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GREECE
- Medium and low enthalpy 
geothermal fields are mostly 
associated with grabens and post-
orogenic sedimentary basins. 

- There is a high potential in the 
areas of Kimolos, Polyegos, Lesvos, 
Chios and Samothrace islands and 
in the NE continental mainland. 

- The deep water circulation along 
‘open’ faults in grabens all over the 
country has created a large number 
of low enthalpy (T≤≤≤≤90oC) fields.

- There are > 750 thermal springs 
and > 50 spas in operation.

- The thermal potential of low 
enthalpy geothermal resources in 
Greece exceeds 1000 MWt.

GEOTHERMAL 
AREAS IN 
GREECE



GREECE Geothermal fields in Greece (some photos)Geothermal fields in Greece (some photos)

Akropotamos: Well AKR-1

83oC + CO2 150 m3/h

Nea Kessani: Geothermal well
Nisyros: High enthalpy geothermal field 

(T~350oC)
Nigrita - Serres: Well TH-1 

(Tw=59.4oC + CO2)

Milos: High enthalpy geothermal field

Almopia: Well  ALM-1P (T=38oC)



GREECE

Geothermal applications in Greece (end of 2008)

Use
Installed Capacity 

(MWt) - 2008

Installed Capacity 

(MWt) - 2000

Annual Energy Use 

(1012J) - 2008

Space heating 1.4 1.13 16

Greenhouse & soil 

heating
28.0 20.6 248

Agricultural 

products drying
0.8 0 4

Aquaculture * 9.3 --- 76

Bathing and 

swimming 

(balneology)

36.0 35.0 182

Geothermal Heat 

Pumps
40.0 0.4 200

Total 115.5 57.13 726

* Fish farming & Spirulina cultivation

- At present no electric power is produced from geothermal resources in Greece, despite the large high-enthalpy 
resources in the active Aegean volcanic arc. Moreover, in certain other areas (e.g. Lesvos, Chios and Samothrace
Islands) organic Rankine Cycle (ORC) power plants could be installed.



GREECE Examples of direct uses of geothermal energy Examples of direct uses of geothermal energy 

Nigrita: Cultivation of the microalgae Spirulina
Neo Erasmio - Xanthi: A tomato 

dehydration unit

Porto Lagos (Xanthi): Anti-frost protection / 
heating of aquaculture ponds (fish farming) 

Neo Erasmio (Xanthi): Early season 

asparagus cultivation 

Sidirokastro (Serres): 

Geothermal greenhouse
(plotted flowers) 

Loutraki Aridea (Almopia): Open pool 

Angelochori
(Thessaloniki): 

Horizontal 
Geothermal  
Heat Pump 

System 
(closed-loop 

system)   



BULGARIA
- About 160 hydrothermal fields are located all 
over the country (102 of them are state-owned). 

- Three (3) major hydrothermal units: Moesian
plate, Sredna gora zone (incl. Balkan) and Rila-
Rhodope massif . Three (3) types of reservoirs 
are found in Bulgaria: stratified, fractured and 
mixed (water from a fractured reservoir is 
secondary accumulated in a younger 
sedimentary reservoir). 

- The water temperature of the discovered 
reservoirs ranges from 25°C to 100°C.

- Total dynamic flow rate: up to 4,600 l/s. About 
43% of the total flow rate are waters of 
temperature between 40-60oC.  58% of the state 
owned reservoirs have a temperature (T) of 25-
50oC and about 10% have T=76-100οC. 

- TDS content of geothermal waters is:
In Southern Bulgaria: 0.1-1.0 g/l (only for a 

few sites it is between 1-15 g/l)
In Northern Bulgaria: 0.1-150 g/l 
About 70% of the thermal waters are slightly 

mineralized (<1 g/l) with F: 0.1-25 mg/l 
and mostly low alkalinity.   

