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- PHEEECLZEREILACLD, AXAFEZEELT,
20304F (2B FI Y- heE1mIE (=30M/kg)
ZHIET . BhiseEEIF DR AR F - 3L,
EBEYPI - OvIICREILAZES.

- WO NERE (ARA) REERFOCO, LYY, [B]IY
COXEEMZIRERIEUIXY PROSE RN E L,

® H—A>IU-RERBANE, 2040FFTCICEILE

ZHRSHR DS\ AR Z B R L., 2E1AM22030
FFTICH 2 2EIR. Fo, BT - TR OEAZ
20305 F TICSEHDL TENE,
2030FICNAANA - BT AFVIRFLFRDE
SR, T I D RIFOSELEEDD,

o JDERRE EERHFHRANSCO, %53 8- Bl 3

FAE. 20504 (CHYATBIL T T 5. 20304 Bl DR - Kbt 5.

FLEOZAbABHE(C, SAFOIX MERL - 4561k -

KOO AFRIEE T EESD S .

- COUKFTZERILEETRIET MM DOVT,
MO FEZSE 105/ CE M (CEHE. -
Flc. SAFDELE R tTa T,

20304 (C(d, 3 BEEIUNFATOEREIZAMEE
EOR (Enhanced Oil Recovery) PAZLDOREILAZ
%ﬁo

20505 (CHF A 10J6MEBenatE RO EIUR
B0O55, 3EO>VERZEIEI.
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4y hiSEEICEIT BRSO {EIAMEZBUZREILK
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BERHCO,)|  (EAREHCO,EIRTSY N REBIT, b7 | - P EEIROEEFHR ORI %. BRANORBEIET 5. EIREEbaias,
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Z,Lm@uszmw ST%0RAFERHE.
| 7?) kgqu‘bd)coz BE1E[EY (Direct Air Capture)
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—R >l COZ2&EREUTIRR, CnzEoEE - BINL., SibicEDa>o0— RE,
ATHERZFICEDIEER., ATZ— a3 VFCIDBEABHAL, KEHRADOCOHEH =D,

E RO

EOR*1

#1 EOR : Enhanced Oil Recovery (GifEEEEE)

EEFIH(EE. FS/7425)

S AEEOTERIE 7 FIH
3 Emg
FEHANSCO: « CO, H20&EHA

o AF)-0F

-

SRR "
-

el D oy
B . BEEXSENR (DAC: Direct
fiti Air Capture)

. CO% (F. JIAT54 > il

e

[ coov—kemme |
" - kES
g - {LEEEHE+CCSHE
¥ | emsmssaEne- |
=

8 A COzJ\—kIE (#EmAERE
EWFEFT
Wbk T, MCH, FE=FhRE

MEF (BEERE)

KAEF (GERIERE)

ES? (ESeFnExil)
EMERALIESH (MENRE
tioEHsahe

SRS (Rh—hx—h ILI2RE)
JHAAYAEF L F T
AAME (ALJ1>, BTXRE)

AR (SaldEt (e-fuel-SAF*2)

AR (R AR - SAF-T—tL)
EAEEEE (AR (RiESsREEEiR)  MTGH3,
I7)-RE)

AR (52, T0) o, SAFINT—TIL)

J0U—b A, BRERIR, RFE. BRACRE

FHFAT- I3 (BECCS, T —h—H/RUSIAARA,
YRR, BULIBERY)

*DHTF6R (FHMIF7TAREN BEERE

#2 SAF:Sustainable aviation fuel
#3 MTG:Methanol to Gascline
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" o 300-500MF2/% kg .
2O BTN S8l Bt BFOTHIE -
SHREEM e L dumerssotomme  LOOPER T mmimmenar  FREIANE
BEOGSHIEE din—fi-b)  (ERE-RREORL)
2@ A3z . : E0R b IR AR BFOTRLE—-
Een RSN GRIRIGRD  galle) _ BEOTHLE  maseuai
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(62 TV ST : BAE(L BE (RANA EAGEE ) IZMGI BEAZOIAF
b BOh, e TR EAMECEERR (o 30/ kg BHETOv):  ERTOWL: B
B e gy SROBRMRNEES Sl oy BEOIRLE—  FOTRIF--HA
(@R EM. kg (BET0yY) (FABICEE) ) BREASOIAL RSO3
—EREL UEPRIE) | 1000-2000Mf/t- \
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SEfER
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R ()
/)l J1—Mongstad TOEFREAIRCO, YN EERBE: TOXREHER 2021658~
(FTARBFR) (1073t/y)

