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£7X : IEA (2025), Global CO. emissions from energy combustion and industrial processes and their annual change,
1900-2023, IEA, Paris
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@ Record number of days above 1.5°C in 2024

Number of days with temper. we-ndustrigl level (1850-1900% within

300 days
In 2024 all 366 days were above 1.25°C
Three quarters were above 1.5°C
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Capture Use

Capturing CO, fram fossil- or Using captured CO. as an input
biomass-fuelied power stations, or feedstock to create products
Industrial facilities, or directly from the air. OF BEVICes.

f [ ﬁ G
11 _{ Transport
oo ol Moving compressed CO, by
(=== ship or pipeline from the point
of capture to the point of uss
PR | &=
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Storage I
Permanently storing CO; in

underground geclogical
formations, anshore or offshore

£X: I[EA. CO;, Storage Resources and their Development
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4) Carbon capture, utilization and Storage, CCUS
5) Post-combustion Capture
6) Pre-combustion Capture)
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Air I. ................................. + Heat &Power

‘ Oxyfuel combustion
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=5 : Energy Fuels 2024, 38, 15, 13858-13905
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7) Oxy—fuel combustion

8) Direct air capture, DAC

9) Geological Storage

10) AH2t 7|HQ HES SA0| Z= AE)
11) Mineralization

12) Ocean Storage
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Onshore CO, storage

Reservoir
Reservodr

4 km

q:IEA. CO; Storage Resources and their Development
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Pharmaceutical |
|_ foele [ b l ‘ Additives ‘

Algae
Carbonaled Beverages ogases
Flavors/Fragrances
Decaffeination
Buildi

Products
Foii Compressed Gas Energy Storage -
o1 Chemical Energy Storage
Se, "
ks L Heat Transer Working Fluid Carbonates
Liquid |
Fuels J

e
N
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oil ot CAPTURED Chemicals Urea
Gas cery | [ :
ECBM cO,
- 3 ' | Secondary
2 e Chemicals |
Polycarbonate
Polymers
) { N . . -
FE/NETL CO; Utilization Firi Extinguich | Blanket Pradicts Injected into Metal Castings
Snmmrl:d Area ER R Protect Reactive Powders Added to Medical O; as Respiratory Stimulant
Shield Gas in Welding gmsoi Can Prapellant
1y Ice Pellets Used for Sand Blasting

Red Mud Carbonation

Refrigeration
Dry lce

£X : National Energy Technology Laboratory www.netl.doe.gov CARBON UTILIZATION—A VITAL AND EFFECTIVE
PATHWAY FOR DECARBONIZATION, C2ES
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Adsorption

CO, Separation
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Membranes

lonic Liquids

Funztionalized

Carbons
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MOFs
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— Cryogenics

EX 1 Energy Fuels 2024, 38, 15, 13858-13905
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£ :S. Flude and J. Alcade (2020), Carbon capture and storage has stalled needlessly — three reasons why fears of CO;
leakage are overblown
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Carbon mineralization integrated after energy conversion

CaiMg-bearing alkaling solids
ar Ca* or Mg=* baaring
solutions

Ry il

Processing of minerals and
atkaline Industrial residues
including dissolution of solid residuos

=

20, capture solvent
for make-up
{e.g., Na-ghycinate)

co  m—p
H,O Ep

CaMdg-bearing alkaling salids l

L i Ry vt
solutions
Biomass
oxygenates -
H,O m—p
CalMg-bearing alkaline solids -

or Ca’= or Mg bearing
solulions

Carb fuels || Carb

iogas from

anaerobic gasification, processing fuels
digestion and sep busti
co,, ca,, coy,
CH, H,, CO H,0

Aqueous Alkaline Amine Looping (A’L) System

{<100°C, 1 atm)

Carbon mineralization integrated with H, synthesis

Enhanced H; generation with in-situ carbon
mineralization with syn gas precursors
Wg,SI0, + 200 + 2H0 5 2MIT0, + SI0, + 2H,

CaSi0, + OO + H,0 3 CaGO, * Si0; + Hy

Enhanced H; generation with in-situ carbon
mineralization with biomass precursors
C,H,0. % XCa0 + [2o-2H:0 3 xCACO, + (x-2+0.5y)H;
C.H,0, +xMa0 + @xzH;0 ¥ xMgCO, + (Fx-2+0.5y)H,