Map of hydrothermal deposits of Bulgaria

1. Moesian plate (stratified reservoirs) 

2. Sredna gora, incl. Balkan zone (secondary stratified reservoirs, fractured 
reservoirs) 

3. Rila-Rhodopes massif (predominantly fractured reservoirs) 

4. Major wells and groups of wells discovering stratified reservoirs in a plate region.  

5. Hydrothermal sources associated with waters from fractured reservoirs located in 
Southern Bulgaria.

6. Hydrothermal sources associated with waters from secondary stratified reservoirs 
located in Southern Bulgaria.



BULGARIA
Geothermal direct uses in Bulgaria (end of 2004)

- Geothermal energy in
Bulgaria has various 
direct uses and no power
generation. 

- Currently thermal water 
applications are mainly in 
balneology, space heating 
and domestic hot water 
supply, greenhouses, 
swimming pools, bottling of 
potable water, aquaculture 
(microalgae) and extraction 
of chemical derivatives. 

- The total installed 
capacity is estimated to be 
109.70 MWt (incl. 
balneology). 
- The annual energy use 
is 1,671.43 TJ/yr
(at average load factor 0.48) 
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hydrothermal sources) 



BULGARIA Examples of direct uses of geothermal energy Examples of direct uses of geothermal energy 

Open mass cultivation of the 
microalgae Spirulina

(Roupite area, SW Bulgaria) Hisar town - Spa hotel “Augusta”

Sapareva Banja: Well C-1 HG (T=98oC) [At present, 
7 public buildings are heated by the geothermal water]

Sofia area: 
Family house 
heated by 
ground source 
heat pump 



F.
Y.
R.
O.
M.

- There are 18 known geothermal fields in F.Y.R.O.M. with > 50 thermal springs, boreholes and wells drilled at 
depths 40-2,100 m producing hot waters. 
- These discharge about 1,000 l/s water with temperatures of 20-79oC. The highest temperature (79oC) has been 
measured in the Kocani geothermal field. 
- Hot waters are mostly of hydrocarbonate type (HCO3

-) according to their dominant anion and mixed with equal 
presence of  Na+,  Ca2+ and Mg2+.  The dissolved minerals range from 0.5 to 3.7 g/l. 
- All thermal waters are of meteoric origin.   



F.
Y.
R.
O.
M.

Geothermal 

Projects in 
F.Y.R.O.M.

Thermal waters 
utilization 
consists of 5 
geothermal 
projects and 6 
spas. All are 
completed 
before the 80’s 
of the last 
century. 
Present state of 
the projects is 
as shown in the  
next table: 

F.Y.R.O.M. passed more than 15 years of stagnation in geothermal development. 
Some of previously developed large projects have been abandoned or destroyed. 
There were no investments in explorations and new projects development. 
Geothermal energy production in 2006 dropped down for nearly 50% compared to 
the situation in 1991. Recently first signs of economy recovery of some users and 
finalized privatization process resulted with several investments in reconstruction 
and optimization of geothermal projects. There is interest of the others to do the 
same and some investors (from FYROM and foreigners) are trying to get 
concession for development of new projects.    



F.Y.R.O.M.
Summary table of geothermal direct heat uses as of 31 December 2003 

Present state-of-the-art of geothermal 
energy use  FYROM is mainly a 
consequence of the process of the 
political and economic changes in 
flow. 
The economy collapse of the country, 
unsolved problems with the 
privatization of production  capacities 
of the geothermal energy users, a list 
of legal constraints, absence of a 
strategy for development, absence of 
the state support for the necessary 
explorations and investigations and 
very hard conditions for financing 
necessary reconstructions and new 
investments in the sector resulted with 
a complete stagnation for the period 
of more than 15 years. 
Real change of the situation cannot 
be expected before resolving the 
problem of listed constraints. 
Therefore, even the process of 
elimination of them is already in flow 
(new laws for energy, for mineral and 
water resources and for concessions, 
etc) it is not possible to expect serious 
changes during the period of next 5 
years.    



