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Geothermal energy of Slovakia
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Abstract, The geologic setting of Slovakia is favourable
for the occurrence of geothermal - energy sources to the
south of the Klippen Belt, i. e. in the Inner Western Car-
pathians. 26 areas or structures with geothermal waters
have been outlined in this zone. Temperatures at a depth
of 1000 m average 46 °C (ranging from 20-72 °C) and at
2000 m 87 °C (46-120 °C). The mean value of heat flow
density is 81.8 + 20.6 mW/m’ The total thermal —
energy potential of geothermal waters in all prospective
areas amounts to 6608 MWt. Geothermal waters are used
for space heating, recreation and swimming pools in 35
localities. Their combined discharge is 601 /s and re-
coverable thermal power 83 MWt

Key words: hydrogeothermal conditions, geothermal
areas, geothermal waters, boreholes, geothermal - en-
ergy potential

Fig. 1, Table 2

The Western Carpathians, which occupy the
territory of Slovakia, consist of an Alpine folded
mountain system and Tertiary basins. The mountain
system is divided lengthwise by the Klippen Belt into
the Outer (Flysh Belt — Paleogene sediments) and
Inner Western Carpathians. The Inner Western
Carpathians are characterized by abundant pre-Up-
per Carboniferous crystalline schists, Variscan
granitoids, Late Paleozoic sediments and volcanics,
largely carbonate Mesozoic, pre-Senonian nappe
structure, Alpine metamorphism, formation of
granitoids, post-Cretaceous vertical movements
which modified basins of deposition, and tectonics
which gave rise to morphostructural elevations
(mountains) and depressions (basins) with wide-
spread post-nappe Paleogene and Neogene sedi-
mentary and volcanic formations.

The geologic setting is favourable for the occur-
rence of geothermal energy sources only to the
south of the Klippen Belt, i.e. in the Inner Western

Carpathians. 26 areas or structures with geothermal
energy have been distinguished in this zone. These
include mostly Tertiary basins and intramontane
depressions, namely Komarno high block (1),
Danube Basin central depression (2), Banovce
Basin (Topol¢any bay — 3), Trnava bay (4), Piestany
bay (5), NW tract of the Central Slovakian
Neovolcanics (6), SE tract of the Central Slovakian
Neovolcanics (7), Upper Nitra Basin (8), Turiec
Basin (9), Zilina Basin (10), Skorusina Mts. (11),
Liptov Basin (12), W and S expases of Levoca Ba-
sin (13), Upper Strhare — Tren€ graben (14), Ri-
mava Basin (15), Tren&in Basin (16), llava Basin
(17), Levice block (18), Komarno marginal block
(19), Vienna Basin (20), Zlaté Moravce bay (21), NE
tract of Levo¢a Basin (22), Humenné Ridge (23),
Kosice Basin (24), structure Besa- Cigarovce (25)
and Dubnik depression — 26 (Fig. 1). The combined
area of the 26 hydrogeothermal areas or structures
covers more than a quarter (27 %) of Slovak terri-
tory. Geothermal waters in the hydrogeothermal
areas or structures are iargely associated with Tri-
assic dolomites and limestones of the Krizna and
Cho¢ nappes (Fatricum and Hronicum), less fre-
quently Neogene sands, sandstones and conglom-
erates (Danube Basin central depression, Horné
Strhare — Tren¢ graben, Dubnik depression) and
Neogene andesites and related pyroclastics
(structure Besa — Cicarovce). These rocks — geo-
thermal aquifers occur at depths 200-500C m
(outside spring areas) and contain geothermal wa-
ters 20-240 °C hot.

