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A Little History and Background…
About Me

Associate Professor at Ohio State University

I run that…
I direct this:

I lead this other thing…
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A Little History and Background…
About My Work

Various aspects of Reservoir-Scale and 
Systems-Level Research on:

• Carbon Dioxide Capture and Geologic 
Storage (since 2005)
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Bielicki et al., (2016); Bielicki et al., (2018); Bielicki et al., (2023)



A Little History and Background… About My Relevant Work

Various aspects of Reservoir-Scale and 
Systems-Level Research on:

• Carbon Dioxide Capture and Geologic 
Storage (since 2005)

• Utilization – beneficial use of emplaced 
CO2 (since 2010)

Energy Sustainability Research Laboratory
Bielicki et al., (2016); Bielicki et al., (2018); Bielicki et al., (2023)



Three Main Utilization Approaches Will Underlie My 
Remarks

Carbon Dioxide Plume Geothermal (CPG) 
circulating emplaced CO2 in sedimentary 
basin geothermal resources to extract 
geothermal heat.
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Three Main Utilization Approaches Will Underlie My 
Remarks

Carbon Dioxide Plume Geothermal (CPG) 
circulating emplaced CO2 in sedimentary 
basin geothermal resources to extract 
geothermal heat.

CO2 Bulk Energy Storage
using emplaced CO2 to store energy (e.g., 
pressure) and later produce stored, often 
with brine management as well.
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Three Main Utilization Approaches Will Underlie My 
Remarks

Carbon Dioxide Plume Geothermal (CPG) 
circulating emplaced CO2 in sedimentary 
basin geothermal resources to extract 
geothermal heat.

CO2 Bulk Energy Storage
using emplaced CO2 to store energy (e.g., 
pressure) and later produce stored, often 
with brine management as well.

Negative Emissions
net removal of CO2 from the atmosphere
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IPCC (2022)



Systems-Level Perspective Require Matching CO2 Sources with 
Prospective Locations for Geologic CO2 Storage and Geothermal 

Heat Mining
Geospatial Considerations at Regional 
Scale:
• U.S. Gulf Coast Region
• Points = Various CO2 Sources*
• Tan Shading = Deep Saline Aquifers for 

Geologic CO2 Storage
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Miranda (2023)

*See Jonathan Ogland-Hand’s presentation involving SCO2T and CO2NCORD



The Subsurface is Opaque and Reservoir Characteristics 
are Uncertain

Reservoir Uncertainty Affects CPG Cost 
and Capacity
• Early estimates* of CPG Electricity 

Generating Capacity in the U.S. Gulf Coast

Energy Sustainability Research Laboratory
Miranda (2023)

*See Jonathan Ogland-Hand’s presentation involving SCO2T and CO2NCORD



Reservoir Uncertainty Affects Desired Pipeline Routes*
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*[e.g., Middleton and Bielicki (2019), Middleton et al. (2020)]; Miranda (2023)

*Using SimCCSPRO model



Of Course, We Need to Consider CO2 Emissions 
Throughout the Lifetime and Supply Chain

Lifecycle Stages Material and Energy Contributions
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Liu et al., (2024)

U.S. Gulf Coast Colorado Raton Basin U.S. Gulf Coast Colorado Raton Basin



Of Course, We Need to Consider CO2 Emissions 
Throughout the Lifetime and Supply Chain

Lifecycle Stages Material and Energy Contributions

Energy Sustainability Research Laboratory
Liu et al., (2024)

Location, Location, Location: Reservoir Parameters and Geothermal Resource Matter!!!

