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https://www.youtube.com/watch?v=_UiGW9PTuvI&feature=youtu.be
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Separa’ﬂon L C0, Compression to L co, |
from Supereritical Pressure Dehydration
Flue Gas
co, Pipeline Supervisory Control co,
Surge and Data Acquisition System Surge
Storage (SCADA) Storage
t Pipeline < ¢

€0, Injection
System SCADA

5 10 Additional

Inflow " |njection Wells

CO; Injection
Monitering
__Ground Surface

CO; Injection Pumps

C0, Injection Tube

CO, Injection
Monitoring

Acid Resistant Cement

Injection Well

*ZX: Carbon Dioxide Capture and Geologic Storage, 2006
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=¥2 stal Tl Petranova ZZAEA QL o] AE 24 ofwl g 7%
A MW % o2 AFHAZAE &8s gl
A 7l 2Ad 71 diuERES A8 93HE F US AR JdEHe VleE @A
ATA EY WA R HAE Aol itk 240 2 3AY 7eES £ W& Energy
Penalty 9} Cost Penalty (2H] H]-&, &4 3 FARST v]§)E S50 W7 A3 B85
A stelstar Sl

e
=

S~
rr

I

L
y .

ol M
o o lm

12



=]
rx
_I-?_I-
rm
F>
Hl
1 Ra}
SN
Rl
(al
N
=
f
rio
jic]
Ju

2AIt] 719 Rt ] ~1.0 MW) Alge] zagd
o golr Hr} F R AR (10~25 MW) AlEE 24 A doltt. 3A1m1 7
2 20209 RS A wE #R] R HAEY 18E Flo

e 20209 FH7hA], By 2 FEe A8 Al 20201 dl 9} 2030»4%1 A 1163!
g Aoty AvE g 2 0.5 MW R F=dd & R Fdgioz FrAN
sk7]el Agket A7]o)7] wiEo|th AT 7l=e A 203569 A Rus HsiAE AwT
B ok 10 ool 10~25 MW U5 7|=/ids ¢5d da7 gt

[E 3] 2Mti % 3MItH co, ZX7|& R

TE 2MITH 7|= 3MICH 71=
- Precipitating solvents - Precipitating solvents
- Two phase liquid system - Two phase liquid system
=2 24 A% | Tonic fluids - Enzymes

- Tonic fluids
- Encapsulated solvents
- Electrochemical solvents

- Other looping systems

A2 7 714 | - Calcium looping systems - Vaccum pressure swing (VPS)
ArZz 2 - Temperature Swing (TS)
[ e - Polymeric membranes
wER s - Polymeric w/cryogenic
- Cryogenic
- Cryogenic - Supersonic
71 - CO4 enriched flue gas - Hydrates
- Pressurized post— - Algae
combustion - Pressurized post—combustion
- MCFC
- Sorption Enhanced Water Gas
Shift (SEWGS) - Sorption Enhanced
A2 E£3 7|< | - Sorption Enhanced Steam—Methane Reforming
Steam—Methane Reforming (SE-SMR)

(SE—SMR)
- Metal and composite
222 714 | membranes
- Ceramic membranes

- Metal and composite membranes
- Ceramic membranes

. - Cryogenic
7 . ]
e} Concepts with fuel cells - Concepts with fuel cells
- Chemical Looping Combustion
ZAb s A - Oxygen transporting

membranes(OTM)
- Pressurized oxy—combustion

*EN: O|MetEs X I 7[e/iE S, S=7IYH0H MItS

H =7I'¥ cCs 7|z &€

2017Lﬂ [EAS] w2, &5 CCS TRAE= F 387, Az CO, 74T £
A2 /A E3H) 9 5@57} A8 ZFolm 2050dole Az 529 B FRE FUhe A
]

].

