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Abstract. Extensive worldwide usage of fossil energy sources causes high pollution and contributes to
global warming. Hence, achieving energy independence by stimulating efficient use of energy and environ-
mentally friendly exploitation of renewable sources is a main orientation of European countries.

Geothermal energy is generally treated as a renewable and inexhaustible energy source. Nonetheless, direct
use of low enthalpy subgeothermal resources, i.e. groundwater of 30°C or lower, for heating is commonly
viewed as economically unjustified. To enable its usage, large panel surfaces or a high-temperature heat pump
with excellent efficiency is required. The development of a cascade type heat pump and its wide application
would enable more efficient utilization of widely available and easy replenished groundwater sources with
temperatures of 10-30°C.

The hydrogeological conditions in eastern Serbia are particularly favourable for exploitation of subgeother-
mal resources due to rich aquifer systems and notable terrestrial heat flow formed into the main geo-structures
of the region (Carpathian-Balkan arch and Dachian basin). More intensive exploitation of subgeothermal
sources additionally justifies the existence of a number of urbanized small and medium-size cities with a heat-
ing infrastructure already developed and centralized. Sustainable use of groundwater resources should be fol-
lowed by thermal reconstruction of the previously constructed buildings as well as new legislation which sup-
ports and encourages development of renewable energy sources. It is estimated that the total potential thermal
power which can be generated from subgeothermal waters in the study area is around 33 MWt, which corre-
sponds to some 16 % of the total heat requirements.

Key words: subgeothermal source, groundwater, heat pump, energy efficiency, eastern Serbia.

AncrpakT. VnTeH3nBHO kopumhieme (QOCHIHHX TopuBa IIMPOM CBETa Y3pOK je 030MIbHMX 3aralema
npUpone M yTW4e Ha miobanmHo 3arpeBame. OTyna je jelaH of INIABHUX IMJbEBA CHEPIETCKE ITOJIHMTHKE
eBPOIICKUX 3eMajba Kopuniheme euKacHuje “3eyeHe” eHepruje n3 OOHOBJBMBUX M CONICTBEHUX H3BOPA.

I'enepanHo, reoTepMalTHa €HEpryja MpencTaBiba Bu 00HOBJFUBHX W3BOpa eHepruje. Mmak, u qame ce cMa-
Tpa na kopumheme cyOreoTepMatHe eHeprije HUCKe eHTalmuje (Temeparype nog3eMaux Boma ox 30°C u
HIDKE) 32 TTIOTpede Tpejama HUje Y MOTITYHOCTH eKOHOMCKH onpaBnaHo. CTaHgap/iHa TEXHOJIOTH]ja 3a IPIMEHY
OBOT BHJa €HEPrHje 3aXTeBa BEJMKe MOBPIIMHE I0J] IAHEJMMa ca IIeBUMa Koje MPOBOJIE TOILTY BOAY W/HIIH
yHoTpedy TOIUIOTHUX ITyMITH Ca BUCOKHAM CTEIIEHOM HCKopHIhieka. Pa3Boj kackaaHe TOIUIOTHE MyMIIC U beHa
mypa npuMeHa omoryhuia 6u nanexo edukacHujy ynorpeOy “nako” JOCTYIHUX ITOJ3EMHUX BOAHUX pecypca
temrneparype nzmely 10-30°C u crora je y Bullle IIpojeKkaTa pealn30BaHHUX MOCICIBUX TOANHA aHaTIM3UpaHa
U pa3BUjaHa OBa TEXHOJIOTHja.

XuApOreooNKy yciIoBH y TepeHrMa ucroune Cpouje, cy Beoma IMOBOJBHU Ca aclieKTa eKcIuioaTanuje cyo-
reorepMaiHuX pecypca. Ilonpydje ce omIMKyje 3Ha4ajHUM KOJIMYHMHAMA IMOA3EMHHMX BOAA M TEPECTHYHUM
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TOIUIOTHMM TOKOM y OKBHpY T€OJIOWIKHX (opMalyja y OCHOBHHM TIeO-CTPYKTYPHHM jeIHHHILAMA OBOT
pernona (Kapnaro-bankannmn n Jlakujcku 6acen). bnusuHa ypOaHM30BaHMX Hacesha W MamHX TpajoBa U
IOCTOjabe pPa3BUjEHOT M IEHTPAIM30BAHOT Tpejamka Cy UYUICHHIE KOjeé MOBOJFHO YTHYy Ha MOTYHHOCT
eKCIUToaTanuje cyoreoTepMaIHuX BOTHHUX pecypca. OqpxuBo Kopuimheme TOA3eMHNX BOJHHUX pecypca Imo-
Ipa3yMeBaio OM M MOTPeOHY TepMallHy PEKOHCTPYKIHjy M 00Jpy HW30Manujy moctojehmx rpaleBHHCKHX
o0jekara, Kao ¥ TOHOIICH-¢ HOBUX 3aKOHCKUX Mponuca y Cpbuju y njpy MOACTHIIaja KOpUIIhemha 0OHOBIbH-
BHX M3BOpa eHepruje. Y monpydjy ucroune Cpouje, mpouemeHe KOJIMIUHE EHEPTHje Koje ce MOTY JOOUTH U3
cybreorepmanHux Boza u3Hoce oxo 33 MWt, mto 6u mpencrasbano oko 16% yKynmHHX eHepreTckux norpeda
HEeKOMHKO omabpanux Behmx Hacesba 3a Koje je oBa aHam3a BpiieHa. U mopen unmeHHIe 1a ce He OYeKyje
MIOTIYHO UCKOpHIINEHmE OBOT MOTEHIIMjala, €BUACHTHO je J1a je oH manexo Behu ox 4 % KOMuKo je y IuiaHo-
BHMa €HEPreTCKOT pa3Boja mpeaBuleHo Ja OM MOIIO M3HOCUTH ydemrhe reoTepMaIHUX BOTHHX pecypca Ha
HuBOy nene Cpouje.