F.Y.R.O.M. Examples of direct uses of geothermal energy Examples of direct uses of geothermal energy 

Vinica: Geothermal greenhouse complex

Kocani geothermal system:  
main well (T=78oC), 

pump station, 

distribution pipelines in 
greenhouse complex

“Bansko” geothermal 

system: 

(A) Hotel “Car

Samuil” (complex)

(B) Swimming pool in 

the hotel “Car Samuil”

(C) Connection

station of the Hotel 

“Car Samuil” and 

(D) Greenhouse 

complex (3.2 ha),

Characteristic parts 

of the Negorci Spa

geothermal system:

(A) Heated complex 
of  5 spa buildings, 

(B)  Medical 

geothermal pool, 
and 

(C) Characteristic

heating installation 
for halls in the 

hotels part of the 
complex



ALBANIA

- In Albania there are many thermal water springs and wells of low 
enthalpy with temperatures up to 65.5°C. 
- The thermal water springs are mainly near zones of regional tectonic
fractures. Generally the water circulates through carbonate rocks of the 
structures and evaporitic beds at some kilometers of depth. The water of 
these springs contains salt, absorbed gas and organic matter.
- In many deep oil and gas wells there are thermal water outputs with
T=32-65.5oC. 
- The temperature is 105.8°C at a depth of 6,000 m in the central part 
of the Peri-Adriatic Depression (PAD).
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ALBANIA

Heat flow density map

The high heat flow density value of 42 mW/m2 is found in the center 
of Peri-Adriatic Depression (PAD) of the External Albanides. In the 
ophiolitic belt at eastern part of Albania, the values of heat flow 
density are up to 60 mW/m2.

Geothermal thematic map (Geothermal zones in Albania)

Albanian geothermal areas have different geologic and

thermo-hydrogeological features. Thermal sources are

located in three geothermal zones (Kruja, Peshkopia and 

Ardenica geothermal zones).



ALBANIA

Langarica-Permeti thermal springs (T=31oC)

Summary table of geothermal direct heat uses 
as of 31 December 2004 



SERBIA
- Within the territory of Serbia, excluding the Pannonian
Basin, there are 159 natural thermal springs with 
temperatures T> 15oC. The warmest springs (96 oC) are 
located in Vranjska Banja. The total flow rate of all 
natural springs is about 4000 l/s.

- The total heat capacity of all flowing wells 

drilled in Serbia is about 156 MWt (calculated for 

dT=T-25oC). The total heat capacity of all natural 

springs and wells is about 320 MWt (calculated 

for dT=T-12oC). Estimated energy reserves of 

geothermal resources are about 800 MWt.

- More than 80 low enthalpy hydrogeothermal systems
are present in Serbia. The most important are located at 
the southern edge of the Pannonian Basin. 

- Considering the present state of  knowledge of the 
geologic composition and hydrogeothermal properties of 
rocks to a depth of 3000 m, there are 60 convective
hydrogeothermal systems in Serbia.
- Conductive hydrogeothermal systems are developed in
basins filled with Paleogene and Neogene sedimentary
rocks. The majority of these are located in the Pannonian
Basin in Vojvodina, northern Serbia. The other 14
systems are less interrelated and less important.

Geothermal resources in Serbia and Montenegro



SERBIA
- In the Pannonian Basin: 
1st group of reservoirs: maximum thickness of 2000 m. The highest water temperature in the reservoirs is 120oC. The average 
flowing well yields are 1-13 l/s. Total mineralization of thermal waters is 1-9 g/kg, mostly 3-5 g/kg. Thermal waters are of 
HCO3-Na type. Water temperatures at well-heads are 40-55oC, maximum 82oC.
2nd group of reservoirs:  in Lower Pliocene & Pannonian sediments. Thermal waters in this reservoir are of HCO3-Cl-Na type 
and of mineralization 4-20 g/kg, mostly 5-12 g/kg. The maximum expected water temperature in this reservoir group is up to 
160oC. Average yields of flowing wells are 2.5 to 5 l/s and the well-head water temperatures are 50-65oC on average.
3rd group of reservoirs: at the base of Neogene or Paleogene sediments (Miocene limestones, sandstones, basal conglomerates, 
basal breccias). Thermal waters contained in these rocks have high mineralization (up to 50 g/kg), and their chemical composition 
is of the HCO3-Na type. Average well yields are 5-10 l/s and water temperatures at well-heads are 40-50oC.
4th group of reservoirs: in Mesozoic and Paleozoic rocks under Paleogene and Neogene sediments. The most important reservoirs 
of this group and of the entire Pannonian hydrogeothermal system in Serbia are Triassic karstified and fractured limestones and 
dolomites. Far from the basin's margin, at depths exceeding 1500 m, thermal waters in Triassic limestones are of Cl-Na type. 
In the marginal zone of the basin thermal waters are of HCO3-Na type and have mineral contents of up to 1 g/kg. Average well-
yield is 12 l/s or 40 l/s from reservoirs near the basin's margin. The water temperatures at well-heads are mostly 40-60oC.

