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What is Geothermal Energy?
Geothermal energy is the thermal energy stored in 

the earth’s crust. It refers to the Earth's heat that can, 
or could, be recovered and exploited by man. 

Is geothermal energy renewable? 

Presenter
Presentation Notes
Geothermal energy is generated in the earth's core Temperatures hotter than the sun's surface are continuously produced inside the earth by the slow decay of radioactive particles The earth's crust is broken into pieces called plates. Magma comes close to the earth's surface near the edges of these plates. This is where volcanoes occur. The lava that erupts from volcanoes is partly magma. Deep underground, the rocks and water absorb the heat from this magma. The temperature of the rocks and water get hotter and hotter as you go deeper underground. 
Renewable: non-depletable.�• Accessible and well distributed: available close to demand .�• Emissions free: no NOx, SOx, CO2, particulate matter (PM), etc.�• Dispatchable: for base load, peak demand shaving, and distributed needs. • Robust : 
Scalable 
Flexible 
• Reliable and safe to operate.�• Cost competitive with conventional fossil fuels. 
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Heat passes by 
1. Natural cooling and friction from the core

1. Radioactive decay of elements such as uranium 
(U235 and U238), thorium (Th232) and potassium 
(K40). This represents the major source of heat 

2. Chemical reactions 
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• Ring of Fire
• Over 20 countries: 

Iceland, U.S., Italy, 
France, China, Japan, 
ect.

• The United States is the 
country with the greatest 
geothermal energy 
production 

Presenter
Presentation Notes
California - has 33 geothermal power plants that produce almost 90 percent of the nation's geothermal electricity. 
Nevada - has 15 geothermal power plants. 
Hawaii and Utah - each have one geothermal plant


http://upload.wikimedia.org/wikipedia/commons/0/09/Pacific_Ring_of_Fire.png
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7
Source: International Geothermal Association

Presenter
Presentation Notes
13.3 GW in 24 countries
As of the end of 2015, there was 12.5 GW of potential capacity additions in 82 countrie 
World energy consumption: 152500 TWh/y (2011)[1]! 
•  0.1% of global primary energy consumption (2008)[3]! 
•  Electricity: 10.7 GWe installed, 67.2 TWhe/y (2009)[2]! 
•  Heat: 48.5 GWth installed, 117.7 TWhth/y (2010)[4]! 
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Source: International Geothermal Association
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Geothermal Energy
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Temperatures within the Earth's interior increase with 
depth. 
The normal temperature gradient within the Earth's 
interior is about 2.5~3°C/100 meters 
Geothermal gradient: rate of temperature increase with 
depth [K/m] due to conductive heat transfer in the crust. 

Examples of geothermal gradient in different areas 
•10 – 20 Kkm-1 in shield crust 
•30 - 60 Kkm-1 in platform areas
• >100 Kkm-1 in volcanic areas 



Classes of Geothermal Region
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Hyperthermal Temperature gradient ≥ 80° �C km−1 . These 
regions are usually on tectonic plate boundaries. The first such 
region to be tapped for electricity generation was at Larderello in 
Tuscany, Italy in 1904. 
Semithermal Temperature gradient ∼40–80° �C km−1 . Such 
regions are associated generally with anomalies away from plate 
boundaries. Heat extraction is from harnessing natural aquifers 
or fracturing dry rock. A well-known example is the geothermal 
district heating system for houses in Paris. 
Normal Temperature gradient < 40 ° �C km−1. These 
remaining regions are associated with average geothermal 
conductive heat flow at ∼0�.06Wm−2. It is unlikely that these 
areas can ever supply geothermal heat at prices competitive to 
present (finite) or future (renewable) energy supplies. 

Presenter
Presentation Notes
1. Nearly all geothermal power stations are in such areas. 




Geothermal Reservoirs
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Geothermal resources have four important 
characteristics: 

1. A permeable aquifer that contains fluids that is 
accessible by drilling. 

2. An impermeable (nonporous) cap of rock that 
prevents geothermal fluids from escaping. 
Impermeable basement rock that prevents 
downward loss of the fluid. 