K.rl,y'me peun: Cy6FeOTepMaJ'IHI/I H3BOPU, IMMOA3EMHE BOAC, TOIJIOTHE ITyMIIC, CHEPICTCKa e(l)I/IKaCHOCT, uc-

toyna Cpowuja.

Introduction

The utilisation of low-enthalpy ground source heat
for space-heating (or cooling) is widespread in the USA
and in Canada, with recent growing interest through-
out Europe (BANKS 2008). The heat pump technology
which supports low-enthalpy sources would help to
achieve the objectives of the Kyoto protocols on “green-
house” gas emissions. The thermal input for those
pumps can be provided either directly by groundwater
extracted from wells or tapped springs, or indirectly
by water injected into the ground and then pumped
out (rock and soil heat release) afterwards. Ground
source heat pumps (GSHP) can be regarded as com-
plementary technology inasmuch as they require a
“driving” mechanical or thermal power input (com-
monly, electrical power to a compressor) that is used
to extract renewable heat from the ground.

The heat effect delivered by a GSHP is typically 34
times the electrical power input. This means that it
delivers heat 3—4 times more cheaply, with up to 75 %
less CO, emission, than direct use of electrical resist-
ance elements. This, in turn, allows GSHPs to deliver
more CO,-efficient space-heating than even the most
efficient combustion of fossil fuels. Fossil energy
sources are especially limited in European countries,
and their dependence on import will be even more crit-
ical in the near future. Moreover, ground source heat
can also compete effectively in terms of marginal costs
with coal or gas (YOUNGER ef al. 2007). The energy of
the geothermal water could be exploited to the maxi-
mum before it is returned to the ground through a rein-
jection well (as already required by legislation of the
European Union). With reinjection an ecological prob-
lem is also minimized, as utilized geothermal water
must not be released into local water courses.

Although the initial high capital cost of GSHP
schemes is a potential weakness, within the European
Union the uptake of ground source heat technology
has dramatically increased (ALLEN et al. 2003). In
Sweden, for example, which has few native fossil fuel
resources and an energy economy that is founded on

nuclear/hydroelectric electricity, there has been a
strong political motivation to develop technologies
that utilise electrical energy as efficiently as possible.
Moreover, the strong environmental and centralist tra-
ditions of the Swedish government have stimulated
the uptake of technology since the early 1990s by a
generous subsidy programme. In 2007, it was assum-
ed that 185,000 GSHPs were installed in Sweden, pro-
viding some 1700 MW of power (Bouma 2002;
YOUNGER et al. 2007; BANKS 2008).

In central and SE Europe there is also growing
interest in introducing, widely applying and promot-
ing this kind of “green energy”. In 2000, fewer than
1000 GSHP were functional within Czech Republic or
Poland, while just five years later the number of pro-
cured and installed systems had increased tenfold.
Rapidly growing interest in GSHPs is also noticed in
Italy and in Slovenia, but the less powerful economies
of the Balkan countries are still waiting for the en-
couraged legislation and the deduction of fees for
their wider application. However, concerning ground-
water resources and availability most of the countries
that belong to the Balkan region are strong prospects.
The efficient use of thermal potential of existing flu-
ids would thus prevail over the possible alternative i.e.
exploitation of rock and soil petrothermal resources.

Subgeothermal water sources

In most relevant references the geothermal fluids
with a temperature lower than 100° C are classified as
“low enthalpy”: only the direct generation of electrical
energy from water heat at a temperature higher than
100° C is considered to be fully feasible (NICHOLSON
1993; LuND & FREESTON 2001; HUTTRER 2001).

Due primarily to the “young Alpine geology” of the
Balkan countries, there are insufficient geothermal
fields to generate electrical power under existing tech-
nologies. However, the number of thermal occur-
rences is very large. For example, in Serbia alone over
230 springs or wells with thermal or mineral waters
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are registered, 2/3 of them with water temperatures
over 20°C. Most of the thermal waters are used for
balneology and just a few for heating purposes. In
contrast, in neighboring Hungary thermal flows are
tapped for heating purposes in many locations. A good
example is Hodmezovasarhely where 50000 inhabi-
tants get their heat from the thermal waters at 80°C,
tapped at a depth of 2000 m (75 % of utilized waters
are reinjected into the ground).

