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Saa S. ROGAN', Dr Milka M. VIDOVIC', Vojin B. GORDANIC?,
Ivana S.TRAJKOVIC", Vladimir M. PETROVIC’

:PERSbEKTI\)E GEOTERMALNE ENERGIJE U REGIONU VOJVODINE SA
ASPEKTA ZIVOTNE SREDINE

PERSPECTIVES OF GEOTHERMAL ENERGY IN VOJVODINA REGION WITH THE
F ENVIRONMENTAL ASPECTS

S L it ol o

REZIME

Na osnovu rezultata geoloskih-geofizi¢kih istrazivanja i strukturnih busotina izdvojeno je perspektivno podrudje, sa aspekta kori-
itenja geotermalne energije, od znacaja za razvoj turizma, poljoprivrednih objekata i ruralnih naselja podrugja Vojvodine. Istrazni
prostor obuhvata juzni obod Panonske nizije. Mala debljina zemljine kore-litosfere svrstava Panonski basen, odnosno podrucje Voj-
vodine, medu najperspektivnija geotermalna podru¢ja u Evropi. Imajudi u vidu smanjenje rezervnih fosilnih goriva i uticaj gasova na
globalno zagrevanje od znacaja je koris¢enje obnovljivih izvora - geotermalne energije.

Medu glavnim faktorima koji uti¢u na zvaniénu procenu potencijala za koris¢enje geotermalne energije su niske, konkurentne cene
fosilnih goriva, neodgovarajuca zakonska regulativa kao i nedostatak finansija.

Kljuéne reci: geotermalna energija, banje, busotine, geotermalni gradijent, Zivotna sredina
ABSTRACT

Based on the results of geological-geophysical surveys and structural drillings, the promising area was allocated, in terms of geother-
mal energy, which is important for the development of tourism, industrial and agricultural facilities in rural villages in Vojvodina. The
exploration area includes the Southern edge of the Pannonian Basin. Small thickness of the earth’s crust-lithosphere places the
Pannonian basin, among the most promising geothermal areas in Europe. The use of renewable energy sources - geothermal energy
isof the importantance, regarding to the reduction in reserve of fossil fuels and the impact of emissions on the global warming.

Among the main factors which are affecting the formal assessment of the potential for geothermal energy are low competitive pri-
ces of fossil fuels, inadequate legislation and a lack of finance.

Keywords: geothermal energy, spas, wells, geothermal gradient, environment

uvob INTRODUCTION

Energy sources in the nature are found in the form
of fossil fuels and renewable resources. The modern
economy is energy dependent. Annually, each coun-

Energetski izvori u prirodi se nalaze u obliku fosilnih
goriva i obnovljivih izvora. S obzirom da je moderna

ekonomija energetski zavisna, svaka drzava postavlja
sebi zadatak na godisnjem nivou, da proizvede i utro-
§i odredenu koli¢inu energije. Taj odredeni utrosak je
u konstantnom porastu dok sa druge strane rezerve
fosilnih goriva su u stalnom padu. Sa povecanjem
svesti opasnih efekata, koji fosilna goriva imaju na zi-
votnu sredinu, povecéava se potreba za upotrebu ob-
novljivih izvora energije kao $to je geotermalna.

Sadasnja energetska strategija Srbije ne tretira geo-
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try is setting the task of producing and exploiting a
certain amount of energy. This consumption of ener-
gy is constantly increasing, while the other fossil fu-
el reserves are steadily declining. With the uprising
awareness of the dangerous effects that fossil fuels
have on the environment, the need for the use of
renewable energy sources such as geothermal is in-
creasing.

Actual energy strategy of Serbia doesn’t treat geot-
hermal energy as important and significant resource,
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termalnu energiju kao vazan i znacajan resurs koji je
nekoliko puta vedi od ukupnih rezervi uglja u Srbiji i
koji je prisutan na svakom mestu u svakom trenutku.

U Srbiji se geotermalna energija koristi samo iz geo-
termalnih-mineralnih voda, uglavnom na tradiciona-
lan nacin, najvise u balneoloske i sportsko-rekreativ-
ne svrhe. Korid¢enje geotermalne energije za grejanje
i druge energetske svrhe je u pocetnoj fazi i veoma
skromno u odnosu na potencijal geotermalnih resur-
sa. Istrazivanja su pokazala da Srbija po geotermal-
nom potencijalu spada u bogatije zemlje. Ona se da-
nas simboli¢no koristi samo sa 86 MW [9].

Tabela 1. Stanje koris¢enja hidrogeotermalne ener-
gije u Srbiji po vrsti primene [9]

which is couple of times bigger than coal reserves of
Serbia, and also present in every part of the country.

In Serbia, geothermal energy is used from geot
hermal and mineral water, mainly in the traditional
way, as for the balneology and recreation. The use
of geothermal energy for heating and other ener-
gy production is at an early stage and very modest
compared to the potential of geothermal resources.
Studies have shown that Serbia is one of the richest
countries according to its geothermal potential, but
today only 86 MW is used [9].

Table 1. Conditions of using hydropower in Serbia
by type of application [9]

Instalisana Proizvedena Installed Heat
Vrsta primene toplotna toplota Application Type thermal generated
snaga MW TJ/godina power MW TJ / year
Zagrevanje prostorija : :
(direktno koriséenje) 18,5 575 Space heating (direct use) 18,5 575
Balneologija i rekreacija 36,0 1,150 Balneology and recreation 36,0 1,150
Privreda 19,5 610 Economy 19,5 610
Zagrevanje sa toplotnim : 3
pumpama 12,0 80 Warming up with heat pumps 12,0 80
Ukupno 86,0 2,415 Total 86,0 2,415

Promovisanjem ideje odrzivog razvoja kroz Agendu
21, teZi se racionalnim koris¢enjem energetskih resur-
sa a da pritom omoguc¢imo naredim generacijama
koris¢enje istih. Potrebno je podizanje svesti odrzi-
vog razvoja svih ucesnika u prostoru, na razlic¢itim
nivoima odlu¢ivanja, kao i sprovodenja ideja u delo.

