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1. GEOTHERMAL ENERGY GEOTHERMAL DECADE

Geothermal Energy - Heat Beneath Our Feet

WHAT IS THE GEOTHERMAL ENERGY AND ITS ADVANTAGIES?

— RENEWABLE SOURCE OF ENERGY

—  CLEAN SOURCE OF ENERGY

— AVAILABLE 24/7

—  ENERGY PRODUCTION WITHOUT FLUCTUATION
—  HIGHT CAPACITY FACTOR

— ENERGY PRODUCTION FLEXIBILITY

—  CASCADE ENERGY PRODUCTION

FOR WHAT CAN WE USE? WHERE CAN WE USE?
—  HEATING PURPOSES »  BUILDING SECTOR
—  COOLING PURPOSES INDUSTRY SECTOR

AGRICULTURE SECTOR
SUPPORTING CRITICAL MINERALS PRODUCTION

—  ELECTRICITY PRODUCTION
— COGENERATION

Qe 8
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1. GEOTHERMAL ENERGY

HYDROGEOTHERMAL
ENERGY

TOPS 2026

LOW ENTHALPY
T<100° C

LOW TO MEDIUM
ENTHALPY
T100-150° C

MEDIUM ENTHALPY
T150-250° C

HIGH ENTHALPY
T>250° C

MILENIC, D., et al., 2010: Criteria for use of groundwater as renewable energy
source in geotermal heat pump systems for building heating/cooling purposes,

Energy and Buildings, Vol. 42, pp. 649-657

Geothermal Energy - Heat Beneath Our Feet

10

Direct
ulilisation

Teperature (°C)

HGTE
LOW ENTHALPY

SUB(HYDRO)
GEOTHERMAL
T<30° C

(HYDRO)GEOTHERMAL
ENERGY IN NARROW SENSE

T30-100° C
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1. GEOTHERMAL ENERGY - GEO DH BASIC SETTINGS 1
GEOTHERMAL POTENTIAL IN EUROPE

GEODH - Geothermal District Heating Systems e
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1. GEOTHERMAL ENERGY - CURRENT STATE: AN OVERVIEW

Geothermal power generation ~ *

capacity in Europe

3.5 GW,

Numberof plants
(in largest European markets)

Italy Turkey Germany France

Iceland

= Number operational
= Number in development
= Number planned
Croatia

Numberof plants
(in emerging European markets)

= Number operational
= Number in development
= Number planned

Across Europe installed:

Number of geothermal power plants: installed, planned Geothermal district heati ng/cool i ng
and under investigation (EGEC, 2023)
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6 GWth

@ Number of plants in operation @ Number of plants in development

412 geothermal DHC plants were in
operation across Europe
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Number of emerging geothermal district heating
and cooling operating and in development
(EGEC, 2025)

10 100 1000 10000

Belgium

Czech Republic

lincluding Faroe Islands)

Estonia

Global geothermal power

Finland

France (mainland)

generation capacity

Germany

16,355 MW

Hungary

Iceland

Ireland

Italy

Global geothermal heating/cooling

Latvia s

Lithuania

capacity

107,700 MW

Norway

Poland

tugal (including Azores)

Slovakia

Spain

Think Geoenergy, 2023

Sweden

United Kingdom

Albania

Bosnia and

Bulgaria

Croatia

Cyprus

Greece

North Macedonia

Romania

Serbia

Slovenia

Tarkiye

Armenia

Belarus

Georgia

(Lund and Toth, 2021)

Russian Federation

Ukraine

W Installed capacity (MW..)