?L%E;I X NT5> NEFCO,EIUR - BF B3 25 ADFHE (Canadal)—/\ (X 2021EMET FE
= > hftEThe International CCS Knowledge CentreOHEHE)  (60/5t/y)

F LRCO, LI BEIRIERER (=250, IS, BARBSR 202146

=) (0.1 t/day)

AAUECO, I BHEURSEE (=1 : /A ATRFE) 20204108 E#R
Sl AT RIS ECCS R B | 18R A T % (500t/day)
L B 2O HBERIE (15/-IUb) TS5 NOBFAZNS0 2021 EER~

BHIECO,EIR (SFRALT) (10 kg/day)

jtimEE  NEDOZEFEEAR[CO, AEHFHIRNSDCO, 73t - [BIUN. EEFIFIAIC

A IHL — BIS 3R AasE | gggﬁgg“
JFEI>S  KESBEAEARNADRERCHEIFBACCUSHESER(CMIFTARET

PSS (AT : LEEE D SR EERR N FEE)

FEISS ?;ié@;gmammmawcozmuw FIFSECCUTO 0o trms coritts
=78 Al =& (EAETRER)

sEfm LB -2 T35 0H] (=&, fRfomh)

RNEFEA  REEREC MUSETOTREAMRAR(TAS ML ISEULER 2020118~
b FYRCO,EIN - A= B A I DRFE) (10t/day)

#1=72CO, IR CCUITH T AR A KRE D H M ARG SNTLVD g
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Petra Nova 1:3%

I Dk pmwmama o zsv-toasat BB #E IR (EOR) FOS b
7 AW e = o_

6LOMW A B8 ok ) 3 Wt = N
FutA KM CDR Process™ ] ﬁﬁﬂij{@C02@”277/F
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77 M 240MW 464 Ly
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CO, [T & 4776 L/ H

HE FRES, =5 THER Vol.55 No.1 (2018) 9



Rl

CCUSICEhARAENDERNERDE R =FET
4 _ N\ )\
;;I%I'EEJQ—Mongstad (JIox—) TOKKR st F FCOo, BN E RIS
BEPEE M EFTT=ICH B RAFEL =T Advanced B%J::?f%‘/:ﬁﬁi@CQZ@HRZi‘%%?%%%ﬂ’ﬁ
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® 2021%F(Z7THA DEEE
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s Jh)z— %5
Shand CCTF E?;Jq;ﬂkjj UKCCSRC PACT
ARG R : ;E“’Eﬂ?ﬂ EEMBEHAT R . as
120 t/d Sy 1t/d Haifeng CCC
~250t/d TR BRIBEHES R
e i 10~50 t/d
f} e i f @ SINTEF
PACT % @
- e-on -
A
— T
IER ..
= RITE
AR 2017H0A
= KE —
Ndégc Wyoming ITC =N

" . AR 2 PCC@CSIRO
BRAGA 2 e RIS R @
2~12t/d
CO2|CRC

International Test Center Network (ITCN)
CO, N BN BT DO RHARETHAET HHRBHMOERD T A—/\ILES (20125 583L)
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Test campaigns conducted in 9 years of operation

‘endors conduct proprietary testing with their own technology.

2012 - 2014 2014 - 2015 2015-2016 2016 2016 - 2017 2019 2021
2012 2023
[ ALSTOM @ & e o ION FLUOR KX
1 : ind cameen e LT

Several open scientific campaigns with non-proprietary solvent in collaboration with universities and
research organisations, as well as several projects together with the EU.