Povoljni geoloski uslovi predstavljaju osnovni faktor
(geoloska struktura, termalne karakteristike i hemij-
ski sastav vodene pare i vode; obilje prirodne vode,
veli¢ina, polozaj i dubina toplotnih rezervi, izdani i
stena Zemljine kore), od kojih zavisi uslovi koris¢enja
geotermalna energija.

Srbija je poznata po velikom broju termomineralnih
izvora, ¢ak i u Evropskoj proporciji. Medutim, samo
bogatstvo ovih resursa nije dovoljno da se svi po-
tencijali banja i klimatskih mesta upotrebljavaju ra-
cionalno. Mineralna voda, u najsirem smislu te redi,
uvek privladi paznju $ireg kruga istrazivaca i korisnika.
Ove vode imaju najduzu tradiciju koja je jos uvek u
istrazivanju i kao takve koriste se u balneologiji, i to
je razlog zasto su one tretirane kao lekovite vode. U
tom smislu, u prvoj i drugoj polovini 20. veka one su
dostigle visok nivo razvoja.

Shvatanje da se energija vadi samo u obliku uglja,
nafte i gasa i da se proizvodi u termoelektranama i
hidrocentralama je dominantni razlog zbog kojeg
najprisutnija i najdostupnija geotermalna energija
ostaje skrivena i neiskoris¢ena. Stanovnistvo Srbije je
tokom dugog perioda drzano u svojevrsnoj zabludi

Promoting the concept of sustainable development
through Agenda 21 has a tendency to rationalize the
use of the energy resources, in order to enable their
use for the future generations. It is necessary to raise
awareness for sustainable development of all partici-
pants, at different levels of decision-making, as well
as turning ideas into action.

Favorable geological conditions are the main factor
(geological structure, thermal properties and chemi-
cal composition of water vapor and water, abundan-
ce of natural water, the size, location and depth of the
thermal reserve, springs and rocks of the crust) which
determine the terms of use of geothermal energy.

Serbia is known for a large number of thermomineral
springs, even in European proportions. However, a
wealth of resources is not enough to get all potentials
of spas and resorts to be used rationally. Mineral wa-
ter, in the broadest sense of the word, always attracts
the attention of a wider range of researchers and
users. These waters have the longest tradition that s
still in the research and as such are used in balneolo-
gy. In this regard, in the 20th century they achieveda
high level of development.

Understanding that the energy is only extracted in
the form of coal, oil and gas and that it's only produ-
ced in thermal and hydro power stations is the main
reason why the most present and the most accessi-
ble geothermal energy remains hidden and unused.
For a long period of time the population in Serbia
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da se pod pojmom geotermalna energija podrazu-
mevaju izvori u kojima je temperatura vode veca od
45°C. Medutim, pod geotermalnom energijom pod-
razumeva se energija koja moze da se preuzme iz vo-
de, zemljita i stena ¢ija temperatura prelazi 10°C[6].

Tehnoloski razvoj je jos sedamdesetih godina omo-
gu¢io efikasno koriscenje niskotemperaturne geo-
termalne energije posredstvom toplotnih pumpi. U
tom periodu se i u Jugoslaviji, koris¢enjem domace
opreme prilicno velikih snaga, radilo na povecanju
energetske efikasnosti i snizavanju troskova grejanja
u nasim banjama. Medutim u nasim uslovima, preko
50% proizvedene elektri¢ne energije trosi se u zgra-
dama za stanovanje, prvenstveno za zagrevanje pro-
stora i sanitarne vode, za $ta se efikasno moze koristi-
tigeotermalna energija. U tom slucaju, veci deo nasih
proizvodnih elektri¢nih kapaciteta moZe se usmeriti
kaizvozu elektri¢ne energije.

Prva sistematska i organizovana istraZivanja termo-
mineralne vode u Vojvodini pocela su 1969, kada je
“Naftagas” iz Novog Sada na predlog Pokrajinskog
komiteta Energetike prihvatio programiranje, finansi-
ranje i realizaciju projekta za istrazivanje i koris¢enje
termomineralnih voda u Vojvodini. Prvo istrazivanje
rodila prema ovom projektu bio je obavlja u Subotici
u1969. Do kraja 1998, 73 hidroelektrana termalne bu-
Sotine sa 62847 mhave busenih. Najvedi broj busotina
je busenih u Backoj (42), zatim u Banatu (18), a najma-
nji broj u Sremu (13).

MATERIJAL | REZULTATI

Geotermalna energija se sadrzi u Zemljinoj kori i to u
stenama, podzemnoj vodi, podzemnoj vodenoj pa-
rii magmi. U zavisnosti od sredine u kojoj se nalazi
geotermalna energija se naziva hidrogeotermalnom,
petrogeotermalnom i magmogeotermalnom. Hi-
drogeotermalna energija je akumulirana u podzem-
nim termalnim vodama ¢ija je temperatura veca od
10°C. Petrogeotermalna energija je sadrzana u suvim
stenama koje ne sadrze slobodnu podzemnu vodu.
Magmogeotermalna energija je akumulirana u usi-
janoj magmi i eksperimenti za njenu eksploatacju se
uspesno sprovode®.