Geothermal Heat Pumps (GHPs)
2.3 million units

02-03. jun 2026. Zlatibor, Hotel Palisad



1. GEOTHERMAL ENERGY - CURRENT STATE IN SERBIA: AN OVERVIEW

GEOTHERMAL POWER

= No electricity production from geothermal energy yet

HEATING/COOLING

=  Space heating =200 MW
GEOTHERMAL DISTRICT HEATING

= 1 system-2.1 MW

OTHER USE

= Balneological purposes =60 MW
=  Agriculture sector =20 MW

=  (4.000 geothermal systems in use) (direct use +GHP+BHTE)

B The total estimated capacity of existing geothermal wells
. ) in Serbia (2000-2016) is 190 MWth, out of which 80 MW

. i . this in northern Serbia - Vojvodina (Panonian basin).

The total quantities of thermal water in Vojvodina is

350 I/s (50-60 C)
TOPS 2026

GEOTHERMAL OBJECTS IN SERBIA TO DATE —
ESTIMATION IN BUILDING SECTOR

GROUNDWATER AS A SOURCE

Installed systems: approx. 3.000
Installed capacities: approx. 40MW

GROUND SOURCE

Installed systems: approx.1.000
Installed geoprobes: approx. 4.000
Installed capacities: approx. 10MW

TOTAL INSTALLED SYSTEMS: approx. 4.000
TOTAL INSTALLED CAPACITIES: approx. 50MW

WHAT ABOUT GEOTHERMAL POTENTIAL?
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2.

GEOTHERMAL
RESOURCES
POTENTIAL
OF SERBIA
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2. GEOTHERMAL POTENTIAL OF SERBIA

o
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GEOTHERMAL POSITION  S@RERSSS
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Hottest Known Geothermal Regions

hitp/www.powertubeinc.com/product_infoAworld_genthermal.shtmi
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2. GEOTHERMAL POTENTIAL OF SERBIA

GEOTHERMAL POSITION 2 @

Geothermal
Heat-Flow Density

B : 150 mwim?

80 - 150
50 - 80
30-50

<30

Original map:
Atlas of Geothermal
Resources in Europe

Heat-flovw density

® 2002

European Commun ities
Publ. Nr. EUR 17811

I & Redesign and
. . general lisation:
Q ® 2005
Energie-Atlas GmbH

CH-4142 Minchenstein

Geothermal Heat-Flow Density
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2. GEOTHERMAL POTENTIAL OF SERBIA

TEMPERATURE

Map of the temperatures extrapolated at 5 km depth

< 60°C
60 -80°C | .
80 - 120°C
120 - 140°C
140 - 160°C
160 - 180 °C
180 - 200°C
200 - 220°C
220 - 240°C
> 240°C

& *
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2. GEOTHERMAL POTENTIAL OF SERBIA
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2. GEOTHERMAL POTENTIAL OF SERBIA

®
GEOTHERMAL SETTINGS O

A

;

Heat-flow
density map
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Map
at 1 km
depth Ji
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3 main zones
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2. GEOTHERMAL POTENTIAL OF SERBIA
POTENTIAL PROVINCES 1 - NEOGENE MAGMATISM

HUNGARY T — l:| ; ®:
/. e
o | e o RED AREAS!!!
-
s
TEMPERATURES: UP TO 110°C

OVER 100 NATURAL OCCURENCES
WITH TEMPERATURE OVER 20°C

o

UTILIZATION OF RESOURCES: 8-heating; 9-heating, balneotherapy and recreation, 10-Food production; 11-industry; 12-Balneotherapy;
13-Recreati sport; 14-Occurences not used; 15-In operation in 2015.
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2. GEOTHERMAL POTENTIAL OF SERBIA
POTENTIAL PROVINCES 2 - PANONIAN BASIN
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2. GEOTHERMAL POTENTIAL OF SERBIA

POTENTIAL PROVINCES 3 - MACVA REGION

10 km

® S MITROVICA

SREM

MACVA
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2. GEOTHERMAL POTENTIAL OF SERBIA

GEOTHERMAL DEEP WEELS/GEOTHERMAL OCCURRENCES

ag e

TOPS 2026

Legenda

Gactermana butoting/dunar
05 Terrana sraca izralena u MWt

012528

50

75

00
Kilometers

Okru okali p Q ’

