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Geothermal Energy - Definition

Geothermal Energy refers to the heat energy or thermal properties within earth. The earth’s

thermal energy is created by the decay of radioactive elements in the earth along with heat

received from sun and that remaining from the earth’s creation .

The geothermal gradient, which is the difference in temperature between the core of the

planet and its surface drives a continuous conduction of thermal energy in the form of heat

from the core to the surface.

This vital, clear energy resources supplies renewable power around the clock and emits

little or no greenhouse gases, while requiring small environmental foot print to develop.

The earth’s natural heat reserves are immense. EPRI (1978) estimated the stored thermal

energy down to 3 km within continental crust to be roughly 43 ∗ 106EJ. This is considerably

greater than the world’s total primary energy consumption of 560 EJ in 2012.
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Source of Geothermal Energy (1) 
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Resources of geothermal energy range from the shallow ground to hot water and hot rock

found a few miles beneath the Earth’s surface and down even deeper to the extremely

high temperatures of molten rock called magma.
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Source of Geothermal Energy (2) 

4Sreto Boljevic



Source of Geothermal Energy (3) 
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Source of Geothermal Energy (4)

6Sreto Boljevic



Geothermal Modelled Heat Potential at Depth 

Source: Geothermal Association of Ireland  2004  7Sreto Boljevic



Pros of Geothermal Energy 

1. Geothermal Energy is generally considered environmentally friendly and
does not cause significant amounts of pollution.

2. Geothermal reservoir are naturally replenished and therefore renewable
(it is not possible to exhaust the resources).

3. Geothermal energy utilisation could avoid up to 40 megatons of CO2 a
year in 2020 and 50 megatons a year in 2030 in EU countries.

4. Excellent for meeting the base load energy demand(as opposed to other
renewables such as wind and solar).

5. Great for heating and cooling – even small household can benefit.

6. Harnessing geothermal energy does not involve any fuels which means
less cost fluctuations and stable energy prices.

7. Small footprint on load (It can be built potentially underground).

8. Geothermal Energy is available everywhere, although only some
resources are profitably exploitable.

9. Recent technological advancement (e.g. enhanced geothermal system
EGS)have made more resources exploitable and lower costs.
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Cons of Geothermal Energy

1. There are some minor environmental issues associated with geothermal 
energy.

2. Geothermal power exploration can in extreme cases cause earthquakes.

3. There are heavy upfront costs associated with geothermal exploitation.

4. Very location specific ( some resources are not cost competitive)

5. Geothermal power exploration is only sustainable (renewable) if the 
reservoirs are properly managed. 
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Classification of Geothermal System 

Source of geothermal energy 

Deep geothermal reservoirs

High-enthalpy reservoirs

Low-enthalpy reservoirs
• Hydrothermal systems
• Petrothermal system
• Deep earth tubes 

Surficial geothermal energy use with 
heat pump

Geothermal energy from tunnels

Geothermal energy from mining shafts

Geothermal energy from seasonal 
storage system 

Use of geothermal energy

Direct use 
• Heating and cooling with geothermal 

energy

Indirect use
• Electric power generation

Dry steam power plant
 Flash steam power plant
 Binary cycle power plant
Hot dry rocks
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Utilisation of Geothermal Energy (1)
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Utilisation of Geothermal Energy (2)
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Utilisation of Geothermal Energy (3)
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Direct Use of Geothermal Energy (1)

14Sreto Boljevic



Direct Use of Geothermal Energy (2)

15Sreto Boljevic



Direct Use of Geothermal Energy (3)
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Direct Use of Geothermal Energy (4)
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Direct Use of Geothermal Energy (5)
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Direct Use of Geothermal Energy (6)
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Direct Use of Geothermal Energy (7)
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Direct Use of Geothermal Energy (8)
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Direct Use of Geothermal Energy (9)
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Horizontal System (1)

A horizontal closed loop field is composed of pipes that run horizontally in the

ground. A long horizontal trench is dug deeper than the frost line and U-shape or

slinky coils are placed horizontally in the same trench. The depth at which the loops

are placed significantly influences the energy consumption of the heat pump in two

opposite ways:

Shallow loops tend to indirectly absorb more heat from the sun, which is helpful,

especially when the ground is still cold in winter time. On the other hand shallow

loops are also cooled down much more readily by weather changes especially

during long cold winters, when heating demand peaks. This problem can be

reduced by increasing both the depth and the length of piping.

E.g. A detached house needing 10kW of heating capacity might need three loops

120 – 180 m long of NPS ¾ polyethylene tubing at a depth of 1- 2 m.

