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WP5 - Technological Research 
WP5.1 Integration with other RES 
 
The main scope of this sub-WP has been to outline ways of integrating geothermal energy in 
energy systems in Central-Eastern Europe, and evaluation of integration methods. In this WP 
available experience of integrating RES into a cascaded facility with a view to environmental 
improvements and extending the utilization time and spectrum of uses of such facilities has 
been be studied. 
 
Researchers at the University of Szeged looked at the economic and environmental factors 
of geothermal systems operating or being planned in the South Great Plain Region, outlined 
potential project sites, and collected data from the GeoCom project regarding utilization in 
CEE countries. This volume presents a concise, detailed study of actual and potential 
geothermal projects in the South Great Plain of Hungary, as well as the data collected from 
our partners from Serbia, Slovakia, FYROM and Poland, followed by a short comparative 
analysis of these systems. The volume is concluded with a summary that details innovative, 
cost-effective solutions for geothermal investments, including intergation with other RES. 
 
As stated in the DOW of WP5 the main scope of this sub-WP has been to outline ways of 
integrating geothermal sources in energy systems, including those with other RES. However, 
as WP5.4 deals specificaly with integrated utilization of waste gases of thermal wells in this 
phase we focused more on GE system layouts and their integration with bimass and present 
outputs related to waste gas integration under WP5.4. 
 
The following activities had been planned and were carried out:  
Investigation of the economic factors that influence the integration of GE in energy systems. 
2) Investigation of other factors that influence the integration of GE in energy systems.  
3) Identification of integrated systems potential layouts.  
4) Studies for the improvement of geothermal energy utilization in CEE. 
 
Partner participation 
P2/P8: Data collection for case studies on RES integration in Italy; (as Italy is not CEE, these 
data were not included in the final document) 
P4: Data collection for case studies on RES integration in Slovakia;  
P5: Data collection for case studies on RES integration in Poland;  
P7: Data collection for case studies on RES integration in FYROM;  
P14: Data collection for case studies on RES integration in Serbia 
 
Participants from the University of Szeged: Dr. Tam§s Medgyes, Dr. Bal§zs K·bor, Dr. J§nos 
Szanyi, Dr. Elem®r P§l-Moln§r, Dr. Bal§zs Kov§cs, Dr. Imre Czinkota 
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EXECUTIVE SUMMARY 
 
 
The objective of the current study is the comprehensive presentation of the situation of 
geothermal energy utilization in the CEE partner countries of GeoCom with a focus on RES 
integration. In the following chapters, we present the current situation of geothermal 
utilization, focusing on the regions of our partners with communal geothermal and integrated 
heating systems, and development concepts in the scope of our study. In the case of the 
three counties of the South Great Plain region we determined potential development 
locations and possibilities too. 
 
The European Union assistances provide a significant resource for alternative energy 
developments in CEE; however, earlier experiences show that their utilization is quite difficult 
due to the lack of exact knowledge of possibilities. A solution to these problems is a 
comprehensive study on the potential, projects and plans that summarizes the existing and 
planned investments utilizing thermal energy in a region with some of the best geothermal 
features in CEE. 
 
We wish to present the geothermal features of the region with the designation of areas where 
thermal water can be extracted in an economic way. Geothermal energy projects require not 
only good hydrogeological features, but also a concentrated heat market, thus the potential 
development locations is influenced by the number of the population in the concerned 
settlements and by professionals available. We also present the problems significantly 
impeding the fast spreading of geothermal projects. 
 
During the elaboration of the study, we aimed to present short project summaries and outline 
investment concepts with the most relevant financial and environmental indicators. We 
present the existing systems of the regions of our partners, the projects in planning and 
implementation phase, and we also defined the expected parameters of several potential 
investments in the South Great Plain region. 
 
During the presentation of the different projects, we outline the environmental indicators and 
the problems concerning geothermal energy utilization, and we determine the connection 
possibilities that can successfully integrate the industrial, research-development, 
administrative and civil organizations concerned in the utilization of RES. The synergy is 
needed, since the parties concerned in the utilization of thermal energy, more often than not, 
cooperate only to very small extent during the developments, there is no uniform opinion in 
questions concerning renewable energy utilization, thus the capacity of CEE to defend its 
own policy interests is low. Unfortunately, significant resources cannot be drawn for 
investments, thus the projects aiming the utilization of alternatibve energy are slow in 
progress. 
 
In the study, we present the situation of geothermal and integrated energy utilization in 2010 
in the concerned CEE regions. In excess to the main focus of our research, we certainly 
hope, that this study is a good start to a series of works that present as well as plan thermal 
energy projects of the region every two or three years ï as a kind of manual ï by reviewing 
projects, actual resources for developments, and the situation of legal regulations and 
practical experiences. 
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INTRODUCTION 

 
The utilization of alternative energy sources to a larger extent has become a strategic task in 
CEE. The following factors and processes initiated the necessity of utilization of renewable 
energy systems: 
 
The drastically growing energy demand of the Earth's population, 
The climate change caused by CO2 from fossil energy sources, 
The dependence on gas import  
 
The stimulation of utilization of renewable energy sources is a matter of life and death on a 
long term: The growth of energy consumption is parallel to the drastic growth of the Earthôs 
population (according to pessimistic forecasts it even exceeds that). The recovery of fossil 
energy sources is becoming more and more complicated and expensive, the demand will not 
cover the supply, thus the total energy demand will not be satisfiable. Accordingly, the 
spreading of alternative energy systems is one of the most important strategic tasks on a 
long term. This is especially true for countries with outstanding indicators for one of the 
alternative energy sources. 
 
The renewable geothermal energy potential is one of the most significant alternative energy 
sources on Earth with a theoretical output of 5000 EJ/year (this is 75% of the total, 
extractable energy), thus a development worth of USD 30 billion is forecasted for the 
geothermal sector for the next 10 years. Geothermal energy is used for electric power 
production, direct heat recovery, and operation of pump systems with geothermal energy. 
 
Currently there are 24 countries ï mainly by oceanic plates ï with geothermal power 
stations. The total amount of produced electric power is estimated at 60 TWh, the production 
shows a continuously growing tendency. The five most important capacities of the world built 
on thermal water are: USA: ~18 000 GWh/year, the Philippines (~9 000 GWh/year), Mexico, 
Indonesia (~6 000 GWh/year each), and Italy (~5 000 GWh/year). 
 