=) CH,. H, CO
- CaCO, or MgCOy

_—
W CaCO, or MgGO,

— H,
B CaCO. or MgCO:

Z£X : Communications Chemistry volume 4, Article number: 23 (2021)
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I EHAST HROl e-Fuel F2 TYOILXIZ et $A(T2A%A)Qt ZHE OjAts}
EIAS BIAISIZLE OJAIBIEIAS TEH3I0] A
AN ol 83 e-Fuel FHL AAG 49} oY) § A7 XYL T4, olisteras

RWGS(reverse water gas shift) & 59 FA71AZ S &

Do

Haat
EO-85C

e "i’ﬂ
| - u:}&t&

E

BWGE  —»  Swgas —— FT synthasic —— Hydrocracking —  Separation —— E-fel

H t * ] s -f Heat = 1 Heat Heat
/ 200-350C 300-450E + 20-300E He wmol
I

COp+Hy  CO+H0 AEO+2nHa - n[CHzl+ak0
cc, 139
cc, 487
€,C, 293
[ afe s c,C, 69
- ol ) Others 1.3
| Heat ‘f
80-85C :
200} Halg)#1/20,(g) ‘
& 1

Al eoooBoOR” ®

& oS5 o=d

£X :iScience 27, 109154, March 15, 2024

® g =ujE 0|83t Power-To-Liquid (PTL) 7]&& o|-&3f oJ4tetetriet =4S BHEA|A
e-Fuel& A4 7=




MEIH

- olAlBtErAS BEW T8 A AR T4 AR e T4 F2, dimethyl ether
EFAFT) B4 227t 24

| x| H=o £ B E= |

.

el
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(0

o 21X O|AtgtEtA 45} (Direct CO, Hydrogenation) &8s Soff HEtS S
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o 7|& UitatEtA T18EE R0l Hlo 2AE 40| M1, BESE0| KoLt &Y S0 =0|
MY HMetE0] ROMK|E etAA —f‘EIH
o UMBIEIA 22 O| fi}Ef*S’-f AE Sof HE=S et F B+Al74 DME &4
o HEtS &t 5 E4 AN E 28 27} 220-400°C, Y= 1-30 bar, 1A A S0HLt
DME MZe0|EZt =2 ZSM=M A
o 7| EXHHIE0| K1 BI3E SAI0 REAA =2 = Metkg gy 7tsofL, o 7182
OF&| =7| 4 &A|
o M JtA HO0| BES (WGSR)E Salf O[ASHEAS UMSIEIA R MBIAA BETIAS
ojMq- Mot 2 71E FT &80 FUAA HEE MY
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Policy toolkit to address CCUS challenges

| Governments have several policy tools 1o acdress challenges to CCUS deployment. It is important that these lools work together o
ltackie economic viability, , iInnovation and complexity challenges.

Whatevar lools a government chooses to employ will be unique to that country, but It is vital thal the lools are affective and efficent, selting up
a viable and sustainable commercial market for CCUS that aftracts investment and retains it over the long term.

Challenges

[ d Grants, tax credits, loans | U One-stop shop for | Long-term liability

O State-owned enterprises panmitting logieiaion

(1 Carbon pricing and leakage Er Laear appeaval % Cooan piptibhs
policy timelines solicitations for hubs

0| 1 Public procurement Srintamnal faguidtory o i ml:np
=] capacity agreameants for first
B d Low-amissions mandates = = movers

i 1 Precompetitive
:H-\ 3 (Carbon) contracts-for- resource assassmants U Lendon Protocol
= difference spacifications
[=] U Data sharing and
o | 4 Regulated asset base transparency (1 Definition of high-

4 Emerging markat and O Community quality removals
ﬂam.apmg economy engagement U Monitoring, reporting
cnnmwanuqs: concessional | requirements. | and verification
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Report Insights

CAGR 13.3% $10.3

Market was valued at Billion

$3 Billion

2022

AR Projected to reach

$10.3 Billion

2032 43.0
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