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1 INTRODUCTION: Geothermal as a renewable
energy
It is possible to think about geothermal energy as a non-renewable type of energy at scale of human
time, as heat is removed faster than it is replaced. Experience shows declining temperatures in some
producing steam fields where heat is being mined on a non-sustainable basis [1]. Nevertheless,
geothermal energy shares many features with the true renewable resources and so it is considered as
one of them: it exploits the Earth’s interior heat, which is a natural energy flow considered abundant,
and water, that once used and cooled, is piped back to the reservoir. Nowadays, innovative technologies
allow extracting energy in places where before it was unthinkable, in this way maximizing the volumes
of exploitable rock. The energy of the earth is stored under our feet waiting for us to find it and use it!

1.1 Source of geothermal heat
If we consider deep geothermal energy, is the only form of renewable energy that is independent from
the sun (in shallow geothermal energy the sun plays an important role). The word geothermal originates
from the Greek roots γη (geo), meaning earth, and θερμος (thermos), meaning hot. So, as you may be
thinking, the source of heat in geothermal energy is coming from the internal heat of the earth. The
Earth’s internal heat derives from several sources [2]:
1) The cooling of the Earth since its
early
history,
when
internal
temperatures were much higher than
they now are. The temperature at the
center of the earth (inner core) is
around 5500 °C [2], so there is a huge
temperature difference between the
surface and the interior, producing
heat flows out of the earth. Also there
is heat coming from the cooling of the
lithosphere, important in constructive
borders where it is created.
2) The decay of radioactive material is
the main source of the Earth’s internal
Image 1: Scheme of the structure of the earth (not to scale)
heat and it is responsible for about half
the surface heat flow. The earth upper
crust (Image 1) contains long-lived radioactive isotopes which liberate energy as they decay (mainly
thorium 232, uranium 238 and potassium 40). [2]
So in conclusion, the three main sources contributing to the Earth’s surface heat flow are: i) the heat
coming from the disintegration of radioactive elements in the crust; ii) the evacuation of mantle
primitive heat flowing into the base of the lithosphere; and iii) the heat lost by cooling of the lithosphere
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with time. The contributions are unequal and different in the oceans and continents as it can be
observed in table 1. Please notice the importance of lithospheric cooling (the lithosphere is hot when
created at oceanic ridges and cools slowly as it ages) and radioactivity (the higher concentration of
radioactive minerals in the upper crust increases radiogenic heat production). [2]
Contribution to heat flow in:
Heat source

Continents (%)

Oceans (%)

Cooling of the lithosphere

20

85

Heat flow from below the lithosphere

25

10

55

5

a) Upper crust

40

0

b) Rest of lithosphere

15

0

Radiogenic heat:

Table 1: Contributions of the main sources of heat flow in oceanic and continental lithosphere (approximate in %). [2]

1.2 Ways of heat transport
1.2.1

Convection

This is the central way of transport through the main body of the earth and involves the motion of
material mainly by creep processes in hot deformable solids. It is caused by the difference of
temperature between the surface and the interior of the earth creating a circulation pattern. Is a very
efficient heat transport process resulting in rather small variations of temperature across the depth of
the convecting level. [1] Convective heat flow occurs when liquids or gases move and carry their heat
with them.

1.2.2

Conduction

Close to the surface, around 100 km across the outer of the earth, the material is colder and as a
consequence the rocks have a fragil behavior and are too rigid to convect. For this reason, heat is
transferred by conduction. This rigid outer shell is the crust of the earth (Image 1) and is broken into a
number of fragments called lithospheric plates. They interact with each other and move around the
surface, controlled by the convective forces beneath. [1]

1.2.3

Radiation

This is the way of transmitting heat from the sun is important for shallow geothermal energy. At depths
more than around 20 mts [1], the influence caused by the radiation of the sun disappears, and
temperature is mostly controlled by the geothermal heat flow. This is a type of electromagnetic
radiation, where no mass is exchanged and no medium is required in the process. [3]
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2 HEAT FLOW AND TECTONIC CONTEXT
In most places of earth, the thermal gradient (increase of temperature with depth) is typically 30°C/km,
which means that in the subsurface temperature will increase 30°C per kilometer of depth. But in some
areas this value can reach 200 °C/km [1]. You may be wondering the reason why the heat flow varies so
much… Keep reading and you will find out!

