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Agenda

Introduction
The importance of CCS for GHG emission reduction

Principles of CO, storage in geological formations
Properties, trapping mechanisms, storage options

Analogs for CO, storage
Acid gas storage, natural gas storage, natural CO, fields

Storage in coal, saline aquifers, and petroleum fields
Principles, demonstration projects

Safeness and monitoring
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Why do we need CCS?
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Figure 3. World Marketed Energy Use by Energy
Type, 1980-2030
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Sustainable

Fossil Fuels

The Unusual Suspect in the Quest
for Clean and Enduring Energy

CAMBRIDGR Mark Jaccard




Brazilian Carbon Slorage Research Cenfer

The contribution of CCS for GHG emission reduction

Industry 10%

Energy & feedstock effic. 6%

Materials & products effic. 1%
—— Pocess innovation 1%

Em— Cogen. & steam 2%

Buildings 18%

Space heating 3%

Air conditioning 3%
Lighting, misc. 3.5%
Water heat., cooking 1%

Appliances 7.5%
Transport 17%

Fuel economy
in transport 17%

Biofuels in transport 6%

End-use
efficiency
45%

- Coal to gas 5%

Nuclear 6%
Fossil fuel gen. eff 1%

Power Gen ces 12%
34%
Hydro 2%
Biomass 2%
Other renew. 6%

‘ l— CCS in fuel transformation 3%
CCS in industry 5%
Fuel mix in building 5% and industry 2%
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The contribution of CCS for GHG emission reduction
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petroleum

LS S R S Source: Statoil Hycho
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Physical properties of CO2 injected underground

- Commonly in a supercritical phase
- Density between 600-800 kg/m?
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Physical properties of CO2 stored underground

- Typically a non-wetting phase
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Figure 1. Operating time frame of various CO: geological-storage mechanisms (modified from IPCC, 2005).
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Analogs for CO, storage



Mole Fraction of Injected Gas
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Natural gas storage sites in Europe and USA

(caverns and reservoirs)
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The Ketzin site, Germany
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Natural CO, field, Norphlet Formation, Mississippi

pmrmry « Jurassic aeolian sandstones

ARK f

e Original CO, column: 154 m

« CO,-water contact: 4.827 m

 Purity: > 98% CO, (3-120 ppm H,S)

* Original volume in-place: 2,0 TCF (5,7 x 101° m3)
* Recovery 65%

e Operators: Shell, Chevron

» Discovered in 1967
» CO, piped to Mississippi and Louisiana oil fields
for EOR
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Overview of Geological Storage Options Produced oil or gas
1 Depleted cil and gas reservoirs Injected CO,

2 Use of CO, in enhanced oil and gas recovery

3 Deep saline formations — (a) offshore (b) onshore
4 Use of CO, in enhanced coal bed methane recovery

s Stored CO,

——_Solrce Infergpvemmertal parel
on Cimaie ChangsIPCC)
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CO, Storage in coal

(and enhanced coalbed methane recovery — ECBM)



Brazilian Carbon Sorage Research Cenfer

butt cleat

Coal Matrix
containing
micropores

adsorbed gas

“Full, Adhesive force of a single gecko foot-hair'
(Autumn, K. et al., Nature 405, 681-685 (2000)



Brazilian Carbon Slorage Research Cenfer

Adsorption depends on pressure and temperature
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Figure 4. Adsorption of various gases on coal (from Chikatamarla & Bustin, 2003).
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Silesign Coal Basin, The location qf the
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igure 6: Cross section based on the wells in the area, indicating the lateral continuity of the coal seams.
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Figure 25. Cumulative amount of injected CO, in time in the RECOPOL project. Source: van Bergen et al. (2006)
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Figure 24. Cumulative amount of produced methane in time in the RECOPOL project. The positive effect of the injection activities
on the gas production is clearly visible once compared to the projected baseline production. Spurce: van Bergen et al. (2006)
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CO, Storage In saline aquifers
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In Salah Project, Algeria (BP)

Source: BP




Processing Facilities

Cretaceous Sandstones &
Mudstones ~900 metres
thick (Regional Aquifer) 4 Gas 3 CO,

Production Injection
Wells Wells

Carboniferous Mudstones
~950 metres thick

Source: BP



SACS (Saline Aquifer CO2 Storage)
Offshore Norway, StatoilHydro

Gas from
Sinipner West
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CO, Storage in petroleum fields

(and enhanced oil recovery)
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Stranded domestic oil reserves in existing oil fields

Original oil in-place: 582 Bbbl
Stranded oil in-place: 374 Bbbl

Future challenge

43 Bobl with
CO4-EOR technology A production
(Six basinsfareas — 186 Bbbl

studied to date) : :

57 Billion additional barrels
with C04-EOR technology Proved reserves
(Other basins/areas) 22 Bbhbl

source: NPC Public Data Base, Maintained by DOE/FE (2004)




Weyburn-Midale Project
EOR with CO, storage
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