Recently conducted studies aiming to assess the ther-
mal potential of lower temperature ground sources in
Serbia introduced the term “subgeothermal resources”
(STEVANOVIC et al. 2008). It has been proposed that
waters with a temperature of 30°C or lower are to be
classified in this group whereas those with a tempera-
ture of 30-100°C belong to “geothermal resources”.
One of the explanations is very practical: although
GSHP is necessary for water with lower temperatures,
the panel radiator systems allow direct use of water
with a temperature of 30°C or more without GSHP.
However, as temperatures are lower, heating panels
with larger surfaces are required.

Subgeothermal fluids in the territory of Serbia are
typical of complex geology as well as of a moderate
continental climate. They are classified as follows
(Table 1):

Table 1. Energetic potential of subgeothermal sources.

Group Temperature Average Energgtic
°C) depth (m) potential

1 >10 0-20 None

2 10-16 20-75 Small
3 16-22 75-135 Moderate

4 22-30 135-200 High

Brief physio geography, geology and
hydrogeology of the study area

There were several reasons to choose the Car-
pathian region in eastern Serbia (Fig. 1) as a study
area: abundant groundwater reserves, considerable
subgeothermal flow, a good number of small industri-
al towns with developed centralized heating infrstruc-
ture, and moderate continental climate. The northern
boundary is the Danube River, the eastern/northeast-
ern boundary is the state border with Bulgaria (toward
which the Carpathian-Balkan mountain range contin-
ues), and its western border runs along the edges of
the Velika Morava and Juzna Morava valleys (Fig. 2).
The main settlements are (from north to south): Donji
Milanovac, Kladovo, Negotin, Majdanpek, Bor, Zaje-
¢ar, Sokobanja, Knjazevac, Pirot (all with between
10000—-60000 citizens). Further west in an adjacent
area of central Serbia (Velika Morava valley) there are

several large cities such as Ni§, Paracin, Cuprija, Po-
zarevac and others that are also envisaged as possible
consumers of geothermal energy produced either from
local sources or from eastern Serbia (MILIVOJEVIC &
MARTINOVIC 2005; MARTINOVIC et al. 2008).

EUROPE

SERBIA

Fig. 1. Location maps of eastern Serbia.

The mountains of the Carpathian-Balkan arch are
mostly unpopulated and used by the local villagers for
specific crop cultivation or grassland during the sum-
mer months. Most of the hills are covered by forests or
pastures. The demographic trend in the region is nega-
tive: the younger population is gravitating towards
nearby industrial centers such as Bor or Zajecar.

The area is a prospect for the development of tou-
rism. It is unpolluted and accessible by many roads, is
rich in clean waters, and boasts beautiful landscapes
and features such as caves, waterfalls and springs,
including several spa and medical centers.

Annual average rainfall ranges from 600 mm to
750 mm for most of the cities, while the annual average
air temperature for the entire region is around + 9°C.

The complex geology of eastern Serbia comprises
two main geo-structures: the Carpathian-Balkan arch
and the Dachian basin, both characterized by hydro-
geological heterogeneity and a variety in aquifer sys-
tems and groundwater distribution. Thus, the region is
characterized by the presence of formations with
small groundwater reserves but also Mesozoic carbo-
nate rocks, Tertiary or Quaternary alluvial and terrace
deposits that could be very rich in groundwater
(STEVANOVIC 1994).

The study area consists of several mountain massifs,
the majority of which are built from carbonate rocks
(Fig. 2). Precambrian rocks are not often exposed to the
surface and can be found in anticline cores, often corre-
sponding with mountain central parts and peaks. They
are commonly overlaid by Paleozoic rocks (Ordovici-
an, Silurian and Devonian age). Paleozoic formations,
magmatic and metamorphic rocks are mostly aquitards
or aquifuges.

The major part of the study area was invaded by the
Middle Jurassic marine transgression, and the sedi-
mentation cycle continued until the end of the Lower
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Fig. 2. Hydrogeological sketch map of eastern Serbia and main groundwater sources (based on Hydrogeological digital map

of Serbia, Stevanovic & Jemcov 1995).

Cretaceous (Albian). Throughout this period, thick
deposits, primarily of carbonate rocks, were formed to
a total thickness of about 1300 metres. Carbonate
rocks are characterized by the non-uniformity of the

facies with prevalent limestone but also by ”impure”
varieties in lower sections, such as sandy limestones
of the Dogger, or Oxfordian-Kimeridgian chert lime-
stones. The carbonate complex was formed mostly
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during the Tithonian, Valanginian, Hauterivian, Barre-
mian and Aptian and it contains predominantly pure
carbonates or magnesium carbonates.

The karst aquifer formed in carbonate rocks is rich
in groundwater, and is recharged mainly from rainfall
and from sinking flows which gravitate from imper-
meable rocks at higher altitudes. Carbonate rocks are
well-karstified and contain very large groundwater
reserves (STEVANOVIC 1994, 2009).

The karstic groundwater is used mostly for drink-
ing purposes or for small industry supply; almost all
the cities in the region are consumers. Although the
total dynamic reserves in karst often surpass by far the
exploitation capacities, most of the tapping structures
are constructed simply to tap the natural discharge of
the springs and thus depend solely on the natural flow
regime. Aiming to overcome this problem, during the
last three decades several successful aquifer control
projects have been completed (STEVANOVIC et al.
2007). Karstic groundwater is extracted in a very
small amount for irrigation purposes.

