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< SUMMARY )

Purpose &
Contents

The purpose of this study is to develop the original technology of laminated
electrochromic glass which is possible to conduct ion through electrolyte and
to meet the criteria for the safety glass quality of building contact (KS L 2004)
by using UV hardening polymer chemical resin and lithium salt (LICLO 4).

1.[Original Material TechnologylDevelopment of UV hardening polymer chemical
resin type High Strength Electrolyte Source Technology

Development of electrolyte source technology and work process for Electrolyte
(LiICIO4) Mixed with UV hardened polymer solution for meeting the criteria for
safety laminated glass and conducting ion.

2.[Manufactural Technology] Development of Manufactural Technology of
Coating and Lamination for High Strength Laminated Electrochromic Glass
Development of transparent conductive film (ITO), electrochromic colored layer
(W03), ion storage layer (Ni WO) coating process optimization and UV
hardening lamination process suitable for UV hardening polymer electrolyte.

3. Performance Evaluation Technology of High Strength Laminated
Electrochromic Glass

Evaluation of laminated electrochromic glass material properties (efficiency, ion
conducting performance, response speed), optical and thermal characteristics
as Building Materials (KS L 2514), and Structural Properties (KS L 2004).

4. Development of the Quality Regulations and Guideline for Laminated
Electrochromic Glass

Proposal of quality Standards (KS 1SO 18543) and quality Guideline for
laminated electrochromic glass by analyzing the International Quality Criteria
(ISO 18543).

Results

[1] Actual product and domestic and international patents for
polymer—chemical resin—based electrolye

[2] Actual product odf high strength laminated electorhcomic glass and
patents

[3] Test report for high strength laminated electrochromic glass (7 cases)

[4] Quality Regulations and Guideline for laminated electrochromic glass

Expected
Contribution

Application Plan

Development of product for commercialization through supplying UV hardening
electrolyte based high strength laminated electrochromic glass to glass
manufacturing company(international and domestic) and window manufacturing
company.

expectation effectiveness

We can get world best technologies in terms of architectural electrochromic
glass by developing high strength laminated electrochromic glass and
electrolyte.

Keywords

. Laminated . .
Electrochromic glass UV hardening | Resin polymer Electrolyte
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MT : Manufacturing technology of Laminated Electrochromic Glass
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QS : Quality Strandard for Korean Electrochromic Device
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(5) T7|HA 72

2483 7|21 eV|s Hlu 24

= Ol2{st ADIERE| 7t Fzs =EHo HR7F 31, MEl RXIE &l XFHez H
718 Q7SR 2otk E|of, ALZAP) fskeE FrE2 =HOo| Jhss MI|HMRE| I}
AMIE A5 E dAI=E RElZM Z[0i7F =32 A0 st AFTF D=0 L AlF|
ZE50| EAED Y= A=

o MM FEIF HE AFE AEHEH QuA AFE MI|HMRE MZd WE ASd|
HXl Mz 230feb 23 E o4 wad M7|HMFe| Mg 2 Moo w2t 20%2] of 4
X HZE30F JSE ol UL, MAES MI|HMFE| HOE S5l 7|& HEE Fal
Hol oy Xx M2 247 3od 7|= X[Yof| w2t xXto|= UX2H X|FBs 7| =AM =54%
0|4t X E HZAIL = s HOZE AFEUS.

» MUHAMRE] M0 et @ 2 AZAE ZHMo| AFE FE Fof U0, MI|HMR
gle] &t Ed EAE Sol AdE XY, 7|Tx=UE AN Fiug &0 ofst A7t
AlZEo|ME ESH HAEo|HX|, Ylatdol that 24 AFTE T Fof| US.

= SAGE EControl Gesimat View 2 7=
SageGl® IGU -’
HE 2z | E B
ZEEHMeHV) <5 <5 <22 <5 <2
=YL 20 yrs 20 yrs 15 yrs 10 yrs 20yrs
S22 (100,000 cycle) | (100,000 cycle) | (100,000 cycle) | (100,000 cycle) (100,000 cycle)
SHEIT| (10a/sa./85%) | (109/sa./86%) | (15@/sa./82%) | (102/50./85%) (12R/sq, /85%)
1
BAHZE | WOSB/LINIZVOX | WO3/NIO Zn doped WO3/NIO WO3/NiO
TiO2/NIO
m Efol N uv dsard
xanzl glof | HERY MAlE | MEl Mz EEHEKE'EF"VB) S lEs, | ndE
Mol Bl | o4 Sjom) | (1044 Slom)  |(5x10-6~2x10—| Osﬁgm) PSETES|
5 S/cm) (83x10-6 S/cm)
/RS 60/1 50/10 77/8 58/4 65/20
X“f(m?” 152 x3.05 | 1.35x 3.30 12%08 152 x 3.05 | 0.15X0.15
Mz= 7+ _ _ _ _ _
(Dollar/m?) 1,200 1,000 1,000 1,200 500
(6) MallA =M = Al =A}
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» X0 ZRE EFQS| MI|HA AXPTL A MRS 0|25 AFREHOXN S
= 0| Efl2 At MR HAH AMstEDL 22 Mo|Z2E AtslEel 26 w20 &7 M
soll 2 EMAEE JHIXDD JAUS.
» O|HE 2E5HY| flal e AFAXES LiCIO,s +Propylene carbonate?} &2 H| +=8H
M M2 ALE5IY S
= 2Lt H o|23 H|WEE m, Li* o|=2 2 Mobility M-20 F7[HAY AXje| 2
S &0 E LIEHH.
= 0|2{3t o|F=2, A Ml Zoll 25l of7|=ofx EXMHEES &S| fIs X 1Ak M7
A AKX SRS = AS.
» O3 B7|E MeEe 22 o2 MET(10°~10°S/cm) f=2of M7|HAH XMslzlel @
TALES M35 SFA|F|X| 28
. iI—ZLOiI OHAF M| At 27|12 MafjRel ctMe 225 = s 10X DEX} MHAS Al
83517 AIZF5I D, o] Ix| DEX MsiE 2 Plasticity, Elasticity, %2 72t £2 0]
97“1_'.:__'.:_ (10%°~10"'S/cm)2t= S2S 2l
= 0|2{8t X TEX MalE=S olgst AU} XEFHoz pE|o{gton, ofgf Zol M
220 AS
Lamiated EC devices
No
Proton—based structure Li ion—based structure
1 G/ITO/WO3:Mo/PPSA-H+ /ITO/G G/ITO/WO3/PMMA-Li+ /V205/ITO/G
G/ITO/WO3/HEMA-NPG-Li+ /PB/ITO/
2 G/ITO/WO3/PAMPS/PB/ITO/G . :
G/ITO/WO3/PMMA-PC-Li+ /NiO/ITO/
3 G/ITO/PVA/PANI/ITO/G . S
G/ITO/WO3/PVB-Li+ /Ti02-Ce02/ITO
4 P/ITO/WO3/BPEI-H+ /FI/ITO/P /é eme
. G/ITO/WO3-PMMA/BPEI-H+ G/ITO/V205 /Silane-Li+ /TiO
/PANI/Au/P 2-Ce02/ITO/G
G/ITO/WO3(EC)/ZrP-electrolyte/WO3
6 et relectiote G/ITO/WO3/PEO-Li+ /PODS/ITO/G
(PR)/NIO x H y /ITO/G
, ] P/ITO/WO3/PMMA-PC-Li+ /V205/ITO
/P
3 ~ G/ITO/dye-TiO2/electrolyte/WO3/ITO
/G
Q@ 2ER 4R FHE ZHE O|lSTERE U FEZE 58 DB &
v 4T MI|HAMFEE ME I
v UV 43t EfRl M E )t
v W03 2 Niw HAl = gjjolofof BiAlo| 7t M5 otE
v 7|& UV dats H Maf|l& thy| HEds0| 58 Mol A oyt
v 1XpAE MEE fiH| Cycle EM, o|2MEL, HAF g SHAF =AM gt

(1) UV d35td 2= Mz 7|l /e

W 7= 2 (Gel) MafjZel 2XMH



il

2ol @l

L=
= -

M7t

=
(L

lof|
toll

[S)

x| Eofl a2t L

=ol| o

=
=

N3t @7sxet
% Aol

KM= o

st & 7t

IS

(=]
=
o

FEZ A

(=]
=
o

=

.I

7
()

ojn
HH

-

Of[ AX] Al

—

tof =f2lof 2

°

74
ZH|o| M 2H| =

g

0

off Hl

Toll

N

N

ol
b

7ol

ol
o<
<+
ol
HH
oy

ol

o
ol

I[e}
ar
__o_l
3
1l
!

~

N

4
o8

Rl

=
[

K

R
LH

El
&0
ol
(]

>3%10°
>25
>65
<20
0.364Mpa

7|& 7|&xnte| A4

7|& A(Gel)Tsl &

10* (59/EControlGlas)
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[ wom | anm || #asm || resin |

& 045 1FXA MsiE Formulation

77180 =M& 2ol PC 7|8te| MaiE AlAHS MHT
OZ Base MallHe =z “LiCIO4 in PC'Z MASIS

» Base M2 =Z “IM LiCIO4 in PC'Z MAESIUS

» ZUHAIMI= 2,2-Dimethoxy—2-phenylacetophenone(DMPAP) S At
» 2 7ol AoME DEXARE JtHSn HEAMESE =0[7] 25t Z2| e Etot 3 e

O|EE &d3tod ALZ3IE

» %[Z FZE 3} Formulation2 6(LICIOs ) 4 ( polymer)2| H|EZ M Zte
» ol OB =T JEE DZE TEX MRS LERY

[TAHEE 7Y DEAF Mol A)

= XA E JHEHE HT|HAFE|9] H2 Cycle S4oll UM ZH 7 Ll
» 1XAE Mol d o] o|2MEE A HiMeE et HQ

=
Z=MZ 25l PC Z7|8ke| MR AlAEES MAT
= Base MM Z “LiCIO4 in PC'2 MHSIFS
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» VA= 2,2-Dimethoxy—2—phenylacetophenone(DMPAP)S A28t