The temperature pattern in Slovakia is known
fairly well. 376 temperature sections based on deep
drilling have been compiled. They represent all
major structural-tectonic units of the Western Car-
pathians. Both the vertical and areal distribution of
temperatures indicates major differences between
individual units and great variability of the thermal
field in Slovakia. Temperatures at a depth of 1000
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P DYHIUH f& WQIQY IRP W {& DQGDW
P & f& 7KH PHDQ KHWP DO
JDGHQWQ \KH GHS\W/ LQWLYDD P IQ PDWRU

© HAL &DISDWWIDQV XQWY YDUHV IURP W
f& NP
7KH (RZHWVP HDQ \MP SHUDWAHV DW P
EHBZ & DQGGDW P EHBZ  f& KDYH
EHHQ WHFRGHG LQ \WH FHQWWO VHRARURI WH , QQHU
© VMO &DSDKIDQY 2Q \WH RWKHU KDQG  WH
KL KHVVAMP SHUDWIHY WSIFD® RFFXUQ \WH VRXKHW
WDFWRI WH & HMO 6 RYDNDQ 1 HRYRBDQEY DQG
( DVVAKD 6 BRYDNIDQ 1 HRI HQH %DMQ Z KLFK LV D SDWRI
\WH 3 DQORQIDQ %DMQ  7HP SHIDVKBV KHW DVID GHS\/
RI PHFHHG f& DQGDW P DWBIQ
f& \QWH : HAMQ &DSDKIDQV LQWDP ROBCH
EDVIQV WHUWI LV D P X@\KGH RI (RFDOIRZ DV ZHODV
KLIK \MP SHUDWAB DQRP DIHV FDXVHG E\  FRQYHRYH
KHDWADQVIHUE\  ZD\WY FLLFXOMQJ LQ VXEVXUDFH
UHVHURLY ZKIEK HIHPAK\ GBI HRBI LE FRQGIRQV LQ
\KHVH KUY
7HP SHOWW SDWM\QV D@®Z R GMGH WH
© HVAMQ &DISDWIDQV LIQW/ \ER SDW ZKIFK GUIHU
IRP RQH DQRKHUQ JHRWHW [E DRIYIW DQG VSDVRO
GMIEXVRQ RI WH HDUKV KHDW )DI0  (0RZ
WP SHDWWN DWW FKDUDFWUAR Rl FRUH P RXQDIQV
lQ WH FHQWODQG QRUKH® VHRRW RI \WH , QQHU
© HVARILO & DISD\RIDQV DQG RI WH Z HARD WDFVRI WH
2X\WU ) OVK  %HW Q FROWDWV KJK  VXEVXUDFH
WP SHUDWIBN WSLFD@ RFFXUIQ 1 HRIHQH EDVIQV DQG
YREDQE P RXQDK) ZIW DEIFHOWLQUIP RODOH
EDMQV  7KHW® DODRYNY J HHDO GHFWDVHY IRP
\KH LQQHUR RX\RIUMARQLE X QWY
+ HDWIRZ GHQVMV KDV VR IDUEHHQ P HDVXWG [Q
ERWKRBV WBXIKRXWE ®YDND  7KH P HDQ
YDIXH FDBXOWG DV DQ DWKP HF P HDQ RI DOGD\WLV
“ P: P DQGWH VDP H YDOH DGMRG \R
SDBRAIP DWW FRQGMRQV DP RXQW/ \R g
P: P +HDWIRZ GHMWV Q WH : HAMQ
&DISDWIDQV DWi KLIK® YDUDE®! DQG HIIRQDD® DO
IRP  WH LQQHU WYPXWBN \RZDWBV WH RX\WU
&DISD\KIDQ DU
7KH KUKHWKHDWIRZ GHMW RYHU ~ P: P
KDV EHHQ WHFRGHG (Q WH (DWAD 6@YDNDQ
THRIHH %DMQ  +HDW IRZ  GHOMW GMNEXWRQ
WHIHRAW WH GHHS WA \WWIQQHG HDUK'V FUVAQ
W DWD DQG LQFBDVHG KHDWMBQVIHU IRP  \KH
XSSHUP DOWM + LJK KHDWIRZ  GHQVMV YDOXHV
P: P DW DOR WIFDOIQ WH &HMDO
6@DNDQ 1HRYREDQEV ,QFUDVHG JHRWH® LE
DRMMVKHUWA LV GLBIP®Y UHIDWG R H[ \WOVLYH 1 HRIHOH
YREDQWP  Z KIB LQFHDVHG WDQVIHLY [RP WH XSSHU
PDQM SM RQD D PIQRUIRM +HDWIRZ GHOUMMAV
RHU P: P KDYHEHHQ FDBXOWGIQWH FHQWO