In the Timok tectonic trough on the eastern part of
Carpathian arch, a volcanogenic-sedimentary series
over 2000 meters thick (andesites, pyroclastics, tuffa)
was formed during the Senonian and the Paleogene
(Fig. 2). Fissured aquifer of this complex contains
several important thermal and thermomineral occur-
rences with the water temperature ranging from
30-40°C (Brestovacka spa, Gamzigradska spa, Soko-
banja, Nikoli¢evo, garbanovac).

Clastic sediments, marls, clays, and sands were de-
posited in a number of the intermountain depressions
filled with lake waters during the Neogene (e.g. Zagu-
bica, Bogovina, Sokobanja, Babusnica, Pirot). The
sandy water-bearing layers could have an artesian
pressure (confined aquifers) and are tapped in several
locations (e.g. Negotin, Zajecar).

Most recent are alluvial sediments which follow
major streams in the region (NiSava, Timok, Resava
etc.) and are used mostly to supply local villages. The
exception is Ni§ where a large amount of alluvial
water is tapped (Mediana source) for Ni§ itself, the
third largest city in the country.

Utilizing geothermics by cascade heat
pump - Discussion

For heating purposes three basic types of heat
pumps are used (GORICANEC et al. 2008):

— a single stage heat pump,

— a two stage heat pump with a flash vessel,

— a two stage heat pump with a heat transmitter.

Using a single stage heat pump for heating build-
ings, the temperature of the secondary carrier can
reach 55°C maximum, which is quite a bit too low for
the heating of buildings with a “classical” radiator
heating system. Therefore, single stage heat pumps

are primarily used for low-temperature heating sys-
tems, with the temperature of the secondary carrier up
to 45°C. In high temperature heating systems, the
temperature of the secondary carrier must be even
higher than 60°C. With an appropriate refrigerant, a
two stage heat pump with a flash vessel could be used
for high temperature heating systems. But it is diffi-
cult to find a refrigerant which allows the exploitation
of the temperature of geothermal water by cooling it
to 10° C and at the same time reach a high tempera-
ture in the condenser of the second stage in the heat
pump (GORICANEC et al. 2009).

This problem has initiated research for a two stage
heat pump with a heat transmitter (heat exchanger),
schematically shown in Figure 3. The heat pump in
fact consists of the two single stage heat pumps which
are connected by a heat transmitter. The advantage of
such a cascade heat pump is that, according to their
physical-chemical characteristics, different refriger-
ants can be used at each stage. In choosing the refrig-
erant considerable attention must be paid to its physi-
cal-chemical characteristics, ecological acceptability,
and use of recognized brands.
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Fig. 3. Scheme of two stage heat pump with a heat trans-
mitter (Goricanec et al. 2009)

The heat transmitter between the two stages repre-
sents a condenser for the first stage and an evaporator
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for the second (GORICANEC et al. 2008). The use of
two stage heat pumps with a heat transmitter is sug-
gested in the existing district heating system of build-
ings in the city of Lendava in Slovenia (TORHAC ef al.
2005). The heat source for the heat pumps is geother-
mal water of 42°C. The principle of exploiting heat
from geothermal water in an individual facility is
shown in Figure 4. With such a system it would be
possible to exploit the heating of geothermal water to
a temperature of even 10°C.

Radiator system heating

&
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A Secondary

Two stage
heat pump
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Thermal transmitter Cold fluid
water —I' _ (~10°C)
Ll 4 Ll
Pumping Injection
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Fig. 4. Scheme of heating of building by a two stage heat
pump and reinjection of utilized waters

The coefficient of profitability of a two stage heat
pump and the period of time for the investment to be
recovered show these to be good prospective solutions.
In the case of the Lendava thermal source, the coeffi-
cient of profitability has been calculated on 1.19, and
the investment will be returned in 3.2 years (KozIC et
al. 1994; TORHAC et al. 2005). The coefficient of per-
formance (COP) of a heat pump is between 3.5 and
4.4. Tests and calculations for water at lower temper-
atures, different refrigerants and equipment used re-
sulted in a longer period for investment recovery, but
still justifiable in terms of both economy and ecology.

At present, almost 50 % of total energy production
in EU countries is spent in buildings. In Serbia even
more, almost 2/3 of the energy is utilized for domes-
tic heating, which is quite logical given that more than
50 % of buildings in Serbia were built before 1970.
when application of thermal insulation was not oblig-
atory. According to some estimates, the annual energy

output is in the range of 150 to 250 kWh/m2. This is
2-3 times more than optimal.

Moreover, the application of active and passive re-
newable energy for space and water heating is still not
properly regulated in Serbia: it is only recommended
in different state or local government strategies. How-
ever, central heating systems exist in numerous cities
and can be used for conveying energy from alternative
thermal sources.

Eastern Serbia - subgeothermal potential
and prospect

Several conducted studies (STEVANOVIC 1994,
2009; MILIVOJEVIC & MARTINOVIC 2005, 2010; MAR-
TINOVIC et al. 2008; STEVANOVIC et al. 2008) have con-
cluded that eastern Serbia is one of the regions in the
country with the greatest prospect for groundwater
and subgeothermal energy extraction due to: richness
of the aquifer, developed heating infrastructure within
moderately populated cities, proximity of the sources
to the end-users.

