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Utilization of geothermal energy in Slovakia

Henrieta Pavolova, Katarina Culkov&' and Tomas Bakalat

Higher demand for energy consumption and the ingmme: of environmental issues has encouraged relseeg@nd policy makers to
consider renewable energies more seriously. Engrgebjects, resulting from orientation to energetffectiveness are contributing to
the increase of energetic safety and reduction anemic dependence on unstable prices of gas atrdlgaem during their import.
The contribution studies possible ways of utilatof individual types of renewable energies byahalysis of utilization of geothermal
energy through characteristics of individual arezfsgeothermal energy in Slovakia according to thtensity of heat flow. The results of
the analysis prove that Slovakia has the vast piadeof geothermal energy. There is, therefore,essary to support business activities,
orientated to the energy saving projects.
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Introduction

Currently, research and science are dealing wihfitiding of new, clean sources of energy. Slovdilda
an important potential for geothermal energy duégmatural conditions, which is preliminarily calated to
5,538 MWt according to contemporary researchesrdsents a renewable energy source, spread ierttiterty
which utilization has the importance from the ecoi® as well as the ecological view. Therefore, itfierest of
the state is to create conditions for rapid usihgsopotential. Geothermal energy is using heahin effective
output of 142.75 MWt of geothermal water in 36 Iidtzs of Slovakia. Sources of geothermal energy in
Slovakia are presented mainly by geothermal watéized in agriculture, heating and recreation.

Energetic projects, resulting from orientation teeegetic effectiveness are contributing to the éasing
energetic safety and reduction of economic deperedem unstable prices of gas and petroleum dutieg t
import. Saving of energy for companies and housiholeans lower costs for providing energetic needsby
this way, a direct or indirect increase in competitess and quality of inhabitants’ life.

The present state of problem

Higher demand for energy consumption and the inamoe of environmental issues has encouraged
researchers and policy makers to consider renevesigiggies more seriously. The European Union heading
role in the world due to its strong commitmentrioreasing renewable energy sources as for the \esgstem
change. The success of such long-term project negjuiirst of all, a stable political framework, Mgilored
support system of finances, technical background administrative, and by this way, it can overcome
the obstacles existing in distorted energy markeegardless their high potential, renewable eneeggurces
are insufficiently exploited in Europe (Menegakil2). Geothermal resources represent a green esergge
that can make a considerable contribution in somenties. For example, Japan has the third ranking
geothermal energy potential, and its geothermattedity production is currently eighth in the wdrl
(Jalilinasrabady and Itoi 2013). Countries mustreéifore, have policies that give a legal basigHergeothermal
energy to produce electricity. There are differgrgnarios to assess the attractiveness of geothierraatment
to attract private investors to participate. (NasuR012).

Due to the rapidly increasing percentage of theugaijpn living in urban centers, there is a needotus
on the energy demand of these cities and the ussnefvable energies instead of fossil fuels (Sctial. 2016).
Around 50 % of the urban population currently livesareas of medium aquifer thermal energy sto(&géeS)
suitability, a percentage that will remain constdd¢mand for ATES is likely to exceed available swiace
space in a significant part of the urban area. @@sand regions, where regulation and stimulatr@asures
may increase application of ATES technologies dmu thelp reduce G&emissions, are identified. These two
preconditions can be combined to identify wher¢him world ATES potential is present, or will be ggat as
a consequence of climate change. (Bloemendal 204b)

Schiel et al. (2016) developed a model to deterrttieepotential per parcel for using shallow geatier
energy and calculated the percentage of the emEngyand that could be supplied by geothermal en&gg.to
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the geothermal energy usage, there is necessadetBymine the requirements and parameters governing
the development of shallow geothermal energy ieféinient and safe manner. Luo et al. (2015) matitérally
quantified a geothermal heat exchange system amglatied and modeled it to understand heat transfignd
strata deformation taking into account the grourtdwdeakage and temperature fields, as well as land
subsidence.

Ratlamwala and Dincer (2012) focused on a comparassessment of multi-flash (single to quintuple)
geothermal power generating systems integrated eléttrolysis through three definitions of energg &xergy
efficiencies. They varied operating parameters saghmbient temperature and geothermal source tatope
to investigate their effects on the respectivecedficies of individual and integrated systems andllfy studied
the effect of increasing the number of flashingsten the efficiencies.