dudor @ =7kelA AAsIT
=<

£ (EOR)= f&l A+ - 7IAF 30

olth. tf§% CCS TRAEE F2 v, A, m2soldl s 18 Folv, HAg Fri
A A FQ ZRAE JPEI4NE 95508
A

e gl
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O] M2t EbA E /M H/Hi & 2 2t
20608 227t~ EoA CCS7F 14%E 71998 Aoy CCS &3t ¢t T2 A4
G o}z e Aot}
[& 4] slel F2= cCS HLsE
_ . &
zedey 27t 4y sy | HMzEM | OF
Val Verde Gas Plants v =y ALHAY FFAFA) 1.30 CO, EOR 1972
Enid Fer%lrlgferctcog_EOR n) = AzxAA e (1 R) 0.68 CO, EOR | 1982
Pigg;zg;gegagﬁfy n) = A2AAE (FATA) 7.00 CO, EOR | 1986
Sleipner COz Injection r29o] ALAAZ (FAHA=E 1.20 AR ol =)= 1996
Great Plgllg;t Synfuel | mzzign | axan ey lazd 3.00 CO, EOR 2000
In Salah COz Injection okA) 2 ALAAY (7]—&%;13) 1.00 AFEALYE | 2004
Snohvit COz2 Injection =29 o] ALHAAY TFAEA) 0.70 AR A= 2008
Century Plant o] = ALAAY FFATA) 8.40 CO, EOR 2010
il S AT AT (G2 1.00 CO, EOR | 2012
Lost Cabin Gas Plant n] =t ArnAA 2 P8 A) 1.00 CO, EOR 2012
ACTL with Agrium €Oz | 7y A4 (1 2) 0.59 CO, EOR | 2016
ﬁﬁggf;;g Ram Atk o272 (24) 1.00 CO, EOR | 2014
Kemperprco‘}gﬁy 1GCC n) = o244 e (A) 3.50 CO, EOR | 2014
Gorgon Carbon Dioxide | 52 QAN h2F) | 34~41 | AFRFUS | 2015
Quest ot ALHAY UFA~EA) 1.08 ARdedE | 2015
Illinois Industrial CCS o] = A A EE] (o EE) 1.00 AEAFYg S 2017
Petra Nova w| = A A5 (o}Hl) 1.40 CO, EOR 2017
*E=X: =0 X| 7| HIHY MOlE, ot=7|¥HolH M+
»» 0|79 ccs 7|= g

O 2040 23108 $40/tCO.=

EXE sy 4

Zoln, F& EOR %49 CCS =&

AE F71 Folt}
O 2017d 1€ 7Fg A &3t Petra Nova ZEAEE o 1409ES] COy FHE EAHo7
AR 7hA Adad d 9 dY FXE ARt Ba 24 AARC S99 AVE sk
Nz & 7S 483t
»» FHS CCs 7= g

2ol Ao COE FYste] HA7FA~E A8 Sleipner, Snohvit

=3 3079 HAstkal, sAle EUHE 7]eo] A8 o =z Wy o] glo] 23
T E o COE 24 9 AR ASE stk

O 972 20179 10¥€ Clean Growth StrategyE &3] CCUSe| st A28 Hts Wi
shlal, &4 X Ves 2t AR A g HdAE AAdste] A F COp, MEFY
90%2) 380%F E& X Adt= Caledonia TEAER 4204 3LE 2 Yot}
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O| MtotEha ZEE /M /HiE 3 e
O Uld#=+ Zuid—Holland A #1919 Rotterdam o A2 AHE 1,070MWT A&
g ddael 250MWH A4 F MJ 2 FF AANE AR etrofi) 3 FH A 7 2
A% Rotterdam %3 % AF "r T AES W Fol}
»p» ZF2| ccs 7ls HE
O Otway XZAEQS AF o]% o 3ulnl E F5 9 Gorgon ¥3 - A T3 ZLZAHE T
R AS F3 ol
— Otway ZTEAEE 20009FH 35, v=, 7AAE, Hyt 5ol Fojsto] 31 27
AER, 20085 7hs Folvl, o 6% 53E CO, 24, 1a7kAA 8l Sl A%

»p A=2| Ccs 7|& s
O AUAZ|ZA G whet 2020474 CCS7|«9] A43ts Huz A4l
O CCS 71% 4485 98 x84 (CEM, CSLF, ISO/TC265) % <A@ (v
gujel 5) A ol Fol Sirh

