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1. Direct Air Capture (DAC) &
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1. Direct Air Capture (DAC) Il &

E Direct Air Capture (DAC) 7|=
37| B0 A= Cco, & EHSl= 7|22 DACS?I DACU 27 + U2,

Fossil Jet Fuel Aviation CO: Direct Air Capture Sequestration
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Overview of linear (A) and circular (B) uses of direct air capture in decarbonising aviation.
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1. Direct Air Capture (DAC) &

E CCS?} DACS 7|= H|n

Industrial Processes

Process
Raw Process carbon stream CO: Va:::,?,d,:gn?;?:ﬁuf&
materials release 20-95% Co, | _removal transport fuels,
cement, steel, etc
CO:

Post-combustion capture

Power Flue gas CO: CO:

5-15%C0, | _removal

Pre-combustion capture

Fuel
e.g. Coal/ R H
Gasification/ Syngas co. ’ P
Heavy Oil/ Reforming 50209 co, | removal oEnnon and heat
Bitumen/ | (€0)
Syngas -

Oxy-fuel combustion

o

Oxy-combustion

Power

and heat

Flue gas
> 80% CO:

CO:
removal

CO;

Transportation

€O . e.g. Pipeline,

Compression = Ship, Truck,
etc.

v

Storage

e.g. EOR,
ECBM,
Saline,

Aquifier

POST- COMBUSTION CAPTURE

Gas turbine

Boiler w Power/electricity

Air
Steam
Fuel N2 & H,0 &4
Fuel gas :'_- - | co. *e
€O, + H,0 + N, Compressed and storage
o ) €O, separation dehydrated
and capture
DIRECT AIR CAPTURE
H,0N, 0, .—f

v D96

_NN
@ %' ﬁ o, ¢ Transport and
@ i storage
I E Separation unit Compressed
Air capture contactor
o Air is sucked o COz is filtered « Heat or electricity e COzis stored
Step *® through the fan Step * out of the air Step 3' is applied to filter Step 4' through geologic

ZX: https://geoviridien.com/
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1. Direct Air Capture (DAC) &

E Direct Air Capture (DAC) 7|& 782
371 50 A= Cco,& ZHol= 7|=B =M 7|=2 SN R

o TT

Ambient Air cO
Depleted Air

Liquid S
) Sorbent o

Energy Sources Reuse of co,
Geothermal, Natural Gas, Solar

G

\ Synthetic Fuel

)

Building Materials

Filter saturated with CO;is

= heated to release CO,
N Hi~100°C)
Solid Sorbent ) COz
Filter

Enhanced Oil Recovery
Depleted Air

ZX: https://srrweb.cc.lehigh.edu/app/DAC
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Solid DAC

Unit in operation

Unit in regeneration

Air —p .-:: —» Concentrated
CO,
Concentrated CO,
Liquid DAC
Capture » Pellets Concentrated
¥  solution I ( v T co,*
Air —p >
e
Air contactor Pellet reactor Slaker Calciner
, co,rich _ 4
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Z=7X: IEA, DAC 2022