The other parameters were investigated by Tomaszews al. (2014). In their study, they calculated
an energy efficiency and an economic analysis, detnated that the cost-effectiveness of implementin
the process in a geothermal system on an industéé largely depends on the factors relatedstogeration,
without limitation the amount of geothermal watettracted, water salinity, the absorption parametsrs
the wells used to inject water back into the foiorgtthe scale of problems related to the dispo$alooled
water, local demand for drinking and household watte. The economic efficiency was also studiedAbli
and Dincer (2014), who created a new multigenematimtegrated geothermal-solar system to prodiemtrecal
power, cooling, space heating, hot water and h@aihtlustrial use. They also conducted a paramstrudy to
investigate the effects of operating conditions endronment parameters on the system performance.

For research and utilization of geothermal souitds necessary to estimate also deep groundwater
temperature. Best thermal waters (temperatures ¥8on°C to 160 °C) for the purpose are locatechangpa,
which presents another area of research of geottheesource utilization (Stojko¥iet al. 2013).

Methods

In order to summarize the characteristics of irdliagl areas of geothermal energy in Slovakia,
a classification of geothermal activity accordinghe intensity of heat flow was used (Tab. 1).

Tab. 1. Classification of geothermal activity, aating to the intensity of heat flow (Franko etl@B5).

Value of [hnfa}.fr';?;’]" intensity Geothermal activity
<10 very marginal
10-20 marginal
20-30 rather marginal
30-40 very low
40-50 low
50-60 rather low
60-70 average
70-80 rather increased
80-90 increased

90-100 very increased
100-110 rather high
110-120 high

> 120 very high

Classification of geothermal energy is also madempmplex of the country area. Triassic dolomiid a
limestone complexes are among spatially large$¢colrs of geothermal water in Slovakia in the iing part of
Western Carpathian. Springs of geothermal watéginate from these carbonates. From the area vieagene
sand and clastics are in the second place, anditma@dad pyroclastics are in the third place. Ftbenview of
the lithologic development of flysch and cliff arehere is practically no geothermal water in theaa Water
beds are extended to 25 or 26 limited geothermadsarGeothermal activity is given to the areas raicg to
the value of heat flow intensity (Tab. 2).

According to the world trend geothermal water wagded into three groups:

1. high-temperature waters with surface temperatues 80 °C (reservoir water over 180 °C),
2. medium-temperature waters with surface temperdid@e150 ° C (reservoir water 130-180°C),
3. low-temperature waters with surface temperatureeut@0 °C (reservoir water under 130 °C)

Sources of geothermal energy were classified agugrtb the criteria, regarding their physical and
chemical characteristics or geological processesoimnection with their origin. According to the &/pf
temperature regimes in the frame of the Earth, #reydivided by Wright and Culver (2000). Tablehdws
a review of classification according to variousheus during geothermal energy classification bygerature.
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Tab. 2. Classification of limited geothermal areascording to the value of heat flow intensity.

Valuﬁr?\l;vhr?f% flow Limited areas
120-100 BeSa -Cicarovce
110-80 KoSice Basin
100-90 Central Slovakian neo vulcanite (southeastary)
100-70 Central Slovakian neo vulcanite (northwesitbry)
90-100 Levice block (Dubnice depression)
90-70 Central depression
80-70 Humenné Ridge, Hornostrharsko-Téské dep_ression, Hornonitriansk& Basin, Komjatice
depression
80-60 Levoca Basjn (west part)
levoga Basin (north part)
Trnava, PieS&any Creeks,
70-60 Trergin, llava, Banovce, Turiec, Rimava Basins,
Koméarno block
70-45 Vienna shell
approximately 60 Zilina Basin, Skorusiny Hill, Lipt Basin, Komarno block
Tab. 3. Review of classification of geothermakgnpsources, according to a temperature of watarnderground stocks
Author Muffler-Cataldi Hochstein Benderitter-Cormy Mavrickij et al . Haenel et al
(1978) (1990) (1990) (1997) (1988)
Low temperature to 90 to 125 to 100 to 70 to 150
Medium 90-150 125-225 100-200 70-100
temperature
High temperature over 150 over 225 over 200 over 100 over 150

