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HHV(MJ kg-1) LHV(MJ kg-1)

N NN NN NN NN SN NN SN NN SN EE NS E NN NN NS NN NS NN NN NN N NSNS NN NN NEEEEEEEEEEEEEEEEEEE,

Hydrogen Gas 142.0 120.0
MethaneGaS ................ 555500
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TAMMI|E - Grey 2 2) Hydrocarbon Reforming CBEST®

Hydrocarbon Reforming — 57| HIEF 7HZ& Hi4
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TAMMI|E - Grey 4 2) Hydrocarbon Reforming

Hydrocarbon Reforming — £&4t3} 4
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Methane @ CH, + %02 — CO+ 2H, (+ heat) separation
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Ethanol : C, H,OH~+ %03 — 200+ 3H,(+ heat) NG or Coal Reformer Shift H He
- —_— /Gasifier Desulfurization " 2 —
CH.+ 1/2 O, — CO+2H, (1’150~1’50000) —> —> Conversion —> purification
_ _ Ashl
AHItA JHEO| efst =AXIZEREH | HlW
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TAMMI|E - Grey 4 2) Hydrocarbon Reforming

Hydrocarbon Reforming — Xt&7H& 24|
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TAMMI|E - Grey 4 2) Hydrocarbon Reforming

Hydrocarbon Reforming — 7tA 8}
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Coal gasification + WGS
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$AMAMI|& - Blue $4: Grey +CCS (or CCUS) CBEST®

CCS (or CCUS), COz iS4 SH HYS St 24 71&

- CCS(Carbon dioxide Capture and Sequestration): 2HHOE CO.E & U X2[7|& 20|, FHEZES7|F21 1SO 7|
(Carbon dioxide Capture, Transportation and Geological Storage) &, O|AtSIEtA X £& 2 X|F HEUCZ $HH

- CCS= THEH2 CO2 7t 7|2 LEE= AS YX|oH| flet HiE 24 ﬂﬂkﬂﬁ

- CCUSE Carbon dioxide Capture Utilization and Storage2 CO2 2| Z&%& 7s6ltA ot A

- Green =4 ™ HAQl Blue +ARE HAEE MEEM 0l= 2 CCS # CCUS =2 37t

- CCS7t 8t 0|R: 0] 7|% 23 =2 X2 2 CCS ¢l0| CO2HiE&A |H 2 S7HSSIC Q1A

- CO27} X|7t2Hete| 7h 2 /el 202138 MEE|= Oi2| 7|2HHET 7|1&, X+ B2k 4552 At 0|™ =& tid| 2°C
0|5t S EO0IA 2018 108, &&= 1.5°C SEE HE. 12|11 20214 88, 4E= 1.5°C =F A[HE 2021~2040FHC = 7|—’£— 2030~2052F
CHH| A A1)

- 0|E #5H IEA, IPCC & Et°F3._* OO AM = 2050 7MEX] Bt

- CCS7t gl2 8%, AF2Het 2=t flet ZMA B8 S

o2 CCS

M

oot

SHES 2SHollOf Sl g, J2{BA CCSe| S2d: & &0
S7t= 138%Y. L/ MK 7| Met AEC HIE 57t 8l =

glo

Jl&2| HistE ALZ0]| M2 242} HI SIHEF2) 2030A7X] =7+ 2t} M| X|Hoj| IHE HIZ St

[2} 71&2] HISHY AL20]| M2 £ 245} HI2 S718 (2015~210041), %] [34xH CHH| 2t3} HIE SIIE, %]

2100'3 Of1tetEtA: S ALIE|R

(CO2 &t ppm) CCS H|AF2 X o7 ENQfal/Z= Xst  HI0|0f|{X| XSt Z7| HI2 (2030~2050) X47| HI2 (2050~2100)
450 (430~480) 138% (29~297%) 7% (4~18%) 6% (2~29%) 64% (44~78%) 44% (2~78%) 37% (16~82%)
550 (530~580) 39% (18~78%) 13% (2~23%) 8% (5~15%) 18% (4~66%) 15% (3~32%) 16% (5~24%)

1120214 7. 26~8 6, IPCC 54Xt Z3|0IM M 1A4FIE BN &2, 2xh= 2022'A 28, 3xh= 202214 38, ZeE 1M 20223 982 2T 5 0N
Z2: CCS Sl 29 COSE 9l AIL2IQ0) EEE/X| 92, A2 TR HX|: 31 ZA S0 §Kj2] wHA 0|20 85 57} 144 lg A, 7|—".§—
HShe ENE/S3: M MA LY 3 EYY, 3 YT | 20% 7IE, HIOIL0UX] 52 Z/0i 100 EJ/yr (20082 71, 2H8EJ/yr 0IAS)
Atz IPCC, O|HAESEXSH | MXIME

m'I 0

FAL £8 CHE U7 2%



24407 |& - Blue $=4: Grey +CCS (or CCUS) GBesT®

® CCS (or CCUS)| A%t

- o{2|0jAf= 0]0] e MEE CCS 7|& &&838lUS. §5l, CCS 7|& & otLi2l EORx1)2 19722 E O|=20A 25T Al
- 0|2 X 19724 HIALA Sharon Ridge FMO0IAM Z|= 12 CO2 Storage ProjectE A|ZCE CO2 = MF 3|4 SAS Zetst
OF 4| U SUXE AHCZ FYULH =

22 F= 20 U= CO2 9| F7| X SXEx) SHULE TIAlE 2= AHH Atdl= 19962 NorwayO|Al A|ZfE Sleiper CO2 Storage
Project

- CCS= 2021 08 71&E, TMAMLE 257 Z2HETL HYH2F S0 AL, 38712 F7t Z=2HETL AIEZ] US

CCUS ZaE mfo|Zatol 345t
(MT)
160 - u In Operation = Under Construction In an advanced development phase m|n an early development phase

140

120
100 | I
80 -

60

40

0 T T T T T T T T T T

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

F1: CO2E MF - 7tAT0| Fot0] A7 - 7tA 2825 =0l1= L4
F2: CO2E 247tA HIEXMHS floll XISH MY h7]2F Z2|5hs LA
Xt=: Global CCS Institute, O|HAEEXSH 2| MX|ME
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*ol.%l-I AOHI*—I. %?_I CCS AE-II:II ?j% eBESTo

Name Status Country Operational Industry
Terrell Natural Gas Processing Plant Operational USA 1972 Natural Gas Processing
Enid Fertilizer Operational USA 1982 Fertilizer Production
Shute Creek Gas Processing Plant Operational USA 1986 Natural Gas Processing
Sleiper CO2 Storage Operational Norway 1996 Natural Gas Processing
Great Plains Synfuels Plant and Weyburn—-Midale Operational USA 2000 Synthetic Natural Gas
Core Energy CO2-EOR Operational USA 2003 Natural Gas Processing
Sinopec Zhongyuan Carbon Capture Utilization and Storage Operational China 2006 Chemical Production
Sn@hvit CO2 Storage Operational Norway 2008 Natural Gas Processing
Arkalon CO2 Compression Facility Operational USA 2009 Ethanol Production
Century Plant Operational USA 2010 Natural Gas Processing
Petrobras Santos Basin Pre—-Salt Oil Field CCS Operational Brazil 2011 Natural Gas Processing
Bonanza BioEnergy CCUS EOR Operational USA 2012 Ethanol Production

Air Products Steam Methane Reformer Operational USA 2013 Hydrogen Production
Coffeyville Gasification Plant Operational USA 2013 Fertilizer Production
PCS Nitrogen Operational USA 2013 Fertilizer Production
Boundary Dam 3 Carbon Cature and Storage Facility Operational Canada 2014 Power Generation
Karamay Dunhua Oil Thechnology CCUS EOR Project Operational China 2015 Methanol Production
Quest Operational Canada 2015 Hydrogen Production
Uthmaniyah CO2-EOR Demonstration Operational Saudi Arabia 2015 Natural Gas Processing
Abu Dhabi CCS (Phase 1 being Emirates Steel Industries) Operational United Arab Emirates 2016 Iron and Steel Production
lNlinois Industrial Carbon Capture and Storage Operational USA 2017 Ethanol Production
CNPC Jilin Oil Field CO2 EOR Operational China 2018 Natural Gas Processing
Gorgon Carbon Dioxide Injection Operational Australia 2019 Natural Gas Processing
Qatar LNG CCS Operational Qatar 2019 Natural Gas Processing
Alberta Carbon Trunk Line with North West Redwater Partnership's Operational Canada 2020 Oil Refining

Alberta Carbon Trunk Line with Nutrien CO2 Stream Operational Canada 2020 Fertilizer Production

Xt=: Global CCS Institute, O|HIAEEXISH 2| MX|HE]
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%7} CCS BRHE

Facility Name

rol
ol

CBEST®

Facility Industry

Facility Status

Country Operational

Project Interseqt — Plainview Ethanol Plant Early Development | USA 2022 Ethanol Production
Project Interseqt — Hereford Ethanol Plant Early Development = USA 2022 Ethanol Production
Velocys’ Bayou Fuels Negative Emission Project Early Development | USA 2024 Chemical Production
Project Pouakai Hydrogen Production with CCS Early Development = New Zealand 2024 Various

Hydrogen 2 Magnum (H2M) Early Development | Netherlands 2024 Power Generation
Caledonia Clean Energy Early Development = United Kingdom | 2024 Power Generation
The lllinois Clean Fuels Project Early Development | USA 2025 Chemical Production
Red Trail Energy BECCS Project Early Development = USA 2025 Ethanol Production
Net Zero Teesside — CCGT Facility Early Development | United Kingdom | 2025 Power Generation
Dry Fork Integrated Commercial Carbon Capture and Storage Early Development = USA 2025 Power Generation
Clean Energy Systems Carbon Negative Energy Plant Early Development | USA 2025 Power Generation and Hydrogen Production
Northern Gas Network H21 North of England Early Development = United Kingdom | 2026 Hydrogen Production
Drax BECCS Project Early Development | United Kingdom | 2027 Power Generation
Ervia Cork CCS Early Development  Ireland 2028 Power Generation and Refining
Hydrogen to Humber Saltend Early Development | United Kingdom | 2026-2027 @ Hydrogen Production
OXY and Carbon Engineering Direct Air Capture and EOR Facility = Early Development = USA Mid 2020s  N/A