In practical terms, most important is the karstic
type of aquifer in Jurassic and Cretaceous limestones,
which covers about 30 % of this region. The region
features a considerable number of karstic springs, of
which 16 have a minimum yield of more than 0.1 m3/s
(STEVANOVIC 1995). All major cities use water from
karstic aquifers; however, available reserves are sev-
eral times higher than the water demand of this and
neighboring regions, and will remain so for a long
time to come. There is also good potential for ground-
water utilization from alluvial sediments and Neogene
formations in Intra-Carpathian basins. Regarding the
total groundwater resources available there are some
contradictions in their estimates. The Water Master
Plan of Serbia from the year 2000 indicated dynamic
groundwater reserves in the amount of 4.27 md/s,
while some other studies found that even the reserves
of karst aquifers are considerably higher, reaching
12.6 m3/s. The karst and fissured aquifers are also rich
in thermal water occurrences: there are 6 registered
with temperatures over 30°C and some 20 with tem-
peratures over 20°C. In addition, average water tem-
peratures of artesian and subartesian waters from
Neogene sediments are in the range of 10—18°C which
also classifies those aquifers as ones with high poten-
tial for geothermics utilization (Table 2).

According to the preliminary assessment, some 1.7
m3/s of groundwater in eastern Serbia can be extract-
ed and sustainably used for heating/cooling systems
(STEVANOVIC et al. 2008). This potential flow resulted
from the calculation which took into consideration
prioritized water utilization for drinking and industri-
al water supply, ecological flow for downstream water
dependent eco-systems, and the average water tem-
perature ranging from 10-30° C. The subthermal flow
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Table 2. Available subgeothermal resources and calculated heat power in the Eastern Serbia.
* = Temperature of groundwater resources: 10-30°C
Available subgeothermal water resources
Total groundwater Total heat (I/s) Available
Aquifer system resl(/)ur:es potenthl cilpaclty Temperature | Temperature| Temperature hea]tv[ potwer
s) (Mwt) 10-16°C | 16-22°C | 22:30°c | MWD
Alluvial aquifer 1750 43.9 610 0 0 15.3
Neogene artesian aquifer 730 26.8 170 55 45 10.4
Karstic and fissured aquifer 5310 140.0 730 55 30 235
TOTAL 7790 210.8 1510 110 75 49.2

AT = 6° C —temperature 10-16° C
AT = 12° C — temperature 16-22° C
AT = 18° C — temperature 22-30° C

can be separated into three categories as presented in
Table 1. Total potential heat capacity is calculated by
the formula:

Q=m % ¢ %« AT
where,

Q — total potential heat capacity (MW?t),

m — mass (kg),

¢ — specific water thermal capacity J/(kg°C) i.e.
0.004184,

AT — differential temperature (°C).

Differential temperatures are in the range of 6—-18°C
depending on geothermal categories (e.g. AT = 18°C for
the waters with T 22-30°C). Available heat power is
based on available water resources and tolerable COP,
and is assumed to be around 49.20 MWt (Table 2).

The next step in the calculations considered the ther-
mal heat power from sources which are located in the
vicinity of the urban areas. Most of the water resources
are at a viable distance from the consumers. The calcu-

lation is based on apartments with an average surface of
60 m? and required average heat of 100 kWh/m2. The
latter figure takes into consideration the implementa-
tion of some other energy efficiency measures to be
implemented at the same time (thermal reconstruction
and insulation of the buildings). Complete and sys-
tematic insulation would additionaly improve the sit-
uation and reduce required heat, but at this stage just
part of these activities are envisaged. Table 3 contains
data concerning the total power required to heat the
apartments in major towns, the potential subgeother-
mal flow available in their vicinity (for each of de-
fined three categories), the potential thermal power
which can be produced by heat pumps, and the per-
centage of heat demands that can be met by heat
power generated in such a way.

The total potential thermal power which can be
generated from subgeothermal waters for large settle-
ments is assumed to be around 33 MWt, which corre-
sponds to some 16 % of their total heat demands.
While it is clear that not all potential energy can be
efficiently exploited, this figure indicates that the

Table 3. Potential of subgeothermal water resources and heat power in vicinity of urban areas of Eastern Serbia.
* = Flow of subgeothermal categories: 10-16 / 16-22 / 22-30°C.