] Banja e s MWt
1. | Severno-banatski | Kanjika bunar 27.63 19 238
2. | Zapadno-badki Junakovié bunar 4649 20 2.26
3. Severmno-banatski | Bedej bunar 65 25 4.71
4. | Sremski Vrdnik bunar 3 45 245
- Beograd Selters bunar 3260 20 2.09
6. | Podumavski Palaslkd bunar 50 4 0.50

| kiseljuk
7. Kolubarski Lijig bunar 3 4 0.22
8. | Madvanski | Koviljada bunar 30 20 0.84
9. | Sumadisski Bukovitka bunar 3134 3 0.18
10. | Moaraviéki | Gornja Trepéa izvor i bunar | 27.31 21 0.97
11, | Moraviéki Owiar izvor i bunar 36.38 S0 3.77
12. | P&niski . Vrjatka izvar i bunar 36 6 0.40
13. | Radki Mataruska bunar 25.51 72 6.02
14. | Radki . Begutovac bunar 25 10 0.21
15. | Rasinsks Ribarska izvor i bunar 44 37 3.72
16. | Borski . Brestovac izvar i bunar 2041 7 0.44
17. | Zasjeéarski Gamzigrad izvoribunar | 30-42 10 0.63
18. | Zujelarski . Soko izvor i bunar 22.46 25 2.09
19. | Zlatiborski Priboj Zvor 36 7 4.69
20. | Toplitki | Lukovska bunar 64-67 12 2.31
21. | NiZavski Nidka Zvor 7 15 249
22. | Radki | Jotanitka Zvor 50.77 19 3.58
23. | Toliki Kurfumlijska bunar 64 16 2,95
24. | Tolicki | Prolom bunar 3l 10 0.46
25. | Jablanidki Sijarinska izvor ibunar | 61.76 36 7.53
26. | Radki . Novopazarska Zvor 51 ) 0.65
27. | Pirotski Zvoastks Zvor 28 S 0.17
28. | P&niski | Vranjska izvor ibunar | 63.95 80 19.08
26. | P&nski Busanovac bunar 42 7 0.64
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2. GEOTHERMAL POTENTIAL OF SERBIA
SUBGEOTHERMAL POTENTIAL - SERBIA

TOPS 2026

Legenda

Klasteri

] <1omwt
[27] 10-30 Mwt
[3] 30-50 Mwt
2] s0-70 mwt
Bl 70- 90 Mwt
6] 90-110mwt
110 - 130 MWt

130 - 150 MWt

150 - 170 MWt

Kosovsko
Mitrovacki

TOTAL ENERGY NEEDS
IS APPROXIMATELY

20,000 MW

0 12.525 50 75
[ = Kilometers

Potential Effective Total
Region Districts thermal thermal thermal
power power power
1 P) 3=1+2
MW, MW, MW,
=2 iy 1.200 1200
5 area
g |Ciyarca 1.100 1.100
Severno backi 37.4 459 83.3
Zapadno 28.5 157.1 185.6
backi
a Juzno backi 65.6 139.0 204.6
g Severno
'§ banatski 36.3 46.2 82.5
S Srednje
> banatski 29.9 573 87.2
Juzno
banatski 41.8 126.4 168.2
Sremski 373 250.6 287.9
E Macvanski 37.1 233.7 270.8
k-] Kolubarski 9.2 32.8 42.0
& Zlatiborski 15.7 120.9 136.6
N2 [Monvicki 112 217 32.9
2% [Sumadiski 2.2 289 411
= Rasinski 11.1 20.7 31.8
E Raski 10.5 57.4 67.9
AN Pomoravski 29.7 106.7 136.4
a Podunavski 21.5 160.1 181.6
e Brani¢evski 20.1 98.0 118.1
&  [Borski 7.2 18.7 25.9
B Zajecarski 28.0 32.6 60.6
8 [NiJavski 244 453 69.7
f Pirotski 27.2 76.3 103.5
] Toplicki 3.7 10.1 13.8
= Jablani¢ki 17.8 28.6 46.4
= Péinjski 14.7 229 37.6
Kosovsko-
Mitrovacki 36 42 78
4 Kosovski 8.9 26.0 34.9
§ Pecki 28.2 92.7 120.9
Y Kosovsko- 18 13 36
pomoravski . : !
Prizrenski 10.5 43.4 539
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2. GEOTHERMAL POTENTIAL OF SERBIA
SUBGEOTHERMAL POTENTIAL 2 - SERBIA