LafargeHolcim Cement Carbon capture Early Development | USA Mid 2020s | Cement Production
HyNet North West Early Development = United Kingdom = Mid 2020s = Hydrogen Production
Acorn Early Development | United Kingdom | Mid 2020s = Qil Refining

Sinopec Shengli Power Plant CCS Early Development = China 2020s Power Generation
Korea—CCS 1 & 2 Early Development | South Korea 2020s Power Generation

Xt=: Global CCS Institute, O|HIAEEXSH 2| MX|HE]
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%7} CCS E2HE 38

e O

Wabash CO2 Sequestration

Santos Cooper Basin CCS Project

San Juan Generating Station Carbon Capture
Bridgeport Energy Moonie CCUS project

Langskip CCS - Fortum Oslo Varme

Lake Charles Methanol

Abu Dhabi CCS Phase 2: Natural gas processing plant
Project Tundra

Prairie State Generating Station Carbon Capture

Plant Daniel Carbon Capture

Mustang Station of Golden Spread Electric Cooperative
Carbon Capture

Gerald Gentleman Station Carbon Capture

Cal Capture

Sinopec Qilu Petrochemical CCS

Langskip CCS - Brevik Norcem

Yanchang Integrated Carbon Capture and Storage Demonstration
The ZEROS Project

Xt=: Global CCS Institute, O|HIAEEXSH 2| MX|HE]

Advanced Development
Advanced Development
Advanced Development
Advanced Development
Advanced Development
Advanced Development
Advanced Development
Advanced Development
Advanced Development

Advanced Development

Advanced Development

Advanced Development

Advanced Development
In Construction
In Construction
In Construction

In Construction

Australia

USA

Australia

Norway

USA

United Arab Emirates
USA

USA

USA

USA

USA

USA
China
Norway
China
USA

2022
2023
2023
2023
2024
2025
2025
2025-2026
Mid 2020s

Mid 2020s

Mid 2020s

Mid 2020s

Mid 2020s
2021

2024

Early 2020s
Late 2020s

CBEST®

Facility Name Facility Status Facility Industry

Fertilizer Production
Natural Gas Processing
Power Generation
Various

Waste Incineration
Chemical Production
Natural Gas Processing
Power Generation
Power Generation

Power Generation

Power Generation

Power Generation

Power Generation
Chemical Production
Cement Production
Chemical Production

Power Generation

18



= AMAI|= - Blue 24 Grey +CCS (or CCUS)

CCS (or CCUS) 38 & CO2 Capture 7|&°| &7

- CCS M| 3™ 1) Capture Process, 2) Compressing Process, 3) Transport Process, 4) Storage ProcessZ 72
— 0] &, Capture Process?t T H|E & 2 70~80% XIX|Sh= 4! 7|=. 0|0l Capture Process H|E &7t a4
- CO2 Capture 7|52 9A =, &, ™ Capture 7|22 71&

- 91A & Capture 7|22 HA gg HZEl & 9MSH=S HYZEA(=HH 7| 7EA) LY ZEEHE|0] U= CO22 N2OIA CO28t 22|5H= 7|&
- ¢4 M Capture 7|22 HLE Soll CO7t HYoHX| RS otz SHLZE SHMARS| BE MLt AL JHE 52| 2SS Sl dd=
H22t CO2E 22|5t0 HE Yitdh= 7I&

- HA = Capture 7|& (=224

Ol [[H, o='-TE ooH _'-I}Il ¢§7|

HaoH Hi7tA 3= J=20] COLt 57|17t &

mjny
ol

HAH)2 S7I0M N2E 22I5t =AE Sl =z
% I=|

2|siA CO2E alsot= 7l=

A 5 Capture 7|& XA H Capture 7|1& =MA HAY Capture 71&
ad
i L'?,- '] |. ) y fut )
F i e 4 F
grog C J"r 4y
i cor Other con exhaust il |
Gases gases coe2 Water
Fuel al } ‘- - f
= Fuel =
Air — 0 .-'? i 111
. Power Air/Oxyge Power
Combustion Combustion/ Combustion
Oxidation

At=: KCRC, O[HIAEEXSH | MXIMEH

CBEST®
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AA

0

¢4 5 CO2 Capture 7122 S5

- ¢4 & CO2 Capture 7|&: Capture 7|22 &4, 3, HU22YH, &

- E-H2 AREE 3d 3 HE SHol| 0|0] ME0| H02H7| ME0| 7|&
HA HIZEA(=H 7|17t A )2 CO0i| THEH MEHME 2= SHMIE BIEAI7 C
CHA| HAA A =&, M5, MY E S AL S

- S 1A EEME AHZ2iA COLt 22lot= 7|&. SAHE YT
SE5I MEET I2 HE2 SAE Ho= HiEdt= WAl 0]0 CO0i

- fR2H2 YE| TWEE 0|&3iA COLt 22|5t= 714, ol X|AH|7t
3= FASICH= HE0| U=
HA £ CO2 Capture 712 ¥ ZHH

- S 7tA X2(0 80|
- OLtetEtA s Ht0] MEH0| F

i}
1z

- NSk W8 7t& 22 Jts
- 12 OU9| JAAAR HEIHS

[
fikd

=t - &x|9 20| Hl@H ZiEt
=5 - BEYE U 04X 52 94
o) - FHX|9t 20| H|ZH Zbct
B - O|LAX| AH[7} &2

- EXH|7} X

- U R Y MEIt w5

F1:olLt 012 §&20| 7| AE- ol HH AEZHCZ BE HAR= 221X 22| ST
At2: KISTI, O|HIAEEXSH 2| M X HE

#7|& - Blue 4 Grey +CCS (or CCUS)

0o , o H M%
MBS} 71 2. BAMS 91A 30| WEES COr S ESHole
8t 22351 7|2, 22| 01%, Y7z, MM BHE 7 CO2
SRIEIS HI7}AT TQHAENR D51 MEIE T} 52 NESS 9N
3

R KOl ThZFO| OLAX| A
x| @t 2 MR

- Oi|AX| AH7t BS
- L8 7tA X2(0f =2
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A7|& - Blue $4: Grey +CCS (or CCUS) CBEST®

15
e
=

o
HA 2 CO2 Capture 7|& - E58 & 54 Capture 7|&
- 914 3 CO2 Capture 7| 5 E4HS AN BAHES ALBSH: &4, TH E4RIS AIgsHE 7A02 72
- SN2 s HIt 7|1E2 HE S5/ £22 2 E-s8HmY
- 54| Capture 7|&: SH E40| Mt 3fst = S8 SFSHERE F&2. &, CO2t S4XM| Z=0] 2fet&z2)Q1X|, S 2| & z3)Q0X|0ff w2t
TEEE A, CO2 2L (RE2YH)0| F2 MY = &tst E+M2 CO2 &450] =2 E*IﬂEEf EN =2, O T20M = 22 SsH2
50| fEla AA Hi7tAE CO2 20| R7| E0| stet M7t F2[5t0] 0|2 X 7|=0| 74 =
- HEXQI 515t E4Hle L7tz 0t21A|(alkanolamine) sHetEe. Y7t= ORI 7] E= 1 OIJgQI SIO|=EA|7[(-OH)2t OF2I(NH2- )71E 7t
X1 UZ. LHHO = SHO|EEA|7|(-OH)= B7|2E AAAA £=8HE S7tA7|= HH, Oif17|= E4HQ B7|=E Sl =M AHg 7tA
(ex.HzS, CO2B)E ExE = UB
- Y7t= OfF 1A (alkanolamine)= CO28 E4+5t= CHY st L7H=0101S S0t 28610 20~30wt% EMS TS0 ALESH= W, W2 O MSHE
A S &L |20 19708 HEH A3} T e e Treated Flue Gas
flue gas, containing ~14% CO,
PC BOILER co,
Ar—"" Heat | nox o PM/HG . sox o
Bl Recovery o .R-emoval "| Remaval "| Removal
ﬁéh High Pressure Steam gy l:uyw_l’_re_rs?u_re_s_ln_ag'l_ i Za
l Water

Two-step separation process requiring 5 energy inputs:
Energy = Q (sensible) + Q (reaction) + Q (stripping) + W (process) + W (compression)
ALL must be reduced in order to significantly reduce Capture COE impact!

21

"1 Absorption power, =& EHO| JAret SAF O|LX|7F T EHONM 5= 8=
D 2AL L Z0|20|L S0|22| 0|22 ZATR7t HetolHM ZE20] 47|= A

—.—3 T 7HX 220| & et glo] EXAHPIZ ZEoAL M3 =R HELR LHE 272 ZElot= A

Xt&: 1GCC, OllﬂléEEXf o 2| MX[MHIE]



=2 Grey +CCS (or CCUS) CBEST®

A N
HA = CO2 Capture 7|& ~ &+ & 54| Capture 71=
oF, 382 A-F7| Z3EHS0]| Qs 2|2

282 80| COx2t 27 HtZ X[

- ATHz OJIIS 44 X 20 M2, 2, 3BOE 2R 1, 288
0|2 A= f3IHIZ S Sof Ot 2t
- CHEAQI U7hs 04l 3 SHLEOIZIA] 7Het BIX ALREHEl E4KI21 MEA(Mono Ethanol Amine)= EXAI20| &7| R0 £ 27| 7|z02
HIZHS O, STHHOE molsE7} &S, 010 molsEHI| &1t CO2 E40 R2I5kT S4E 3717t &HS. CITH, RALY, X0 X
Q3 £2 WX 27 SO B B8 MEA 2molZ 1moll CO22t HHS5101 F/Th H5H 0.5mol COz/mol MEAZ HIBHE]Lt ALK ZH%/0)
A A0 QI8 52 51 ABO| Of2(F] 25 0.25-0.4 COumol MEAD| 221
Moz MRS HYRE YA

Of| A H|'|7fﬁ SOl et H289f CO2 MAH SELZ Ea| A, Ot UXNFOH0I SHL=
= COe 1528 22|57| Yot SXMOE Mt =

[MetA 35 &7t= OFElel B2, H2S8t CO7t

- 33 Y OLRIQI TEA, MDEAS HaSts HHS0| B2 LE COM= MTHEOR Laj| uHS.
S0l BREI0] Q= THA SEUM HSS HMEIXOR R2lshs BH £5| AL, 53], CO2 | HeS HI7}H 52 BIESAMA 714
MEr JLASHBHO| MATEA FE| SO HO| ALS. 2Lt CORte| L2l HS 2% R0 ¥ BAERIS H7sts BTt I 5