2. Direct Air Capture (DAC) 227d

E |PCC scenarios®} IEA NZE

H 0, age -
How to keep global warming below 1.5 °C. Carbon capture, utilisation and storage
path under current c .
N climate protection o Capture capacity
4 z %
> remaining N == 0O et T 200 e
) carbon budget = o CO, captured
o 0 EY 9 in'the NZE
o~ I 2 ] (D)D) 50 m e o oo oo 0 050 00 00 2 55 1 0 50505 5 B 5 0 8 1 5 6 00 560 £ 055 B 505 5 5 10515 5 0 0 56 6 £ 05 5 05 0 £ 601555 65 65 0 A 6 605 03 67 60 60 6 a0
o %0 = 1000
0 | 52
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i g f<
] 30 @ O
S 0000000 O - o | o DU
S =9 600
@
-é = 400 ....................................................................
[
9 10 62
o 29 ) L
0 Path to 1.5 °C & [ I
E ' ! ! ! ! s 2017 258 2019 2020 2021 2022 2030
2 2025 2050 2075 2100 ) ) )
(U} Year ® Announced captured capacity @ Operational captured capacity
Data source: IPCC, Mercator Research Institute
Milestones 2022 2030 2035 2050
Emission changes over time Cumulative savings
40 100% Total CO, captured (Mt CO,) 45 1024 242 6 040
8 __-—.- - .faft'v'_tv CO capture from fossil fuels and industrial processes 44 759 1712 3736
G M|'[|gat|o|1 L= =~ T 5 g P PSPPSR
S — . m sehaiour Coewer 1 s ses an
-~ avoided demand Industry 4 247 769 2152
Energy efficiency . I [ [ I [ e ST ;
20 e SR R 50% oo pum...... ® Wind and solar PV MerCham hydrogen 0 161 285 7567
m Bioenergy Other fuel transformation 38 163 90 17
W Hydrogen CO capture from bloenergy 1 185 506 1263
100 e E e 25% e [ u Electrification
Other fuel shifts o Pewer o a4 204 438
[ | B =cows Industry 0 23 77 232
2022 2030 2050 ‘Biofuels productlon 1 14 213 A74
IEA. CCBY 4.0. Other fuel transformation 0 5 13 121
Expansion of solar PV, wind and other renewables, energy intensity improvements and Dlrect air capture 0 80 203 1041
direct electrification of end-uses combined contribute 80% of emission reductions by 2030 Tota|002 removed (Mt CO?) .......................................................................................................... . 234 .......... 532 .......... 1 110
Notes: Activity = energy services demand changes from economic and population growth. CCUS includes
BECCS and DACS.
EX: Net Zero Road 2023 Z£X: Net Zero Roadmap, 2023 * 74=rHS
=X: Net Zero Roadmap, p: @y SrHstm
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2. Direct Air Capture (DAC) 2274

® IEA NZEOjA2| DACS| ¥

IEA NZEE $IsiA{= 20300l DACE
20501.-301|: 980 MtCO2/4 = %! féﬂ

2050 DAC 9l 1 GtCO2 =ZE! 57| YoM = <

Global CO; capture from biomass and DAC in the Net Zero Scenario
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ODAC with use BDACS

o

Edll 90 Mtco2/d =¥

e (§xf 2 7,700 tCO2/'d). 2040'H0f| = 620 MtCO2/'d,

6 EJ2| Xt oL X[7F R, XMEt: U X] 22| 2 90%= € ALE

Global energy consumption (left) and CO: capture (right) from DAC in the Net Zero
Scenario
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Note: Global CO, capture from DAC based on the deployment of both L-DAC and S-DAC.

2050

IEA. All rights reserved.
DAC global operating capacity, 2010-2021
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2. Direct Air Capture (DAC) 227d

B ME|HEZ (Sector Coupling) Ol X| X% 3 0| &

o
m (8el) 7HAH QU MU X|HH S CHE o X|2] HEH= HESI0 A, X Pt B2 ZH ZEot= A LH2 2 ‘Power-to-X’
E L{EHH.

« (P2H, P2C) Power to Heat/Cooling: M3 &S S|EHZ S5 Soll E= Het5l0] Aol 7|2 ey R E2 ME} o= 7=
« (P2M) Power to Mobility: &S H{E{2| S0 XEslo| 2E FES M} of= 7=
- (P2G, P2L) Power to Gas/Liquids: 7| & FTssiM =4 S HEta} Z2 7tA-AJH R E M4k 3 X EHS=

I

A 785HH 7t 8l WAz HME = CHE Z0F2

-
|
|
| H2 Storage
P I 0,
Energy el Power-to-Heat —> Consumption Heat : >
Storage Sector Sectors Storage S | H. 5
g1 (o)} CO; ®
) s n Cclecwolyzer | gk =
- s -—
\ - I o) 1)
b o}
N 3 | 3 Gt Gas Pipsiine | 18
Pm’.fe?’—to—iiiquid Power-to-Mobility pO‘.f\,’E}!—iD~G;’iS Power-to-Gas ‘g : e - Liquid/Fuel H82/8H4 &
1 l & | 2 Chemicals
S103 |
| 2 P2L
| |
Fuel TransPort €— Power-to-Gas —— :
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I
L

Trade/
— - Residential Industry
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3. Direct Air Capture (DAC) 7|&