Thermal energy systems with direct thermal utilization are currently used in 72 countries, with 
a heat production of 270 TJ/year. The most important countries regarding direct energy 
utilization are China (~45 000 TJ/year), Sweden (36 000 TJ/year), USA (31 000 TJ/year), 
Turkey (25 000 TJ/year), Iceland (~25 000 TJ/year). The biggest geothermal development 
potential of CEE is the direct heat utilization built on medium-enthalpy geothermal resources. 
 
The number of low-enthalpy geothermal pump systems has increased significantly in the 
past years. There are around 900 000 systems in the USA, and 50 000 new systems are put 
into operation every year. In Europe there are around 500 000 heat pump systems, Sweden 
is on the top of the list (~40 000 pieces), followed by Germany (~29 000 pc.) and France 
(~20 000 pc.). In CEE a significant development is expected in this field. 
 
The drastically growing energy demand is satisfied mainly by burning of fossil energy 
sources. The CO2 from fossil energy sources is one of the main anthropogenic factors 
causing the global climate change. Accordingly, beside the economic aspect, the 
environmental indicators have become important aspects for alternative energy systems. 
Alternative energy systems are practically emission-free, thus the greenhouse gas emission 
can be significantly reduced by their utilization. 
 
Geothermal energy emits 91 g of CO2 during the production of 1 kWh of energy, thus it is 
practically emission-free, while fossil energy sources emit 6-11 times as much CO2 during 
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the production of 1 kWh of energy (natural gas: 600 gCO2/kWh; crude oil: 900 gCO2/kWh; 
coal: 1000 gCO2/kWh) (M§dln® et al., 2008). 
 
The majority of EU states are not able to cover the energy demands from their own 
resources, thus they are depending on significant, mainly Russian resources. The Ukrainian-
Russian gas disputes of past years have indicated the extent of energy import dependence 
of CEE. Although this situation cannot be terminated, it can be moderated through the 
utilization of alternative energy. Heating systems operating with alternative energy sources 
were not competitive with fossil energy sources so far. Due to the continuous increase of gas 
prices and the complex modification processes of the energy structure, the alternative energy 
systems have recently become competitive, but their spreading requires central aids. 
Geothermal energy provides local resources, the local governments dispose of them, it 
terminates the necessity to import, and can promote job creation. 
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THE GEOTHERMAL FEATURES OF CEE 

 

THE GEOTHERMAL FEATURES OF HUNGARY 

Hungary is a country with excellent geothermal characteristics. The countries with the best 
geothermal values in the world are the ones situated at oceanic and continental crusts, since 
the values of the geothermal gradient are far higher on active volcanic areas (Italy, Iceland, 
Indonesia, the Philippines, Japan, U.S.A.). Hungary is situated in the Carpathian Basin, on a 
5-6-km thick Pannonian sediment. The reason for the favourable thermal energy values can 
be explained with the development history of the Pannonian Basin. The value of the 
geothermal gradient of 50C/100m is significant on both the European and world levels, the 
density of heat flux is of 90-100 mW/m2 compared to the continental value of 65 mW/m2. 
This is a consequence of the tailing of the lithosphere during the Middle Miocene. As a result, 
the asthenosphere got closer to the surface, thus the value of the geothermal gradient and 
the heat flux increased as well.  
 
The heat flux shows significant differences at different points of the Carpathian Basin. The 
density of heat flux is lower than the average, approx. 50 mW/m2, in the Transdanubian 
Central Range, in the karst area of the B¿kk Mountains and the area of Aggtelek-Gºmºr. The 
surface water leaking into the seamy carbonate rocks of this area is continuously decreasing 
the value of the heat flux. The value of the heat flux is lower than the average on the Little 
Hungarian Plain as well, which can be explained with the defervescent effect of the 7-8-km 
thin encrustation. The heat flux is lower than the average on the Great Plain, in the Mak·-
Trough and the B®k®s-Depression. The geothermal features are outstanding on other areas 
of the Great Plain, in Southern Transdanubia, and in areas of Northern Serbia, which belong 
to the Great Plain from the point of view of hydrogeology. 
 
The South Great Plain is Hungaryôs most important thermal water reservoir, since the 
quaternary and Upper Pannonian water-bearing formations are the thickest in this area. The 
average temperature in a depth of 500 metres is of 35-40oC, 55-65oC at 1000 metres, and 
110-120oC at 2000 metres. In the Mecsek Mountains and its surroundings, the Battonya-
Ridge, and on the north-eastern part of the Great Plain, the average temperature is of 70oC 
at a depth of 1000 metres, and 130-140oC at 2000 metres. 
 
The most estimations on the geothermal resources of Hungary show an extractable thermal 
wealth of 250-300 PJ/year. On the contrary, the proportion of the geothermal energy 
utilization of Hungaryôs total energy production from renewable sources of 55 PJ/year is only 
of 6% (3.6 PJ/year).  If we compare this data with the target value of 10.5 PJ/year planned 
for 2020 in the energy strategy elaborated for the compliance with the EU directives, we can 
state that geothermal energy has high development potentials among renewable energy 
sources. 
 
The Hungarian Thermal Water Cadastre (HKK) keeps count of more than 1200 thermal 
water wells, 60% of which can be found in the Great Plain. One third of those are non-
producing wells (temporarily closed, observation or reinjection, or dry well). 36% of the 
productive wells serve baths, 27% drinking waterworks, 25% agricultural plants, 12% 
industrial and communal energetic needs. Geothermal energy is used for heating purposes 
mainly for buildings with traditional energy scale (70/50oC), and for building with floor and 
wall heating. 
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GEOTHERMAL FEATURES OF THE SOUTH GREAT PLAIN REGION 

 
The temperature at the level of the Upper Pannonian substratum is higher than 50 0C in the 
biggest part of the South Great Plain (fig. 2). The geothermal utilization locations of the 
region with significant operational experience and tradition are well-known all over Europe.  
 
There are 330 thermal well registered in the South Great Plain region's three counties, 250 of 
which are operating. The quantity of the extracted thermal water reaches 20 million m3. 75% 
of the extracted water was utilized in Csongr§d County, 15% in B®k®s County, and 10% in 
B§cs-Kiskun County. This shows that Csongr§d County is the first in the utilization of 
geothermal energy, at the same time, B®k®s County has better geothermal features (fig. 2) 
and could significantly increase its geothermal energy production.  
 
One third of the extracted water was used for agricultural purposes mainly in Csongr§d 
County (the areas of Szentes and Szeged). Almost 24% of the utilized thermal water is used 
in baths and spas, 6% for communal geothermal heating, mainly in Csongr§d County. 28% 
of the extracted water is used for other purposes (drinking water, agricultural, industrial and 
domestic hot water (DHW) supply). The remaining 7.5% is used at the 14 observation wells 
and 5 reinjection wells. 

 
Fig. 1. Water temperatures measured on the Upper Pannonian substratum 

 
 
The utilization of thermal water is present in three important segments: 
 
Agricultural utilization of thermal water: The majority of waters warmer than 50ÁC on the 
Great Plain are used for heating cultivations and stock-farms. The majority of the total 170 ha 
of glasshouses and of more hectares of heated greenhouses can be found in this region. The 
centres of agricultural use of geothermal energy can be found in Csongr§d County, mainly in 
the areas of Szentes and Szeged, but there are also smaller users in the region (e.g. 
Szarvas, Tiszak®cske etc.). The agricultural agglomeration using thermal water in the Lower 
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Tisza Valley uses the heat energy of 8-10 million m3 water with a temperature of 70 - 100ÁC, 
becoming one of the worldôs leaders in this respect. Among agricultural plants using the most 
thermal water (ĆRPĆD-AGRĆR Zrt. of Szentes and FLORATOM Kft. of Szeged), the Ćrp§d-
Agr§r Kft.  is annually exploiting 550 GJ thermal energy by abstracting 2-3 millions m3 of 
water of 78-97ÁC from its 14 wells. This energy is used the heating of a 21 ha greenhouse 
and a 23 ha polytunnel for vegetable and flower cultivation, as well as for the heating of 
stock-breeding plants, industrial, and social buildings. (With traditional energy sources, the 
production of this amount of energy would require either 18.3 million m3 natural gas or 
14,775 tons of oil fuel). 
 
Utilization in tourism and for therapeutic purposes: The used thermal water is mainly 
extracted from wells with low water temperature (30-50ÁC) and shallow bottom depth (400-
500 m). Some of the most important baths and spas can be found in Gyula, Szeged, 
H·dmezŖv§s§rhely, Orosh§za-Gyop§ros, Szentes, Csongr§d, Kalocsa, D§vod, Soltvadkert, 
Kiskunmajsa. One of the most important touristic feature of the region is the growing number 
of spas with excellent water quality. The Hungarian spas have a history of more decades, 
currently, there are several ongoing spa developments with significant EU assistance (Mak·, 
M·rahalom, Gyop§rosf¿rdŖ). The regionôs tourism is mainly based on these spas. It is 
important to mention that these spas and baths could become the end-users of the cascade 
systems to be constructed, since the thermal water used in the public institutions leaves the 
system at a temperature of 30-40ÁC, which can be utilized for the filling and heating of 
thermal baths (cascade systems of H·dmezŖv§s§rhely and Csongr§d), and in case of newly 
built spas, this temperature is ideal for the floor heating of buildings (cascade systems of 
Mak· and M·rahalom). 
 
Thermal energy utilization for heating: The building and operation of remote geothermal 
heating systems was started in several settlements of the region in the 1960s. The first 
settlements with such systems were Szentes, Szeged, H·dmezŖv§s§rhely, Mak·, Csongr§d, 
Szarvas, and Tiszak®cske. The majority of these systems are providing heating for medical 
institutes, hospitals and community buildings (schools, administrative institutions). It is a 
general fact that these systems do not meet the modern economical and environmental 
requirements and they are technically outdated as well. The majority of production wells have 
a low water output and a low thermal water temperature due to the improper construction of 
the well. Accordingly, the short-term geothermal developments must concentrate mainly on 
the optimization of these systems and the operation according to the modern efficiency. It is 
only the geothermal cascade system of H·dmezŖv§s§rhely from the listed systems that 
produces energy by using the total heat of the extracted thermal water. A further important 
direction of the developments using the energy for heating is the construction of cascade 
systems, which enables the utilization of the total extracted thermal energy, the increase of 
the return of the investments, and the decrease of operating and maintenance costs. 
 
There are several industrial sites that use thermal water for the heating of their buildings and 
for technological hot water supply (e.g. KONTAVILL of Szentes, the porcelain factory in 
H·dmezŖv§s§rhely etc.). The struggling or closed hemp factories used lukewarm thermal 
water for unique technological purposes ï mainly retting (e.g. in Szegv§r, Nagylak, Eperjes 
etc.). Thermal water was used during the mining of hydrocarbon fields in the South Great 
Plain (e.g. in AlgyŖ, Dorozsma, Ćsotthalom) for water reinjection, readjustment of the 
reservoir pressure caused by hydrocarbon production. 
 
It can be stated that every segment of potential geothermal utilization is present in the region. 
There are several ongoing capacity developments of new and expanding baths, spas and 
balneological treatment centres; their touristic significance is a priority among the revenues 
of the region. The number of claimants for agricultural utilization (e.g. greenhouse, 
glasshouse) is growing, the spreading of fully automatically controlled systems with 
combined utilization of biomass and terrestrial heat is expected. Parallel with the drastic 
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decrease of national budget resources and the significant rise of the gas price, the demand 
from public institutions and local governments for heating-cooling with direct geothermal 
heating or heat-pump technology is growing. There are a great number of unused dry CH 
wells in the region, one of the most obvious ways of their utilization is the geothermal energy 
production. The thermal projects could escape the geological-hydrological risks and 
construction costs of new wells through the involvement of these dry CH wells. The 
geothermal features of the South Great Plain region and the development objectives of the 
EU are increasing the investment demand for the potential thermal power plant utilization. 
There is a growing demand from the side of micro regions, local governments, public 
institutions and entrepreneurs for planning and establishing a utilization system, in which the 
utilization directions mentioned above are complementing each other, combined and 
interlinked in a water system for an effective and optimal local energy utilization. 
 
The R+D knowledge base supporting the effective, economical and environmental friendly 
utilisation of geothermal energy is present in the target area as well. The majority of R+D 
projects are elaborated in the region's knowledge centre, the University of Szeged. The 
experience concerning the development, construction and operation of geothermal systems 
is significant in its institutions dealing with department-specific research, planning and 
education (Department of Mineralogy, Petrology and Geochemistry, Department of Geology, 
Workgroup for Regional Development, Department of Physical Chemistry, Department of 
Optics and Quantum Electronics etc.). A number of profit oriented enterprises are dealing 
with technological innovation and development related to geothermal utilization on a daily 
basis (e.g. Aquaplus Kft, Ćrp§d-Agr§r Zrt, GeoH·d Kft, HidroGeo-Drilling etc.). 
 