GEOTHERMAL RESOURCES (i)



SERBIA
Summary table of geothermal direct uses as of 31 December 2004 

Geographical position of greenhouses 

heated by geothermal energy in Serbia.

- The common uses of geothermal energy in Serbia are: balneology and recreation. At present there are 59 thermal water 
spas in Serbia used for balneology, sports and recreation and as tourist centers. The direct use of thermal energy for space 
heating is in its initial stage and very modest in relation to its potential capacity. Serbia uses only about 10% of its real 

potential, which is estimated to be about 800 MWt.



SERBIA
- In the territory of Serbia there are excellent potentials for the 
generation of electric energy from geothermal resources that 
originate from hot and dry rocks of Neogene granitoid intrusions
(by implementing the HDR technology) and from fluids in the 
reservoirs of convective hydrogeothermal systems, in which the 
temperature reaches the value of 150oC. 

- Convective systems with reservoirs of hydro-geothermal fluids 
that enable the production of electric energy are situated in the 
area of Neogene acid magmatic formations.
Favorable locations for such purposes are: 
Vranjska spa (VR), Josanicka spa (JS), Sijarinska spa (SJ), 
Mataruska spa (MT), Vrnjacka spa (VB), Lukovska spa (LU), 
Kursumlijska spa (KS), Novopazarska spa (NP), Macva (MC).

- The highest temperatures, ranging from 130 to 150oC, are 
expected in the area of Vranjska, Josanicka and Kursumlijska
banja. All the previously mentioned localities are situated in the 
peripheral sections of the Neogene granitoid plutons. The 
highest temperature of geothermal water was measured in well 
VG-2 in Vranjska banja at depth of 1500 m and it reached 
127oC. The temperature of the fluid reached 111oC in the 
vicinity of the well head. In the area of Macva (MC) the 
prospects for the generation of electric energy are also very 
favorable (the temperature of 78oC has been measured at a depth 
of 610 m in Triassic limestones). The expected temperature of  
geothermal water reaches 110oC and the quantity is estimated to 
500 l/s. Besides, promising results are expected in the area of 
Josanicka banja, where the highest temperatures of geothermal 
fluids are estimated to be approximately 130oC.

Locations of magmatic rocks occurrences of Neogene

age in Serbia

[1-zone with occurrences of volcanic rocks; 2-granitoid 
plutons, 3-granitoids at the surface: a-Cer; b-Boranja; 
c-Bukulja; d-Kopaonik; e-Jastrebac; f-Golija; g-Surdulica]



MONTENEGRO

Geothermal exploration in Montenegro 
has been minimal.

Most of the country is covered by high and extensive 
mountain massifs intersected by river gorges and deep 
valleys.

There is no evidence for geothermal interest in the 
country.



BOSNIA - HERZEGOVINA

Locations of the geothermal resources in Bosnia - Herzegovina  

- Little exploration for geothermal resources 
has been done. 

- The country’s geothermal potential for 
space heating, balneology and similar low-
temperature purposes, based on existing wells, 
is about 33 MWt. 

- 1-MWe geothermal power pilot plant was to 
be built in Sarajevo prior to the civil war. Due 
to lack of financing, however, the project has 
been put on hold. The resource has a 
temperature of 58°C and a flow rate of 240 l/s.

- There are 3 specific geothermal sites or
projects in Bosnia and Herzegovina. 
- The highest temperature geothermal  
resource identified to date is Bosanki Samac
with a temperature of 85ºC. The average 
temperature of all sites is 65.6ºC. 
- Sources in Bosanski Šamac, Kakanj and 
Sarajevo are lower temperature types and only 
for thermal exploitation.  
- No sites have a temperature of 100ºC or more.
- In 2006 private companies investigated a 
possible commercial use in the Sarajevo region 
(higher temperature for electricity 
production)
- Current activities are limited to thermal uses.

