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Introduction

• Previous studies have shown that, compared to other options 
(storage in depleted hydrocarbon reservoirs and in deep, un-
mineable coal seams), deep saline aquifers have the highest 
potential capacity globally for CO2 storage. 

• The Special Report on CO2 Capture and Storage by the IPCC 
identified various knowledge gaps related to aquifer storage of 
CO2, many of which needed addressing before the widespread 
commercial implementation of the technology is possible. 



Knowledge Gaps (2005)
• Kinetics of trapping 

mechanisms;

• Coupled flow-geomechanical 
numerical models;

• Storage capacity & assessment 
methodology;

• Risk of CO2 leakage;

• Suitable M&V techniques;

• Economics;

• Regulatory and liability 
framework;

• Verification & accounting. 
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Geochemistry

• Simulation of the dissolution of CO2 into variable salinity NaCl 
dominated formation water is demonstrated to match 
experimental data. 

• Geochemical modelling codes are sufficiently well developed 
to enable speciation and saturation index calculation for 
complex aqueous solution composition and many mineral 
phases.

Progress



Geochemistry

• Detailed conceptual models of the geochemical systems. 

• More thermodynamic data especially for Pitzer equation formulation.

• Thermodynamic properties and kinetic rates for of mixed mineral phases (solid 
solutions) and poorly defined mineral phases like clays.

• More experimental data for surface processes like adsorption and exchange 

• Reactive surface area – determination, calculation, estimation. 

• Surface reaction mechanisms 

• Precipitation nucleation and degree of supersaturation required for 
precipitation 

• Upscaling of reaction kinetics from the mineral surface to the continuum scale 
of reactive transport 

• Experiments addressing specific aspects of the mechanisms of geochemical 
trapping need to be undertaken – dissolution/precipitation kinetics, multiphase 
systems, mineral surface processes. 

• More extensive datasets need to be gathered to populate model 
systems.

Remaining Issues



Numerical Modelling

• Examination of completely generic models - usually 
homogeneous and with simple geometry - to generic models 
with more realistic and the simulation of more complex 
geological models for hypothetical sites or actual field projects.

• Simulation software for coupled models is well-developed, 
particularly for reactive transport models, although the coupled 
geomechanical codes are still at a more preliminary stage.

Progress



Numerical Modelling

• Code comparison for coupled models. 

• Improved modelling of liquid/gas transitions and fluid density 
changes.

• Upscaling of solubility, residual gas & convective mixing.

• Quantification of leakage rates (faults, fractures, wellbore 
cements). 

• Coupling with the atmosphere/sea and effects of injection on 
adjacent aquifers. 

• More extensive datasets needed to validate 
models.

Remaining Issues



Storage Capacity

Bradshaw et al., 2007



Storage Capacity
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Why the order-of-magnitude variability?

• Free-phase versus dissolution

• Entire aquifer versus traps only

• Efficiency factors



Storage Capacity

Estimation of CO2 Storage Capacity in Geological 
Media - Phase 2 -

• Well-documented methodologies that are comparable;

• Monte Carlo simulations to determine Efficiency Factors by US DOE



Storage Capacity

Total global storage capacity = 11,760 Gt (Effective/Practical??)

Cincinnati ArchCincinnati Arch



Storage Capacity

Modified from SPE Petroleum Classification 2007

CSLF 2005; Bradshaw et al., 2007



Best Practice & Site Characterisation

Chadwick et al., 2007



Best Practice & Site Characterisation

World Resources Institute, 2008 CCP, 2009



Site Characterisation



Site Characterisation
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Monitoring Technology

(Chadwick et al., 2007)

• Costs

• Resolution

• Repeatability

• Poor resolution 

• Costs 

• Lower resolution than seismic

• Observation well(s)

• Best (only) way to quantify 
storage mechanism, leakage…

• Demonstration needed



Best Practice & Site Characterisation

• Need representative range of case studies to account for the 
variability in the subsurface; not just Europe. 

• Address different political & economic environments.

• Define appropriate monitoring requirements;

• Need “ condensed”  quick reference document.

• Guides for other storage options.

• New operations needed to test validity.

Remaining Issues



Summary & Conclusions

-Verification of storage
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techniques
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Lack of  quantitative 
methods

Risk / 
Operation 

safety
Best Practice 

Manual(s)
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Status /  
Road block?
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Economics depend 
significantly on 

location and 
legislation

Comparability of 
different cost 

estimates

Cost for storage projects not 
well knownEconomics

Final legislation and 
trading schemes

Draft legislations in 
Australia, US, Europe

Lack of proper regulatory 
frameworkRegulations

Summary & Conclusions



Summary & Conclusions

• Establish regulatory framework;

• Fast-track large-scale demonstration 
projects;

(before loosing public support and political will)

Priorities:


