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Summary. 

climatic conditions, thus it provides opportunity to be exploited. 
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INTRODUCTION

Over the decades, conventional energy will not be able 

to meet the growing world energy demands, mainly due to 

the limited and rapidly dwindling sources of conventional 

fuels. Renewable energy sources and especially geothermal 

-

ing earth and “therme” meaning heat. It is the natural heat 

of the earth which presents a potentially sustainable and 

commercial solution to problems of pollution, green house 

gas emissions, rising prices and long term supply problems 

dry rocks [7]. 

The use of thermal energy stored in hot rocks and ground-

water for recreation and therapeutics has been known since 

ancient times. However, the use of such energy resources to 

produce heat and electricity began with the development of 

drilling techniques and modern geology. It has been proved 

heat and electricity [2].

ability to accumulate, it is pure energy, contributes to the re-

duction of harmful combustion products of fossil fuels used 

for direct application, as well as with other renewable energy 

deterioration of our land, air, and water, which will allow 

The aim of the work was to present the basic information 

also showed.

The increased interest in renewable energy sources 

makes a number of geothermal installations increase rap-

of the total geothermal renewable energy production will 

World geothermal resources are estimated at about 
30

due to the current technical capability and cost-effectiveness 

26

two basic geothermal system types

– hydro-geothermal resources, which are a two-component 

mixture of water and steam, at the temperature ranging 

medium in these formations and the heating agent in 



the layer of rock and after heating up is turned back to 

-

sources can be divided into the following classes:

Taking into account the prospects of geological regions, 

environmental, technical and economic provisions, opera-

tion and use of the potential of geothermal resources, the 

following categories can be distinguished [1]: 

– available geothermal resources,

the total available drilling of geothermal resources. This 

relative to the annual average temperature on the ground 

EDZG = VS × rS × cS Th  – To)/2A -2], (1)

where:

VS
3],

rS -3],

cS °C],

Th °C],

To °C],

A – surface area calculation [m2].

Static energy resources of hydro-geothermal reservoirs 

determine the amount of heat accumulated in the volume of 

free water contained in the pore space or gaps in the rock 

is the total amount of heat stored in the free water and in the 

rock matrix with the respect to the computation surface and 

resources can be calculated as follows: 

EZS A×mp pe rS × cS + 

+ pe × rw × cw TS – To

where:

mp – total volume of aquifers in the reservoir [m],

rS

cS °C],

pe – effective porosity,

rw -3],

cw °C],

A – surface area calculation [m2],

TS – ceiling temperature of geothermal reservoir [°C],

To °C].

resources of a given level or hydro geothermal layers, which 

water (spinner operating system or the operation by using 

one hole). The recoverable portion of geothermal resourc-

es determines the production rate (R
o
), described by the 

formula [4]:

Ro = As/Ac[(Ts – Tz)/(Ts – To

where:

AS – cooled-off operating system [m2],

AC – the total surface area of the operating system [m2],

TS – temperature at the ceiling of hydrothermal reservoir [oC],

TZ– chilled water temperature turned up to the hydrothermal 

To oC].

as follows: 

EZWS = EZS ×Ro

where:

EZS

Ro – factor of production.

areas that promise hope and possibility of economic use of 

geothermal heat [4].

the expression:

EZdysp = Vw TS rw × cw

where:

Vw – nominal capacity of the mining hole [m3 -1],

TS – temperature at the ceiling of hydrothermal reservoir [°C],

rw -3],

Cw °C].

-

othermal water possible to obtain under the geological and 

environmental circumstances with shots of an optimal tech-

nical and economic parameters [1, 4].

In order to evaluate the geothermal reservoirs of re-

sources, dimensionless ratio is calculated called the power 

factor (F)

output (Pwy Pwe):

F = Pwy/Pwe.