- AMP= &I ZH0HO I (sterically hindered amine)2| LHEX S4+MZE, CO2 4 ST HE S+ L HMSE0 HA0| S, LAIZoHor2I
(sterically hindered amine) $=&H2 X|2t=|X| 4= 7|E OF2l =8 [iH| CO2 A EIt 2+ 651 CO2 20| MALE 2 BRI
S+HEE0 Qlolf #4=l carbamate= 712 MZO0] bicarbonate

BT L-—O

LIEHEH . AMP= MEAS| o -methylated X2 CO22t2]

et CO2 &5

Z Jt=oli=lA OFFl +=-EH0| 20|X| =
— 0]0f] S4XY OF2IA| E4MIQI MEAS| LA E+HI2 WHEAH SHHE|T JUCH, 7| MEA CHH| IS E ROt 8% AMP £4 SH| G&0]| 7
CHE. o2, S+5570 MEA CHH[SHAM = L2l7| ME0 S+ £ HHS ?loh H7HM|L S0 2ot S0| A= LT US
LZHET 7MY B2 0= ME AMP S

- AMPE= | MHIAIS] KS-1 B4HIZ 351 4 B4} 715 712502 A U8, CCS

N ZAOR TRNEEZ S5 2
22



FAMMI|= - Blue 4! Grey +CCS (or CCUS)

S+ &4 Hlu

Absorbents Characteristics

CBEST®

Mole Weight

Specific gravity

Boiling point (‘C) at 760mmHg
Melting Point (C)

Vapor pressure (mmHg at 20°C)

Solubility in water
(Weight % at 20°C)

Absorption capacity

Reaction rate(m 2 /kmol- s, 25°C)

Heat Regeneration(Btu/Ib CO 2 )

Degradation

61.09

1.0179

171

10.5

0.36

100

7600

825

(o: R US, 0: Y5 AT HE X: EF)

Atz: Cheric, O|HIAESEXISH 2|AMX|HE

105.14
1.0919

Decomp.

28.0

0.01

96.4

1480

658

149.19

1.1258

360

21.2

0.01

100

2.35

425

119.17

1.0418

247.2

-21.0

0.01

100

3.5

475

89.14
0.934
165

31.0

Miscible
in water

O
1048

(MEA
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AN

7|= — Blue =£: Grey +CCS (or CCUS)

=L &4 tHE 7|& ‘KIERSOL. LHEX A2 E4-HIZ H7|0= orx £2

(eX="|

- KIERSOL2 2006'2 7H&S A%, 2012 920]| 7= 7HE 2=, O|=, /8, &2F, /iU, S=, A&,
- 70 AN = 7|E 48 ST FAL AEI2 122 O|iatE4a 2 2 0|S Il i EL

CBEST®

3120 55| 0| US
3t OL4X[20| 0|2 FluorAtel

Econamine (3.8~4.0GJ/t CO2), Y= MHI2| KS (2.8~3.2GJ/t CO2)ELt RE 2.2~2.5GJ/t CO22t= &

- 7|Z2| E7t= 0t 018 SE2 OFEl & =17} 5tte| CO2E TiLf CHE OFEI2 E7|2 X0l THE OFEI2 21 CO2t 28t
ol A{ carbamate 0|25 ¥dol= 3. 0[0] EtS £=7t &S| WS

— L2t CO2 2t Ot2I 2At2to| ZE0| HF Zali 0| Ho{L= MM B2 SULX|7F A27F. 010 HIO|7HEH|0|E(HCOS-)
HAHUS S 0|&ot= 27t S7totd J=H| 0l= HIF HSHLEIF =2 X2 carbamate 2Lt 2FH-H0[ B0 YUK 227t Hb=

L==Ye]]|

BASF a-MDEA, O|= UOP2| Benfiled, e=2| KIERSOLO| 0|Z 0|&¢ HIAHLZY

=. , =

- ot IS ?lol &= SUUX HEM &7t= OFF AA7F SEE AL 22Xt AIS0] BOA LHE Bi=S g, €715 ot XA S
HOZ Qo &4, S+Ho| &2 F7[d22 Qg X i B4 32| M7t US. BAG2 B4 LXINE =&otH a2 7isotl, THE
BHS0 ofet £42 E+ME AL 0ot ESol0f of7| 0 2 HHEC=E X8

- KIERSOLZ EMZEE 8% =, Y2 EHUHO| = =207 =20 Z7+= OtRIo] 7HK|L Q= BEIS &4, SE &4, =2 MU X|
2= oiZ20| 7tsg L, BMEE FAl, 20 tet R2 iz, =2 CO2 E+&L £40| AN 7iM5H0F & 2=20| S

- KIERSOLZ2 24 £ ZZXIMZ ASE! ot S 018510 /Mot H2 ol ZHIE siZ5t7| ?lol s=5 =X =tat

- 20129 JHY 2E 2, ASEE SEUE =7, 71E 83 44 thA SXRI0| 20] 1 K| ULt 2021, SKHE[Z{Z X0 7|=0|H
O J0f thet 7|THZ0] =0 & CHE, OFX = JHHE[00F & 220] B2 0N, S 2 =2 MS 40% 02! 71E E+HE U
T A= L= FARQIES HI|0= 2|A37t F
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2 AAHAL

7|= — Blue =£: Grey +CCS (or CCUS)

O L
A4 ™ COz2 Capture 7|& - EF 54 Yiutof] ST 4
- 912 M CO2 Capture 7|&2 TIASHEH, REASINIS S8 Sof HEEH A5 HAS 93t FURE A YWY
- CCU WA0] CHMIZF =HM M HA ™ SA0] ZH8iA 2 A, SMR(HYE7IA 57| I1E=)+Capture WAIS St 24 L0l X
- ¢4 M CO2 Capture= O|MEEIAE Sd7IA Hd SHUM Eelots W22 He, CO, CO2 2 F= 14
- 7IA JHE B3 O BtA B SHO ANM= & M gact g4 = 28 7|s0 S
- 7|1 &8 &4 2 7|22 Selexol 32 4%, 1,000°C 0|42 20| HEt7tAS} HESO = MEE He, CO, CO2 32 &HEtA &
CO= H202t #3010 CO2t HeE 4t 12|11 0= 7tAE W2st & CO2E MAHolH el 4 it Its
Pre-combustion CO, capture from
shifted syngas containing ~40% CO,
co,
Vent Product
i M. Sulfur
Alr——p1 Sep:r';ﬁun Rf:::orry > i
A | Conditioning
0
; “.. Water
Gasifier
ot — e neng«;q«
Sig Fuel Gas |
Conditioning
HO/N, Qiietes

At=: IGCC, O|HAEEXSH E|AfX|IME

Electric
Power

Electric
Power

25



= AMAT = - 3) Biomass Process CBEST®

Biomass Process — Thermochemical(Z 35t HiAl)

— HIO|OHA &E Fotst™ Al £ AMME2 THASHHIZOM HEE HIO|QI|AZ AL 5._ NO= HM & [M2tA SMR+WGS EHS0] =4
STt =7| IZ0]| 0] HAZ A2, RE2E &= 500~1,400°C, MEK|= R, 720 M2t & ~33atm 7HX| 2 7ts

Biomass Process — Biological(4 S35 Hi4)

— HIO|QIHA EE SN Y] £ AMME ZE|HI YSHOZ LM, AE5H2 82|02t D|M| 27 S 01M4=0] 830 2H0{5HH
A5 FAx) AAHS Soll 2F & 2oliot0] sA Mool WA S 2 EeleA =z 4 E HIO[QIFATL O 4Z0 2lo] HaEHA
R4tz O = HetE L SA|0f] A 44t

Thermochemical(2&}&t HiAl) 515HA] Bio— Z&5HH($l), Bio— & (0l2H) Process
Biomass + Air — 02 Hz
H,+ CO+ N, + CH, + tar + HO+ Car 1‘ T
H20 26-
Biomass + Steam — —_— Photosystem —> Photosystem
H, + CO+ N, + CH, + tar + Car A2H+
Biological(E 215 HAl) shtAl oo
Biomass A
Agricultural
: Products
<l —3 - ’
o light T Organic wastes Ho

- Hz
———>>| Pretreatment [=3»| Fermentaton = purification —

C.H,,0, + 2H,0 — 2CH,COOH + 4H, + 2C0,

F1: DMSO| YBHY XIE Al BMES H+S BAI510] 2AS MASIE BA, TEY =12 SO DIMS0M B 4 US
37 NS UE $o1sTE B3 BEANN SOIKIS A 7141 EABAOIN PO I8 870z 7

= FOUX7[EA T, O|HAEREXNSH 2 MXIME
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+AMAT|= - 4) Water Splitting eBEST®

Water Splitting — 17|25l 1) Alkaline(2712}21)H

- ML 7|2 H2]: 22 ™25t
O AAT|H| LA -0 XIS P SHIE|0f
QloH +AtSHLIESO|L EAS '20{F|of &t

— 1) Alkaline(271221)¥: KOH(At32HE )L NaOH(=ASHLHE &)O|
(OH—)0| 22[2t2 SN Y2 (Anode)2Z 0|5 r

3 A
- Ol MMEB0| £T 2YE AT5| Z0] L 0/0] HRISH5H0 YABHT Uiz 4|
<]

=
B
fon
1]

|M 20| HAIE &1L L3t

€A
X

£ o1gaiiA +30l
Ol 2245t 22 MR} S2X| 7| W20 H7 2351

rto

=0t U= L2 UM S3(cathode) M G E =4t} 0f
L

- J12{Lt 80| 22Tt =442} 0|20] =22 0|5517| = Mo EHS5l H2l= XIS ol ZotA| 2okl US
- 3t AR MAES O[85}7| R0 X7|KS0| £0F HAA M2 MMIHS 44 2210] barYER BHY
Alkaline(27t2tol)H Alkaline X3 X Gap(Z}), Zero—Gap(R)
Cathode - + Anode
— L 51
e i Ee
H'z 1 :'f. i :':.‘:‘
OH" ./2 {)2 g - - i .:.-:: JU.‘.
= U
H,0 N < | kon,, ih
te 5 o O
B 1:.\ :': ‘i:
Cathode F Anode . o &
Diaphragm Anode: 20H — H;0 +% 0, +2¢e :
- - ; KOH | _":..:' - oy - KOH
Cathode: 2 H,O +2e-— H, +20H" '3[_[‘
1 d
Overallcell: ~ H,0 — H, + %0, gaphvagm Ni-Co-Fe