3. A heat source need for exploitable geothermal 
resources.

4. Permeability and porosity of the reservoir rocks. 



Geothermal Reservoir
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Classification of Geothermal Resources 
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By Type:
• Low-enthalpy 
• Intermediate-enthalpy 
• High-enthalpy 
By source
• Hot Dry Rock 
• Liquid-Dominated (Hydro thermal) 
• Vapor-Dominated  
• Geopressurized fluids

Presenter
Presentation Notes
Emissions of each type can be observed in nature. If pressure increases by steam formation at deep levels, spectacular geysers may occur
The first power plant using this source was the 3MWe station in Hawaii, completed in 
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Liquid-dominated resources 
•These are the most commons of the hydrothermal 
resources. In a liquid- dominated resource the water is 
the continuous phase. It can be present as vapour but 
also as bubbles. 
•Depending on the temperature and pressure there is 
more or less vapour. 
•The pressure in these resources is fairly low typically 
0.5-1 MPa and the temperature is around 180 °C 

Presenter
Presentation Notes
Emissions of each type can be observed in nature. If pressure increases by steam formation at deep levels, spectacular geysers may occur
The first power plant using this source was the 3MWe station in Hawaii, completed in 
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Vapour-dominated systems 
• liquid water and vapour normally co-exist in the 

reservoir, with vapour as the continuous, pressure-
controlling phase. 

• Geothermal systems of this type, the best- known of 
which are Larderello in Italy and The Geysers in 
California, are somewhat rare, and are high-
temperature systems. 

• They normally produce dry-to- superheated 
• steam. 

Presenter
Presentation Notes
Emissions of each type can be observed in nature. If pressure increases by steam formation at deep levels, spectacular geysers may occur
The first power plant using this source was the 3MWe station in Hawaii, completed in 
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Geopressurized fluids 
•Geopressurised geothermal systems are hot water 
reservoir (aquifer) mixed with dissolved gases like 
methane that can reach 200°C and are under huge 
pressures (50-100 MPa). The depth ranges from 3– 6 km  
and are normally located in sedimentary formations. 
•The resource can be exploited for their thermal energy, 
calorific energy of gases and hydraulic energy due to high 
pressure. The price of electricity generated by 
geopressurised fluids is not competitive when compared 
with conventional resources. 

Presenter
Presentation Notes
Emissions of each type can be observed in nature. If pressure increases by steam formation at deep levels, spectacular geysers may occur
The first power plant using this source was the 3MWe station in Hawaii, completed in 



Classification by Source
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Hot Dry Rock (HDR) 
• High-pressure water is pumped through a specially drilled well 

into a deep body of hot, compact rock, causing its hydraulic 
fracturing. The water permeates these artificial fractures, 
extracting heat from the surrounding rock, which acts as a 
natural reservoir. This 'reservoir' is later penetrated by a second 
well, which is used to extract the heated water. 

• The system therefore consists of (i) the borehole used for 
hydraulic fracturing, through which cold water is injected into 
(ii) the artificial reservoir, and 

• (iii) the borehole used to extract the hot water. 

Presenter
Presentation Notes
Emissions of each type can be observed in nature. If pressure increases by steam formation at deep levels, spectacular geysers may occur
The first power plant using this source was the 3MWe station in Hawaii, completed in 
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Magma 
• These resources offer extremely high-

temperature geothermal opportunities, but 
existing technology does not allow recovery 
of heat. 

• However, in the future there might be 
available them the technology required to 
exploit these resources, and thus might 
become an important resource of energy 

Presenter
Presentation Notes
Emissions of each type can be observed in nature. If pressure increases by steam formation at deep levels, spectacular geysers may occur
The first power plant using this source was the 3MWe station in Hawaii, completed in 



Advantages 
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1. Reserves are enormous- virtually infinite on historical 
scale.

2. Less polluting than combustible fuels or nuclear 
energy.

3. Indigenous resource that can be developed and make 
a country less reliant politically and economically and 
can alleviate the national balance of payments. As a 
rule of thumb; one kilowatt of geothermal base load 
can substitute about 2 tons of oil annually.

4. Highly versatile 
5. Not subject to the variations of the weather.
6. Not labour intensive. 



Disadvantages 
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1. Not many places on the earth that are highly 
suitable for exploit. 

2. Expensive exploration
3. Brines are corrosive and poisonous
4. Complicated reservoir management 
5. Sensitive to underground disturbances 

Presenter
Presentation Notes
Most suited areas are on edges of the tectonic plates, namely areas of high volcanic and tectonic activity. 