DQG HDWAY ' DQXEH %DMQ Z1\KIQ WH S IP WV RI
WH QHRYRBDQEV +HDWIRZ GHMMWAV [Q WH
© HAMQ &DISDWIDQV FRW DP RXQW\R

P: P 7KH &HMIODISDWKIDQ 3 DBRIHQH WSLFD®

GlVSD\V P: P DQG WH 2XWU) OWK %HW
DBXQG P: P  9HU (RZ KHDWIRZ GHMMAV
P: P KDYH EHHQ QRAG lQ \WH 9LIHXD

%DMQ
0D[PXP GUIHWQRHY EHEHHQ PHDQ VXUDFH
KHDWIRZ GHOMMMV LQ P DRUMMXPILDOWRRQLE X QWY
RI'WH : HVRLD & DISD\RIDQV DWIBIQ DV P XFK DV
P: P 7KH WHXOWRP GUIHBIQVEHHS WPV
DQG G\QDPIFV RI EDMF QHRWARQE EGRAW +LIK
KHDWIRZ GHOMMAAV RAFXULQ DWDV RI 0 IRFHQH
YREDQVP  DQG WIQQHG FUNVIVZ KHWIDVIRZ KHDWIRZ
GHMWY WSIFD® RFFXULQ DWDV XQGHMQ E\ D
\MLEN FUIVW
$V IDUDV WP SHDWH LV FROFHQHG JHRWHWP DO
ZDMY [Q 6RYDND 7DEMH DU GRPIQDWG B\ (RZ
\WP SHDWW RQHV 7 f& ZKI® PHAXP
WP SHIDKW VRXBHV 7 f& DW DWIUDQG
KUK \AP SHIDWABY 7 ! f& DWIOHDWWHTXHQW
SHHDWK  SBVSHRIY) DQG H SRUMKY RI
JHRWH® DOZ D\WY KDV VR IDUEHHQ FDULHG RX\AD)
SRVSHAIWVH DBDVIQ6®YDND )lJ  DWDV
DQG LQ RCH
XQSIBVSHPIYH DWD VRX\KHWQ SDWVRI \WH ( DY
6 ®RYDNDQ EDMQ D XQUXFFHWIXCZ HO
Q 7DE® D RWBORI  JHRKH® DO
ZHOY ZHW GUG RQ®  RIWHP  Z HW XQUXFFHW
IXO ZKIFK YHULHG 0V RI ZD\WY ZKRVH WP SHUD
WW YDUHV IRP W f& 7KHW DOFDSDAMVRI
WHVH JHRWHWP DO ZDWAWY DP RXQW \R VRP H
0: WZDWUWP SHDWHI ZIOEH HXAHG R (&
GXUY H SRMMR) * HRWHW® DOZD\WY ZHW FDS
WWGE ZHYY R P GHHS DQG WHUIUH
R\RRZ PRAY DQIHG IRP VR 0V 5HP VIN
&KHP IFD® \WH Z DWW DW HSWIVHOWAG E\
1D+& & &D0J+& 6 DG 1D& WSHV
WHY ' 6 LV J0
Q WH RKHU  SBVSHAWYH DWDV JHRGH® DL
ZDWWWY KDYH QRAEHHQ YHUIHG E\ ZHWW ) L) DWDV
EXWHYHQ
RIWHP )L DWDV KDYH
EHHQ JHRRIIFD® DWHWHG IRU WH SXSRWM RI
SIBVSHAIY DQG H[ SRUNRQ IRUJHR KHLB DO Z D\
7KH HYDGDWRQ RI WHWH DWDV EDVHG RQ HDUHU
JHRRILFDO IQRP DIRQ  HWXAW Rl RO ZHW DQG
JHRSK\ IFDO P HDVXWHP HQW DIRZHG XV \R SURSRVH
Z HIY IRU HRIKHB DCZ DWWLY LQ \WH LQAMGXDODWDV
7KH HYDODERQ Rl WH WHP DOHQHU\  SRWQWO
7(3 RI JHRKHWP DOZ DAY LQ 6 GRYDNDV LQAMGXDO
SRVSHRIYH DWDV LV ILYHQLQ ) L) 7KH \R\BO7( 3
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Table 1 Distribution of low- to high-temperature geothermal waters (Remzik and Fendek 1994)