O Eutsute] CCS A1) A 9 744

FA4 A

d, 2016@5-E CO, ¢ A7+

5, ARt}

A
=

- 2012d~20154 7]7F E<F . 20184 597t
2] ok 187 &9 COy 74
»p =2o| ccs 7|& e

O #H 12d93F A HAES

=9 COz 74

A 20183 3HAIZA S AE o] AlZEo] AA7F 607t

O F=oA 7Fs 39 CCS ZRAE F FQ CCSEZRAEE= [X 5]¢ 7Zon dix & 2
71«9 vlFo] 7H =t}
[Z 5] 53U ccs EHE 2FdE
iz XI E
2N EH AlZA x| =37 E0o[ALS
zeyey EN 5| s S olAre
3,000 T/A Pilot Huaneng — 3,000 Y dE: 2008~
China A F XF
HeChS?tz?i(ilowe" Power | Chongging | 10,000 | - COs %%: >99.5%, CO, EQE: >95%
Invest. - 2dd=: 2010~
] - AT X (COy SBAFT ANALE)
Sh§d00£§§051a§§‘2 Huaneng | Shangha | 120.000 | - CO, %=%: >99.5%
CEYEE: 2010
Shenhua CCS Inner AT X/ dheSel A%
demo. plant Shenhua |\ yi e | 100,000 | 0T 000-100.000 £/
EOR . Jilin Oil . -
Pilot Injection Petrochina Field 200,000 AA7MAZEE CO, 8 % EOR
Shengli . . -9lz ¥ ¥4 / MEA / EOR
Power Dlant Sinopec Shengli 30,000 .CO, % >99.5%
Z£X: KEPCO AAZ CO, ZR7|& SIQAAHTE Bz ZEHIY X S 7|&sArEFZ
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Bl CCS 5{E2} F2{AEH (Hubs and Clusters)

ojpbsterA I - A - wiE A Vlwo] tatEe olitsieta wiEs ASAE & A
Aol AFZHUATN, AAZE B A FAME ArEE A&t vk v &qf
Al wEF T sl FROIARE, Z47Ee] ARQ] A oA o]t ¥

%, A2 CCS Al A3 (CCS Chain) & Adst7]olE B3 A 2 o]},

[A% 9] 20199 IFH ccus 2 U S2{AH g

INTEGRATED MID- CARBONSAFE NET ZERO
':: ) CONTINENT STACKED ILLINOIS MACON TEESSIDE
CARBON STORAGE HUB COUNTY
o8 - 6 Mtpa
1.9-10.4 Mtpa 2-15Mtpa
@00 =T 1} Meece
= S e s
WABASH NORTHERN XINJIANG JUNGGAR
(1) aen CARBONSAFE LIGHTS (13) Easik s Hus
17-14.6 Mtpa 1.5-18Mipa o.8- 5 Mipa 0.2-3 Mtpa
deoce Heesen Gesoceeo bece
& L= o
8
2] ‘/"‘
g
1 14
10
12
NORTH DAKOTA PETROBRAS SANTOS ABU DHABI
CARBONSAFE BASIN CCS CLUSTER T 13 eLuster
3-17 Mtpa g FPS0s - 3 Mrpa 2-5Mitpa 2.7-5Mipa
g Ao Hee Aoceo
s 1} o b W ok
GULF OF MEXICO @
&us HUB @fﬂ:ﬁ’uﬁ“m" s 15) CARBONNET
6.6-35Mipa Upto18.3 Mipa 1-4Mipa 2-5Mtpa
deene Adooces Heoec Meoone
& & b fos W ot
INDUSTRY SECTOR STORAGE TYPE DELIVERY
@ COAL FIRED POWER @ CHEMICAL & PETROCHEMICAL @y DEEP SALINE FORMATIONS % PIPELINE
@ NATURAL GAS POWER _ . PRODUETION & ENHANCED OIL RECOVERY b SHIP
O NATURAL GAS PROCESSING B CENENT PROCUETION {) DEPLETED OIL AND GAS ms ROAD
@ FERTILISER PRODUCTION L3 ACTE EHERATION o 0 DIRECT INJECTION
@ HYDROGEN PRODUCTION ) RFHANGL FRODUCTION o eneagenn

© IRON AND STEEL PRODUCTION R R e

*=X: Global Status of CCS 2019
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o] #A=
CCS 1xzgts} A4 FHEoZA
H) 8-S a7 Wl AAE
2wl E71E