Potential of geothermal water is calculated acewydo the temperature regime of the earth's cwisich
influenced the depth of 1.5-40 m mainly by the msigy of solar radiation in various annual perio@bis

influence is decreasing with growing depth. Thegemture of the ground in the depth H can be egpreby
the following equation:

t, =t +(H +g,)xh™, 1)
where
ty—medium temperature of air in the area (K)
H — depth (m)

h, — depth of the layer of fixed annual temperatures (m)
g: — geothermic level (m.K)
ty —temperature of ground in depth H (m)

The majority of data that were available for geaoti@ potential determination were obtained from
unsuccessful experimental boreholes during therfandf earth gas and oil.

Results

Geothermal energy has a vast potential similarytfrdpower, and it presents approximately 21,456nTJ
Slovakia annually. Slovakia has very good condgifor development and using of this RES (Pavoldval.e
2011). The performance of heat from geothermal mai® around 70 MW.m The geothermal gradient of
Slovak sources achieves an average of 37 K, kuhich is more than the worldwide average of 3knk>. There
are 26 localities in Slovakia with sources of geothal waters, with temperature 25 — 150 °C. Theptmature
of the water is proper for cascade using duringskbalds heating, as well as for using in agriceltand
industry. The total energetic thermal potentiarisund 5 538 MWt. At 40 % using of the potentibgre should
be produced 2 200 MW1 of thermal energy. At presenly 5.4 % of the identified technically usefudtpntial
of geothermal energy is used, mainly in the arededt. The technically useful potential for productof
electricity represents only 0.06 TWh per year. nesusing of the potential is only 44 kW in two dima
co-generation units, burning gas from a geothesualce in the city of Koméarno with an annual prdahrcof
0.0035 TWh. Further potential from this RES is préed by the project in the KoSice Basin with eleat
performance of 5 MW and expected annual electrgibduction of 0.04 TWh, but this project was reslized

due to the extremely high cost of geological reseand mining. These are the basic limiting coodai for
further use of the potential (Tab. 4).

Tab. 4. Potential of thermal energy from geothdrwaters in Slovakia (MWt), regenerated and with@generation.

Regenerated Without regeneration
Probable Verified Predicted Probable Verified Predcted
321 147 85 4,511 29 445
The total potential of available geothermal energys 5,538 MWt
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The total potential of energy from a renewable gpesource that is possible to change to other favfns
energy per one year, and its volume, is given liyrahconditions. As for its characteristics, ituischangeable
from the short term and middle term view. Technijcavailable potential, which can be used during
establishment of available technology, is limitgdaoiministrative, legislative and environmentaltabkes.

Division of various types of potential, accordirgthe volume of produced energy in the form of feaat
electricity, is illustrated in Table 5.

Tab. 5. Potential of geothermal energy, compargl ather RES in Slovakia, in TJ (2012).

Source '_I'echnlcally . Present using Available potential Econor_mc Market potential
available potential potential
Sl 22,680 1,224 21,456 8,424 4,355
energy
Wind energy 2,178 0 2,178 505 150
Solar energy 18,720 25 18,695 4,460 1,270
Small water power 3,722 727 2,995 749 299
plants
Biomass 40,452 12,683 27,770 11,868 2,932
Total 87,754 14,659 73,094 26,006 9,006

According to Table, the value of available potdniacurrently used only in 20 %. It presents aueabf
the economic potential of approximately only 36 #6ni the total available potential of renewable gger
sources in Slovakia. The position of current leggieh against renewable energy sources expressdasthdata
in Table, which means the value of market potertiat corresponds approximately to 12 % of the lakbe
potential at present prices of technologies, rdmse prices of energy and support tools for theofisenewable
energy sources. Considering that geothermal enangybiomass generally have the highest energy tiaten
and they contribute to the production of heat epeitgs not amazing that heat potential is higtiem electric.
For all sources, there is the available potentidl75 % for electricity production from total aladle potential,
while the market potential of electricity is 12.3d¥the total market potential.

