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Produced just 10%
1500 Gt CO2

Carbon production by people >> total tonnes limit

Biomass 
harvest Soil 

use

Industry 
processes
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Climate and unburnable carbon limit

GeoEnergy introduction

“Cumulative total emissions of 
CO2 and global mean surface 
temperature response are
approximately linearly related”
IPCC 2013  AR5 WG1

now

Emission reduction
2050 limit for 2 C
50% confidence

No action
2100 limit 
for > 8 C
50% 
confidence

TOTAL emissions of fossil carbon have to be contained
Not just the rate of emission  :  RES, EFFiciency, CCS, BECCS, DACCS buy time

Climate forcing response uncertain for double CO2  2C or 4C ?
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Volume of CO2 storage very large
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Shell Peterhead-Goldeneye 
385MW gas power
2,750 tonnes CO2 / day
1,000,000 Tonnes CO2 /yr
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Storage concepts
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Depth 1 - 4 km
Impermeable SEAL
Overlies 
Porous RESERVOIR

CO2 storage is a long 

way down

10,000 to 10,000,000 yr security

Shale top seal – no flow
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Storage
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CO2 fills microscopic pores  
in sandstone
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1 Mt CO2 / yr

Sleipner CO2 re-injection: demonstration 

size
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Injection, buoyant then lateral flow
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Injection
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What needs to be known
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CO2 storage from micro-pores, to immense
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100 km

Szulczewski et al PNAS 2012Geological storage of CO2 UKCCSRC seminar 29April2020

European 
Legal 1%
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Borehole cement

Cement + casing 19 yr
Teapot Dome Wyoming                  
Scherer 2004 Princeton

Al2O3-rich Calcium aluminate 
phosphate (CaP) cement made 
mainly from recycled fly ash

FLEXCEM, Thermalock

EverCRETE Schlumberger 2009 
Alkali silica gel 

Normal Portland cement may reacts with CO2, 
this may enable leaks along borehole annulus.

Current and old boreholes need to be re-
cemented
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Leakage pathways: monitoring
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Pressure, Storage Efficiency Factor
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In a Structure Trap CO2 fills 
100% of porespace ie 20-30% 
of the rock volume
(minus the residual 
saturation of 20% of the 
fluid)

In a Deep Saline Aquifer, CO2 
fills 2% of the porespace, ie
2% of 30% - displacement 
and dissolution

Illinois,  Birkholzer 2009
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Faults and Microproperties: 

Fault seal Entry pressure
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How does fault seal CO2 trapping compare to 
CH4 trapping ?

Otway Basin

Parameters:
Shale ratio, temperature, salinity, mineralogy…
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Timescale of retention
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Perfect 
storage 
not 
required:  
10,000yr

Lindeberg 2003
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Leakage rates and tonnages : small
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Compiled rates and fluxes of 
all published natural and 
engineered processes 

Retention
50% probability that 98% of 
injected CO2 remains stored 
for 10,000 years or more

Illinois,  Birkholzer 2009
Alcalde et al 2019
Nature Comms
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Natural analogues
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Natural storage: retention and leakage

Geological storage of CO2 UKCCSRC seminar 29April2020
19



Stuart.Haszeldine@ed.ac.uk

Scaling up and

How much storage exists ?
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How much storage ?  Bottom up = GAP
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In 2020, Storage resource is 78Gt offshore UK. Commercial storage reserves are invisibly tiny. 
By 2050 EU needs 17.5 Gt stored cumulative, rate of 1.3 Gt CO2 /yr
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How much EU storage ?  scale up
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GHGT -15 2020
Cavanagh Wilkinson Haszeldine

70 Gt CO2 UK storage 
resource exists. 
Converting of  EU to 
commercial reserves 
means drill and inject                    
50 B-H/yr from 2025

300 Mt/yr

600 Mt/yr
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How much storage ?  Top down
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How much storage ?  Top down
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SRMS system to classify prospective and discovered storage resources can be on 
the basis of their commercial maturity. Describes subsurface technical uncertainty 
and specifically the range of potential storage resources at a given level of maturity. 

50% 
probability

5-15 year lead-in



Stuart.Haszeldine@ed.ac.uk

End
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