
• Ancient Times – Native Americans took advantage of hot springs 
more than 10,000 years ago, using them for cooking, cleaning, 
and warming. The Romans heated buildings with geothermal 
energy. Many ancient cultures used hot springs for healing; 
they recognized the therapeutic qualities of the hot mineral-rich 
waters. The oldest known spa is a stone pool built in the third 
century BC in China. 

• 1300s – A French village piped water from hot springs to heat 
homes and Tuscan farmers harnessed geothermal energy to 
enhance vegetable growing in Italy. 

• 1800s – Several French towns used geothermal space heating, 
while hot spring resorts fl ourished in the US, Europe and Asia. 

• 1860 – The Geysers Resort in California was developed as a 
spa with a hotel and bathhouses. 

• 1872 – Yellowstone National Park was established to preserve 
the world’s most awesome geothermal display (half of the 
world’s geothermal features are in Yellowstone). 

• 1892 – The fi rst modern district heating system was developed 
in Boise, Idaho, using water piped from hot springs to heat 
buildings. 

• 1904 – The fi rst geothermal energy power generator produced 
electricity in Larderello, Italy.

• 1930 – The fi rst commercial greenhouse use of geothermal 
energy started in Boise, Idaho. Iceland began work on a large scale geothermal district heating project; geothermal 
energy provides almost 90% of all heating and hot water in Iceland today. Three of the world’s fi ve largest geothermal 
power stations are located in Iceland.

• 1940s – Residential space heating was being used in parts of the western United States, Iceland and France.

• 1948 – The fi rst ground source (geo-exchange) heat pump was developed. 

• 1962 – The fi rst large-scale geothermal electricity-generating plant began operation at the Geysers producing 11 
megawatts (MW). By 1990, it was producing 2000 MW, but due to rapid development, steam resources declined 
and reduced production to 725 MW. A water replacement program (using cleaned waste water from surrounding 
communities) was implemented to once again increase production. The Geysers is the world’s largest geothermal 
development with 21 geothermal power plants.

• 1978 – The fi rst food processing (crop-drying) plant using geothermal heating opened in Nevada. Also, a hot dry rock 
geothermal facility was created and tested in New Mexico and began generating electricity two years later. 

• 1980s – The fi rst fl ash steam plant in the United States began generating 10 MW at Brawley, CA. Also, new 
geothermal plants were added in Hawaii, Idaho, Utah, and Nevada. New technologies were developed such as the 
binary technique using moderate temperature geothermal resources, a crystallizer-clarifi er to reduce salinity, dual-fl ash 
systems, and the fi rst hybrid geopressure-geothermal power plant, using both heat and methane from the earth. World-
wide geothermal electric generation reached a new high of 1,000 MW.  

• 1991 – The world’s fi rst magma exploratory well was drilled in the Sierra Nevada Mountains reaching a depth of 
7,588 feet. 

• 2000 – The world produced 8,000 MW of electricity generated from geothermal energy in 22 different countries.
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The earth's crust is the outermost layer of the earth. It is made of  major and minor plates. The most active geothermal 
resources are usually located along major plate boundaries or at locations where the earth's crust is thin enough to let heat 
pass through. The Ring of Fire is the area that runs along plate boundaries surrounding the Pacifi c Ocean and is where 
most of the world's geothermal activity occurs. See map below. 

It is in such areas that we fi nd the majority of the world's recoverable geothermal resources in four basic forms:  hydrothermal, 
geopressurized brines, hot dry rock and magma. Hydrothermal systems are  made of hot water or steam trapped in porous 
or fractured rock near the earth's surface. Geothermal reservoirs are large areas of hydrothermal resources  that can 
reach 700° F (370° C). Geopressurized reservoirs contain a mixture of hot water, minerals and methane gas trapped in 
sedimentary rock far beneath the earth's surface. Hot dry rock formations contain abnormally hot rock and little water.  