While the economic potential of heat represent8 36.of available potential, it is only 27.6 % oéefric
energy. This trend is also approved by figures ftbenmarket potential that is 13.1 % of availabi¢eptial of
heat while it is only 8.9 % for electricity. Thisut be explained by the problematic realization fodtpvoltaic
systems and wind power plants on a large scalen8idn of individual types of geothermal waterdinmted
areas is mentioned in Table 6.

After deduction of average annual air temperatdiré T in Slovakia from the temperature at the Hegit
1,000 m, the remaining temperature approximatelyresponds with an average geothermal gradient.
Geothermal waters can be divided into basic typas the view of chemical structure (Puchala 2008):

* relict sea waters,

«  highly mineralized geothermal waters,

e petrogenic geothermal waters with total mineraloratip to 5 g per liter,
* geothermal waters of mixed genesis with comple@nibal structure.

Tab. 6. Ranking of limited geothermal areas, adowy to the temperature at the depth of 1000 m.

Temperattlorg]m 1,000 m Limited areas
> 65 Besa Cicarovce, Levice block (Dubnice depression)
65-45 KoSice Basin
60-40 Central Slovakian neo vulcanite (southeastdey), Central Slovakian neo vulcanite
(northwest territory), Komjatice depression
50-45 Humenné Ridge, central depression
50-40 Komarno block, Hornostrharsko-Téské depression
50-35 Vienna block, Trnava, Hornonitrianské, Paeska Basins, Turiec, Komarno blocks
45-30 Banovce, Liptov, Lewa Basins, Levéa — west block, south and north part
40-30 SkoruSiny block
35-30 Trendin, llava, Zilina Basins
40-20 Komarno block

Geothermal water with a temperature of 15-90 °@mfthe view of energy, is a very convenient source
for heat pumps, but the basic disadvantages ange high investment cost for its obtaining (drillifple to
the depth of several km), and high level of cownsiand its availability at the place of appearance.
The convenient solution would be the use of geatlaéwater with high temperature, first of all fdstaining of
heat directly in heat converters “water-water” aathsequently during its cooling to 15-25 °C, a®arse for
heat pumps. (Tometz and Dugé 2010). Type of geothermal water according totéineperature is illustrated in
Table 7.
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Tab. 7. Depths of water beds of geothermal watteelation to their surface temperature.

Type of geothermal waters Limited areas Depths[vr\T/]z]ater beds
Humgznné Rift 5,000-6,000
) o BeSaCicarovce 3,500-5,000
High temperature (over 150 °C) Sdiar Basin 5.000-6.000
Vienna block 5,000-7,000
Besa -Cicarovce 2,500-3,000
KoSice Basin 2,500-3,000
Central depression of Dunaj block 3,000-4,000
Medium temperature (100-150 °C) Humenné Rift, Levéa block 4,000-6,000
Zilina, llava, Trerin Basins 5,000-6,000
Trnava and Pig&ny creek 4,000-5,000
Vienna block 4,000-6,000
Komarno block 100-3,500
Central depression of Dunaj block 1,000-3,000
Banovce Basin 100-3,500
Trnava and Pig&ny creeks 1,000-4,000
Central Slovakian neo vulcanite NW+SE 1,000-4,000
Hornonitrianska Basin 1,500-2,500
Turiec Basin 1,000-3,000
Zilina Basin 1,000-5,000
SkoruSina Depression 100-25,000
Liptov Basin 1,000-4,000
Low temperature (under 100 °C) Levoca Block (west and south part) 500-4,000
Horna Nitra depression 500-600
Rimava Basin 150-1,500
Trengin and llava Basins 1,000-5,000
Block Levata (north part) 1,000-2,000
Komarno block 1,000-2,500
Vienna block 2,000-4,000
Komjatice depression 2,000-3,000
Levaga block 1,500-4,000
Besa Cicarovce 1,000-2,500
KoSice Basin 1,000-2,500
Discussion

Geothermal sources present such part of the gen#themergy of solid, liquid or gas phase of theleésr
crust that can be economically mined and utilizgccbrrently available technologies for energetijustrial,
agricultural, balneal, technical, and recreatiaehabilitation purposes. The source of the enesgiheé recent
heat of Earth, heat that is decreasing during #uioactive ground destruction and during movemdnt o
lithospheric plates, which is accompanied by volcaactivity and earthquake. From this view, geotar
energy is considered as a renewable energy soN&i¢ 2009).

