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Long Term Challenges of the Energy Sector

Three Challenges :
-On going growth of demand
-Climate change

-Finite resources
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Renew and increase

. \
Develop clean
and high-efficiency

world hydrocarbon refining and
resources petrochemical
processes

Master CO, capture an
storage

Diversify energy
sources for
production of fuels
and hydrogen

Reduce vehicle
emissions and
consumption

What are the technological obstacles ?
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RELATIONSHIP OF CALCIUM SILICATE CYCLI
AND ORGANIC PRODUCTIVITY

Capture

®* Fume-scrubbing
processes using solvents

* Treatments by adsorption

* Cryogenic technigques

technologies having an
acceptable cost

Develop efficient and safe

Storage

* Control of CO,/rock interactions

* Storage surveillance
* Biomineralization
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GAS

®* Gas To
Liquids: Fischer-
Tropsch diesel

®* Hydrogen
production

Develop processes

llowing the production of quality fuels

BIOMASS

e Thermochemical treatment
— Biomass to Liquids

* Vegetable oil esters

at an acceptable cost

* Cellulases for ethanol
production

* Hydrogen production

COAL

* Liquefaction

and upgrading
of liquefied

prod u%
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Reduce local pollutant
emissions

Dedicated engine
NGV, GTL
*Hydrogen

Reduce vehicle
consumption

Electric vehicle
Batteries/Fuel cells

A

*System modeling
*Control strategies

Hybrid vehicle
thermal/electric

Environment
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Develop Clean and Highly

Intensify refining and
petrochemical processes

CONCEPTION AND CONTROL CATALYSTS AND ADSORBENTS
* Multifunctional and structured * Molecular modeling

reactor

* Micro-technologies * High-throughput experimentation

® In line analysis systems * Nanotechnologies to optimize
* Real time modeling structure, texture and functionalizatior

WASTES
® Supercritical solvents

® lonic liquids
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Renew and Increase World Hyc%ﬁb

Cumulative Proven In place resource of
production Reserves extra-heavy oil and tar

sands
125Gtoe 145Gtoe R

-~ Improved recovery _
. 110Gtoe 40Gtoe

Oil not recovered
385 Gtoe

* Increase the exploration success rate * Develop high technological
content hydrocarbons

* Improve the recovery rate of oil in

* Promote the development of
place

natural gas
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