» 2 Ao oiME DEXZE Jlugd H

O|EE 3l ALESIUE

» =Z EFAS Formulation2 6(LICIOs ) 4 ( polymer)2| HIEZ |

ZdsE =0/7] fIsto E2[=a Eota e

= FUHeR O|2FZL JHM A AMO|2E S4 EHEE 9ol o[24

= 0|24 Axo| ZFo w2} 352 HaiA L

=~

PNa-T

=
Oz ME
= o =)

R

=2 dsid 54

=5 22 = A A
19 = AsA
H-EC M-EC L-EC
Solvent Polycarbonate Polycarbonate Polycarbonate Polycarbonate
Lithuim . . . .
LiClO4 Li-TFSI Li-TFSI Li-TFSI
Salt
2,2-Dimethoxy- | 2,2-Dimethoxy-2 | 2,2-Dimethoxy-2 | 2,2-Dimethoxy-2
WA A 2-phenylacetoph | —-phenylacetophe | —phenylacetophe | —phenylacetophe
enone(DMPAP) none(DMPAP) none(DMPAP) none(DMPAP)
e o g-deelad | ] gdetelad | ZElgdeelad | | S-detolad
Rl
gl E g E g E ol E
Formulatio 6(LiCl10,4 ): 6(Li-TFSD: 6(Li-TFSD: 6(Li-TFSD):
n 4(Polymer) 4(Polymer) 4(Polymer) 4(Polymer)
1-Butyl-2,3-dim
. ethylimidazolium
o] &4 oM A - EMIM-TFSI BMIM-TFSI . )
bis(trifluorometh
ylsulfonyl)amide
[A77|2F & 7=l D EXF Mef|E SM]

n
a
I
Rl
rt
|'O
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. . , - Average
Thickne Diamet Area Resistanc Conductivit .
H = Conductivit
=& SS er (cm? e y
(mm) (mm) ) (Ohm)  (S/cm) Y
(S/cm)
2.36 16 2.011  430.7 2.73 x 10*
1ZHA T M= 2.60 < 10"
j H 2.09 16 2011  431.1 2.41 x 10* 60 <10
2.45 16 2.011 83.2 1.47 < 10°
H-EC 4 167 X 10°
2.54 16 2.011 92.4 1.37 X 10
2AtA & vege 207 16 2011 1864 551 x 10* - 62 % 104
HMaf & 3.10 16 2.011 269.7 5.72 < 10 '
2.64 16 2.011 710.0 1.85 x 10* 4
L-EC o 177 X 10
2.37 16 2.011 701.1 1.68 X 10
1.80E-03 1.67E-03
1.60E-03
1,40E-03
E 1.20E-03
2 1.008-03
H - .
T 7.70E-04
|
o .00E-04
Q
410E 04 2.60E-04
2.00E-04 —-——
0.00E+00 -
1A s HofZ 23MHEE H-EC 23HAT M-EC 3AHAST L-EC
Ml E&F

2. IMT] 223% F7I8N 29 420 ¢ Fgdae MY

O "ME 29 FYoiE W8e A $YF =g =3 25

v mM7|MMRE] 2Fel 2TARE
v omTlHsgREl Y 71z e 2 7S
(1) ®I|HMREl 2710 27 A
W RAIZA A HEHCR)
- MM Al HEHOR)E M7|HAl AlARIOIM Z28 S ol silolm, of AlAHo|
M ol} Mlo| Wal EXIE ofs WS ANE ZHSHE Eed mekeclol E.
- JIAEN MEst Ale oign 28
R,
CR=
R,
- 01700l Rx HAE Aefol M BHAE ol M7IS LIERHT, ROS EHA4El AtefollA] o
AFEL 9ol MI7|E Llebd
- ool CRO| ol ok, 1 WS MIIMAY Axtel B Mol xolsh dcks e

olo|gh

_22_



[ |
o
Ijok
-+£>
Hn

» CRZ} &7 & SFEE SollME HM7|HAM Axfo] EME metdt = US.
» 2HiXMoZ Z E+T= Beer Lambert laws S3ll €2 = US.
» 2 M|7]|2o] H|o|| logE #F Tt EFEE =T ME2| optical path wayoll H|z
= MI|HA A|AEIMT Beer-Lambert lawollA SEZ= A3 A Z3e = J=d
chel MAY injection® ™sh(charge)et S X|Z U1, 1 O|F= Tote| k0| M
Hstof 1|57 20|, I Al cl2n Z2.
7,
Beer— Lambertlaw: A = log(?) =ecl
e
= MI7[HAM AAHOAM & STEs CED 20| REE
Azlog(ﬁ)—n
= O{7|0M A= SFT0|1, Tece WA MefoAel FulEl dHlo| MZ[o|11, The= EHHE
aEfoll M FoE do| MZ|o|1, n2 MI7|HAM Axjo| BiM 7 &(coloration efficiency

(CE))= LIEtY.
» 322 HAM 582 2 B35l optical density (AOD))2b EHl HAEE MSEEEHQ)l H|E|

= M[ch/C’]
Q
AOD(A)—log%

» HMSS0| =2 MIIHM A= M2 MEHHCeE & Fotert %ol ¥ske 2Fo0|1,
0|72 olHX[HAIME Fe|st &/z2ln & = US.

= HM7|HAHO|AM JHE 2ol AlEE1D = WO3LHE NiOE 30~60cm?/CS LIEHL, RIIE
M7\ A= 100cm2/C O|Ate| HAM S ES LIENY

B SELE

= £ oSifel MYIHM AE mE = Ues w2 SHE H(response time) .

» I EMM/ERME] AEfO| M EH/ERMO| ==X AlZhS FASlo] MU|HMe| SH K5 E
EMste A, HEHMCl J|FE2 M /HMAIX] 90% XE™7X| EEsh= O Zele Alzt
2 53.

» UHIMOZ HH(LCD)O|L} cathode raytube (CRT)ECH= =2 gt3&EEE LiERH= O,
a1 =)

Ol 7= MollAel =t £, FHEMF Mg, MI|HAM 2o M7 MEX ME.

= SEX|ZE =20l viologeng TiO20 EX|l AlZI ®-F7|= Sto[EZ|=E MI|HM X =
10msecO|ste| BFSEEE LIEHD R0 2 A 221 US.

= O &= CIFSH displaydll S80| 2 Ho=Z o AHE.

» MY|HAM Axfo| EF Fof| stb= memory effect 71 Uck= A Q.

= O|H2 SHH H7|E Jt6I9le 29 O olMNMY|E 7P0P<| olot HHAH/EHMO| JhSsict

= A2 9olsta, oYX &8 oM o Relst X2t & = US.

= H& WO3LF NiO2| A% 10A1ZF S°F memory effectZ7t U= A2 L2l US.

» FeElo M7 MEIt ISt st FHMLZH(TCO, Transparent Conductive Object)
2170, FTOZt F2 ALEEX|TH cifst 217 28E £+ AUS

=K

@ F7IEN 2R 5% 373 7l HHY

v’ Electrochromic & % S8 =& 35t
v W03 2 NiO gtate| x|™Mz=74 Al 2l half celle| XM7|atstx/2tsty EM HI}
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Ar 50:0, 50 Ar 60: 0, 40
100 T T 100 T T
Z 80 —_ 80 -
= =
3 60} g 60 |-
.E 40 E i cached] |
: === ¢ o) -
goo 460 stlm 660 'nlm 800 gOB “-)0 Stlm 6£Im 769 800
Wavelength (nm) Wavelength (nm)
Ar 70 : 0, 30 Ar 80: 0, 20
100 T T 100 T T
& A =
b 1
2 oo g
£ 40 £
= - s =
goo 400 500 600 700 800 goo 4(I.‘|O 5(I)0 6(;0 7;30 800
Wavelength (nm) Wavelength (nm)
= ot JEf=ZE 2™, OD &2 70:308|80| 7t& 55 45 LIEHY.
= HHH Q g{2 60:400| 7+ B2 TSHHO| o|SsShes AEg &el & + US
= CE =4{Zxof =™ 70:30 0] 29.8cm?/CE2 HAlg 50| 7MY £2 AE & = US
= [MEHM 2 dFollM WO3e| YLt FEetH|E 70:3022 MESIRZ
Ar : Q Transmittance (%) CE
dT (%) doD
02 (C/em2)  Colored Bleached (cm?/C)
50 : 50  0.0057 56.17 76.72 20.55 0.135 23.5
60 : 40 0.0287 37.85 70.82 32.97 0.272 9.5
70 1 30 0.0268 12.32 77.49 65.17 0.799 29.8
80 : 20 = 0.0037 74.98 79.05 4.07 0.023 6.2
- ChS OES AXEElo| W &M Al AR MEHE LiEkd
= 2 0] 70:30 LaZetH|o] A9 HAo| JHE & = Us AE el g US
Ar:0, = 60:40

Ar:0, = 70:30

Ar:0O, = 80:20
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HME E L2 SAOIS(NO) 26 2 BH = ME

Al 5 JH20 NiO off theh &xf 2 S =z7doll tholl =X =lol CHoll Al ZleH
g Al AlEA el F7]= 70mmx70mm 2 (HES5d H Mol S Al Jts &

37| 7|1F)

LIZ SAlol=(W03) 5% =7 Helol F2F =4
of=2Z, AkAo| HIE 100% 7|ZE2Z ot=2Z(Ar)zf A (02)e] HIg2 Bl M3
0.008 | 5'0210.'/0 ‘ . ' . ‘ . S
L —— 0:15% e ]
0.006 F ——o0.20% .
i 0:25%
0.004 0:30% '
. i 0.35%
= 0.002f 0:40% )
E 0.000 -
() . C j
= .0.002}
=y o i )
O .004f -
-0.006 | = .
-0.008 | ..
1 i 1 M i 1 i 1

-1.0 -0.5 oto 0.5 1.0
Voltage (V)