Potencijal geotermalne energije odredene oblasti
moze se prikazati gustinom geotermalnog toplot-
nog toka (koli¢ina geotermalne toplote koja u svakoj
sekundi kroz povrsinu od 1 m? iz unutrasnjosti Ze-
mlje dolazi do njene povrsine ). Prosecne vrednosti
u Evropi su oko 60 m\W/m?2, dok su u Srbiji ove vred-
nosti znatno vece- preko 100 mW/m?=. Tereni u Srbiji
izgradeni su od tvrdih stena i zbog tako povoljnih
hidrogeoloskih i geotermalnih karakteristika u Srbiji
senalazi oko 160 izvora geotermalnih voda sa tempe-
raturom ve¢om od 15°C. Najtopliji su izvori u Vranjskoj
Banji gde temperatura iznosi do 96°C.

U Vojvodini postoje i 62 vestacka geotermalna izvo-

was lead to believe that the term geothermal energy
includes only sources of water above 45°C. However,
geothermal energy means energy that can be taken
from water, soil and rock whose temperature exceeds
10°C [6].

Technological advances have enabled the use of
low temperature geothermal energy through heat
pumps back in the 1970s. During this period in Yugo-
slavia work was being done to increase energy effici-
ency and lower heating costs in our spas through use
of domestic equipment of fairly large power. Howe-
ver, in our conditions, over 50% of produced energy
is consumed by apartment buildings, primarily for
space heating and hot water, for which we can effici-
ently use geothermal energy. In this case, most of our
electric generating capacity can be directed towards
the export of electricity.

The first systematic and organized study of thermal
waters in Vojvodina began in 1969, when the “NAF-
TAGAS” from Novi Sad, on the proposal of the Provin-
cial Committee of Energy, accepted programming,
funding and implementation of the project for the
research and exploitation of thermomineral waters
in Vojvodina. The first study of the project was carri-
ed out in Subotica in 1969. The majority of the wells
were drilled in Backa (42 boreholes), then in Banat (18
boreholes), and the smallest number in Srem (13 bo-
reholes).

MATERIAL AND RESULTS

Geothermal energy is contained in the Earth’s crust
and in rocks, underground water, water vapor and
underground magma. Depending on the environ-
ment in which the geothermal energy is stored, it
is called hydro geothermal, petro geothermal and
magma geothermal. Hydro-geothermal energy is
stored in the underground thermal waters whose
temperature is higher than 10°C. Its exploitation is
done through springs and boreholes. Petro-geother-
mal energy is contained in the dry rocks that contain
no free water particles. In recent years commercial
production of electricity from power plants that use
hot rocks has started. For this application it's neces-
sary that the rock temperature exceeds 100°C. Mag-
ma-geothermal energy is accumulated in the red-hot
magma and experiments for its exploitation have be-
en successfully implemented [7].

Geothermal energy potential of a particular area can
be displayed through geothermal heat flow density
(the amount of geothermal heat that is coming from
inside the Earth to its surface every second through
an area of 1 m?). Average values in Europe are abo-
ut 60 MW/m?, while in Serbia these values are much
higher: more than 100 MW/m?2. Lands in Serbia are
built from hard rocks and because of such favorable
hydro-geological and geothermal features; there
are about 160 geothermal springs with temperatu-
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ra (busotine) ukupne izdasnosti od 550 I/s i toplotne
snage od oko 50 MW. U delu Srbije juZzno od Save i
Dunava nalazi se jos 48 busotina sa procenjenom
snagom od 108 MW.

Podrugje Vojvodine, jugo-isto¢nog dela Panonskog
basena, u pogledu geoloskih i geotermalnih karak-
teristika, ima sva obelezja specificne geotektonske
jedinice. Medu geoloskom karakteristikama, kao
specifi¢cno obelezje na podru¢ju Vojvodine, pre sve-
ga treba istaci malu debljinu kore, koja iznosi od 25,5
km do 29 km, i litosfere ¢ija se debljina krece u gra-
nicama od 6o km do 100 km. Najmanja anomalna
debljina kore od 25,5 km do 26 km, registrovana je
na potezu koji se pruza pravcem JZ-SI, od Ripnja kod
Beograda, preko Uljme, do Vrsca i dalje prema Ru-
muniji. Mala debljina kore i litosfere, kao posledica
raznih geodinamickih pokreta, koji su se odigrali pre
oko 23 do 10 miliona godina, tokom donjeg i sred-
njeg miocena, svrstavaju Panonski basen, a samim
tim i podrucje Vojvodine, medu najperspektivnija
geotermalna podru¢ja u Evropi. Na povoljnije geo-
termalne karakteristike Vojvodine ukuzuju i prosec-
ne vrednosti geotermalnog gradijenta i terestrickog
toplotnog toka, koje su znatno vece od karakteri-
sti¢cnih vrednosti istih parametara za evropski kon-
tinent u celini.

Geotermalni gradijent na podrucju Vojvodine odre-
den je na osnovu podataka o izmerenim tempe-
raturama u 73 hidrogeotermalnih busotina i u 126
busotina izbusenih za potrebe istrazivanja nafte i
gasa. Reprezentativni podaci su iskoris¢eni za odre-
divanje realnih vrednosti temperatura na dubinama
500, 1000 i 2000 m. Temperature na dubini od 500
m na podru¢ju Vojvodine varira u rasponu od 34,2°C
do 43,6°C, u proseku 38,2°C. Najvise temperature su
registrovane na Sirem podrucju Subotice i Kupino-
va, a najnize na Sirem podrucju Uljme. Temperature
na dubini od 1000 m izracunata je na osnovu inter
i ekstrapolacije podataka iz ve¢ napred pomenutih
busotina. Temperatura na dubini od 1000 m varira
u rasponu od 57,5°C do 73,5°C. Najvise temperature
su registrovane na podrucju Prigrevice i one iznese
73,5°C. U podrudju Kupinova temperatura na 1000
m iznosi 71,5°C. Temperatura na dubini od 2000 m.
Temperatura na dubini od 2000 m varira u rasponu
od 95°C do 120°C. Najvise temperature, preko 118°C
su registrovane na podrudju Prigrevice i one iznose
73,5°C. U podrucju Kupinova temperatura na 1000 m
iznosi 71,5°C%.

