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Quick Facts 

 Geothermal electricity generation is a commercially proven technology that exploits the inexhaustible 

heat of the earth’s core to continuously generate nearly zero-emission renewable electricity at a cost 

that is competitive with, and in many cases lower than, traditional fossil fuel power generation. 

 Geothermal energy is available twenty-four hours a day, seven days a week, avoiding problems of 

variability associated with other renewable technologies like wind and solar.  

 While it constitutes 13 percent of U.S. non-hydroelectric renewable electricity generation, geothermal 

energy currently provides less than 1 percent of total U.S. electricity and has grown at 3 percent 

annually over the last 10 years.1 

 Currently, nine states produce electricity from geothermal plants, with more than 80 percent of total 

geothermal generation capacity in California.2 

 While the United States currently has about 3,000 megawatts (MW) of geothermal electric 

generating capacity, the U.S. Geological Survey estimates the United States possesses 39,000 

megawatts MW of geothermal potential, including identified resources and unidentified 

resources.3,4,5 

Background 

Geothermal energy can be used for electricity generation, heat pumps, or direct uses. This document 

focuses only on the traditional, commercially available technologies that produce electricity by exploiting the 

naturally occurring heat of the earth. Enhanced geothermal systems, which utilize advanced (often 

experimental) drilling and fluid injection techniques to augment and expand the availability of geothermal 

resources, are the subject of a separate factsheet (see CLIMATE TECHBOOK: Enhanced Geothermal Systems). 

Unlike other renewable energies, such as wind and solar, geothermal power generation can operate steadily 

nearly twenty-four hours a day, seven days a week. Continual production makes geothermal an ideal 

candidate for providing nearly zero-emission renewable baseload power. 

In 2009, the 15.2 billion kilowatt-hours (kWh)  of geothermal electricity generated in the United States 

constituted 13 percent of the non-hydroelectric, renewable electricity generation, but only 0.4 percent of 

total electricity generation.6,7 The same year, nine states generated electricity from geothermal energy (AK, 

CA, HI, ID, MT, NV, OR, UT, and WY), but California alone accounted for 83 percent of U.S. geothermal electric 

generating capacity.8 Geothermal plays an important role in some of the states where it is installed. 

Geothermal facilities satisfy 4.5 percent of California’s electricity consumption and 2.1 percent of 

Hawaii’s.9,10  

Despite its current limited application, geothermal energy has a very large potential for expansion; although, 

as Figure 1 illustrates, most of the U.S. geothermal potential is in the western states. The U.S. Geological 

Survey estimates that current technologies could exploit nearly 40,000 MW of geothermal resources in 

http://www.pewclimate.org/technology/factsheet/EGS
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America’s West, compared to a current U.S. electric generating capacity of roughly 1 million MW.11  

Figure 1: Distribution of U.S. Geothermal Resources 

 

Source: Green, B.D. and G. R. Nix, Geothermal: The Energy under Our Feet, National Renewable Energy Laboratory, November 

2006. http://www.nrel.gov/docs/fy07osti/40665.pdf  

Description 

Geothermal energy taps into the natural heat of the earth to produce electricity. More specifically, 

conventional geothermal energy draws on the earth’s hydrothermal resources (underground heated water 

and steam). After drilling into these reservoirs, geothermal plants extract heated water and steam from the 

earth’s crust to drive electricity-generating turbines, a process called “heat mining.”12  

The various techniques currently used to produce geothermal energy include the following (see Figure 2 for 

illustrations of these techniques): 

 Dry Steam 

Dry steam plants draw steam directly from under the earth’s surface to a turbine that drives a 

generator. The steam then condenses into water and is reinjected into the geothermal reservoir. 

 Flash Steam 

Flash steam plants extract geothermal water exceeding 350°F under extremely high pressure. Upon 

surfacing, a sudden reduction in pressure causes a portion of the heated water to vaporize, or 

“flash,” into steam. That steam turns a turbine, which drives a generator, after which the water is 

http://www.nrel.gov/docs/fy07osti/40665.pdf
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reinjected into the geothermal reservoir.  

 Binary Cycle 

Binary cycle plants operate in areas with substantially lower-temperature geothermal water (225°F). 

Rather than using hydrothermal resources to drive a turbine, binary cycle uses the earth’s heated 

water to vaporize a “working fluid,” any fluid with a lower boiling point than water (e.g., iso-butane). 

The vaporized working fluid drives a turbine that powers a generator, while the extracted geothermal 

water is promptly reinjected into the reservoir without ever leaving its closed loop system.  

