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Couple it with Carbon Sequestration and Storage

CO2 as the Working Fluid
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Tracking an Energy Elephant
Geothermal Potential of Sedimentary Basins

Nov 6-9, 2011, Salt Lake City, Utah

71 Participants



What did we do?
Build and Sustain a Research Community
-Conferences, shortcourses, publications, grants, 

and assorted get togethers’

One-day workshop 

American Rock Mechanics 

Association (ARMA) 49th Symposium 

in Minneapolis (June 1, 2014) 

The Role of Geomechanics in 

Geothermal Reservoir Engineering 

Leaders- Azaden Riahi; Branko 

Damjanac and Will Pettitt, ITASCA). 

ARMA-AAPG-SEDHEAT 

WORKSHOP

SUCCESSFUL 

ENGINEERING OF 

SEDIMENTARY 

GEOTHERMAL SYSTEMS

Friday June 24th and 

Saturday June 25th, 2016

50th Rock 

Mechanics/Geomechanics 

Symposium

Westin Galleria, Houston, 

Texas

http://armasymposium.org/

workshops

Conveners: Derek Elsworth, 

John Holbrook, Charles 

Fairhurst, Sid Green

Unlocking the Energy Elephant

SedHeat Workshop: Science and Engineering 

for Geothermal Energy in Sedimentary Basins

March 2nd and 3rd, 2017

Marriott University Park Hotel, Salt Lake City, 

Utah, USA

12 Incubator 

Workshops!

4 Large 

Conferences

CO2-Geothermal Bulk 
Energy Storage System

Energy Sustainability Research Laboratory

Buscheck, T., Bielicki, J., et al. (2016). “Multi-Fluid Geo-Energy 

Systems: Using Geologic CO2 Storage for Geothermal Energy 

Production and Grid-Scale Energy Storage in Sedimentary

Basins.” Geosphere, 12(3), 1-19.

Theme Issue:  Geothermal Energy 

from Sedimentary Basins: 

Challenges, Potential, and Ways 

Forward

Eds:  John Holbrook, Anna 

Crowell, Herbert Einstein

Five papers published and three in 

final stages

http://www.shutterstock.com/subscribe?clicksrc=full_thumb


The Sedimentary Basin
Fluid flow

What are the fundamental sedimentary processes 

that control the filling of sedimentary basins across 

all scales, and how do they impact permeability, 

connectivity, and heterogeneity of deep-basin flow 

paths?

What are the digenetic processes that operate in 

deep sedimentary basins and how do they augment 

or deduct permeability as they evolve?

What controls the natural processes whereby 

fractures form and evolve within basin sediments, 

and what is the impact of these fractures on the 

transmission of fluid flow?

Coal

Floodplain 

Channel

Lake

Lake

Mudflat

Penn., Breathett Fm., Kentucky



Question #1

Why Bother?



http://205.254.135.24/tot

alenergy/data/annual/

Geothermal

3% of 8%!

<3000MWe

C.O. Ladsi Rybach



https://www.springer.com/cda/content/document/cda

Energy in the Continental Crust



EGS/Hot Dry Rocks Approach



(Bakhsh, 2016)

Why Not EGS/Hot Dry Rocks Approach?

Thermal Breakthrough



http://www.bing.com/images/search?q=sediment

ary+basins&qpvt=sedimentary+basins&FORM

=IGRE#x0y3653

Sedheat, 

What’s New?



Category of Resource Thermal Energy, in Exajoules (1EJ = 10
18

J) Reference

Conduction-dominated EGS

Sedimentary rock formations 100,000 MIT, 2006

Crystalline basement rock formations 13,300,000 MIT, 2006

Supercritical Volcanic Systems 74100 excludes Yellowstone NP, Hawaii USGS Circular 790

Hydrothermal 2,400 – 9,600 USGS Circular 726 and 790

Coproduced ( oil field) fluids 0,0944 – 0,4510 McKenna, et al. (2005)

Geopressured systems 71,000 – 170,000 (includes methane) USGS Circular 726 and 790

