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BELIONA Responsible carbon storage

Main rock properties

Porosity
" Provides storage volume

Permeability
" Enables injection

PORESPACE
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Porosity

" Provides storage volume 100 " Pressure increases with depth
Permeability * Temperature increases with depth
" Enables injection . "

Depth (km)

Pressure and temperature
= CO, in dense phase
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Density of CO, (kg/m’?)

CO,CRC

The density of CO, is lower than the density of water
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Trapping mechanisms

Reservoir:

brine filled porous rock

After Khandoozi et al. (2023)
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Trapping mechanisms

1) Structural or stratigraphic /A\

CO, plume

Reservoir:
brine filled porous rock

After Khandoozi et al. (2023)
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Trapping mechanisms

1) Structural or stratigraphic /A\
2) Residual (capillary)

CO, plume

Reservoir:
brine filled porous rock

After Khandoozi et al. (2023)



BELILONA Responsible carbon storage

Trapping mechanisms

1) Structural or stratigraphic /A\
2) Residual (capillary) |
3) Solubility (dissolution)

CO, plume

CO, saturated brine

Reservoir:
brine filled porous rock

After Khandoozi et al. (2023)
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1) Structural or stratigraphic
2) Residual (capillary)
3) Solubility (dissolution)
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The University of Bergen

1) Structural or stratigraphic
2) Residual (capillary)
3) Solubility (dissolution)



https://www.youtube.com/watch?v=PwxvQF9AcmA
https://www.youtube.com/watch?v=PwxvQF9AcmA
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Trapping mechanisms
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Responsible carbon storage

Trapping mechanisms

Structural or stratigraphic
Residual (capillary)
Solubility (dissolution)
Mineralisation

Fraction of CO2

Storage trapping diagram for the Northern Lights project (Phase 1)
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application submitted by Northern Lights 09.12.2022
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How safe is CO, storage?

Main leakage risks

Fracturing of cap rock
Leakage through faults
Leakage through wells

Responsible carbon storage
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How safe is CO, storage?

Main leakage risks well

casing

" Fracturing of cap rock

cement fill

cement

" |Leakage through faults
weIIpIug

formation rock
= |eakage through wells p'E

CO,GeoNet: after Nordbotten et al. 2005
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How safe is CO, storage? _ i
\\\l) Crondallenergy GEQENERGY WA Crondallenergy GEQENERG)

DURH

" Fracturing of cap rock
Deep Geological Storage of

" Leakage through faults Deep Geological Storage of CO:2 on the UK Continental
CO2o0n the UK Continental . : :
B |eg kage th rough wells Shezlf Shelf: Contalnment Certainty
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How safe is CO, storage?
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Main leakage risks | , ~ co,
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Environmental risks
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" Contamination of ground water

= Seismicity

Brydie and Perkins (2014)
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Life cycle of a geological CO, storage project

I Site selection T Final investment decision T Start injection TStop injection. Closure
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Life cycle of a geological CO, storage project

I Site selection T Final investment decision T Start injection Stop injection. Closure

Site screening

e.g. 15 years 20 years

> Data collection >

Geological model

Modelled behaviour




BELLLONA Responsible carbon storage

Life cycle of a geological CO, storage project

Site selection Final investment decision Start injection Stop injection. Closure

Site

characterisation

e.g. 15 years 20 years

Data collection Data collection

Geological model Geological model

Modelled behaviour Modelled behaviour

https://energyinformationaustralia.com.au/
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Life cycle of a geological CO, storage project

Site selection Final investment decision Start injection Stop injection. Closure

Design and

development

e.g. 15 years 20 years

> Data collection > Data collection Data collection
Geological model Geological model Geological model

Modelled behaviour Modelled behaviour Modelled behaviour
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Life cycle of a geological CO, storage project

Site selection Final investment decision Start injection Stop injection. Closure

Operations

e.g. 15 years 20 years

> Data collection Data collection Data collection Data collection
Geological model Geological model Geological model