New technologies for extracting geothermal energy from 
magma are being explored for the future. All geothermal 
energy sources can be used in industrial processes and 
space heating, but only hydrothermal resources can be 
used in electrical generation and direct geothermal use, 
making water a necessary partner to  geothermal heat 
sources for these applications. The most active geothermal 
areas along plate boundaries are also seismically active 
areas. Here, earthquakes and magma movement break 
up rock, allowing water to circulate.  

Most geothermal resources are deep underground with 
no visible signs above ground. They must be located 
and evaluated before being considered for human use. 
This is accomplished by methods such as satellite and 
aerial photographs, geologic maps, data from seismic, 
chemical and other surveys, heat fl ow maps and 
temperature gradient hole drilling.  

In some cases, geothermal energy comes to the 
surface of the earth in the form of a volcano, 
fumarole (hole where volcanic gases are 
released), hot spring or geyser. Yellowstone 
National Park is an area where many visible 
examples of geothermal activity are available for 
the enjoyment of visitors from around the world. 

Most of the recoverable geothermal resources in 
North America are located in its western regions 
as well as Hawaii and Alaska. This is because 
these areas are on plate boundaries where heat 
fl ow is highest.  Heat fl ow is the measure of the 
earth’s transfer of energy. When we study heat 
fl ow, we gain information about heat sources 
within the earth and how they might be captured 
and used for our benefi t.

Other areas of the world such as the Philippines, Indonesia, Mexico and Iceland have abundant geothermal resources. 
Iceland takes advantage of its abundant geothermal resources, using them to generate electricity and piping hot water into 
cities to be used for tap water and to heat buildings. Iceland also has widespread use of geothermal district heating systems, 
which distribute heat from a centralized location for residential and commercial use of an entire community. According to the 
The U.S. Department of Energy, district heating provides heat for 95% of the buildings in Reykjavik, Iceland.

The simplicity of using geothermal resources directly from the earth 
has made this energy source possible for thousands of years. There 
is evidence that homes were heated with geothermal water in ancient 
Pompeii. Other ancient cultures used hot springs for cooking, bathing 
and heating soil. Geothermal water is still used today for many of the 
same purposes. In addition, geothermal water with low to moderate 
temperatures from 70° to 90° F – 21° to 32° C is used directly, without 
a power plant or heat pump, to heat greenhouses. It is also used to 
heat water for raising fi sh and other water creatures, to process or 
dehydrate foods, cure cement, de-ice roads and process paper.

The most common non-electric use of geothermal 
energy is that of heat pumps. Unlike other forms of 
geothermal energy, ground source heat pumps, also 
called geo-exchange or ground-coupled heat pumps, do 
not use geothermal energy generated deep inside the 
earth. Instead they take advantage of the near constant 
temperature under the earth's surface, which is between 
50° and 60° F (10° and 16° C). This constant temperature 
is the result of the insulation provided by layers of the earth.  

A geothermal heat pump (GHP) system ties a building's 
heating and cooling system to the earth using vertical, 
horizontal or coiled piping that is shallowly buried in the 
ground or in a body of water, near the building. In the 
winter, fl uids circulating in the piping carries heat into a 
building. A heat pump then uses compressors and heat 
exchangers to concentrate the earth's energy and release 
it inside the home at a higher temperature. In summer, the 
process is reversed. Excess heat is drawn from the home, 
expelled to the loop and absorbed by the earth.  

GHP systems are often put into two categories, open-loop and closed-loop. Closed-loop systems are completely encased 
in piping so that the circulating fl uid does not come into contact with soil or rock. Open-loop systems are not completely 
encased in piping.  Instead, they use groundwater as the circulating fl uid for the system.

Although GHP systems have higher installation costs than traditional systems, they take the place of both the traditional 
furnace and air conditioner and can also heat water within a building. A GHP system will eventually pay for itself and can 
then save a typical home hundreds of dollars in energy costs each year through low operating costs and a free source of 
renewable energy. In addition, no emissions are created from the burning of fuels.

