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Geothermal energy is heat within the
earth. The word geothermal comes
from the Greek words geo (earth) and
thermal (heat).

Geothermal energy is a renewable
energy source because heat is
continuously produced inside the
earth. It is being used for DHW, to
heat buildings, and to generate
electricity.
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Source: https://www.energy.gov/eere/videos/energy-101-geothermal-energy

Heat from the Earth’s Crust
warms water that has seeped
into underground reservoirs.

When water becomes hot
enough it can break through
the Earth's surface as steam
or hot water.

Geothermal Energy



Source: EnergySage

This is an easy alternative to access hot water, but it applies to the areas where hot
springs and underground reservoirs are nearest. A production facility, a downhole, and
circulation pumps or wells are used to bring up the water.

Geothermal Energy

Direct use of Geothermal Heat



• Geothermal power plants 

(which use heat from deep inside the Earth 

to generate steam to make electricity.)

• Geothermal heat pumps 

(which tap into heat close to the Earth's 

surface to heat water or provide heat for 

buildings.)

Source: https://greenesa.com/blog/geothermal-energy-types-uses-advantages

Source: http://eu-gugle.eu/heat-pumps-a-versatile-solution-for-low-carbon-cities/
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1. Hot water is pumped from deep underground through a well under high pressure.
2. When the water reaches the surface, the pressure is dropped, which causes the water to 
turn into steam.
3. The steam spins a turbine, which is connected to a generator that produces electricity.
4. The steam cools off in a cooling tower and condenses back to water.
5. The cooled water is pumped back into the Earth to begin the process again.

Source: https://archive.epa.gov/climatechange/kids/solutions/technologies/geothermal.html

Geothermal power plants 



1. Water or a refrigerant moves through a loop of pipes.
2. When the weather is cold, the water or refrigerant heats up as it travels through the part 
of the loop that's buried underground.
3. Once it gets back above ground, the warmed water or refrigerant transfers heat into the 
building.
4. The water or refrigerant cools down after its heat is transferred. It is pumped back 
underground where it heats up once more, starting the process again.
5. On a hot day, the system can run in reverse. The water or refrigerant cools the building and 
then is pumped underground where extra heat is transferred to the ground around the pipes.

Source: https://archive.epa.gov/climatechange/kids/solutions/technologies/geothermal.html

Geothermal heat pumps



• Dry Steam Geothermal (DSG). 
(Dry stream flows directly to  a turbine to 
drive a generator that produces 
electricity.)

• Flash Steam Geothermal (FSG). 
(A pump pushes hot fluid into a tank at 
the surface where it cools. The fluid then 
quickly turns into vapor which drives a 
turbine.)

• Binary Cycle Geothermal (BCG).
(It uses two types of fluid. Hot fluid from 
underground, heats a second fluid called 
a heat transfer fluid in a big heat 
exchanger.  The second fluid – with a 
much lower boiling point turns into 
vapor at a lower temperature and spin a 
turbine.)

Source: https://www.thinkgeoenergy.com/power-energy-electricity-heat-and-geothermal-
the-importance-of-the-right-terminology/

Types of Geothermal power plants



Types of Geothermal power plants

• Dry Steam Geothermal (DSG). 

These plants use dry steam that is naturally
produced in the ground. This steam travels
from the production well to the surface and
through a turbine, and after transferring
its energy to the turbine it condenses and is
injected back into the Earth.

These types are the oldest types of geothermal
power plants, the first one was built back in
1904 in Italy.

Because this type of power plant requires the
highest temperatures they can only be used
where the temperature underground is quite
high, but this type requires the least fluid flow. Source: US Department of Energy, Energy Efficiency, and Renewable Energy



Types of Geothermal power plants

• Flash Steam Geothermal (FSG). 

These types are the most common due to the
lack of naturally occurring high-quality steam.
In this method, water must be over 180°C, and
under its own pressure it flows upwards
through the well.

This is a lower temperature than dry steam
plants have. As its pressure decreases, some of
the water "flashes" to steam, which is passed
through the turbine section.

The remaining water that did not become
steam is cycled back down into the well, and
can also be used for heating purposes. The
cost of these systems is increased due to more
complex parts, however they can still compete
with conventional power sources.

Source: US Department of Energy, Energy Efficiency, and Renewable Energy



Source: US Department of Energy, Energy Efficiency, and Renewable Energy

Types of Geothermal power plants

• Binary Cycle Geothermal (BCG).

Binary power plants are expected to be the
most commonly used type of geothermal
power plant in the future, as locations outside
of the known hot spots begin to use
geothermal energy.

This is because binary cycle plants can make
use of lower temperature water (100 - 180oC)
than the other two types of plants. They use a
secondary loop (hence the name "binary")
which contains a fluid with a low boiling point,
such as pentane (36oC) or butane (-0.5oC).

The water from the well flows through a heat
exchanger which transfers its heat to this fluid,
which vaporizes due to its low boiling point. It
is then passed through a turbine,
accomplishing the same task as steam.