(C.O. Joe 

Moore)



The Big Difference

Hot Rock

SedHeat

//upload.wikimedia.org/wikipedia/en/b/ba/GeysersGeothermalDrilling1977.jpg
//upload.wikimedia.org/wikipedia/commons/0/04/Walmart_exterior.jpg


http://en.wikipedia.org/wiki/Fil

e:Deepwater_Horizon_oil_spill

_-_May_24,_2010_-

_with_locator.jpg

http://topics.nytimes.com/top/reference/times

topics/subjects/o/oil_spills/gulf_of_mexico_20

10/index.html

Gulf/Macondo Spill

http://minesmagazine.com/1745

http://www.rigzone.com/news/article.asp?a_id=94057

Economic Sedheat

150C - 0.5 barrels/sec
(80 l/sec at 150C for 5MWe;

MIT Panel, 2005)

0.6-0.7 barrels/sec
(62k-53k bpd; Flow Rate Technical Group 2010)

Flow Rates

//upload.wikimedia.org/wikipedia/commons/7/7b/Deepwater_Horizon_oil_spill_-_May_24%2C_2010_-_with_locator.jpg


Oil and Gas Journal 4/20/1998

Where’s the 

Heat?

Basins and 

Heat Resources

Heat Flow



https://www.iea.org/weo2017/

International Energy Agency

https://yearbook.enerdata.net/total-energy/world-consumption-statistics.html

China 2018 (IEA 2019)

Why Does it 

Matter?

World Energy 

by Use and 

Change

U.S. and Canada

Asia



http://www.ipcc.ch/report/srren/SRREN_figures/SPM/SRREN_SPM02_v02_20110217_ks.png

World 

Renewable 

Use and 

Projections
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An Italian 

Point of View



So What Have We Learned?



Opportunities for O & G Industry

The Grid

Direct Heat

Energy storage/Earth battery



https://en.wikipedia.org/wiki/The_Geysers#/media/File:Sonoma_Plant_at_The_Geysers_4778.png

The Geysers

Opportunities on the Grid

MegaWatt Power Generation



Who’s turning Geoheat into Electrons?

(Ghazvini, et al., 2019)





Where Does it go?



C.O Rick Allis

C.O Rick Allis

Challenges! 

Hurdles! 



6.29 bbl/m3

(Hornbach, et al., 2016)

Wise County, The Birthplace of the Shale-Gas Revolution!

Production Horizon

Wastewater Injection Horizon

The Water Challenge
Ft Worth Basin - A Production and Injection Experiment



http://bigthink.com/1000-words/on-this-day-in-1356-a-major-

earthquake-destroyed-the-town-of-basel-switzerland

EGS Geothermal Starts!   

Big one = 3.4M = $9mil

Swiss Seismological Service 2018

Swiss Seismological Service 2018

Quake Threat Leads 

Swiss to Close 

Geothermal Project

New York Times

The Bazel Catastrophe



(Meier et al, 2015)

Swiss Seismological Service 2018

New Plan – Staged Frac

Swiss Cheese; the Swiss Answer

The Bazel Solution



(Hornbach, et al., 2016)

6.29 bbl/m3

~120 wells

~1000m3/6000bbl/day/well

Several ~20k bbl/day

The Ft Worth Basin – Injection Rates



6.29 bbl/m3

The Ft Worth Basin –

Injection and Seismicity

(Hornbach, et al., 2016)



The Geothermal Difference?  Extraction During Injection



Got Alotta Heat
Especially Here

The Heat Challenge



Where are the MegaWatt Geothermal Plants?
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(Rosen 2015)

(Sanyal and Butler, 2010)
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The Petro Problem

Why Drill a 

Deep Hot Well?



Basins Vs. Heat?

Need a low heat Solution

Temperature at 6km

6km



Electricity from Heat

The Low-Heat Challenger

The Reigning Champs



Low Heat Power





(Clauser and Ewert, 2018)
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Optimizing the 

Economics





7.46-11.56

11.57-15.67

15.67- 19.77

19.78-23.87

15.67- 19.77

https://www.eia.gov/electricity/state/

U.S. average retail price per kilowatthour is 10.41 cents

What do We Pay for Power?