The power factor is an indicator which expresses how 

many times the output power of geothermal shot exceeds 

the thermal power, which is an equivalent representation 

of capital expenditure and operating costs of this shot. It is 

assumed that Pwy – the effective power output corresponds 

to the average annual intake capacity of geothermal heat:

Pwy -3 Vw × (TS – TZ)  [W], (7)

where:

Vw – the nominal capacity of potential mining hole [m3 -1],

TS– temperature at the ceiling of hydrothermal reservoir [°C],



TZ– chilled water temperature turned up to the hydrothermal 

level [°C].

The effective power input (Pwe) relates to the capital 

outlay for the construction of geothermal shot and the costs 

of its operating, expressed as an equivalent of thermal power. 

It can be interpreted as the amount of heat that can be ob-

resources:

Pwe -8 (I/t) + Ka ×W/CP  [W], (8)

where:

I

I/t

W

Ka

CP

-

be divided into direct use systems and systems with forced 

– the natural geyser system in which heat-transfer medium 

is extracted to the surface in the form of a geyser,

– the natural hot springs in which heat-transfer medium 

is extracted to the surface in the form of warm, hot or 

overheated geothermal water,

– the natural system in which the heat transfer medium is 

isolated from volcanic outbreaks,

medium under the effect of artesian hydrostatic pressure 

is input into the surface to the operating system,

near the magma,

-

canic or magma a smooth shaft or large-diameter hole 

a result of the outbreak a stream of magma comes to the 

surface and creates a lava lake in a suitably prepared 

container.

The basic elements of the system’s acquisition and de-

– the geothermal deposit – usually in the form of geother-

mal aquifer,

– the access channels to the deposit, that connect the op-

erating level with the surface,

– the liquid heat transfer medium, 

– the underground equipment such as submersible pumps, 

heat exchangers,

– a set of devices that enable the use of geothermal water 

for heating and technological purposes, 

(for the relevant parameters of geothermal water),

– a set of assistive devices in the case of a low-temperature

-

-

othermal intake according to the needs of customers.

channels to geothermal deposits the following can be dis-

tinguished:

of geothermal water with low degree of mineralization 

with artesian pressure,

– the single hole operating system with low degree of 

water mineralization a low degree of mineralization from 

the aquifer and by use of submersible pump, 

– the single hole open operating system of geothermal with 

low degree of water mineralization and by use of sub-

of the deposit near the mining hole,

– the single hole mining and forcing water into the ground 

system used for the extraction of geothermal water with 

high degree of water mineralization. In this case it is 

injected into the bed located above,

– two holes system, which a is closed system used in the 

case of mineralized geothermal waters with two holes: 

mining and forcing water into the ground. 

-

cially generated water permeability, where heat removal 

takes place in a forced water circulation [27].

The effectiveness of the construction of the geother-

expresses the ratio of expenditure of underground works 

(boreholes) to the nominal heat power of geothermal water 

-1

where:

Ko

Nt

The value of Ko is dependent on the depth of aquifer 

Ko aexp(bH

where:

H – hole depth [m],

a and b – the cost factors, the value of which depends, among 

others from the structure and hardness of the rock in 

a drill place.

The nominal heat power of geothermal shot (geothermal 

dublet) can be calculated as follows: 

(T – Tz -7

where:

V 3·h-1],
-3],

cp –

T

Tz



from a geothermal deposit is calculated from the formula 

described by Darcy-Dupuita [28]:

V kmS/ln(R/r)  [m3 -1], (11)

where:

k -1],

m – squashing of geothermal deposit [m],

S – depression of water in the hole [m],

r

R – radius of the cone of depression [m].

It follows from the formula that the amount of extracted 

-

tion properties and volume of rocks forming the geothermal 

water reservoir.

pools and spas, use in agriculture, in water farms, use in 

industrial, heating and cooling facilities, including district 

The use of geothermal water for spas and recreation goes 

back to prehistoric times. Warm bath water is one of the 

oldest procedures used to improve or maintain health [22]. 