Non-profit organization forms were established, which are able to integrate organizations, 
companies, local governments interested in geothermal utilization, on both the user and the 
service side (Geothermal Innovation and Coordinating Foundation, Thermal Energy 
Association, Geothermal Association, InnoGeo Kft.). 
 
 

THE RISKS OF UTILIZATION OF GEOTHERMAL ENERGY 

 
Beside its obvious advantages, the utilization of thermal energy hides risks as well. One of 
these current and well-known problems is the issue of reinjection. According to the 
Hungarian legislation in force, every water from a newly built thermal production well must be 
reinjected into the water-bearing layer. The technical problems of reinjection are currently not 
solved; however, the system in H·dmezŖv§s§rhely operating since decades proves that the 
operational reinjection of the thermal water into the water-bearing layer is possible. A 
complex R+D project for the solution of the problem and the development of reinjection 
technology is currently led by the University of Szeged (SZTE) and financed by the National 
Office for Research and Technology. We can state that the problem of reinjection will be 
solved and will not be a high risk during the implementation of thermal projects.  
 
The risk of the realizability of the systems is low, or at best medium, since the region is 
practically totally known from data from wells during hydrocarbon researches, its geological 
and hydrological conditions are clear.  
 
A further risk is the alteration of the world market price of other potential energy sources, 
since the utilization of geothermal energy can be uneconomical due to its costs. This risk is 
minimal, since it is only the natural gas that can compete with geothermal energy. The 
drastic increase of gas price of previous years justifies the construction of thermal systems, 
since a geothermal public-works system under the current circumstances has a return period 
of 10-12 years.  
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The investment costs of the building of geothermal cascade systems require own resources 
of several hundred million Forint. With the reduction of state normatives, the investing local 
governments can hardly finance ï or in most cases are not able at all to finance ï the costs 
of such big-scale investments. Due to the economic crisis, the credit institutions have a 
growing number of conditions as well. Unfortunately, the financing of projects is difficult, just 
as in the other sectors, the period for credit appraisal and the assessment of applications is 
usually 5-6 months, which makes the quick implementation of geothermal investments even 
more difficult. Due to the economic return indicators, the financial risk of geothermal projects 
can be classified as a medium risk. 
 
 

ENERGY STRUCTURE OF HUNGARY 

 
Hungary is one of the countries depending on the Russian gas import, thus the long-term 
modification of the countryôs energy supply and the minimization of the dependence of import 
gas are of strategic importance for us. As shown by figure 1, the countryôs energy demand is 
supplied from fossil energy sources. The proportion of natural gas, crude oil and coal is of 
80%, the one of the fossil atomic energy of 13.5%. The extent of the utilization of alternative 
energy sources is small, the majority of thermal energy is produced from geothermal energy 
and burning of biomass. The extent of solar and wind energy is negligible compared to the 
other sources. This structures shows clearly that the majority of Hungaryôs alternative energy 
developments can be and must be based mainly on geothermal and biomass energy. 
 

 
Fig. 2. Energy structure of Hungary, 2009 Source: Hungarian Energy Office 
 
According to the data of the Hungarian Central Statistical Office (KSH), the crude oil 
production of the country in 1995 was of 1.8 million tons, this decreased by 2010 to 0.5 
million tons. The amount of import crude oil of 6 million tons in 1995 increased by 2010 to 6.5 
million tons. The natural gas production in 1995 was of 5 million m3, which decreased by 
2010 to 0.5 million m3 due to the drastic decrease of our resources.  Our natural gas import 
is continuously increasing. Our gas import in 1995 was of 6.8 million m3, by 2010 this 
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amount increased to 12 million m3. Thus, the dependence on crude oil and natural gas 
import of our country increased by 2010 to approx. 90%, thus the energy market is almost 
totally depending on the exporting countries.  Furthermore, the third most important energy 
supplier beside natural gas and crude oil, the Paks Nuclear Power Plant is also importing the 
uranium fuel, thus the only Hungarian energy sources are the geothermal and biomass 
energy. 
 
 

HUNGARYõS ENERGY POLICY 

 
Hungary's energy policy is in compliance with the EU directives. According to the regulations 
of the directive No. 2008/29/EC, Hungary must increase its utilization of renewable energies 
to 13% by 2020. Due to the economic crisis, the slowing of the development enables 
different scenarios that forecast an energy utilization of 992-1036PJ/year by 2020. 
Accordingly, the amount of energy from renewable sources in Hungary must reach 129-135 
PJ/year by 2020. By estimating positive economic processes, the highest value of this 
interval should be set at 135 PJ/year. Accordingly, the 50 PJ of alternative energy produced 
in 2005 must be increased by 2.7 times by 2020. The renewable energy sources produce 
mainly thermal energy and electric power. 
 
Hungary fulfilled the EUôs expectation concerning the share of electricity produced from 
renewable sources for 2010, the 2008 share of the total electricity production was 1.8% 
higher than the required 3.6%. According to the documents of Hungaryôs renewable energy 
strategy 2008-2020, the production of green current would be increased by the starting of 
geothermal plants that would produce 65 GWh of electricity by 2015, and 422 GWh by 2020. 
The geothermal heat production was of 4 PJ in 2008, this must be increased to 7 PJ by 
2015, and 9 PJ by 2020. The production of electric power and thermal energy based on 
geothermal energy must increase from its value of 4 PJ of 2008 to 7.23 PJ by 2015, and to 
10.52 PJ by 2020. This means that almost 8% of the energy from alternative sources will be 
supplied from geothermal energy by 2020. 
 
Due to the technical and hydrogeological conditions, the construction of a geothermal electric 
plant is quite risky, despite the fact that there are several operating systems all over the 
world (e.g.: Iceland, New Zealand, U.S.A. etc.). Accordingly, the direct geothermal heat 
production offers a big development potential for the next decade. The South Great Plain 
region is considered as one of the best regions from the point of view of geological features 
for geothermal heat production; however, the significant potential remains unexploited until 
there is a comprehensive picture on the utilization, technical, financial and environmental 
conditions, and a well-defined development concept is elaborated. In the following chapter, 
we present the geothermal features of the South Great Plain, the current utilization locations, 
and we define the potential development locations. 
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THE GEOTHERMAL FEATURES OF SERBIA 

 

INTRODUCTION 

 
Mineral and thermal waters of the Panonian Plain have been known for centuries. Records 
indicate that they were used by Ancient Romans and later by the Turks. The first drilling of 
Artesian Wells in the more recent history started in Banat. The drilling of Artesian Wells in 
Pavliġ near Vrġac is mentioned as early as 1848. The debths of first wells were as much as 
400 m, and some of them have been used ever since. These are in: Bezdan, Temerin, 
Zmajevo, Beļej, Senta, Ada, Iodine Spa in Novi Sad and the like. At the beginning of the 
20th century, there was a temporary halt in drilling in order to intensify again in the period 
from 1910 to 1914. The full prosperity occurred between the two World Wars. In that period 
almost 600 wells were drilled of which 384 are in Banat, 153 in Baļka and 54 in Srem. The 
basic purpose of these wells is to supply with drinking water although they are used for 
balneal purposes. 
 