Potential th 1
Main Number of Total surface | Required Available p?)vigrlsuppf)l:tt?i Cover of
No house holds for heating | heat power | subthermal required heat
towns . 2 by heat pumps
in urban area (m’) (Mwt) flow (I/s)* (Mwt) (%)
1 | Kladovo 5,016 300,900 30.1 110/20/10* 4.5 15
2 | Negotin 2,739 164,300 16.4 120/20/10 4.7 29
3 | Majdanpek 2,563 153,700 154 120/10/5 43 28
4 | Zajear 6,812 408,700 40.9 160/10/10 53 13
5 | Bor 5,736 344,100 344 130/10/10 4.5 13
6 | KnjaZevac 4,015 240,800 24.1 150/10/10 5.0 21
7 | Pirot 6,728 403,600 40.4 140/10/5 4.4 11
TOTAL 33,600 2,016,100 201.7 930/90/60 32.7
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Fig. 5. The settlements - Main potential consumers of subgeothermal energy in eastern Serbia, their heat demands and pos-

sible cover

potential of subgeothermal energy in this region is of energy source to the Serbian energy balance recent-

much higher than the 4 % contribution from that kind  ly announced in the national energy plans.
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Between 11 % and 29 % of heat demands of select-
ed towns are covered (Fig. 5). The latter figure char-
acterizes the town of Negotin where a relatively large
groundwater resource is located near a small urban
settlement.

Such promising geothermal potential requires fur-
ther systematic research as well as the development of
a new strategy and legislation. Therefore, greater gov-
ernmental support for “green” energy production is
expected. Sustainable groundwater extraction should
also be followed by controlled extraction (by the pro-
vision of permits for exploitation rights) as well as
permanent monitoring aiming to prevent over-
exploitation and potential technogenic processes.

The implementation of new legislation similar to
that of the European Union is also required particular-
ly for utilized waters which have to be regularly rein-
jected into the ground. A sound practice applied in
developed countries suggests that reinjection should
take place in the layers regularly overlying the main
aquifer (Fig. 4) in order not to cool the existing tem-
perature of the tapped waters [The heat pumps pro-
duce thermal energy by significantly decreasing initial
water temperature (AT)]. A new approach also requ-
ires intensive public promotion of energy efficiency
demands and achievements. And last but not least, the
reconstruction of old buildings and thermal insulation
should systematically be undertaken.

Conclusions

Among the main advantages of subgeothermal
energy extraction from groundwater (temperature
30°C or less) are:

o FEasy tapping (once the groundwater resource is

properly explored and defined);

o Renewable energy resource which is cheap to
develop;

o Inexpensive heating pumps and equipment (will
be even less costly with wider application and
further commercialization);

o Conservation and guarding non-renewable ener-
gy sources for future generations (in accordance
with sustainable development principles);

o Energy independence of the country;

o Lesser emission of CO,, CO, along with numer-
ous other ecological benefits;

o Prospect for alternative economic development
including tourism, recreation and the develop-
ment of spa centers.

The two stages (cascade) heating pumps enable the
exploitation of low enthalpy sources with tempera-
tures over 10°C. However, every additional tempera-
ture degree makes this exploitation more feasible.
Some regions such as eastern Serbia are a good exam-
ple to demonstrate the feasibility and advantages of
the development of subgeothermal resources and

wider application of cascade heat pumps. One of the
main advantages is the existence of a centralized heat-
ing infrastructure in most of the small or medium
sized cities in the region.
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Pe3nme

IMoTrennujaa cyoreorepMaHux
BOJIHMX pecypca 3a HIHpe eHepreTcko
uckopuinhaBamwe - npumMep UcCTOUYHE
Cponje

l'eonomku ycmou Ha momapy4jy CpOuje u OankaH-
CKHX 3eMajba He oMoryhyjy dbopmupame Xumeprep-
MaJHHUX Boja y mimhum crpykrypama (mo 2000 m),
CaMHUM TUM HU TI0CTOjafbe Te0TepMalTHe eHepruje Koja
Ou ce MoIvIa KOPUCTHUTH 3a TPOU3BOIBY EIEKTPUIHE
eHepruje. MehyTum, MOTEHIHjaIT 32 KOpHUIThEeHe Tep-
MaJHHX BOJa M BOIHUX pecypca pa3iIuinuTe TeMIiepa-
Type 3a rpejame je Benuku. Camo y CpOuju peructpo-
BaHO je mpexo 230 u3Bopa u OyHapa ca TepMaJHUM H
MHUHepaTHUM Bomama. On Tora 2/3 oBHX Boma Cy ca
temneparypom Behom ox 20°C. BehmnHa TepmanHux
BOJIa C€ KOPUCTH y OaTHEeoNoTHjH, a caMO MarmbH Opoj

mojaBa 3a moTpebe rpejama. Hacympor tome, y cy-
cennoj Mabhapckoj reotemaniHa eHepruja ce KOPUCTH
3a oTpede rpejamba y MHOTUM MECTHMA. Y CYCEITHOM
Xomnmesoacapxeiy, npeko 50 000 craHOBHHKaA T0OH-
ja TOIJIOTHY €Heprujy W3 TepMaHUX BOJa TeMIlepa-
Type ox 80°C, 3axBahene Ha ny6unu ox 2000 m (75 %
UCKopHIINeHe BOJE CE€ PEHIEKTHpa Hazall y Teollo-
Ky CPEIUHY).