B L-DAC_Carbon engineering

7t AX|L|0{™A DAC 3H2 37| BT CO,E $MSIZE Y1} Y12 8LE air contactor, +=MSEES O]
E"'ﬂ O| MZIEtAE NN HEJE % 5._* }= pellet reactor, peIIetE _+_é'. 5l C &FXtA|7| 2 CaCO,E CaO2 H

E
=
£ calciner, 21t 83| & S AAH fi2tEES W/ d5t= X2 steam shaker 3doz 14

ol

801

e
i

CO.-Depleted Air Compressor CcO,;
Contactor Loop 1 Calciner Loop
KOH cO,
! l l l ! l l l H2O Recycle < — — — — Condenser
PR BBDH® ca0 ) |morco,
I
Al
r.PpRPPPR _
RBRRRRD Calciner
200°C
Pellet Reactors —
: o . Steam Slaker
. EE 300°C
il ) ] lcaco, o || ]
.::: .:.: -:.: Oz Natural
e®® | |e®e | |a®e _J Gas
e® © o @ oo @
... '.. ...
e e X o e ¥'—/
H20 + KoCOs |9ee | |0%° | |o%® Ca(Or). 1 H,0 (cycled)

74 [
11/29 ZX: Progress in Energy_A review of direct air capture (DAC)_2021 I(n u EH ‘‘‘‘‘‘‘‘‘‘‘‘



3. Direct Air Capture (DAC) 7|&

B L-DAC_Carbon engineering

712 AXIL|{E DAC 3H2 87|18 20T A COo,E itzE & 8t B 5= air contactor, =M2HE &S 0/29510
ZHE O|MBIEIAE NN HEfR HESHE pellet reactor, pellet2 24510 CO,& BAA|7|1 CaCO,E CaO= HEHst
= calciner, 21 M3| & YIS A|7] 43t wS Md5t= X2l steam shaker -F',— oz 1AM

Step 1: Carbon Removal Step 2: Separating CO2 from the solution

K(OH) CaC0s ,

capmra Solution &I I—) Pellets _\l, r Pure COs

)Airout
Air —» - €— ca(oH): e( 3

i bi i
coz Rlch salutlon

)

LT

1,05+ H:0 \
’

Air in

2KOH + €02

Calciner (3)
CaC0y,

CaOj,) + COyy

178.3 k1/mol CO:

Air Contactor (1) Pellet Reactor (2)
COyy + 2KOH 2KOH g + Callyy,
-95.8 KJ/mol -5.8 kK1ymol

Slaker (4)
CED[S:, + H;Dm
Ca(OH)e o
S,

74 ]
12/29 ZX: Progress in Energy_A review of direct air capture (DAC)_2021 I(n u EH ‘‘‘‘‘‘‘‘‘‘‘‘




3. Direct Air Capture (DAC) 7|&

E L-DAC_Carbon engineering

2021sus Stratos ZE2HE (1pointFive Direct Air Capture) & (Oxy, Carbon Engineering, Worley Z2HME LIE L),
2025'd 500HE CO2 ZE FH

- 1PointFive= 2035E7tX| H MAIM2Z 10071 0] 42| DAC A2 HiX|E AILIZ|RE YEH

MODULAR, REPEATABLE AIR ECONOMIES OF SCALE FOR 1

CONTACTORS AGGREGATE CO, MTPA WILL BE ACHIEVED WITH
INDUSTRIAL-SGALE CENTRAL
PROCESSING FACILITY

e R e e e, et

MULTIFLE IDENTIGAL
AIR CONTACTORS

AIR CONTACTORS AND

CALCINER
CAPTURE SOLUTION PELLET REACTOR

PVC
PACKING
),

EX: https://www.1pointfive.com/

13/29 & KNu zsosz




3. Direct Air Capture (DAC) 7|&

B L-DAC_Carbon engineering

HZECH7| = O|MSIEFA 500 E0j|A 1002t E
207, 2026'd 2F S &

o

STHeZ M 7Ise Ui 2 DAC MEE A3 SHE

- d=xo| AEG| 72t 7HLICEC] Carbon Engineering= ¥ ZF 502t E0{lA{ 1007t E2| DAC &H| 4 &