DoE & EU projects Aerosolve' DOCPCC? ccsiz? Align-cCCus*
2013 2023
Open Campaigns?® MEA-1 MEA-2 MEA-3 MEA-4 MEA-5 CESAR-1
Project regarding aerosol-related emissions Proprietary testing >20.000 hrs

? Demonstration of Optimal Control of Post-Combustion Capture Processes

3~

-arbon Capture Simulation for Industry Impact
4

Accelerating Low carbon Industrial Growth through CCUS Non-proprietary testing =20.000 hrs C TECHNOLOGY
! Q CENTRE

® Long-term testing with menoethanolamine solvents and CESAR-1 (AMP+PZ) solvent
MOMNGSTAD

12



NCCCODEEREH#E (2011~2021)

NH;  SAMC  ACI

Gaston U5-880 MW

De-S

Coal Mill

FG Supply
Header

FG Supply
Header

Baghouse
PM, Hg, HCI
VNV VV

=»  Scrubber
S0x, Hg

Test Bays

—no
—nn

PP
B || B
23

=
=

40,000 Ib/hr u

35,000 ib/hr

e

Es
33
x g
(&) =5
[

—Hnr

S

FG Return
Header

Cooler y

-

Dilution Air

Package Boiler

¢

N

o

-

-
|

-1202
6yuo) o4 9N

CO, Capture

+* Capture from coal-fired power
plant since 2009

+ Added capture from NG-
derived flue gas in 2020

* Solvent, membrane, sorbent,
hybrid technologies

CO, Utilization

+» Added in 2020
+ CO, to value-added products

like building materials, fuels,
plastics, chemicals & algae

+ Evaluate additional

infrastructure needed

CO, Removal - DAC

» Added in 2020

+ Evaluate additional
infrastructure needed

» Look to collaborate w/
national labs, universities and
other research institutions

Byuo) 54 |eoH

Rl
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2 20,000

Accumulated Testing Hours Since 2011

M Pilot ® Bench

45,000
40,000
35,000

£ 30,000

£ 25,000

15,000
'2 r

10,000

5,000

Membrane

Solvent Sorbent

National Lab,

Research 6%
Center, 18%

Developers Type

N E TIZ68,000/FE LA L DEERELE ., 4635117 (331ET) Z5ABR/GTEI
R8T ASLOMWEL EIZRS— LTy
IThENERERSE (hF4F . hE. FAMY. /R BR, /)ILoz—, EH)
20204 ~ Utilization&DACZ Technical Program|Z3i& /0

20214 ~40,0001b/h flue gas® /N4y —IRA5—% B0, RARH R
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ol el N -
I(Difgge)

IGCC 40% CCUSHIZ % - EIIFAEE%/CO,5» NEDOEZ% 2018
(2.4MPa) BEEIURIEMTOAEFHAF/ZBIERFES  -MGMEBfiTHF ~
BHIRED 1 —)LERALARREF RS 2021

RIKR EWFHRA 22% IREBRAMBTOLIEMOAFE/IKEZEE NEDOEE 2008
TERATOCAEMEARK(TJ—XI — -BAREEK ~
STEPl)/COZ TR TR RE/E T -RITE

BEMRUN ;% 0D BA 5
BRI FEF 13% CCUSHHZERHF - EEIRE:EE %/CO,5» NEDOE% 2020
IR #4 (B RXH) AU T DAL F/ S ER B -KHI ~
R REARIM DR ARG AER  -RITE,
TS -ZHEX
BRI K= 400 ppm L—2PayhRHERAREEE/MBKIRE NEDOEZXE 2020
IR+t BEICHITE=E#GAEELZERAREZEE ~£RX ~
L%/jc—utlﬂh\bmﬁiﬂipcoz TEEEIUR-  -RITE
RRTERBIT DB F
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B2

»| Phase | STEP1 )

= it i :
[ Phase | STEP2 ) [ Phase Il STEP1)

= EREL

PRBERES R
(13%_c0,)

[l 4R U AR A4

NEDO5E &t
EIRILF—E
B R

4R £ 1 A 5

B -bAULA
URT LB
(BRTR)