Na osnovu dobijenih vrednosti izracunati su geo-
termski gradijenti koji se razlikuju po dubini, tako
za interval od om do 500m iznosi 0,056°C/m, a od
1000 do 2000 iznosi 0,050°C/m. Prose¢na vrednost
temperaturnog gradijenta (u intervalu od o m do
2000 m) za celu Vojvodinu iznosi 0,0526°C/m, $to je
znatno vece od prosecne vrednosti za kontinentalni
deo Evropa, koji iznosi oko 0,03°C/m. Najvise pro-
se¢ne vrednosti temperaturnog gradijenta u Vojvo-
dini utvrdene su na podrucju severne Backe, preko

res above 15°C. The hottest springs are in Vranje Spa
where the temperature is 96°C.

In Vojvodina, there are 62 artificial geothermal sources
(wells) with the total yield of 550 I/s and thermal power of
50 MW. In Serbia south of the Sava and Danube there are
another 48 wells with an estimated capacity of 108 MW.

The area of Vojvodina, south-eastern part of Pannonian
basin and the area of geothermal characteristics have all
the features of a specific geothermal unit. Among the
geological characteristics as a specific feature in the Voj-
vodina area primarily we should point out small thick-
ness of the crust which is 25,5 km to 29 km and lithosp-
here which is within the boundaries from 60 km to 100
km. The smallest anomaly thickness of the crust from
25,5 km to 26 km was registered in the area which stretc-
hes in southwest and northeast direction from Ripanj
to Belgrade across Uljma to Vrsac and further towards
Romania. Small thickness of the crust and lithosphere,
as a consequence of various geodynamic movements
which happened about 23 to 10 million years ago during
Early and Middle Miocene, classifies the Pannonian basin
and the area of Vojvodina among the most promising
geothermal units in Europe. Favorable geothermal cha-
racteristics of Vojvodina are indicated by average values
of geothermal gradient and terestic heat flow which are
significantly higher than the characteristic values of the
same parameters for the entire European continent.

Geothermal gradient in the area of Vojvodina is deter-
mined on the basis of the data on measured temperatu-
res in 73 hydrogeothermal boreholes and 126 boreholes
drilled for the purpose of oil and gas exploration. Repre-
sentative samples were used for determining the real
temperature values at 500 m, 1000 m and 2000 m depth.
Temperatures at 500 m depth in the area of Vojvodina
vary within the range from 34,2°C to 43,6°C and the ave-
rage is 38,2°C. The highest temperatures were registered
in the wider area of Subotica and Kupinovo and the lo-
west in the wider area of Uljma. Temperatures at a depth
of 1000 m were calculated on the basis of inter and extra-
polation of the data from already mentioned boreholes.
Temperature at 1000 m depth varies within the range
from 57,5°C to 73,5°C. The highest temperatures were
registered in the area of Prigrevica and they are 72,5°C.
In the area of Kupinovo temperature at 1000 m depth is
71,5°C. Temperature at a depth of 2000 m varies within
the range from 95°C to 120°C. The highest temperatures
over 118°C were registered in the area of Prigrevica and
the lowest (below 96°C) in the wider area of Indjija. In the
Kupinovo area temperature at 1000 m depth is 71,5°C [3].

On the basis of the obtained values, geothermal gradi-
ents which are different by depth were calculated so for
the interval from o m to 500 m their value is 0,056°C/m
and from 1000 m to 2000 m their value is 0,050°C/m.
Average value of a temperature gradient (within the
interval from o m to 2000 m) for the entire Vojvodina is
0,0526°C/m which is significantly higher than the ave-
rage value for the continental part of Europe which is
0,03°C/m. The highest average values of a temperature
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0,062°C/m a hajnize na podrudju jugoisto¢nog Ba-
nata, ispod 0,046°C/m [7].

Gustina teresti¢kog toplotnog toka na podrugju Voj-
vodine odredena je na osnovu proseCnog geoterm-
skog gradijenta i prose¢ne toplotne provodljivosti
sedimenata na lokacijama hidrogeotermalnih buso-
tina, koji iznose 1,6 W/m °K za gline i lapore, odno-
sno 2,8 W/m °K za kre¢njake, pescare, laporce i glini-
ceivrlo su sli¢ne onima koje su kori¢ene u susednoj
Madarskoj. Toplotni tok varira u rasponu od 83 mW/
m? do 111 mW/m?=. Najnize vrednosti toplotnog toka
utvrdene su za podrugje juznog Banata- $ira okolina
Uljme, a najvise vrednosti na podrucju Subotice.

Ovi podaci ukazuju na veliki potencijal za eksplo-
ataciju geotermalne energije u nasoj zemlji, koji je
trenutno gotovo u potpunosti neostvaren.

EKOLOSKI ZNACAJ) GEOTERMALNIH
VODA

Kvalitativni i ekologki efekti koris¢enja termalnih voda
odnose se na obogacenost poljoprivrednih proizvo-
da mineralnim materijama $to je istovremeno predu-
slov ostvarivanja ekologkih ciljeva odnosno proizvod-
nje zdrave hrane. Zalivanje useva termomineralnom
vodom sve je prisutnije u proizvodnji hrane koja ima
visoko energetske zahteve. Esencijalni mikroelementi
i druge mineralne materije i hranljivi sastojci nalaze
se u dubljim termalnim vodama, u rastvorenom i jon-
skom obliku [3,8].