Image 2: The image shows high heat flow areas of the crust, where volcanic activity plays a key role [4].

2.1 High heat flow areas
The energy flowing through the surface of the earth reaches a maximum value of around 300 mWm-2 [1]
at the boundaries between plates, zones of the crust where tectonic plates are interacting and
compression and extension happens. So along plate margins or in hot spot areas (Image 2) rock material
reaches the surface on a molted form, resulting in volcanic activity where heat flow is even more
concentrated. This high heat flow resulted in high quantities of heat being stored in the rocks at shallow
depth, and these areas are the target for geothermal exploration and exploitation of high-temperature
resources, used to generate electricity. These could be found in different places, depending on the type
of plate boundaries:
2.1.1

High temperature Geothermal Fields on Divergent Plate Boundaries

In divergent boundaries, where tectonic plates are moving away from each other, the creation of new
lithosphere releases the largest fraction of the thermal energy. These can happens at: a) the ocean
bottom on the mid ocean spreading ridges (Black Smokers); b) supra-marine oceanic rifts (Iceland); c)
continental rifts (East African Rift Valley). [4]
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2.1.2

High temperature Geothermal Fields on Convergent Plate Boundaries

In destructive margins, where plate tectonics are moving towards each other and old lithosphere is
destructed, resources can be found in different contexts as: a) Young island arc volcanoes and inter arc
basins (The Caribbean, the Philippines); b) Micro-continental arc volcanoes (Japan, Indonesia and New
Zealand, Central America); c) Continental margin arc volcanism (The Andes, Central America); d)
Batholith driven geothermal systems (Larderello, Geysers); e) Continental collision (Himalayas). [4]

2.1.3

Hot spot volcanism

In this case, the heat is brought to the surface at ´hot spots´. Imagine a plume of magma originated deep
in the mantle that rise up and break through the oceanic or continental lithosphere. Ex: Hawaii.

2.2 Low heat flow areas
In other areas of the earth crust the heat flow is lower, and shallow rocks will have lower temperatures.
These are the low-temperature resources and most of the times are used for direct applications. The
good thing is that they are distributed around the world, and they are not restricted to volcanic regions!

2.2.1

Sedimentary basins

Geothermal systems can be found in many of the great sedimentary basins of the world, normally in
sedimentary basins with permeable layers at great depth. The heat flow depends on the thermal
gradient and on the conductivity of the rock. The different insulating properties of rocks influence how
temperature changes with depth [1]. Sometimes, the salinity of the fluid is very high (brine), so special
technologies may be necessary during the drilling and construction of the plant. The fluid recharge is
limited; therefore reinjection of the fluid back to the reservoir is important to make sure the way the
geothermal system works naturally won´t change. For this reason exploitation is most often done
through doublet boreholes, which will be explained later on (see section 8.1.2).

3 GEOTHERMAL SYSTEMS
3.1 Conventional geothermal systems
These are the most common geothermal resources exploited and they rely on the presence of water
circulating through the rock to extract heat and bring it to the surface. In all of them there are some
essential elements that are present (image 3):
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Image 3: Schematic section showing the main components of a geothermal system.

3.1.1

Reservoir

Is a porous and permeable rock, which means that it is able to store water and, as the pores are
interconnected, allows the flow of the geothermal fluid. Examples of good reservoirs are sandstones
with good sorting (Image 3) or limestones with solution cavities. In geothermal aquifers permeability
due to the fracture of the rock could be very important as it will create a secondary permeability,
interconnecting the pores and allowing the fluid to move. The aquifer could be unconfined or confined.
In the first case it is connected to a recharge area where the rain water infiltrates and feed the aquifer.
In the second case, it is beneath the cap rock so it is not recharged from rainwater and the fluid pressure
could be high [1].

