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Geothermal Energy Geo = Earth Thermal = Heat



Source: Geothermal Education Office



Geothermal Energy • Evidence of earth heat – Fumarole – Geysers – Hot springs – Lava flows



Geothermal Energy •Average Temperature Gradient •16 F per 1,000 feet



Source: Geothermal Education Office
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Geothermal Energy • How to Utilize this Earth Heat? – Power (Electricity) Generation – Space Heating & Cooling – Direct Hot Water – Other uses?



Power Generation (Cont) Iceland 4%



• Who produces geothermal power now? • Where is it p produced – – – –



Fumarole Areas Rift Zones Fault Lines Do other areas have potential also?



El Salvador 2%



Costa Rica 2%



New Zealand 5%



Other 5%



USA 29%



Japan 5%



Italy 8% Mexico i 10%



Indonesia 10%



Phillipines 20%



Source: Geothermal Education Office



Power Generation (cont) • How do we make the electrical power? • Same as others, Steam Turbine System – Instead of burning fuels, use earth as heat source – Any emissions?
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Power Generation (cont) • Dry Steam Field • Ready to use “dry” steam • Oldest Technology • Examples – The Geysers CA: world’s largest @ 750 MW, they offers tours! Near Santa Rosa – Larderello IT: world’s oldest, the only plant until 1958 » Electric Train » Steam pressure has dropped as much as 30%



Source: DOE



Source: PG&E



Power Generation (cont) • Hot Water Field • Lower temperature, “wet” steam or hot water • Steam needs to be “flashed” or use “binary” power • Examples – Wairakei NZ: world’s oldest binary 1958 – Svartsengi, IS: waste heat used for district heating, spa heating



Source: DOE



Power Generation (cont) • Dry Rock Reservoir or Enhanced Geothermal System (EGS) – Pilot & Commercial Plants in US, Australia, Germany, France – US potential for 2,500 TIMES the TOTAL primary energy used in US (MIT) – est’d cost $0.039/kWh
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Power Generation (cont) • How EGS works – Hot, impermeable rock – 16°F per 1,000’ – 4-10 miles beneath surface • Fracture through explosives – Conventional – Nuclear – thing of past



• Fracture through Drilling current operation



– Inject cold water or CO2 – Pump steam / working fluid to turbine



Power Generation (cont) • Side Effects – Environmental • Water, nuclear, drilling



– Seismic • Fracture the earth = earthquake • MIT claims this can be managed



– Other • Noise, safety, visual impacts, land use



Power Generation (cont) • Costs? – First costs are large • Site Location / Studies ($20k $5M) • Well Drilling $1,000/meter per well ($20k-$5M) • Build Time ~2 years



– Fuel cost? • Pumping • Treating emissions
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Power Generation (cont) • Is it renewable? • Environmental Impacts? – Emissions • • • •



Noise (suppressors available) Chemicals and dissolved minerals Water use / reuse Earthquakes?



• Provides Baseload Power! • Dependable, Independent, Clean Energy – Availability Factor 95% – Homegrown – Little to no carbon emissions



Space Heating/Cooling • Direct Use of Geothermal – Space Heating • Hot water: need ~1.8x of room volume per year • Heat pumps



Source: www.myndabanki.is



– Agriculture • Greenhouses can grow vegetables in harsh climates



Source: www.virtualtourist.com



Space Heating/Cooling • Hot Water Heating – Direct use • In floor heat • District Heating



• Heat Pumps p – Ground Source • Closed loop • Open loop



– Air Source – not geothermal but still use the surroundings – Water Source? – is it geothermal? Source: DOE
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Space Heating/Cooling (cont) • Heat Pumps (cont) – Utilize a working fluid – Collect heat from ground or air – Transfer heat to inside



• Wait… Cooling??? – Can operate either way – Pump heat from house to the ground – Same action as Air Conditioning



Hot Water Use • Leisure – Hot Springs / Spas



• In Floor Heat • Snow Melting – Outside in floor heat for sidewalks, driveways



Source: www.freefoto.com



• Aquaculture – Fish Farming – Allows hatcheries to grow fish faster Source: www.climatehvac.com



Summary • Geothermal Energy – Power (Electricity) Generation – Space Heating & Cooling – Direct Hot Water Heating • Snow Melting



– Leisure – Agriculture & Aquaculture – Future uses
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Future Uses of Geothermal •



EGS – Huge potential! – For more info DOE website and http://www.google.org/egs/index.html



•



Transportation - make power power, electrolyze hydrogen from water and use a fuel cell – VTA in San Jose has fuel cell busses – Iceland already has many • •



•



Busses, Cars, Fishing boats www.NewEnergy.is



Other Ideas?
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Geothermal Energy Geothermal Energy Geothermal ...






Nuclear â€“ thing of past. â€¢ Fracture through Drilling current operation. â€“ Inject cold water or CO2. â€“ Pump steam / working fluid to turbine. Power Generation (cont). 
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Geothermal Energy 

reservoir is to drill a well and test the temperature deep underground. The most active geothermal resources are usually found along major plate boundaries where earthquakes and volcanoes are concentrated. Most of the geothermal activity in the world
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What is Geothermal Energy? - physicsinfo 

The National Energy Foundation Version 2 - 2001. What is ... often stored solar energy from the sun (Ground ... human use of geothermal resources occurred.
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What is Geothermal Energy? - physicsinfo 

However, this is not necessar- ily the result of geothermal energy but is more often stored solar energy from the sun (Ground source heat is explained in brief on ...
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GEOTHERMAL: 

The educational program in the Master Program of Geothermal. Exploration ... mastering the technology used in geothermal exploration integrated that rests on a ... the curriculum is designed with the composition of concept and application ...
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GEOTHERMAL: 

The Master Program of Geothermal Exploration provides laboratory facility .... (N cgeri) or Private (Swasta) University that has been accredited or Foreign. University where ... Complete the registration form (online) and pay a registration fee of.
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