Geothermal resources in Bosnia - Herzegovina  
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Geothermal Gradient Distribution in Croatia

There are two different regions in the Croatia both in geological and geothermal respect. 

(a) The Dinarides area occupies the southern part of the country with predominantly Mesozoic 
carbonate rocks characterized by the geothermal gradients ranging from 0.01 to 0.03°C/m (terrestrial heat-flow 
density: 20 - 60 mW/m2).

(b) The northeast part of the country lies mostly in the Pannonian basin. It is dominated by sedimentary
rocks of Quaternary and Tertiary age that overly the crystalline bedrock and, occasionally, the Mesozoic 
sedimentary rocks.  The geothermal gradient ranges from 0.03 to 0.07°C/m (more than the world mean value)
with considerable geothermal energy potential. The terrestrial heat-flow density is also high, ranging from 
60 to 100 mW/m2 and occasionally up to 120 mW/m2. In the Pannonian area about 3500 boreholes were drilled 
for oil and gas resources, many of them have penetrated geothermal aquifers.



CROATIA

Geothermal areas and locations in Croatia where geothermal water is used. 

1. Geothermal area of Zagreb (T= 31-82°C) 

2. Geothermal area of Ivanić Grad (T=50-
60oC) 

3. Geothermal area of Hrvatsko zagorje
(T=32-58oC) 

4. Geothermal area of Lešće & Karlovac
(Lešće) (T=95-130oC)

5. Geothermal area of Istra (T=28oC),

6. Geothermal area of West Slavonia 
(Daruvar, Lipik, Velika) (T=25-60oC),

7. Geothermal area of East Slavonia 
[Bizovac (86 - 98°C), Ernestinovo, 
Madarinci, Babina greda (74 - 125°C)]

8. Geothermal area of Međimurje & 
Podravina - Vučkovec (T=40oC), 
Lunjkovec (T=125°C),  Velika Ciglena
(150 - 170 °C) 

9. Geothermal area of Topusko (T=62oC) 



CROATIA

Geothermal resources in Croatia with T> 65°C

The planned construction of the 
geothermal power plant in Velika
Ciglena by the year 2010 would bring 
Croatia into the group of countries 
producing electricity from geothermal 
sources. The initial  power of 4.4 MWe

obtained from the existing well might 
be increased to the value of 13.1 MWe

by the construction of two additional 
production wells by the year 2015. The 
pre-feasibility study on combined 
electricity and heat production in Velika
Ciglena showed that such an energy 
generating plant could operate under 
economically acceptable conditions.

Geothermal Resources in Croatia - Electricity Production Potential

For the medium temperature reservoirs the electric power and the annual electric energy production resulting from the conversion
of a part of the available thermal energy into electricity have been calculated (on the basis of outlet water temperature from the 
electric power generation process of 80°C, conversion efficiency factor of 10% and capacity factor of 90%).



CROATIA
Summary table of geothermal direct uses in Croatia as of 31 December 2004    

18 geothermal resources have been 
utilized. 

The total installed capacity is 
estimated to be 113 MWt, with 
annual energy production of 680 
TJ/yr 
[the outlet temperatures 
correspond to the average air 
temperatures during the year or the 
summer season, depending on the 
period of the year when a specific
facility is in function].



ROMANIA

Location of the Romanian geothermal reservoirs

- In Romania there are over 200 
wells drilled with depths between 800 
and 3,500 m, that shows the presence 
of low enthalpy geothermal resources 
(well head temperatures: 40-120°C),
which enabled the identification of 9 
geothermal areas, 7 in the Western 
part and 2 in the Southern part.

- The total installed capacity of the 
existing wells is about 480 MWt (for  
reference temperature of 25°C).

- Proven geothermal reserves 200,000 
TJ for 20 years.

- Annual production about 3,000 TJ. 

- The main Romanian geothermal 
resources are located: (a) in porous 
and permeable sandstones and 
siltstones [for example in the Western 
Plain (Pannonian aquifers) and the 
Olt Valley] or (b) in fractured 
carbonate formations [Oradea, Bors, 
North Bucharest].

