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Geothermal energy

• The center of the Earth is around 6000 degrees Celsius -
easily hot enough to melt rock. 

• The name "geothermal" comes from two Greek words: 
"geo" means "Earth" and "thermal" means "heat".

• Even a few kilometers down, the temperature can be over 
250 degrees Celsius.

• In general, the temperature rises one degree Celsius for 
every 30 - 50 meters you go down, but this does vary 
depending on location.



• In volcanic areas, molten rock can be very close to 

the surface. Sometimes we can use that heat.



• Hot rocks underground heat water to produce 

steam.

• We drill holes down to the hot region, steam 

comes up, is purified and used to drive 

turbines, which drive electric generators.



The first geothermal power station 
was built at Landrello ( in 1911), in 
Italy, 

and the second was at Wairekei (in 
1958 ) in New Zealand. 

Others are in Iceland, Japan, the Philippines and the 

United States.

In Iceland, geothermal heat is used to heat houses as 

well as for generating electricity.

If the rocks aren't hot enough to produce steam we can 

sometimes still use the energy as part of a district 

heating scheme with thousands of customers.



• Geothermal energy is an important resource in 

volcanically active places such as Iceland and New 

Zealand.

• How useful it is depends on how hot the water gets. 

This depends on how hot the rocks were to start with, 

and how much water we pump down to them.



Few facts:

1. Geothermal energy is the renewable source of energy because energy 
is produced continuously inside the earth.

2. Geothermal energy is clean and safe and today supplies less than 
10% of world energy.

3. U.S, Iceland, France, Russia, New Zealand, Mexico, Costa Rica, 
Indonesia, Philippines, Japan and Portugal are the top nations where 
geothermal power is generated.

4. The positioning of geothermal power stations is greatly affected by 
geological activity. Areas with active volcanoes and earthquakes are 
most suitable to extract geothermal energy.

5. Geothermal energy can be found in the form of volcanoes, hot 
springs and geysers.



Few facts:

6. Basically three types of geothermal plants to extract 
energy from beneath the earth: 

• Dry steam,

• Flash steam, 

• and Binary power plant.

7. Geothermal energy is one of the greatest sources of 
energy available on the planet but due the geological 
reasons, we are not able to harness the energy everywhere.



• https://www.youtube.com/watch?v=kjpp2MQ
ffnw



Dry steam stations are the 

simplest and oldest design. 

They directly use geothermal 

steam of 150 °C or greater to 

turn turbines. Then, in a 

condenser, the water cools, 

then is emitted back into the 

soil.

Dry steam station



• Flash steam stations pull deep, high-
pressure hot water into lower-pressure 
tanks and use the resulting flashed steam to 
drive turbines. They require fluid 
temperatures of at least 180 °C, usually 
more. 

• This is the most common type of station in 
operation today. Flash Steam plants use 
geothermal reservoirs of water with 
temperatures greater than 360 °F (182 °C). 

• The hot water flows up through wells in 
the ground under its own pressure. As it 
flows upward, the pressure decreases and 
some of the hot water boils into steam. 

• The steam is then separated from the water 
and used to power a turbine/generator. Any 
leftover water and condensed steam may 
be injected back into the reservoir, making 
this a potentially sustainable resource.



Country Usage (MWt) 2015

United States 17,415.91

Lithuania 94.60 

Indonesia 2.30

Mexico 155.82

Italy 1,014.00

New Zealand 487.45

Iceland 2,040.00

Japan 2,186.17

Iran 81.50

Kenya 22.40

Russia 308.20

Turkey 2,886.30

Guatemala 2.31

Portugal 35.20

China 17,870.00

France 2,346.90

Germany 2,848.60

Austria 903.40

Summary of direct-use data worldwide, 2015

(Source: Direct Utilization of Geothermal Energy 2015 Worldwide Review)
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Significant Contributions of Direct-Use Geothermal Energy to a Country’s Economy.

Source : John W. Lund and Tonya L. Boyd. Direct Utilization of Geothermal Energy 2015 Worldwide Review 



Advantages

•Geothermal energy does not produce any pollution, and does not contribute to 
the greenhouse effect.

•The power stations do not take up much room, so there is not much impact on 
the environment.