Legenda
N
[ Kiaster i Surface of
Sl - <5% Estimated sidential % of total
/ Total spec. heat res.l entiat’ L osidential
5-10% ’ District thermal load of T G 6w units
q q can be .
E 10-15% power residential surface in
units Eeatedity district
= 15-20% SGTE
i zneiBach] Srednje-Banats BBl 20-25% W, Wi = %
8] 25-30% 3
o
- 7 30% Eﬁ GUP 1.200 135 8.888.888 24
&
[ | Severno backi 83.3 148 562.837 14
- Zapadno backi 185.6 109 1.702.752 52
5 Juzno backi 204.6 158 1.294.936 9
$ | Severno banatski 82.5 124 665.322 20
E Srednje banatski 87.2 179 487.150 15
Juzno banatski 168.2 137 1.227.737 23
Sremski 287.9 150 1.919.333 46
[« | Macvanski 270.8 128 2.115.626 82
IS | Kolubarski 42.0 127 330.708 15
§- Zlatiborski 136.6 168 813.095 21
N -] Moravicki 329 170 140.588 4
E%% Sumadijski 41.1 154 266.883 5
s | Rasinski 31.8 138 230.434 9
E [Raki 67.9 203 334.482 8
[~ Pomoravski 136.4 115 1.186.086 35
B Podunavski 181.6 161 1.127.950 36
2 Branicevski 118.1 137 862.043 33
& | Borski 259 179 144.692 6
2 | ZajeCarski 60.6 151 401.324 18
¢ [Nisavski 69.7 147 474.149 12
f Pirotski 103.5 154 672.077 40
€ | Toplicki 13.8 354 38.983 3
E Jablanicki 46.4 178 260.674 11
Péinjski 37.6 274 137.226 6
.2, | Kosovsko- 78
'.g Mitrovacki .
& | Kosovski 34.9
= [Petki 1209 /
S | Kosovsko-
2 . 3.6
012,525 50 75 0 Z | pomoravski
Kilometers ¥ [ Prizrenski 539
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3.

REPRESENTATIVE
CASE STUDIES
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- Case study 1.
BOGATIC MUNICIPALITY

(finished)

- Case study 2.
CITY OF BELGRADE

(in progress)

- Case study 3.
CITY OF VALJEVO

(in progress)

- OTHER CITIES OF DHS INTEREST
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Case study 1.

BOGATIC MUNICIPALITY
(finished)
el
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3. REPRESENTATIVE CASE STUDIES
FIRST PUBLIC DISTRICT HEATING SYSTEM IN SERBIA

PHASE 1 (FINISHED):

Total area covered: 15.000 m?
Total capacity used: 2-3MW
Groundwater temperature: 75°C

MUNICIPALITY OF BOGATIC

PHASE 2:

Total area covered: 5.000 m?
Total capacity used: TMW
Groundwater temperature: 75°C

PHASE 3: o - sty
Total area covered: 100.000 m? | - ‘

Total capacity used: T0MW
Groundwater temperature: 80°C
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3. REPRESENTATIVE CASE STUDIES

BOGATIC GEOTHERMAL
DISTRICT HEATING SYSTEM

The district heating system is projected in the variant of
bivalence as indirect, open geothermal system with cascade use. Further (cascade) use of the resource is envisaged for various
The installed thermal power of the district geothermal heating purposes such as heating the central square and supplying the future
systemis 2.1MW. residential/commercial zone with thermal energy. The condition for a

cascade system is the existence of objects which use low-

Object to be heated by geothermal energy: temperature installations (floor heating, wall heating, or fan-coil

devices).

Geothermal well Bb1: 1. Kindergarten
Depth: 470 m 2. Primary school )
Diameter: 196 mm open hole 3, Secondary school with sport hall Pump station 2:
Yield: 25 I/s 4. Municipality building Each object has heat Circulation pump
Temperature: 75°C 5. Court building exchangers located Water tank (50 °C)
Chemistry: HCO3-Na 6. Public utility service building ~ nside of building

7.Police force building At the exit point of the collecting pipeline, the expected

water temperature is 50°C with the yield of 25 I/s. The
estimated thermal potential of the resource at the exit
point from the collecting pipelineis about 2.8 MW,
At the supply route with the length of 2.5 km,
the expected heat losses do not exceed 1°C.

Open surface discharge
artificial chanel (30 °C)

Intlet Pipe 760/250
mm

Pump station:
Circulation pump " e e
Hot water buffer (75°C)

A f)utlet pipe 200 mm

The system will supply with thermal energy seven public utility objects in the
following regime: primary 75/55°C; secondary 70/50°C.

TOPS 2026 02-03. jun 2026. Zlatibor, Hotel Palisad



3. REPRESENTATIVE CASE STUDIES

BOGATIC PROJECT SAVINGS AND ROI

OPEX UNTIL 2019 i.e. GTE DISTRICT HEATING SYSTEM:
160.000EUR/YEAR

OPEX AFTER 2019 i.e. GTE DISTRICT HEATING SYSTEM:
2.000EUR/YEAR

CAPEX/ROI:
1.000.000 EUR 8YRS.

CO, SAVINGS:
1.300 TONNES/YEAR

i
. [
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Case study 2.

CAPITAL CITY OF
BELGRADE

(in progress)

i ]
. @;2%; .
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3. REPRESENTATIVE CASE STUDIES

BELGRADE HEATING PLANTS

GTE POTENTIAL 1
STRUCTURAL
CROSS
4 2y SECTION »

Qg [} MODEL
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3. REPRESENTATIVE CASE STUDIES

BELGRADE HEATING PLANTS
GTE POTENTIAL 2

| S

TOPS 2026



3. REPRESENTATIVE CASE STUDIES

BELGRADE HEATING PLANTS

GTEPOTENTIALS | Me————
-—
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3. REPRESENTATIVE CASE STUDIES

BELGRADE HEATING PLANTS
GTE POTENTIAL 4 \\_ICA HEATING PLANT

TOPS 2026



3. REPRESENTATIVE CASE STUDIES (:)

BELGRADE HEATING PLANTS BATAJNICA HEATING PLANT
GTE POTE NTIAL 5 e SySter%upstitution potential/two stage system
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3. REPRESENTATIVE CASE STUDIES G’

BELGRADE HEATING PLANTS BATAJNICA HEATING PLANT
GTE POTENTIAL 6

Schematic of a proposed solution for integrating geothermal energy into an existing district heating system — ONE STAGE

TOPS 2026 02-03. jun 2026. Zlatibor, Hotel Palisad



3. REPRESENTATIVE CASE STUDIES

BELGRADE HEATING PLANTS
GTE POTENTIAL 7

BATAJNICA HEATING PLANT

Schematic of a proposed solution for integrating geothermal energy into an existing district heating system - TWO STAGE

TOPS 2026 02-03. jun 2026. Zlatibor, Hotel Palisad



3. REPRESENTATIVE CASE STUDIES

BATAJNICA HEATING PLANT PROJECT
SAVINGS AND ROI (ESTIMATIONS)

CURRENT OPEX (FOSSIL FUELL) DISTRICT HEATING SYSTEM:
1.200.000EUR/YEAR

ESTIMATED OPEX - GTE DISTRICT HEATING SYSTEM:
60.000EUR/YEAR

CAPEX /ROI:
5.000.000 EUR 5YRS.