3.1.2

Cap rock

Is an impermeable rock that with seal the aquifers, acting like a cover (Image 3). Examples of this type of
rocks are shales, clays, evaporites or unfractured lavas. It is an essential element in places where a
steam field is developed as it prevents the fluid to escape upwards, making the area more productive for
geothermal exploitation.

3.1.3

Permeable structures:

Normally this are faults in the cap rock (Image 3), where steam and hot water scape to the surface
forming fumaroles (only steam), geysers (hot water and steam) or hot springs (hot water only). These
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are the geothermal manifestations that we will be able to see most of the times if we are close to a
geothermal area (Image 4).

3.1.4

Heat source

The presence of a heat source will vary depending on the region. If the geothermal system is located in a
high-enthalpy area, abundant volcanic heat is available and heat will come from a cooling /solidifying
body of magma (Image 3). In low- enthalpy areas the heat source could be located in deep sedimentary
basins, where the geothermal gradient is adequate to make the water warm enough to exploit; or in hot
dry rocks. In this case, natural heat production is high but the rock has low or non-existent permeability,
so no fluid can possibly circulate through it [1]. Alternative technologies that include stimulation
techniques are used to create artificial fractures in the rock.

Image 4: Manifestations of geothermal activity (geysers) in different geothermal fields. The left picture was taken by my sister in New
Zealand and the right picture in Iceland.

3.2 Unconventional geothermal systems
In these types of systems one or more of the primary elements of the geothermal system are missing.
Therefore advanced and more complicated technologies should be used to be able to exploit the
reservoir in an economic way. For example, it could happen that natural permeability of a resource is
insufficient for well productivity, so stimulation techniques are required to enhance its permeability,
which can include hydraulic, chemical or thermal stimulation. According to the source, Iceland Survey
[4], the main types of unconventional geothermal systems are:
3.2.1

Hot-dry rock systems (HDR)

In this type of systems the heat is stored in an impermeable/ low permeability rock (normally shallow
granite bodies). Reservoir stimulation is used to create a reservoir with the permeability necessary to
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achieve satisfactory well performance. Water is injected through the enhanced zone so that heat may
be extracted, ideally generating steam. Examples: Fenton Hill (US), Cornwall (UK)
3.2.2

Enhanced Geothermal Systems (EGS)

The reservoir needs to be stimulated to create artificial permeability and to allow the circulation of the
fluid that transfers the heat. Normally, this is done injecting water+ sand+ chemicals at high pressure, to
create new factures and expand previous ones. This technique is called ´hydraulic fracking´ and is well
known in oil and gas industry to exploit shale oil/ shale gas resources. Examples: Soultz (France), Cooper
Basin (Australia).
3.2.3

Supercritical Geothermal Systems (SGS)

The fluids contained in the reservoir are under very high temperature and pressure conditions. In the
borehole, when the fluid reaches the surface It is not possible to distinguish between liquid and vapor
phases (super-heated steam).Examples: IDDP (Iceland), Geysers (USA).

4 CLASSIFICATION OF GEOTHERMAL RESOURCES
There are many different ways of classifying geothermal resources. I will just focus on the classification
based on the concept of enthalpy and according the applications given.

4.1 High, Medium and Low Enthalpy Resources
Geothermal resources are classified under the concept of enthalpy as ´high enthalpy´ (water and steam
at temperatures above about 180 -200°C.), ´medium enthalpy ´ (temperatures about 100-180°C) and
´low enthalpy´ (temperatures below 100°C). High enthalpy resources are confined to volcanically active
margins and hot spots. Enthalpy is defined as ¨…the heat content of a substance per unit mass and is a
function of pressure and volume as well as temperature...¨ [1] .This concept is used in geothermal
energy because the temperature itself is not enough to define the useful energy content of a
steam/water mixture and should be taken into account in the analysis of a geothermal reservoir and
planning of its exploitation.

