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CO2 Capture—two different application cases

Post combustion Natural gas

Specifications % removal rate 50ppm — 2%

Pressure range Low pressure Low — High pressure

Constituents O,, N,, SOX, NOX Hydrocarbons,

sulfur compounds

Techniques Solvent (MEA) Solvent (DEA, MDEA+X)
Membrane
etc.

Other technologies :
U Pre-combustion
U oxy-combustion
U chemical looping combustion




CO, capture by amine
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Process design needs

S
Specification on
Co

Contaminants :
2 28 dnd Other

Duty




Column inside

Solvent flow

Gas flow




Mass transfer with chemical reaction

Interface
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O Mass transfer efficiency calculation

= Complex because of chemical reactions along
with mass transfer

»  Multi-components
= No classical values available




A good tool Is half a job

Synthetic method Synthetic-analytic method Analytic method
(Mass balance) (Gas analysis & Mass balance) (Gas & liquid analysis)
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What kind of precision we need?
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Conclusion

Process engineers’ challenges and needs :
O Experimental challenge to face the more stringent demand

O More precise modeling is necessary to reduce design margin and
optimize the operations

O Fast, robust and flexible models

“Without CCS, the long term role of gas may be limited
to a flexible back-up and balancing capacity
where renewable energy supplies are variable.”




Disclaimer and Copyright reservation

The TOTAL GROUP is defined as TOTAL S.A. and its affiliates and shall include the party making
the presentation.

Disclaimer

This presentation may include forward-looking statements within the meaning of the Private
Securities Litigation Reform Act of 1995 with respect to the financial condition, results of operations,
business, strategy and plans of Total that are subject to risk factors and uncertainties caused by
changes in, without limitation, technological development and innovation, supply sources, legal
framework, market conditions, political or economic events.

Total does not assume any obligation to update publicly any forward-looking statement, whether as
a result of new information, future events or otherwise. Further information on factors which could
affect the company’s financial results is provided in documents filed by the Group with the French
Autorité des Marchés Financiers and the US Securities and Exchange Commission.

Accordingly, no reliance may be placed on the accuracy or correctness of any such statements.

Copyright
All rights are reserved and all material in this presentation may not be reproduced without the

express written permission of the Total Group.
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