According to the United States Environmental Protection Agency (EPA), geothermal heat pumps are the most energy effi cient and 
cost effective systems for temperature control. Because they are usually distributed systems rather than central systems, heat pumps 
can address different temperature needs within the same building, even heating and cooling simultaneously. They work well in 
buildings with high occupancy as well as varying usage schedules and temperature requirements, such as a school or offi ce 
building. Heat pumps can be used almost anywhere in the world because they do not require high geothermal temperatures.

New technologies are enabling us to use GHP systems in more areas. Hybrid systems pair a GHP system with a boiler or 
solar collector. They are also enabling the extraction of heat from blackwater (water containing human and food wastes), 
swimming pools and ornamental fountains.

The geothermal energy industry offers many full-time, long-term careers using a diversity of skills, and opportunities are 
steadily increasing as our technology and ability to harness this powerful energy source increases. Some job opportunities 
include:

• Geologists, geochemists, and hydrologists who work to identify underground reservoirs
• Geophysicists to interpret seismic data, prepare reservoir maps, and recommend drilling and processing techniques
• Hydraulic engineers oversee the drilling of the reservoirs
• Geothermal Heat Pump HVAC engineers and technicians who install and maintain geothermal systems: pipes, motors, 

generators, power transfer switches, etc.

Also needed are geothermal engineers, analysts, and technical specialists.  Average starting salaries range from $40,000 
to $60,000. The geothermal industry has need of welders, mechanics, plumbers, electricians, surveyors, and drilling 
equipment operators, as well as business and administration personnel for marketing, accounting, and management. 

One of the most common ways of capturing geothermal energy is through electrical generation. By tapping into a naturally 
occurring hydrothermal system, hot water or steam can be extracted to drive turbines and produce electricity. In many cases 
hot water makes its way to the surface, in other locations it is necessary to drill into the earth to access it. The availability 
of hot geothermal fl uid between 200 °F and 700 °F – 90-371 °C makes a good site for a geothermal power plant.

THERE ARE THREE TYPES OF GEOTHERMAL POWER PLANTS: 

Dry Steam Plants—hot steam is piped directly from geothermal reservoirs into turbines to generate electricity. Dry steam 
is the oldest type of geothermal power plant and now the least common type. The Geysers in California is an example of 
a dry steam system.

Flash Steam Plants—high-pressure hot water is brought up and fl ashed to steam, driving the turbines, producing 
electricity. After cooling, the water may be returned to the earth to repeat the process. Most geothermal power plants are 
fl ash steam plants. 

Binary Cycle Plants—moderately hot water over 200° F, 93° C is used to heat another liquid such as isobutene, 
which boils into vapor at a lower temperature, to spin the turbines and generate electricity. Many binary cycle plants 
are developing world-wide because they do not require high temperature geothermal sources. Hot water from the earth 
is returned to the ground, and the working fl uid is in a closed loop, therefore producing virtually no emissions. They are 
easily built and work well in remote areas. The highest geothermal power plant in the world is a binary cycle plant in the 
rugged mountains of Tibet. 

Initial costs can be higher for geothermal electrical production than with conventional fossil fuel power plants, but even out 
with geothermal’s low operating and maintenance costs. They are increasingly more competitive as technology improves 
and depending on the accessibility of the geothermal reserves, may be less expensive than fossil-fuel generated electricity.  
Geothermal power plants have a small footprint, produce very little air or water pollution and are environmentally sound 
and have a long operating lifespan. 

The Philippines, Iceland and El Salvador generate large portions of their electricity from geothermal energy. The United 
States produced more geothermal electricity than any other country in 2009, generating more than 3,000 megawatts 
(MW) of electricity in eight different states (80% of this coming from California with 40+ geothermal power plants). As of 
2009 the world produced 8,900 MW from geothermal resources in 24 countries, enough to meet the needs of 12 million 
U.S. households.  Canada is just beginning to tap its vast geothermal resources. 

Geothermal power is cost effective, widely available and one the greenest of all renewable power sources. With proposed 
geothermal power plants worldwide, from Armenia to Yemen, we take greater advantage of this renewable, reliable 
resource to meet our global power needs.