Xt2: KISTI, KIER, O|HIAEEXISH 2| MX|ME ’7



TAMMI|= - 4) Water Splitting CBEST®

Water Splitting — Z7|&3l 1) Alkaline(&7}2t2l)'H

§ M=, 22/9f, 22|¢, M3HMH)1 BOP(balance of plant) 2 14

i 3 S MY MY B7HE 07| /gt X

1EE 7 > O3 SEH|(M2te T2X} 5ol

— Alkaline(2712}21)H £X5H A|AR BE: 2T5H ABH (LA D
— M5l ABH X Zero-Gap #E. M1} 22|2f ALO| 7+ LY Of

=
0| 242 ZE6IH ME - HEXN & £ Raney Ni(DLR(F) )

= AXH: STS CHSH| 0l Ni, Fe, Co, Mo St 22 &
=S AR 714 $800~2,000/kW

- ABH £0 50 MFLUE 150~400mA/cm?, 2F Z|CH 760Nm3/h, & 4.5~5.5kW/Nm3, Al
— RX|7+4 $470 /kW, MR = 800mA/cm?, 22 48kWh/kg, HIZA3 0.1%/1000h SE

=TT =

X |> X o [Hr 4

Alkaline(2712}21) Zero-gap3 & = UFt2tQl =Tl AJAE

m}
Mzt Balance of
Plant
0%

Gas
Conditioning
15%

XtZ: DLR (5Y), Multi-annual work plan, O|HIAEEXISH 2| AX|HE 28



+AMAT|= - 4) Water Splitting eBEST®

Water Splitting — Z17|&23H 2) PEM(Polymer electrolyte membrane)#

— 2) PEM(Polymer electrolyte membrane)®: A4 HEzjolat &

o
TE 22 AAQ} PRI MBEIBA FA WS, 0| 3 YK 40|22 PEMS S5 44 HIO2 0|

s
=2
1A
4
rz
o
fjo
d
Sl
r2
Mo
ro

_9
I
A
rr
>
k>
ra

Joz Z3E. 0l W, 3
3 3120 L2 oA MAIS

Ol

Tt AR SHHE
- IE X Mol HAS 0|8510 a2 #X22| Mol S JY0| 7tsollM £=A0[29 MEES 7H* ot A
- MAMItS +ALH2 200bar ME0|H, Alkaline electrolysis2CH HX| 27|17 108 M &
- NEX Mo Rt f~MsH M 8™ HEHH|(MEA: Membrane—electrode—assembly) SEf
— CH3t Oto| S/HE ZESHK| 23S Il 25|28 +=A0|2 MEXTL HOX|D 2 & ZH0A & XSoHK| =gt 0|12 A8 &= U MEE
ALESHA =™ H|Z0| &5
PEM(Polymer electrolyte membrane) WEX Mol Zi9f ol & X
Cathode - + Anode . Nafion® membrane
‘ | Iridium catalyst
Carbon GDL
H, & % 0, 0, out :
H,0
., [ S Ve .
Cathode 1 Anode H,0in Ti GDL ’\
Membrane Anode: H,O0 — 2H" + 4 O, + 2¢ !
) ) Platinum catalyst
Cathode: 2H"+2e-— H,
Flow-plates
Overall cell: 2H,O — H, + 1 O,

At&: KISTI, Chisholm, O|HIAEEXZH 2| MX|MIE] 29



A71= - 4) Water Splitting

Water Splitting — Z17|&23H 2) PEM(Polymer electrolyte membrane)#

— 2) PEM(Polymer electrolyte membrane): 8= Z0i- Pt/Cx1) F
- MY =0F ol X 28 71 =3, Eot HX| AYs 3 |X|, B
- C}EH QF-XL ettt s =047} H|M 7X[H|E0] EO| =

- ol 2[4

_AEH AD:I 2~5 =

- DOE 7|&

= 25 gH &=t g5, AT S0z At X, T =
= 1~2A/cm 2 | & Z[CH )200 Nm 2 /h, &

|_|_'I'|'

L
, 2030A7K| &X| 7+ $590/kW, MFHLE 2.5A/cm 2, && 50kWh/kg, HIE%3t0.12%/1000h =H

Al Q1 PEM =Zi5| A|AE

Series and Hydrogen Flow Rate

Operating Pressure (Nm2 - h™)
Proton OnSite S Series 13.8 bar 0.265~1.05
Proton OnSite H Series 15~30 bar 2~6
H-TEC Systems H-TEC Series-S 0.22~1.1
H-TEC Systems ME unpressurised 30 bar 13~210
Areva h2gen E Series Up to 35 bar 10~200
Hydrogenics HyLYZER 0-7.9 bar 1~2
ITM Power Hpac, Hcore, Hbox, Hfuel 15 bar 0.6~35
Siemens SILYZER 200 35 bar 225
Green Hydrogen P Series 15~50 bar 1
NEL M Series 30 bar 103~413
Z1: Platinum on carbon: Et4 42| #32 Z0{Z AHEL= WFO| 3t HEY
XtE: Siemens, 2} Af, OI'ﬂil*'E'EX%iJ | M|l ES

2 A8, %3
80| 0f 2%

3 I

I:IIO

U= OF8) 415 £

-1 =20

IJH 0[2|=0I|Lt Ol2|EA &=

T8 4.5~5.5kW/Nm * | A|AR 7t §1200/kW O|%

Energy consumption

(kWh Nm 3 H?)

6.7
6.8~7.3
No details
4.9
4.7~5.3
6.7
4.8~5.0
No details
No details

4.53

Load Range
(%)

0~100
0~100

No details
No details
No details
0~100

No details
No details
25~100
0~100

Electrolyte

SPE
SPE
SPE
SPE
SPE
SPE
SPE
SPE
SPE
SPE

CBEST®

No details
No details
1~bkW
225kW~1 mW
80~1,600kVA
No details
2mw
1.25mW
4.95kW
0.5~2mW

30



TAMMI|&= - 4) Water Splitting CBEST®

o £AMAT|& - PEM(Polymer electrolyte membrane) system 3+

High Voltage Supply

T
i T_ Back Pressure

City Transformer Rectifier /_\ Regulator

A 4

Water —> | H, l ﬁ
Combustible EEE i) Demister // \
Water Gas Detector i
Cleaner A H, Low
| Pressure
| H.0 Storage
o Water/H,
\1‘ Separator |
0, Electrolyzer /
Stack Dryer |
' Demister v
Heat T/ Centrollable
Oxygen/ Exchanger i'}. Valve
Water N
Phase
Separator
Hot Water
Y

XtZ: NREL, O|HIAEEXISH 2| MX|MIE] 31



+AMAT|= - 4) Water Splitting eBEST®

Water Splitting — X 7|23l 3) SOEC(Solid oxide electrolysis)

- Solid oxide electrolysis 7|&: 122 +&7|E 230 FGH A2t 4t 0|22 2 23HA[7]11, 0|F 44 0|22 1A|MEHE(solid oxide)E
Sl AT HHE =], Ol SF0IA Let =AE HHSH= LA

- HOBH 23} 7Hs 3t A7}21010|LE TR} MEHY 2T YAITH 2 COS 2aH5H0 COS MWAE 2 U= T, 0[0f HHakeAH AR

OIS A 7Hs
- OF=] JH E1 MAIE 20| 511, 52 AT & &S50
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Mot ol 2 Iz, O = FA|, TAIZE 2H A| Eot 22X g ZAAZE Mz, AEHAHHUEH= M5 MH=2t9| 2fst & A, 7|AN 2k & Eat
=M ZAANZE =0 oSt 3 Tl =
Solid oxide electrolysis & N Mol SR H EH
H,0

—

08

& A= Hlud

H
' I S
< LA e E WA (x10°K) 2 g9 (K)

Hydrogen el H,0+2e—H,+0*
YSz 10.4 300~1,273
¢
Oxygen-ion conducting electrolyte Bi203 20.0 940~1.020
e - ’
0*—0+2¢ CeOe 12.1 300~1,273
Air electrode 0+0-0,
2 -
< LSGM 12.2 300~1,273
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— CIEH AL oSt i 28 A SHANE= 7|H MEE7| Q. 0|= ASA S 255U 7|MZE FH0F 67| MZ0f| HAL HSLE A
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M, XTI X 715 37| £
inner vessel
e outr vesso TUE H2j0f 2ol
filing Iin:! e / Ead

suspension
gas extraction
liquid extraction liquefied hydrogen

filing port (-253°C)

safety valve

gaseous hydrogen
(+20°C up to +80°C)

shut off valve

electrical heater

cooling water

reversing valve heat exchanger

At=: Linde, 71207t O|HAERXSH 2| AX[ME

F SHME(CFRP)
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TaNFEI 4

L] HIS

= Carbon Fiber
= Glass Fiber
Epoxy
= Curatives
Liner Polymer
«Foam Dome
= Front Boss
m Aft Boss
= 1-1/B Adapter
< Seals
Valve
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+4A5HA BR
- A 35 YA m2t 1) Off-Site, 2) On-Site£ 712
- Off-Site= A E R0|M FEE Y E= OI0|Z201S Sl %E.%PE Ao 2 Al 71 HO| =0 U= L4
-0l 4 SEHECERE 0|SHE| 7t HE 42 Mgt LA0|H S4XCE 300Nm * /hg2| Off-Site STA 744 A|, 2X[H|E H|2lstL 2F
7Y HE AQ
- On-Site= TASHANN 2 A MAsH S5k= WAL MEtA On-Site= CHAl 1) JHEH, 2) =TI = LHE
- JHEE On-Sites HHTIA JHE SARZYRIS $ASMA RO S X, LPG #2 A, £4 W LPG £7 ﬁ% 28510, CNGE EAI7kA
Hi&tS Soll SaU2 = CNG /W2 FAHMZEHXIE Sol =48 Miot= 71X
- $H5H% On-Site= AHAYOILX| S YoIHS HAYS Sof ZTWOF SHA L £H34 4 HAIS So +45 Yiste 72
- PSATail Gas
HSUIA THE ANZE FX]
Steam
Reformer 1
HP Compressor wemmmp  H2
Shift
. - Reactor
Combustion Water/Gas
Air Blower Steam Seperator

A=z MHEME O|HAEEXSH 2 AMX|ME]

L

“ Desulf urizer

Natural Gas

«— Make-Up  gack
Water Gas
Steam

Generator
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O ERIA 1,000k HUME bar
inckatdry, HESS '
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U] 22X, B AL S
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o7t
TQ), M7|MI7t 16,2002H2 (2! 21: 5kWh/kg,
opgy(