U proizvodniji hrane koja ima visoke energetske za-
hteve, sve je prisutnije zalivanje useva termomineral-
nom vodom. Obradivo zemljiste je naj¢eSce siroma-
¢no esencijalnim mikroelementima i drugim mineral-
nim materijama kojih nema u povrsinskim i plitkim
podzemnim vodama. U dubljim termomineralnim
vodama mineralne materije se nalaze u rastvorenom
i jonskom obliku. Iskustva su pokazala da termomine-
ralna voda povoljno uti¢e na rast i razvoj biljaka.

Hidrogeotermalna energija, kao najjeftiniji energent,
moze se intenzivno koristiti za biljnu proizvodnju (po-
vrée, cvede, rasade, bastinske sadnice) u staklenicima.
Staklenicka proizvodnja je zimi, usled velike potrosnje
fosilnih goriva, nerentabilna i skupa. Upotrebom hi-
drotermalne energije smanjili bi se troskovi proizvod-
nje i omogucio celogodisnii rad staklenika [2].

Hidrogeotermalna energija moZe se koristiti direktno
kao toplotna i indirektno kao mehanicka ili elektric-
na. Termalne vode se mogu koristiti za potrebe bal-
neologije, sporta i rekreacije, za zagrevanje prostori-
ja, u poljoprivredi i akvakulturi, industriji, tehnologiji i
proizvodnji elektricne energije.

Brojni wellness centri u Evropi predstavljaju dobre
primere polifunkcionalnog koris¢enja termomineral-
nih voda. Prema evidenciji Francuske turisticke orga-

gradient were determined in the area of northern Backa
over 0,062°C/m and the lowest in the area of south-ea-
stern Banat below 0,042°C/m [7].

Density of a terrestrial heat flow in the area of Vojvodina
was determined on the basis of an average temperature
gradient and average heat conductivity of sediments at
locations of hydrogeothermal boreholes and its values
are 1,6W/meK for clay and marl, that is 2,8 W/m°K for li-
mestones, sandstones marl and clay and they are very
similar to the ones used in neighboring Hungary.

The heat flow varies within the range from 83 mW/m? to
11ImW/m?. The lowest values of a heat flow were deter-
mined in the area of southern Banat-wider surrounding
of Uljma and the highest in the area of Subotica. These
data show great potential for exploitation of geothermal
energy in our country, which is still unfulfilled.

ECOLOGICAL SIGNIFICANCE OF
GEOTHERMAL WATERS

Qualitative and environmental effects of the use of
thermal waters relates to the enrichment of agricul-
tural products with minerals, which is also the pre-
condition for achieving environmental objectives,
i.e. healthy food. Watering crops with mineral water
is becoming all present in the production of food
that has high energy requirements. Essential trace
elements and minerals and nutrients can be found
in the deeper thermal water, in dissolved and ionic
form [3,8].

Use of thermo-mineral water in the production of
food that has higher energy demands is increasing.
Arable land is usually poor in essential trace elements
and other minerals not found in surface water and
shallow groundwater. In deeper thermo-mineral wa-
ters, minerals are dissolved in the ionic form. Experi-
ence has shown that mineral water has positive effect
on plant growth and development. Hydro-geother-
mal energy as the most economical source of energy
that can be used for crop production (vegetables, flo-
wers, nursery plants, heritage trees) in greenhouses.
Greenhouse production in the winter is unprofitable
and expensive due to the high consumption of fossil
fuels. The use of hydrothermal energy would reduce
production costs and provide year-round work of the
greenhouse [2].

Hydro-geothermal energy can be used directly as
heat or indirectly as a mechanical or electrical ener-
gy. Thermal water can be used for balneology, sports
and recreation, space heating, agriculture and aqua-
culture, industry, tachnology and power generation.

Many wellness centers in Europe are good examples
of multi-functional use of thermal waters. According
to the records of the French Tourism Organization
wellness programs for healthy people are pushing
the classical treatment for the sick, which confirms
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Slika 1. Geotermalna mapa Vojvodine (Rogan S., SGEM 2013. [7])
Figure 1. Geochemical map of Vojvodina region (Rogan S., SGEM 2013. [7])

nizacije wellness programi namenjeni zdravim oso-
bama potiskuju klasi¢ne tretmane namenjene bo-
lesnim osobama, sto potvrduje komplementarnost
zdravstveno-leciliSne i turisticko-rekreativne funkcije
banjskih centara [4].

Banje u hidrogeoloskom i geotermalnom, odnosno
hidrotermalnom smislu predstavljaju lokalitete gde
se vrsi eksploatacija termalnih voda, i gde se one kori-
ste u cilju lecenja i oporavka ljudskog organizma. Po-
jave toplotne vode zapravo predstavlja hidrotermal-
ne pojave koje mogu biti prirodne, kao sto su izvori ili
vestacke, kao $to su busotine sa termalnom vodom.
Banje neizbezno predstavljaju veliko prirodno bogat-
stvo sa visekratnom mogucénoscu njihove eksploata-
cije, a jedan od njih svakako je i banjski turizam.

Temperature termomineralnih voda u Vojvodini
merene na us¢u hidrotermalne busotine uglavnom
se krec¢u izmedu 45 i 65°C, uz maksimalne izmerene
vrednosti od 82°C u odnosu na naftne bunare gde su
izmerene temperature koje se krec¢u i do 160°C. Vo-
da sa maksimalnom temperaturom od 64°C se koristi
u banjama u Backoj, delu AP Vojvodine. Prema po-
trosacima geotermalne vode u Vojvodini delimo na
balneoloske-rehabilitacione centre i one koji koriste

the complementarity of health and wellness with to-
urist and recreational functions of spa resorts [4].