Exploration 
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The main objectives of geothermal exploration are: 
1. To identify geothermal phenomena. 
2. To ascertain that a useful geothermal production field exists. 
3. To estimate the size of the resource. 
4. To determine the type of geothermal field. 
5. To locate productive zones. 
6. To determine the heat content of the fluids that will be discharged 
by the wells in the geothermal field. 
7. To compile a body of basic data against which the results of 
future monitoring can be viewed. 
8. To determine the pre-exploitation values of environmentally 
sensitive parameters. 
9. To acquire knowledge of any characteristics that might cause 
problems during field development. 

Presenter
Presentation Notes
Most suited areas are on edges of the tectonic plates, namely areas of high volcanic and tectonic activity. 




Strategies for Assessment of 
Geothermal Resources 
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• Surveys On national, local and site-scale 
• Key parameters: temperature, permeability, volume, 

existing infrastructure 
• Inventory hot springs, temperature in drill holes 
• Satellite imagery and aerial photography 
• Geological and hydrological   Stratigraphy, Lithology 
• porosity permeability Structure modelling
• Geochemical Chemistry of natural Water 
• Geophysical subsurface structure Gravity (porosity) 

,Seismics (structure) ,Magnetic (structure, 
temperature) ,Electric (porosity) Electromagnetic 
(porosity) modeling 

Presenter
Presentation Notes
Most suited areas are on edges of the tectonic plates, namely areas of high volcanic and tectonic activity. 




Utilization of Geothermal Energy 
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Presenter
Presentation Notes
Most suited areas are on edges of the tectonic plates, namely areas of high volcanic and tectonic activity. 
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Presenter
Presentation Notes
Most suited areas are on edges of the tectonic plates, namely areas of high volcanic and tectonic activity. 




Utilization of Geothermal Energy 
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Presenter
Presentation Notes
Most suited areas are on edges of the tectonic plates, namely areas of high volcanic and tectonic activity. 




Environmental Impacts 
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Environmental Impacts 
The most important issues regarding geothermal energy are: 
• Land Used
• Disposal of Drilling Fluids
• Noise 
• Ground subsidence 
• Non-Condensable Gas Emissions and Air Pollution
• Induced Seismicity- Low level earthquakes from withdrawal and re-

injection of fluids 
• Effluent Disposal and Water Pollution 

Presenter
Presentation Notes
Thus a 100MWth geothermal plant might serve an urban area ∼20km×20km at ∼2kW per premises. 




Environmental Impacts 
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Presenter
Presentation Notes
Thus a 100MWth geothermal plant might serve an urban area ∼20km×20km at ∼2kW per premises. 




Geothermal Power Generation
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• Electricity from geothermal energy had a modest 
start in 1904 at Larderello, in the Tuscany region of 
north-western Italy, with an experimental 10 kW 
generator. 

• This electricity production is serving an equivalent 
of 60 million people throughout the world, which is 
about 1% of our planet’s population. 

Presenter
Presentation Notes
Thus a 100MWth geothermal plant might serve an urban area ∼20km×20km at ∼2kW per premises. 
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Presenter
Presentation Notes
Thus a 100MWth geothermal plant might serve an urban area ∼20km×20km at ∼2kW per premises. 
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Presenter
Presentation Notes
Thus a 100MWth geothermal plant might serve an urban area ∼20km×20km at ∼2kW per premises. 




Geothermal Electrical Energy 
Production 
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Presenter
Presentation Notes
Efficiency is strongly affected by non- condensable gases (CO2, H2S, etc) 
The gases cause higher residual pressures at the back end of the turbine 
They reduce the suction efficiency -> direct economical impact 
To avoid the presence of gases the plants are equipped with ejectors which have an impact on efficiency (steam supply or electrical power is required for their operation) 




Space Heating 
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Geothermal Heat Pumps 
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Ground source heat 
pumps (GSHPs) are 
electrically powered 
systems that tap the 
stored energy in the 
earth. These systems 
use the earth's relatively 
constant temperature to 
provide heating, cooling, 
and hot water for homes 
and commercial 
buildings. https://energy.gov/energysaver/geothermal-heat-pumps
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