Geothermal Potentials of Vojvodina 
More complete knowledge about geothermal potentials of drills has started to accumulate 
since 1949. In the period from 1969 to 1996, 73 hydrothermal drills were bored with the 
overall depth of 62,678.60 m. Drilling was financed and carried out by the Company 
"Naftagas". The most intensive researches were implemented in the 80s of the last century 
when 45 drills were bored with the total depth of 34,840 m or approximately 56% of all drills. 
 

 
Distribution of Hydrothermal Drills in Vojvodina 
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The territory of Vojvodina as a part of the Panonian Basin belongs to the large European 
Geothermal Zone which has favourable conditions for researches and utilization in the field 
of geothermal energy. For the time being, hydrothermal energy is investigated and utilized. 
This concerns thermal waters of natural springs and waters in rocky masses which can be 
accessed by drilling. In Vojvodina, four hydro geological systems are recognized and 
classified. Their basic characteristic are investigated and defined: lithological composition, 
stratigraphic references, type and quality of rock collectors, temperature and hydro dynamic 
features, physical and chemical features of thermal and thermo-mineral waters and 
accompanying released gases. Generally speaking, geothermal waters suitable for use are 
accumulated in all systems. However, their temperature, profusion, collector properties, 
chemical composition, gaseous factor and other characteristics are decisive for determining 
future prospects and particular conditions for exploitation. This is the reason why each drill 
should be individually investigated in detail when making a decision concerning the choice of 
exploitation manner and the most suitable equipment. Overall heat energy of hydrothermal 
drills with water cooling to 15o C according to information from the year 1997 which included 
65 drills was 85,605 kW, and according to information of the Company "NIS Naftagas" from 
the year 2005 for 54 hydrothermal drills it is 72,579 kW. Only 15 have been triggered for the 
production of heat energy. 
 
 

HYDROGEOLOGICAL FEATURES 

 
A furatok vizsg§lat§val a kºvetkezŖadatokhoz jutunk: kŖzettani ºsszet®tel, sztratigr§fiai 
besorol§s, a kolektor kŖzet fajt§ja ®s minŖs®ge, hŖm®rs®klet ®s hidrodinamikai felt®telek, a 
term§lvizek ®s termominer§lis vizek fizikai ®s k®miai tulajdons§gai, valamint a k²s®rŖszabad 
g§zok ®s n®gy hidrogeo(termikus)l·giai rendszer alakult ki: 
 
-AZ ELSŕHIDROGEOLčGIAI RENDSZER: Vajdas§g szinte eg®sz s²k fºldi ter¿let®n alakult 
ki. A legfejlettebb £szak-®s Kºz®p-B§n§tban ®s Kelet-B§csk§ban. Legvastagabb £szak-
B§n§tban (2.000 m kºr¿l), majd a Pannon-medence sz®lein n®h§ny t²z m®terre 
elv®konyodik. 
-A MĆSODIK HIDROGEOLčGIAI RENDSZER: kºzvetlen az elsŖalatt ter¿l el. Sz®les kºrben 
elterjedt 1.500 m kºr¿li m®lys®gben £szak-B§n§tban, 1.300 m Kºz®p-B§n§tban, 1.000 m 
D®l-B§n§tban, 800 m Bacsk§ban ®s 700 m Szer®ms®gben.  
-A HARMADIK HIDROGEOLčGIAI RENDSZER: a m§sodik ®s r®szben az elsŖalatt ter¿l el. 
K®t hidrol·giai "M" ®s "N" komplexumra oszlik, amelyek szerkezetileg ®s m®lys®gben 
differenci§ltak, de vizeik hidrodinamikai kapcsolatban §llnak. Az "M" hidrogeol·giai 
komplexum D®l-B§n§tban fejlŖdºtt ki, ahol vastags§ga 500-1,000 m, Kºz®p-B§cska ®s 
Kºz®p-B§n§t egy r®sz®ben, ahol vastags§ga 300-700 m, D®l-B§csk§ban 400-700 m vastag 
®s £szak-B§cska r®szeiben 400-600 m. Az "N" hidrogeol·giai komplexum D®l-B§n§t nyugati 
r®sz®ben, Kºz®p-B§csk§ban ®s Szer®ms®g nyugati r®szeiben alakult ki. A legnagyobb 
vastags§got D®l-B§n§tban ®s Kºz®p-B§n§t egyes r®szein ®ri el -1.000 m-t. 
-A NEGYEDIK HIDROGEOLčGIAI RENDSZER: a mezozoikumi ®s paleozoikumi kŖzeteket 
ºleli fel ®s nincs ºsszef¿gg®sben a harmadik, de fŖleg a tºbbi rendszerrel sem. 
Legkev®sb®vizsg§lt§k. Az eddigi kutat§sok szerint a hŖm®rs®klet ebben a rendszerben 
eg®szen 200 oC-ig terjed.  
 
 

THE USE OF GEOTHERMAL ENERGY 

 
The most important and regarding capacity the largest consumers of energy provided by 
hydrothermal drills are the spas: 
- "Junakoviĺ", Apatin cca 150,000 m3/a 
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- "Kanjiģa", Knajiģa cca 110,000 m3/a 
These are mainly consumers which use thermal waters during the whole year and in winter 
months for heating up of facilities. The group of consumers in Beļej are the second 
regarding importance: 
- Youth Sports Centre OSC "Mladost", 
- Health Centre "Predrag HadnaĽev" and 
- Hotel "Bela LaĽa" 
These consume totally cca 100,000 m3 of thermal waters annually. However, the most 
significant consumption concerns seasonal heating up of facilities. The category of similar 
consumers also includes swimming pools in Temerin, Vrbas and Paliĺ. The group of 
exclusively seasonal consumers of the energy of hydrothermal waters is in the field of 
agricultural production. The most important concerns farms for pig breeding: 
- Socially Owned Company "Kozara" from Banatsko Veliko Selo, 
- Socially Owned Company "Mokrin" from Mokrin,- 
- "Jedinstvo" from Kikinda, (stopped using it a few years ago) 
 
And the production of vegetables in the covered facilities 
- Socially Owned Company ñElan" from Srbobran (for heating up plastic houses, ceased 
using it). 
 