Spas in hydro-geological and geothermal or hydrot-
hermal terms represent locations where the explo-
itation of thermal waters takes place, and where
they are used in the treatment and recovery of the
human body. Occurrence of thermal water is actual-
ly a hydrothermal phenomenon and can be natural,
such as springs or artificial, such as wells with thermal
water. Spas necessarily represent the great natural
wealth with the long-term possibility of their explo-
itation, and one of them is definitely the spa tourism.

Temperature of thermal waters in measured at the
mouth of the hydrothermal borehole is mostly be-
tween 45 and 65°C, with a maximum measured value
of 82°C in comparison to the oil wells where tempe-
ratures range up to 160°C. Water with a maximum
temperature of 64°C is used in spas in Backa, part
of Vojvodina. Geothermal water in Vojvodina can be
classified in two groups: balneological rehabilitation
centers and those who use thermal water for tech-
nological purposes The first groups of consumers are
those who fulfill their needs throughout the year for
treatment and recreation, and the rest of the water
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Slika 2. Shema koris¢enja geotermalne energije (Taskovi¢, 2004.)
Figure 2. Sheme of use of geothermal energy (Taskovi¢, 2004.)

termalne vode u tehnoloske svrhe. Prva grupa cine
potro3aci koji ostvaruju svoje potrebe tokom cele go-
dine na le¢enje i rekreaciju, odnosno ostatak vode ko-
riste za zagrevanje objekata. Druga grupa potro3aca
¢ini veliku grupu sezonskih korisnika koji koriste vodu
za grejanje u zimskim mesecima, odnosno za sport
i rekreaciju u letnjim mesecima. Tipi¢ni predstavnici
ove grupe potro3aci su otvoreni rekreativni bazeni
na termalnim hidro sistema u Temerinu (Te - 1/H) i na
Pali¢u (PJ - 1/H).

Jedna od moguc¢nosti koris¢enja termalnih resursa
je toplifikacija naselja. Hidrogeotermalna energija ne
koristi se za zagrevanje naselja, i pored toga $to re-
gion Vojvodine predstavlja najprespektivniju geoter-
malnu regiju Srbije.

Komunalni sistem grejanja zahteva velika investiciona
ulaganja, koja u danas$njim otezanim uslovima privre-
divanja i nedostatka obrtnih sredstava, predstavljaju
ogranicavajudi faktor koris¢enja. Za potrebe direkt-
nog zagrevanja neophodna je najmanja temperatura
vode od 70°C. Upotrebom toplotnih pumpi za dogre-
vanje moguce je iskoris¢avanje termalnih voda nizih
temperatura. Iskustva u drugim zemljama, koja imaju
dugu tradiciju kori$¢enja ovih resursa, pokazuju da
se ulozene investicije mogu amortizovati od 3est do
osam godina, kroz ustedu u ceni potrebnih goriva.

Brojne su moguénosti koris¢enja geotermalnih voda
u industriji, u zavisnosti od tipa raspolozive geoter-
malne vode i potrebne temperature. One se mogu
koristiti za: sudenje, isparavanje, destilaciju, hladenje,
pecenije, pranje i bojenje, procesno zagrevanje i gre-

is used for heating of buildings. The second group is
a seasonal group of users who use the water for he-
ating in the winter months, or for sport and recreati-
on in the summer months. Typical representatives of
this group of consumers are open recreational pools
of thermal power systems in Temerin (Te -1/H) and in
Palic (PJ - 1/H).

Heating of settlements is possibility of use of thermal
resources. Despite the fact that the region of Voj-
vodina is the most promising geothermal region of
Serbia, hydro-geothermal energy is not used for this
purpose.

Communal heating system requires large invest-
ments, which in today’s harsh economic conditions
and lack of current assets, is a limiting factor.. For di-
rect heating, a minimum temperature of 70°C is re-
quired. With the use of heat pumps for reheating, it's
possible to use the thermal waters with lower tem-
perature. Experience in other countries, which have
a long tradition in using these resources, show that
the investments made may depreciate in six to eight
years, through savings in fuel cost required.

There are many possibilities of using geothermal wa-
ter in industry, depending on the type of geothermal
water and temperature required. They can be used
in drying, evaporation, distillation, cooling, cooking,
washing and dyeing, process heating and heating of
industrial buildings. Drying with hot water is widely
used in the industry. Agricultural products (vegeta-
bles, grains and seeds), medicinal plants, river and
sea products, wood and others can be dried by the
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janje industrijskih objekata. Naro¢ito siroku primenu
u industriji ima susenje pomo¢u tople vode. Zagre-
janim vazduhom mogu se susiti poljoprivredni proi-
zvodi (povrce, Zitarice, semenje), lekovito bilje, re¢ni i
morski produkti, drvo i dr. Pranje i bojenje se najvise
primenjuju u tekstilnoj industriji (vuna i vunene tka-
nine). Prerada koze i krzna takode se ostvaruje kori-
$¢enjem geotermalnih voda[i].

BUSOTINE | TOPOTNE PUMPE

Eksploatacija geotermalne energije iz buotina je ne-
$to skuplja ali kada se uzmu u obzir dugovec¢nost ta-
kvog energetskog izvora, supstitucija fosilnih goriva i
ocuvanje prirode, onda je korist velika za investitora,
za lokalnu zajednicu i za drzavu u celini. Bitno je samo
da sve tri strane vide svoju korist i da se angazuju na
realizaciji svakog takvog projekta.