This type of installation is generally most effective for residential installations,

particularly for new construction where sufficient land is available.

23Sreto Boljevic



Horizontal System (2)
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Horizontal System (3)
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Vertical System (1)
Large commercial buildings school, and hospitals often use vertical system
because the land are required for horizontal loops would be prohibitive.
Vertical loops are also used where the soil is shallow for trenching and they
minimise the disturbance to existing landscaping. For vertical system holes
( approximately four inches in diameter) are drilled about 20 feet apart and
100 to 400 feet deep.

Into these holes two pipes are placed and they are connected at the bottom
with U-bend to form a loop. The vertical loops are connected with horizontal
pipe (i.e. manifold) placed in trenches and connected to the heat pumps in
the building. The boreholes is commonly filled with a bentonite grout
surrounding soil or rock to improve the heat transfer.

E.g. A detach house needing 10kW of heating capacity might need three
boreholes 80 – 110 m deep.

During the cooling season, the local temperature rise in the boreholes is
influenced most by the moisture travel in the soil.
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Vertical System (2)
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Vertical System (3)
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Closed loop (1)
A closed loop system is one that uses a continuous loop of pipes as the heat exchanger.
Most closed-loop geothermal heat pump systems circulate an antifreeze solution through a
closed loop usually made of a plastic tubing placed in the ground or submerged in water.

Closed loop tubing can be installed horizontally as a loop field in trenches or vertically as a
series of long U-shapes in wells. A closed loop system can also be installed to take
advantage of a nearby pond or lake. In these instances, the pipe is submerged at the
bottom of the pond.

The size of the loop field depends on the soil type and moisture content, the average
ground temperature and the heat loss and gain characteristics of the building being
conditioned.

A heat exchanger transfers heat between the refrigerant in the heat pump and the
antifreeze solution in the closed loop.

The loops, when installed properly, will last over 50 years. The plastic they are made of is
high-density polyethylene, which is inert to chemicals typically found in soil and is also
flexible, meaning they are unlikely to sustain damage as the earth around them shifts.

[ Note: A rough approximation of the initial soil temperature is the average daily temperature
for the region]
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Closed loop (2)
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Closed loop (3)
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A three-ton slinky loop prior to being covered with soil. The three slinky loops are 
running out horizontally with three straight lines returning the end of the slinky 
coil to the heat pump
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Closed loop (4)
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Closed  loop system being sunk to the bottom of a pond
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Closed loop (5)
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Vertical Closed Loop System
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Open Loop (1)

An open loop system is one that uses groundwater from a conventional well
as a heat source in the winter and a heat sink in the summer. The
groundwater is pumped through heat pump, and the heat from the water is
either extracted (in winter) or rejected (in summer). Then the water is
disposed off appropriately - normally via what is called “open discharge”,
where the water is released into a stream, river, lake, pond, ditch or
drainage tile. Another option for disposing the water is to create a return well
back into the ground aquifer.

One of the potential issues that can arise when using an open loop system
is poor water quality. Before an open loop system is installed, the water
source must be tested for hardness, acidity and iron content. Skipping this
important step could lead to major issues down the line. Mineral deposits
can build up in the heat exchanger, impurities like iron can clog the return
well, and excessive particles and organic matter can clog the system and
make it inoperable.
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Open Loop (2)
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Open Loop (3)
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Open Loop (4)
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Open Loop (5)
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Heat Pump (1)

A heat pump is an device that extracts heat from one place and transfers it to another. The

heat pump is not a new technology; it has been used around the world for decades.

Refrigerators and air conditioners are both common examples of this technology.

Heat pumps transfer heat by circulating a substance called a refrigerant through a cycle of

evaporation and condensation. A compressor pumps the refrigerant between two heat

exchanger coils. In one coil, the refrigerant is evaporated at low pressure and absorbs heat

from its surroundings. The refrigerant is then compressed en. route to the other coil, where

it condenses at high pressure. At this point, it releases the heat it absorbed earlier in the

cycle.

The heat pump cycle is fully reversible, and heat pumps can provide year-round climate

control for your home – heating in winter and cooling and dehumidifying in summer. Since

the ground and air outside always contain some heat, a heat pump can supply heat to a

house even on cold winter days. In fact, air at –18°C contains about 85 percent of the heat it

contained at 21°C.
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Heat Pump (2)
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Geothermal Heat Pump (1)

A geothermal heat pump or ground source heat pump (GSHP) is central
heating and/or cooling system that transfers heat to or from the ground. It
uses the earth as a heat source (in the winter) or a heat sink (in the
summer).