JUNE 23, 2021

Engineering begins on UK's first large-scale facility that captures carbon
dioxide out of the atmosphere

EX: https://carbonengineering.com
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3. Direct Air Capture (DAC) 7|&

E S-DAC_Climeworks

¥a|y Es ofulz DA SHTE 0|8 SK HE I

2 k8 ZF(TVSA)0|H, CH7| =20 Cco,& Xt = 2E-23-1li &
HA2H L 42 R0, 80°C~120°C MHX| 2 & S7helsl co,E BEst= A|AMA. 99.8% =k2| CO,E =+ U
(=)

= -

- 20173 232 hinwil X|H0j| MAIZZE 4 HE DAC

PHASE 1 PHASE 2

‘ Once the filter is saturated with
CO, the filter is heated to 100 °C.

Ambient
o air

e

:
3

<t -Eﬂ

RS B
A R W

-

s

w CO, is then released

from the filter and
collected. Concentrated CO,

CO, is chemically
bound to the filter.

ZX: Frontiers in climate_Direct Air Capture and Mitigation_2019.
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3. Direct Air Capture (DAC) 7|&

E S-DAC_Climeworks

Orca plantE OFO| S ZHEO| X[ et MA| Z[Z=2| Cit 2 o] thtEha HAH S78. 87H2] collector container2 T/d&|0f 2
H, Z+Zt A7t 500 E2| CO,E =T + AUS.

OH

- 2021 Iceland, Hellisheidi X| 0]l MIA|ZX|X 2 Cj# 2 DAC EHEE M5 2F S0 len, A7t 400082 CO,E =
- Ol0|S2tE S0 XAHARA SSES XHH2E2 LAS F= FA MY HA MRS MY

ZEX: https://climeworks.com/plant-orca

16/29 KNu 2=teie



3. Direct Air Capture (DAC) 7|&

E S-DAC_Climeworks
Orca plnat= Ol0|&2

ZhEof 9| X| et A1I71I Z|Zo| i 2 ofM3}ErA HAH 3. co, =H 82 4,000 tonly
8712] collector container2 A E|0 Qo Z+zZF AZE 500 E_| CO,B EXE & 9}1%
- Y B3| 2l 3EE 29sl= o 2ot 1 M7| = Hellisheidi X| € &
- ©EE co,= S0 g =2

gxlof X|5F €2 %o F

Geothermal Climeworks
power plant

Ambient air

CO:-free air
Low-grade heat

N

Carbfix

ZX: https://climeworks.com/plant-orca
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3. Direct Air Capture (DAC) 7|&

B S-DAC_Climeworks_Orca plant

Orca plant= OIO| S ZHEOf XISt MA| Z| o] L &2 O] MZ}EFA HAH 5. cOo, =H T2 4,000 tonly
87li2| collector container® T3&[0 A2, Z+Zy HZH 500 £2| CO,E ZHE + AUS.

Desorption

CO,-free air E\ S

Desorption

Adsorption

18/29



3. Direct Air Capture (DAC) 7|&

B S-DAC_Climeworks_Orca plant

S5 olo|STE A Mo|C] X|EHEHA Q1Z0f /X|S DACRIHS 7| EY) dH| 'HrA 29, I
OF 6,0008. ZEAIH0| HE S E RYS U1 0] VA FEIZ HIX|ZIoH, BEHoZ HA E =Hof| =&

- U AQ| Xl e SoUAAS A DAC A|M 'RE27HOrca)’ ECH 2F 108 & 2 =&
0 =

=
- kg A Aol 7hE 2 2030 H|7LE (Mt-1008H

=
- OFO|SZE of|{Xx| 7|HeQl 7l B E A= O] MelEta~ S St

o 4
\J

e 2 EE Hetk|0 G HE|
o

408t-475k8l) MTIX| HEE S 2E

\

-
=
s
=

" WE W
W W

S =
e EHit HELZ X|5t 800~2,000m OF2ff BT X| S0 F. 21 2to]

oA Aol ECF X HIE2 Xl 1,000=2{(2F 13622 0| X| T 2030E7HX| ETF Z X! HE2 300~3502 2] (2

[ Co
’
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3. Direct Air Capture (DAC) 7|&

B S-DAC _Global Thermostat

ChS8 HR R Y2 M2ty Bi2[A(monilith)0| Ot (amine) 7|2 SXHIE A5t CO2& ZHSHH,
M2 5718 AE510] 98%2| 0| LtetEtAE HE = US.