Modelled behaviour Modelled behaviour Modelled behaviour

Geological @ Modelled
model behaviour

Observed
behaviour

HISTORY MATCHING
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Life cycle of a geological CO, storage project

Site selection Final investment decision Start injection Stop injection. Closure

Post-closure

e.g. 15 years 20 years

> Data collection Data collection Data collection Data collection Data collection
Geological model Geological model Geological model

Modelled behaviour Modelled behaviour Modelled behaviour

Geological @ Modelled Geological @ Modelled
model behaviour model behaviour

Observed Observed
behaviour behaviour

HISTORY MATCHING HISTORY MATCHING
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Life cycle of a geological CO, storage project

Site selection Final investment decision Start injection Stop injection. Closure

Post-closure

e.g. 15 years 20 years
> Data collection > Data collection Data collection Data collection Data collection MONITORING
Conformance

Agreement between
simulations and

Geological model Geological model Geological model

Geological ll Modelled Geological ll Modelled observed behaviour
Show that the CO, is
Observed Observed Secu rer stored

behaviour behaviour

HISTORY MATCHING HISTORY MATCHING
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Responsible carbon storage

Life cycle of a geological CO, storage project ccs directive DIRECTIVE 2009/31/EC

Article 4

Selection of storage sites
Annex |

Characterisation criteria

@ Site selection

® Article5

Exploration permit

@® Final investment decision

® Article 6
Storage permit

@® Start injection

e.g. 15 years

® Article 13
Monitoring
Annex I
Monitoring criteria
Article 14
Reporting by the
operator

@® Stop injection. Closure

20 years

® Article 17
Closure and
post-closure
obligations

30 years

@ Article 18
Transfer of
responsibility


https://eur-lex.europa.eu/eli/dir/2009/31/oj/eng
https://eur-lex.europa.eu/eli/dir/2009/31/oj/eng

BELLLONA Responsible carbon storage

Life cycle of a geological CO, storage project ccs directive DIRECTIVE 2009/31/EC

I Site selection T Final investment decision T Start injection Stop injection. Closure
e.g. 15 years 20 years 30 years
Environmental Impact Assessment Directive DIRECTIVE 2011/92/EU ETS Directive DIRECTIVE 2003/87/EU
Environmental Liability Directive DIRECTIVE 2004/35/EC Monitoring and reporting of GHG emissions REGULATION (EU) 2018/2066

Water framework Directive DIRECTIVE 2000/60/EC
Groundwater Directive DIRECTIVE 2006/118/EC



https://eur-lex.europa.eu/eli/dir/2009/31/oj/eng
https://eur-lex.europa.eu/eli/dir/2009/31/oj/eng
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011L0092
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011L0092
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02004L0035-20190626
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02004L0035-20190626
https://eur-lex.europa.eu/eli/dir/2000/60/oj/eng
https://eur-lex.europa.eu/eli/dir/2000/60/oj/eng
https://eur-lex.europa.eu/eli/dir/2006/118/oj/eng
https://eur-lex.europa.eu/eli/dir/2006/118/oj/eng
https://eur-lex.europa.eu/eli/dir/2003/87/oj/eng
https://eur-lex.europa.eu/eli/dir/2003/87/oj/eng
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32018R2066

BELLONA

CCS value chain

..........................................

Capture from industrial plants.
Liguefaction and

CO, capture

temporary storage.

Responsible carbon storage

v

NORTHERN LIGHTS SCOPE

Transport

Liquid CO,
transported by ship.

Receiving terminal

Intermediate onshore storage.
Pipeline transport to offshore
storage location.

Permanent storage

CO, is injected into a saline aquifer.
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https://ccsnorway.com/carbon-footprint/
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Managing expectations

Photo by Heidelberg Materials

Photo by Sweco
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Conclusions
Yara’s plant in Sluiskil, the Netherlands
Europe has established a strict and
comprehensive regulation
framework for geological storage
=» geological carbon storage is safe

CCS will contribute to substantial
emission cuts if deployed at scale,
even though not perfect
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Managing expectations through
open and honest knowledge sharing
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