&, W4, 714, Needs SHA 287l
E2 A9 2714 ofolgle] tiste] A% W& Afstld. =g
B2 AFE AL, AlEdold B7h 9 Mock-up HIZES F3 28
4 B7re Adstalen, @uA 2ol B¢ 8ot e AlE
of tsted Mock-up HAES &3 W74 % A8a4E A5t

et
AA .
A& ol B7HE Y5l siA ToolQ! Window, Energy Plus &
2851908, Mock— up EIAEE GAA A153} @4 7HAAR
Ao A A ggstedct.
42, 2o|dE
ZolgdFol& 50]%ﬂ At TR 5 st

O 2 HiARgo] U
uEs A}ﬁouolco}

li‘r

58 KIEAE Journal, Vol. 19, No. 5, Oct. 2019

FHeRE 529 daes AAE W 286k Zote B¢
7t G dEE 4G A5E AR E S TS Aol
€ Ao, A e| 3¢ EHeE S 7E gl =71
L

FE O] ¢ A Fot F gt vl go] 2ol Br Y
&9 avhe o5 vHjsittal & 4= gl oo Fig. 7.3} o] ©d ¥
e g2 A5E HYd 2E R op=t A WodA A
Aol Ego] He 250l Zo|8E Olt} AAIE W B e
oY 25 2Este] AR L Bt @S 45} oo Y o
U2 2 AAG HA EE2 74 4 e 2t 4l

wrebA 37ke] s efAlET e FASHAA ZHAB S 7t
A 5ol 2ol E AMEol 2 Ao HxEoltt

Winter Summer .

—_—
==y
——

Insulation Film

\

Insulation Film

Low-e Film Low-e Film

Fig. 7. Comparison of Insulation Film & Low-e Film[Source:
penjerex]

1) 20| E AT

o] AlEo] XAE Fol HRE AAoty, ARH E3xof wht
2olHEE /st on, /e 2ol 7T} ofe] AE-S vl
A3H= Table 2.9} 2.

Table 2. Comparison of LoW-e Film Performance

Nitto(H) Solar Gard(##) EASTMAN(X) GS Target
U-value
(W/mK) 36 3.5 3.6 3.8 Below 4.0
Emissivity 0.06 0.09 0.09 0.12 Below 0.15
.:.’ EED MG 68% 68% 63% 67% More than 50%
ransmission
Solaticat{Gain 47% 48% 38% 48% | More than 50%
Coefficient
UV Protection 99% 99% 99% 99% More than 95%
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Table 3. Low-e Film Application Effect on Double Glass

U-Factor SHGC VLT
Double Glass Wiak Solar Heat Gain  Visible Light i
T Coefficient Transmission
CLG*5T+Arg12T+CLG5T 2.549 0.748 0.801 1.07
CLG5T+Arg12T+LEG**5T 1514 0.606 0.763 1.26
CLG5T+Arg12T +LFG***6T 1.710 0.390 0.355 091
LEG5T+Arg12T+CLG5T 1.514 0.528 0.763 1.45
LFG5T+Arg12T+CLGET 1.708 0.280 0.353 1.26
LEGST +Arg12T+LEGST 1422 0.499 0729 146
LEGST+Arg12T+LFG5T 1.237 0.350 0332 095

*CLG : Clear Glass , **LEG : Low-e Glass, ***LFG : Low-e Film+Clear Glass, ****LSG : VLT/SHGC

Remove Protectlve Film Remove Water

Completion

Fig. 8. Construction Process of Low-e Film
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Table 4. Glass spec. for Simulation

Clear 3T Clear 3T+Low-e Film

U-vaiue (W/m'K) 5.8 3.8
Emissivity 0.84 0.12
Visible Light 90% 67%

Transmission

Solar Heat Gain
Coefficient

87% 48%

UV Protection 62% 99%
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Table 5. Comparison of Actual Energy and Energy Simulation

Actual Energy Simulation Error Rate

Energy Consumption 113.3 107.81 4.85%

Heating & Cooling Energy Consumption

nClear 37w Clear3T
3 +Low-e Film

8
6
' I I
' T]
Jan Feb Mar Apr May Jun Jul Aug Sep ot Nov Dec

Fig. 14. Energy Consumption Comparison

Table 6. Heating & Cooling Energy Saving

Heating Cooling Total Saving

Clear 3T 54.27 kWh/m' 53.54 kWh/m' 107.81 kWh/m' 11.87 kWh/m

(-11.01%)

Clear 3T+Low-e Film 48.48 kWh/m' 47.46 kWh/m' 95.94 kWh/m*
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