Toplotne pumpe su rashladne masine koje prenose
toplotnu energiju iz jednog prostora u drugi tako $to
jedan prostor rashladuju, a drugi prostor zagrevaju.
Da bi se ostvario prenos toplotne energije potrebno
je da se uloZzi odredena, najcesce, elektri¢na energi-
ja za rad kompresora. Glavni razlog za primenu to-
plotnih pumpi leZi u njihovoj efikasnosti: za prenos
toplotne energije trosi se samo 20-30% prenete ener-
gije. Naime, toplotna pumpa potrosi 1 kWh elektri¢ne
enrgije za prenos toplotne energije od 3-4 kWh. Ako
se toplotna energija koja se prenosi dobija besplatno,
na primer, korid¢enjem niskotemperaturne geoter-
malne energije (10-20°C), viSestruko se smanjuje cena
dobijene energije za korisnika.

Klimatski uslovi u Srbiji su pogodni za primenu to-
plotnih pumpi. Pumpe u zimskom periodu rade u
rezimu grejanja, a leti u rezimu hladenja. Time se
izbegava investicija u dodatnu opremu za hladenje.
Primenom toplotnih pumpi troskovi za grejanje se
smanjuju i do 3 ili 4 puta. Ukoliko se toplotne pumpe
koriste u kombinaciji sa podnim i zidnim grejanjem
ostvaruje se termoakumulacioni efekat. Na taj nac¢in
je omoguceno da se u velikom delu grejne sezone ko-
risti elektricna energija po no¢noj tarifi ¢&ime se cena
grejanja smanjuje jos 3 do 5 puta. Grejanje pomocu
toplotnih pumpi je jeftinije 9 do 16 puta u poredenju
sa ekvivalentnim grejanjem na fosilna goriva, drvo ili
elektri¢nu energiju u klasi¢nim kotlovima.

ZAKLJUCAK

Trenutno stanje primene geotermalne energije u Sr-
biji je takvo da se u poslednjih petnaest godina skoro
nista nije uradilo. U narednom periodu od desetak
godina primenom geotermalne energije moze se
obezbediti preko 10% potreba za toplotnom ener-
gijom uz najnize investicije u poredenju sa drugim
izvorima energije. Cena ove investicije moze u celosti
da se obezbedi ulaganjem bez dodatnog zaduZiva-
nja drzave.

heated air. Washing and staining is most frequently
used in the textile industry (wool and woolen cloth).
Processing of fur and leather is also achieved by using
of geothermal water [1].

BOREHOLES AND HEAT PUMPS

Exploitation of geothermal energy by drilling is mo-
re expensive but when you consider the longevity
of such energy sources, fossil fuel substitution and
conservation of nature, it is a great advantage for in-
vestors, the local community and for the country as
a whole. The important thing is that all three parties
see their benefit and to engage in the implementati-
on of any such project.

Heat pumps are cooling devices that can transfer he-
at from one space to another by a refrigerating one
space and heating up another. In order to accomplish
the transfer of thermal energy investments are requ-
ired, usually electricity for the compressor. The main
reason for the use of heat pumps is their efficiency:
the transfer of heat energy is only 20-30% of the tran-
sferred energy. The heat pump consumes 1 kWh of
electricity to transfer heat from 3-4 kWh. If the ther-
mal energy that is transferred is free, for example, by
using low-temperature geothermal energy (10-20°C),
price of the energy for the user is significantly redu-
ced.

Climate conditions in Serbia are suitable for the ap-
plication of heat pumps. During the winter period,
pumps work in the heating mode and on the other
hand in cooling mode during the summer. In this
way, the investment in additional equipment for co-
oling is avoided. By applying the heat pumps, hea-
ting costs can be reduced to 3 or 4 times. If the heat
pumps are used together with under-floor and wall
heating, thermal accumulation effect is achieved. In
this way, using electricity per night rate in larger part
of winter season can be also achieved, which reduces
the cost of heating for additional 3 to 5 times. Heating
with heat pumps is more economical to 9 to 16 times,
compared with equivalent fossil fuel heating, wood
or electricity in conventional boilers.

CONCLUSION

The current state of application of geothermal energy
in Serbia is such that in the last fifteen years, almost
nothing has been done. In the period of ten years,
using of geothermal energy can provide over 10% of
heat demand at the lowest investment compared to
other energy sources. The cost of this investment can
be provided by investments without additional bor-
rowing.

The increasing unpredictability of the price of energy
generated from fossil fuels, environmental pollution,
as well as harmonization with the legislation of Euro-
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Sve veca nepredvidivost cene energije dobijene iz fo-
silnih goriva, zagadenje Zivotne sredine, kao i uskla-
divanje sa zakonodavstvom Evropske unije apeluje
na hitnost uspostavljanja koherentne politike drzave
u ovom polju i integrisanje mera za stimulaciju kori-
$¢enja geotermalne energije u energetsku strategiju i
njeno sprovodenje[s].

Banjski turizam u Vojvodini nije u dovoljnoj meriistra-
zen. Razlozi su brojni — veliki broj izvora nije valorizo-
vani ¢ini se da postoji neiskori$¢en potencijal, turisti¢-
ka ponuda je jednostrana i nepotpuna, diferencijacija
banjskog lecilista i turistickih funkcija su nezadovolja-
vajuce, turisticka oglasavanje su neadekvatna, slaba
organizovanost, kadrovski deficit, nepostojanje ade-
kvatne dokumentacija neophodne za planiranje, ra-
zvoj i sl. Svi ovi elementi predstavljaju ograni¢avajudi
faktor za razvoj banjskog turizma u Vojvodini, a koje
bi trebalo uzeti u obzir za buduce planiranje. Banja bi
trebalo da bude osnova za razvoj turizma, kako u Voj-
vodini i celoj Srbiji. Stepen koris¢enja termomineral-
nih voda u Vojvodini je veoma nejednak, od primitiv-
nih, neorganizovanih nacina njihovog kori$¢enja do
organizovane upotrebe u savremenim medicinskim
centrima ili u centrima za rekreaciju.