In Slovakia the following division of geothermalwoes of geothermal energy is usetllkova and
Teplicka 2008):

e low temperature — of 20-100 °C,
«  medium temperature — of 100 - 150 °C,
e high temperature — of over 150 °C.

Sources of geothermal energy generally appearunr@in forms: hydrothermal system, geo-compressed
zones, dry heat of the ground (hot, dry rock) ardymatic sources. Available geothermal sourcesrapdaices
where there is relatively slight earth's crustwhiere it is invaded by tectonic movements and votcactivity
during 10 million years also with its volcanic eftions and recent volcanic activity (Duleba andaidvéa
2009).

From a total volume of energy that is annually econed in Slovakia, almost half is falling into
the industry, almost fifth into households, the tnfifth into providing of agricultural productionnd services
and residual into the transport. Average househektls probably 60 % of energy due to the heat eompit,
around 30 % for heat water supplement and 10 %tHeroperation of appliances in the household. When
considering family or community as an economic ,uthiére is the natural way how to deal with it -dexrease
energy costs from short-term as well as the longrtéew. Using of geothermal waters in Slovakidlisstrated
by Fig. 1 and 2.
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Fig.1. Using of geothermal water in Slova, according to the installed performandd\}V].

Geothermal water is not always used only in heasecondaryuse of water is in supply to other heat
systems. In thease of swimming pools and s, there is directising of geothermal water, which means -
geothermal water is filling to pools directly fror the drill hole. The mjority of localities with using o
geothermal water is in Trnava Distri

M Heating of
building
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Fig.2. Using of geothermal water in Slova, according to the annual consumption of endrfy per year].

Except heating in the systettiere isalsopossible to prepare heat service water for habitagind stear
used for technological purposeshaspitals. By this installationit is possible to provide heat for habitation ¢
to improve theliving environment in the city, where ct is not used For example one of the localitie
providing heat for wholéabitation an a hospital with a health center, is in Galanta.

From the view of providinglecreaseienergetiademand, presenting one of the main goals of ¢ policy
in Slovakia, there is necessary to follow up pasds how to support eney projects together with the
personal, program and finaatsustainability (Hakéova et al 2013).

As for the following of financial situation, it inecessary to orientate to support of business itieti
financing, orientated to the energgving measurements, for example fincaneffective way offinancing.

At presentit is possible to use various operaal programs in the forrof structural fund for financing
energyprojects, various specialized donati financed from thestate’s budget, or international programs
funds.

Geothermal energy is usdidrougt its bearers — geothermal waters and stedtost known external ar
clearreflection of this energy means volcanic activitgnnected with seismic territori— most active zones in
the earth's crust. The second béstble manifestatin of geothermal energy means springs of steam ah
waters, which are also connectedhese zone:

Using of geothermal energy has several advantdydsija and Listiova 2009)

e presents domestic source,

* is rather cheaper than fossil fue

* decreases the dangefrliving environmenithreateningoy reduction of transport, elaboration and usin
fossil fuels (accidents during construct service of gas and gas prodaticks, stock economy, emissio

* enables managing of energy pric

*  service ofgeothermal energy is secure with minimal impadiving environment and soil occupatit
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Conclusion

One of the priorities of the state’s policy is theport of business, orientated to increasing efgatic
effectiveness, production, and consumption of endBy this way, business is more and more oriedtad¢her
to environmental appeal, as the quality of thedimatic changes and management of sources wiplonbynity
for regional development through investing in regi@nd communities, the opportunity for a job, dasing of
production cost, the growth of competition advaetgetc.

However, it is not possible to achieve this goathaiit a necessary financial mechanism, supporting
effective and environmental business with energyrces. Energetic projects that result from oriéatato
energetic effectiveness contribute to the incredsnergetic safety, and they decrease dependenoestable
prices of gas and oil during import.

As for the companies, services, and householdsyvimg of energy means lower costs for providing of
energy needs and by this way direct or indirecreasing of competitiveness, as well as the quatity
inhabitants’ life.
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