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The Geysers, California, 1962, Power for 25,000 households



Installed Capacity --
 

980,000 MW (EIA)

Texas has 10% of installed capacity!



 US Electrical Energy CapacityUS Electrical Energy Capacity

Sources of Our Electrical EnergySources of Our Electrical Energy
CoalCoal
NuclearNuclear
HydroHydro
RenewablesRenewables

 WindWind
 SolarSolar
 GeothermalGeothermal



Energy FormsEnergy Forms
•• GasGas--too expensive(?), too valuabletoo expensive(?), too valuable--PeakingPeaking
•• CoalCoal--””cheapestcheapest”” --BaseloadBaseload
•• NuclearNuclear--expensive, most dangerousexpensive, most dangerous--BaseloadBaseload
•• WindWind--not base load, 40% maxnot base load, 40% max
•• SolarSolar--solarsolar--thermal, not thermal, not baseloadbaseload
•• GeothermalGeothermal--BaseloadBaseload

–– hydrothermal (conventional)hydrothermal (conventional)
–– Enhanced (Engineered) GSEnhanced (Engineered) GS
–– GeopressureGeopressure
–– CoproducedCoproduced
–– Ground Source Heat PumpsGround Source Heat Pumps





Wind PowerWind Power



Approximately 1000 Approximately 1000 TcfTcf (Trillion cubic feet, current use is 10 (Trillion cubic feet, current use is 10 TcfTcf
(1mcf =1000 cubic feet)(1mcf =1000 cubic feet)





THE US IS THE SAUDI ARABIA OF COAL 
What are the Implications for the Oil Industry

• High oil prices and National Security 
will drive gasification of coal and 
production of synthetic diesel for DOD

• Environmental NGO’s driving power 
companies to decarbonize fuel…. CO2 
sequestration

• Relatively cheap CO2 available for EOR



FutureGen 
Preliminary Federal Requirements

• Design, construct, operate a 275-megawatt plant 
to produce electricity, hydrogen, and one to two 
and a half million metric tons per year of CO2 with 
near-zero emissions. 
• Establish capability to sequester at least 90 
percent of plant’s CO2 emissions.
• Demonstrate fuel flexibility (coal, lignite etc)
• Prove the effectiveness, safety, and permanence 
of CO2 sequestration.
• Establish standardized protocols for CO2 
measuring, monitoring, and verification.



FutureGenFutureGen 
Commercial DetailsCommercial Details

• $1 billion DOE award
•$750 million from DOE
•$250 million from a private consortium 

• Initial RFP expected early 2006
• 30 day review and comment period
• 120 day proposal preparation period
• 120 day proposal evaluation period
• Award of the project is expected late summer 

of 2006
• This is subject to change…..
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Hermann and Simon (2007)Hermann and Simon (2007)



IPCC Estimate ofIPCC Estimate of
Conventional (?)Conventional (?)
Geothermal Geothermal 
Resources, 2008Resources, 2008



DOE Funding Announced October 28, 2009DOE Funding Announced October 28, 2009
$338M$338M



•• Barton Chapel:Barton Chapel:
–– $72,573,627$72,573,627

•• Bull Creek: Bull Creek: 
–– $91,390,497$91,390,497

•• PyronPyron Farm: Farm: 
–– $121,903,906$121,903,906

•• PenascalPenascal: : 
–– $114,071,646$114,071,646

Total: ~$400,000,000Total: ~$400,000,000





Oregon, 1971Oregon, 1971 Costa Rica, 1977Costa Rica, 1977

Kansas, 1995Kansas, 1995
Up to 800 Up to 800 °°FF
0.001 0.001 °°F resolutionF resolution
0.1 foot resolution0.1 foot resolution
Up to 25,000 ft Up to 25,000 ft 

Oregon, 1984Oregon, 1984
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SMU Web site:  http://SMU Web site:  http://smu.edusmu.edu/geothermal/geothermal



2004 Geothermal Map of North America 2004 Geothermal Map of North America 
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Conventional Geothermal Energy Conventional Geothermal Energy 
TypesTypes

•• Dry Steam: The Geysers, Dry Steam: The Geysers, LardarelloLardarello

•• Wet Steam: Volcanic Arcs, Iceland, etc Wet Steam: Volcanic Arcs, Iceland, etc 

•• Hot Water: Nevada Hot Water: Nevada 

1 Temperatures 2501 Temperatures 250°°C, 500C, 500°°FF
22 175175--240240°°C, 350C, 350--480480°°F F 
33 8080°°CC--175175°°C, 165C, 165°°FF--350350°°FF



http://geothermal.marin.org/geomap_1.html   http://geothermal.marin.org/geomap_1.html   
8,000 8,000 mWmW in 2005in 2005

http://geothermal.marin.org/geomap_1.html ~8,000


Plate BoundaryPlate Boundary
Between NA & Between NA & 

EuropeEurope



NesjavellirNesjavellir, Iceland, Iceland





HengillHengill, Iceland, Iceland







Blue LagoonBlue Lagoon
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BeowaweBeowawe, Nevada, 13 MW Dry Steam Geothermal Power Plant, 2000, Nevada, 13 MW Dry Steam Geothermal Power Plant, 2000



Dixie Valley,Dixie Valley,
NevadaNevada





• Dixie Dixie Valley,  NevadaDixie Valley,  Nevada
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Brady Hot Springs, NevadaBrady Hot Springs, Nevada



General view from the back of ORMAT BradyGeneral view from the back of ORMAT Brady’’s hot springs 5 MW (net) binary, s hot springs 5 MW (net) binary, 
air condensed power plant.  Light colored tank is extra binary fair condensed power plant.  Light colored tank is extra binary fluid.luid.



Brady Hot Springs, NevadaBrady Hot Springs, Nevada
OrmatOrmat Binary Power GeneratorBinary Power Generator



Conventional HydrothermalConventional Hydrothermal

•• Cost $2Cost $2--4,000,000/MW4,000,000/MW
•• Pay for Pay for ““fuelfuel”” up front, difficult to financeup front, difficult to finance
•• 2 wells drilled for every producer, i.e. 2 wells drilled for every producer, i.e. 

reservoir  uncertainty, $5,000,000/wellreservoir  uncertainty, $5,000,000/well
•• Wells 30% of costWells 30% of cost
•• Land access problems (Federal)Land access problems (Federal)
•• Market limited to some extentMarket limited to some extent
•• Localized in Great Basin and west coastLocalized in Great Basin and west coast



THE EGS SYSTEM THE EGS SYSTEM 
Introduction of water into Introduction of water into 

rock of limited rock of limited 
permeability (either tight permeability (either tight 
sediment or basement) in sediment or basement) in 

a controlled fracture a controlled fracture 
setting so that this water setting so that this water 
can be withdrawn in other can be withdrawn in other 
wells for heat extraction,wells for heat extraction,

i.e. heat miningi.e. heat mining

















 US Electrical Energy

Nature of Geothermal Energy

Future of Geothermal Energy

Texas Opportunities

SMU Opportunities
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