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5emes Rencontres académie-industrie du CNC

CO, déchet ou matiére premiere :
Etat de I'art et perspectives 2035
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Les défis pour 2035 autour du captage de
CO, — quel role pour les membranes et les
matériaux poreux ?

. . Dr. Philip Llewellyn
Svante laminated sorption contactor

Schlumberger membrane capture Svante pilot @ Chevron, Scientific Advisor
Gulf of Thailand Bakersfield, CA CO, Techno Hub




The majority of carbon today comes from fossil
sources and ends up in the atmosphere

TotalEnergies
Eassiicatbon omissien = 8248
Carbon source and destination for the energy and materials sectors today  Biogenic n emission = 7%
GtC
Usage legend: Energy usage Material usage . Gt Carbon
=
From recycled/ @ — Aluminium To Recycled/
reused carbon @ reused carbon
’ Wood products
“’ - Pulp and paper
— “EE Aviation
Bioresources
Cement
mmm Shipping @ .—Remains in use
Steel
Chemicals
Coal
Buildings
Other @ Atmosphere
Ground +~—— Usage
Qil
Automotive
Natural
gas
) Power Solid
Limestone — r— carbon
End-of-life  mbm
(EOL)

SOURCE: Systemiq analysis for the ETC; ETC (2023), Fossil Fuels in Transition.

5émes Rencontres académie-industrie du CNC — P. Llewellyn ‘Les défis pour 2035 autour du captage de CO,’




CCUS - multi-disciplined challenges
- full-value chain approaches desired
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CCS and CCU as parts of the industrial carbon
management chain
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Sl coc [T reduce MOCK  Compensate

Avoid emissions before they happen Reduce emissions of existing assets » Compensate for residual emissions

* Energy mix evolution: multi-energy * Development of Carbon Footprint thgt cog!d not be avoided or
approach Reduction projects and practices redguced.

» Sanction projects with lowest possible » CCS projects for TotalEnergies’ assets * Natural Based Solutions:

emissions developing natural carbon sinks

* Utilize CO, for eFuels and other

* Design assets to limit emissions materials - Ol sl Seliians .

Cookstoves, Direct Air Capture
CCS (DACCS), Bio-Energy CCS

f @ (BECCS)...
» Support decarbonization of our
customers: CCS as a service

|' focused on transport and storage

28me Conférence Bernard Bigot — P. Llewellyn ‘A future for Carbon Management’
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pad diversity of CO, capture technologies

Biogenic
Biogas
Fermentation

Process

Cement
Steel
Refinery
Nat. Gas treatment

Energy

Coal
NGCC
... boilers

Absorption (alt. solvents)

Syngas TRL 8
Flue gas TRL 6
DAC TRL6

Well established
G Pure CO,

Heat demand

g High capex & Layout
Atmospheric emissions & waste

Membranes

Biogas TRLO
Natural gas TRL 4-5
Flue gas TRL 2

c No atmospheric emissions
No heat required

a Electricity demand
Low purity CO,

TRLs are debatable

Cryogenic liquefaction
Syngas TRL 8

Flue gas TRL5-7
DAC ?

No heat required
Q Pure CO,
No atmospheric emissions

Electricity demand
a High capex

CO, preconcentration (15% —> 50%)

Adsorption

Fluegas TRL4-6
DAC TRL 6

No atmospheric emissions
6 Key technology for DAC

Suitable for pre-concentration

g Heat or Power demand
Low purity CO,

e
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Oxycombustion

Boilers TRL7
FCC TRL4 -5
Gas turbines TRL 4

c No heat required
For gas turbines: high efficiency

Oxygen demand
Q Low purity CO,, requires purification

Electrochemical §

DAC

c No heat required
Potentially v. low energy demand

Electrode degradation
g Electrode design
Efficiency

As of today, not ONE capture technology stands out from the others

The selection is very related to the application and the context

Solutions combining several technologies may have advantages

Costs highly dependent on site, rendering wide ranging R&D estimations
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A diversity of sources where we can capture CO,

= which ones are best suited for capture? Sector, Techno., Quantity, Time to deployment
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Les défis pour 2035 autour du captage de CO, — ﬁ

quel role pour les membranes et les matériaux poreux ? TotalEnergies

What makes sense ?
— Sector & asset vs. Time to Deployment ....

(Membranes vs Adsorbents) & Cryogenic Swrte, 14m ”BucII;”)for 500 tpd
Burnaby

R&T needs a line of sight to Scale : kt vs Mt

rrrrrr
‘\._’_’_ >

Policy needs a line of sight to Market

MTR, 20 tpd skid
(NCCC)




Thank You for = \
our Attention

agnie multi-énergies s 1 A . s .

ne méme branche
entifiques et techniques

.TotaIEnergies OneTech, OneTeam!

Ve - Temperature change in Arctic Ocean

TotalEnergies  onetech, OneTeam!

18| 'II-.'-I 1, i ||_|| | 2020

“WPErTe e |