10

F 85°C~100°C2|

- Global Thermostat2 202245 E S22l F it 2K ZAAM Z2E 22| K-AlE2|= 29

- 20234 122 11Y, E22IEF HHA A|E| AX| 0|2l Global Thermostat= ¢ 7t 1002 O|E{E 0| Ato| O|AISIEIAE E XIS &
A= M-series 21 87| =& 4| A 37

CORE SOLUTION —

Step 1
. ———
Vad “"\
F4 5 rd Y HOW IT WORKS
: Air with some 1 : Captul’ed 1 Our patented technology is
1 : 1 : uniquely capable of delivering
: COI removed 1 : 1 low cost CO; Direct Air Capture
] il i
1 1! 1
H 1 ! 1
H 1 ! 1
H 1 ! 1
: 1 : 1
1 Adsorber 1
H Adsorber [ o 1
i oy . [ containing 1
containing amine 1 1
! 1 ! regenerated 1
1 sorbents 1 1 3 1
! [ amine sorbents i
i il i
1 1! 1
1 1 1! 1
H 1! 1
H 1! 1
! 1 ! 1
! 1 ! 1
! 1! 1
H 1 ! 1
i Ambient air A Heat from e.g. steam H
“ . S
\.-' ——————————————————— \ﬁ' —————————————————————— g
Amine with
adsorbed CO,
molecule
ZX{: One Earth Primer_Direct Air Carbon Capture and Sequestration_2019 o

ZX: https://www.globalthermostat.com/
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4. Direct Air Capture (DAC) 7|= &

E Direct Air Capture (DAC) 7|& H|u

Carbon Engineering
[17,22, 30]

Climeworks [25, 27, 28]

Global Thermostat
[26, 29, 31]

Founding year

Current scale (tCO» yr_])
Thermal energy
requirements (GJ tCO, ™~ b
Required temperature of
thermal energy (°C)
Electricity requirements
(kWh)

Current costs ($ tCO> 1)
Projected costs ($ tCO: -

Past projects

Future projects

2009
~365
5.25

900
366

168-232 first-of-a-kind
94-170 nth-of-a-kind

Pilot scale plant in
British Columbia
capturing 0.6 td ™"

Industrial scale plant

with Oxy Low Carbon
Ventures capturing up to

1 MtCO; yr~ ' slated to
begin construction in 2022

2009
~1000 s
5.76

80-120
400

500-600

Target of 200-300 within
five years and 100 within
ten years®

14 commercial DAC plants
throughout Europe. First
commercial DAC plant
capturing 900 tCO2 yr~'
delivered to a next door
greenhouse. CarbFix and
CarbFix2 Projects

Goal to remove

225 MtCO: yr~ ' by 2025

2010
~1000

d

Preferably 105 °C-120 °C
but up to 130 °C
d

Pilot plant with SRI in
Melano Park, CA captured
roughly 1000 tCO, yr~'

Two pilot scale plants with
the capacity to remove
3000-4000 tCO, yr— .
Industrial scale plant
construction with Exxon
Mobil

o

EX: https://climeworks.com/plant-orca

21/29

Key features of S-DAC and L-DAC technology approaches

COz2 separation Liquid sorbent Solid adsorbent

Specific energy consumption

(GJICO2) 5.5-8.8 7.2-95
Share as heat consumption (%) 80-100% 75-80%
Share as electzi‘;i;y consumption 0-20% 20-25%
o
Regeneration temperature Around 900°C 80-100°C
Regeneration pressure Ambient Vacuum
Large-scale Modular

Capture capacity

(e.g. 0.5-1 MtCOz2/year) (e.g. 50 tCOz/year per unit)

Net water requirement - ~
(tH201CO2) 0-50 2 to none
Land requirement (km?MtCOz) 0.4 1.2-1.7
Life cycle emissions } X
(tCOzemitted/tCOzcaptured) 0.1-0.4 0.03-0.91
Levelised cost of capture Up to 340 Up to 540