1ol 82 of=Z(Annt &(0%)e Hlgoll wWE HMA-MF I O ZE LERALD
ol

T ZolM Aol Hears B2 dF YT E TS HEL, ofE2Z(Annt & (0?)
90:10 H|EY W7t 7Y MF LE7t 71 =2 As &l & = US

olzf g2 44 =0l e FotES LEHY

O E SR fl= M, oltfs FHAMMYEE HERHD UAZ

O|& Salf £k(02) 90:10H|EY W 7He Fitg Hetzrt 2 A 2l & = US

40 35 30 25 20 15 10
0. Pressure (sccm)

ofgf E= AtA Esh|o| w2 £3tg Wil Z1f OD S LIEMD U
T, )
OD= £13tg #atgol| ist log #22, AOD(N) = log T”% o|o|gt,
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Fitg #st =0t OD ¢t el S o, ol=2Z(An)zf A2(0?) 90:10H|2Y EF Tt
g Hstz0| J1IE 2 WS gel & = US
it 2 470 Niog| AtAEsH|= 90:1022 MASIF =
Transmittance (%)

Ar : Oz dT (%) dOoD

Colored Bleached
60 : 40 69.4 64.2 5.2 0.034
65 : 35 67.2 60.0 7.2 0.049
70 : 30 69.8 60.8 9.0 0.059
75 1 25 70.0 62.4 7.6 0.050
80 : 20 70.5 60.9 9.6 0.063
85 : 15 69.7 62.3 7.4 0.049
90 : 10 72.6 56.7 15.9 0.107

(2) WO3 % NiO gfate| =X z=71 B 3
1) A=A
o MI[HAM AXRHS 2T WOs
/&S EN "It
2) gh I
= Sputtering &H|E 2835101 W03
» SEZ 2T 227

half cellel Z7[ztefx/dety &4

gt

=l 70:30

il

half cell®| M7|st&tA

Sputtering &7

70:30

500W

35nm/1mi

n

90:10

Ni-meta

500W

40nm/1mi

n
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ITO glass (10 ohm/sq) 2 Ni-metal / W-metal target& AFES+0{ deposition

Sputteing power= 500WZ IHSI 1, pre—sputterings 22+ 1024 X

Ni-metal oxide2t W-metal oxide2|l &< Ar:02 H|E 90:10, 70:300(A 7}& =5t
transmittance modulationS LERHO ZHM=ZH2Z |TO glass ?loll 22t =6t E§A

got

CE RE

(A /AgCl)

[Autolap2 E3t 3-electrode &3]

2t gate| M|stet 2y g

?lsil Autolap 2| Potentiaostat/Galvanostat2 &4
- scan rate 50mV/s, =0.5 ~ 1V rangedlAl CV cycling testE 1000cycle =2H&Y
AAZE F3IE HHSI2E2 wavelength 532 laserE &3l CV cycleZt SYsHA &

Z7| bleach, color &Ef2}t cycle O|F FIlE HelHEFS I

"It

—1 V at a scan rate of 50 mV/s)E& S3ll cycle SFHAME

working electrodeZ glass/ITO/Ni-WE& AFESIU L, Pt grid and Ag/AgCl & counter
electrode 2} reference electrodeZ 2t2+ AI25IH S
3) NiO gfate| =}
100 6
asdep
e Py | @01 O] e c 0l OT -
* o = .. -~
sol bleach *(after 100cycle) color *(after 100cycle) E 4
) 2
23 <2t
g 6ot £
g g o}
E 40 L E
£ 2L
£ = 1 eyel
= —1cycle
; " 54 - ——50 cycle
= ——100 cycle
i 'l i 'l i U_ﬁ L L A 1 i 'l

D i
300 400 500 600 700 800 -0.5 0.0 0.5 1.0

Wavelength (nm) Potential / V (vs. Ag/AgCl)

100

-
=]

80

Transmittance (%)

0 2 1 1 A

0 20 40 60 80
Cvcle (n)

100

_28_

ko
o

Charge density (mC/cm’)
da

—a— extraction
—a@— insertion

=S

20 40 60 80 100
Cycle (n)



Transmittance (%)

Transmittance (%)

[NiO tate| HI}]
Wavelength 300-800nmoilAl Z=7| bleach/coloratEN 2} 100cycle O|= bleach/color &
e #Hsk KT LS E™E0 oYMl EM S LIEM
100cycleZte| CV cycling test &2 ®MEIXQl shape 2 S7i=b &
EM2 LIEHH

r2
0
i
e
(@]
<
S
5
«Q

wavelength 550nm Z|& -0.5 ~ 1V Zte| half cell test=®d FotT HIIHT 2k AT
65%0|& 22 EHE

charge density SHZ 3} cycleO| B2 & ot L &of| o222 A & = U= =5
o] ZZIE S &2l ol& &F/4t™o| Eoll w2t jonic path2l ég”’gi'— dao| ASE Eel

S48005.0kV x 50.0k SE(u) - 54800 5.0kV x 50.0k SE(u)

[NiO &f2te| SEM Image]

cross—section SEM O|o|X] &4 A3l 2zt ME2 ZtZ- 400nmZ  Si-wafer </ofl
deposition
Electrochromic 2| ion-storage layer AFE=[+= Ni-W 2Hate| EM2 1M HET|o| P&t

£ 82 Zdo|z} mheker

gratyl ol2e| MEshHE HHo| EFE gS & = U= siteZ7t BY| M 2o, HM &5
of gd&k= 7|3

ol2ge XNz&e = e 37to] HolX|H Cell 2 memory effect EA0| SkAMEl Zd0|2}
mhetst

1st bleached

1st colored
100th colored

as-dep

~———100th bleached

2

Cycle number
1
—_—10

6k —100

1 " 'l " 1 " L " 'l A 1 " L i L " 'l

300 400 500 600 700 800 1.0 -0.5 0.0 0.5 1.0
Wavelength (nm) Potential / V (vs. Ag/AgCl)

I

Current density mA/em

100

80 H

60

=
=)
T

40

20

[
=}
T

—a— extraction
—a— insertion

Charge density (mC/cm’)

0 A A ! /
0 20 40 60 80 100 0 20 40 60 80 100

Cycle (n) Cyele (n)
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[WO3 utate| H7t]
= WO3 half cell 22t EMZADL 1V ~ 1V 7[E wavelength 550nm Z[& 2k AT 70%0]|

- 1 =
Moz EZXEZS F9Q|

» CV cycling test Z21} 0|2 % Mol w2l 100s ol P A<l shapeO| SHEES =l
test

= 532 laserE £t cycle A1} 100™/=F 2P QI transmittance modulationS LHERH

500nm

15.0kV 11.4mm x100k

[WO3 =tate| SEM Image]

= cross—section SEM O|o|X| 24 ZHul Zt MEE2 ZtZt 350nmZ  Si-wafer <ol

depositionsto] =49

N

5) XRD(X-Ray Diffraction

» HAMZo| OfSt XRD BAS Sl & Al =l

= |ITO 2l flol &5t Wo3e| &< M A st = Alejlol w2l XRD 2llo|X 7t AkztE

= o2 a8lolM W03 Mo AR 352 [TO &2 elst = T HAH HE
HI A& st =lo] S&=0] 2o[M7t MEtES Eelg = US

= O mf, HAE MEO| HYE adefE ZEEHAM ITOQ Intensity?t BroaddixX|l= SME
LIE D AS

= NiO9| &S 37.5%0lA To| wistod &0 ZHE AMEfdS Eele = US

[~

N’

2 =

= ____AA_,\_/\_,Z\ NiO/ITO glass
25 30 35 40 45

(8) M7|HA-7E| Full cellofl st OD % CE #t 24

AT MEE SHsIHA 255 HM G ES SESE W0l £ =5
» AS Al Full cellof] CHel AlgEA 2l 7|2 70mmXx70mm L (HSHEAM 3! XM7|ststd E
A ANE Jbks zd 37| 7|1F)
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» 7 YE(Q, Charge density)?t =Ck= 72 Mafizle] Li+o|2 Fste|

F2 7|F2R 00[5te| 4 HAE o] Charge == &71 00]&k2]
2 HERD, +2F o HAE2 FARL

= Q& Hri™el Mskzke LIERHT, OD(Optical Density)= Efin} HHAlo] Fnlgol Xjo|7} Lot
ZX|E e,

n
=<

= CE(Coloration Efficiency)= HM eSS LIELDT, Mol2fe| £l oy Folze| Hal2ks LiERY.
T,
= OD= AOD(\) = 1og?”% olol5t0, CE= ODE Q= LHe S LIEK.
T Hsjzlo| 2 2742 LE-| w2t

= 2= CEVF drks A2 FRIEl Mok oig| of gide] Fo
HAMEE0| £35S 2ol

= o HE= ThiE SRoll WE FUs tief 0D, TRUHQ Charge density), BHIES(CE)E LIEHLL

*0
fio

— = Charge density  Transmittance (%) T CE
= (mC/cm?) Colored Bleached (cm?/C)
1XHA . Maf & 7.8 16.6  73.9 0.65 8.3
DAHA E H-EC 0.4 11.4 25.8 0.35 8.8
R M-EC 2.3 13.2 76.2 0.76 33.3
il =0 2.1 183 344 027 13.3
M 1AMAE MefE CE €7 2ot @F g3
40,000
35.000 33.3
30,000
@ 25,000
o
;E?_ 20,000
7 15.000 13.3
10.000 8.3 E.8
0.000 -
13pA s HaffZt 22PAE H-EC 2AHAE M-EC 3AMAx L-EC
M 3R

= 1A E MafEel 29 CE Ztol 8.3, 2AMAE Meha & H-EC7} 8.8cm?/C,
M-ECZ} 33.3cm?/C, L-EC 7} 13.3cm?/C2Z L}E}L
M-EC2| 2