Clean, renewable geothermal energy is “hot!” The future is bright for direct use of geothermal resources for heating homes 
and businesses anywhere in the world. Geothermal electrical generation has great potential, possibly exceeding $25 
billion in the international market over the next 10 – 15 years, increasing worldwide production to 26,000 MW; with a 
projected production of 100,000 MW by 2025 according to the U.S. National Renewable Energy Laboratory. 

Energy experts estimate our geothermal energy sources at a depth of up to 10,000 meters contain 50,000 times the energy 
of all oil and gas resources in the world. Thirty-nine countries have the potential to be 100% powered by geothermal 
energy. 

Two new technologies helping harness this inexpensive, clean, and almost unlimited energy are enhanced geothermal 
systems and co-production of geothermal electricity in oil and gas wells. Enhanced geothermal systems use the heat in hot 
dry rock areas at great depths to heat high-pressure water pumped through to generate electricity. 

Co-production uses high-temperature water and high-pressure conditions in existing oil and gas reservoirs to enhance 
extraction of the oil and gas, and produce electricity at the same time. 

As new, improved technologies are implemented to effi ciently extract this powerful energy source, geothermal energy will 
provide a stronger economy, a cleaner environment and greater energy independence for our future. Complementary renewable 
energy resources—solar, wind and geothermal, will provide a greener environment while powering our future world.
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STUDENT ACTIVITY IDEA: EGG AND THE EARTH
Activity Goal -  To reinforce the concept of the earth's layers.

Materials -  A hardboiled egg or other item with three layers (an apple, candy coated 
chocolate covered peanuts).

Using a hardboiled egg, make a comparison between the layers of the egg and the 
earth's layers. Peel off the shell of the egg, explaining that it is like the earth's crust.  
Both the shell and the crust are very thin in comparison to the other layers.  Then, peel 
off the white of the egg, explaining that it is like the mantle of rock and magma.  Finally, 
show the yolk, which is like the earth's core. Discuss its outer and inner layers.
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STUDENT ACTIVITY:  KEEP IT COOL!
Activity Goal – Students will understand the power of insulators to act as a barrier to heat exchange. 

Explain to students that certain materials are useful for keeping things at temperatures that will benefi t us.  Most of these 
insulators have in common their use of air space as a barrier to heat exchange. Show and discuss examples of insulation 
materials.  

Discuss how the earth acts as an insulator, keeping heat from escaping into the atmosphere. Ask students how we know 
that the earth is a better insulator than a building. The temperature within a building does not remain constant without a 
heating/cooling system, while the heat under the earth’s surface does.

Challenge the class to think of ways they could keep an ice cube from melting.  Give each student an ice cube to insulate 
with materials they have brought from home. Check the ice cubes every 10 to 15 minutes to determine how long they last. 

Discuss results.

In the word geothermal, geo means “earth” and thermal means “heat.” To 
understand geothermal energy, we must understand the geology of the earth 
that produces this energy and makes it available for human use.  

The earth is made of layers called the crust, mantle, outer core and inner core. 
The crust is between three to fi ve miles thick (1.86 to 3.11 km) under oceans 
and 15 to 35 miles (24.14 to 56.33 km) thick on continents. Its surface is 
divided into  pieces called plates. The mantle is about 1,800 miles thick and it 
is made of rock and hot, melted rock called magma. The earth's inner core is 
made of solid iron and the outer core of  magma. Inside the core, a decay of 
radioactive particles continually produces temperatures hotter than the sun's 
surface. As this heat rises from the deepest parts of the earth, hotter and 
less dense rocks rise with these movements toward the surface, while colder, 
denser rocks tend to sink, re-heat and rise to the surface again. This process 
brings a constant supply of geothermal heat closer to the earth's surface and 
can even break sections of the crust or uppermost mantle allowing heat or 
magma to rise further.  

