2.3.11 GEOTHERMAL ENERGY

Technology Description

Geothermal energy is heat from within
the Earth. Hot water or steam are used
to produce electricity or applied directly
for space heating and industrial
processes. This energy can offset the
emission of carbon dioxide from
conventional fossil-powered electricity
generation, industrial processes,
building thermal systems, and other
applications.

System Concepts

e Geophysical, geochemical, and
geological exploration locates
resources to drill, including highly
permeable hot reservoirs, shallow
warm groundwater, hot
impermeable rock masses, and
highly pressured hot fluids.

e Well fields and distribution systems
allow the hot fluids to move to the
point of use, and afterward back to the earth.

e Utilization systems may apply the heat directly or convert it to another form of energy such as electricity.

Representative Technologies

e Exploration technologies identify geothermal reservoirs and their fracture systems; drilling, reservoir
testing, and modeling optimize production and predict useful lifetime; steam turbines use natural steam or
hot water flashed to steam to produce electricity; binary conversion systems produce electricity from water
not hot enough to flash.

e Direct applications use the heat from geothermal fluids without conversion to electricity.

e Geothermal heat pumps use the shallow earth as a heat source and heat sink for heating and cooling
applications.

e Coproduction, the recovery of minerals and metals from geothermal brine, is being pursued. Zinc is
recovered at the Salton Sea geothermal field in California.

Technology Status/Applications

e With improved technology, the United States has a resource base capable of producing up to 100 GW of
electricity at 3¢-5¢/kWh.

e Hydrothermal reservoirs are being used to produce electricity with an online availability of up to 97%;
advanced energy-conversion technologies are being implemented to improve plant thermal efficiency.

e Direct-use applications are successful throughout the western United States and provide heat for space
heating, aquaculture, greenhouses, spas, and other applications.

e Geothermal heat pumps continue to penetrate markets for heating/cooling (HVAC) services.

Current Research, Development, and Demonstration

RD&D Goals

e By 2010, make geothermal cost effective at 3¢-5¢/kWh

RD&D Challenges

e Develop improved methodologies for predicting reservoir performance and lifetime.

¢ Find and characterize underground fracture permeability and develop low-cost, innovative drilling
technologies.
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Reduce capital and operating costs and improve the efficiency of geothermal conversion systems.
Develop and demonstrate technology for enhanced geothermal systems that will allow the use of
geothermal areas that are deeper, less permeable, or dryer than those currently considered as reserves.

RD&D Activities

DOE Office of Energy Efficiency and Renewable Energy promotes collaborations among laboratories,
universities, states, and industry. Industry provides access to operating fields and well data, equipment and
geothermal materials, and matching funds. Related activities are supported by DOE Office of Fossil
Energy and Office of Science.

Recent Progress

The DOE Geothermal Program sponsored research that won two R&D 100 Awards in 2003: Acoustic
Telemetry Technology, which provides a high speed data link between the surface and the drill bit; and
Low Emission Atmospheric Monitoring Separator, which safely contains and cleans vented steam during
drilling, well testing, and plant start-up.

A second pipeline to carry replacement water has been completed through the joint efforts of industry and
Federal, state, and local agencies. This will increase production and extend the lifetime of The Geysers
Geothermal Field in California. The second pipeline adds 85 MW of capacity.

Commerecialization and Deployment Activities

Costs at the best sites are competitive at today’s energy prices — and investment is limited by uncertainty in
prices; lack of new, confirmed resources; high front-end costs; and lag time between investment and
return.

Improvements in cost and accuracy of resource exploration and characterization can lower the electricity
cost; demonstration of new resource concepts, such as enhanced geothermal systems, would allow a large
expansion of the U.S. use of hydrothermal when economics become favorable.

Market Context

Hydrothermal reservoirs have an installed capacity of about 2,400 MW electric in the United States and
about 8,000 MW worldwide. Direct-use applications have an installed capacity of about 600 MW thermal
in the United States. About 300 MW electric are being developed in California, Nevada, and Idaho.
Geothermal will continue production at existing plants (2.2 GW) with future construction potential (100
GW by 2030). Direct heat will replace existing systems in markets in 19 western states.

By 2015, geothermal should provide about 10 GW, enough heat and electricity for 7 million homes; by
2020, an installed electricity capacity of 20,000 MW from hydrothermal plants and 20,000 MW from
enhanced geothermal systems.
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