4.2 Resources used to generate electricity and for direct use applications
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Geothermal energy can be used for electricity generation and for various other types of heat direct use
applications. The Lindal diagram (Image 5) shows how geothermal energy resources of different
temperatures can be used for a range of applications [5].

Image 5: Lindal´s Diagram (modified version, 1st hand elaboration) where it´s possible to
distinguish the different uses of geothermal energy according to the temperature.

Regarding to electricity production, hot water and steam are the carriers of the geothermal energy and
are converted into electricity at a power plant. Wells need to be drilled into a geothermal reservoir
(Image 3) for production and normally related to high enthalpy geothermal resources.
Concerning the direct use, we refer to applications that use hot water from geothermal resources
directly. This is not new, it traces back to ancient Roman times, where it was used for baths and spas.
Some of the direct uses nowadays are: space and district heating, heat pumps for air heating and
cooling, crop & lumber drying, food preparation, fish farming, industrial processes,
balneology/bathing/swimming, greenhouses, etc.

4.2.1

Uses of geothermal energy around the world

The map (Image 6) shows how geothermal energy is being used around the world. The dark blue color
belongs to direct use and electricity production (United States, Russia, China, Australia, New Zealand,
France, Italy, Ethiopia, Kenya, Indonesia….); light blue color to direct use (Brazil, Argentina, Peru, Egypt,
South Africa, India, Mongolia, Norway, Spain….); and sky blue color to countries where it´s used only for
electricity production, like Nicaragua.
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Image 6: The map shows how geothermal energy is used around the world. Source: https://www.geothermalenergy.org/explore/our-databases/geothermal-power-database/

In the Table 2 are presented the 10 geothermal countries based on installed power generation capacity
at the end of the year 2019. This is the last updated data taken from Think geothermal website and,
according to the source, [6] it is very hard to gather information about geothermal plants because each
country has its own way to present the data and it is difficult to compare numbers between them. The
source decided that a fair way to make comparisons was applying the installed power generation
capacity, which only reflects the capacity that it is actually operating. In 2019, a total of 759 MW were
added and it is considering (tracing back around 20 years) like the largest annual growth in geothermal
energy. In total, the installed geothermal power generation capacity at the end of the year 2019 reached
15,406 MW. [6]
Country

2019 MWE

Country

2019
MWE

Country

2019
MWE

1,005

9)Iceland

755

1) USA

3,676

5) New Zea.

2) Indonesia

2,133

6) Mexico

963

10)Japan

601

3) Philippines

1,918

7)Italy

944

Others

1,025

4) Turkey

1,526

8)Kenya

861

Total

15,406

Tabla 2: The Top 10 Geothermal Countries at the end of 2019 based on installed generation capacity (MWe). [6]

15

5 DEVELOPMENT OF A GEOTHERMAL PROJECT
The development of a geothermal project consists in four main stages which are: 1) resource
identification, 2) surface exploration, 3) exploration drilling and plant construction and 4) production
drilling [7].

5.1 Resource identification
In this initial phase a region where the project will be developed is chosen based on the presence of
surface manifestations, such as fumaroles, geysers, hot springs, volcanic gases, altered ground, or any
other evidence of volcanic activity.

5.2 Surface exploration
Once that the geothermal resource is identified, the phase of surface exploration starts. Surface
geothermal exploration it´s a multidisciplinary task that includes information coming from geological
mapping, geophysical and geochemical surveys. The aim is to define the geometry and characteristics
of the geothermal system prior to drilling. Shallow drilling could be often carried out. I had the chance to
learn these methods and to do some field work in Teide Volcano, Tenerife, in a training course I did in
May 2019. I will briefly explain each method for general knowledge, feel free to contact me if you have
any question or if you want to know more about the topic.
5.2.1

Geological mapping

This is an important phase as it helps in the understanding of the various lithologies, volcanological
evolution and history of the area, structural controls, and hydrological regimes of the system.