Figure 2: The Three Most Common Techniques Used for Geothermal Electricity Generation 

   

Source: U.S. Department of Energy. Geothermal Technology Program. Hydrothermal Power Systems. November, 2010. 

http://www1.eere.energy.gov/geothermal/powerplants.html  

Geothermal energy also depends on advanced hard-rock drilling technology. While oil and gas drilling 

techniques apply to geothermal drilling, temperatures above 250°F found in geothermal reservoirs 

complicate the process. The high heat increases the probability of well failure due to collapse, mechanical 

malfunction, and casing failure.13,14 Extensive research has gone into understanding the geological 

characteristics of geothermal reservoirs and how to adapt drilling technologies to these conditions.15 

Environmental Benefit / Emission Reduction Potential 

Environmental benefits from geothermal energy include near-zero greenhouse gas (GHG) emissions from 

plant operations and low freshwater use and contamination. Geothermal energy constitutes a source of 

electricity nearly free of GHG emissions. Traces of carbon dioxide (CO2) and other GHGs are found dissolved 

in some hydrothermal reservoirs. Using those hydrothermal resources with dry steam and flash steam 

geothermal plants does allow these dissolved GHGs to escape into the atmosphere.16 Recorded GHG 

emissions from geothermal plants are minimal, though.17 A geothermal plant will emit only 0 to 4 percent as 

much CO2 as a traditional coal-fueled power plant per unit of electricity generated.18 Geothermal plants also 

emit significantly less conventional air pollutants (nitrogen oxides, sulfur dioxide and particulate matter) than 

coal power plants, as these emissions are virtually non-existent.19  

A market-based policy to reduce GHG emissions and spur the deployment of clean energy technology could 

lead to much more rapid growth in geothermal electricity generation. For example, in its analysis of a 2010 

GHG cap-and-trade proposal, EIA projected that, while geothermal would still constitute a small fraction of 

http://www1.eere.energy.gov/geothermal/powerplants.html


 

 Page | 4 

April 2011 

Geothermal Energy 

CLIMATE TECHBOOK 

total U.S. electricity generation, geothermal electricity generation could grow more than twice as fast as 

without such a policy.20  

Globally, the International Energy Agency (IEA) estimates that geothermal electricity generation provided 

about 0.3 percent of total electricity in 2008. With current policies, IEA projects that geothermal will provide 

only about 0.5 percent of global electricity by 2035, but with coordinated international action to address 

climate change and keep GHG emissions in the atmosphere to 450 parts per million, IEA projects that 

geothermal electricity generation could be twice as important an energy sources, providing more than 1 

percent of global electricity generation by 2035.21  

Cost 

There are at least two categories of costs associated all types of electricity generation: capital costs and 

operating and maintenance costs. The capital cost for a geothermal plant can vary significantly depending 

upon the conversion technology, the depth of the wells, and the temperature of the hydrothermal resource. 

The capital cost of a geothermal plant can range from $1,600 to more than $5,000 per kilowatt (kW) of 

capacity.22  

While the capital cost of a geothermal plant can be either comparable to or much higher than that of a 

traditional fossil fuel power plant, one must also look at the actual cost of generating electricity, which 

includes operation and maintenance costs. Unlike a coal or natural gas plant, geothermal facilities do not 

need to purchase fuel to generate electricity. Accounting for this fact through a levelized cost analysis 

reveals that geothermal plants can produce electricity for 5 to 11 cents per kilowatt-hour (kWh), including tax 

incentives, a rate competitive with traditional fossil fuel generation.23 Depending on tax incentives, the U.S. 

Energy Information Administration also predicts the levelized cost of geothermal energy to remain below or 

competitive with these alternatives through 2020.24 

With time, experts expect the cost of geothermal energy to drop as firms gain more experience with installing 

geothermal plants and as technology, especially drilling technology, improves. With the status quo, drilling an 

exploratory well costs $12 to $15 million.25 The exploration and well drilling phase constitutes, on average, 

36 percent of a geothermal plant’s total capital cost.26 Thus, improvements in drilling techniques could 

significantly reduce the cost of constructing a geothermal plant. 

Current geothermal plants have small capacities, typically ranging from 2MW to 45MW depending on the 

type of plant27, although plants with capacities up to 110MW do exist.28 As experience improves and 

capacities expand, the price of producing geothermal energy could fall further if plants achieve economies of 

scale.29 As plant capacity increases, the average cost of drilling and plant construction decreases and the 

electricity produced becomes less expensive, as seen in Table 1 and Table 2.  

Table 1: Levelized cost of capital electricity 

Initial Capital Investment Cost of Power 

(cents/kWh)* 

$2400 per KW 3.99 - 5.76 

$2900 per KW 4.40 – 6.54 
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$3400 per KW 4.81 – 7.33 

*Range depends on the type of financing the project developers receive. These include financing from a municipal utility, a 

regulated investor-owned utility, a generating company, or an independent power producer. 

Table 2: Impact of economies of scale on the capital cost per KW 

Plant Capacity (MW) Capital Cost ($/KW) 

5 2500 

34 2325 

78 2086 

107 1940 

150 1740 

Source: Williams, Eric, Rich Lotstein, Chrisopher Galik and Hallie Knuffman. July 2007. A Convenient Guide to Climate Change 

Policy and Technology. http://www.nicholas.duke.edu/ccpp/convenient guide/cg_pdfs/ClimateBook.pdf  

Current Status of Geothermal Energy 

From the early 1970s to the early 1990s, geothermal electricity generation saw rapid growth, with an 

average annual growth rate of more than 16 percent.30 From the early 1990s until the present, however, 

geothermal generation has been relatively flat. As of April 2011, the United States possessed about 3,102 

MW of installed geothermal capacity.31 An additional 146 geothermal projects across fifteen states are 

currently under development.32 According to the EIA, under current policies geothermal generation is 

projected to increase much more quickly than total electricity deamnd, with an annual growth rate of 4.2 

percent between 2009 and 2035.33  

Recent legislation and government incentives may help jumpstart the expansion of the geothermal industry. 

In 2009, the U.S. Department of Energy announced a $35 million grant program for research into existing 

geothermal technologies.34 Geothermal energy also receives a production tax credit (PTC) through 2013.35  

Geothermal energy plays an important role in global energy generation. Iceland, for example, generates over 

80 percent of its electricity from geothermal sources.36 The United States leads the world in terms of total 

installed geothermal capacity.37 Global geothermal energy is expected to grow slowly in the future, with IEA 

projecting an annual growth rate of only 0.5 to 1.2 percent, depending on climate and energy policies.38 

Obstacles to Further Development or Deployment of Geothermal Energy 

 High-Risk Exploration Phase 

The exploratory phases of a geothermal project are marked by not only high capital costs but also a 

75-80 percent chance of failure for exploratory well drilling, due to uncertainties regarding reservoir 

geology.39 The combination of high risk and high capital costs can make financing geothermal 

projects difficult.40  

 Investment Uncertainty 

Changes in government funding for geothermal generation and uncertainty over future climate-

related regulations create uncertainty for potential project developers. Certainty is especially 

http://www.nicholas.duke.edu/ccpp/convenient%20guide/cg_pdfs/ClimateBook.pdf
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important in geothermal projects, which take an average of ten years to move from exploration to 

generation.41 In the past, Congress has allowed the federal Production Tax Credit (PTC) to expire 

before renewing it. In addition, after years of moderate funding, the 2007 budget contained no 

provision to continue funding geothermal research. More recent federal budgets have, however, 

provided funding to promote geothermal research and development, including $338 million from the 

American Recovery and Reinvestment Act of 2009.  

 Geographic Distribution and Transmission 

Some of the most promising geothermal resources lie great distances from regions of large electricity 

consumption, or load centers. The need to install adequate transmission capacity can deter 

investment in geothermal projects. For example, in 2002, MidAmerica Energy abandoned its 

geothermal project near California’s Salton Sea primarily due to lack of available transmission 

resources.42 

 Permitting Delays 

Permitting delays can increase the amount of time it takes to bring new geothermal facilities on-line, 

and increase project costs and developer risk.  

Policy Options to Help Promote Geothermal Energy 

 Price on Carbon 

A price on carbon, such as that which would exist under a GHG cap-and-trade program, would raise 

the cost of electricity produced from fossil fuels relative to the cost of electricity from renewable 

sources, such as geothermal energy, and other lower-carbon technologies. 

 Electricity Portfolio Standard 

Electricity portfolio standards generally require that electric utilities obtain specified minimum 

percentages of their electricity from certain energy sources. 31 states and the District of Columbia 

have  renewable portfolio standards or alternative energy portfolio standards.43 Congress has also 

considered federal renewable electricity standards and clean energy standards. Electricity portfolio 

standards encourage investment in new geothermal power and can guarantee a market for its 

generation.  

 Tax Credits and Other Subsidies 

The federal PTC for geothermal electricity generation expires at the end of 2013. The PTC can lower 

the after-tax, levelized cost of electricity from geothermal by as much as 30 percent.44  

 Development of New Transmission Infrastructure 

Improving transmission corridors to areas with geothermal reservoirs would facilitate investment in 

geothermal energy. Policies to build new transmission to areas with significant renewable energy 

resources are already proposed for accessing the wind-rich regions of the central plains and the 

extensive solar resources of the desert in the Southwest United States. Such policies could also 



 

 Page | 7 

April 2011 

Geothermal Energy 

CLIMATE TECHBOOK 

promote expanded transmission to reach the geothermal fields of the West. 
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