•No fuel is needed.

Disadvantages

• The problem is that there are not many places where you can build a 
geothermal power station.

• You need hot rocks of a suitable type, at a depth where we can drill down 
to them.

• The type of rock above is also important, it must be of a type that we can 
easily drill through.

• Hazardous gases and minerals may come up from underground, and can be 
difficult to safely dispose of.



Installed capacity in 2015 worldwide

Source: Geothermal Power Generation in the World 2010-2014 Update Report, Ruggero

Bertani





• Lithuania contains large hydrogeothermal resources 

confined mainly to major Cambrian and Lower 

Devonian siliclastic reservoirs comprised by up to 2 

km thick sedimentary pile of the Baltic sedimentary 

basin, covering the Early Precambrian crystalline 

basement of the East European Craton. 

Source: Feliksas Zinevicius, Saulius Sliaupa, Arunas Mazintas, Vytautas Dagilis. 

Geothermal Energy Use in Lithuania. 2015



Distribution of temperatures >35oC of Cambrian geothermal aquifer. Potential towns for 

district heating are indicated.



The number of 

small-scale ground 

source heat pump 

systems in 

Lithuania is 

growing.

Source: Feliksas Zinevicius, Saulius Sliaupa, Arunas Mazintas, Vytautas Dagilis. 

Geothermal Energy Use in Lithuania. 2015



Klaipeda Geothermal Demonstration Plant (KGDP)

• The usage of geothermal resources for district 
heating started in 2000 in Klaipeda. The absorption 
heat pumps use a lithium bromide (LiBr) solution. 

• Low-temperature geothermal heat is extracted from 
the geothermal water of the Devonian aquifer. 

• The plant capacity is confirmed by the State 
Commission at 35 MWt (geothermal part – 13.6 
MWt). 





KGDP is still solving difficulties of injection and 

struggling in the market, as a result, operation in only 

during the heating season.



Investigation of hydrodynamic processes in geothermal 

system

• Mathematical models were developed for a deep suction 
multi-stage centrifugal pump and a piping system. 

• The mathematical models were used to evaluate the gas 
(nitrogen) release from fluid and its effect on hydrodynamic 
processes. 

• Through conducted experimental research and by applying 
mathematical modelling, it has been observed that the gas 
content in fluid increases the pressure and flow pulsations 
within a centrifugal pump. 

• Variation in height of a water column during the process of 
extraction has influence on characteristics of multistage 
centrifugal pump in wells.



A geothermal borehole

• The total depth of the well is 1135 m.

• The deep multi-stage centrifugal 
pump (DMSCP) is setting at 300 m 
deep down the well. DMSCP is 
connected to a column pipe with a 
length of 300 m., and inner diameter 
of which is 0.178 m. 

• The strainer is located at the bottom 
of the borehole which causes a 
pressure loss . The pump and 
asynchronous motor are shown as one 
unit in the scheme.

• The geothermal water column height  
is measured from the inlet of the 
suction pipe to geothermal water level 
of the borehole.



• The process is based on a closed circuit principle. 
Geothermal water from a depth of 1135 m is brought up 
using a submersible pump. 

• The water initially flows through the filters and 
absorption heat pumps. 

• The water is additional heated and supplied to the town 
central heating system, and finally, the water, using the 
injection pump, returns to the depths. 

• A high quantity of dissolved gas is present in the 
geothermal water. The quantity of dissolved gas 
increases when the pressure of water decreases.



Investigation of the actual geothermal systems revealed 

the following problems:

• The dynamic water level, which changes during the 

transitional process (starting and stopping the pump) 

in a borehole has influence on normal operating 

conditions of the geothermal system.

• Geothermal fluid is characterized by ever-changing 

properties due to a changing pressure and volume of 

released gas. 



• Gassing of geothermal water occurs especially when 

the pressure is 2.0 MPa and less.

• Characteristics of the deep centrifugal pump ensures 

transportation of water, however, a liquid-gas mixture 

causes unstable work (Bogdevicius, et al. 2013) and 

increases pressure and flow pulsations. 

• This problem can be partially solved by maintaining 

the pressure above the water column in the borehole.