S 25cm?/C &8 wEsts A2z HERS

(4) M7|HMFE] Full celloll tHgt Current gt ¥ Cycle EM 24

» MY|HMRE| HME SO A FE OH Fotg WHEEZS LIEMY

= Current % Cycle EA2 MI|HM 72| F7HD AHJUS

= oo el MF HsiEo| st 24 ZI, H-ECel % NMF FFo| JHE #®e
Aoz UESS

» M-ECe| 3% HEYH 2} & He AlZtset MF{IF T, Fag SxAo =2
T dF 3=0 IA dadE

= |-ECS| &S H-EC2t M-EC2| &7 Mol sistes dFZEo| 3=

» Cycle S42 M7|HMFEOAM HFNH SEH2 HIE = US

» H-EC, L-EC2| &9 Cycle ZI&lo]| w2} Hx} Fikg H2150| 20150 HMEME lojds &l

» HtH M-ECS| Z% CycleO| Xl =HA MRt Futg #H3lEo| 7HEAS =elgt

= ZT[Ael mHEAM M-EC2| Cycle §40| 712 255t Zdoz EAME
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H-EC Current &4 H-EC F3-& W3}t 2 Cycle §4
100
004
~~ 80|
< o} <2
=1 N’
= > wf
!'S‘ 0.00 | g
Q g 40l
= 00t Z
< 2
g S 20}
004} &=
0 100 200 300 % 120 180 240 300 360
Ti .
me (5) Time (s)
M-EC Current §4 H-EC 38 W3l 2 Cycle EA4
0.08 100
0.06 o
. L
L omf S
A N’
= © 6}
<5 L 9
f:j 0.02 5
0.00 E o}
2 :
= ]
g .02} E "
004}
0 100 200 300 % 0 120 180 240 30 360
Time (s) Time (s)
L-EC Current 54 H-EC 38 W3 % Cycle &4
100
0.04f
~~ 80 |
< o} &
A -
5 2 al
£ 000 £
3 £
Q .g 40k
= ot Z
§ S 2
0.04f =
0 100 200 300 0 e 0 s 20 30 360
Time (5) Time (s)

(5) M7|HAM 72| Full cello et Futg HIE &4

» MY|HAMFE| Ful cell ME = s=EREISY 72 &85l T EM Friles
= AlFEHHE KS L 2514:2011 0| w2} 22Fos SHE THsIS

» A= SHEREIEYM ERste A= UV-VIS-NIR Spectrophotometer, Perkin—Elmer,
a 1050(USA)E &8s

 AlE A2 AR M = A W Cycles 7IF2E oIS

dh
21
oot

oA 7|8 M7 |HMRE|= A Al 16.6%, =2 Al 73.9%, Fits st
I-I

H-EC7t B Al 15.5%, 240 Al 76.7%, Fitg H2=E2 61.2%S LIE
2K 15.4%, =AM Al 76.5%, Fotg HEE2 61.1%5 LIERISH,
8.5%, ZA Al 76.4%, Frtg HEE2 57.9%E LIEZ

= X 2Huf Cycleg HMCZE 2AISH JMAHM Fols

M AT Cycle SME T3S mf 7154 A= FHHE2 M-ECTH 7dst

Transmittance (%) Fotg #HaE
Bleached Colored (%)
1AM M6 & 16.6 73.9 57.3
) M-EC 15.4 76.5 61.1
sl &
= L-EC 18.5 76.4 57.9
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v HI|gHM Rz MoilE 2 MEtRrel M= =4 EZE
v UV d3ts nz2E Mol Jigk deRel M= S8 2 150x150mm A|ZHE A=
v TI7|HARE| Full celloll st OD 2 CE Zf 24

d =MZn defeE(doD) H HAZE(CE)gLol 7t
I

Ar : Q [ 9 CE
Transmittance (%) aT (%) 40D
(o) (C/cm?) Colored Bleached (cm?/C)
50 : 50 | 0.0057 56.17 76.72 20.55 0.135 23.5
60 : 40 @ 0.0287 37.85 70.82 32.97 0.272 9.5

80 : 20 0.0037  74.98 79.05 4.07 0023 6.2

» NiO2| 2% of=2Z-{ka | EH FAMA10 st = (dOD)7F 7He =2 90:10 2217|
x AI N _C'>_ S

i G Transmittance (%) aT (%) R
Colored Bleached
60 : 40 69.4 64.2 5.2 0.034
65 : 35 67.2 60.0 7.2 0.049
70 : 30 69.8 60.8 9.0 0.059
75 1 25 70.0 62.4 7.6 0.050
80 : 20 70.5 60.9 9.6 0.063
85 : 15 69.7 62.3 7.4 0.049

M5 &
Cycle SN2 BT ghEsts M-EC Msi™o| 71& 48

selgs  wMEs 0% eng
Ar: Oz Density _ Cycle §4
(Mpa) (cmz2/C) B 5}
(mC/cm?)
1xpA = M2 8.3 0.364 7.8 57.3 2 o]
—  H-EC 8.8 0.020 0.4 61.2 2] o
52 M-EC 33.3 0.360 2.3 61.1 AE
|_0 =
L-EC 13.3 0.240 2.1 57.9 2 3
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7|AEl0lEE MEX|S 7|NHOIEE 2T,

=
MEX|22lclimatic conditions2 H=20ll= tH&F<e| sHHsH 17| ofEo|= L2Cct5s6H
=

o =]
sfefr|ctel Jekg Hot 7|22 HAuRIII30Co| ol2= tHEY 7|=&E LtEH

SIIEME /5101 EnergyPlusolAl Ml S5t=IdealloadAirSysteme XM &3515 10, b 2l
et MMR2E= ASE9 o|HX|EAMAT|E AP HterME| S AS 2ISH ALl 2
£ J|E=S wel 242207C, 27CE MY,

U-Value
Division Materials SHGC Tvis
(W/m2K)
MO1 100mm brick
M15 200mm heavyweight
concrete
Exterior Wall 0.429

125mm insulation board
Air space

19mm gypsum board

125mm insulation board
Exterior Floor 0.513
200mm heavyweight concrete

Acoustic tile
Ceiling Air Space
Interior Floor 1.186
125mm insulation board

100mm lightweight concrete

100mm lightweight concrete
220mm insulation board

Roof 1.186

Ceiling air space

Acoustic tile

24mm Double Glazing

Glazing . 2.543 0.695 0.777
(6Clear+12Air+6Clear)

'_F_Sﬂm.ﬂ‘
= -
= 70000 |
=1 B

g S000.0 . [ S I S R 1 | i

Bo - e .
50000 £ .5 —

8 4000 | - -
u s
o 30000 |

|

m :

by 20000
= |

w000 |
f - |

0o - i - 1=
Jan May Jun Jul Aug Sep Qct Nov Dec
Month
i Heating Load [ Cooling Load

MEH =5H eHo FME2 ASoUHX HMAHTIE(2016)e HHIIEZS iR,
Ma=l J|F fElo 242 dAUFE 2.543W/mK, LAERISEAH$0.695, JINEMETIS
0.7772] 2&£S2l(6mm Clear + 12mm Air + 6mm Clean)& M &.

o
JIEREIE MBS TUIA W PEHEAS o A3}, hw40.5%, WY
; ol Ho= Lietd,
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Controlled
— Clear+Clear | Green+Clear | Blue+Clear Grey+Clear | EC Double
Ivision
(Wh) (Wh) (Wh) (Wh) Glazing
(Wh)
Jan 5370.7 5761.0 5888.8 5876.3 4942.0
Feb 3758.0 3955.2 4052.4 4042.8 3373.9
Mar 2699.3 2362.2 2337.6 2337.9 1879.5
Apr 2232.9 1443.5 1301.2 1313.6 840.2
May 2837.9 1781.3 1547.9 1569.1 534.9
Jun 4002.5 2915.5 2665.8 2688.6 1395.9
Jul 4444.6 3511.8 3291.6 3311.8 2103.1
Aug 4818.6 3721.3 3462.8 3486.9 2087.9
Sep 3348.9 2299.7 2059.8 2081.7 957.4
Oct 2105.1 1278.8 1112.5 1127.0 653.3
Nov 2731.8 2806.4 2853.6 2848.8 2289.3
Dec 43941 4739.8 4858.7 4847 .4 4082.9
Total 42744.4 36566.5 35432.6 35531.9 25140.1
7000.0

- &~-Clear+Clear
—+—Green+Clear
6000.0 = == Blue+Clear
—C— Grey+Clear
EC+Single Low-e{Controled) |

5000.0 L =
. s

4000.0
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1000.0

Heating and Cooling Load(kWh)
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Controlled
Single Low—e + Clear | Double Low—e + Clear
Division EC Double Glazing
(Wn) (Wn)
(Wh)
Jan 4759.1 4861.9 4942.0
Feb 3239.6 3320.6 3373.9
Mar 1933.4 1813.5 1879.5
Apr 1366.6 1020.2 840.2
May 1929.8 1409.5 534.9
Jun 3049.7 2491.3 1395.9
Jul 3610.5 3118.8 2103.1
Aug 3824 .1 3261.6 2087.9
Sep 2447.3 19331 957.4
Oct 1336.5 942.0 653.3
Nov 2228.5 2224.7 2289.3
Dec 3912.1 4026.2 4082.9
Total 33637.2 30423.3 25140.1
7000.0 .
= &~ Clear+Clear
e Double Low-e+Clear
6000.0 —o— Single Low-e+Clear
A —_— E‘E#S!HE.{E‘ Li.:lw-Eftﬂ:l'lt.l-'CliEd]
5000.0 ¥
7 M

4000.0
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2000.0

1000.0

Heating and Cooling Load(kWh)

0.0

Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec
Month

= MW Z Roll Shade?t H7|HAF2|o| it £S5 Hlwet HO|EE LIERLI RUAZ.

* Roll Shade= ot=2| AFFAAZOIAM 7H& BO| AFEE1 A=Shading device.

* Roll shade2| &&/7t citetol| mzt 2 AFoM= FUSEE10%, 30%, 50% Al SF
olroll shadeE X &3t0 41 &

= 2AZI M JEK] B/ 2lroll shadeol| Hlsi M7|HAMFE|o] 50| JHE 55 AR
LIEHE.