Source: https://www.qats.com

Heat exchanger

A heat exchanger is a system used to transfer
heat between two or more fluids (liquid or
gas). Heat exchangers are used in both cooling
and heating processes.

Heat exchangers are systems that use a fluid to
absorb heat from a hotter outside source
without the fluid and hot source mixing
together.
Therefore, the fluid that entered hot, leaves
cold and the initially cold fluid leaves hot.
The two fluids do not mix or come into direct
contact.

https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqblc5SWtKLWtvdnhUQm00cHk4dmdCWUxOaUdwZ3xBQ3Jtc0tudVFSNjZHc2tXOG9zaDlDV0VIUmNHYm9JVm84bjBQRXRsVUVKNHQ0bkd4UjE5enp4d1F3SHdvVkNHeVBhUTZSVDVFS0RfMERWclFvTTVWNU9URHNjYVNISmFXR0Z2bncyZlpTOWQyalNEeDhxNmlwRQ&q=https%3A%2F%2Fwww.qats.com


Source: https://www.energy.gov/eere/geothermal/electricity-generation

Types of Geothermal power plants (new)

• Enhanced Geothermal System (EGS).

A geothermal resource requires fluid, heat and permeability in order to generate electricity:

Fluid—Sufficient fluid must exist naturally or be pumped into the reservoir.
Heat—The earth's temperature naturally increases with depth and varies based on 
geographic location.
Permeability—In order to access heat, the fluid must come into contact with the heated 
rock, either via natural fractures or through stimulating the rock.

Conventional hydrothermal resources contain all three elements naturally. Increasingly, 
however, geothermal systems where subsurface fluid and permeability are lacking are 
being engineered or enhanced to access the earth's heat by adding fluid to these hot 
subsurface resources.

This technology is expected to be a game-changer in the geothermal sector, tapping 
100+ gigawatts of geothermal energy, roughly ten percent of domestic energy demand.



Source: https://www.bgs.ac.uk/geology-projects/geothermal-energy/

Deep and shallow geothermal energy

The terms “shallow” and 
“deep” refer to the depth of the 
heat absorber, which can 
harvest heat either from 
subsurface water with an open 
loop system or from the solid 
ground with a closed loop 
system.

The depth separation is regulated by the
Mining Act requiring a permit for drillings
(mostly between 100 and 400 meters below
surface).

The Mining Act influences the drilling
market and the depth range. For depth
levels up to around 150 meters, a large
market exists offering low drilling costs,
which makes shallow geothermal energy
affordable to private households as well.

In contrast, deep geothermal energy
requires long term planning and high
investments with regard to drilling costs.



Deep and shallow geothermal energy

Characteristic Shallow Geothermal Deep Geothermal

Depth range
No permission for drilling, 
standard drilling range up to 
around 150 meters

Permission for drilling required, 
drilling depths >150 meters to 
5.000 meters

Temperature level 0 °C to <30 °C 30 °C to 200 °C

Thermal capacities <10 kW to <5 MW 1 MW to >50 MW

Electricity production
No electricity production 
possible

Binary circle: 90 °C – 200 °C 
Direct use: >200 °C

Cooling Free cooling Forced cooling 

Heat supply
Individual building, heating and 
cooling networks

Industrial heat,  heating 
networks

Source: https://geoera.eu/blog/muse-differences-between-deep-and-shallow-geothermal-energy/



Geothermal power plants 
Practicalities

The most common problems:

• Scaling (in production, wells, piping, reinjection, turbines)

• Corrosion (in production wells)

• Mineral scaling problems (Chemical inhibitors and mechanical cleaning are the most 

common methods to overcome the mineral scaling problems)

• Major maintenance activities (quantity of steam, geochemistry of the reservoir fluid, 

chemical traces)

• Silica sinter problem (controlled by pressure and temperature adjustments)

• Well production decline rate (3–4% per year)

• Reserve well and “make-up” wells to maintain steam supply

• Life time analysis of the equipment every …. years due to all the above)



Geothermal power plants 
Practicalities

Parameters of the 
field  & calculation of 
number of wells 
required as 
production wells in 
the beginning of the 
project

Source: https://www.researchgate.net/publication/322374944_Make-
up_wells_drilling_cost_in_financial_model_for_a_geothermal_project



After commissioning of a geothermal power plant, geothermal reservoir will encounter
pressure decline, which will affect wells productivity.
Therefore, further drilling is carried out to enhance steam production.
Make-up wells are production wells drilled inside an already confirmed reservoir to maintain
steam production in a certain level.

Geothermal power plants 
Practicalities

Geothermal power cost consists of 
three components: 
• Capital cost, 
• O&M cost, 
• Make-up drilling cost. 

The make-up drilling cost component 
is a major part of power cost which 
will give big influence in a whole 
economical value of the project.

Source: https://www.energy.gov/eere/articles/geothermal-
energy-glance-back-and-leap-forward



Geothermal power plants 
Practicalities

Source: https://www.researchgate.net/publication/322374944_Make-
up_wells_drilling_cost_in_financial_model_for_a_geothermal_project

Make-up drilling cost


