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he Geothermal Energy Association
T (GEA & Washington, DC) recently

assessed the inadequacy of avail-
able geothermal environmental literature,
especially regarding environmental issues.
This article brings together the most cur-
rent geothermal and fossil-fuel emissions
data, providing details and analyses of
emissions from nitrogen oxides, hydrogen
sulpde, sulfur dioxide, carbon dioxide, and
mercury. When compared to fossil-fuel en-
ergy sources such as coal and natural gas,
geothermal Pa combustion-free renewable
electricity sourcefemerges as one of the
least polluting forms of energy, producing
near-zero air emissions.
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In May 2004, GEA completed an
extensive literature review of the environ-
mental, socio-economic and technological
information publicly available about geo-
thermal energy. This review was conducted
in response to concerns that there was a lack
of accurate, up-to-date information about
this renewable energy source. That assess-
ment found that the available literature
was seriously inadequate, often providing
outdated or false information. For those
interested in this review, GEA published
its assessment of the available literature
concerning environmental issues of geo-
thermal energy (1), including air emissions,
land use, water quality, and noise pollu-
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tion. It is available on the GEA website at:
WWW.geo-energy.org, or by request.

This article provides an abbreviated ver-
sion of a larger document produced by GEA,
also available on the GEA website. Here we
document the environmental aspects of geo-
thermal energy, particularly as they relate
to high-temperature grade, power-producing
geothermal facilities. The following discus-
sion focuses on the air emissions section of
the larger GEA document.
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Recent interest in geothermal en-
ergy particularly, and renewable energy in
general, has precipitated expansion of the
geothermal electricity market. The Chena
Hot Springs Resort in Alaska will develop
its prst geothermal power project that pairs
the direct use of geothermal energy with
on-site geothermal electricity generation;
meanwhile, in the next few years, the prst
geothermal plant will be developed in Ari-
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zona. Idaho will soon see its prst geothermal
power project at Raft River come onling,
and potentially demonstrate new higher-ef-
pciency power generation technology.

The Nevada Renewable Portfolio Stan-
dard is expected to stimulate the production
of over 200 megawatts (MW) of new geo-
thermal power, doubling the geothermal
generation in the state. Oregon may also
see signipcant growth in geothermal power
development, and Hawaii, Washington,
Colorado, Montana, Texas and Wyoming
are beginning to explore the potential of new
geothermal power facilities. These and other
developments are expected to add 2,000 MW
or more of geothermal power in the United
States during the next decade, doubling cur-
rent geothermal electric production.
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One of the most signipcant benepts of
geothermal energy, besides a high capacity
factor, is its near-zero air emissions. While
variations in geothermal power plant tech-
nology and cooling systems can inyuence
emission levels, geothermal energy facili-
ties across the United States comply with all
federal standards for air quality, including
the more stringent California standards.

Consider the following example.
In 2003, Denverds Cherokee coal-fired
power plant, which has been retrofitted
with scrubbers and other pollution control
mechanisms, emitted 23 times more carbon
dioxide, 10,837 times more sulfur dioxide,
and 3,865 times more nitrous oxides per
megawatt hour than the average of eleven
geothermal steam plants at The Geysers (2).
Air quality statistics for Lake County, down-
wind of the worldds largest geothermal peld,
The Geysers, highlights the potential benepts
of geothermal electricity production. Itis the
only air district in California that has been
in compliance with all state and federal air
quality standards for the past 17 years.

The following sections compare and
contrast geothermal and fossil-fuel power
plants in terms of nitrogen oxides, hydrogen
sulpde, sulfur dioxide, particulate matter,
and carbon dioxide emissions.

Nitrogen Oxides (NO,). Because geother-
mal power plants do not burn fuel, they emit
very low levels of NO, . The small amounts
of NO, released result from the combus-
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tion of hydrogen sulpde (H,S). Geothermal
facilities are generally required by law to
maintain H,S abatement systems that cap-
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ing combustion, small amounts of NO, are -

sometimes formed, but these are miniscule. 00001000010 00001000100 000000100000000 nooo oooao 0ooa; i

Average NO, emissions are zero (Fig. 1) Bl al oot oooor uio
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Hydrogen Sulpde (H,S). Identipable by
its distinctive orotten-eggo smell, H,S is the
pollutant generally considered of greatest
concern for geothermal power operations.
Since 1976, H,S emissions from geother-
mal power plants have declined from 1,900
Ibs./hr. to 200 Ibs./hr. or less, even though
geothermal power production has increased
from 500 megawatts (MW) to over 2,000
MW (4). The two most commonly used
vent gas H,S abatement systems are the
Stretford system and the LO-CAT. Both
systems remove over 99.9 percent of H,S
from non-condensable gases (5), and con-
vert it to elemental sulfur for use as a soil
amendment and fertilizer feedstock. Today,
geothermal steam and yash power plants
produce only minimal H,S emissions. Bi-
nary geothermal power plants release no
H,S emissions at all.
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Sulfur Dioxide (SO,). Geothermal power
plants do not directly emit SO,. Once H,S
is released, it spreads into the air and even-

tually changes into SO, and sulfuric acid 01
(6). When comparing geothermal energy
to coal, current geothermal generation of |Ibe Shiih

about 15 billion kWh avoids the potential
release of 78,000 tons of SO, (7). Geother-
mal power plant H,S emissions have been
converted for comparison purposes to SO,
in Figure 2 (8).
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Particulate Matter. While coal- and oil-
pred power plants produce hundreds of tons
of particulate matter annually, geothermal
power plants emit almost none, as shown
in Figure 3 (9). Water-cooled geothermal
power plants give off small amounts of
particulate matter from cooling towers
when steam condensate is evaporated, but
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the amount is quite small when compared
to coal- or oil-fired power plants. In a
study of California geothermal power
plants, PM10 is reported as zero (10). It is
estimated that geothermal energy produced
in the United States prevents the emissions
of over 17,000 tons of particulate matter
each year when compared to the same

amount of power produced by coal-pred
power plants (11).

Carbon Dioxide (CO,). Acolorless, odor-
less gas, CO, is released into the atmosphere
primarily as a byproduct of burning various
fuels. Geothermal steam is generally con-
densed after passing through the turbine,
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