- More than 80 % of the wells have artesian flow rate, 18 wells require 

anti-scaling chemical treatment and 6 are re-injection wells.

- 6 new wells were drilled during 2000-2006



ROMANIA Summary table of geothermal direct uses in Romania 
as of 31 December 2004

- The main direct uses of geothermal energy are: 
space heating 39.7%, bathing and swimming 
including balneology 32.2%, greenhouse heating 
17.1%, industrial process heat 8.7% and fish 
farming and animal husbandry 2.3% (capacity 
factor: 0.62).

- The total capacity of the 96 utilized wells is 
about 145 MWt, which produce annually 2,841 
TJ.

- 96 wells operate in 38 locations, 37 of these 
wells are exclusively used for health and 
recreational bathing.

- Two companies are currently involved in 
geothermal operations:  (a) Foradex S.A., located 
in Bucharest, is state owned drilling company that 
has the exploration or exploitation concessions 
for the geothermal reservoirs located in the 
southern half of Romania . (b) Transgex S.A., 
located in Oradea, is also mainly a drilling 
company privatized in 2000 and has the 
exploration or exploitation concessions for the 
geothermal reservoirs located in the western part 
of Romania.

A consulting company, Geofluid S.A., which is 
French-Romanian joint venture, operates in 
Oradea too.

- Recent data suggest that geothermal wells with wellhead

temperatures up to 150°C can be drilled to a depth of about

5,000 m in the areas of Oradea-Bors and Oradea-Beius. In case 

these deep wells will be drilled and the well head temperature 

will be high enough, the Transgex Company intends to develop

these two fields for power generation (ORC power plants).



ROMANIA

-At the University Campus of Oradea the 
National Geothermal Research Institute 
designed and developed a pilot binary cycle 
power plant using carbon dioxide as a 
working fluid. 

- The campus geothermal well is 2991 m 
deep and produces 85oC water at an 
artesian flow of 25 l/s (50 l/s with line shaft 
pump).

- The geothermal heating system at the 
University of Oradea was placed on line in 
1981. It provides domestic hot water and 
space heating for all buildings of the 
university campus (old and new) including 
student hostels and canteen. 

University 
of Oradea:

CO2 binary 
pilot plant 

Oradea 
district

heating 
system:  

Plate heat 
exchangers



ROMANIA Examples of direct uses of geothermal energy Examples of direct uses of geothermal energy 

Iosia - Oradea: 

Geothermal district heating system (Plate 
heat exchangers) [max 65 l/s at 105oC]

Felix Spa - Oradea: 

One of the largest Romanian spa [T=35-55oC]

Livada - Oradea:  Geothermal greenhouse 

Livada -

Oradea:  

Geothermal 

district 

heating

[T=90oC]

Degassers next to the well Heat plant

Church Small block of flats

Kindergarten School



Thank you very much 

for your attention!



- Geothermal exploration in Greece began in the 
’70s by I.G.M.E.
-The Hellenic area is characterized by high 
levels of heat flow (> 80 mW/m2), mainly in the 
sedimentary basins of Northeastern Greece and 
the Aegean Sea, due to the active tectonics and 
the volcanic activity. This very intense volcano-
tectonic activity caused the geological conditions 
for accumulation of heat energy which is 
manifested in many places as hydrothermal 
systems of low-medium and high enthalpy 
geothermal fields.

- The most important high enthalpy 
geothermal fields (Milos, Nisyros) are 
located in the Southern Aegean along the 
active volcanic arc with proven geothermal 
potential 25 MWe and estimated possible 
potential >250 MWe.
- Geothermal field of Milos island:
Temperatures in the wells: 280-325οC 
Depth of reservoir: 1000-1380 m
Production: 339 t/h of fluids (200 t/h
saturated steam  - 139 t/h hot water), 
Pressure: 11-19 atm
- Geothermal field of Nisyros island: 
Temperatures in the wells:  ~ 350οC   
Depth of reservoir: 1400-1900 m
Production: 75 t/h of fluids , Pressure: 12 atm

GREECE

Geothermal areas in Greece with main geotectonic structuresGeothermal areas in Greece with main geotectonic structures



