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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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G Record number of days above 1.5°C in 2024

Number of days with temperature increase above pre-industrial level (1850-1900) within
the following ranges:
1101.25°C ®1.25101.5°C ®1.5°C or more

300 days
In 2024 all 366 days were above 1.25°C.
Three quarters were above 1.5°C
200
l o
—

100 B =
u 'I

0
1990 1995 2000 2005 2010 2015 2020 2024

Data source: ERAS + Credit: C3S/ECMWF
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£X : Data source: ERAB-Credit: C3S/ECMWF
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Capture Use
Capturing CO, from fossil- or Using captured CO; as an input
biomass-fuelled power stations, or feedstock to create products
industrial facilities, or directly from the air. or services.
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Transport
QD
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Moving compressed CO, by
=] ship or pipeline from the point

of capture to the point of use
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Storage |
Permanently storing CO; in

underground geological ¢
formations, onshore 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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=5 : Energy Fuels 2024, 38, 15, 13858-13905
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7) Oxy—fuel combustion

8) Direct air capture, DAC

9) Geological Storage
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11) Mineralization

12) Ocean Storage
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£X : IEA. CO, Storage Resources and their Development
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Algae
Carbonated Beverages Biogases
Greenhouse Gases
Flavors/Fragrances
Decaffeination
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Polycarbonate
Polymers
FE/NETL CO, Utilization Fire Extinguishers
Supported Area
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Protect Reactive Powders

Shield Gas in Welding Aerosol Can Propellant )
Dry Ice Pellets Used for Sand Blasting

Red Mud Carbonation

£X : National Energy Technology Laboratory www.netl.doe.gov CARBON UTILIZATION—A VITAL AND EFFECTIVE
PATHWAY FOR DECARBONIZATION, C2ES
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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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Ca/Mg-bearing alkaline solids
or Ca2* or Mg2* bearing
solutions

—

Carbon mineralization integrated after energy conversion

Biogas from Carbonaceous fuels Carbonaceous
anaerobic gasification, processing fuels
digestion and separation combustion

CO,, CO;; CO,,
CH, H,, CO H,0

Aqueous Alkaline Amine Looping (A3L) System

CO, capture solvent
for make-up

(e.g., Na-glycinate)

ﬂ > i

Processing of minerals and
alkaline industrial residues
including dissolution of solid residues

co mmmp
H,O )

Ca/Mg-bearing alkaline solids -

L or Ca?* or Mg?* bearing
solutions
Biomass
oxygenates -
H,O
Ca/Mg-bearing alkaline solids -

or Ca2* or Mg?* bearing
solutions

(<100°C, 1 atm)

Carbon mineralization integrated with H, synthesis

Enhanced H, generation with in-situ carbon
mineralization with syn gas precursors
Mg,Si0O, + 2CO + 2H,0 5 2MgCO, + Si0, + 2H,

CaSi0, + CO + H,0 > CaCO, + Si0, + H,

Enhanced H, generation with in-situ carbon
mineralization with biomass precursors
C,H,0, + xCaO + (2x-2)H,0 > xCaCO; + (2x-z+0.5y)H,
C.H,0, + XMgO + (2x-2)H,0 > XMgCO; + (2x-2+0.5y)H,

=) CH,, H,, CO
=) Caco, or MgCO,

- 1,
=) Caco, or MgCO,

) H,
=) Caco, or MgCO,

Z£X : Communications Chemistry volume 4, Article number: 23 (2021)
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Products
(b)

G3P
NADP* <«
\
NADPH + H* —\
138PG

RuSP_

ATP ADP

Prk

Aop ATP

> ¢

&

Products

(c) Carbonyl branch | Mamyl branch

. CODH .
ADP NAD(P)H
PG 2Fd 2Fd,,
RUBP RuBP ATE: NADP
u y
.
\ Glycerate 2Fd,y Fns| AT
.| RuBisco | roHoTHE
// Serine CODH/ACS j FchAE 3 @
2% (PGA)——— POA+2.PG It
x +2 i I
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v
| co [CH,)-COFeSP Serine
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Acetyl-CoA ———> Biomass «——— Acetyl-CoA <~

L

) P N/ \
. 2 Fd 2Fd,yg { i \
Pyruvate 2 AoeM CoA Malonyl-CoA Acelyl-CoA Malyl-CoA
Acetyl-CoA M
s Acapcon | pgp . Malonate semialdehyde ~ PYruvate <
AT % Glyoxylate <.,
(s Acetyicon Pok) «| | ‘
S Gt Ace(oa;;e:yl@oA 3-Hydroxypropionate Civamalyl-CoA
% i 3Hpcs ¢
Isocilrate Mch 3-Hydroxypropionyl-CoA Malate
. /, NAD* Malate i 3Hped i f
NAD(P)H + H* i 4-Hydroxybutyrate-CoA Acryloyl-CoA B-methylmalyl-CoA
2:Oxogutarate 1 Ac,‘ Glyoxylate
/‘/ »2Fd,, i Propionyl-CoA————
[SEPPYRP H ﬂ ﬁ
Succinyl-CoA Sut}dl‘\ale Suociny‘l-(:oA Methyimalonyl-CoA Succinyl-CoA
1 s
1 \ ’
N =4 NG 2
]| -
£X 1 Adv. Funct. Mater. 2025, e13716
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— FT synthesis — Hydrocracking —»  Separation

Heat
600-800C *
H2 /  coptHz - co+Hz0

Electrolysis

L
Heat 4

80-85C

H20(l) > Ha(e)*1/202(g)

[

A Heat

Heat 4 Heat
20-400C

200-350C 300-450C
nCO+2nHa—> n(CHa)+nHZ0

W |

4EL ococceve- (]

ol_Gor o

o

E-fuel
HC %mol
C.-C, 13.9
CsC,, 487
C,C, 293
c,C, 69
Others 1.3

&% :iScience 27, 109154, March 15, 2024
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Policy toolkit to address CCUS challenges

| Governments have several policy tools 1o address challenges to CCUS deployment. It is important that these tools work together 1o |

tackie economic viability, , innovation and complexity challenges.

Whatever tools a government chooses to employ will be unigue to that eountry, but it is vital that the tools are effective and efficient, sefting up

a viable and sustainable commercial market for CCUS that attracts investment and retains it over the long term.
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E projects conceplion and lype with implications for
S commissioning)  currently MTMM risk, timing and co-ordination.
average around six years. are mature loday are also not Special considerations are
Reaching net zero goals  necessarily the ones consistent  also neaded for carbon
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