= Y5 FSHO|M, roll shade?t FYFE[ol HlsH HLFSHE A MAAIH 5+ AX[E
roll shade=2rCt MI7|HAFE|o| LAESAHIF LI| 2ol MI|HMFEI7F =5 o 7

2let He 2 L.
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Single Low—e + | Single Low—-e + | Single Low—e +
Controlled
Clear Clear Clear
L EC Double
Division + Roll shade + Roll shade + Roll shade ,
Glazing
10% 30% 50%
(Wh)
(Wh) (Wh) (Wh)
Jan 5249.6 5123.4 5030.2 4942.0
Feb 3740.5 3604.8 3508.9 3373.9
Mar 2037.1 1942.8 1882.2 1879.5
Apr 791.8 807.9 832.8 840 .2
May 730.8 862.8 970.3 5349
Jun 1654.9 1829.7 1967.6 1395.9
Jul 2348.3 2517.9 2647.6 2103.1
AuUg 2402.2 2596.3 2744 .5 2087.9
Sep 1215.6 1363.1 1481.7 957 .4
Oct 518.6 584.3 642.5 653.3
Nov 2438.4 2358.6 2303.9 2289.3
Dec 4461.3 4328.6 4232.5 4082 .9
Total 27589.2 27920.1 28244 .6 25140 .1
7000.0

E -'i-.— -Clear=Clear

—
= —=—3ingle Low-e+Clear+Rollshade TranlD|
g &000.0 —— Single Low-e+Clear+Rollshade Tran30|
= —o— Single Low-e+Clear+Rollshade Tran50|
E = EC+5ingle Low-e(Controled)
8 5000.0 T
-— *
<]
£ 4000.0
8
J 3000.0
=]
5
mZﬂﬂﬂ.D
=
=
™ 1000.0
i
-
0.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec
Month
- ChrRs) SololMs, B BESlSroll shadeol Blal FM7|HAIRRElE SAE O] UAS
7 AlE = AN HUFESE MAAF|EH O 7|oie = A= A2 2 LEHE.
= oM HWEESIEHOIM S4o|=ol sl M7|HAMRE[ZF LARISAFIE HE F U
O| %=, roll shade= AU Fol| HX[=0| LALSE RIEISHO] 2F 2 WALIZIX] R5t= &
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Rchatol what ARt E NI 2 Ao 2 Eek F.
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- mEbA QR ZHof| HSHAE M7|HAIREE M50| R4S el B 5 US.
Exterior Louver + Controlled
Division Single Low—e + Clear EC Double Glazing
(Wh) (Wn)
Jan 5249.6 4942 .0
Feb 3740.5 3373.9
Mar 2037.1 1879.5
Apr 791.8 840.2
May 730.8 534.9
Jun 1654.9 1395.9
Jul 2348.3 2103.1
Aug 2402.2 2087.9
Sep 1215.6 957.4
Oct 518.6 653.3
Nov 2438.4 2289.3
Dec 4461.3 4082.9
Total 27589.2 25140.1
7000.0
E = o~ - Clear+Clear
g 6000.0 : = =Single Low-e+«Clear+BLA5{Out)
% .:\"x —— EC+5ingle Low-e{Controled)
§ 5000.0
=13
£ 4000.0
©
=]
J 3000.0
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Iﬁ 1000.0
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Heating and Coaling Load (kWh)
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. Electrochromic Colored : e :
Analysis of Optical Property Made Contral Condition Buiiding Enengy Senulation

Integrated Evaluation of

Enerngy and Daylight

~ Towd  EncrgyPhes 8.5 I
Making S0mm X 50mm 1) Duidoor Temperature Cifice Buiding
Ebectrochromic. Spechmen over 10°C r'{ Madel J Integrated Energy and
— 8 |Daylight Performance Index
; EDPI
Eausomant © Spectrum Analyzer | % Over SOW/m Building Enargy { ; )
Experiment on Optical Healingm& Cooling & ‘ -
Property of Electrochromic Lghting Load | 1+ /
Solar | 2 Over 300W/m'|—
Tock 2 LA CPTISY s+ | [Radiation O, PO, '5
Optical Properly Data On .
Extraction Glass | D""E'E';g:';" ilsz ';'g“ =Ny
Surlace | [4) Over S00W/m' | bk
Tool & LBNL Windew ! ; z h "T :
Daylight llluminance =
Transparent and | | Finding
Reflectance Dala Exiraction 5 Chvesr ?ml'i'fm' “—U!] 1500—1 5001 Dpumurn Contral Th';ﬂ!‘

rok

(2) HEBOILIR HSHIIE AT ARLAS s42Y

2 AFoM= A2 X siA AlSe|olM
Oof| Al 7H&SHenergyPlus 8.55 Al2Et.

EF20|= DOE(Depar tment of Energy)

= EnergyPlust= ZHE&(heat balance) & Alofl Z|dtsto]l & Sof st MEXHQl ME,
o/, SAtoll o|st dXetnl 2AA(Solar radiation)oll CHet F3f, HHAL S5 54
of cHeh Aatol Jtssh ZEol Aol MI|HAMFE| EHAIDE XpMof| o5t 4= of|LHX]
deks "olsteo Mg

* EnergyPluse & olL4Xx|ofl sk siA #ok o2l 2 AFoAM EAMSIAL St=
Daylight Performanceol Cist £4{0| 7ts.

= EnergyPlus®llM Daylight sensorg® dHAZEol  Zoneol

S el 3 (Glare)el ME=E Hote
nt

sensor AX| X[ofA MAXZE HHZE dHiZ|
== U=DGI(Daylight Glare Index)X|=tofl C

Daylight sensorg& Saff ALl =& 24

s =240 ZFs$sh Componen
o

2 |l luminance

MapE Z2|= YEiZ N

0.85m

-
_l_!
835l0f AU =5 Emof isl Detail B 20| 753 LS JIx1 UL,
» AlSEo|MES T SHAMZE 2 otz BT Z0[50mx50me| HEEF AMnp F1 3m,
EHHEXMH| 60%2| AFRAHE.
= AlBolM siMmEe S5E 5 P Zo2 PAsIPon, FZS0| el £42
=3
= QAW EZ J|ZECZ 4.5mO|Lfe S AFEEM wE=R IS FESIH L,
S5, MEe qFE37tol st HAEd x|t YatAMSS 2ME
MORTH FERIMETER FONE
Window Surface PERIMETER ZOME Core Surface
; z — | —
5 8
s i g
i i
L CORE ZONE % x| & Wuminance Buminance
B
i1 e -
5 = Dﬂ'smuht lerqm
s i | |
SOUTH PERIMETER ZOMNE | !
| WWR 60% | & 1,5m 15'&: 1.5m
50m :
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Mzl FMSIE D, F2le] A2 8mm Electrochromic Glass +12mm Air + 6mm
Clear Glass + 12mm Air + 6mm Low-e Glass S HIF= 1.192W/ mKe| &€& EN

2 #1 US.

AE MIIHMFE|e  EEA M2 erMAEfOlM  SHGC(Solar  Heat Gain
Coefficient) 0.357, Tvis(Visible Transmittance) 0.4632|, ZHUAMEjO|M = SHGC

0.107, Tvis 0.0852| 542 LIEHH .

A

Division Materials Thermal & Optical Properties
200 mm concrete
. . ) U-value
Exterior wall 155 t insulation
0.202 W/mzK
19 mm gypsum board
, 105 mm insulation U-value
Exterior Floor
200mm concrete 0.291 W/mz2K
100mm concrete
. 220mm insulation U-value
Exterior Roof N )
Ceiling air space 0.136 W/m2K
Acoustic tile
44 mm Triple glazing Bleached Colored
. (8mm Electrochromic + 12 air + SHGC 0.357 SHGC 0.107
azin . .
s 6mm clear glass + 12mm air + Tvis 0.463 Tvis 0.085
6mm low—e glass)) U-value 1.192 | U-value 1.192

(3) M7|HMRE| Ao =AH

sMEYe MHSEE 520 ofUXMIMATIE & Whide 82 AN 2
2

st Al 7|F2 wal 2H2F 20C, 26 CE AN SIS I, HVAC A|AEIS A|AHH

IdeallLoadsAirSystens X-&.
IdealLoadsAirSystemeZoneoll A Q7= WHl gl LjulE L7
AlAlloflela AMel=od, XHE 5 372 ZH(e7]+2
SHAM R EStALEE ™ SHAl &

L& «€F 52 ASHRAE Fundamentals (2009)2| Z|Z=of 2} Overhead lighting
10.8W/m*, Peak occupancy 22.3m*/person, Equipment8.6W/ m =2 & .

oI, =", 7|7|2] WHE HF S AFHZESEnergyPluse| DataSets2|Schedulesol|Al |
36t=0ffice ScheduleE XM EsIUL, 7|=dEH 2 AFEE dX|g85= AUSAH
T Y™ w2h . m® /m?2 hE HE.

|4 olef = gh=el QUHX|Y J|MHO0IHE &E.

QIMX|de|climatic conditions2 HA20l= thEel stASH 17|, o= 2ct
&t 7 cte| gekg dhot 7|2l WAt 30TCH ol2= tHEN 7|FE LIEHY
= EX|
o -

EnergyPlus= 18 42| Daylight sensor® O|&3l0{ Step &Al, Continuous ghAl
Continuous/off A2 =HZ Dimming control & %= U= ComponentE HF.
= AFoAM= d7|HMReel Fitg Moo mE ZHolHX| N Hds& ZEItst
7] #lsll MUl =X 7001xE Z[EZ2Z Dimming control 2 .
Dimming control A2 0I1x mf 100% Z=Hol|4X|7} AH|E D 7001x7F =8 =Hof
HXIE ALBSHX] 220i, 0IxFE 700Ix7HX] continuousst HAleZ HMOEEE A
.

2702| Daylight sensorOHH Al =EE UXst=EE 51, ZHzZke| Daylight

sensorOfl 2|l &l 2FH WIS 50%4 =HEsiEE MY .
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Consideration Factor

Lighting Energy

Reduction

Cooling Load

Reduction

Heating Load

Reduction

Glare
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Temperature

/ Solar
Radiation

10C
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(4) M7|HM 7] Mol =ziof wE A=K 28| 2MAD

7h) Hof =zoll wE AlZhE o A &H|IZ 24

s BEXOAME M7|HAMRE|o Entg MHo|{zol| wi2b Wk g chgk 250 xgdof L X|
aH| el XtolE HItsty| flsl stE7|et SHT| thELo ML AlZHEHolE{E &E
Moz EMFIYNS.

