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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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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
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— RWE in Germany (coal-fired steam power station) |

— Halten (Shell-Statoil) in Norway (gas-fired power station in

2012, with EOR) . @

— American Electric Power in USA (coal-fired steam power station)

Mountaineer Plant - New Haven, WV Northeastern Plant - Oologah, OK




Desorber

Capacity: 1t CO2/h

5000 Nm3/h flue gas
(coal combustion)

In operation since
early 2006

January - March 2006:

March - June 2007:
September - December 2007:




[tem Bituminous coal GTCC Lignite DE
without Capture without Capture without Capture
Capture Integrated | capture | Integrated | capture | Integrated
Gross Capacity
600 600 393 393 1000 1000
(MW, LHV)
Net power
output 575 442 385 325 920 646
(MW)
Thermal
efficiency, 45 34.0 56.5 47.6 49.2 34.5
% (LHYV)
CO, emission
772 103 366 42 812 116
(kg/MWh)




CASTOR post-combustion:
Status and achievements today

 CASTOR results have been used to determine power
plant performances with CO, capture for Technology
Platform ZEP Strategic Research Agenda

 Anticipated final result:

— Novel solvents with 25% reduction in E-requirement (4 — 3 GJ/ton
CO,)

— Process concepts leading to another 25% reduction in E-requirement (3
— 2 GJ/ton CO,)

* European industry interest in post-combustion
capture has exponentially grown:

— Power companies have been learning quickly and are rapidly
progressing towards the status of an informed buyer

— Solvent supplier is able to compete in future CO, markets



— clastics (sandstones) vs. carbonates

— onshore vs. offshore (consequences for monitoring)

— 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)

* Two cross-disciplinary activities
— Preventive and corrective actions

— Criteria for site selection & site management



CASTOR workflow for site studies

 Data gathering, geomodel building

 Analysis of fluid flow properties

 Reservoir simulation

* Geochemical, geomechanical experiments
and simulations

» Well integrity analysis

* Long term modelling and simulation

* Monitoring of stored (and escaping!) CO,

* Integrated risk assessment analysis
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Highlights: Geomechanical modelling, 3D
1/8 model; Skm x 3 km x 2450 m

Pore pressure (MPa) Vertical effective stress (MPa)
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Highlights: Geochemical modelling

— Batch modelling of CO, injection

» For reservoir sandstone rock and for two cap-rocks

» Reservoir: low reactivity, already equilibrated with CO,

» Cap-rocks: larger reactivity than reservoir, but still low. Limited

mineral trapping, only slightly reduced porosity (< 1.5%).
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—Solvent & process validated with lower energy
requirement (3 GJ/t CO,)

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

» Start CO, mjection on Snohvit in Oct. 2007

— CASTOR Follow-up:
 CESAR "CO, Enhanced Separation And Recovery"

« AQUA CO2 "Qualification of deep saline aquifers for
CO, storage"