SedHeat:  Gone from Maybe for Dollars to Surely for Pennies

(Clauser and Ewert, 2018)
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The Power of the 

Power-Purchase 

Agreement

https://www.ecohz.com/renewable-energy-solutions/power-purchase-agreement-ppa/?gclid=EAIaIQobChMIlry99Oqt2QIVFRuBCh1y5QM9EAMYAiAAEgLa9PD_BwE



https://www.businesswire.com/news/home/2

0090604005254/en/ElectraTherm-Green-

Machine-Turns-Geothermal-Heat-

Electricity

The Green Machine 

Example

< $0.10/kwh From <100 C0



We Can Do This!!!!
Need a little activation energy



Opportunities for O & G Industry

The Grid

Direct Heat

Energy storage/Earth battery



The Other Moving Parts



(Ghazvini, et al., 2019)

Who’s 

Using Direct 

Heat and for 

What?

Global Use of 

Direct Heat



~14% of Electric

~12% of Electric

Space 

Heating
An Electron Saved 

is and Electron 

Earned



Can Be upscaled



Can Be Coupled
Iceland’s Blue Lagoon Cascading System

(Moya et al., 2018)



Can Be Coupled
Secondary Recovery

(Ziabakhsh-Ganji, et al., 2018)



https://nea.is/geothermal/direct-utilization/space-heating/

Iceland

And Still World Champion



Contact information:

Shawn Naylor

snaylor@indiana.edu

812-855-2504

Bob Autio

rjautio@indiana.edu

812-856-9104

57

https://igws.indiana.edu/Geothermal/ShallowGeothermal.cfm

mailto:snaylor@indiana.edu
mailto:rjautio@indiana.edu


Geothermal Play Fairway Analysis of the 

Appalachian Sedimentary Basin

Appalachian Basin Geothermal 

Play Fairway Team

Terea E. Jordan1, Maria C. 

Richards2, Franklin G. 

Horowitz1, Erin Camp1, Jared D. 

Smith1, Calvin A. Whealton1,

Jery R. Stedinger1, Matthew J. 

Hornbach2, Zachary S. Frone2, 

Jefferson W. Tester1, Brian 

Anderson3, Kelydra Welcker3, 

Catherine Chickering Pace2, 

Xiaoning He3, Maria Beatrice 

Magnani2, Rahmi Bolat2

1Cornell University
2Southern Methodist University
3West Virginia University



Opportunities for O & G Industry

The Grid

Direct Heat

Energy storage/Earth 

battery



(Takam et al., 2021)

Earth Battery

Comes Home

Plan Ahead Retrofit

(Provoost et al., 2019)

Aquifer Thermal Energy Storage 

Projects in The Netherlands



The Other Moving Parts

Earth 

Battery/Coupled 

Systems?



Energy Storage in 

Sedimentary Basin 

Geothermal Resources

August 15-16, 2016 | 

Columbus, OH

Jeff Bielicki and

Tom Buscheck

CO2-Geothermal Bulk Energy Storage System

(or salt cavern)

Energy Sustainability Research Laboratory

Buscheck, T., Bielicki, J., et al. (2016). “Multi-Fluid Geo-Energy 

Systems: Using Geologic CO2 Storage for Geothermal Energy 

Production and Grid-Scale Energy Storage in Sedimentary 

Basins.” Geosphere, 12(3), 1-19.

Earth Battery

Incubator Workshop 2016



Economic Sedheat

0.5 barrels/sec at 150C
(80 l/sec at 150C for 5MWe; MIT Panel, 2005)

Can We Get the Flow Rates?

Typical Injection well at about 100C

Earth Battery

Solar Base Load!!



(Sanyal and Butler, 2010)

150 F Solar Spike

7.5 X Increase!

Coupled 

Geothermal 

Systems?



Stillwater integrates 33 MW of geothermal power with 26.4 MW of solar photovoltaic and 2 MW of 

solar thermal capacity.

Enel Green Power North America’s Stillwater Solar Geothermal Hybrid Project in Fallon, Nevada is 

a first of its kind renewable energy power plant.

http://www.thinkgeoenergy.com/video-enels-stillwater-hybrid-geothermal-solar-plant-in-nevada/

Geothermal Plant

Solar Photovoltaic Plant

Thermal Solar Plant

The Hybrid Model
Stillwater Plant, Fallon, NV



Earth 

Battery/Coupled 

Systems?

So Why Does Storage Matter?



California Power
A Solar Wind With no Sign of Slowing

So Why Does Storage Matter?



The “Duck” Dilemma

13 GW/3hr!



The “Duck” Dilemma

(Ballesteros, et al., 2019)



The “Duck” Dilemma

13 GW/3hr!

Imports

Gas



The “Duck” Dilemma

13 GW/3hr!

Tesla’s 100MW/ 129MWh Powerpack project in South Australia

The Giga Plan

https://electrek.co/2017/11/23/tesla-worlds-largest-li-ion-battery-system-in-australia/


Economic Sedheat

0.5 barrels/sec at 150C
(80 l/sec at 150C for 5MWe; MIT Panel, 2005)

Can We Get the Flow Rates?

Typical Injection well at about 100C

Earth Battery

Solar Base Load!!



Schematic Storage-Production Unit

Nominal Outer 
Composite Radius of 

“Influence”

2r*e

High Deliverability 
Hot Water Producer

Hot Water Injector

Feed Water Producer 
(Supply - Water to be 
Heated ) and Injector 

(Discharged Water)

Nominal Thermal Front

John McLennan

May 19, 2020



Operating Schedule and Boundary 

Condition
• Daily cycle (24 hrs.)

Injection 
8 hr

Production
10 hr

Shut-In 
6 hr

Injection Rate = 40 kg/sec, 
Total Injection in 8 hrs. = 1152 tonne

Production Rate = 32 kg/sec, 
Total Production in 10 hrs. = 1152 tonne

Constant Pressure BC

Parameters Formation
Overburden and 

Underburden

Specific Heat of Rock (J/(kg-K) 930 770

Thermal Conductivity (W/(m-K) 2.5 1.05

Density (kg/m3) 2000 2500

Horizontal Permeability, kx and ky

(mD)
100 0.0001

Porosity (%) 15 2.5

Initial Temperature (O C) 120 120

Initial Pressure (MPa) 12 12

Formation Thickness (m) 110 70



Effect of Number of Cycles
• Initially, energy recovery increases 

drastically and then increases 

slowly 

• After 40 cycles, overall energy 

recovery increases asymptotically

• Energy recovery in an individual 

cycle reaches about 95% after ~ 100 

cycles

• Mirrors Tsang et al., 1977 

predictions

• Attractive Storage Medium

77

88.2

90.4

93

95



Economic Sedheat

0.5 barrels/sec at 150C
(80 l/sec at 150C for 5MWe; MIT Panel, 2005)

Can We Get the Flow Rates?

Typical Injection well at about 100C

Earth Battery

Solar Base Load!!



Thank you for your attention

C.O. Joe Moore



Texas H.B. 3576.

https://urldefense.com/v3/__ht
tps://legiscan.com/TX/bill/HB35
76/2021__;!!O2_lDA!grA6c9cww
5T0bbqLQhZuHVUXBoCJUohCb9
3Mx8Qnov72dxUIN9XFvM9uFI6J
nURKVGxd$ .

“…relating to the authority of 

the Railroad Commission of 

Texas to invest in private 

entities that explore for, 

develop, and produce 

geothermal energy and 

associated resources.”

2021-04-27

https://urldefense.com/v3/__https:/legiscan.com/TX/bill/HB3576/2021__;!!O2_lDA!grA6c9cww5T0bbqLQhZuHVUXBoCJUohCb93Mx8Qnov72dxUIN9XFvM9uFI6JnURKVGxd$