5.2.2

Geophysical methods

Helps in determining the geometry
(shape, size and depth) and properties
(temperature,
porosity,
permeability…) of the elements of the
geothermal system such as the heat
source, reservoir and cap rock.
Geophysical data can be processed
and analyzed and will help to imagine
how the underground looks like, as if
we could see it in a picture. This is will
help us to identify structures that play
a key role in the geothermal

Image 7: Me during the surface geothermal training course with some colleagues
carrying out magnetotellurics measurements around Teide Volcano, Tenerife, Spain.
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system (such as faults), and to delineate the areal extent of the geothermal resource. The geophysical
methods most commonly used are: electromagnetic (magnetotellurics-image 7)/electric, gravity,
magnetics, microseismicity, seismic tomography and thermal infrared remote sensing.

5.2.3

Geochemical methods

These methods rely mostly on
sampling
and
chemical/
isotopic analysis of evident
geothermal manifestation such
as water, steam and gas
(fumaroles,
hot
springs,
geysers). The aim is to be able
to characterize the fluids,
estimate equilibrium reservoir
temperature, determine the
origin of the fluids, evaluate
mixing scenarios of the fluids,
determine the suitability of the
fluids for the intended use,
locate recharge areas and
direction of the fluid flow. In
areas where there are no
Image 8: Geochemical station at the top of Teide Volcano for measurement of gases
from the soil matrix.
visible
geothermal
manifestations on the surface,
additional geochemical studies need to be carried out. This involves prospecting of soil gases and
volatiles in the soil matrix (Image 8) aimed to identify the location of active up-flow zones, areas where
fluids can reach the surface along active tectonic structures. [8]

5.3 Exploration drilling
This phase involves drilling around two to six exploration wells. In this phase, the resource potential and
its features are confirmed. As it involves drilling, it becomes more expensive that the previous phase.
After the surface and drilling exploration phase, we should be able to create a conceptual model to
determine if the project is worth developing. This model will establish the resource potential (MW) and
cost of development, identify external influences (such as potential customers, transmission
requirements, and regulatory limitations) and will create preliminary designs and cost estimates for
drilling.
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5.4 Plant construction and production drilling
This is the last phase and means that the exploration phase was successful. It includes drilling most of
the production wells, construction of steam gathering system, turbine generator system and power
lines. The phase ends with the commercial operation of the plant.
The technology and techniques used in for drilling are similar to the ones used for oil and gas. When
selecting the materials (tools and casing) it should be taken into account some aspects like: high
temperature and salinity of the fluid, reservoir and fluid chemistry, corrosion due to acidity or redox
reactions, erosion due to suspended solids, etc. [9] So, why not using all the knowledge and technology
available from oil and gas industry to develop geothermal energy? We can even use the preexisting
boreholes done by oil companies in the past for the exploration phase or even for production of clean
energy. The data and technology are there, let´s take advantage of that!

6 Risk and cost
Geothermal plants are characterized by a low-operating cost, but a relatively high investment cost.
Compared to other energy sources, it takes longer time to develop geothermal energy projects. This is
related to the long time involved in exploration and feasibility studies (Image 9), and the lengthy
decision making and negotiation periods [10]. To reduce the technical and economic uncertainties and
related economic losses, geothermal energy plants are constructed in phases, and the geological
conditions are reconsidered in each phase, based on new knowledge gained in the previous phase. In
this way, information is collected to decide whether or not is worthy to continue to the next phase.
We all know that geothermal energy is left behind in comparison to other renewable energies. Due to
the geological uncertainties, the initial stage of a geothermal project requires a huge investment, with
big risk and no income. Many times, companies don´t want to invest and risk money finding out if a
project will be viable. This is why methods for surface geothermal exploration should be carried out
prior starting with any exploration drilling phase. These methods have a low cost and will provide a lot
of information about the features of the geothermal system. Once the surface and drilling exploration
phases are successful and a geothermal plant is installed, operation and maintenance costs of the plant
will be very low.

