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Microbes can influence CO2 trapping
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How will changes in water chemistry 
affect what microbes are doing?

Kirk (2011)ES&T 45, 6667-6682



CO2 injection field experiments:
• Frio Formation
• ZERT site

Bioenergetics analysis

Microorganisms:
• Fe(III) reducers
• SO4

2- reducers
• Methanogens
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Calculating energy available (∆GA)

∆GA = free energy released by metabolic reaction:

activity 
coefficient

molality

stoichiometric
coefficient

Result normalized to conditions prior to CO2 injection:



CO2 injection affected pH, 
alkalinity, and Fe

Data source – Kharaka et al. (2006) Geology 34
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Fe(III) reduction 8 Goethite + CH3COO- + 17 H+  2 CO2(aq) + 14 H2O + 8 Fe2+

8 Goethite + 4 H2(aq) + 16 H+  16 H2O + 8 Fe2+

∆GA for Fe reduction increased

Kirk (2011)ES&T 45, 6667-6682



electron donation

Increase in ∆GA for Fe reducers 
favors more rapid Fe reduction

electron acceptance

biomass thermodynamic drive

Microbial reaction kinetics



Conclusions

Kirk (2011)ES&T 45, 6667-6682



Geochemistry changes:  
- pH
- oxidation state of Fe
- trace element mobility

Biologically enhanced trapping

“bioclogging”

Implications
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Future work: Bioreactor 
experiments!
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Mokelumne River Formation
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Future Work: Deep saline 
reservoir experiments

WESTCARB



Future work – Drinking water 
aquifer experiments
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Synergy

WESTCARB core 
“bioteam”

- SNL + UT

- LBNL

- UC Berkeley

- MIT

UT grad student Eugenio Santillan 
doing lab work at Sandia



We thank Randall Cygan, Qusheng Jin, Hongkyu Yoon, Jay Santillan, Yousif 
Kharaka, and Susan Hovorka for assisting with this work.

This research is supported by the U.S. Department of Energy, Office of 
Science, Office of Basic Energy Sciences. The Center for Frontiers of 
Subsurface Energy Security (CFSES) is a DOE Energy Frontier Research Center, 
under Contract No. DE-SC0001114

Acknowledgements