• In order to extract higher quantities of geothermal 

water from the depths, a centrifugal pump is setting at 

300 m deep. However, during the operation the 

geothermal water level varies (by about 150 m). After 

the gas release in water, the liquid becomes 

compressible and efficiency of the centrifugal pump 

reduces. 

• Then, the mass of fluid changes in each stage of the 

pump, the pressure and flow pulsations occur and 

vibration of mechanical elements is stimulated and 

cavitation can be generated.



• Geothermal water is supplied from a borehole at a 

pressure of 1.2-1.4 MPa. Then, the extracted water 

releases the heat (geothermal fluid temperature is 

decreased by 25 K) and after that the water is 

supplied to the centrifugal pumps, which return the 

extracted geothermal water into the depth. When 

pressure of the geothermal water is 1.2-1.4 MPa, then 

operation of injection pumps also changes due to a 

certain amount of gas.



The deep multi-stage centrifugal pump (DMSCP)



• Equation system of the mechanical system of 

the deep centrifugal pump:

   
   

   

   

   

 

 








































.

...

;

...

;

;

1,1

1,1

11,11,

1,11,1

232233223

1212121222

12112211211

MMMMM

MMMMMM

kkkkkkkkk

kkkkkkkkkk

R

MC

kI

MCk

CkI

MCk

CkI

MckMI































Mathematical model of well with a deep multi-stage 

centrifugal pump

• A combined mathematical model of the system was 
developed in order to investigate the hydrodynamic 
and thermodynamic processes occurring in the 
borehole. 

• This mathematical model consists of equations, 
describing dynamics of the geothermal water level in 
wells, gas (nitrogen, N2) present above the 
geothermal water level in well, pressure changes, the 
asynchronous motor’s torque variation, change in 
DMSCP and flow of geothermal water in the column 
pipe.



The mathematical model evaluates:

• dynamic characteristics of the asynchronous motor, 

• hydrodynamic properties of the deep borehole (well’s 
productivity); 

• pressure at the pump inlet; 

• pressure loss in each stage of the pump; 

• change in pressure, 

• temperature and flow rate of the deep water in every stage;

• release of gas and their impact on the physical and 
mechanical properties of the geothermal water;

• hydrodynamic effect of the bore’s column pipe on pump 
operation.



Physical properties of geothermal water

• Experimental research 
allows identifying the 
change in properties of 
geothermal water 
depending on pressure 
and amount of released 
gas. Density of 
geothermal fluid is 
considered as density of 
liquid and gas mixture. 



• Geothermal water has specific chemical and physical 

characteristics that affect the processes;

• Different chemical compound of geothermal water 

could induce corrosion of piping;

• In this case, high quantity of dissolved gases is the 

present case in geothermal water. Most of them are 

nitrogen gases, which make over 90% of all the gas. 



Gas (N2) released from the geothermal water depends 

on the pressure, when the pressure P is higher than 

amount of gas is lower.  

The time derivative of fluid density is equal to:

    Tapa TpSggS
   1





• Geothermal water level and 

pressure change in the borehole

• The equation of water column 

height  variation is equal to:
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Flow rate of well:

Variation in gas pressure is described by the equation:
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The geothermal water flow  entering the pump is 

described by the equation:
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The geothermal water pressure, temperature and water 

flow in the volume  of the first stage are described by 

the equations:
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Mathematical model of the asynchronous motor of 

DMSCP



System of equations of the column pipe

• The one-dimensional non-stationary non-isothermal 

movement of viscous and compressible geothermal 

fluid   in the variable cross sectional S(x) area of the 

pipeline is studied, i.e., when the geothermal fluid 

velocity vector is directed along the axis of a pipeline, 

and pressure, velocity and temperature changes in 

time and along the axis of the pipeline (coordinate ). 

• Equation of the geothermal fluid continuity can be 

written in a differential form as follows:

       xFvxS
x

xS
t

1












Numerical analysis of the hydrodynamic processes

Dependencies of pressure in the 1-st, 10-th and 16-th stages of 

centrifugal pump



Calculation scheme of geothermal system was created for the 

numerical analysis











• Experimental measurements of existing pump of the 

flow rate and the pressure 
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