18

Image 9: Graphic (version adapted by me, taken from ESMAP 2012), showing the risk and the cumulative cost in the different
phases of a geothermal project. Notice that the higher risk is in the first three phases of the project.

7 TECHNOLOGIES FOR GEOTHERMAL RESOURCE
EXPLOTATION
7.1 Deep geothermal vs. Shallow geothermal
It is possible to distinguish between deep and shallow geothermal energy. The limit between them is
based on the depth where you can find the resource and is not strictly fixed, but this distinction is
necessary because the technology required to exploit each type is very different, hence the usage varies
as well. I will only make a brief summary about each type, as another trainee has made a very complete
report about the technologies used for geothermal resource exploitation. If you follow the link
http://www.folkecenter.eu/PDF/Geothermal/Geothermal-energy.pdf you will be able to read his report
and find more about the topic.

7.1.1

Shallow geothermal resources:

 Energy is stored near the surface (< 400 m depth) and the concept is to use the constant, low
temperature of the ground. The temperature of the ground is governed by terrestrial heat flow
and local ground thermal conductivity structure ± groundwater flow.
 Direct use for heating and cooling.
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Ground Source Heat Pumps (GSHP) is a
big help to reduce the consumption of
electricity (by 30% to 60%, with a
payback period of the installation in 2 to
10 years [11]). In winter, GSP draws
thermal energy from the ground (heating
mode); in summer the process is
reversed and the ground is used as a sink
for the heat contained in the building
(cooling mode).
 Some options to use the temperature
from the ground are: a) ground heat
collector, b) borehole heat exchanger; c)
ground water well.

7.1.2

Image 10: Ways of extracting heat from the ground in shallow
geothermal energy: a) ground heat collector, b) borehole heat
exchanger; c) ground water well. [11]

Deep geothermal resources:

All this report has been dedicated to describe what we can call ¨deep geothermal energy¨, where the
radiation of the sun has no influence on the temperature of the ground. We have talked about the areas
of the earth where the heat flow is really high, and where temperature and conditions are more suitable
to exploit geothermal resources to generate electricity and for direct purposes (heating, bathing…). We
have discussed the different phases required for the development of a geothermal project and the risk
associated with it.
Regarding the technologies for deep geothermal energy, in conventional geothermal resources, the
most common way of exploitation is the hydrothermal doublet. Two boreholes are present: the
production well, used to pump the geothermal fluid from the reservoir to the surface, and the injection
well, used to pump the water back to the aquifer after the heat is extracted. Nevertheless
unconventional geothermal resources may need some stimulation techniques or more complicated
technologies to make the exploitation economic. For more details go back to section 4.2 or read
Valentin Heusgen report in Nordic Folkecenter website.

8 GEOTHERMAL ENERGY IN DENMARK
8.1 Thisted Geothermal Plant
An example of the exploitation of deep Geothermal energy in Denmark is Thisted Geothermal Plant,
located in the city of Thisted, Denmark. It was the first geothermal plant in the country, commissioned in
1984 by the company Dansk fjernvarme. The plant is only in operation between October and April, and
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this is because the heat demand of the town is limited (the plant produces 20 times as much heat as the
electricity consumed) [12].
Trainees of Folkecenter and I had the chance to visit the installations of the plant and get an explanation
about the history and about how the system works.

8.1.1

Brief history of the plant

An exploration drill was made in 1981 (3 km depth), but without success since the permeability of the
reservoir was too low to produce. For this reason, the well was completed at 1.25 km depth, at Gassum
Formation, a sandstone with remarkable continuity, thickness and with excellent petrophysic properties
adequate for production (high porosity and permeability). Another well was drilled in 1983, and finally in
1984 a demonstration plant with an electrically driven compression heat pump was constructed. In
1988, the electrically driven heat pump was exchanged for a heat driven absorption heat pump, and in
2000 the plant was running well so it was expanded with another absorption heat pump.