(USDACOz2)

ZA: IEA, DAC 2022



4. Direct Air Capture (DAC) 7|= &

E Direct Air Capture (DAC) 7|& =& YU g

1 2 3 4 5 6 7 8 9 10 Company Country Sector CO,, disposal Start-up year CO, capture capacity [ktcoa/y]
C"meworks Global Thermostat United States (Manlo Park) R&D Unknown 2013 10.0
Climeworks Germany Customer R&D Use 2015 0.001
GIObaI Thermostat Carbon Engineering Canada Power-to-X Use 2015 Up to 0.365
GreenCa p Climeworks Switzerland Power-to-X Use 2016 0.050
Climeworks Switzerland Greenhouse fertilisation Use 2017 0.900
Susteon Inc Climeworks Iceland CO removal Storage 2017 0.050
Kawasaki Climeworks Switzerland Beverage carbonation Use 2018 0.600
Climeworks Switzerland Power-to-X Use 2018 0.003
Ave rage - Climeworks Italy Power-to-X Use 2018 0.150
C b E o . Global Thermostat United States (Huntsville) - - 2019 4.00
arbon Engineering Climeworks Germany Power-to-X Use 2019 0.003
CSIRO Climeworks Netherlands Power-to-X Use 2019 0.003
Climeworks Germany Power-to-X Use 2019 0.003
Ave rage Climeworks Germany Power-to-X Use 2019 0.050
Verdox Climeworks Germany Power-to-X Use 2020 0.050
Climeworks Germany Power-to-X Use 2020 0.003
BPM E D Climeworks Germany Power-to-X Use 2020 0.003
MZT Climeworks Iceland CO, removal Storage 2021 4.00
Global Thermostat United States (Sapulpa) Power-to-X efuels 2021 4.00 (2 plants of 2 kt/y each)
Ave rage - Global Thermostat Magallanes (Chile) Power-to-X efuels 2022 2.20
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Pilot plant for solvent-DAC Carbon Engineering (A), solid-based DAC Climeworks (B), and Global Thermostat (C)
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Figure 3.1-3:

CCS project pipeline
by industry and year
of operational
commencement.

Capture, transport
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Operational

Facility

Country

Operational

date

Facility industry

Capture, transport and/or

Facility storage code

Occidental Terrell

Enid Fertilizer

ExxonMobil Shute Creek Gas

MOL Szank Field

Equinor Sleipner

Great Plains Synfuels Plant and Weyburn-Midale
Core Energy CO,-EOR South Chester plant
Equinor Snohvit

Petrobras Santos Basin Pre-Salt Oil Field
Arkalon CO, Compression Facility

Longfellow WTO Century Plant

Gary Climate Solutions Bonanza BioEnergy
Yanchang Integrated Demonstration

Air Products and Chemicals Valero Port Arthur Refinery
Contango Lost Cabin Gas Plant

Coffeyville Gasification Plant

PCS Nitroagen Geismar Plant

SaskPower Boundary Dam

Saudi Aramco Uthmaniyah

Shell Quest

o

USA
USA
USA
Hungary
Norway
USA
USA
Norway
Brazil
USA
USA
USA
China
USA
USA
USA
USA
Canada
Saudi Arabia

Canada

1972
1982
1986
1992
1996
2000
2003
2008
2008
2009
2010
2012
2012
2013
2013
2013
2013
2014
2015
2015

Natural Gas Processing
Hydrogen / Ammonia / Fertiliser
Natural Gas Processing

Natural Gas Processing

Natural Gas Processing
Hydrogen / Ammonia / Fertiliser
Natural Gas Processing

Natural Gas Processing

Natural Gas Processing

Ethanol

Natural Gas Processing

Ethanol

Chemical

Hydrogen / Ammonia / Fertiliser
Natural Gas Processing
Hydrogen / Ammonia / Fertiliser
Hydrogen / Ammonia / Fertiliser
Power Generation and Heat
Natural Gas Processing

Hydrogen / Ammonia / Fertiliser

24/29

storage capacity (Mtpa CO,)