U.S. Gulf Coast Colorado Raton Basin U.S. Gulf Coast Colorado Raton Basin



There is Potential for Negative Emissions

life cycle emissions of CPG systems when combined with one of the six CO2 feedstocks

Characteristics of CO2 Sources Matter As Well!!!
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U.S. Gulf Coast Colorado Raton Basin



Ambitious Scaling: Possibility to Provide Gigatonne 
Reductions in CO2 Emissions and Gigawatts of Power

Energy Sustainability Research Laboratory
Bielicki et al., (2023)

mix of generation 
sources

estimated generation 
and firm capacity 
provided by fifty 100-
MW CPG plants

power-sector CO2 
emissions from the 

combustion of fossil 
fuels

annual and 
cumulative CO2 
sequestered by the 
CPG plants



Major Gaps in Knowledge for Sedimentary Basin CO2-
Geothermal and CO2-Bulk Energy Storage

1. What are the impacts on (multi‐phase) fluid and energy 
flow due to geological heterogeneity at scales ranging from 
hydrostratigraphic layering to the pore scale and how do 
these impacts affect sedimentary basin CO2‐geothermal 
and CO2‐BES? Can the reservoir variability be leveraged to 
benefit the technologies?

2. What reservoir management strategies should be pursued 
to optimize the benefits of multi-decadal heat extraction?

3. What are the best deployment and operational strategies 
in light of decreasing sources of CO2 and increasing 
penetrations of variable renewable energy on the grid? 

4. How can life cycle assessment techniques be used to 
estimate the levels of decarbonization more accurately 
and determine the parameters that most greatly influence 
those outcomes?

Energy Sustainability Research Laboratory
Bielicki et al., (2023)



Major Gaps in Knowledge for Sedimentary Basin CO2-
Geothermal and CO2-Bulk Energy Storage

5. What levels of incentives are necessary to encourage the 
growth of this industry and what conditions on these 
incentives would ensure the greatest levels of 
decarbonization?

6. What influences public support or opposition to the use of 
CO2 for producing geothermal energy and how might this 
affect the technology deployment?

7. What are the technical and legal issues surrounding 
large‐scale implementation of these technologies such as 
pressure or groundwater level changes extending over 
multiple pore‐space owners across the whole basin?

Energy Sustainability Research Laboratory
Bielicki et al., (2023)



Major Takeaways From These Remarks

Location matters

Reservoir characteristics matter

Sources of CO2 matter

Non-technical issues matter

The technology has promise, but also obstacles: 
we still have a lot to learn.

New and different understanding arises from the 
research, development, demonstration, 
deployment, and diffusion

Energy Sustainability Research Laboratory



References

From this presentation:
• Bielicki, J., Pollak, M., Deng, H., Wilson, E., Fitts, J., and Peters, C. (2016) “The Leakage Risk Monetization Model for Geologic 

CO2 Storage.” Environmental Science & Technology, 50(10), 4923-4931.
• Bielicki, J., Langenfeld, J.*, Tao, Z., Middleton, R., Menefee, A., Clarens, A. (2018). “The Geospatial and Economic Viability of CO2 Storage in 

Hydrocarbon Depleted Fractured Shale Formations.” International Journal of Greenhouse Gas Control, 75, 8-23.
• Bielicki, J., Leveni, M.*, Johnson, J., Ellis, B. (2023). “The Promise of Coupling Geologic CO2 Storage with Sedimentary Basin Geothermal Power 

Generation.” iScience, 26(2), 105618.
• Buscheck (2015). “Earth Battery.” Mechanical Engineering. December 2015. p. 36-41.
• IPCC (2022). ”Climate Change 2022: Mitigation of Climate Change.” Contribution of Working Group III to the Sixth Assessment Report of the 

Intergovernmental Panel on Climate Change [P.R. Shukla, J. Skea, R. Slade, A. Al Khourdajie, R. van Diemen, D. McCollum, M. Pathak, S. Some, P. 
Vyas, R. Fradera, M. Belkacemi, A. Hasija, G. Lisboa, S. Luz, J. Malley, (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA. 
doi: 10.1017/9781009157926.005

• Liu, X. L., Miranda, M.*, Bielicki, J., Ellis, B., Johnson, J. (2024). “Life Cycle Greenhouse Gas Emissions of CO2-Enabled Sedimentary Basin 
Geothermal.” Environmental Science & Technology. 58(4), 1882–1893.