GSHP takes advantage of the naturally occurring difference between the
above-ground air temperature and the subsurface soil temperature to move
heat in support of end uses such as space heating, space cooling(air
conditioning), and even water heating.

A ground source of geoexchange system consist of a heat pump connected
to a series buried pipes. One can install pipes in horizontal trenches just
below ground surface or in vertical boreholes that go several hundred feet
below ground. The heat pump circulates a heat-conveying fluid, sometimes
water, through the pipes to move heat from point to point.
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Geothermal Heat Pump (2)

GSHPs simply move energy from one place to another in a process as
describe below.

1. An evaporator(ground loop heat exchanger) transfers the heat
from the ground into the fluid circulating in the loop.

2. At this point the energy in the ground loop transfers through the
evaporator within the heat pump and into a chlorofluorcarbons
(CFC) free refrigerant.

3. A compressor increases the pressure of the working fluid, which
causes the temperature to rise.

4. The energy is transferred over the condenser and into the
distribution circuits, where hot water is circulated through the
under floor circuits and in turn heating the property.

5. The refrigerant no passes through an expansion valve and the
process starts again.
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Geothermal Heat Pump (3)
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Geothermal Heat Pump (4)
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Geothermal Heat Pump (5)
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Indirect use of Geothermal Energy

The indirect use of geothermal energy classically involves converting

geothermal energy into electricity. This normally takes place by using heat

present in the deeper subsurface at depths of 3 to 5 km. However, in

specific areas, one does not need to drill that deep (e.g. Island). Such

geothermal applications have been implemented in various places in

Europe.

The indirect use of geothermal energy usually refers to electricity generation

by using heat from the geothermal source. Basically, this geothermal power

plant is similar to steam power plants, but it uses earth as the natural boiler.

The first engine used at Larderolle, Italy in 1904 to produce electricity from

geothermal steam was inverted by Prince Piero Ignore Conti.
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Types of geothermal power plants (1)

There are three basic types of geothermal power plants:

• Dry steam plants use steam directly from a geothermal reservoir to
turn generator turbines. The first geothermal power plant was built in
1904 in Tuscany, Italy, where natural steam erupted from the earth.

• Flash steam plants take high-pressure hot water from deep inside
the earth and convert it to steam to drive generator turbines. When
the steam cools, it condenses to water and is injected back into the
ground to be used again. Most geothermal power plants are flash
steam plants.

• Binary cycle power plants transfer the heat from geothermal hot
water to another liquid. The heat causes the second liquid to turn to
steam, which is used to drive a generator turbine.
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Types of geothermal power plants (2)
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Dry Steam Power Plant (1)
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Dry Steam Power Plant (2)

Dry stream geothermal power plants use steam that is generated
underground by the Earth’s heat directly, which eliminates the need for
boilers and boiler fuels. This is not very common since dry steam
resources are rare.

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.
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Binary  Cycle Power Plant (1)
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Binary cycle plants (2)

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 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 or butane. 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.

If the water that reaches the surface is not hot enough to produce steam, it can still be

used to produce electricity by feeding it into a Binary Power Plant. The hot water is fed

into a heat exchanger. The heat from the water is absorbed by a liquid such as

isopentane which boils at a lower temperature. The isopentane steam is used to drive

turbines, producing electricity. The isopentane then condenses back to its liquid state

and is used again.
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Flash Steam Power Plant (1)
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Flash Steam Power Plant (2)

Flash Steam Power Plants are the most common form of geothermal power

plant. The hot water is pumped under great pressure to the surface. When it

reaches the surface the pressure is reduced and as a result some of the

water changes to steam. This produces a ‘blast’ of steam. The cooled water

is returned to the reservoir to be heated by geothermal rocks again.

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.
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Enhanced Geothermal System (1)

An Enhanced geothermal System (EGS) is a man-made reservoir, created where there

is hot rock but insufficient or little natural permeability or fluid saturation. In an EGS,

fluid is injected into the subsurface under carefully controlled conditions, which cause

pre-existing fractures to re-open creating permeability.

An EGS generates, geothermal electricity without the need for natural convective

hydrothermal resources. Until recently, geothermal power systems have exploited only

resources where naturally occurring heat, water, and rock permeability are sufficient to

allow energy extraction.

