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» Post-combustion capture

* CO, geological storage

* The way forward



CASTOR targets

* Develop and validate innovative technologies
needed to capture 10% of CO, emitted in
Europe (30% of CO, emitted by power and
industrial plants)

— Reduce the cost of CO, post-combustion capture,

= from 50-60 € to 20-30 € / ton of CO, avoided

— Contribute to the feasibility & acceptance of the geological
storage concept

= study 4 new European storage sites

— Start the development of an integrated strategy connecting
capture, transport and storage options for Europe
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« Kick-off in February 2004
* Recognised by the Carbon Sequestration

Leadership Forum, Melbourne, Australia,
Sept. 2004




thermal energy consumption of 2.0 GJ/tonne
CO, at 90% recovery rates

— Resulting costs per tonne CO, avoided not
higher than 20 to 30 €/tonne CO,, depending on
the type of fuel (natural gas, coal, lignite)

— Pilot plant tests showing the reliability and
efficiency of the post-combustion capture
process



new plants, as the cheapest will be conventional ones
based on direct combustion of fuel

« Large-scale demos have been announced/scheduled:

— RWE in Germany (coal-fired power station)

”

RWE

— Shell-Statoil in Norway (gas-fired power station in 2012,

with EOR) . @



(membrane contactors)
resulting in lower investment
costs

Pilot plant operating with real
flue gas allowing hands-on-
experience with absorption
technology

Methods for integration and
optimisation resulting in lower
power output losses

Process - flow sheet
Equipment - hardware

Integration —
thermodynamics
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Process design studies
Degradation studies
Corrosion studies
Solvent characterisation

!

Solvent screening studies



Esbjergvaerket

5000 Nm3/h fluegas
(coal combustion)

In operation since early 2006

The greatest post-combustion
pilot worldwide



Official inauguration 15" of March 2006
200 participants from governments/administrations (EC, DOE) ,
industry, research, press, TV ...
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— Develop and apply a methodology for the selection
and the secure management of storage sites by
improving assessment methods, defining acceptance
criteria, and developing a strategy for safety-
focussed, cost-effective site monitoring

— Improve the "Best Practice Manual", started with the
SACS/Sleipner project, by adding 4 more real-site
cases



— 0nsnore vs. o1rsnore (consequences 10r momtormg

— storage site types: depleted oil field, depleted gas field, enhanced
gas recovery, aquifer

— some cases with good sample access, others with chance for
monitoring
(= covers many methods, focus different from field to field)

— cases in different countries to give many countries their “own
case” (good for public acceptance)
e Two cross-disciplinary activities
— Preventive and corrective actions

— Criteria for site selection & site mgmt



- Spain: offshore oil reservoir (Casablanca, REPSOL)
- Norway: offshore aquifer (Snohvit)

- Austria: offshore gas field (Atzbach, Rohoel)
-The Netherlands: offshore gas field (K12b
Gaz de France)

STATOIL

Ketzin (Germany) — CO2Sink EU project ;
In-Salah (Algeria)
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K12-B geological model

Field cases research topics

 Data gathering, geomodel building

* Analysis of fluid flow properties

* Reservoir simulation

* Geochemical, geomechanical experiments

T

and simulations
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* Well integrity analysis

* Long term modelling and simulation

» Monitoring of stored (and escaping!) CO,
* Integrated risk assessment analysis

Rock samples from Atzbach



launching 15th March 2006)

— Building confidence in CO, geological storage by adding 4
more cases to the portfolio of existing sites:

e K12-B in the Netherlands: industrial scale in 2006-2007°?,
not decided yet

« Start CO, mjection on Snohvit in 2007
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