0.5
0.2

016

0.35
07
10.6
0.5
5

01
0.05
0.9
0.9
0.9
0.3

1

0.8
1.3

Enhanced Oil Recovery
Enhanced Oil Recovery
Enhanced Oil Recovery

Enhanced Oil Recovery

Dedicated Geological Storage

Enhanced Oil Recovery

Enhanced Oil Recovery

Dedicated Geological Storage

Enhanced Oil Recovery
Enhanced Oil Recovery
Enhanced Oil Recovery
Enhanced Oil Recovery
Enhanced Oil Recovery
Enhanced Oil Recovery
Enhanced Oil Recovery
Enhanced Oil Recovery
Enhanced Qil Recovery
Enhanced Oil Recovery

Enhanced Oil Recovery

Dedicated Geological Storage

ZX: GLOBAL STATUS OF CCS 2023, GCCSI
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Operational
Facility Country Operational Facility industry Capture, transport and/or Facility storage code
date storage capacity (Mtpa CO,)

Xinjiang Dunhua Karamay China 2015 Chemical 01 Enhanced Oil Recovery
ADNOC Al-Reyadah United Arab Emirates 2016 Iron and Steel Production 0.8 Enhanced Oil Recovery

ADM lllinois Industrial USA 2017 Ethanol 1 Dedicated Geological Storage
CNPC lJilin Qil Field China 2018 Natural Gas Processing 0.6 Enhanced Qil Recovery
Chevron Gorgon Australia 2019 Natural Gas Processing 4 Dedicated Geological Storage
Qatargas Qatar LNG Qatar 2019 Natural Gas Processing 22 Dedicated Geological Storage
Enhance Clive Qil Field Canada 2020 CO, Transport / Storage 112 Enhanced QOil Recovery

NWR Sturgeon Refinery Canada 2020 Qil Refining 16 Enhanced Oil Recovery

WCS Redwater Canada 2020 Hydrogen / Ammonia / Fertiliser 03 Enhanced Oil Recovery

Wolf Alberta Carbon Trunk Line Canada 2020 CO, Transport / Storage 14.6 Enhanced Oil Recovery

China National Energy Guohua Jinjie China 2021 Power Generation and Heat 015 Dedicated Geological Storage
Climeworks Orca Iceland 2021 Direct Air Capture 0.004 Dedicated Geological Storage
Sinopec Nanjing Chemical China 2021 Chemical 02 Enhanced Oil Recovery
Yangchang Yan'an CO,-EOR China 2021 Chemical 01 Enhanced Oil Recovery
Entropy Glacier Gas Plant Canada 2022 Natural Gas Processing 02 Dedicated Geological Storage
Red Trail Energy Richardton Ethanol USA 2022 Ethanol 018 Dedicated Geological Storage
Sinopec Qilu-Shengli China 2022 Chemical 1 Enhanced Oil Recovery
Yangchang Yulin CO_-EOR China 2022 Chemical 0.3 Dedicated Geological Storage
China National Energy Taizhou China 2023 Power Generation and Heat 0.5 Enhanced Qil Recovery
CNOOC Enping China 2023 Natural Gas Processing 0.3 Dedicated Geological Storage
Sinopec Jinling Petrochemical (Nanjing Refinery) China 2023 Qil Refining 03 Enhanced Oil Recovery

Z=X: GLOBAL STATUS OF CCS 2023, GCCSI
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In construction

Facility

Country

Operational
date

Facility industry

ZX: GLOBAL STATUS OF CCS 2023, GCCSI

Capture, transport and/or
storage capacity (Mtpa CO,)

