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Agenda
• 8:30-9:00 Continental Breakfast 
• 9:00-9:15 David Mohler: Welcome and introductory comments
• 9:15-9:30 Bruce Hill: The Concepts Behind Supercritical EGS
• 9:30-10:00 Eric Ingersoll: Economics and incubation of supercritical EGS.
• 10:00-10:30 Dr. Joe Moore: Progress in engineered hot dry rock geothermal 

systems (EGS) and the US DOE Frontier Observatory for Research in Geothermal 
Energy (FORGE).

• 10:30-10:45 Coffee Break.
• 10:45- 11:15 Susan Petty: The “Moonshot”: Hot supercritical H2O and CO2

engineered geothermal energy systems. 
• 11:15-11:45 Dr. Jeff Bielicki:  CO2 EGS systems.
• 11:45- noon Q&A
• 12:00-1:00 Lunch (provided)
• 1:00-2:30 Expert panel and audience discussion: Moving supercritical EGS 

forward. Lead off statement, 5 minutes each), followed by general discussion. 
David Mohler, moderator; Panelists: Joe Moore, Susan Petty, Jeff Bielicki, Eric 
Ingersoll.

• 2:30 Adjourn. 



• EON’s mission is to multiply and accelerate the real zero-carbon 
energy technology options available for large-scale, affordable, 
market-based decarbonization of the global economy over a wide 
range of future scenarios. (health and prosperity)

• We do this by conducting credible research and analysis on 
promising innovative technologies and identifying the full range of 
global strategies – government policy, new investment and 
business models, etc. to move zero carbon energy technologies 
from “promising” to commercial available. 
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EON’s Mission and Vision



• Multiply and accelerate: Because we cannot reliably predict future energy demand or the amount and timing of associated CO2 
emissions reduction that may be needed, we must rapidly develop a more robust set of zero-carbon energy technology solutions than 
is currently available to cover the broad and uncertain cloud of possible futures.

• Real energy technology options: Large-scale change cannot occur unless the solutions are real possibilities that are functionally 
adequate and demonstrated. 

• Available: The solutions must be ready to be broadly implemented, at commercial scale, commercial risk levels, and commercially 
financeable.

• Large-scale: The global economy might grow by as much as a factor of four by 2050, and global energy demand could potentially grow 
by a factor of 10 this century. We need energy solutions that can be deployed faster, and at a larger scale, than any energy technology 
has been in history.

• Affordable: No solution will ultimately be able to achieve the necessary scale unless it is affordable. Solutions need to be either 
economically competitive with carbon-emitting alternatives or have sufficiently small incremental costs to make the policy drivers 
needed to deploy them politically feasible. Even if there were a consensus around policy backed by real political will, we would still 
need to use the power of the market to make changes of the necessary scope. Targeted policies can support this process, but it would 
be unacceptably risky to rely solely on policy as the primary driver of large-scale deployment for the foreseeable future.
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EON’s Mission (1)



• Decarbonization: To stabilize climate at moderate levels of warming, global CO2 emissions will need to eventually drop to virtually zero, at the same time 
as there is massive growth in the world economy and concomitant energy demand. 

• Global: Solutions must be available for the many different contexts beyond today’s developed world. Nearly all population growth and at least three-
quarters of energy demand growth this century will occur in developing countries. Political, cultural, economic, and energy resource contexts will vary 
widely across those regions, requiring energy technology solutions appropriate to diverse contexts.   

• Economy: Massive growth of the global economy, lifting billions from poverty, may well be a precondition for population stabilization, as has been 
suggested in recent research. The sooner this wealth is generated, the lower the global peak population number and associated energy demand is likely 
to be. 