GREECE
A f t e r  t h e  n e w  n a t i o n a l 
geothermal legislation (Law 
3175/2003), I.G.M.E. compiled 
a study and classification of 
known fields  in the new 
categories (high and low 
temperature fields, proven and 
possible fields). At present, the 
known proven and possible 
geothermal fields exceed 40 in 
30 different areas (in some 
cases proven and possible 
fields in the same area) and 
they are located all over the 
country. There are two known 
high temperature (T> 90oC)
fields, suitable for power 
generation (Milos and Nisyros
islands). The remaining fields 
are of low temperature with 
potential > 220,000 T.O.E./yr 
f o r  d i r e c t  u s e s . Proven and possible 

geothermal fields of Greece 
according to the Law 
3175/2003.



BULGARIA Hydrothermal resources in  Bulgaria (Petrov et al. 1998)

The total hydrothermal potential is 
defined as the thermal energy 
contained in the discovered waters 
and amounts to 9,957 TJ/yr (Petrov
et al., 1998)

[for output temperature of 15οC]  
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Geothermal areas, 
aquifers and 

occurrences in 
Bulgaria



F.Y.R.O.M.

Thermal waters in F.Y.R.O.M. and 
their physical characteristics 



F.
Y.
R.
O.
M.

Temperatures, flow rates and available thermal potential (for 
different outlet temperatures) of geothermal resources in 

F.Y.R.O.M. 



ALBANIA

Isothermal curves at a depth of 100 m.

The temperature at a depth of 100 m varies 

from <10 to almost 20oC, with the lowest

values in the mountain regions. 

Temperature map at a depth of 3,000 m.

Going deeper the zones of the highest 

temperatures move from SE to NW, towards the 
center of the Peri-Adriatic Depression (PAD) and 
even further towards the NW coast. The 
temperatures in the ophiolitic belt are higher 
than in sedimentary basin, at the same depth. In 
the central part of the Peri-Adriatic Depression 
(PAD), there are many deep oil wells where the 
temperature reaches up to 68°C at 3000 m.

Average geothermal gradient map.

The geothermal gradient displays high values 
(21.3 mK.m-1) in the Pliocene clay section in 

the centre of Peri-Adriatic Depression (PAD, in 
the anticline molasses structures of the center 
of Pre-Adriatic Depression). In the ophiolitic belt, 

the geothermal gradient reaches the value of 

23.5 mK·m-1.

The temperatures have been measured and the geothermal gradient and the 
heat  flow density at different depths have also been calculated. Temperature  
measurements were carried out in 145 deep wells, in boreholes and in mines.



ALBANIA

In many deep oil and gas wells, there are thermal water
fountain outputs with a temperature that varies from 32 
to 65.5°C. These waters come from different depth levels 
(800-3000 m) of limestone reservoirs (wells 1, 2, 3, 4) 
and sandstone reservoirs (wells 5, 6, 7 and 8).

Deep oil and gas 

wells  with thermal 

waters

Location map of 

wells Ishmi 1/b - Kozani 8  

and the Llixha Elbasan
Geothermal Area (T=60oC)



SERBIA & MONTENEGRO

Heat Flow Density Map of Serbia and Montenegro

- Geothermal 
characteristics of 
Serbia are very 
interesting.

- Values of the 
terrestrial heat flow
density under most of
Serbia are higher 
than the average for 
continental Europe. 
The highest values 
(>100 mW/m2) are in 
the Pannonian Basin, 
in the Serbian-
Macedonian Massif, 
and in the border 
zone of the Dinarides
and the Serbian-
Macedonian Massif, 
or the terrain of 
Neogene magmatic 
activation. The 
mentioned high heat 
flow densities indicate 
the presence of a 
geothermal anomaly 
which is an extension 
of the geothermal 
anomaly of the
Pannonian Basin.