Vojvodina neosporno ima veliki termomineralni po-
tencijal koji ¢ini vaznu komponentu kompleksnog ra-
zvoja kontinentalnog turizma. Turizam moze i treba
da postane dominantna privredna grana u vecini ba-
nja ali pre tog napora mora da se izgradi materijalna
baza i svi preduslovi za organizovani turizam.
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pean Union, appeals to the urgency of establishing a
coherent state policy in this field and the integration
of measures to stimulate the use of geothermal ener-
gy in the energy strategy and its implementation [5].

Regarding the fact that spa tourism is not sufficien-
tly explored we can’t be satisfied with the current
results. Reasons for this are numerous: great num-
ber of springs is not valorized and it seems that the-
re is an unused potential, tourist offer is one-sided
and incomplete, differentiation of spa health re-
sort and tourist functions is unsatisfactory, tourist
advertisements are inadequate, also weak orga-
nization, lack in expert staff, absence of adequate
documentation for planning and development etc.
All of these elements represent a limiting factor for
the development of spa tourism in Vojvodina and
they should be considered for future planning. Spas
should be the basis for tourism development in Voj-
vodina and entire Serbia as well. The level of use of
thermal mineral water in Vojvodina is very unequal,
it goes from primitive disorganized ways of their use
to highly organized use in modern medical centers
or recreational centers.

Without a doubt Vojvodina has a huge thermal and
mineral potential which represents a very important
component of the complex development of con-
tinental tourism. Tourism can and should become
dominant industrial sector in most spas, but prior to
that effort, a material base and all of the preconditi-
ons for organized tourism should be fulfilled.

Acknowledgements

This work was supported by the Ministry of Educati-
on, Science and Technological Development, Repu-
blic of Serbia (project No. Ol 176018).

Fridleifsson .B. (2001), Geothermal energy for the benefit of the people, Renewable and Sustainable Energy Reviews, 5,209-312.

2. Gajic M., Vujadinovic, S. (2009), Razmestaj i moguénosti koris¢enja termalnih i termomineralnih voda u Maé¢vi, Bulletin of Ser-

bian geographical society, Tome LXXXIX No 3, str. 115-124.

3. Hepbasli A, Ozgener L. (2004), Development of geothermal energy utilization in Turkey: A review, Renewable and Sustainable

Energy Reviews 8, 433-60.

4. Jovicic D., 2008, Stanje i perspektive razvoja banjskog turizma u Srbiji, Glasnik Srpskog Geografskog drustva LXXXVIIl br. 4.,

str. 3-18.

5. Leki¢S., Pesic V. (1996), Koris¢enje geotermalnih voda u poljoprivredi. Ekologika br. 3, Ekologika, Beograd.

6. Nakomcic-Smaragdakis B., Stajic T., Cepic Z., Djuric S. (2012), Geothermal energy potentials in the province of Vojvodina from
the aspect of the direct energy utilization, Renewable and sustainable energy reviews 16, 5696-5706.

7. Rogan, S.Vidovic, M., Gordanic, V., Trajkovic |, Petrovic V. (2013), Perspektives of geothermal energy in Vojvodina with the de-
velopment of tourism, 13th International Multidisciplinary Scientific Geoconference SGEM 2013, 16-22 June, Albena, Bulgaria,

173-179.

8. Serpena U, Aksoyb N., Ongurc, T., Didem Korkmaza E. (2009), Geothermal energy in Turkey: 2008 update, Geothermics 38,

227-237.

9. Therenewable energy resourses promotion, development and implementation centre (2006), Geothermal resources in Serbia

and Montenegro, 70-77.



YU ISSN 0350-5049 ISSN 0350-5049

U( “'“|||I “ ‘|
9|770

[ SANITARNA TEHNIKA

CASOPIS UDRUZENJA ZA TEHNOLOGIJU VODE | SANITARNO INZENJERSTVO - BEOGRAD
MAGAZINE OF THE ASSOCIATION FOR WATER TECHNOLOGY AND SANITARY ENGINEERING - BELGRADE

1ZDAVAC PUBLISHER

UDRUZENJE ZA TEHNOLOGIJU VODE | ASSOCIATION FOR WATER TECHNOLOGY
1 SANITARNO INZINJERSTVO AND SANITARY ENGINEERING

11000 BEOGRAD, Terazije 23/11/203 11000 BEOGRAD, Terazije 23/11/203

TEL: (+38111)244 222 8; 344 89 04 TEL: (+38111)244 222 8; 344 89 04

FAX: (+38111)244 11 93 FAX: (+38111)244 11 93

E-mail: office@utvsi.com E-mail: office@utvsi.com

Web: www.utvsi.com Web: www.utvsi.com

Casopis izlazi dvomese¢no.
Issued bi-monthly

Rukopise slati na adresu Udruzenja.
Rukopisi se ne vracaju.

Please send manuscripts

to the Association’s address.
Manuscripts will not be returned.

Graficka priprema i dizajn korice
Design and Front Cover
Zoran Dimi¢, Beograd

Stampa
Printed by
Planeta Print, Beograd

YU ISSN 0350-5049
UDK 628 + 624 + 626

CIP - Karanorusanuja y my6nukanuju
Hapopua 6u6mmorexa Cp6uje, beorpar

628

VODA i sanitarna tehnika : casopis
Udruzenja za tehnologiju vode = Water an
sanitary technology : magazine of the
Association for water technology and sanil
engineering / glavni urednik Slobodan
Petkovié. - God. 1, br. 1 (1971)- .-
Beograd : Udruzenje za tehnologiju vode i
sanitarno inZenjerstvo, 1971- (Beograd :
Planeta print). - 30 cm

Dvomesec¢no
ISSN 0350-5049 = Voda i sanitarna tehnik