Particularly suitable are industrial consumers: for the time being these are textile Joint Stock 
Company "Kulski ġtofovi" and Leather Factory "Eterna" from Kula, as these are year round 
consumers for technological requirements. When we talk about consumers suitable for using 
geothermal waters energy it invariably concerns heat consumers requiring the lowest 
possible temperatures and, if possible, continuous application. Therefore, geothermal waters 
energy is traditionally utilized for: base heating in radiators or complete heating with the 
system of floor heating, i.e., heating of air, preparation of sanitary hot water and heating of 
pools or fish ponds. The existing consumers prove this and it seems that some significant 
changes are not expected to occur for the time being. In all mentioned combinations, the use 
of heat pump seems to fit in perfectly as it enables supplementary cooling of geothermal 
water and a more complete use of its energy potentials. Gas motor is suitable for the 
combustion of gases extracted from geothermal water with an additional use of natural gas. 
In any case, to meet peak demand it is necessary to provide for a peak boiler. 
 
 

CURRENT PRICES OF DRILLS AND ENERGY 

 
Current prices of energy from active geothermal drills in Vojvodina, based on water prices, 
depend on discharge water temperature and vary within the range: (0.1-0.24) ú/m3. 
 
Based on known prices of existing drills, a current range of prices has been calculated 
relevant to the drill depth as follows: (220,000 -500,000) ú for drill depths of (600-1,100) m. 
 
For the purpose of comparative analyses in the study, current average prices of competitive 
energies in relation to the energy of geothermal waters in Vojvodina have also been 
determined. These are as follows: 
- Natural gas price 2.0 cú/kWh, 
- Electricity price of 3.5 cú/kWh and 
- Thermal Power Plants price of heat energy 4.4 cú/kWh. 
 
 

MODERN TECHNOLOGIES FOR UTILIZING GEOTHERMAL ENERGY 
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Considered opportunities for applying modern technologies in the exploitation of available 
resources of our geothermal waters (GTW) include conventional solutions, which are proved 
in practice, but also other available possible solutions. Implementation of technologies is 
considered within the context of resolving 4 global objectives: 
i) Cogeneration of heat energy and electricity, 
ii) Energy preparation for cooling of buildings, 
iii) Energy preparation for heating of buildings, and 
iv) Preparation of sanitary water and swimming pools water. 
 
The choice has been made on the basis of three criteria: 
- Recommendations for utilization of GTW potentials (according to a so called Lindal 
Diagram), 
- Review of the potentials of our GTWs and 
- Review and analysis of potential users (consumers) of available resources. 
 
Energy potentials of our GTWs are predominantly with low temperatures. Conventional or 
dual (according to Lindal categorization) thermal energy plants with exclusive resources of 
our GTWs are not acceptable as investments and they are not profitable from the standpoint 
of commercial production of mechanical (that is, electric) energy. This is the reason for 
possible acceptance of GTWs only as: Possible alternative to the exploitation of other 
(conventional) recourses, that is, as their potential substituent. The strategy of analysis of 
possible utilization of GTW potentials has been structured in such a manner to find answers 
for questions related to: 
-Theoretical possibilities for exploitation, 
- Practical implementation of possible solutions at the level of conventional technologies, 
- Consequences of the concrete choice, theoretical and practical possibilities within 
environmental surroundings, and 
- Technical and economic aspects of the given choice adequacy in the sense of achieving 
the largest possible profit within the given limitations.  
 
In relation to the integration of GTW potentials in plants for cogeneration of productive 
mechanical (electric) and heat energy (SPETE), the choice which imposes itself is that of a 
gas internal combustion motor. Namely, assuming that there are consumers of heat energy 
with a relatively low level, that an acceptable repayment period (without interest) of a plant is 
the one of 6-8 years, it will be justifiable to install the gas motor of up to max 5 MW of 
mechanical power. Installation is profitable after repayment and practical reasons relevant to 
procurement, mounting, exploitation and maintenance justify such a choice in relation to 
other available possibilities. It is important to point out that only cases of cooling facilities 
above 0o C have been taken into consideration here with two vitally different cooling 
solutions. First, if the use of GTW potentials is an imperative request, it can be acceptably 
resolved only by the use of absorption refrigeration machines (ARM). Second, if the use of 
other resources is allowed, then the application of compression refrigeration machines 
(KRM) with the electric current drive from the commercial grid is in all respects superior 
solution in relation to other possibilities. Then, however, GTW potentials are completely 
excluded from preparations of cooling energy. At the same time, both solutions are even 
more acceptable for the case when there are consumers of heat from the condenser of 
refrigeration machine. In relation to the preparation of energy for heating facilities by using 
GTW resources, standard solutions have been considered here. These include complete 
exploitation of GTW heat potentials for required, however achievable, level through heat 
exchangers with the installation of "peak supplementary heaters" in order to meet possible 
energy shortage. Common solutions imply installations with gas boilers as peak 
supplementary heaters, which is the cheapest yet thermodynamically worst solution. As 
opposed to that, we have suggested here that the function of peak heaters should be 
executed by plant coolers of the corresponding level, for example, cogeneration plants for 
the production of heat and mechanical energy, then condensers of refrigeration machines, or 
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condensers of heat pumps. An argument for such an attitude can be found in possibilities for 
the sale of "waste" heat (within the heating context ï utilization of this heat for heating 
purposes), which significantly improves their technical and economical performances. It is, of 
course, clear that the final measure of acceptability of each solution concerns technical and 
economical indicators. However, as an option, the worst thermo-dynamical solution cannot 
be avoided ï which refers to peak supplementary heating by fuel combustion ï gas boilers. 
Undoubtedly, all above stated facts indicate that the best solution is to install combined or 
multipurpose plants. In addition to those mentioned above, there is another reason in favour 
of the combined schemes proposal. Namely, it is necessary to take into consideration the 
fact that heating demand is to a certain extent complementary with cooling demand of the 
same buildings: heating and cooling seasons are different in a calendar and do not coincide. 
Therefore, from the standpoint of complete exploitation of GTW potentials, depending on the 
state of surroundings (ambience) once it can be totally acceptable to install a heat pump and 
under different circumstances completely the opposite ï installation of the refrigeration 
machine. 
 