» OfEY MH2 QFMX|A J|AH ol EAMS Sdll StEY| HEUd26E FE8E LA
2| 71 =2 Hed 10¥), SHY| tELSMEFEE1E 5 LAIZo| JH& =2
(128 21) 2 7|Ec=2 MY

o Wgbogl el B5h= oM MY|BAMRE| Mo=Zo| w2l EnergyPlus 8.59
IdeallLoadAirSytem 22 A5t HitE MH 25 20C2t 26Coll =2 st7| 8|

=

xd
R
ol
S
on

2 oo T°or=

=
» = of{X|E 700IxE Z|ZE2Z Dimming control E= =7 of w2t Al ==of

o2t =Hol| X &H|Zol| Xto| 7t 2 sHA E.

= 8 73 E 4= SHEV| lELL| Wek 2515 LIER X US.

» 2N Z 230 o) MojEls M7|HARE|TE JFE Wel 25 HZE 537} Fof
4o 2 LIEFG D, AtZof| ost Moo= Ao 22 MEjoM EAMo| = =
Hed5 WHah 251 Mzt M50 58 U2 EMEHAS

= 2% Mo ghrlo| JHE M50l 5% o|FE EAMsHEH, a8 70| LiERF HiQF Z
o] 3l&E7| thEL o 27|22 a4t 10C o4t 2o w2l 10T o|AtoA ZHMzl= 2
T Mo gal2 stE7| ofEdo| &AF &Mool =T mf-Eof LAF xtEH MAs0| JHE
e AUS € = US

= HEH 0o 4 X| AH[EE2 2EH o ghAlo] JHE ol X E ol Algsts EAZS o
Ebd

= OFAl MEESE HEQL ZHO| BHETV| HEYOIAM 25X 0| ghale aHAF O] Eof QU7
mf 2ol Frt=l= EfQF dlo| o] Mol Al =EJ} ctE x=Zof| B|&| Yoo, =d
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Lighting Energy(kWh) TMP 10 50W/m* 300W/m* 500W/m* 700W/m

South Zone 11.5 11.2 4.9 1.0 1.0
East Zone 8.1 8.0 3.0 1.8 1.2
West Zone 11.0 11.0 2.3 1.8 1.3
Total Lighting Energy 30.5 30.0 10.2 4.6 3.5
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Heating Load(kWh) TMP 10 50W/m* 300W/m* 500W/m 700W/m*
South Zone 22.3 27.2 26.8 25.2 23.1
East Zone 28.6 31.6 30.9 29.8 29.2
West Zone 31.6 34.2 33.9 32.7 32.1
Total Heating Load 82.5 93.0 91.6 87.7 84.5
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Lighting
TMP 10 50W/m* 300W/m* 500W/m 700W/m*
Energy(kWh)
South Zone 5.2 7.8 5.6 5.3 5.3
East Zone 6.8 15.8 6.8 6.8 6.8
West Zone 6.3 15.3 7.9 6.3 6.3
Total Lighting
18.3 39.0 20.3 18.4 18.4
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Energy Consumption
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Division Materials Thermal & Optical Properties
200 mm concrete
. . . U-value
Exterior wall 155 t insulation
0.202 W/m2K
19 mm gypsum board
, 105 mm insulation U-value
Exterior Floor
200mm concrete 0.291 W/mz2K
100mm concrete
, 220mm insulation U-value
Exterior Roof - )
Ceiling air space 0.136 W/m2K
Acoustic tile
26 mm double glazin Bleached Colored
, gaang - SHGC 0.408 | SHGC 0.127
Glazing (8mm Electrochromic + 12 air + Tvis 0.521 Tvis 0.096
6mm low-e glass) U-value 1.639 | U-value 1.639
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Load(kwWh) Baseline | 100 W/m* | 200 W/m® | 300 W/m® | 400 W/m* | 500 W/m'
Heating 32729.3 | 35059.3 | 34730.3 | 34335.5 | 33930.0 | 33592.6
Cooling 15149.9 | 8899.4 9196.9 9993.8 | 11144.9 | 12391.7
Lighting 6424.0 9853.9 7273.5 6841.2 6610.2 6504 .2
Total 54303.2 | 53812.6 | 51200.6 | 51170.5 | 51685.1 | 52488.5
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Load(kWh) Baseline | 100 W/m* | 200 W/m* | 300 W/m* | 400 W/m* | 500 W/m'
Heating 10966.1 13915.5 13547 .1 13153.4 12548.4 12078.9
Cooling 24608.2 18912.5 19410.1 20301.6 21261.5 22102.7
Lighting 4770.1 9099.3 5786.6 5274.8 4993.0 4855.9

Total 40344.4 41927.3 38743.8 38729.8 38803.0 | 39037.6
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Cooling 86239.4 | 62334.7 | 63139.6 | 64756.4 | 66827.2 | 69896.1
Lighting 4040.4 9727.1 5987.0 5232.9 47823 4461.2
Total 90279.8 | 72062.7 | 67127.2 | 69989.6 | 71609.6 | 74357.4
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Daylight llluminance 150Ix—1500Ix
o DGI under 22 (%)
Division (%)
Moscow Inchon Riyadh Moscow Inchon Riyadh
Baseline 67.9 70.8 63.5 49.7 48.0 42 1
100 W/m: 89.6 92.2 91.7 76.7 771 78.1
200 W/m 83.5 86.4 80.9 67.8 66.2 73.0
300 W/m 78.0 80.5 74.2 60.7 591 65.8
400 W/m 73.6 76.1 70.4 55.6 53.8 59.5
500 W/m: 70.5 73.1 67.4 52.2 50.0 52.5
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AFE Rtctsfjobst=X] 227| mf 2o 2 FMolM= 2% =HES 0T, 5T, 10T, 1
5C, 20Ce| 57kA| SRE JHgst 224 HMHOR X Mo 2£5 TE5IA
2% FMofol w2 BAIBE W Lhg xY & o7k 23
Load(kWh) Baseline 0T 5T 10°C 15°C 20°C
Heating 32729.3 | 33391.8 | 33062.1 32784.4 | 32734.9 | 32730.2
Cooling 15149.9 8870.6 8893.6 9131.0 10060.2 12293.6
Lighting 6424.0 11600.8 10517.3 9431.9 8368.7 7202.4
Total 543083.2 53863.2 52473 1 51347.2 51163.8 52226.2
w 55000
= Moscow
£ 54000
0
! g 53000
=
_3 =< 52000
OB
nEin 9 51000
£
£ 50000
[+1]
= 49000
BASELINE g s 10C 15C 20C
25 HMofoll wE 2AJH de, e =g F d2b F5¢
2% mMofol WE oM Y, chy, xH 5 ol 23t
Load(kWh) Baseline 0¢C 5 10°C 15C 20°C
Heating 10966.1 12080.7 11443.0 11035.0 10967.4 10966.6
Cooling 24608.2 | 19372.0 | 19398.2 | 19648.8 | 20351.8 | 21599.7
Lighting 47701 11386.2 10625.3 9577.9 8641.7 7306.9
Total 40344.4 | 42838.9 | 41466.4 | 40261.6 | 39960.9 | 39873.2
44000
[=T:]
E 43000 Inchon
0
L Ezizﬂm
[=T4]
£ = 41000
BT =
8 B 40000
% 8
2 = 39000
E 38000
T
37000
BASELINE 0%C 5¢ 10°C 159 20C
2% Hojof W2 oM Wi, chy, X & A7 £3
STHofof w2 2ot e xW 5 ozt 2
Load(kWh) Baseline 0C 5C 10°C 15C 20C
Heating 0.0 11 11 0.3 0.0 0.0
Cooling 86239.4 62429.1 62439.8 62866.7 64477.8 67819.5
Lighting 4040.4 10899.0 10897.0 10828.1 10333.8 9511.3
Total 90279.8 73329.1 73337.9 73695.1 74811.6 77330.8
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Hoz BMz|9ls,
» J|F X W ARl 30% off sHEShE THez, 2ATHRE AARR0W/ m, LAZHOOW/ m,
2% 10C Mo = =22 LIEIT, olde AAZR0W/ m, LAZHOW/ m, LAFZ300W/
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DGl Lux Total
Ehisten Under | 150Ix — Load Average EEIR] et
22 1500Ix | (KWh)
Baseline 0.0 0.0 0.0 0.0
100 W/mz | 100.0 | 100.0 | 15.6 | 71.9
200 W/m2 | 71.8 | 67.0 | 98.8 | 79.2
300 W/m2 | 46.8 | 40.7 | 99.8 | 62.4
400 W/m2 | 26.3 | 21.9 | 83.4 | 43.8
Mosco
500 W/mz | 11.9 9.3 57.8 | 26.3
W 0C 955 | 20.0 | 14.0 | 43.2
5 °C 90.4 | 31.5 | 58.3 | 60.0
10 C 785 | 352 | 942 | 69.3
15 C 61.5 | 33.0 | 100.0 | 64.8
20 C 33.7 | 23.3 | 66.2 | 41.1
Baseline 0.0 0.0 60.7 20.2
100 W/m2 | 100.0 | 100.0 | 22.2 | 741 —
200 W/m2 | 73.0 | 62.5 | 99.7 | 78.4 =
300 W/m2 | 45.6 | 38.1 | 100.0 | 61.2 - o
400 W/me= | 24.8 | 19.9 | 98.2 | 47.7 | . w N
Inchon | 500 W/mz | 10.9 6.9 92.5 | 36.8 %
0°C 89.6 | 22.0 0.0 37.2 | we 7 612 soow/m
5C 80.0 | 24.7 | 33.4 | 46.0 2,
10 C 65.9 | 23.4 62.7 50.7 ¥ oot
15 C 53.8 | 23.0 | 70.0 | 4809 7 o
20 C 36.3 | 19.6 722 | 427
Baseline 0.0 0.0 0.0 0.0
100 W/mz | 100.0 | 100.0 | 86.1 95.4 ,
200 W/m? | 61.7 | 858 | 100.0 | 825 R':ifh
300 W/m2 | 37.7 | 65.8 | 959 | 66.5 e ss, 100W/r
400 W/m2 | 24.5 | 48.3 | 8.3 | 537 | X N
Riyadh | 500 W/mz | 13.7 | 28.9 75.3 | 39.3 '
0°cC 100.0 | 61.4 | 80.1 80.5 | wc dm2 u.oj —
5°C 100.0 | 61.7 | 80.1 80.6 NN
10 C 99.7 | 62.5 | 78.4 | 80.2 RN oot
15 C 95.8 | 61.1 73.1 76.7 o o
20 C 83.1 60.3 | 61.2 | 68.2
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HshEo| 37| w2