A7) sk, wue) g

A|Ado] ZFE A (Cluster, AFAA A @A) E A5l
MEAo R NS FH8t] MEFS a7 E AT

o},
o FHxEE $F olehea

LS

s UF s

S = AP A AT B H)X|

Ht}h [EA A7}~ R&D X7 1 (IEAGHG)—E zﬂlﬁloﬂ%ﬂ A2 12709 UHFE CO, 2

AEZF AR ALY A& Fola,

A% 10] co, =& 2H2AH, =3/+H

AZF 64T E(Mta) 9] CO.E EARsttaL skqlth,

COLLECTION
HUB

Natural gas processing
S/ Iron and steel making
Hydrogen production

Fertiliser production

~

| {
|  STORAGE
{ HUB

Coal gasification

Power generation

Factories

CCS storage sites

ZX: Understanding Industrial CCS hubs and clusters, 2016

Hui zZhzte] AANMERE TAY CO.E For] $3 4 FRAaY AdFs FHA
B2 2557 A9 M % AEgrolth Hut We A solZekele] 24 Fuol
g A Foe 9A .

FAHBE XY ANES AR AAAA 2erET ARG LHE 0t 2eAH U9
Zzte] WE el meh 1 ool MBW F4 W A Hu: 4FH COE TAE-F-F
AE £HT 5 YRS vk 1, 247 olatua WEAN AL A4 FUFL
o) g Qxel B8-S gAY S g

et B, A EA, ZAN 98 wa, A999 A5 52 bsel s, CSY §
7)Rolg S 2 erew qIAE oA 1 gtk
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o] ccS7|l& EH, SA7|Ho| <7

1__

t
Ao %
o

7beol t71E el olitsteags Fol7] Sl
A Aa gHv ojfy ©jdor 4 & e AAE o509 flof 714
A A etk AR, CCS7IES 77 %

Az 39 59 tut
) raTew FAEL

= TN A ersra s 4

el gle F427192 34

1 olel 71 AAs A9s FHstn

W3t AT B AFE AF

g7
71l A gk AR e s CCS7e 483tE st vk

7|9d =7} /A A S
= A Zg AtolE (RCO) % 318} vhy A4 (CLO) 7s ML 5
GE vl = — HAANA T g5 oAtk As e neuow vE &
HHlS =2« Heds AAEe) ga| A )it
B&W v 5 — o3tole FHU e 7 ARFAAIIAE o] &3 AnAFE AP
e e =
MISIDISRE | T gl amaae 2E RS 14 S48 AEaY Q¥
feavy P giee Awan ped
Industrial
DreserTR L ma - Am ol Rasd 497kt 284 CO, YIA1E A B 5
NRG — JX Nippon¥ HEYA S Z38] A& 7)4F Petra Nova ©|AF3}gFA
u = E-AE FFska v ZB[A g HAbe] A 3|AE e ANEe A S
Energy
55 AFE-
— FuelCell Energy, Inc9 gg3sto] &4 AGHRE ALE-5}o]
Exxon - COE YA = 7% 7
Mobil K - 4 9 54 FHAA Hdes Hgoa AEReATdS HaAA
ojabstERA A& ARQl voledA ik A4 F
— WA H A B2 EA g S&A B ok H3tee] ub
Linde Ple RS J—LoEH»]ﬂ t H’ﬂ.]g ]"4.1 i} | o2t
T 2l5]= 24| PSA (Pressure Swing Adsorptlon) 7
B - AFEANE A 3rtet dste] olatsteAE &85 2714 (ash)
Lafarge A
7)1 )ik
— Eguy AuyS 233t ol = AJAES NCCCAA 0.3MW
Air Liquide P gty Ay 3l Fol B | | 4

vE NEF

EX: 2t A 2HOIX|, =7 HEO0IH
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U o8 CCS 71ES @

2AE7} Qo] Hu 3ick %iﬂ?j 1
#r)gow KCREY, A

FY 5 FE 09 A5 AT =
olshE A7 V)40l ATAE Hm Yov, o
2, 38 ol Aol Felahi otk
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[St=Ad]

g FREA, POSCO 53 #8202 Ay 20139 HEsig e 10MWs CO, X
A AFTEAEES At A5 9 AHEAA AFE vk 20169 4953 H d5:4s AR
o 2016d SAdgAT ol S HogrEYd IOMWH (AzF 7% & COp, EATE,
500MWH Algrste] i 7]+ 1/50 COp; AatR) A4 F CO, 4 7d8l ZWHEE &
3t 7] A%52H 3,000/ & Faete] 22 FF9 AFVES Rt