Jets OIX7] 20 =4 SEERHS 25

& Al, 102H2/m20il 1,000m2
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RIHE| 271217 B 20| BT, 28HIH £ B0
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2 ER), 7tE4& 54002, 7|EFH1,0002H Mz FHE AS
2 10%, =2=7|ZH15E 7P Al, A2 29 H0] £ET|H™. 25 T4 100% 7I5E 71 Al

700bar HP Storage

MP Storage X50bar

2987

B’ woll ol FAFHA J= HIE
Cjasx 2
oL [y
MX HE 16~189 ¥
SAHHIG 7-9% &

38



CBEST®

g

1) oto]

2 Tubs Trafler

mo|ZaQl

o
Iy
Ok

CNG 7HE

LPG 7H%Z

LPG 0|&

39

A=z O|HAEEXSH | MXIHEH



- [EA 7|1E, 27142 HARE+H2 $3/kg, SHA= $2.5/kg +=Z0IUS M, ZMY0| HEE. 7|E2 A= H|W
SHEEE 71 #&. ol d2leA 7I1Z2R §6/kg +=&017] ME0l 72| 50%

FAIIHO 2 EHAN R1K$4/kg 7H) 71 AloI= ZHIHO|
0]

AOUX| EHETL o1, ol &
2 AH[H[0|M 20% Ol2] HIE

- ARSUH S Mot I 22| EHO| /1Y 20, 0l= RE

H|E0| HOFX|A &

CHH| 2817} HIME| 2t 0|SH|E0| SXI5HH Kot &

TLA2EYH He(kg)

EH E3Uz 2 HY 106~295
UttXol RHE AU2| 3 165
AsipA B3| Y Y 2,363~4,253
UHLHOl olisiA HI 22| 8 2,836

X2 AIEAIE OHAEEXISH 2|AX|ME

L]

H|H| 5t,

CBEST®

Al, BHIE0| L=

Holl= &8 e A 23H| of=f S0| L. £9l, 2GH|0N 2 2EHIE0]

o
= Aot/ | HZEM 253+ B27 SR
I.

Ed|Yd SZ2| 208 O[], 0|0l HIF H3f4 HiHH|IE0| RE

w2 25 Yo 0E HIE

YLHE
0|5HIE 0.18 2.94 2.09
SHE 3.66 5 4.39
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- M0l 2Ft FEH2 F2 SN2 WHJL MYE=E I HE H2 Y

- 59|, YIH2 SEt B8 RAISH| /oA AHQIZIAZO|L XR0|F &g § EXEE7t 71E HEMSH HIGH 2 252 AE0H0F &

- JE0E 2751 34 HE S8 ERU2 WA ERYUMM SSREES XX, M2t 0|F Z|Astch= A7 5L
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- USTE: SN2 BH MY T 7|2 420 =250 U= ARE7IE LT S A0|0f| 12015 712 HE
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- CEE T WALS0| IR H2 252 92 polymer sheet (0]l B9t X2|5 FEH. FH 5~76um2| MylarLt Kapton Z& £/0i 1x10~°m &
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Vent gas

Insulation
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42

At=: Koreascience, O|HIAEEXISH 2| AX[ME



X% - 25 Supply chain




244712 Supply chain CBEST®

® Water Splitting — H7|23H 1) Alkaline(&712+21)
- Alkaline(%ﬂr’-Pl)El S, R, 01=0| 7|& *.JE H 2l 7|¥2 NEL(Lz), Hydrogenics(7H), IHT(Z), McPhy(Z2) &

- ELHOHHE '—’.*—_).\_OHL‘IHI | AAHE S0| QS

- TR, OFEI2 39| 7|@f2te] 78 24AH 31 F2 Y A= BF a9lof o=

- FQ AXH: 20~30wt% ST $ASIZIE(KOH), MI2 BIAZ0| LZ =2 or LIZ |42 = HEf(bipolar plate), 22|22 HIZZ A/E
TERIR} MY YRR TAE AT

SEY Alkaline'® =Hal| 7|} =&

r

90 -
84.1% ec?rjr:]é/h 82% +  Asahi Kasei(2)
EZ  1Nm3/h 79.7% - 80.4% 80~2,000Nm3/h
15Nm3/h 150~300Nm3/h . x HT()
0 © X . NEL(t)
2 SNMIh T0-40Nmlh " lomgn u oy s pelz)
w0 o X x  Teledyne(nl)
o
@ Acta(0l)
80 e Greenhydrogen(El)
45~55% LY 14|CH EiH
. | | 100Nm3/h | .
1 10 100 1000
Chel AR S AMAEZH(NmM3/h)

K@ =A0HH, KIER, O|HIAEEXESH 2|AX|ME
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Water Splitting — Z17|&23H 2) PEM(Polymer electrolyte membrane)#

- oi2l0M= LUF AN dE3t HF, A0 S0{ZE AtH7F EXHotLt, U= Ot& HSHA|

— PEM(Polymer electrolyte membrane)uo M2t =0 O|UX| &8 71 =20 HX| A¥et H |X|, 20 0t ZHO0| UZ. CtEh Ad
At wetarut W= =07} HIM fX[H|E0] 0| &

- Al 521 PEM sl AJARI2 Hydrogenics(Canada & Germany)A2|  ‘Hylyzer 600" , NEL (Norway)2| ‘M400" , Siemens
(Germany)2| ‘Silyzer 300" , ITM Power (GB)2] ‘Hgas' 7t US

PEMEC -5 Z2 Supply chain
e s

Areva H2Gen, Clean Power Hydrogen, Erredue, Green Hydrogen,
System H-TEC Systems, iGas Energy, ITM Power, Peak Scientific, Siemens, Swiss Hydrogen/
Plastic Omnium, Enapter

Stack H-TEC Systems
Bipolar plates Dana, Cell Impact, Schunk Group, Nisshinbo, Ballard, Vina Tech, Shanghai Zhizhen etc
MEA(Membrane electrode assemblies) EWII (formerly IRD), Greenerity

Membrane Gore, Dupont, Fumatech, Solvay

Catalyst Umicore, Johnson Matthey

GDL Toray Innovation by Chemistry

At2: E4Tech, O|HIAEEXISH 2| MX|MEH
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d M0 2 HZ 0@l X
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= ME =2 HZHOF
7t
[}

7tAZ(Gasket),

DH+ B SIAIFIE JIE, ¥R 24 A - 110{(0]) =F
(Lt AL EHRE= 718) - WMEHY) =5

|

7b M1 - O] MEAXH(Y), SGL, Teijin

=2 STS &M ALE — IHIMY, 2AHME S

JEAZ NOK(Y) 22 19

A=z O|HAEERSH S| MXIME
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2848712 Supply chain

Water Splitting — H 7|23l 3) SOEC(Solid oxide electrolysis) &
— SOEC(Solid oxide electrolysis)= O 7H HAHZ SFE1otA =0 Z= 7Y 2 Qs M
- 0| 7|22 Yie 80| =11, =2 YHOE & &SotH, HZE0| g0t &= A|ARO| HHO0|2H, BE A7t M[2HE] XHEO|HM |X| H
X L STHOAM S2
Mi2te] AXf HEE= AL ER™Y S
AE 0| A2

of gitet Eof eFgXQl

- 00| =X
34X, Sunfire, OxEon Energy, Hoganas AB, Nexceris, Bosch, Haldor Topsoe S0| 7| 7H& & |

SOEC g5 &4 Supply chain
OxEon Energy, Hoganas AB, Bosch, SolidPower, Sunfire, Sylfen

System
Stack Ceragen, Ceres Power, Elcogen, ElringKlinger, EneosCelltech, Sunfire
Electrodes Ceramtec, Ceres Power, Elcogen, Emerson, Fiaxell, Kerafol
Electrolyte Ceramtec, Fiaxell, Kerafol
Seal ElringKlinger, Flexitallic, Kerafol, Schott
4

Atz IEEFA, O|HIAERXNSH | MXIME
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Water Splitting — H 7|23l 3) SOEC(Solid oxide electrolysis) &
- SOEL(Solid oxide electrolysis)= Ot&| 7HY HHAHZ F316HA =0 = 7|¥2 Q= &

- 0] 7|2 YieE0| =11, =2 YU H XsotH, H=50| A0k 2= AIARO0] FHOI2HH, 2= AXH7t MEtS JHEO|HM 7X| E=
U SHAM B

- 0]0fl =E 0|= 87| /Igh A2k Soj| FEHQ M2ta) Ax Te= A7 T

b

o

02
of

glo

— &X}, Sunfire, OxEon Energy, Hoganas AB, Nexceris, Bosch, Haldor Topsoe S0| 7|& 7 ! HAE S0 U

= xx . = .
SOEL 145 =4 Supply chain ZT5i+=4 Top 10 Project
OFHIof O] 1Lt Bi2t | T
SOEL Bl0| Y 3 Baijing Jingne
NortH2 2 H&j2 B S0[=23 2150484 AU Hydrogzen Rer
7AgU Ga
OxEon Energy, Hoganas AB, Bosch, SolidPower, H =23 SEEEMO==A Austrom Hydroger
System : gy, Hog | o
Sunfire, Sylfen sEHO 83 Part o
i 2402 B -
Ceragen, Ceres Power, Elcogen, ElringKlinger, s W GIAEEA Vestas
Stack gen, ver, klcog griing HolY A LS E B scWiisE oW P
EneosCelltech, Sunfire B s om
JU 4 Z2HE Y2 I W oo Ry A
Ceramtec, Ceres Power, Elcogen, Emerson, Fiaxell, o B SOIE2HYA Hydrogenics
Electrodes J HAS ENF 4 B0[0] A 1=y
Kerafol . 28 47| Euro
H2 3{8 ZFYCAE B ol Ecosolife
BP
Electrolyte Ceramtec, Fiaxell, Kerafol 4 ZHA A 1y 2o|E 4.4 Lightsoure
5 . QEAB|E Orste
HEEH Z2ME DSV THTIL D5V Panalpin:
[ T T I ] B sas
Seal ElringKlinger, Flexitallic, Kerafol, Schott 0 4,000 8,000 12,000 16,000 BlAT Masrsh
oI 7}2LE (MW) B oros