LA=E HE50| % sto{, 2 Al ROlEE So}l LARRISof EI'-P“E' HoZ o ME
» ol T2 ZEEAM EAMOOE ofst Jei=Z2M EfeF M| AHEHAMAAM Fug H
3HE 2 HIAE S HERD UAS
. Electrochromic glass PDLC film
Division
Colored Cleared Colored Cleared
Solar front 0.065 0.481 0.230 0.273
transmittance back 0.065 0.481 0.230 0.273
Solar front 0.181 0.214 0.552 0.561
reflectance back 0.168 0.190 0.552 0.561
Visible front 0.120 0.648 0.389 0.459
transmittance back 0.120 0.648 0.389 0.459
Visible front 0.074 0.128 0.397 0.398
reflectance back 0.062 0.111 0.397 0.400
PDLCFilm

Transmittance and Reflectance
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- 2 odTolME AlB2old ETE 28510 HY|HMR2|, PILC X0 me
Wed 458 BAstxe

- AZ0|L{R| AIB20lME kM ZESH HIOlEIS olBslof HER =5
BRE, YMSHS, JMIZY T8 Tl BRES



= Olof 2} 2 AFoME M A HHZE LEFEZ EEEA S PDLCE THewalst s
2|3l LBNL(Lawrence Berkeley National Laboratory) Optic 6 T2 S 22504 Table 2
e} Zto| MM (4mm clear+PLDC film+dmm clear)sto] HEEME EESINS

Division PDLC film PDLC laminated glass
Colored Cleared Colored Cleared

Solar front 0.230 0.273 0.211 0.250
transmittance back 0.230 0.273 0.211 0.250
Solar front 0.552 0.561 0.432 0.438
reflectance back 0.552 0.561 > 0.552 0.561
Visible front 0.389 0.459 0.379 0.447
transmittance back 0.389 0.459 0.379 0.447
Visible front 0.397 0.398 0.379 0.380
reflectance back 0.397 0.400 0.397 0.399

= 5 HHXMZ BNLS| Window 7.4 Z2OS &850 M7|HAl 3l ppLy
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Division Materials Properties

200 mm concrete

" . ) U-value
Exterior wall 155 t insulation
0.202W/m2K
19 mm gypsum board
, 105 mm insulation U-value
Exterior Floor
200mm concrete 0.291W/m2K
100mm concrete
) 220mm insulation U-value
Exterior Roof - )
Ceiling air space 0.136W/mzK

Acoustic tile

Slo| Fe +7P9n4 HESO|LIRIEHRAT | Z(2019)0ll -l PABIZE, Al
of ZISSOILIRIHORIAY|Z A Wiliids| S2VIMS 2ot Al 2 7|

HVACS AlAE] HH=eof o8t 7K S =[CHSH viXISH 51 2M S 2I5101 EnergyPlusoliA HEsk=
|dealLoadsAirSystens M-SsIHS
LHE HFS2 ASHRAE Fundamentals (2009)2| Z|=oil tii2} Overhead lighting 10.8N/m*, Peak

occupancy 22.3m*/person, Equipment8. @N/m’§ ESE= e

oI, =™, ZI7|e] UR EFE 2ES EnergyPIusEI DataSets2| SchedulesdlM MliEZSh=
Office ScheduleE X231, g|7|‘:.“;!%‘=: HEE oHX|EE85E IBME A& w2t

1.1m% /m? hE ME3INS

Z|MHolEl= A2l tise| &y
WXt 0ol ol2= HEM 7=
O|Ef= EnergyPlus EAOIEOIM HS3h= HIOIEE ARESIQIS

1

WleY, ofSolls DRCKsE siepitiel Yse wot 7lee
$2 Liekhs Xl 7Ae0lEIE ABSIRon, £ 71Ak|

—

2) dAt=E FE|2f Hof ZHH

A0IE R2| Mo wWHoz= AREXl o8t 5 Mo, 2F ekdol| mE AsHolz 722 5+ U

o

)

RISHO| Al HARE AR, SP|2E, AU2E, o AR, o =5

2 ofTolis PalLiziel Zo| sf|et SETle] 0| Bt 7|F IS thaloR SHlols

At REh, SEIol= YA RS Sl ZH2OILIA| RS SHOR Bk= Mo WS MHSI

o

[=}
Olofl it 2 ot BYIS 52108, S|
2l A, Sl YAZHRRISE 2 A

3) A=0lHX| ds€7t 22

oM 5572 2 PDLC SEREE AR 720 M8 = H9Piet HP|2 FEsi] Fitg
Mot Al 7|E Lowe =572l CHH| of|L4X| 2H|ZRE Lot A} ot

M ZA=ol|H (o] &Eﬁi ¥&k2 o|X|= Solar heat gain coefficientS AMH M HM7|HAS
2l= ZREAEIIAM 0.127, EMAENOIM 0.4112 Fol8 H3IE2 0.2842| R[OS LIEK]

LC 55 Tl Saalelolid 0.2, SPcloli] 0.2 F24E WaE0l 0.0002 Liekt 2
Al =Ealof o) SIjg HsiEo| He Ho= LIk
= ZRo| Ui xHo| 7fs3 Fele| EMoz = o, L”HUI k|2 TS| Snige Hofsp
=2t £l Talel ol4x] K2t A501 FLOH el 58 HOR ofise = 9l

2+

ol E= 2 SEREIE AIFE H=E HE Al olHX| 28|22 LIERH #CF & oflHX|2H|EE 2
™, Baseline®! Lowe SSFEl= 242+ 52806. 1Kih, 7‘._17|H._4A—.” =&w2l= 36052.0khh, PDLC S5/
2l= 39526.0kihZ2 LHEI oflaknt Zo| 7 [HA SF5R2(e| 450 71 ot Aoz FMxIRIZ
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ofefl J2i == Baseline CHH| OflLX|2H |2 MZES LHERH TJ2i=e
MUES MEHEM, M7|HM SEREI= 31.7%, PILC SERES 5.1%5 Ma AlE = Us A2
2 2M=US

M7 |8 E5F2|7F PDLC E5572] thy| Aoz Ms0| sK2t, & F2| 25 et Lowe
EE5RE|ZC) 25% ofal olHXIE MZE = AN LAZHE REIZA S5 MS2 LIEEIS
Month Baseline Electrochromic PDLC
Jan 3904 .4 4320.1 5183.9
Feb 2758.7 3061.7 3898.2
Mar 954.9 950.9 1168.5
Apr 2476.0 496.1 590.3
May 4570.5 1953.8 2091.8
Jun 7042 1 4065.6 4237.4
Jul 8114 .1 5568.7 5715.9
Aug 9121.7 6509.9 6708.0
Sep 6552.5 4010.5 4174 .6
Oct 3429 .4 1261.6 1363.0
Nov 1287.2 932.1 855.4
Dec 2594.7 2921 1 3539.2
Total 52806.1 36052.0 39526.0
60000 40.0%
52806 31.7%
. 50000 ‘,0-..____‘ 25.1% 30.0% 12
£ —~ 3 =0 =
8 £ o000 s — 200% §
(W 9_-_"_ ‘E
of E 30000 10.0% _g
[=11] o 7]
LE o -
= £ 20000 0.0%
g W @
T ]
10000 -10.0% £
(5N ]
0 -20.0%

Ot RIS 2t ZER2 oflL{x| AHIS FHE LiEkH Teme
2 TPYTE Ssi A ofuixiin| ZES Tift 4 R, SN SE| HOLR| Au[Ee Al
25 QAESHRT S T 2 FILC S5R2tLore SER2IECH OLRIAHIZO| £2 %S

AN ol
Oal'TNI\E

S Al F2iE0] S22 POLCTL OllAX| (0| 71 B2 ALz LEIeH, M7BRE| Love 5
S 72l =22 oflHX| AV EA 20iEs AE 2RI = US

SIED| WHolHR] 222 AEHEHE, 7B 2 PLC S5RE| HE2 Sofl ollLxl 28 Z2 TA
M A A= AL U

SEREC| LARISATE 0.5782 F2 HOKIZH 24 LEIZ Hete Solf AARISARRE T B
F2l= 0.127, POLC S5R2E 0.2271K| 53 Folsls LARE At 2 5+ P| 2oz E44E

f
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12000 - 40
o, —a— Electrochromic —=— PDLC
-g -==-Baseline —e— outdoor temp. 20 G
= 10000 =,
5 - 20 E
L 8000 -
C - 10 E
L 7]
[
£ 6000 g E
©
0 _IG ﬁ
< 4000 "
o3 (=]
%) 20 O
E 2
B 2000
; 08
=T

S

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

ol = HEE oHX| &H[EHE E2 HEAS
ol #E Soll Lowe 55 72l thH| SHE(ol| M7 [HA =5 FEI= 34.6% M0l 7S5,
POLC SER2lE &7 [HA SER2|2F 245 32.4% M0l 7tstt Aoz LIEIS
SIPIE e Aol dlsh Mg0| 2 A2 LIE, MI[HA 55 RE7t 56.06 X,
PDLC SZREI7 52.3% M0 7isall FAlet 4522 HERS
SHV|E VWM SER27t Lowe SERE| thH] 11.3% S7F5HKI2E POLC S5REIE 36.3%
Sl 2F 25.0%7 1 o7t L= A = U

o

Ol

S

i

el
S57El= 31.7, PDLC SEREE 25.1% XMHo| 73l
AAMZEES STt ollHX] Mol 2Pt e H2ZE LIEKE

cigh POLC S3REI2| olHX| MZE0| &2 O|F= POLC SE5FEI2| HstEd & Fi& st

Z0| M1, B Al MM =FFEof Blsh FokE0| FEo2=M SH7| ofqX|2H[Z Xfolo]