Rainwater and melted snow can seep miles below the 
surface of the earth. This water can rest in aquifers, 
which are porous or fractured areas of rock inside the 
earth containing water. Aquifers that are both porous 
and permeable are an important part of geothermal 
energy retrieval. Porosity is the percentage of open 
space in a rock. Permeability refers to the amount that 
a rock allows fl uids to transmit through its open spaces. 
Under an aquifer, less permeable rock in a confi ning 
bed keeps groundwater from draining. When aquifers 
are heated with geothermal energy, their water can 
reach temperatures higher than 500 degrees Fahrenheit 
(260 degrees Celsius). This hot water is less dense than 
cold water, so it can rise to the earth's surface providing 
recoverable geothermal resources.

ACTIVITY: IN SEARCH OF GEOTHERMAL ENERGY

Explore the front of the poster to see how many different examples of geothermal energy and its uses 
you can fi nd. 

HISTORY
1. Find the Native Americans cooking with steam.
2. Find the ancient Roman building harnessing geothermal direct source heat.
3. Find the ancient Tuscan vegetable fi elds using geothermal heat to enhance crops. 
4. Locate the recreational hot springs.
5. Find the geysers and fumaroles (steam vents). 
6. Find the greenhouse using geothermal heat to grow plants.
7. Find the food dehydration plant harnessing geothermal energy to dry fruits.

FUTURE
1. Locate the futuristic resort powered by geothermal energy.
2. Find the ‘hot dry rock’ drilling rigs.
3. Find the complementary renewable energy resources-solar panels and wind turbines.

GT POWER GENERATION
1. Find the dry steam power plant with three tall steam vents.
2. Locate the fl ash steam plant with four short steam vents.
3. Find the binary cycle plant closest to the city.

CAREERS
1. Find the geothermal geologist testing an underground reservoir.
2. Locate the drilling equipment operator.

AVAILABILITY
1. Locate a geothermal reservoir.
2. Find the satellite used for geothermal exploration.
3. Locate a magma chamber.
4. Look for lava coming from a volcano.

DIRECT SOURCE
1. Look for direct geothermal heat used to melt snow and ice from a winter sidewalk.
2. Locate a ground source heat pump system heating a school.
3. Find a residential ground source heat pump.
4. Locate heat being drawn from a black water system into a home.
5. Look for an example of geothermal aquaculture.

GEOLOGY OF GT
1. Identify a fault line on the front.
2. Find a geothermal aquifer.
3. Look for the precipitation contributing to a hydrothermal system.
4. Locate examples of porous and permeable rock.
5. Identify the earth’s crust and mantle.
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NATURE OF GEOTHERMAL ENERGY
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Every energy source has both positive and negative impacts on the environment and the economy. Geothermal systems 
need to be maintained and can impact the land where they are built, just like systems using other types of energy. However, 
geothermal energy has numerous positive qualities that make its use an asset.

Geothermal energy is clean
The environmental impact of geothermal energy is minimal. Direct use and heating applications have almost no negative 
impact on the environment. Geothermal power plants do not burn fuel to generate electricity, so their emission levels 
are very low. According to the U.S. Environmental Protection Agency they release less than 1% of the carbon dioxide 
emissions, and 97% fewer acid rain causing sulfur compounds than a fossil fuel plant. 

Geothermal energy is reliable.
Power plants using geothermal as an energy source run day and night to provide reliable base load electricity, unlike solar 
and wind energy. The U.S. Department of Energy reports the average system availability of a geothermal system at 95%.

Geothermal energy is homegrown and renewable. 
Geothermal electrical generation is limited to areas of the world with high heat fl ow. However, heat pump systems can be 
used almost anywhere, benefi tting local economies. Geothermal energy avoids importing of fuels from other countries and 
is renewable because it is continually produced within the earth.

Geothermal installations save money on utility bills. 
Although some geothermal systems have higher 
initial costs than their traditional counterparts, 
building owners use heat from the earth instead of 
buying fuel or electricity from an outside source. 

Geothermal uses little land.
A geothermal power plant's size is small when 
compared to a plant producing electricity from 
solar or nonrenewable resources, and can share 
the land with crops, wildlife or livestock.

Geothermal produces useful byproducts.
Extracted water contains useful dissolved minerals 
such as zinc and copper that can be removed for 
commercial use.
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