8.1.2

The plant

The geothermal plant can produce up to 7 MW of heat from the underground and is located next to the
incineration plant of Thisted (Image 12) and a straw fired boiler unit; which provides additional 10 MW
of heat from the driving heat for the absorption heat pumps.

Image 11: Production well in Thisted geothermal plant.

The production and injection well are separated horizontally by a distance of about 1.5 km and are both
vertical. From the production well (Image 11) up to 200 m3 per hour of water is pumped (using a
submergible pump located at 400 m of depth). The water after pass through sand filters (image 14) that
will remove harmful particles before being send trough the absorption heat pumps (image 15). These
pumps will transfer the heat from the geothermal water to the district heating network of the town. The
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water is filtered once more before being pumped back into the reservoir through the injection well
(image 13). This is the way to make sure that the composition of the fluid won´t change and alter the
geothermal system.
There are two other geothermal
plants in Denmark (Amager and
Sønderborg) owned by the same
company, you can get more
information about them on their
website
[11].
Nevertheless,
during the visit to Thisted plant
we have been told that those
plants are not working at the
moment because of some
problems (we don´t know exactly
why but it could be due to low
permeability of the reservoir).
Hopefully new research will be
made and solutions will come up
to be able to run the plants.

Image 12: Incineration plant of Thisted, located next to the geothermal plant.

Image 13: Injection well, where the water is pumped
back to the reservoir.

Image 14: Sand filters, where the water is filtered before being pumped
back to the reservoir through the injection well.
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Image 15: Absorption heat pumps, in charge of transferring the heat from the geothermal water to the district heating
network.

8.1.3

Other projects in Denmark

The possibility of supplying the district heating in Alborg and Aahurs with geothermal energy is being
explored. The company A.P. Møller Holding obtained the permits from the Danish Energy Agency to
investigate the potential for geothermal energy in two selected areas in Aalborg and Aarhus, Denmark’s
2nd and 3rd largest cities respectively. This information was retrieved from Think geo energy website,
and I encourage you to visit it if you want to know more about the project and about geothermal energy
around
the
world:
http://www.thinkgeoenergy.com/a-p-moller-holding-gets-green-light-forgeothermal-projects-in-aalborg-and-aarhus/

9 CONCLUSIONS






Geothermal is a special kind of renewable energy as it uses the heat stored below our feet, and
provides a clean alternative to fossil fuels to generate electricity, and for heating purposes. For
the moment it doesn´t get a lot of attraction in comparison with other clean energies.
Deep geothermal energy can be used directly to generate electricity, but this is restricted to
certain locations of the earth with adequate geological features. It is a high energy source, but
the disadvantage is it cannot be found everywhere, so it is local.
The energy is generated at the place so it doesn´t needs transport none combustion, so it
contributes in reducing greenhouses emissions.
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Shallow geothermal energy could be used for heating and cooling purposes and the big benefit
is that it is available everywhere (it doesn´t necessarily have to be close to an active volcanic
zone, or to source of heat).
It is possible to use boreholes already drilled for oil and gas industry. The technology is similar
and we could use the data of preexisting geophysical/geochemical studies to evaluate the
potential of a geothermal reservoir.
Initial investment is very high and there is a big risk in the initial stage, as exploration phase is
very expensive and there is not income coming yet. To reduce the risk and cost, as many data as
possible should be obtained regarding the properties of the geothermal system before drilling.
Once the plant is built and working, the cost of operating the system is very low.
More attention should be put on the development of geothermal projects around the world. It
represents a big opportunity for diversification of the energy mix, protection against changing
fossil fuels prices and energetic independence. Using geothermal resources can provide
economic development opportunities for countries, creating jobs, developing new technologies
and in the form of taxes.
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