Facility storage code

Guanghui Energy Methanol Plant China 2023 Chemical 01 Enhanced Oil Recovery

Targa Red Hills natural gas processing complex USA 2023 Natural Gas Processing 0.36 Dedicated Geological Storage
44.01 Project Hajar Oman 2024 Direct Air Capture Under Evaluation Dedicated Geological Storage
Air Product Blue But Better Canada 2024 Hydrogen / Ammonia / Fertiliser 3 Enhanced Oil Recovery
Hafslund Oslo Celsio Waste-to-Energy Plant Norway 2024 Biomass to Power and Heat 0.4 Dedicated Geological Storage
Heidelberg Materials Brevik Cement Plant Norway 2024 Cement 0.4 Dedicated Geological Storage
Northern Lights Transport and Storage Norway 2024 CO, Transport / Storage 1.5 Dedicated Geological Storage
Shell Energy and Chemicals Park Rotterdam Netherlands 2024 Biomass to Power and Heat 0.38 Dedicated Geological Storage
CarbFix Mammoth Iceland 2024 Direct Air Capture 0.03 Dedicated Geological Storage
China National Energy Ningxia China 2024 Chemical 3 Enhanced Qil Recovery
Santos Cooper Basin Australia 2024 Natural Gas Processing 17 Dedicated Geological Storage
OCl lowa Fertiliser Company USA 2025 Hydrogen / Ammonia / Fertiliser 0.45 Dedicated Geological Storage
CF Industries Donaldsonville USA 2025 Hydrogen / Ammonia / Fertiliser 2 Dedicated Geological Storage
Huaneng Longdong Energy Base China 2025 Power Generation and Heat 15 Dedicated Geological Storage
Linde Beaumont hydrogen plant USA 2025 Hydrogen / Ammonia / Fertiliser 22 Dedicated Geological Storage
Petronas Kasawari Malaysia 2025 Natural Gas Processing 33 Dedicated Geological Storage
Qatar Petroleum North Field East Qatar 2025 Natural Gas Processing 21 Under Evaluation

Silverstone Iceland 2025 Power Generation and Heat 0.03 Dedicated Geological Storage
STRATOS (1PointFive Direct Air Capture) USA 2025 Direct Air Capture 05 Dedicated Geological Storage
Air Products and Chemical Louisiana Clean Energy Complex USA 2026 Hydrogen / Ammonia / Fertiliser 5 Dedicated Geological Storage
QAFCO Ammonia-7 Blue Ammonia Facility Qatar 2026 Hydrogen / Ammonia / Fertiliser 15 Dedicated Geological Storage
CapturePoint Solutions Central Louisiana Regional Carbon USA 2027 CO, Transport/ Storage 10 Dedicated Geological Storage
Storage (CENLA) Hub

Energy Transfer Haynesville Gas Processing (CENLA Hub) USA 2027 Natural Gas Processing Under Evaluation Dedicated Geological Storage
Baotou Steel China Under Evaluation Iron and Steel Production 05 Dedicated Geological Storage
Xinjiang Jinlong Shenwu China Under Evaluation Power Generation and Heat 0.2 Enhanced Oil Recovery

Yulin Integrated Coal-to-Liquification China Under Evaluation Chemical 4 Enhanced Oil Recovery
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Operating temperature for various heat-generating technologies

0 200 400 600 800 1000

Energy needs of DACS and DAC with CO: use by technology and CO; destination
Geothermal
12

10

‘Ruisﬁve! inducl*on/ arc furnace Luh'lul { | 2

8-DAC L-DAC 0

Solar thermal flat and tube

GJCO,

Solar thermal concentrated
Biomass and biogas

Methane, hydrogen

[+2]

Electricity

L-DACS S-DACS L-DAC/use S-DAC/use

IEA. Al rights reservec OlLow-temperature heat ~ mHigh-temperature heat ~ mElectricity  DElectricity for CO, compression only

Notes: The vertical dashed lines indicate the maximum operating temperatures for S-DAC and L-DAC respectively.
Sources: IEA (2019), Renewables 2013. IEA. All rights reserved

ZX: IEA, DAC 2022
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CO; capture cost at varying CO; concentrations, 2020

o e DAC Contribution to levelised cost of DAC by type of expenditure, 2020
g o 100%
=] OVariable
g 200 | 80% OPEX
@
=] 60%
o g
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o
O 20% BCAPEX
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Powerg . © lronand steel L-DAC S-DAC
EEHETE“O" O R, o IEA. All rights reserved.
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IEA. All rights reserved.
Notes: Average values by application. H; = hydrogen; SMR = steam methane reforming; NG = natural gas; EO = ethylene
oxide. The empirical trend line shows the correlation between capture cost and CO: concentration.

Z=7X: IEA, DAC 2022
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