Type and temperature of Defined geothermal water structures or areas Number of
geothermal geothermal water
waters structures and
areas
Komarno high block, Central depression of the Danube
basin, Banovce basin, Trnava bay, Piestany bay, Central
Slovakian neovolcanics (NW part), Central Slovakian
neovolcanics (SE part), Upper Nitra basin, Turiec basin,
Zilina basin, Skorusina Mts., Liptov basin, Levo¢a basin (W
Low-temperature + S part), Horné Strhare — Trené graben, Rimava basin, 26
T<100°C Trenéin basin, llava basin, Levice block, Komarno
marginal  block, Vienna basin, Komjatice depression,
Levota basin (N part), Humensky chrbat Mts., KoSice
basin, Besa — Ciéarovce structure, Dubnik depression
Bega-Cigarovce structure, Central depression of the
Danube basin, Kodice basin, Humensky chrbat Mts.,
Medium-temperature Levo&a basin (N part), Liptov basin, Turiec basin, Central
T=100-150°C Slovakian neovolcanics (NW part), Banovce basin, Zilina 16
basin, llava basin, Trenéin basin, Piestany bay, Trnava
bay, Vienna basin, Komarno marginal block
Besa-Cicarovce structure, Ziar basin (part of Central
High-temperature Slovakian neovolcanics — NW part), Kosice basin, Vienna 5
T>150°C basin, Central depression of the Danube basin

of geothermal waters in all prospective areas
amounts to 6608 MWt (FENDEK, 1993), of which the
nonrenewable thermal-energy potential of geother-
mal water reserves accounts for 6008 MWt and
renewable thermal-energy potential of geothermal
water resources for 600 MWi.

Geothermal waters (apart from thermal mineral
waters used for medical purposes in spas) in
Slovakia are an auxiliary energy source. Given the
lack of energy, rising energy prices, necessity to
protect the environment — mainly the atmosphere —
geothermai energy may be successfully and
effectively exploited as an available local source of
heat or even electricity.

Hydrogeothermal investigations have revealed
that Slovakia is particulariy rich in low- temperature
geothermal resources (water temperatures below
100 °C). The extent and technology of geothermai-
energy exploitation are inadequate. Recovery
rate of the currently exploited geothermal
resources is only about 20 %.

Geothermal waters are used for space heating,
recreation and swimming pools in 35 localities.
Their combined discharge is 601 I/s and
recoverable thermal power 83 MWt. Buildings in
three towns are partly heated in this way, and so
are greenhouses covering 20 hectares in ten
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localities. About 80 thermal pools whose total area
exceeds 50 000 m? serve for swimming and
recreation. Thermal spas and swimming pools can
admit 75 000 visitors a day. The majority of
exploited sources of geothermal energy are situated
in southern Slovakia (Danube Basin), primarily in
the Danube Basin central depression. At Vrbov in
the Vysoké Tatry area, geothermal water is used
not only for recreation but also for fish farming. In
the Liptov Basin, geothermal water is used for
recreational swimming in one thermal spa
(Beserova).

Essential preconditions to geothermal-energy
exploitation have already been created in Slovakia.
A project to heat 1300 flats, a city hospital and a
pensioners hostel in the town of Galanta in the
Danube Basin is under preparation. Another project
is the construction of a reinjection station at
Podhajska (to heat greenhouses and houses
through thermopumps and swimming pools).
Geothermal water will also be used to heat 500 flats
and an indoor swimming pool in the town of Poprad
(Vysoké Tatry area).

Approximately 800 MWt of geothermal
resources will presumably be exploited by 2005. At
45 % recovery rate they yield 360 MWt of thermal
power which in turn corresponds to 2160 GWh of
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energy. Geothermal energy will be used for space
heating, greenhouses, water for households, for
drying, fish farming and for recreational as well as
balneologic facilities. it can even be harnessed to
generate electricity in the KoSice Basin.
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