Atz IEEFA, O|HIAERXNSH | MXIME
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ofo 8 @ 4L DKok O of KN LR T Y
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figRee)  »

o) : CLELE] ¢ - = Curatives
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BIYTAX D71 =l A ZN dF CBEST®
PE AZN YEHAHO & 2Rt BAMR U KUY
Buy (maintain) 534 BY TY §ABT|, $A014S U3 SEHEHAN, AHKIR UUBT| 5 DE MENH0] MBS
HFI} 799,000 T Ay
ZIYEHO| 2 AXE FIt ZHAL XY 022, E5t SAKE Al AHE AL M2
SAS 42, 7|H YHET| HAHR MHM= 22 29| 7IQ. X SHEEF A 2l A|OtEte| 54 F
KOSPI(9/6) 3,203.33 pt T|IHAS ARICZ UXISIOIERA, A0 S 22U EEEY YR &3 Bt SHAE T, Y729
A7HE 26,656 212! T S/PHIIMEE 7
T EIPY 4,480 BZ Mot AZSHA M| Al 7| 27| HR, ARHX[X= & 7|2 ME6H0f 517 ME
5oz &|17t/ 2K7} 122,500 / 642,000 24
0Y ™RAHACHZ 555 214 AN+ DHIE NI D5 2 AZH A 7|
=2l XS 11.4% HEE2 =4 TSI 2 X0|= BHAHERV} 00| M= giFE| LT QOH, 0]0] 20214 7|F, ALt
HH 421521, 12E) 0.0% SXI7t 7|HE D Y
BPS(21.12E) 124,03984 X, AR WSS 400020 2022 2,50020] F7t=2 SEEH, 0l= O0|= CNG, Al0tE REEY LY
KOSPICHE| AfCh4-2l5 1HE 45% 7|ZE £30| 2 EEEYH U $FVKX| SHA EH 7158 100%7t 7HsS6HY Axo=z SD%I grgE A
670 78.9% H0| ELO|0{ R A, BtEt7| £Q Z7t 7|LHZLAOR AN X 0fA

12702 246.1%

FZ7H &M (2 691) 44.4%
IUAZ ST (21 121)  7.4%
SHYHAT KOSPI
700,000 3,500
600,000 3,000
500,000 2,500
400,000 2,000
300,000 1,500
200,000 1,000
100,000 500
0 - : : : 0
19/09 20/03 20/09 21/03  21/09

Az gL, OHAEEXNSH 2|MAIME

M SAS| F7F =FE2 20221 7|FE 160 +=FC = 3 AT T 5081 CHH| IAXSHA MEIHEN UZ

Financial Data

(H3)

2019
2020
2021E
2022E
2023E

- EPS = PER EV/EBITDA PBR ROE
el el B () O%(rf) EBIDA () / o @ %)
3,054 158 52 =53 -15,664 RSHN| 333 =71 6.7 1.5 -19.7
2,395 34 1 7 18 =¥y 211 8,467.3 10.6 2.1 0.0
3,352 422 378 287 56,491 320,926.3 616 10.5 6.7 4.8 58.1
3,326 294 243 184 36,286 -35.8 498 16.4 8.0 3.7 25.5
3,442 310 250 190 37,379 3.0 527 15.9 7.3 3.0 20.8

53



FUZTATY (298050)

< -0
(A#) 1Q20
IHEA 6,883
LHAXERH 5,838
7|E} 1,045
oy 284
AFRERH 229
7|} 55
OPM 4.1%
2IALAY 3.9%
JIEF 5.3%

3Q20
6,369
5,320
1,049
119
47

72
1.9%

0.9%

6.9%

4Q20
6,924
5,706
1,218
367
215
152
5.5%
3.6%

12.5%

At=: Google, O|HIAEEASH 2|AMX|HE

1Q21
7,695
6,145
1,550

511
323
10.8%
8.3%
20.8%

2Q21
8,724
6,554
2,170
1,178

736

442

2019
30,536
17,412
13,124

1,583

1,149

2020
23,950
13,037
10,913

342
163
179

1.4%

1.3%

1.6%

2021E
33,516
25,606
7,910
4,218
2,561
1,657
12.6%
10.0%
20.9%

CBEST®

2022E
33,258
26,058
7,200
2,943
2,249
694
86%
86%
9.6%




Y3 TAXY (298050) : XHFHE X EXIX|E CBEST

TP E N E QA LAN
(Eteh:doy®) | 0f9]  2020] 22| 202E]  axE(ERNeR) | 2019]  2020]  020E|  02E|  20E|
QEXH 984 939 1,294 1,476 1577 i 3,054 2,3% 3,352 3,326 3,442
EETIE P oy 32 47 247 464 652 O4EZ0|o 357 209 624 532 533
DSAIR L 7| e 435 439 502 437 7 ol 158 34 422 204 310
HIQEXH 1,547 1,437 1416 1,479 1565  EBITDA 333 211 616 498 527
BHIIYERS 4 4 6 6 6 =829 -69 -3 ~46 -5 -62
QB 1,276 1,204 1,179 1,233 1315 olxHIg 60 47 58 61 64
RS 2,531 0,377 2,710 2,955 32 MEASARIRO 52 1 378 243 250
B 1,540 1,575 1,667 1,724 1732 oIS 105 6 9 59 61
EEER 72 37 # 4 51 grlR0le -5 7 287 184 190
B 2,126 1,995 2,101 2,199 228 A0S (%) 5.2 1.4 1256 8.8 9.0
e 2 2 2 2 2 EBTDAOIRIE (%) n/a 8.8 184 5.0 153
PYETIEY 384 384 384 384 B LII20[24E (%) EE 03 8.6 5.5 5.5
EE! ~101 ~101 151 313 480  ROA (%) 28 0.0 9.9 5.7 5.5
NEES 405 381 609 757 909  ROE (%) ~19.7 0.0 58.1 255 2038
IgSEH FQEXX|H
(Btelgoid) | 2019]  200]  202E]  2A2E|  0NEW | 019]  2020]  2020E]  202E| 20|
EEEEEEES 127 312 313 421 M3 EXXIE (x)
&712:0/2)(24) 52 1 287 184 19  PJE 74 8,467.3 105 16.4 159
H| B3 4olH| 8712 282 218 151 203 208 P/B 15 21 48 3.7 3.0
ST -1 152 -125 3 51 EV/EBITDA 6.7 10.6 6.7 8.0 73
DS ZA (ST 18 ~14 -6 64 60 P/CF 15 3.0 6.1 6.9 6.7
I LRI STHZ L) -93 21 29 -2 -36 HI 2l E (%) n/a n/a n/a n/a n/a
exgs 33 -223 ~149 -177 -265 306 AR (%)
QERMHE(ZS) 214 ~154 ~169 -258 29 ojEo 728 ~21.6 4.0 ~08 35
SHRHA ZA(ST) -6 -4 -4 -5 - TS 146.8 ~78.4 1,132.4 -30.3 5.3
JEERES -3 9 0 0 0 EPS x| =M 3200263 ~3%.8 3.0
HeEs a 51 ~142 64 61 5 orgs (%)
SRR " 1B o o B sxue 524.3 523.6 3446 290.6 245.6
HE3ol X1 -18 -18 0 0 il B
g:__';”isfg _52 12 zog 213 182 EPS ~15,664 18 56,491 36,286 37,379
i - . " o S 72,195 69,831 124,039 160,228 197,507
i . z . - o cres 74,588 48,912 97,661 86,498 88,797
= DPS n/a n/a n/a n/a n/a

Az S SHHA, O|HAERXNSH S| AXIME



Buy (initiate)

SHFI} 125,000
KOSPI(9/6) 3,203.33 pt
M7tEH 23,202 %42
LTS 26,979 M=
523 =17t/ Z[x7} 87,000 /33,150 &
0 LEmAHAHS 3,188.69 ¢
CIERIPN = 21.8%
BiE A E(21.12E) 1.2%
BPS(21.12E) 77,9242

KOSPICHH| HCi4=2lE e 11.7%
670 51.9%
1270 124.2%
T3 IRE (2 1121) 36.9%

SUASSH (2 12) 8.8%

—

KOSPI
100,000 3,500

3,000

2,500
60,000 2,000

80,000

40,000 =%
1,000

2
0,000 500

0 - T T T 0
19/09  20/03  20/09 21/03  21/09

Xz IQEQIH, OHIAEEXSH 2| MXME

22 7Rl 7|YU(gastight) HEH|OI2 & UK U= J|&E0}
LI YA JI|E 7HE5H|

= S #
AzdXl= HEet & RA7L 2. dUEg/t =2 8

4o rar
12
A
o
mII
0=
9'2
L=
=)
Hu
i
=
&
R
N

-
Mk
it
on

2R} 0[50] F245| SIS Sato[0f2{dryout) B0 ”e”o”gﬁl The
0|2{Et ZR AUS St WIHEIIE T £F, AT U HYS TIGHE B HH0| BT £ US
0|0l LA QAT @4 THS5H0 RHB +2 MY £=2 NTaH0F &
1 S92 012(3M 5)0IM HE 2215 L, 202041 FREQICIAER|TE Atst0| 4T
E SlLte] MEIIE U= w4 HEAF
SAHE HEOl 7|5 ZAOR 301 0|4 WS XAHSAT, Btk AN} BAM 5 BEHAH HEQ

9f Zitetol 45

AX SALS| FI7tE2 2022 7|1 PER 168 +ZE2 =2 4 HEF T 508 tHH| HE7IE AUZS

Financial Data

(H2)

2019
2020
2021E
2022E
2023E

EPS SUE PER EV/EBITDA PBR ROE
WEY @0l MEHOl A0l e Emma CO / T
4,407 173 83 22 1,107 -53.8 417 45.0 8.5 0.7 1.6
4,036 152 309 206 7,433 571.6 397 55 7.0 0.6 9.7
4,736 333 304 198 7174 -3.5 600 12.0 6.6 1.1 8.6
4,811 247 211 144 5,188 =271.7 514 16.6 7.6 1.0 58
4,859 253 217 149 5,350 3.1 522 16.1 7.2 1.0 5.7

CBEST®
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FE°IG (120110)

