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CO2 Underground Storage

w/ Focus on Water Chemistry

K. S. Pedersen, Kapexy Aps – May 1, 2025
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• K. S. Pedersen (brief CV)

• Pure CO2 & Volumetric considerations related to Havnsø

• CO2 Enhanced Oil Recovery

• Reactions of CO2 + water with iron and minerals

• Selected quotes from reports and presentations

• For further consideration

Outline
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• 1980 Ph.D. in Physical Chemistry, DTU

• 1980-1981 Institut Laue-Langevin, Grenoble

• 1981-1984 Statoil/DTU, Modeling of oil & gas properties

• 1984-2022 Founder and manager of Calsep A/S (www.calsep.com). 

Offices in Lyngby, Houston, Dubai and Kuala-Lumpur

• 2022 – Kapexy Aps

Consulting within oil & gas properties

• Other 5 books on oil & gas properties

60+ scientific papers

Technical Expert Macondo Oil Spill (2010)

• CO2  Technical interest – Not a profession

Karen Schou Pedersen (brief CV)

http://www.calsep.com/
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Pure CO2 & Volumetric Considerations 

Related to Havnsø
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CO2 from Phase Diagram
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Typical CO2 Transport and Storage Conditions
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CO2 Molecule & CO2 Density Qualitative Diagram

Shape of CO2 molecule 

favors dense phases
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CO2 – A Spacious Waste Product

Combustion

1 weight unit Oil
↓

 ~3 weight units CO2

CH4 + 2O2  →  CO2 +2H2O
 Mw =16             Mw=44

1/3 of produced CO2 can be stored 
in depleted oil fields

Other storage much be found for 
2/3 of the  produced CO2
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Exploiting Additional Storage Capacity
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Volume of 12 mill tons 𝐂𝐎𝟐
∗𝟏)

 (planned annually Havnsø)

Temp = 51°C & Pressure = 210 bar

Dens = 796 kg/m3

Temp = 80°C & Pressure = 210 bar

Volume = 15.2 mill m3

Dens = 616 kg/m3

Volume = 19.5 mill m3

*1) The volumes of CO2 in pure form and not be taken as the volumetric distribution of CO2 in an 
      underground storage, which will be significantly larger.
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Volume of 12 mill tons CO2 with 25% Porosity*1)  

Temp = 51°C & Pressure = 210 bar Temp = 80°C & Pressure = 210 bar

Volume = 60.7 mill m3 Volume = 77.9 mill m3

~ 42 soccer fields ~ 53 soccer fields

*1) Assuming that all voids are filled with pure CO2. In reality, CO2 will not displace all the water in the
     pores, and some CO2 will dissolve in the water. Therefore, CO2 will spread over a much larger area.
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Equinor CCS Brochure

“CO₂ dissolves in the subsurface 
water. Over time, all the injected 
CO₂ will dissolve in the salt water 
in the reservoir”
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1 m3
3 m3

50 m3

If all CO2 were to Dissolve in Water
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All CO2 dissolved in water in formation of 25% porosity

Transferred to Havnsø – Storage of 12 mill ton 𝐂𝐎𝟐
∗𝟏)

5.8 km2 = 578 hectare

~ 789 soccer fields

*1) To show how much water is required to dissolve the annual amount of CO2 to be injected. That
     much water is unlikely to be available, and it would also take long to dissolve the CO2 in the water.
     Most of the injected CO2 will be in free form and is likely be spread over a much larger area.
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Oil Reservoir

Saline Aquifer

If all CO2 not dissolved .. 
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CO2 Enhanced Oil 

Recovery (EOR)
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Gas Injection EOR

Gas Injection
Hydrocarbon
CO2

• Displace oil

• Maintain high reservoir pressure

Production 
well
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Immiscible Drive

Early gas break through

Production 
well
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Miscible Drive – The Wanted Scenario

t = t0

t = t0 +Δt

CO2

CO2

• Recovery can be > 90%

• Safe because 
o Pressure controlled to not exceed original reservoir pressure

o CO2 does not react with hydrocarbons

o CO2 does not get in touch with water 

o Reliable simulation tools exist based on 40+ years of field experience 
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CO2 Gas EOR not Allowed in Denmark

GasCO2

A ban against EOR oil production limits the amount of CO2 that can 

be stored in depleted oil fields in Denmark



Slide 21

Reactions of CO2 + Water, 

with Iron and Minerals
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• Dry CO2

o Like another hydrocarbon component (e.g. propane C3H8)

• C3H8 + H2O

o No chemical reaction

• CO2 + H2O

o Forms Carbonic Acid CO2 + H2O → H2CO3

Dry CO2 & Wet (Hydrated) CO2 
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Awareness of Corrosiveness of CO2 + H2O for Pipelines

Non-corrosive Corrosive

 Quote from GEUS report*1):

CO2 CO2

CO2 CO2 CO2

H2O

H2O

CO2 CO2

CO2 CO2 CO2

H2O

H2O

𝐶𝑂2 + 𝐻2𝑂 → 𝐻2𝐶𝑂3

All H2O dissolved in CO2     Free water phase with carbonic acid

*1) Fangst, lagring og anvendelse af CO2 (CCUS). Tekniske barrierer for CCUS I Danmark
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Acidification of Oceans
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Denmark Underground (Chalk is CaCO3)

Chalk

Chalk

Chalk 

Chalk

Eocene

Eocene

The GEUS Reports name the Havnsø formation as Sandstone
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Sandstone is composed of Quartz or Feldspar

Loosely adhering clay called kaolinite
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Claimed CO2 Mineralization Process (Rambøll)

What if process stops here?
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CO2 Hydrate

• Could be a problem in pipelines and process equipment (valves)

• Potential problem in injection well near surface

• Not a problem in deep aquifer storage

CO2

No Hydrate

H2O lattice
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Selected Quotes from Reports 

and Presentations
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Society of Petroleum Engineers Meeting 

IEAGHG Weyburn-Midale Project in 
Saskatchewan in Canada
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Injection Rate of 400 ton/day (Pilot Scale)

Havnsø: 12 mill ton/year corresponding to 32877 ton/day 
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Sleipner & Snøhvit by

Could be because injected CO2

 did not dissolve in the water and 
did not displace the water



Slide 33

Reservoir Simulators

Reservoir simulators are developed for oil 
and gas and not necessarily representative 
for CO2 storage in aquifers. 
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CCS Handled in UAE (SPE 222367-MS – ADIPEC 2024)
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CO2 in Contact with Water in Underground Storage
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Need for Lab Data
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For Further 

Consideration
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• Formation of carbonic acid must be taken into consideration

• Carbonic acid may dissolve underground structure and cause CO2 to escape 
and/or structure to crash.

• Limited solubility of CO2 in water must be taken into consideration 

• Limited field experience with CO2 storage in aquifers

• CO2 injected at Sleipner has moved unexpectedly both horizontally and 
vertically. 

• How to test long term effect of CO2 on reservoir and seal in the lab

• Experience from EOR in oil fields is not representative of CO2 storage in 
aquifers

• Reservoir (3D) simulators used in oil and gas production does not consider 
chemical reactions

• Approach to CO2 storage internationally is staying well clear of residential areas

For Further Consideration
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