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Clean energy challenges

1) EU needs clean energy & to reduce import 

dependency Ą enhanced (or engineered) geothermal 

systems (EGS).

2) EU requires reductions in CO2 emissions to the 

atmosphere Ą storage underground.
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CO2-EGS as a combined solution ?

1) Inject CO2 dissolved in water as part of an otherwise 

conventional EGS. Geochemical reactions ótrapô the CO2

as secondary carbonate phases.

2) Inject free-phase CO2 as the working fluid of a new type 

of CO2-based EGS. Thermodynamic and physical 

properties of CO2 enhance heat recovery. Geochemical 

reactions help isolate the CO2 from the surrounding 

water-filled rock through the precipitation of secondary 

carbonate phases.

Gunter-type reaction:

CaAl2Si2O8 + CO2(aq) + 2 H2O  =>  CaCO3 + Al2Si2O5(OH)4

Anorthite (Ca-fsp)                         calcite           kaolinite          
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CO2 working fluid: 
Geochemical reactions 

lead to blocking of porosity 
at the boundary of CO2-

filled and water-filled rock 
=> low permeability 

seal/shell isolating CO2
EGS fluid

(e.g. Pruess 2006)
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CO2-water-rock 
reactions precipitate 

carbonates within 
the rock

(e.g. CO2-DISSOLVED 

project, Kerv®vanet al. 2017)
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Learning from the CCS community

ÅCCS researchers have 

used lab experiments to 

understand the evolution 

of rocks with stored CO2

(and impurities).

ÅThey have increased 

temperatures to speed up 

rates of reactions.

ÅThese experimental 

conditions have relevance 

to CO2-enhanced 

geothermal systems.

ÅCan we (re-)use that data?

Typical CCS 

interests

Typical 

geothermal 

interests
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The óBigRig2ô experiment

ÅConceived as a part of CO2GeoNet to provide a well-

controlled lab dataset with which to compare 

predictions from geochemical models.

ÅMain input groups were BGS (experiment and analysis) 

and BRGM (modelling).

ÅReacted a precisely-known mixture of mineral phases 

with CO2-rich water in a 1m long flow experiment at 

130ÁC and 300 bar for 3.5 months. Regular sampling 

and analysis of output fluids, and full mineralogical 

characterisation at the end of the test. 

ÅThe experimental dataset, together with pre- and post-

test modelling are available.
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ÅTemperature 130ÁC; pressure 300 bar; CO2-saturated water

ÅColumn 1 m long, 3.5 cm diameter

ÅFlow rate 5 ml / hr

ÅTotal duration of experiment 105 days

ÅFluid and solids based on ósimplifiedô Utsira Sand composition (i.e. Sleipner
site), but this could also represent generic continental crust composition.

pH determined on depressurised fluids and under in situ conditions.

Synthetic formation fluid Mineral composition

pH 7.1 (at 20ÁC) (synthetic mixture of sand-sized grains)

Concentration Experiment

ppm (mol dm-3) Phase Weight %

Na 11495 (5.00 x10-1) Quartz 70

K 1.35 x 10-5 (3.46 x10-10) óLabradoriteô 20

Ca 48.49 (1.21 x10-3) óCalciteô 5

Cl 17807 (5.02 x10-1) óMuscoviteô5

HCO3 1.91 (1.59 x10-4) Mixture 100

Experimental conditions
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Typical fluid chemical data
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SiO2
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Column sawn into 2.5 cm long sections and analysed.

ÅCalcite dissolution: first å10 cm of the column, reappears å 28 cm

ÅLabradorite: dissolution throughout the column, but especially at inlet end

ÅPrecipitation of calcite cement from å75.5 cm

ÅAl-rich, clay-like precipitates: first 15 cm of the column

ÅFe/Mn carbonate precipitates from å 28 cm

Mineral reactions
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