CripoBezieHe HOBHjE aHAIHM3e yCEMepeHe Ha Ipo-
[IeHy MOTEHI[Hjalla CyOreoTepMaTHUX BOIHUX PECyp-
ca y CpOuju, yBenme cy TepMHUH ,,CyOT€OTEpMaTHH
pecypcu” (CTEBAHOBUT u dp. 2008). OBoj kareropuju
O6u mpunamane Boae Temmeparype 30°C wnmm HIDKe,
ok 6u Boge temneparype ox 30 mo 100°C mpencra-
BJbAJIE “‘TeoTepManHe pecypce’. Jlok cy reorepmaiine
tortotHe mymrie (I'TIT) HeomxoxHe 3a MogU3amke TEM-
nepatype XJagHuje BOJe, TMaHeTHH CHCTEM Tpejama
JTI03BOJhABA TUPEKTHO KOpHUIINeme BOIa TeMIepaTypa
30°C unm Bue, u To 0e3 ynmoTpede mymmnu. HapasHo,
MTOBPIINHA TIaHEeTIa 3a rpejambe Mopa outu Beha mro cy
TEeMIIEpaType HIKeE.

Kopumiheme reorepmanHe eHepruje HUCKE €HTAI-
nyje 3a motpede rpejama (wm xmahema) mpocTopa je
mupoko pacrpoctpawero y CAJl u Kanaau, a ox He-
JTABHO je TIpUMETaH MOpPacT WHTEPECOBAkA M IIMPOM
EBpomne (BANKS 2008). I'TII ce mory cmarpatu aji-
TEPHATUBHOM TEXHOJIOTHjOM, TIOIITO UM je TTOTpeOHO
JIoBOhere MeXaHWYKe WM TOIUTIOTHE eHepruje (o0u-
YHO €JICKTPUYHE €HEeprHje J0 KOMIpecopa), Kako Om
ce TeoTeMaliHa eHepruja “M3ByKia” 3a KopHIIheme.
[Ipu Tom, TommotHu edexar gobujer pagom I'TII je
obnyHo 3—4 myta Behw on yTpOIIeHE eIeKTpUYHE
eHepruje motpebHe 3a meH pan. lIpomsBemena To-
wioTa je yjenHo u 3—4 myta jedrunuja, ca 1o 75 %
Mmame emucuje CO,, y onHocy Ha HajeukacHuje cu-
CTeMe 3a Tpejame ca caropeBameM (POCHITHUX TOPHBA.

HNako cy nmouetHa mHBecTHLMOHA ynaramwa y ['TII
BHCOKa, KAaCHHjE YIITENE W EKOJOMIKE IPEeTHOCTH
ycroBuIe cy 1a moceOHO y 3eMsbama EBporicke YHUje
3Ha4ajHO TIOpacTe MHTEpeC 3a Kopuilheme OBOT BHUIA
“senene’ enepruje. MimycrparnBan npumep cy Yemka
u [lospcka y xojuma je Toxkom 2000. romuHe Omo He-
mrto Mawmwe oa 1000 omeparusHux I'TII, a camo mer
rofrHa KacHHUje Opoj WHCTAIIMPAaHUX CHCTEMaA Ce I10-
Behao JeceTocTpyko.

TpenytHo, y 3emimbama EY ckopo 50 % ykynne npo-
W3BOJIE-C EHEPTHje TPOIN ce Ha cTaMOeHe ofjekTe. Y
Cpbuju je oBaj mporeHar 3HaTHO Behu, roToBo 2/3 11e-
JIOKyTIHE TIOTpeOHE eHeprHje ce KOPUCTU 3a Tpejarbe
nmomahuHcTasa. To je u JIOTHYHO ako ce MMa y BHIY Ja
je Buwe ox 50 % crambennx o0jexra y CpOuju usrpa-
heno npe 1970, xaga TepMom30IAIHja Y CTAHOT PAIEHH
HUje Omna oOaBe3Ha. Ilpema HexWM mpoleHaMa,
TONUIIGY YTPOIAK eHepruje je y pacnony ox 150 mo
250 kWh/m2, mro je 2—3 myTa BHUIIe 0/ ONITHMAJIHOT.

[TocToju HekonwKo pasznora 30or dera je obmact
Kapmnaro-6ankanuaa ucroune CpOuje pasmarpana Kao
nmoapydje y KoMe 01 ce MOIIH aKTUBHHUj€ KOPHUCTUTH
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pecypcu cyOreoTepMaliHe €Heprije: oOmIyje 3Hadaj-
HHUM pe3epBaMa MOA3EMHUX BOJa KOje HUCY Y TOTIY-
HOCTH HCKopuITheHe 3a Apyre HaMeHe, NMa 3HavyajaH
Opoj TepMamHUX W CyOreoTepMallHUX MPUPOTHUX
BOJTHUX I10jaBa, Y OBOj 00IaCTH ce Halla3W W 3Ha4ajaH
Opoj MamHUX MHIYCTPHjCKUX TpalioBa ca pa3BHUjeHOM
WHPPACTPYKTYPOM HEHTPATHOT Tpejama, U MMa pe-
JATUBHO crnenu(puyaH yMEepeHO-KOHTHHETATHU THUI
kmuMmara. OBa o0NacT je MepcreKTUBHA M 33 Pas3Boj
TypusMma. [Ipupogan amMOUjeHT je pernaTHBHO OYyBaH,
Oorara je YMCTOM BOJIOM, U Pa3HOBPCHUM MPHUPOIHUM
nojaBama (nehuHe, Bogomaan, U3BOPH), YKIbYUyjyhn
HEKOJMKO Oama M MeIuIMHCKUX HeHTapa. CBe To je
MoTeHIMjar unjoj Ou Behoj Bajopu3auju MOTIN J10-
MIPUHETH U e(UKACHH]U CHCTEMH Tpejamba.