T U
A7k Ol|AX| H[ZF FHolAM T (A

=

Basdline Bectrochromic PDLC
Divisi Energy Energy on Energy on
Vision
Rate compared Rate compared
(KWh) (Kwh) : (KAh) ,
to Basdline to Baseline
Summer 30830.3 20154.7 -34.6% 20835.9 -32.4%
Middle term 12718.0 5594.5 -56.0% 6069.0 -52.3%
Winter 9257.8 10302.9 +11.3% 12621.2 +36.3%
Total 52806.1 36052.0 -31.7% 39526.0 -25.1%

M| =SR2 W PIC ZER2IS AL B0 M8 F Wulet ciup|z
7

TEsi0f S04 HOf Al 7I1E Lowe SER2| | WEk A5 80| JHsER i Lot
X}t
4 ZBo|Uxlo] AYHOR HEkS IR JAIZN THBS MEEH MHMSals

2EfjoflA 0.006, EMHAENOIA 0.5212 Fitg HEES 0.4252] XJO|E LERY
POLC 55 Rel= ZHalEiolAM 0.316, EAEAENOIM 0.37322 Fotg H3120] 0.0572 LIERt

7|4 SSFE(0l vlsh Fokg HalEo| M2 H2z LEkgS

= oM E izt 23EHe| LY vign o7k AU HEZT oiE BIS0l ol =415 St
4 &5 g sdsii=
A oAzt S LY vIES 2M5P| 2l olf OE Zo| AlZ3old siM=Hel FHE
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Z|Z=o2Z 1.5mEoixl HE|, 1.65m =00l reference point

0| reference pointoilA] EHS HIZIES 2| Z35S]

XMZ5k= DGl (Daylight glare index) XIEE &3l 2AE TS

DGI= Hopkinsonoll 2lslf 7HL=(2ie0d, =& =] &

Hob Zo| Z4=2| BxEHE TSk a2 MlEstl U2

= U7 ARRREE e R Yektd dsS FASIY| =0l DGl 228 7IE2E AEsIE
A

=
Reference point= Al =& A Aol &8 =HU2H, =% 24 Al Reference point2| ?|X|

Zaxis
Glare Index Calculation
Raferance Point
. 1.5m 1.65m y 1.5m I o
Z(a:is
45m
Division Recommended value
Art galleries 16
Hospital wards 18
Museums, School classroom 20
Laboratories, Offices 22

ol = WelE AZh DGl 28 Zrshke AlZIe| BlES LML QIS
o} Zo| WelE Er wtS MHEH Lowe S5 thE] A2t SRS siEHIES T7(HHM
SER2lE 64.6% XM, POLC SEFEIE 78.5% MU0| 75t A2 LIEIGS

ALAL TR Rl TR SRR SETof M dEjE AHolE &
SER2l2 7 EM FoE2 PDLCol Blsh 7| ol o7k 23| M FHol

2 H7|gHAl |
A ®7MAY =582 2ot PIC 257210 Raler Ho= Lekts

3, ST| D, S| A el Aofap Sl2t H MM =SR2k oL Xzt el
£ REISIRIDH POLC BER2IE AT SIS wWalEo| MI, 2 A| T2ig0| e SMo
= olsh 2aleis) X2k B3PI Of 52 Ho= MRS

Hectrochromic PDLC
Yedy : Yealy :
, Reduction Reduction
Zone Bascline  corespond correspond
i o Rate compared ) o Rate compared
time greater ) time greater )
to Basdline to Basdline
than DA 22 than DA 22
South zone 45.4 % 15.2 % -66.5% 10.0 % -78.0%
East zone 40.3 % 15.2 % -62.3% 9.2 % —77.2%
West zone 38.6 % 13.5 % -65.0% 7.6 % -80.3%
Average 41.4% 14.6% —64.6% 8.9% -78.5%

okl = WelE At MEXET ofF AlZte| HIE2 LIEHD /US
7:

2 KS(Korean Industrial Standard)2l KS A 3011 Z|=0lM MA[SED U= AR

=
A= MY =Tl 1501x ~15001x B2 MHSIS

oi7h ALY BT sHu ARZE 9l A Aol Lo BER2| ECh JIHA 2 PIC 25 R
2| X0l w2l MYET shg AZ| BIRIS U 4 UNAS
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lowe == R2| 3.66 POt 0i7k MEET sl AlZb 8]B0| FI|HA =
155.2% S715I%0, POLC BER2IE 52. 542 149.1% Z7fH WEkd As Jhido| kst Hoz

= o
=AEAZ

Hectrochromic POLC
Yealy | : Yealy | :
, ncreasi ncreasi
Zone Baseline  coresponding o carresponding b
: o Rate compared ) o Rate compared
time within ) time within )
to Basdline to Basdline
150x—1500Ix 150x-1500Ix
South zone 28.5 % 50.7 % 177.9% 46.9 % 164.6%
East zone  40.2 % 56.5 % 140.5% 56.1 % 139.6%
West zone  38.1 % 56.1 % 147.2% 54.6 % 143.3%
Average 35.6% 54.4% 155.2% 52.5% 149.1%

= dFoME T7[HA 2 PDLC SERE| 271K EF2| dAEE REIE HACE ARRL =
S 7 = S

Ol XMzt ds0| 2 H2Z oled=2AS

O oo o =
Ol2fet 7FY S HIZCE AIRLAES| shM2HE S 7RSI, Mol =H2 sEV|(62~9d), S
Z1(108~68) 2 725101 sE7oll= 2, SH[oll= M Al7|= =22 HA=olHX| « &

e Mg 2A6EIRls
Ms 2A A} |op-e 2E52| Chy| M7|HA 22228(7} 31.7% o4 XzZo| 7t

F2|7} 25.1% XZo| J7=5t ZHez LIERS

| =x2a7} PG 2ES9| O] AHXMOZ AMio| 245D = S8 DE

Al
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HskHol| siEste 2SR M Ms BA 21, M7|HM 5FR2lo| dlsh 73N Foikg
H{S1Z0| X1, EMH Al Rnlg0| P2 EMoZ olsf 2383 MU gl O 52 Hez W
=

Ol S&7| B AMelE RXIE of 72N Fokgo| O =2 POLC S57217F o 236iS] X
Z EHollM RISk | tHEez A =EUS

HsHHo]| siEshe MY=E sliiE AlZtHIE 24 Z3 Lowe 5572 35.6% 2Lt M7|#HA 5
Sel7t 54.4%= 155.2% B7I5I8 10, POLC 5372l 52.5%= 149.1% Sl Aluf MA == sl
EHIES ST A2E LIERS

A5 0|2 MY |HAM SE5F27F O 55 HeZ LIERX|SE giol xol7 3X| gesz
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7t& I8t Cell H=t
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Fn

Cell H|=F 2HH Mz Cell el

Stainless Steel Electrodes

A
d
Holl = 2
» HMZEHE Cell2 otef e M7|stst X ZH|Ql Solartron SI 12872 S| 12552
Maf| Aol o|RMEEE E™¢E
= =X I Reference ElectrodeZ Stainless Steel Electrodes (Diameter : 16mm,
Area 2.011 cm? )2 AI25I¥12, Working Electrode : Stainless Steel
Electrodes (Diameter : 16mm, Area : 2.011 cm? )2 Al S
» FO HQ{= 1.0MHz~1.0kHzE AlE2sI¥ e =2 10.0nV HE2

M7|ztst =X ZH| (Solartron SI 1287, SI 1255) (=h), 2 HZH=l Cell ()

o o

iy

W I2E DEX MR o|2MEE SM ol
- 12T DEX Ho|Heo N%BE sMe aolsy| glal Mylsiet SEEu
=

(Solartron SI 1287, S| 1255)&
1AM = 7HE MRl EAS 27H9| ABRE
2.73 X 10-4S/cm, & H#m AMEE= 2.41X

10-48/cne| OI2MEE SN ZIES Holg

20, ™ Hm ARE
10%S/cn2 EAM=AD, o 2.57 X
XA E e MEHAEE 2702 AR E MES] EASIH =
H-EC2| Z% 1.67 X 10°S/cmZ LIEIL} o|2M =7} AEs| Zolzrlg &holsl

M-ECS| A< 5.62 X 107S/cmE 1AHAT Mo Zol dHls oM =T 7| Sat=l

L-ECel A< 1.77 X 10'S/cn2 2 1XpH T M &ol| H|a] o|2ST =7} SatElg =t

olat
2t ol 2MAMHE Formulationoll FIIES 2 O|RMEE SkAtE I} A= He
= |__|,E|_I,I-
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Avera
= Thickness Diameter Area  Resistance = Conductivity ge
25 Conductivity
(mm) (mm) (crr?) (Ohm) (S/em)
(S/em)
2.36 16 2.011  430.7 2.73 x 10*
1APA T Al E 2.60 x 10*
2.09 16 2011  431.1 2.41 x 10*
2.45 16 2.011 83.2 1.47 < 10°
H-EC 1.67 x 10°
2.54 16 2.011 92.4 1.37 x 10°
pRHAE 2.07 16 2.011 186.4 551 x 10*
s | MEC 5.62 % 10*
=en= 3.10 16 2011  269.7 5.72 x 10*
2.64 16 2.011 710.0 1.85 x 10*
L-EC 1.77 < 10*
2.37 16 2011  701.1 1.68 x< 10®
1.80E-03 1.67E-03
1.60E-03
1,40E-03
E 1,20E-03
"U:" 1.00E-03
LH ' 7.70E-04
L4 8.00E-04 -
Al
O 5.00e-04
Q
4,00E-04 7.60E-04
2.00E-04 —-——
0,00E+00 -
13HAE Mo 23MAE H-EC 23MAE M-EC 33T |-EC
Hilld &R

m & 29

M.-H. Ryou, Y.M. Lee, K.Y. Cho, G.-B. Han, J.-N. Lee, D.J. Lee, J.W. Choi,
and J.-K. Park, Electrochim. Acta 60 (2012) 23-30.

D. Yeon, Y. Lee, M.-H. Ryou, and Y.M. Lee, Electrochim. Acta 157 (2015)
282-289.

H. Jeon, D. Yeon, T. Lee, J. Park, M.-H. Ryou, and Y.M. Lee, J. Power
Sources 315 (2016) 161-168
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