T3, ofkrEmmRAbeL ARAY Tl AFEE B geks Aldstal F 18094 dits F
dato] FEow ANkl

[¥231]
Eazi sl AYY AFANE FHARA N AEF A, Fo FRAAY AU Tk
AL 5% F B4 THE Aanes O ks MEEN 29 253 Yok AdL
AA BAL e SAR ofuA Asgom FHate]l okdl 2YHY 74 RN WEHE
st ool SEAR WAk b oUAE ABTORA 2Aks BAE Axsten
e,

EAFE 202297HA 7] QGEA wiEE 359% ALS BEuF 20214974 12 70099S
FAE Algelnt, oF 330091 9= FAFste 157] FAZEA dbdAduR| e} AdR 37 2]
(SCRIE 4A3kT, 9009 9& FAste] 21 W7bg A4 2 A7) S4¢ ALsta 3

mlo

(1 1] 223 HEA0M2 oLix] E5

HESEoML A AALE IS

*ZX: POSCO Newsroom
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[AdFSFHd]

Az d> AA A A3 1983dFH 229 24 A1 A/E 198 =44 &
= 39 Atelth AdEEdL 20169 =AY A HAdE XH% sto] S71HTE v
CSEEE 7HE S HHEES s 297 A Edste olitse A vHgE ENE T
e W o] 29A o] absleka whd AN o 4 V|ES AN

>y AL 7Y W

[KCZEH]

KCHZE#HL 1973del| A= o], 3ol dAst= vAHAE 3] AAst= JWE0E
Hzx Akstel AEsiginh. MEN TS BXIA YA 27%, 7kAA 8] 35%, 7€ 38%E
A=l Stk dA g 719 5 dEdy 8% 7] 10MWH A& F A4 CO, AN E A
A8t AFAtds 73 ol dom, TPEN 1Egt 9 50E/Y 45 - A5 Ve AN
ol Atk

[13 12] KCREY F7h30| L WLHE

ol o9l
T 2017 20184 20194
o) &< 1,685 1,820 3,006
CIEY 35 37 85
F7]=e] 9] 69 22 7
100 01.02 e BT 2AulE | 132.00% | 182.36% | 335.56%

*EX: C}S(Daum) 28, 27| AH|0lE 1Y
[ Az
2000l A Eo] AAAES Aatstd oAz 2017dHE o|abste s A gAY o] uf
A5 7hekolth B8 F T3 viol SSiteoll A WA= Hlol oM SRR St H
g #83to] H2 B 7HES bt A7es 73 Fold, #3r]ed %
HAaolA wlEs= COE 24, A%, TEshe daxds 7enkst 4%
A

—ﬁ[‘za}il

g

(23 13] 234 F7hF0| U WP H

ol A
o T 2017'4 2018 20194
uj) & o4 3,656 3,671 2,545
g ol 194 180 —-147
F7)0]9 141 147 -122
Lo L Ml B | 94.35% | 74.45% | 77.37%

*Z£X: ChS(Daum) 28, =700 M+4
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[ZZ=]
dFzE= 1998d ARl t7]ed Ao #d A4A Y 24 B FE el T %k
on, JE A - dasdoled solr BAste Fall7tAs AAske A 48, 3814 2
Aote A= sketetE (PFC) 3 obibstd £ (N,0) 5= Alolshe 247Fs AzHdv], 1713t
FE(VOO) = violAR el BE o] &3] Afsts 44 & FF3dhe B2B A=7Ielth
A8 14] HR=EZ FIIF0| U YR
EOHCE
B o TE 2017'd 2018'd 2019'd
i} & ot 3,290 6,694 7,023
3 el 218 623 478
@Al | -3 462 374
o sl it Akl PAUE | 143.02% | 187.89% | 107.58%
EX: C+S(Daum) 28, 3H=7|YHIOIE X 7Y
(At &7 ]
A S, FFENE, BES-—FA43 59 SAFFAAE Arshs AdHEd S oy
A 71E=WEAR] AEAA] @I MOUE Fall vWlE7ks AARkes S8 oitstes 25
2 &8 AdVEs ol&s 3 YA WiETEA & oitste AR e AAEY EHES
Ay EF5AEY] AEE FdEts Vs A Fol Atk
[A3 15] XAF FIHFEo| 3 W FeE
o A
4 TE 20174 20184 20194
i} %o 132 248 317
dole] —44 6 8
F71%:019] —68 6 -15
T | : AN L | 57.90% | 59.21% | 59.46%
EX: CtZ(Daum) 88, =7 YHOH M4
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