CO, SAVINGS:

= 6. 700TONNES/YEAR

TOPS 2026



Case study 3.

CITY OF VALJEVO

-
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3. REPRESENTATIVE CASE STUDIES

DHS Valjevo technical info.

Households

Number of households Number of Commercial space  Heating area of the
(city) households (other) connethE: i connected to DHS household (m?)
24.745 11.302 5.197 478 279.985
GT E I N T E G RATI 0 N I N TO . Percentage of Total heating The number of Average T in the
(m2) household area days in the heating period in
connection (%) (m?) heating period 2024 (C)

THE DHS OF VALJEVO - =

The heating plant is designed to operate at 130 °C/75 °C on the
primary side and 90 °C/70 °C on the secondary side. The average
return-water temperature is 45 °C.

Fuel Consumption
Natural gas 449.051 MWh/year

Location of the complex of TO Valjevo

STUDY AIM
* To Develop conceptual solutions for the exploitation of hydrogeothermal resources
= To develop optimal exploitation system from a technological perspective

*= To Estimate and analyze CAPEX/OPEX + Rol, in line with the proposed solutions.

&>
IN ASSOCIATION WITH: pA]_]@'VSKY

Dl
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3. RE PRES ENTATIVE CAS E STU DI ES Connection of geothermal energy to the district heating system is

planned on the return pipeline DN500, just before the boiler room,
where the water from the distribution heating pipeline enters for
heating.

Three-dimensional view of the geological structure of the terrain

A comparative analysis of potential zones indicates their similar characteristics:

= The development of the geothermal reservoir is expected within the
carbonate rocks of Triassic age

= The depth of Triassic carbonates is relatively uniform, i.e. it increases in the

central parts of the observed terrain (east of the city of Valjevo and south of
the Kolubara stream)

= The forecast average maximum amount of geothermal water per well is

Cross-section of terrain A-A' around 301/s
= forecast maximum temperatures of geothermal waters do not exceed 60 °C.
TOPS 2026




3. REPRESENTATIVE CASE STUDIES - GTE INTEGRATION INTO THE DHS OF VALJEVO
. - o— - = W

TO PS 2026 - — ARSI ST —et present value



Case study 4.

CITY OF NOVI SAD

(in progress)

£
e )
G

Ve
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TO NOVI SAD
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OTHER
CITIES
OF
INTEREST

5. Pancevo

6. Becej

7. Subotica

8. Nis

9. Sabac

10. Sremska Mitrovica
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4.

CHALLENGES AND
OPPORTUNITIES
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4. CHALLENGES AND OPPORTUNITIES

CHALLENGES AND OPPORTUNITIES 1

1. National legislative and incentives

2. Contract forms
-PPP
- PPA
- ESCO

3. Financial Markets
4. Energy diversification

(T 5. Stability instead of Feasibility
Qe 8
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4. CHALLENGES AND OPPORTUNITIES

CHALLENGES AND OPPORTUNITIES 2

6. Geological risk of first test drilling

7. Insurance issues
8. Technology issues

9. Environmental issues

... [ 10. Labour Force
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THANK YOU

UNIVERSITY OF BELGRADE
FACULTY OF MINING AND GEOLOGY
DEPARTMENT OF HYDROGEOLOGY

LABORATORY FOR GEOTHERMAL ENERGY AND ENERGY
EFFICIENCY

KABINET 33-34

DUSINA 7, 11 000 BEOGRAD

TEL: 011/3346-000

E-MAIL: dejan.milenic@rgf.bg.ac.rs
. ana.vranjes@rgf.bg.ac.rs
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