Injection and monitoring of CO2-H2S charged fluids in basaltic
rocks at Hellisheiði Geothermal Power Plant
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THE CARBFIX2 PROJECT
The CarbFix method was upscaled at the Hellisheiði geothermal power plant to inject and mineralize the plant’s CO2 and H2S emissions in June 2014 [1]. This approach first captures the gases by their dissolution in water, and the resulting gas-charged water is injected into subsurface basalts. The dissolved CO2 and H2S then react with the basaltic rocks
that librating divalent cations, Ca2+, Mg2+ and Fe2+, increasing the fluid pH, and precipitating stable carbonate and sulfide minerals [2,3]. By the end of 2017, 23,200 metric tons
of CO2 and 11,800 metric tons of H2S had been injected to a depth of 750 m deep into fractured, hydrothermally altered basalts at >250 °C.
Figure 1. An overview of the CarbFix2 injection site. The gas
separation plant is located at the Hellisheiði power in the
center of the figure. A 1.5 km long, gas-charged water pipe
connects the gas capture plant to the injection wells. Injection was into wells HN-16 and HN-14. The three monitoring
wells (HE-31, HE-48, and HE-44) are located from one to two
km down gradient from the injection well.
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Figure 2. Temporal evolution of the effluent water flow and
condensate water flow, and the calculated temperature of the
combined fluids in the HN-16 injection well. Note that condensate flow began on 22 April 2014, while the gas capture
plant was in operation from 23 June 2014. Also that the gascharged condensate water was injected into HN-14 from 15
July 2015 to 15 March 2016. Modified from [4].
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CONCLUSIONS

PHASE I INJECTION				
June 2014 - July 2016 			
pH 5.4							
DIC 30.9 mM						
DS 22.3 mM						
Injection into
HN-16 begins

PHASE II INJECTION
July 2016 - Dec 2017
pH		 4.7
DIC 50.6 mM
DS		 31.3 mM

Gas injection 2x

Injection
into HN-14

• Calcite precipitation is limited by the release of Ca from the host basalts to the fluid phase.
• Sulfide precipitation is not limited by the availability of aqueous Fe or by the formation of secondary minerals.
• The decrease in fluid pH after the doubling of gas injection rates leads to increased carbon and
sulfur mineralization
		 Phase I: over 50% of CO2 & 76% of H2S mineralized
		 Phase II: over 60% of CO2 & over 85% of H2S mineralized
• The injectivity of the injection well has remained stable throughout confirming that the host rock
permeability has been essentially unaffected by 3.5 years of mineralization reactions.
• Although mineral reactions are accelerated by the high temperatures (>250 °C) of the formation
rocks, this is the upper temperature limit for carbon storage via mineral carbonation due to potential decarbonation reactions.
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Figure 4. The in situ pCO2 and pH2S in the fluids collected from the monitoring wells plotted against the calculated reservoir temperature. Curves represent the following mineral-gas reactions: (A) the formation of wollastonite and CO2 from calcite and quartz at fixed
total pressures from 1 to 300 bars based on [5]; (B) the formation of epidote and H2S from pyrite, pyrrhotite, and prehnite, represented
by the solid curve, and the formation of magnetite and H2S from pyrite, pyrrhotite, and H2O, represented by the dashed curve, based
on data reported by [3,6].
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Figure 5. Mineral predominance diagrams among carbonate minerals in the CaO-MgO-FeO-CO2 system for monitoring wells HE-31 &
HE-48. The black circles represent the in situ fluids collected from HE-31 and white circles from HE-48. The gray circles represent the
gas injected waters mixed with geothermal brine within the well and heated to 260 °C (before any further mixing and reaction in geothermal reservoir). The cross-hatched area represents fluid compositions where no stable carbonate minerals are present.
Figure 3. In situ concentrations of DIC, Ca, Mg, Fe, and DS in samples collected from
the monitoring wells prior to and during the injection of CO2 and H2S. Black circles
depict the measured concentrations, while the white circles correspond to concentrations calculated assuming non-reactive fluid mixing.
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