• Middleton, R., and Bielicki, J. (2009). “A Scalable Infrastructure Model for Carbon Capture and Storage: SimCCS.” Energy Policy, 37, 1052-1060.
• Middleton, Yaw, Hoover, and Ellett, “SimCCS: An open-source tool for optimizing CO2 capture, transport, and storage infrastructure,” Environmental 

Modelling and Software, vol. 124, Feb. 2020, doi: 10.1016/j.envsoft.2019.104560.
• Miranda (2023). “Using Analysis Tools to Evaluate Key Components of the Energy Transition.”  Ph.D. Dissertation. Ohio State University.

Other relevant journal and conference papers available at: https://u.osu.edu/bielicki.2

Energy Sustainability Research Laboratory

http://dx.doi.org/10.1021/acs.est.5b05329
http://dx.doi.org/10.1021/acs.est.5b05329
http://dx.doi.org/10.1021/acs.est.5b05329
http://dx.doi.org/10.1021/acs.est.5b05329
http://dx.doi.org/10.1021/acs.est.5b05329
https://doi.org/10.1016/j.ijggc.2018.05.015
https://doi.org/10.1016/j.ijggc.2018.05.015
https://doi.org/10.1016/j.ijggc.2018.05.015
https://doi.org/10.1016/j.ijggc.2018.05.015
https://doi.org/10.1016/j.isci.2022.105618
https://doi.org/10.1016/j.isci.2022.105618
https://doi.org/10.1016/j.isci.2022.105618
https://doi.org/10.1016/j.isci.2022.105618
https://doi.org/10.1021/acs.est.3c04006
https://doi.org/10.1021/acs.est.3c04006
https://doi.org/10.1021/acs.est.3c04006
https://doi.org/10.1021/acs.est.3c04006
https://doi.org/10.1021/acs.est.3c04006
http://dx.doi.org/10.1016/j.enpol.2008.09.049
http://dx.doi.org/10.1016/j.enpol.2008.09.049
http://dx.doi.org/10.1016/j.enpol.2008.09.049
https://u.osu.edu/bielicki.2


Jeffrey M. Bielicki, Ph.D.
Associate Professor1, 2, 3

1Department of Civil, Environmental, and Geodetic Engineering
2John Glenn College of Public Affairs
3Environmental Science Graduate Program

Director
Ohio State EmPOWERment Program

Lead, Energy
Sustainability Institute

The Ohio State University | bielicki.2@osu.edu

Energy Sustainability Research Laboratory

mailto:bielicki.2@osu.edu

	Slide 1: Scaling Carbon Dioxide Storage and Geothermal Heat Extraction for Maximum Benefit
	Slide 2: A Little History and Background… About Me
	Slide 3: A Little History and Background… About My Work
	Slide 4: A Little History and Background… About My Relevant Work
	Slide 5: Three Main Utilization Approaches Will Underlie My Remarks
	Slide 6: Three Main Utilization Approaches Will Underlie My Remarks
	Slide 7: Three Main Utilization Approaches Will Underlie My Remarks
	Slide 8: Systems-Level Perspective Require Matching CO2 Sources with Prospective Locations for Geologic CO2 Storage and Geothermal Heat Mining
	Slide 9: The Subsurface is Opaque and Reservoir Characteristics are Uncertain
	Slide 10: Reservoir Uncertainty Affects Desired Pipeline Routes*
	Slide 11: Of Course, We Need to Consider CO2 Emissions Throughout the Lifetime and Supply Chain
	Slide 12: Of Course, We Need to Consider CO2 Emissions Throughout the Lifetime and Supply Chain
	Slide 13: There is Potential for Negative Emissions
	Slide 14: Ambitious Scaling: Possibility to Provide Gigatonne Reductions in CO2 Emissions and Gigawatts of Power
	Slide 15: Major Gaps in Knowledge for Sedimentary Basin CO2-Geothermal and CO2-Bulk Energy Storage
	Slide 16: Major Gaps in Knowledge for Sedimentary Basin CO2-Geothermal and CO2-Bulk Energy Storage
	Slide 17: Major Takeaways From These Remarks
	Slide 18: References
	Slide 19: Jeffrey M. Bielicki, Ph.D.