Iceland is well known to be the world leader in the use of 

of the area. 27 tys.m2

waters are recommended for diseases of the digestive sys-

tem, nervous system and skin problems. There are many 

medical and thermal baths and spas all over Hungary. For 

example, the thermal spa in Hajduszoblszlo is characterized 

rich in iodine, bromine, sodium chloride, and trace elements. 

The spa is recommended for musculoskeletal disorders, 

arthritis, myositis, hypothyroidism, dermatitis. Slovakia has 

and Oravice of geothermal pools with water temperatures 

Spa tourism and balneotherapy are popular in Turkey. 

disease and hypertension. In Poland, there are currently 7 

form natural sources and wells. They are located in: Cie-

-

There are six sources of water treatment at the temperature 

treatment of the musculoskeletal system, nervous system, 

skin diseases and respiratory diseases [11]. The seven new 

swimming and leisure facilities are created In Poland, in the 

heating and irrigation, as well as for the decay of biomass. 

where normal commercial-scale greenhouses would not be 

cost-effective [25].

and animals. There have been successes in water cultures: 

geothermal heat allows to adjust the temperature of joints, 

thereby optimizing the growth of breeding material. The 

cooling environment stimulates domestic growth, reduces 

the mortality rate of young, increases litter size, allows to 

-

thermal solutions are also used for cleaning, sterilizing and 

drying facilities for the animals, as well as the alternative 

The geothermal heat is used directly in the industrial 

wood construction and dehydration of highly concentrated 

boric acid extraction from geothermal brine (Italy), drying 

of diatomaceous earth (Iceland), processing of wood and 

-

cludes both heating and cooling. Heating by the central 

heating network depends on the delivery hot water or steam 

from a central source to individual buildings, apartment 

blocks by the piping network. Supplied thermal energy is 

used for heating and cooling and for domestic hot water. 

The primary source of heat is geothermal deposit, but de-

pending on the temperature of the geothermal water and 

the demand of consumers, district heating can be supplied 

by the associated system, including fossil fuel and/or heat 

12 countries, including Iceland, France, Poland, Hungary, 

Today, in many countries, especially the United States, 

installed with the ground or ground water (groundwater, 

geothermal heat pumps). 

The temperature of groundwater reservoirs and ground 

heat pumps use ground water or receive heat through bore-



for both heating and cooling. Types of heat pumps which 

and water-to-air pumps.

-

ology – 22%, heat pumps for cooling and heating – 14%, 

countries. The countries which generate more than 15% of 

There are two basic types of geothermal power plants: 

steam power plants and binary plants. In steam power station 

generation of electricity is by using the geothermal water 

vapor. This system is not widely used, because the use of 

this solution is limited to the areas of the world where during 

-

-

mal water is highly mineralized, chemically aggressive and 

medium with temperature is much lower than temperature 

of geothermal water. The technological processes used to 

produce electricity in binary systems are an organic Rankine 

-

thermal water gives off heat in the evaporator, evaporating 

it at the same time. In the case of ORC, there are organic 

geothermal power plants, where production of electricity is 

-

terized by the highest values of electrical power. These are 

the plants situated in Hsaviku (Iceland), in Unterhaching 

generation of electricity takes place in 24 countries around 

of installed power and consumption of heat belongs to cen-

-

front of countries producing electricity in geothermal power 

plants in the world are: the United States, the Philippines, 

making up respectively 14.5% and 18.4% of the “geother-

economically in many parts of the world, both directly 

and indirectly to generate electricity. It provides not just 

generation is completely clean, and releases no harmful 

-

ture, industry, food processing, and for providing heat for 

heating buildings. 

-

mate change as well as in the implementation of sustainable 

energy development. In many countries, it is a promising

source of renewable energy, which in contrast to other re-

newable energy sources is available without restrictions 

throughout the year and not very sensitive to changes in the 

prices of traditional energy in the world markets.

-

liable source of energy and, according to the Declaration 

the world”
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Streszczenie. 

-
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wykorzystania. W artykule przedstawiono podstawowe informa-

energii geotermalnej.