The EGS concept is to extract heat by creating a subsurface fracture system to which

water can be added through injection wells. Creating an enhanced, or engineered,

geothermal system requires improving the natural permeability of rock. Rocks are

permeable due to minute fractures and pore spaces between mineral grains. Injected

water is heated by contact with the rock and returns to the surface through production

wells, as in naturally occurring hydrothermal systems. EGS are reservoirs created to

improve the economics of resources without adequate water and/or permeability.
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Enhanced Geothermal System (2)

However by far most of geothermal energy within reach of conventional

techniques is in dry and impermeable rock. EGS technologies enhance

and/or create geothermal resources in this hot dry rock (HDR) through

hydraulic stimulation.

When natural cracks and pores do not allow economic flow rates, the

permeability can be enhanced by pumping cold water down an injection well

into the rock. The injection increases the fluid pressure in the naturally

fractured rock, triggering shear events that enhance the system’s

permeability.

Increased permeability allows fluid to circulate throughout the now – fractured

rock and to transport heat to the surface where electricity can be generated.
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Enhanced Geothermal System (3)
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Enhanced Geothermal System (4)
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Enhanced Geothermal System (5)
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Enhanced Geothermal System (6)
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Environmental Impacts of geothermal Energy Generation     
and Utilisation (1)

The environmental effects of geothermal energy production may 
be analysed from different perspectives which include:

 Environmental pollution such as:
• Air quality

• Water quality

• Underground contamination 

• Chemical or thermal pollution

 Adjacent terrain changes such as:
• Land subsidies   
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Environmental Impacts of Geothermal Energy Generation 
and Utilisation (2)

Social impact  such as:

• Conflict with cultural traditions

• Archaeological sites and social-economic disruption

Consequences of large scale industrial activity such as:

• High noise levels

• Industrial accidents 

• The generation of industrial waste
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Heating System CO2 Emission Using Different Types of Fuel 
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Heating System CO2 Emission Reduction for Both 
Medium and High  Efficiency GHP 
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Comparison of CO2 emissions between
Geothermal and Coal power plants
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Emission
Nitrogen oxide

(NOx)
Sulfur Dioxide

(SO2)
Particulate Matter

(PM)
Carbon Dioxide 

(CO2)

Sample Impacts Lung irritation,
coughing, smog
formation, water
Quality 
deterioration 

Wheezing, chest
tightness,
respiratory illness,
ecosystem damage

1Asthma, 
bronchitis,
cancer,
atmospheric
deposition, 
visibility 
impairment

Global warming
produced by CO2
increases sea level,
flood risk, glacial
deterioration
impairment
melting

Geothermal
emissions 
(kg/MWh)

O 0 – 0.16 0 0 – 40.28

Coal emissions
(kg/MWh)

1.95 4.71 1.01 993.82

Emissions Offset by
Geothermal Use
(per yr)

32・103 tons 78・103 tons 17・103 tons 16・103 tons
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Average Emission of Power Plant Using Different Fuel  

69

CO2 Emission  (lbs CO2/kWh)
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EU Power capacity Mix 
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Geothermal Energy for Electric Power 
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Geothermal Energy for Heating (Direct Use)
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Top 10 Countries with Geothermal Installed Power 
Generation Capacity 
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Summary (1)

Geothermal energy is a well established renewable energy subsector. In 2008,

geothermal power production exceeded three times that of solar photovoltaics.

Current growth is steady, but rather slow. While wind and solar photovoltaic are

going through periods of accelerating growth, geothermal power is developing

rather linearly. So far, its deployment has relied mainly on hydrothermal resources

(hot rock and water) located in special geological settings. There are two main

utilization categories: power generation and direct use. Direct use of geothermal

energy means that the thermal energy from underground is used directly as heat

(or cold), rather than being used to generate electricity. There are significant

advantages to geothermal energy. Geothermal energy is available around the

clock, independent of the time of day and night, or of the current climatic

conditions. When used to generate electricity, this means that geothermal energy is

base-load, suited to producing energy at a constant level, in contrast to the variable

output of wind and solar power, and the peaking output of hydropower and some

bio-power.
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Summary (2)

Geothermal energy is a dynamic and flexible source of renewable energy which is

recognised as making a significant contribution to Europe’s energy mix since it

could provide continuous heat production almost everywhere. The most recent

strategic energy technology (SET) – plan integrated road map pays special

attention to the Smart Cities initiatives which aims to improve energy efficiency and

to deploy renewable energy in large cities above and beyond the levels envisaged

in the EU’s energy and climate change policy. This initiatives will support cities and

regions taking ambitious and pioneering measures to progress by 2020 towards a

40% reduction in greenhouse gas emission through the sustainable use and

production of energy. Geothermal heat exploration may provide an important

contribution to the Smart Cities Initiative.
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Thank You For Your Time
Questions  
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