ERIf K
n;&%m«

mﬁﬁ

LR

—EBekE
BRI U4 &
MR EE

~3 kg-CO,/day
RITESREREREE

\[GEM=BIE
B2 3 E R
| Az |

~5 t-C0,/day

KHIRNY F R4 —)LiREREE

—,

REFTO
NAOYrRr—IUE

B R E AR A
D& B RS X

40 ton-CO,/day 18
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B Kawasaki

Powering your potential
il

RUFRr—IVEER

(~5 t/day)

SRR —)LERER
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2030t

G2 N el
DICYN
+

KAR
CCS

3,000
t/day

ARNATI>H

(BEERIlnFHE>E) (EREFR) (RT—=ILy7vT - E=H A5ER)

Ié FY2010~FY2014 FY2015~FY2019 FY2020~FY2024
RITF@WWMH
4 Jﬁ%‘l — O
A comRETR | NI
el | R E R AT HEL
2
Ea)
\ (100m3~)

< _ - ) "
j__
I
[
% v

(SRR —)L: ~3kg/day) (RUF R —)L:~7 t/day) (/1B YFRT—)L: 40 t/day)
By & E BB AR S ENEERRET FEENBEH A :tER
& | BT Y- 455TEE R e= (B FIFEEBRT)

&/ﬁia_}ﬁﬁﬁ (BAH/FEZEM. ANSOEIIR, 2OMFEEIR (LNGKHZF)
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PMOE+EIE)

MREFEIOIIIb itk (BZET or HFEM) DACH T Utilization

O| BRIFNF-ZFRUAKCOZE | EEKIMHFESAFRN (PM: I 21—EB) BXFIAHCO,EE RN —[4
E I\ (ATOCADHATTFHFE RRIEXRF GHEXF (NTERAED) R

Q| AZHBNSOFmINERCO,IBHEIUR- | BRAF (PMIEE BALH) IN\ZhAO-5— (BIRXK) | FTERAR
ISR DREFE HOERER IR I SRS FTEAS (RITE) EYAIRIRAZ (RITE)

Q| BRUELFTOUCRZEAETIEMN | MRAZFE (PM : A1 1EAD) -VERE (RKER IFLEE
CO2ARE&IRMLZ AT LOFHFE RBRAZE EEFAFERR. -EBRILFHICO,E L

FHREEE (FR) BKEsR (HR) . (KRBRKF)
FARBEIEE (K)  HRERIE (KK)

@| C*S*AZRRAFEIO> I RRARFE (PM:BFO &X) FEI>0)—b (ML2OLNE | REZDILSD
*C4S:Calcium Carbonate Circulation bEEKRE ®) e VBN
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Growth in global CO: capture by sector and fuel in the Sustainable Development RIT@?
[

Scenario, 201 9_2070 Research Institute of Innovative
Technology for the Earth
Global CO, capture by sector Fuel shares of global CO, capture
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COST DIFFERENCE AT VARIOUS SCALE OF PLANT
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Aluminium Smelting: Petroleum Coke / Cement Kiln Plant
002 to 0.2 Mtpa CO, Natural Gas Power 018 to 1.8 Mtpa CO,
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CO, Captured
Steel Plant Dedusting NGCC / Steel Sinter Blomass Power Plant: Coal Power Plant Steel Hot Stove Plant: Steel COREX Plant:
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Ref.: Technology Readiness and Costs of CCS, Global CCS Institute, March 2021. 27
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45} D DAC (Direct Air Capture) ¥ fiiBF D EM

(DACD & {E#RIE. DOEZO T/, Carbon Engineering. Climeworks. Global Thermostat)

DIAGRAM BY JOE ZEFF, NATIONAL GEOGRAPHIC
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Ref.: Dan Hancu@2021 Carbon Management and Oil and Gas Research Project Review Meeting (August 18, 2021)
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EayaRe : Carbon Engineering (Canada)

MK . IRUR®  KOH/Ca(OH),
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COzrgj + EKOHrmj 2KOH[,qj + CﬂCOJ[sj
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CaC0yy,

CEIO[;:, + CO!I’gJ
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Slaker (4)
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