The problems related to the exploitation of our GTW resources in the sense of sanitary water 
preparation and swimming pool water are outlined only broadly for the following reasons. 
First, when in GTW applications mixing is not allowed, or chemical and technological 
preparation of GTW is a priori excluded, then available GTW is only energy (heat) resource 
and the preparation of sanitary water and swimming pool water is reduced to the problem of 
heating the facilities Second, depending on the chemical composition of GTW it is possible to 
directly use it (substantial resources), but more often, special preparations of GTW are 
needed. Technologies for preparation vary significantly from case to case to such an extent 
that it is almost impossible to analytically follow a typical "common" feature. This is the 
reason why the exploitation of these ñsubstantialò resources of GTW is not considered here. 
Also, our GTWs are not categorised from the aspect of this application a special study would 
be undoubtedly needed with an aim to prepare guidelines for the utilization of substantial 
potentials of our GTWs). 
 
 

ECONOMIC OVERVIEW 

 
The concrete economic analysis, which respects the most recent guidelines concerning 
ecological requirements (the need to drill and equip a reversible drill), shows that the drills 
above 40o C and with strong discharge (around 60 m3/h) are profitable assuming that the 
consumer is capable of employing the overall potential of the drill of over 6,000 h/a. The term 
ñthe overall potential" means that geothermal waters are cooled to around 15o C during 
exploitation. This is achieved only by building in of heat pump. Such a volume of exploitation 
of the drill can be employed only by a consumer which will in addition to a heating season for 
the purpose of heating the building use available capacities in transitional periods (spring and 
autumn), but also during night in the heating season. This significantly reduces the choice of 
real consumers and thus the application of geothermal waters for energy purposes. A special 
and some sort of a ñsemi-economicò analysis is necessary for existing drills which are not 
used at all. Considerable amount of money was invested in them long time ago and nobody 
is repaying that (economically, their geothermal energy does not have any value at all). In 
order to launch their exploitation, it is necessary to make additional investments in the 
construction of a potential consumer of heat energy at that location. As the choice of these 
consumers is very small, the possibility of selling geothermal waters at very low prices (even 
free of charge) should not be excluded at least not in the initial period of business 
development and mastering of the market. 
 
 



GEOCOM 

 
WP5: Technological Research / WP5.1 Integration with other RES Page: 19 

CONCLUSIONS 

 
- In the previous period, geothermal waters at the territory of Vojvodina were investigated in 
detail by boring at 75 locations of which 65 were active. Also, a large number of drills, 27, is 
technically equipped with hydrothermal systems for exploitation, and only 15 springs were or 
are still used. Thus, this region ranks very high regarding the scope of investigations at the 
European continent and conclusions about its resources can be made with adequate 
reliability. 
 
- Investigated resources are from the energetic point of view modest, particularly regarding 
temperatures of geothermal waters at the discharge. There are only few springs with the 
temperature over 60o C at the depth of around 1,000 m, and only 3 are between 70-82o C. It 
is not probable that further investigations and expensive drillings will produce higher 
temperature potentials. Therefore, overall potentials are below 90o C, which is the bottom 
limit at the generally accepted Lindal Diagram for utilization in the production of mechanical 
(electrical) energy by using still rare binary plants at temperatures below 150o C for 
utilization in standard thermal energy plants. In other words, there are only theoretical 
possibilities for transformation of Vojvodinaôs geothermal water potentials into mechanical, 
i.e., electric energy. 
 
- For this type of geothermal waters the only existent possibility for utilization is 
transformation in heat energy for heating with a relatively low temperature level (in majority 
cases below 60o C). This is another much more complicated part of utilizing geothermal 
energy. Namely, for quite some time, low temperature heat consumers have been sought 
unsuccessfully for various alternative sources of heat supply (solar energy, waste heat from 
industrial plants, and etc.). It is obvious beforehand, that this application will be profitable in a 
small number of industrial consumers which will operate 7,000 h/a under full capacity and 
satisfied with this temperature level. Unfortunately, these are only few. 
 
- The largest number of consumers of this type of low temperature energy is in the field of 
technologies for heating of buildings which are of seasonal character. They are only used in 
winter periods and with typical breaks during the night. This provides exploitation of the 
constructed plant up to 3,200 h/a in a so called base heating power. Due to a small number 
of very cold winter days, the base power of low temperature heating is not sufficient and it is 
necessary to install an additional peak plant of a significantly larger power which will 
practically be out of operations all the time but incur maintenance costs. 
 
- Based on the above stated, we conclude that before decision making regarding the 
construction, it is necessary to study in detail economic (and ecological) aspects of various 
alternatives of heat schemes for each given case. In doing so, possibilities for expanding the 
duration (season) of envisaged installation use should be carefully investigated which will 
have a decisive impact on economical operations. At the present moment, available options 
for extending the exploitation season of these geothermal springs are swimming pools, fish 
ponds, green houses and plastic houses in agriculture. These facilities do not require large 
investments; however, in the period of exploitation their energy cost will be very low. But, the 
main problem regarding these facilities is good organization and finding out safe and reliable 
markets. 
 
- The final conclusion is that on the territory of Vojvodina there are geothermal potentials 
which are respectable from the standpoint of small and medium size consumers. These are 
not energy sources of great importance for the Province which could have considerable 
effects on overall energy supply. This does not mean that the Province should not be 
involved in their inclusion into regular exploitation. On the contrary, each envisaged project of 
this type should be supported by low interest rates the same as it is done in developed 
countries for all cases of utilizing ñgreen energy". 
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- However, for the time being it is not recommended to undertake new drillings except at 
individual requests of consumers which have considered their projects comprehensively. 
More investments should be made into heat consumers at locations of existing drills with 
larger energy potentials even if this is accompanied by intensely subsidised price of 
geothermal waters.  
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THE GEOTHERMAL FEATURES OF SLOVAKIA 

According to Directive 2009/28/EC of the European Parliament and of the Council of 23 April 
2009 (2009), each member state shall adopt a national renewable energy action plan and 
notify them to the Commission by 30 June 2010. Slovak national overall target for the share 
of energy from renewable sources in gross final consumption of energy in 2020 shall make 
6.7% in 2005 and 14% in 2020. The highest potentials on renewable energy production have 
biomass with 46.7%, geothermal energy with 17.5% and solar energy with 14.5% (Decree of 
the Slovak Government No. 282/2003). The renewable energy sources for electricity 
production targets are 31.0% for 2010; however, no electricity is expected to be produced 
from geothermal energy sources. 
 