Y HEKONMKO paHHje CIPOBEACHUX CTynuja (STEVA-
NOVIC 1994, 2009; MILIVOJEVIC & MARTINOVIC 2005,
2010; MAPTUHOBUR u dp. 2008; CTEBAHOBUR u Op.
2008) 3akspydeHo je na je ucrouna CpOuja jemaH ox
pernoHa y 3eMJpH ca HajBehuM MOTeHIHjajIoM 3a eKc-
MJI0aTamyjy TOA3eMHUX BoJa W cyOreorepmaiHe
eHepruje. Y TPakKTUYHOM CMHCITY, Haj3HA4YajHUJH je
KapCTHH THIT H3JaHU POPMUPAH y OKBHPY JYPCKUX H
KpeIHUX Kpeumaka, Koju 3ay3umajy oxko 30 % ose
obmacTé W y KojuMa Cy aKyMylupaHe pe3epBe Bona
IpoLEkeHe Ha TIpeKko 12 m3/s.

[lpema mpenuMUHApPHOj OpoleHH, OkO 1,7 md/s
nmoja3eMHuX Boja uctoune CpOuje M3 pazsIMauTHX
TeOJIOMIKUX CPENHA, MOTIIO O ce eKCIIoaTucaTu U
OIP)KUBO KOPUCTH 3a MOTpede cucreMa 3a Tpeja-
we/xnaheme (CTEBAHOBUR u dp. 2008). Taj moreHIm-
jaTTHU KarmanuTeT pe3yaTar je mpopadyHa KOjH je y3eo
y 003up /Ja Cy MPHUOPHUTET BOJE KOje C€ KOPUCTE 3a
nuhe U WHIYCTPHjCKO BOAOCHAOIEBamke, Kao U Ja ce
MOpa 00e30eIUTH W EKOJIOIIKH MPOTOK BOJAE 3a HU3-
BofHe ekocucteMe. CyOreoTepMallHU pecypcu cy
MOJIeJheHH Y TPH KaTeropuje (Tabena 1).

[IponemeHo je na je yKyImHA TIOTEHIIH]jall TepMalTHe
eHepruje, Koja ce MoXxe TOOUTH U3 CyOreoTepMatHuX

Boma oko 33 MWt 3a Beha Hacespa. To Om mpen-
CTaBJbANIO OKO 16 % HUXOBHUX YKYINHUX €HEPreTCKHX
notpeda. [IporieHaT mMOKPUBEHOCTH TOTUIOTHOT KOH3Y-
Ma 3a omabpane rpanose ce kpehe mmely 11 u 29 %.
Hajsehe yuemhe cyOreoTepmaiHuX BoAa 3a Tpejame
Moriio Ou ce octBaputu y Herortwny, rme cy pena-
THUBHO 3Ha4YajHU PECYPCH MOI3EMHUX BOAA Yy ONM3UHH
HEIITO Mamer ypOaHOT Hacesba.

WNako je mo3Haro ma ce cyOreoTepMaiHU IOTEH-
[{jan He MOXKE MPAKTHYHO HHUKaga MUCKOPHUCTUTH Y
MOTITYHOCTH, aHajiW3a yKaszyje W Ja je TMOTEHIIHjal
cybreorepMaiHe eHepruje y uctrouHoj Cpouju ganexo
Behu ox 4%, KolWKo je y IUIaHOBHMa EHEPTeTCKOT
pa3Boja npenBul)eHO a2 OM MOTIIO M3HOCHTU YKYITHO
yuemnrhe reoTepMaHAX pecypca Ha HuBOy CpoOwuje.

Tabena 1. EHeprercku NOTEHIHjald CyOTe€OTEpPMAaTHUX
H3BOpa

Cpyma Temnepatypa IIpoceuna EHepI‘eT?Kﬂ
0 nyouna (m) MOTEeHIHjal
1 >10 0-20 3aHEMapJbAB
2 10-16 20-75 Maju
3 16-22 75-135 CPENILH
4 22-30 135200 Behn

3HavajaH TeoTepMaTHH TOTEHIIHjall 3aXTeBa Jlajba
CHCTEMAaTCKa UCTPaKUBAKA, KA0 M Pa3Boj HOBE CTpa-
TETHje U 3aKOHONIABCTBAa y eHepreTuim. [Ipema Tome,
odexyje ce Beha ApkaBHa TOAPIIKA 33 TMPOU3BOIHY
“zenene” eHepruje. OAPXKUBO KOpHUIINEHE IOI3EM-
HUX Boma Tpeba ma Oyne mpaheHo W KOHTPOIHCAHOM
ekcruroaranujoM (obezbehuBameM eKcIIoaTamoHNX
JI03BOJIA), KA0 M CTAJJTHUM MOHHTOPHHIOM, Ca IHJbEM
Jla ce chpevaBa MpelplbUBame H3NaHu U Moryha
mmojasa mparehux TEXHOTEHHX MpoIieca.