Heat flow map (mW/m2) of Serbia



SERBIA
GEOTHERMAL RESOURCES (ii)

- In Dinarides: 
Hydrogeothermal systems in this geothermal area differ in their 

types, kinds of reservoirs and their extents etc. as a result of varying 
geology. The best aquifers are in Triassic limestones as the thermal 
waters contained have low mineral content (<1 g/kg) of HCO3-Na or 
HCO3-Ca-Mg type.  Spring flow rates are very high, up to 400 l/s, and 
well yields are up to 60 l/s. Maximum temperatures of waters at well-
heads are 80oC. The second important reservoirs are those in granitoid
intrusions and their marginal thermo-metamorphosed fracture zones. 
The thermal waters are also low in total mineralization (>1 g/kg), of 
HCO3-Na type and maximum yield to 15l/s. The highest temperature 
of waters at well-heads are 78oC. Geographical location of Serbia with the 

main geotectonic units in the Balkan Peninsula 
- In Serbian-Macedonian Massif: 
There are two types of hydrogeothermal systems in this geothermal area: (a) In the Proterozoic metamorphic complex with the 
reservoir in marbles and quartzites. Thermal waters in this reservoir have total mineral content of 5-6 g/kg. Their chemical
composition is HCO3-Na-Cl type water with high concentration of free CO2. Water temperatures at springs are 24-72oC.
(b) The second type of hydrogeothermal system was formed in contact with, and in the marginal zones of the Neogene granitoid
intrusions. The reservoir rocks are granitoids, metamorphic and contact-metamorphic rocks, heavily fractured. The thermal 
springs of Vranjska Banja belong to this system type and have the warmest water in Serbia, 80-96oC. Its mineral content varies 
from 0.1 to 1.2 g/kg. The water type is HCO3-Na-SO4-Cl. Spring flow rates are up to 80 l/s.
- In Carpatho-Balkanides: 
This geothermal area has many hydrogeothermal systems, most of them formed in regions of isolated Neogene sedimentary lake 
basins. Reservoir rocks are karstified limestones. Thermal karst springs have flow rates of 60 l/s with water temperatures up to 
38oC. Total mineralization is 0.7 g/kg and the water type is HCO3-Ca. In another type of hydrogeothermal systems, waters have 
TDS content up to 0.8 g/kg and these waters are of SO4-Na-Cl or HCO3-Na-SO4-Cl type. Water temperatures at thermal springs 
are up to 43oC and spring flow rates are up to 10 l/s.



SERBIA

Distribution of major convective type 

geothermal systems in Serbia

- There are 60 convective hydrogeothermal systems in 
Serbia. Most of them are distributed as follows:

25 in the Dinarides, 
20 in the Carpatho-Balkanides, 
5 in the Serbian-Macedonian Massif and 
5 in the Pannonian Basin under Tertiary sediments.

Location 

of the 
Pannonian

Basin 

in the territory 
of Serbia



SERBIA

Locations of major thermal springs and wells 

in Serbia 

[ ΟΟΟΟ - balneology, 

⊕⊕⊕⊕ - balneology, space heating, agriculture, 

���� - not used ]
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Geothermal 

resources 

in Croatia

- There are 28 geothermal reservoirs in Croatia.

- Total direct heat potential of 28 geothermal resources is about 1000 MWt. This value follows from thermal power of
each existing well, based on the energy usage down to the temperature of 25°C. Maximum annual thermal energy production
from all geothermal reservoirs could reach full 18441,63 TJ/yr, calculated on the basis of the capacity factor of 50%. 

- According the calculations, the electric power of 5 suitable geothermal resources is about 50 MW maximally while 
the annual production of electrical energy amounts to 377,33 GWh/yr, calculated on the basis of the capacity factor of 
90%.



CROATIA
Geothermal Resources in Croatia - Direct Heat Potential

The basic energy data of the 
geothermal fields are given in the 
next table. 

For each reservoir thermal power 
and the annual primary energy 
that could be produced from the 
existing wells have been 
calculated, as well as the 
respective values corresponding 
to complete reservoir 
development, i.e. after completion 
and commissioning of all the 
projected wells. Annual thermal 
energy production has been 
calculated on the basis of a 
reasonable capacity factor of 
50%.  All the calculations have 
been made simultaneously for 
two possible energy utilization 
patterns: 
- The first pattern refers to the 
application of conventional heat 
exchanger systems assuming an 
outlet water temperature of 50°C. 
- Another pattern is based on the 
energy use down to the 
temperature of 25°C. 



ROMANIA
The main parameters of the geothermal systems in Romania 

* Pannonian
geothermal system

*


