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Introduction  

The name « geothermal » is derived from two Greek words: geo which means earth 

and thermos (which means heat). This indicates that the geothermal energy is the 

energy provided by the heat inside the earth. In fact, the term “geothermal energy” 

covers both the science that studies the earth’s internal phenomena and the 

industrial processes developed to exploit hot fluid to generate electricity and 

heating. 

This lesson aims at answering the next questions: Which earth phenomena generate 

the Geothermal Energy? and How many types of geothermal systems could be 

identified and located in the world? 

 

Which earth phenomena generate the Geothermal 

Energy?  

Since 4.55 billions of years, the geothermal energy of the Earth is constantly supplied 

by the decay of natural radioactive elements from rocks: 

uranium, thorium, potassium, which provides around 90% of the produced energy. 

The heat is function of the chemical rock components: for example the heat is three 

times greater for granites than for basalts.   

At the centre of the earth, an enormous energy is concentrated into the core: this is 

the potential energy from the planet’s condensation. This temperature is estimated 

ranging greater than five thousands degrees. The core is surrounded by the molten 

rocks of the mantle with temperature range from three thousand to one thousand 

degrees.  

Geothermal Gradient 

The rate of increase in temperature per depth unit in the Earth is called the 

geothermal gradient.  

Inside the core, the geothermal gradient is less than 0.3 degree per km and increases 

until 0.5 degree per km within the mantle.  

This gradient is much more important in the lithosphere. The mean value is around 

thirty degrees per km of depth, near the surface in most areas of the world. This 

gradient varies from place to place, and sometimes increases dramatically 

around volcanic areas.  
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The total global energy output, resulting from nuclear activity and cooling of the 

mantle and the core, is around 46 TW, which is three times more than the today 

world energy consumption, around 15 TW per year. The thermal energy of the Earth is 

enormous but only a fraction can be used for human activities. 
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Heat Energy Transfer Mechanisms  

Conduction  

Conduction is one of the main ways of energy transfer and it’s the process by which 

heat energy is transmitted through collisions between neighboring atoms or 

molecules. Conduction occurs more readily in solids and liquids, where the particles 

are closer together. The larger is the temperature difference between the 

substances in contact, the higher is the rate of energy transfer by conduction. 

Convection 

Convection is the process of heat transfer from one place to another by the 

movement of fluids. This is the dominant form of heat transfer in liquids and gases 

where particles are further apart and disseminated.  

 

Geothermal systems 

As the heat flow is not regularly distributed in the lithosphere, it is important to locate 

the high geothermal potential zones by clearly identifying various types of 

geothermal systems. Geothermal systems can be characterized by site-specific 

variables such as the nature and depth of the heat source; the dominant heat 

transfer mechanism and the fluid and rock properties. A geothermal reservoir is a 

volume of rocks in the subsurface which exploitation in terms of heat can be 

economically profitable.  

 

In the case of high temperature geothermal systems, the underground waters are 

very hot, over two thousand degrees and the heat flow is three to four times higher 

than the normal one. These systems are generally linked with magma intrusions. They 
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are most often situated inside or close to volcanic complexes, at plate boundaries or 

in hot spots. 

Medium temperature systems are usually found in zones adjacent to high 

temperature resources. The geothermal fluid temperature varies from 100°C to 

200°C.  Here geothermal water has circulated in aquifers located at deep depths of 

2 to 5 km mostly through vertical fractures. Geysers are natural proofs of this 

geothermal activity.  

Low temperature systems below one hundred degrees are found in many of the 

major sedimentary basins at great depths or in areas with geothermal gradients 

above the average value of thirty degrees. Resources of geothermal systems range 

from relatively hot water to steam. The highest temperature energy above 180°C is 

mainly used to drive turbines and generate power. Below 150°C, geothermal energy 

is mainly used for direct heating and in a wide variety of very local applications: 

production of domestic hot water for houses and local industry activities.  

Conclusion 

The heat energy from earth is at the origin of the geothermal energy phenomena. 

Geothermal energy is characterized by the flux and the gradients which vary with 

earth structure and world regions. High and, in some specific conditions, medium 

temperature geothermal systems can be developed for power production. Low 

temperature systems are only exploited locally for direct heat production. 

 

 

 