 

GEOLOGICAL BACKGROUND 

The Western Carpathians are the Alpine mountain range stretching across the Slovak 
territory. According to the age of development of the Alpine nappe structure they are 
classified as the Outer ï with Neo-Alpine nappes and the Inner with Paleo-Alpine ï Pre-
Paleogene nappe structure. The Klippen Belt marks the boundary between the two (Figure 
1). The structure of the Western Carpathians is characterized by zoning. The Outer 
Carpathians are made up of Tertiary series of rootless nappes with the typical flysch-like 
character. The Klippen Belt, a dividing unit between the Outer and the Inner Western 
Carpathians, has a typical klippen-fashioned tectonic pattern represented by lenses of 
Jurassic-Early Cretaceous limestone which penetrate the Cretaceous and Paleogene 
marlstones and flysches. The formations of the Inner Western Carpathians, arrayed in a 
series of arcuate belts, are vertically stratified into a nappe complex (consisting mostly in a 
Paleozoic crystalline rock basement, Late Paleozoic formations and Mesozoic complexes) 
overlain by post-nappe Cretaceous to Neogene sedimentary and volcanic formations (Biely 
Ed. 1996). The geological structure and favorable geothermic conditions create a suitable 
setting for the occurrence of geothermal energy resources in the Slovak territory. However, 
the geological setting is favorable for the occurrence of geothermal waters with temperature 
higher than 20 oC only in the Inner Western Carpathians. Geothermal waters are largely 
associated with Triassic dolomites and limestones of the Krizna and Choc nappes (Fatricum 
and Hronicum units), less frequently with Neogene sands, sandstones, conglomerates, 
andesites and related pyroclastics. Lately, geothermal aquifers were proven also in Mesozoic 
nappe structures in the Silicicum unit occurring in the southern parts of Slovakia. 
 
 

GEOTHERMAL RESOURCES AND POTENTIAL 

Geothermal research on the territory of the Slovak Republic started in 70-thies of the last 
century. Results gained during more then 20 years were for the first time evaluated and 
summarized in the Atlas of geothermal energy of Slovakia (Franko, Remsik and Fendek eds., 
1995). Knowledge on geothermal resources of selected parts of Slovakia became a part of 
the Atlas of geothermal resources in Europe (Hurter and Haenel eds., 2002). The latest 
graphical review of geothermal and mineral water occurrence in Slovakia was published in 
2002 as a map in the scale 1:500,000 under heading ñGeothermal and mineral water 
sourcesò (Fendek et al., 2002), which is a part of the Landscape Atlas of the Slovak Republic 
(Landscape atlas, 2002). The map shows geological structure of the area, main geothermal 
aquifers, prospective areas or structures of geothermal waters, yields and temperatures of 
respective sources, as well as thermal power of geothermal waters in respective areas. 
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Figure 1: Tectonic sketch of the Slovak Republic (Biely Ed., 1996) 
 
 

GEOTHERMAL UTILIZATION 

The total amount of thermal-energy potential of geothermal waters in prospective areas 
(proven, predicted and probable) represents 6,653.0 MWt (Table 1.). This amount consists in 
708 MWt of geothermal resources and 5,945 MWt of reserves. Geothermal energy utilization 
is distributed non-equally on the territory of Slovakia. The highest number of geothermal 
installations is located in the Nitra County (southwest of the central Slovakia), where 19 
localities in utilization are placed (Table 2). The total amount of 382.1 l/s of geothermal water 
is used in the Nitra County, which is equivalent to 39.65 MWt of geothermal energy. The 
highest utilized thermal power is used in Trnava County (Western Slovakia) in 13 localities, 
represented by 199.7 l/s of geothermal water and 45.84 MWt of geothermal energy. The 
smallest number of geothermal installations is located in the Eastern part of Slovakia ï in 
Kosice County, where geothermal energy is used only in 5 localities representing 44.9 l/s of 
geothermal water with the thermal energy potential of 1.24 MWt. On the other hand, the 
Kosice depression is one of the most prospective areas of Slovakia with possibilities to 
accumulate geothermal waters with the highest temperature to be used for electricity 
production in the future. In Slovakia, geothermal water is not used for electricity production 
(Summary tables ï Table 1.). It is utilized for direct use in agriculture (G), for individual space 
heating (H) and district heating (D), for fish farming (F) and for recreational purposes (B). 
Geothermal water in agriculture provides possibilities to heat greenhouses and glasshouses, 
as well as the soil, enabling early production of vegetables and flowers out of the normal 
vegetation season. All together, 11 localities use the geothermal water for agricultural 
production (Summary tables ï Table 3.). The geothermal heat with the capacity of 17.59 
MWt, which is equivalent to energy use of 461.11 TJ/yr, is primarily used for greenhouses in 
nine localities. In the rest of localities, greenhouses are heated in the end of the cascade 
heating system (Summary tables ï Table 3, 5). Lately, an important increase was reached in 
utilization of geothermal energy for space heating ï either for individual (19 installations) or 
for district heating (2 installations). Geothermal energy is used  for space heating in 21 
localities (Summary tables ï Table 3, 5), among them for heating of blocks of flats and 
hospital in Galanta, for hotels in Besenova, Podhajska, Sturovo and Velky Meder, for 
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dressing rooms and air heating in brown coal mine in Novaky, and for service buildings 
heating in many localities. The majority of localities where geothermal water is utilized, are 
oriented on utilization of geothermal water for bathing in open-air and/or indoor swimming 
pools. In Slovakia, there are 59 localities using geothermal water for recreational purposes. 
In some of them, the combined utilization for greenhouses, district heating and bathing has 
been developed, for instance in Topolniky and Podhajska (Summary tables ï Table 3.). 
Geothermal water is utilized for fish farming in Vrbov, and in Turcianske Teplice.  
 

FUTURE DEVELOPMENT AND INSTALATIONS 

At present, hydrogeothermal investigation is being done in Handlova area, belonging to the 
Upper Nitra Basin and in Rimava Basin. A lot of individual projects, funded from the private 
sector financial sources, are ready, or under preparation, to find and utilized geothermal 
waters for district heating (Velky Meder, Sered, Sala, Trstena, Dolny Kubin, Michalovce, and 
Presov). Some of the projects are oriented on the new bathing and swimming facilities 
construction (Bardonovo, Zuberec, Bobrovec, Fiacice, Demanova, Liptovska Kokava, Velka 
Lomnica and others).  
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THE GEOTHERMAL FEATURES OF POLAND 

 
Geothermal use for heating purposes in the country was initiated in the last decade of the 
20th century. The experimental stage of the first geothermal plant was opened in the 
Podhale region in 1992 (Sokolowski et al., 1992). Since that time five other plants have been 
launched, including one of them in the reported years 2005 ï 2009. