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Geothermal Energy: Drilling Beneath the Surface of Our Energy Dilemma

by Ethan Goffman

Introduction/History

Huge shapes loom in the Nevada desert, reaching far
beneath the surface, yet also stretching to the sky. Qil
wells? No, although much of the technology is the
same, and the exploration process is also similar. These
are geothermal drills, taking heat from water pockets far
below the surface, employing steam as a raw resource
to turn a turbine and generate electricity. Geothermal
power draws upon primordial heat from beneath the
earth’s surface: “At the Earth’s core, 4,000 miles deep,
temperatures can reach upwards of 9,000°F (5,000°C)”
(Geothermal 101). Of course humans are not able to
drill down that far, but we do go down several miles,
using heat up to 662°F (350°C) (Brittanica).

Along with primordial heat we might expect hellish
smoke, but that is far from the case. Although the vapor
arising from geothermal wells might appear hazardous,
it is almost entirely harmless steam. Like many other
renewables, such as solar and wind, geothermal energy

Drilling crew performing tests, geothermal
demonstration project, Nevada
http://www.nrel.gov/geothermal/projects.

html

does not add to global warming or to local air pollution. Although receiving less media attention
than solar and wind power, geothermal is likely to play a big part in our energy future. And geo-
thermal is a constant, reliable resource, lacking the intermittency problems that plague some re-

newables.

First geothermal power plant, 1904, 101)
Lardarello, Italy )
http://www1.eere.energy.gov/geother

Humans have used geothermal energy for longer than one
might think, for instance by bathing in hot springs. For
electricity generation, geothermal is still over 100 years
old; the first such plant “opened at Larderello, Italy in 1904
and continues to operate successfully. The first commercial
U.S. geothermal power plant . . . opened at The Geysers in
California in 1960” and remains in operation (Geothermal

mal/history.html By far the biggest geothermal success story is Iceland.

Replete with geysers and volcanoes, that island country “is
now fully powered by renewable forms of energy, with 17% of electricity and 87% of heating
needs provided by geothermal energy” (Geothermal 101, 15). Most of the rest of the world is not
situated on top of such an abundant, accessible energy source. Nevertheless, with greatly ex-
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— ¥ 3, panded grid capacity, geothermal electricity
P could be sent from areas with good underground
——— <& resources to those without.

Another geothermal source is even closer at
hand, only about ten feet (3 meters) below us,
and already in use. This is heat absorbed from
the sun, stored in the earth, and available via
Geothermal Heat Pumps (GHPs)—a sometimes
overlooked subset of the already overlooked
The Nesjavellir Geothermal Power Plant in Iceland .
http://en.wikipedia.org/wiki/Geothermal_power geothermal field. GHPs can heat and cool homes
and buildings (and even heat water), greatly
lowering electricity costs virtually anywhere. Still another technology, Enhanced Geothermal
Systems (EGS), while still in early stages of research and development, has the potential to pro-
vide electricity in a great diversity of environments.

Geothermal Heat Pumps

Geothermal heat pumps (GHPs), a technology already developed and widely available across the
United States, have the potential to become predominant in home heating and cooling. Rather
than tapping into the earth’s interior, GHPs rely on the fact “that the ground absorbs 47 percent
of the sun's energy that reaches Earth . . . 500 times more than humankind needs every year”
(Whittington). Like conventional heating and air conditioning, GHPs pump heat out of a house
or building in hot months and draw heat in during cold months. For conventional systems, this
requires hard work, and therefore uses a lot of electricity. Conventional technology battles natu-
ral cycles, pumping heat outside on already hot days, or fighting exterior cold. GHPs, by con-
trast, draw from the steady temperature about 10 feet (3 meters) below the earth, a little above 50
degrees F (10 degrees C). GHPs therefore require far less energy. And GHPs are liquid based,
another advantage over conventional systems that do the difficult work of extracting heat from
air (Sunteq). The energy for GHPs exists virtually anywhere on earth, even in cold climates; the
technology has been used in Alaska, Canada and Greenland (Whittington).

A GHP is a heat pump that moves heat into or out of a home depending on need. There are two
basic GHP systems: closed loop and open loop. Open loop connects to an exterior source, such
as a lake or well, taking advantage of its natural properties, efficiently transferring “energy to
and from a steady stream of subterranean water” (Air Conditioning). Of course such a source is
often unavailable, necessitating the use of closed loop systems, which recycle a liquid, often a
refrigerant, into the earth and back. Closed loop are either horizontal, where land is available, or
vertical, which saves space but costs more. Where space is limited, vertical loops can be used,
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although these require drilling wells, generally between 300 and 1,800 feet deep (91 and 550
meters) (Sanford).

Unlike large geothermal installations, GHPs do
GEOTHERMAL HEAT PUMPS (GHP)

not actually produce electricity, but require an ak.a Ground Source Heat Pumps (GSHP)
external source. Still they are far more efficient Ground Coupled Heat Pumps (G CHP)

than conventional units, since “electricity is re-

quired to run the equipment, but no fuel is mm m %
burned to create the heat” (Sanford). GHPs o H - hm@%;j@s@
therefore shave 30 to 60% off the cost of “tradi-

tional heating and cooling systems, because the e

electricity which powers them is used only to
collect, concentrate, and deliver heat, not to pro-
duce it” (Blodgett & Slack). Another study es-
timates that GHPs could reduce the growth in —_—

nonrenewable energy use in buildings by 35 to
Surface Water Heat Pumps (SWHP)
40% (Hughes) “ ak.a. lake or pond loop heat pumps

Even more benefits can be eked out of GHPs.
Because “the byproduct of cooling from a geo-
thermal system is heating” (Hayden), GHPs can
be used to heat water via waste heat from air  http://www1.eere.energy.gov/tribalenergy/guide/geot
conditioning through a piece of technology  hermal_heat_pumps.htm

known as a desuperheater. However GHP water

heating can only supplement an existing system;

it will not work year-round.

indirect

GHPs do share one huge drawback with geothermal electricity generation: initial cost. In gen-
eral, a “home of about 2,000 square feet would require about a three-ton system. On average, a
GHP system costs about $2,500 per ton of capacity, or roughly $7,500 for a three-ton unit”
(Calahan). A similar conventional system would cost only about $4,000 (Calahan). Added to this
for GHPs is the cost of drilling, which runs from $10,000 to $30,000 (California Energy). Still, a
geothermal system saves about $1,000 annually (Rupar) and payback time ranges from five to
twelve years (Kozlowski). GHPs are also easier to build into new construction than to retrofit.
GHPs are especially useful for larger homes, complexes, and buildings, for which they have a
much shorter payback time. Schools have often chosen GHPs, “as school planners think beyond
first costs and look at operating costs” (Hayden). Furthermore, given that the basic knowledge
and infrastructure for GHPs is sparse, as they become more widespread installation costs will
undoubtedly come down.
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Another long-term benefit of GHPs, which may be overlooked, is longevity. GHPs last 25 to 30
years, twice as long as air source heat pumps (Vastyan). Of course the benefits of using a clean
air source are not reaped by the individual user, but by the wider society and the planet. Using
less power means that “installing a geoexchange system in a single-family home is equal in
greenhouse gas reduction to planting an acre of trees or taking two cars off the road” (Sanford).
Other environmental benefits include less local pollution and less harm from mining, for instance
where coal is the source of electricity.

Already, the United States has over 600,000 GHP units (Hughes). Still, Europe is currently in-
stalling two to three times as many unitsas the U.S., where GHPs are often overlooked. A U.S.
Department of Energy report “recommends that federal policymakers seriously consider aggres-

sive nationwide deployment of GHPs, with programs commencing as soon as possible”
(Hughes).

Geothermal Plants

Unlike GHPs, geothermal plants produce electricity for con-
sumption on a vast scale. They also are available only from
relatively few sources deep underground, those with ex-
tremely hot water, at least 212°F (100°C) (Geothermal 101).
Given current technology the range of usable heat is limited;
“If the steam is much colder than 150 °C [302 °F], it will
start to condense into water before it can be used to turn a
turbine. On the other hand, steam hotter than 400 °C [752  Geysers in California

°F], although richer in energy, is harder to find and to han- ~ Ntp-//wwwl.eere.energy.gov/geothe
dle” (Economist). rmal/powerplants.htm

Rather, a closed loop system recycles the hot water—it rises in the form of steam, powers the
electrical turbines, then returns into the earth as a liquid. The cycle is virtually endless: “Once the
water is returned to the geothermal reservoir, it is reheated by the Earth’s hot rocks and can be
used” repeatedly (Geothermal 101). Like such renewables as wind, geothermal, once installed,
provides virtually free energy over an open-ended timespan. Unlike most renewables, geother-
mal has the advantage of being available at every time of day every season of the year. It is thus
able to provide baseline power making it a reliable form of energy that can replace coal fired
plants. Indeed geothermal has “average availabilities of 90% or higher, compared to about 75%
for coal plants” (US DOE Geothermal).

There are three basic types of geothermal systems: Dry steam, Flash, and Binary. Dry steam, first
used in Italy in 1904, employs hot steam directly into turbines that generate electricity. The Gey-
sers, located in California, is the only such plant in the United States. Flash plants start with wa-
ter from between 300 and 700 °F (148 and 371 °C) brought up through a well (Watson). This hot
water is “flashed,” or rapidly vaporized, at low pressure to become steam (US DOE Hydrother-
mal), spinning a turbine; the water then returns through an injection well to be reused. Binary
plants use pressurized water passed through a heat exchanger, transferred to another liquid with a
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much lower boiling point—a working fluid—in an adjacent pipe. The working fluid becomes
steam, powers a turbine, and is recycled back. This method is more expensive than others but
works with lower temperatures.

Dry Steam Power Plant

Flash Steam Power Plant Binary Cycle Power Plant -
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The three basic types of geothermal plants
http://www1.eere.energy.gov/geothermal/powerplants.html

Chena Hot Springs in Alaska is a unique example of a Binary plant. It employs water at 109°F
(43°C) up to 165°F (74°C), the coldest ever for geothermal electricity. It does so by using
“spring water to heat up R134a, a fluid hitherto employed mainly as a refrigerant. Since R134a
has a relatively low boiling point, the water is hot enough to convert it into a gas” (Economist).
Icy water then cools the fluid to be reused. The Chena Hot Springs plant is relatively low yield,
but was estimated to save some 150,000 gallons of diesel fuel, or $540 million, in 2008 (Bryson).
The plant was built for only $4 million using air-conditioner parts (Bryson),an innovative recon-
figuring of existing technology, rather than building whole systems from scratch.

Like other renewable energy geothermal is clean, with emissions consisting largely of steam.
Compared to fossil fuel, both in extraction and emission, impacts are tiny; “Unlike coal and natu-
ral gas, geothermal incurs no ‘hidden costs’ such as land degradation, high air emissions, forced
extinction and destruction of animals and plants, and health impacts to humans” (Geothermal
101). Air pollution is virtually nonexistent: “Emissions of nitrous oxide, hydrogen sulfide, sulfur
dioxide, particulate matter, and carbon dioxide are extremely low, especially when compared to
fossil fuel emissions” (Geothermal 101). One recent anomaly was reported in Reykjavik, Ice-
land, where a geothermal plant was accused of releasing soot composed of hydrogen sulphide,
darkening silverware and possibly harming local moss.(Veal). However, officials at the geother-
mal plant, along with visiting geothermal experts, dispute this (Blodgett).

One other side-effect of geothermal energy is the possibility of triggering seismic activity. Some
geothermal fields have triggered microearthquakes, too small to be felt by humans (Jennejohn,
Blodgett & Gawell). Residents near The Geysers geothermal field have reported increased trem-
ors, although distinguishing these from already-occurring natural activity is difficult (Ibid).
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Currently, commercial scale geothermal plants
must be located above an area that includes a com-
bination of heat and water sufficient to produce
steam. However vast heat resources exist under-
neath the earth, lacking the water needed for to-
day’s geothermal plants. If these could produce
electricity, geothermal energy’s reach would be
greatly expanded. Enhanced Geothermal Systems
(EGS) is the name for a method of doing just
this.EGS relies on pumping liquid down to a suffi-
ciently hot depth by drilling in two places perhaps
a quarter mile apart, generating a set of fractures.

Drill
Production Well

Cold fluid is pumped down one well, resulting in
steam at the other well (Dorreen). As with other
forms of geothermal electricity, the steam then
turns a turbine that powers a generator.

http://www1l.eere.energy.gov/geothermal/enhan
ced_systems.html

No commercial scale EGS currently exists, although, according to an MIT report, these could be
working “in a 10- to 15-year period if we step up and do the engineering work right now” (Dor-
reen). One danger, is that “injecting fluid into hot, dry rocks occasionally triggers earthquakes.
An EGS project in Basel, Switzerland, was suspended in 2006 after it triggered a 3.4-magnitude
quake” (Smith et al). However, an Australian study reports the danger of earthquakes from EGS
as low, and claims that it can be reduced with proper management (Jennejohn, Blodgett &
Gawell). As the technology advances, EGS has tremendous potential to generate clean electricity
around the world.

Economics

Like most kinds of renewable electricity, Geothermal has a large up-front price; drilling a well is
estimated to cost $1 to $4 million (Watson) or around “$2500 per installed KW in the U.S.” (US
DOE Geothermal). Cost does vary greatly, depending on geological and other conditions. Once
installed, geothermal provides extremely inexpensive power over a long timeframe. As no fossil
fuels are extracted or transported, geothermal operation and maintenance costs only $.01 to $.03
per Kilowatt Hour (kWh) (US DOE Geothermal). While the up front cost of a geothermal plant
is higher than a natural gas plant, over time the costs are similar.
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Indeed, “natural gas construction costs account for
only one third of the total price of the facility, while
the cost of the fuel at a natural gas facility represents
two thirds of the cost” (Geothermal 101). The U.S.
Department of energy provides an extremely low esti-
mate for a plant built with today’s technology: about
5 cents per kWh (US DOE Geothermal). Another

- estimate puts the price far lower: 3.6 cents per kWh,
IS s compared to 5.5 for coal and 5.2 for natural gas
eat—called geothermal energy—  (Mims). This particular study, however factors in the

.. »

The Earth's h
ﬁitcai;js as Stealm at/? hot_spr/ings In tNhevadaI-h savings due to tax incentives, about 1.9 cents for
P rwww.nrel.gov/iearning/re_geothermaln - ganthermal energy (Ibid). Technology and experience

continue to bring down costs. Indeed, since 1980
costs have fallen faster than coal, while the cost of natural gas has increased (Geothermal).
Along with wind, geothermal is one of the few alternative energies that can compete with fossil
fuels without subsidies, and geothermal is more dependable than wind.

One factor unique to geothermal is the potential to partner with conventional fossil fuels, specifi-
cally the oil industry, known as co-production. Drilling for oil wells often results in striking
pockets of hot water, traditionally a nuisance for the oil industry (Dorreen). With geothermal
technology, this heat can be put to good use. Currently, the U.S. Department of Energy has “two
geothermal co-production demonstrations . . . at the Rocky Mountain Oil Test Center in Wyo-
ming and the Jay oil field in Florida” (Geothermal 101).

U.S. Picture

The United States is, and has long been, the foremost producer of geothermal electricity, gener-
ating “approximately 30 percent of the world total” 14,885 gigawatt-hours (GWh) in 2007,
enough to power about 2.4 million California households (Geothermal 101). Geothermal energy
accounts for some 4% of U.S. renewable electricity, still a small number. The U.S. Department
of Energy places geothermal energy “third among renewables, following hydroelectricity and
biomass, and ahead of solar and wind” (Blair). Future potential is great, however; a 2006
National Renewable Energy Laboratory (NREL) report estimates “that by 2025 more than
100,000 MW of geothermal power could be in production, with direct use and heat pumps add-
ing another 70,000 MW of thermal energy” (Geothermal 101). For electrical generation, this
power is mostly available in Western states. In March 2008, geothermal electric power genera-
tion was limited to eight states: Alaska, California, Hawaii, ldaho, Nevada, New Mexico, Utah
and Wyoming (Slack).
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U.5 GEOTHERMAL PROJECTS AND RESOURCE AREAS
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Interactive Map
http://geoheat.oit.edu/dusys.htm

As with other forms of renewable energy, geothermal has historically been dependent upon gov-
ernment policy due to the need to compete with established energy. Growth was tremendous
from 1978 to 1992 under the Public Utility Regulatory Policies Act (PURPA), explains Karl
Gawell, Executive Director of the Geothermal Energy Association. That federal law requires use
of renewable energy from independent sources where it is competitive, but lost much of its effect
following 1993 changes, leading to a stagnant period for geothermal. In more recent years,
Renewable Portfolio Standards (RPS) at the state level, notably in California, have influenced
renewable energy far more. However, while PURPA basically pitted renewables against conven-
tional energy, RPS initiatives lead renewables to compete with each other, according to Gawell.
A credit for wind power in the late 1990s led to a boom in that resource. In 2004 and 2005 RPS
legislation was extended to other renewables, boosting geothermal. “The growth curve over the
last two years has gone back up,” explains Gawell, who foresees “a return to the boom era of the
1980s, in the range of 20 to 30% annual growth.” An additional advantage for geothermal is that
many resources are located near existing power lines, unlike wind and solar thermal (Gawell).

Geothermal also provides local jobs, in the U.S. employing approximately 25,000 people in 2008
(Geothermal 101). While this is a relatively small number, future potential is far greater. The
Western Governors Association (WGA) estimates that near-term development “of 5,600 MW of
geothermal energy would result in the creation of almost 100,000 jobs” (Geothermal 101).
Another advantage is that “most producible geothermal resources are located in rural areas,
which tend to suffer from economic depression and high unemployment” (Geothermal 101). If
technology advances and geothermal continues to expand, eventual job creation could be far
greater.
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Global Picture

Karl Gawell believes that geothermal growth potential is tremendous, that “the geothermal in-
dustry is a lot like the oil industry of the 19" century.” Around 1917, many believed that the
world had run out of oil, but new techniques allowed the discovery of enormous new reserves.
Gawell believes the same will happen with geothermal.

On a global level, hard numbers for geothermal resources are difficult to come by, as recent
studies are lacking (Geothermal 101). According to a 1999 report, “geothermal resources using
existing technology have the potential to support between 35,448 and 72,392 MW of worldwide
electrical generation capacity.” With enhanced technology the potential is for “as much as 1,089
billion kWh of electricity annually” (Geothermal 101), or 1,089,000,000 gWh. By contrast, the
International Energy Agency estimates total world energy consumption in 2006 at about 8,000
Mtoe, or 93,040,000 gWh, more than ten times the 2006 world consumption. So far, however,
only a few countries are generating any geothermal electricity whatsoever. As of 2000, 24 coun-
tries produced geothermal power, with as many as 46 estimated to do so by 2010 (Gawell &
Greenberg).

Oceans and Energy

One energy source not discussed at length in this Discovery Guide series is wave Tidal Turbine
and tidal power from the oceans. Currently far less developed than other
renewables, wave and tidal have the potential to become a major power source. ]
According to one estimate, “just 2 one-thousandths of the oceans' untapped energy [
could provide power equal to current worldwide demand” (von Jouanne). ,—| con Lavel

| Lo T
Tidal energy relies on undersea propellers driven by the tides. Similar to
windmills, the energy is potentially much greater, as water is some 800 times '\
denser than air. This means, however, that tidal turbines need to be extremely -L\,
tough to withstand the power of the ocean. Currently only two commercial tidal T Current
plants are in operation, in France and Canada (US DOE Ocean). Wave power M o

depends on focusing waves into a narrow channel to capture their energy.
However, no commercial wave power plants currently exist. —

Seabed

Because ocean cycles are relatively consistent, wave and tidal energy, although
intermittent, i_s more predictable than wind or photovqltaic powver. Poten'gial http://www.eia.doe.
effects on marine ecosystems are unknown, however, particularly since harnessing g4y /kids/energyfact
ocean energy on a large scale will require huge and unprecedented turbine arrays,  s/sources/renewable
or other possibly disruptive technology. Furthermore, with ocean power

technology still experimental, commercial deployment is estimated to be at least five years away (Clayton),
while wave energy is about as developed as wind turbines were 15 or 20 years ago (von Jouanne). Still, the
potential is great. According to the Electric Power Research Institute, “Waves alone could produce 10,000
megawatts of power, about 6.5 percent of US electricity demand” (Clayton).
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Conclusion: Comparative Renewables

An array of renewable energy sources—geothermal, solar, water, and wind—have the theoretical
potential to deliver all the energy humanity needs thousands of times over in a clean, renewable
way, if only that energy could be collected. Doing so efficiently would mean using a combina-
tion of resources depending upon local conditions and developing technology. Expensive to im-
plement, once in place these technologies could provide energy on a long-term basis for very lit-
tle cost. The four articles in this Discovery Guide series on renewable energy explain many of
the advantages and drawbacks of wind, solar, biofuels, and geothermal.

Many kinds of renewable energy, notably solar and wind, are intermittent, which means that,
until the problem of storage is solved, they can only provide a portion of energy needs. Two re-
sources, geothermal and solar thermal (when used with a molten salt medium) are capable of
providing baseline power, that is, a steady stream of power 24 hours a day. Beyond the start-up
costs, the other major hurdle to these two energy sources is location: they are not viable in many
areas. In the United States, these resources are abundant in the Southwest and scant elsewhere,
meaning that, to be widely implemented, the electrical grid would require a major upgrade at
great expense.

Another factor to consider is electricity usage versus transportation usage. Regarding transporta-
tion only biofuels, in the form of ethanol or biodiesel, can be directly used for transportation.
Other forms of renewables, which generate power in the form of electricity, must be collected
and stored in battery form to be used for transportation, and current technology to do so is cum-
bersome and expensive (the exception is subway and trolley systems, which can use electricity
through direct transmission). The chart below summarizes many of the pluses and minuses of
different types of renewable energy:
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Types Economic Environmental Key
Impact Characteristics
Hydro | Dams Extremely Building dams Provides
competitive when | alters hydrology dependable
suitable water is | resulting in baseline power
available; by far | population
the most widely | displacement and
used renewable environmental
energy COsts.
Solar Photovoltaic, | High start-up Could occupy large | Intermittent;
Solar Thermal | costs, then land area solar thermal
virtually free may provide
baseline power
Wind Turbines High start-up May harm birds and | Intermittent
costs, then bats. Visual impact. | only
virtually free
Biofuels | Ethanol, Continuing costs | Takes energy input | Used primarily
Biodiesel, to produce to create. Displaces | for
Algal, land that can be transportation;
Biomass used for food or Biomass may
wilderness. provide
electricity
Geother | Heat Pumps, | Extremely high Provides
mal Plants, start-up costs, baseline power.
EGS then virtually
(experimental | free.
only)
Wave Hydraulic ram | High initial cost. | Can disrupt fishing | Still
& Tidal | Turbine Only beginning grounds and experimental.
generator development. navigation Intermittent (but
more
predictable than
wind)

While all alternative energy sources should be considered, compared to solar, wind, and biofuels,
geothermal has been overlooked in much of the media. Although geothermal technology is well
developed, its potential has barely been tapped. With an accelerating global environmental crisis,
with fossil fuels increasingly difficult to find and extract, clean, natural, geothermal and other
renewable energy sources are undergoing intensive research and development to solve our envi-
ronmental problems and provide our energy needs.
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