• Wide range of future scenarios: The many climate science uncertainties today preclude reliable predictions of global impacts resulting from significantly 
increased GHG (greenhouse gas) emissions. Large uncertainties exist about future energy demand due to variables such as population and economic 
growth, increases in per capita energy consumption, and other factors. These combined uncertainties suggest that the sensible approach is to quickly 
develop a set of affordable energy technology solutions that can solve the problem over the full range of future scenarios: high to low population growth, 
fast to slow economic growth, high to low energy intensity, slower or faster decarbonization, severe to moderate climate forcing, and moderate to severe 
climate effects. In summary, we need to plan for the worst, while hoping for the best.
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EON’s Mission (2)



Why does Supercritical EGS matter?
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Ø Zero-carbon energy resource, plausibly competitive with fossil options 
absent subsidy or carbon price

ØPotential to be: 
ØBroadly deployable globally
ØRapidly deployable
ØVery low cost energy
ØUsed to produce power, process heat and hydrogen production
ØUsed to repower existing coal and gas power plant

ØEssentially unlimited energy source
ØNo other obvious zero-carbon technology option has this potential 



ØDecarbonization beyond electricity

Ø Low-cost electricity/heat enables cost-competitive zero-carbon liquid fuel

ØRapid deployment ~20yrs to convert all coal power plants (3TW);

ØMuch faster with additional drilling rig capacity

ØLarge scale, potentially lowest cost energy source; 

Ø Potentially competitive with marginal cost of coal plants
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Supercritical EGS could be one of the most effective climate 
solutions we have seen



Why Enhanced Supercritical Geothermal?

Ø Supercritical changes the economics. Supercritical aqueous geofluid (water) has about 10 times the 
power-producing potential of conventional geothermal. Properties of CO2 as a working fluid may have 
added advantages and energy potential beyond water at lower temperatures and pressures. 

Ø Heat exists in the subsurface everywhere on Earth from activity in the mantle and radiogenic decay in 
minerals; that makes enhanced geothermal resources more widely distributed than oil & gas.

Ø Supercritical geothermal mines this heat and promises to provide baseload power with a small 
footprint.

Ø MIT (2007) estimated 13M exajoules (~ 13M Quadrillion BTUs or Quads ) geothermal energy potential in 
the U.S., 10 km or shallower. 130,000 times the energy used in the U.S. 

Ø Extractible potential = 200,000 EJ or 2,000 times US Energy consumption (2005). 
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Conventional Hydrothermal Energy Production
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Iceland hydrothermal field 
above a volcanic heat source.

• Circulating hot groundwater or injected water produced to surface and expanded to  
steam to drive turbine

• Modern “binary” plants transfer heat from water to a “working fluid”

https://www3.epa.gov/climatechange//kids/solutions/technologies/geothermal.html



Hydrothermal Only Where its Hot.
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• Mostly active tectonic 
areas, thinned crust, 
volcanic zones, hot spots.

• Total production 
worldwide ~14 GW, one 
quarter in US

Davies (2013) 
https://agupubs.onlinelibrary.w
iley.com/doi/pdf/10.1002/ggge
.20271

http://www.thinkgeoenergy.co
m/thinkgeoenergy-updates-
global-geothermal-power-plant-
map/



Engineered Supercritical* EGS “Hot Dry Rock” Mines Heat.
Ø “ Mines” deep heat in the Earth’s crust; does not depend 

on upwelling of hot ground water.

Ø Promises broad application outside of hot regions.

Ø Reservoir created in hot dry crystalline rock by dilating 
existing subsurface fractures.

Ø Injection and production wells drilled into dilated zone 
forming a reservoir from which supercritical fluid 
(water or CO2) can efficiently bring heat energy to the 
surface to a high-pressure electric turbine.

Ø Supercritical water has advantageous properties of both  
liquid and gas. 

Ø Turbines are driven by supercritical fluid. E.g. GE’s can 
operate up to 600 deg C / 28 mPa. 5-10X energy output.12

Tester et al (2007) Image source: GRC Pinterest.

For Supercritical H2O: temperature >374C, P > 22 mPa (221 Bar) E.g. >~6,000 
m. depth. For CO2 a shallower, lower P, T application



Engineered Geothermal Doesn’t Depend on Shallow Heat. Could be 
Available Everywhere. Depends Drilling and Engineering. 
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https://www.smu.edu/Dedman/Academ
ics/Programs/GeothermalLab/DataMaps

HYDROTHERMAL &
LOW-T CO2 EGS EGS

10X SUPERCRITICAL EGS

WHY SUPERCRITICAL? 
BETTER ECONOMICS  



Necessary Technical Developments
Ø Successful shear stimulation & working fluid circulation development in 

crystalline reservoirs.

ØDevelopment of ultra deep drilling technologies (e.g. non-contact spalling, 
plasma drilling, microwave drilling, etc)

ØDevelopment of temperature and corrosion- resistant completion technologies,  
well casings, cements and other materials.

ØHigh T monitoring & LWD—logging while drilling. 

ØSubsurface remote sensing tools, including fracture imaging, microseismic
methods, stress measurement, and managing induced seismicity.

ØField testing of CO2 as a hot EGS working fluid
14



Supercritical RD&D
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Ø 25 or more wells have been drilled into supercritical conditions globally (e.g. Iceland 
2008, 2017), U.S. (3 sites Geysers, Salton Sea and Hawaii, 1980s-1990s), Japan (1990s), 
Mexico (2000s), Italy (1980s), Kenya (2010s)). Mostly magmatic.

Ø Iceland IDDP. Reykjanes, Krafla. IDDP Successfully targeted supercritical hydrothermal 
conditions 2009, 2017. Reykjanes hit 427 deg C. at 4629 m. (15,281 ft), 34 mPa (340 bar). 
Single well w/ estimated 30-50 MW output. Working to get Reykjanes well flowing 2019. 

Ø US. Newberry Deep Drilling project 5km into Newberry volcano, Oregon. Pending 
funding.

Ø EU Commission DEEPEGS project;  DESCRAMBLE supercritical drilling project (and plant 
if success), Larderello Italy.

Ø Japan Beyond Brittle Project JBBP
Ø New Zealand HADES (Hotter and Deeper); drilling in Taupo volcanic zone, 5-7 km, 400 C; 

10 GWe potential
Ø Mexico: GEMEX to assess two sites Acoloco and Los Humeros.
Ø China: ENN, Longfang. Supercritical EGS laboratory; construction 2019.



EGS RD&D Underway. Essential to Supercritical EGS.
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Ø United States
Ø National lab collaborations since 1970s such as Fenton Hill NM. Fenton Hill 

reservoir, operated a closed loop flow test with one production well, for a 
successful 4-10 MW long term flow test for 11 months in 1986.

Ø FORGE drilling, well development, reservoir creation in crystalline rock. Utah 2019.
Ø EGS COLLAB Subsurface crystalline rock fracture stimulation  technologies at SURF 

site, N.D.
Ø Alta Rock S-EGS Oregon, Project pending funding

Ø France: Soulze 1987- Successful 1.5 MW EGS Project  
Ø Switzerland: EGS Projects; field fracture laboratory 
Ø Finland: 4.6 km EGS well completed by Numa Drilling w/ hammer drilling-to power 40 

MW plant; TEGS Finland is Planning 7-8 km well following 2018 1.5 km pilot.
Ø Germany, Bulgaria, Slovakia: Non-contact drilling development (e.g. plasma, 

millimeter wave. ETH Zurich, Plasma Drill Ltd, GA Drilling  https://www.gadrilling.com.) 

https://www.gadrilling.com/


Unconventional Oil and Gas Drilling Advancements Were 
Not Predicted Even by the Best…They Were the Result of 
Rapid Vision & Innovation.
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Today’s EGS Expert Speakers

• Dr. Joe Moore, University of Utah/ DOE FORGE 
Principal Investigator. Enhanced Geothermal 
Systems Introduction and RD&D Status.

• Susan Petty, HERO. Hot Dry Rock EGS with 
Supercritical H2O  and CO2 as Working Fluids.

• Dr. Jeff Bielicki, Ohio State University. Low 
Temperature with Supercritical CO2 Working 
Fluid and Storage of CO2.



Discussion

Ø What would a program to bring supercritical EGS to the global market in 
10-15 years look like? 

Ø Where will technical innovation be required to overcome challenges and 
risks of S-EGS?

Ø Who are the natural partners who could come together to bring the 
resources needed? 

Ø Globally, where could S-EGS be developed and eventually be deployed 
with the most chance for initial success?

Ø What are the primary transition challenges? 

Ø What are the next steps? Who needs to be involved in mapping a 
strategy from here? 

Panelists: 5-minute response each, followed by discussion with audience.


