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Switching from Coal to Gas Reduces Emissions by 1 GT Cly
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Switching from Coal to Gas With CCS — 2 wedges!

Shale Gas Recoverable Reserves 650 — 2000 TCF (1 TCF ~ QUAD)
Replacing Coal by 2030 Requires Increasing Production to 27 TCFly




Utilization of CO, for Enhanced CBM Production and CCS
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CO,/CH, Adsorption in Appalachian Devonian Shales
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Fundamental Question About Gas Shale Reservoirs
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Induced Fracture Network Desorption From Flow Through Flow in the Natural
Internal Surfaces the Matrix Fracture Network

Enhanced Recovery and Carbon Sequestration

» |s there the potential for significant adsorption of
CO, and desorption of CH, at the pore scale?




CO, and Physical Properties
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Complications...

Clay content and type

Kerogen maturity and type

Shale fabric and microstructure
Adsorbed and free gas content

Water saturation

Depth and temperature effects

CO, phase

Geochemistry

Permeability and diffusion times
Stress- and adsorption-dependent permeability
Natural and enhanced fracture networks
Stress state

Constitutive models

Injection rate

Production design



Current Drilling and Stimulation Schemes
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So If It’s Going to Happen, Let’s Do It Right
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