CBEST®

A% 20| Y HY

(A8 1Q20 2Q20 3Q20 4Q20 1Q21 2Q21 3Q21E 4Q21E 2020 2021E 2022E
o=t 989 942 958 1,147 1,090 1,184 1,197 1,264 4,036 4,736 4,811
A AKX 428 357 437 497 483 501 576 577 1,718 2,137 2,170
stst 210 170 155 172 209 217 219 218 706 863 868
LE /MR E 137 141 147 153 154 158 161 164 579 638 641
M 171 233 177 287 201 252 189 265 868 907 934
OIEAXH S 7|E} 44 4 42 38 44 56 52 40 165 192 198
aigiojed 27 37 29 60 69 104 73 87 152 333 247
AHAXERY 15 10 18 28 35 49 56 50 71 191 14
stst 20 22 21 17 19 23 24 20 79 86 65
LE/HMAME 5 6 9 11 14 9 1 13 31 47 32
oM -14 7 =20 17 0 15 -19 16 -1 12 1
OIEAXH 5 7|E} 0 -7 0 -1 1 7 0 -12 -18 -4 -2

=TT} 125,0008 FA|

P/E Valuation = 2022E LS
EPS ! 5,188
Target PER X 24 & A HEAEF 2018~20204 PER "t
EPS * Target PER & 124,512
SHEFI} # 125,000
HIHZ7H9/6) # 86,000
Upside % 45.3%

Atz: O|HAEERSH 2 MXIHE



ARLEQIG (120110) : HPHE X £
=S - = MITAIE < T
TP E N E
[(@oh o) | aie] M| aRE|  a2E| 2%
QSR 2,079 1,870 2,062 2,131 2,291
HF U IR 116 161 219 295 496
=MA L 7| e A 777 689 762 742 731
HIRS XAt 3,214 3,174 3,231 3,244 3,276
HH7|IYERS 407 404 474 482 486
QSR 2,459 2,453 2,432 2,416 2,404
RHAEH| 5,293 5,044 5,294 5,375 5,567
2 2,245 2,154 2,305 2,363 2,483
HIRSEx 922 597 470 381 336
LR 3,167 2,752 2,776 2,744 2,819
22 149 149 149 149 149
AN 982 983 983 983 983
0[2/Y0IZ 1,013 1,189 1,355 1,468 1,585
AEZH 2,126 2,292 2,518 2,631 2,748
JIS3SEH
(Etelyoid) | 2019]  2020]  202E]  2AVE|  02E
Fes HI5S 123 500 313 342 484
7120|2)(24) 22 206 198 144 149
#2872 410 236 247 227 272
HHEE AR HS -210 99 -132 -29 63
IHE AL A(BH -9 53 -73 19 12
I LRI STHZ L) -7 0 45 -34 8
EXEs 82 -16 131 -307 -265 -288
SR E(FIS) -130 -179 -234 -237 —240
TR ZA(BH) -7 -13 -22 -36 -58
J|EIEXES 67 331 0 0 0
MRS SiZ -79 -582 52 -2 5
RAZO| ZIHZA) 27 -496 150 91 101
= X1F 28 28 30 30 30
J[EfREE =77 -58 -68 -63 -66
2o 57t 29 45 58 76 201
PES: = 87 116 161 219 295
7L 116 161 219 295 496

Atz ALEQUH, OHAEEXSH 2 MXHE

2]

(Gehao®) | 9] om0 2| 2w
Il Bl 4,407 4,036 4,736 4 811
IHE50(9 1,131 1,037 1,326 1,251
ol 173 152 333 247
EBITDA 417 397 600 514
2829 -61 -31 -35 -35
O|XHH| S 78 58 58 60
MIZA SAL & 83 309 304 211
#HOIMH|E 24 107 105 66
71209 2 206 198 144
HO0|AUE (%) 3.9 3.8 7.0 5.1
EBITDAOIEIE (%) 95 9.8 12.7 10.7
H7|20|UE (%) 0.5 5.1 4.2 3.0
ROA (%) 0.6 3.9 38 2.7
ROE (%) 1.6 9.7 8.6 58

FREXX|H

| 219 00| 2ME] __ 2A2E| __ A%E

SR (x)
P/E
P/B
EV/EBITDA
P/CF
H /401 (%)

48 (%)

CFPS
DPS

JNINE:]

45.0
0.7
8.5
3.4
1.8

-1.2
3.6
-53.8

148.9

1107
67,767
14,538

900

9.9
0.6
7.0
2.8
2.4

-8.4
-11.9
571.6

120.1

7,433
73,257
14,842

1,000

12.0
1.1
6.6
5.7
1.2

17.3
118.1
-3.5

110.2

7,174
80,853
14,972

1,000

16.6
1.0
7.6
6.9
1.2

1.6
-25.9
=21.7

104.3

5,188
84,651
12,481

1,000

217

10.8
3.1
2.7
5.7

16.1
1.0
7.2
6.1
1.2

1.0
2.5
3.1

102.6

5,350
88,597
14,160

1,000
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Ao

Not Rated

SHEFI} NR
KOSDAQ(9/6) 1,052.96pt
A7tEH 10,992 24
el 15,725 MZE
527 &7} / A|X7t 34,250 / 70,900 &
N LB AHUZ 226 2
o= X2E 3.1%
iR~ E(21.12E) 0.2%
BPS(21.12F) 10,729
KOSDAQLHH| ATH4-2E 1708 25.5%

6708 40.1%

1270 44.2%
FF74 O AR (2 2121) 43.1%

=UAS

et El

JE (2 1Q) 7.4%

KOSDAQ
80,000 1,200

70,000
60,000
50,000 <0
40,000 600
30,000
20,000
10,000 e

1,000

400

0 . . . 0
19/09  20/03  20/09  21/03  21/09

Atz JOtZEHE, OHAERXNSH 2|MAIME

2H|3 (089980) : E4T

X| 23 HAE

PEM SHE2TX| X $T5 =4 stid] AXHOI S4H HEZ[Q19F ISt 7|
ePTFE= @82 EH. &M & 5
=HX|Q BR, +£40[2 otLtTH S} A|FH0F ol22 7|5 2| 74100 F{O{LIOF &f
PEM #29 _+_°‘|E7‘1II I Mol =20 25 XE. 0[0 XSt
PEMECO| 25 M& 75t AKX

A= HX| AE M| YitH] S MEATL 2f43%E AtX[otH, BEH|Q1%f0] 1 S 20%0]d

BT 7H DRI7HRIQ) ASAHE WHAQIS 0120 TOATL S Bk U A%

Sot=R of7| flollM IEXF 4K AHE.

OfL|2t, EHE

o

| O od ML- O
2020 ZASLE A2 510 BKH, HINKI} HAE X3 ZOZ XY %Ero HAE X=22
BAEZH 2 E|H 20021 SlH7|SE 2HXOZ 0|29 TOojAIRt YR 22
HAE 0| 27} 7|CHE
SIS BICHRIQL HIAE Z0]7] H=0j| A irEm U= 74 oyl
LI EAE &2 S0l= XISAHE OFLI2t LM B K| S CHESH MERH 0 MR0| THSEHE 2
SRIQI| BJAE QHOR £ W=s uiy Q7| IR0 3K 37} 422 THIIE/0] U

Chet HEHAH O ME0]| 7+HsoiEI

cigt, g%

T

Financial Data

01%7} 7IHEILH e ppgro

EPS SUE PER EV/EBITDA

(% 8) S Sol MFo| =01y (#) (%) EBITDA () ()
2016 156 9 9 5 420 -50.9 17 215 10.7
2017 153 11 9 7 552 31.5 19 25.9 12.4
2018 182 14 16 12 854 54.7 23 81.9 49.1
2019 186 15 14 12 844 1.1 24 82.8 47.1
2020 153 7 7 2 154 -81.7 17 453.1 67.6

PBR
(tH)
1.2
1.9
8.4
74
7.3

ROE
(%)
5.7
7.2
10.5
9.5
16
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Ot 2H| 3 (089980)

HE ]

HOIZEH|3 IHSHIS

Hapmz | PCB

NG

K-S
6%

A=z O|HAEEXSH | MXIHEH

CBEST®

Current Collector Plate,
Collects the current producedin the fuel cell
Connectsthe fuel cellto external loads

PEMFC #1= o

Separator Plate,
Separate reactantgas — gasimpervious
Distribute reactantgas = embedded flow field
Conductcurrent

Gasket,
Adjust compression/pinch
|e@s ybu-seb apinoig

Gas Diffusion Layer (GDL),

Conductive porous materials
Enhancereactant gas diffusion

CatalystLayer.
Perform s electrochemical reaction

Proton Exchange Membrane,
Transfer proton
Separatereactantgas

Membrane Electrode Assembly
(MEA),

E-PTFE ®E|Q HEH

Wat 3
6a:)/cer /\\

Other
9% Filtration
39%
Txtile
15%
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20l 2H|3 (089980) : X{FH|E

TP E N E QA LAN
(Eeigem) | | an| w6 9| ax[Eesem | k| v b an
QERRA 91 105 125 132 160 TEL 156 153 182 186 153
33 U IR 8 20 17 10 17 HEZ0|2 3 3 39 39 32
OfSA|A 2 7| e A 43 39 45 63 64 Aol 9 11 14 15 7
HI QSR 111 115 114 17 124 EBITDA 17 19 23 2% 17
TH 7| YERS 0 0 0 0 0 2829 -1 -3 -1 -1 -2
QR 102 105 105 107 114 O|XtH|& 2 2 2 3 3
XHAHE 7 202 220 239 248 283 HEASA IR 2 9 9 16 14 7
QES 78 81 114 9 9% SRS 4 2 4 2 5
H| RS2 2% 29 5 11 39 271201 5 7 12 12 2
HREA 104 110 120 105 133 HA0[2E (%) 58 7.0 7.8 8.0 48
=g 7 7 7 8 8 EBITDADIZIE (%) 10.8 12.7 12.8 12.9 10.9
A2AoZ 24 29 29 43 55 H7|20|UE (%) 35 49 6.6 6.7 1.5
0|20l 68 74 84 94 94 ROA (%) 2.9 35 5.3 5.1 0.9
NEE Y 98 109 119 144 150 ROE (%) 5.7 7.2 10.5 95 16
S2SED FQEXIX|E
(o) | 2016]  2017] 2018  2019] 2o | 2016 207 2018 2019 20|
JRAEE HFSE 3 25 7 4 12 EXIX|E (x)
B7120]2(24) 9 9 16 14 7 P/E 215 25.9 81.9 82.8 453 1
HI#B40H8712 12 14 13 15 14 P/B 1.2 19 8.4 7.4 7.3
HASE KR HS -13 5 -18 -2 -6 EV/EBITDA 10.7 12.4 49.1 471 67.6
S IS -14 3 -4 -20 - P/CF 5.6 8.4 35.4 36.2 50.7
U2 OIS T7HZA) 1 3 -5 -2 4 HHZ 42l (%) 16 1.0 0.2 0.2 0.2
EXjes 33 -19 -19 -14 -9 -8 AEN (%)
QEXAMRE(FE) -16 -14 -8 -9 -14 TEE -14.2 -2.0 18.8 2.3 -17.6
SR ZA (BT 0 0 0 0 0 0l -35.7 18.7 31.0 5.3 -50.4
J|EtERIES -4 -7 -6 2 -16 EPS -50.9 315 54.7 -1.1 -81.7
NMEES = 13 5 4 -2 2 OFEIA] (%)
B 1o 4 M ! 2 oxus 105.3 1009 1005 727 8.9
UEESRNE 2 2 2 3 2 moxE@)
IR ES -3 -2 -5 0 -5
T — - - — . EPS 420 552 854 844 154
- - - . — - BPS 7,398 7,676 8,358 9,392 9,540
== : - - - - CFPS 1,616 1,704 1,975 1,933 1,379
= DPS 140 140 160 160 160

AE: AOIZ2E|T, O[HAEEXSH 2| MX|ME]

al
=

EXKE
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$LIE (014830) : KIERSOL 4! CCS B2HE FI} A, a| egper°

CCS=COrHiEZA SH EHYS st B 7IE

Not Rated 0{3f 7|5 B 22 XS (7R CCS 20| COz HHEZHA 2T A 27HSECHD Q14
=rz7} NR 0/, 8 £ BARZS SRUKOM S48 U2l FRASE SAUM KU B0l 0 HH

S5l BRAAE ELARZO) 2 QJ5S SICIT BEA, B SAMM0| 24 HA0| S| HUS
KOSPI(9/6) 3,203.33pt SRTAE MAIA 37| HE(SMR)0| CCS &, EAZEMHIE MESt ACE S84 2 = 2,
M7k 12,890 242 CCSEZHE SII2 =2+ US

Al 8,890 &%

EPesh R KIERSOL &4:X £4 CCS Z2ME 57 73t 52

e SBTIS 2. o1t 31, 224 CCS TRMELS 0|2 S40Z 0|20(XT 2B, FU| AL, 14 ZRHE AIS 5
=S 12.8% 1 52 SiS 212 0f2, £31, 33 O AN HBE S $21 371512 2

S TEEEL e o Ol 71Z9| 13 01219 MEAS 2 MHIS| AMP E4H7} LHAISHT 27| T2

s i e U KIERSOL A, Z2H|E 4 5712 BIX| ATHO0{0} & 2. i, KIERSOL +.2 57t Al, 52 #XiE

SH 1205 Ol ERE £27} F7I6H HT 0jo] 22 191 7IYel SATE 1 46E B X

1974 176.6% EIMZES 7HEZLE Mot Q0] HMO| 2715, =2 7L Al, 5= 7I1¥EQ TIY0| R &[71 StL, MEA T
ZETN  QLISIRHAAL (2] 1091) 45.6% USHZ|0f LIX|St A|O|HM, =2 EXIAES ERE Sh= HX|MHO|0A CHE 7|l 7t ZI0| Hiety
JOIGITTC (2 19))  6.6% o =Y

oot o (Melg)  mEY g0l MmOl  goj  Cro BB, PER EV/EBTDA - PBR - ROE
120,000 S (%) (%) (tH) (tH) (tH) (%)
‘ggggg 2,000 2016 741 68 64 48 5,609 38.1 106 8.0 5.1 0.6 8.1
0,000 1,500 2017 762 67 53 # 4,454 -20.6 105 10.5 6.1 0.6 6.2
40,000 1,000 2018 814 80 63 36 4,062 -8.8 128 10.3 4.9 0.6 55
20,000 500 2019 875 85 88 67 7,600 87.1 137 6.2 46 0.6 9.9

019)09 20/03 20/09 21/03 21 )090 2020 890 96 91 77 8,812 16.0 149 5.5 3.4 0.5 10.3

Az 7LE, OJHAEEXNSH 2[MXIME



L= (014830)

COz2 Capture -84 H MAH| HIS AR jE H|S

Stripper
5% Others "EEEEEER
) _\ 14% = Absorber E
lean amine = 2% .
COO|er 'Illlllll’.

5% N\

reboiler
6%

cooling — rich/lean
tower amine heat
system exchanger
1%
HaS
HI =

KCIE2IZE)

Matorial Product

KOM{lig) + Cly + H,

A=z: RLUE, OHIAEEXSH 2| MXIMEH

HNE

KOH & ‘

K,CO, ‘

KOH 314 ‘

35% HCI ‘

FeCl, /FeCl, |

Lig-Cl, ‘

CBEST®
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SLIE (014830) : XH2H|E & EXIX|E CREST

TP E N E QA LAN
(@eb o) [ ais] w29 oo@skem) | ] 27 2@ A9 )]
QEXA 432 449 440 431 491 i =B 1’ 762 814 875 890
HF U IR 127 91 75 41 98 HEZ0|Y 177 186 175 191 206
OjSAHA 2 7| EFxH 2 169 184 194 190 212 HA0[Y 68 67 80 85 96
HIRS XAt 615 664 672 645 630 EBITDA 106 105 128 137 149
BAH 7| HEXS 57 54 37 31 52 =829 -10 -2 -13 -14 -2
QSR 458 507 524 517 479 O|XtH|& 9 8 13 13 8
RHAEEA 1,047 1,113 1,112 1,076 1,121 HITA S A2 64 53 63 88 91
2 293 270 307 237 261 #HOIMH|E 16 12 27 20 14
HIRSEx 122 194 149 130 78 712019 48 41 36 67 77
LR 415 464 456 367 339 HHO|E (%) 9.2 8.8 9.8 9.7 10.8
=2 44 44 44 44 44 EBITDAOIEIE (%) 143 13.7 15.7 15.6 16.8
A2AoZ 1 1 1 1 1 H7|20[2AE (%) 6.5 5.4 44 7.7 8.6
0[2/Y0IZ 564 593 651 712 776 ROA (%) 48 37 3.2 6.2 7.0
AEZH 632 649 655 709 782 ROE (%) 8.1 6.2 55 9.9 10.3
AZSER FREXXH
(@ehto) [ ie] 7| o8] o9 oM [ 6] a7 8] 2] a0
Fes HI5S 183 -19 55 72 158 EXX|E (x)
27|20]2(24) 48 41 36 67 77 P/E 8.0 10.5 10.3 6.2 5.5
HISS4HI27t2 68 70 92 71 80 P/B 0.6 0.6 0.6 0.6 0.5
HHEE AR HS 103 -102 -44 -35 32 EV/EBITDA 5.1 6.1 49 46 34
IHE AL A(BH 23 -22 53 40 -22 P/CF 34 37 10.1 9.3 8.2
I LRI I ZTHZ L) 7 -28 -74 51 16 HI 2l E (%) 25 2.4 2.6 2.6 2.9
EXEE A3 -9 -90 -48 -15 -3 HEY (%)
SERMHE(FS) -125 -87 -65 -45 -35 e -9.0 2.9 6.8 75 1.7
FHRpA ZAMS ) 0 0 0 -1 -4 0| -15.0 -14 19.3 5.9 13.6
J|EIEXES -34 27 -10 36 48 EPS 38.1 -20.6 -8.8 87.1 16.0
NMEES =z -43 8 —24 -92 -98 OFEA (%)
AT S _24 0 s B B exue 65.7 714 69.6 51.8 133
= X1F 10 10 10 10 11 T
e ES -8 -3 -1 2 -4 e
e o s 7 53 5 EPS 5,609 4,454 4,062 7,600 8,812
= 61 7 o s . BPS 70,614 73,283 73,967 79,982 88,230
jlg;: o7 o - . % CFPS 13,134 12,443 14,427 15,569 17,665
== DPS 1,100 1,100 1,100 1,200 1,400

Az 7UE, OJHAEEXNSH 2[MXIME
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Compliance Notice

2 R20 JIHE LSS S Xt 20I0| oS FESP HHSHT USH 9|Ro| REE er2io|Lt 2H] 10| HAEIUSS HOIELICHERL: 0|t
= AE2E DM SHEXE 57| 2ot HENSS SH2ZE MALJELCLCH & XE20 £5E S22 DA MX SRt M2 e et AtE U EE HIEC 2 2t A0[Lt, TAE O F=HYo(Lt 2t8d
= 28 + UL E FAXNZZ0 2EoIA| 7] HiEtH |IHSH FAH Al SXFA XpA Q| EHEHt M OISH0| £ ZSZE S ofA| 7| HEEHLICH M2t & AEE = st Ao 1Mol SHEX Zutof o st HA
Mol aRiol SURRE ALSE 4 &L
= AEE AR MASEM BZE MEHE2 GAMA A2H st AR = FALS| SS9 glol =A|, U=, ME, HEE &+ SLICt
_3 NMEE MSAE A J|2EXTE = NSK| A AFE KN SEH AHAl O] @i&L T
S AlZo| FHESS HY J7IE HMYAOIM 1% 014 #R5l1 UK Lt
_S AR FHEFE2 MY J|E HA DAL DAIEA YA T O U RX S AR 2/t UK ELICH
S Az FHEF0| Dotz 3[AE AL AIE S| AL ZA O AUAKX| ESLICH
EANSEYLHEIE
- EXISZ guide line ex=a 7= EXelA BT
T (X171t 6~127112) °= (BEs12719d) Hig
Al71E ChH| Overweight (HIZEITH)
Sector
(&1Z) S HIS 7IE Neutral (&)
EXrSa 3T Underweight (HISS4)
Hij2UE 7IE Buy (0H=) +15% 0|4+ 7|CH 93.8%
20184 108 BULE| AL EXISE ME7|Z0|
EXF=1 30t (=} —15% ~ +15% 7|LC|
- I‘Sl:l 3|_71| Hold (E‘rr) 15% -15/0 I H 620/0 7|_,.‘_<_ 120%01|kl +15%2 ﬁ;g
Sell (OHE) ~15% 0|5t 7|cH
Com|
oY 7 100.0%
= EX[o|7 HIZS 2020, 07. 01 ~ 2021, 6. 30

AL EIMRIMIE Q| O|AZHE S2S2| MOK|3f SEOHS 7|IEC= o FASEE HISY

(FZ 192 55 7|1E 27| A)
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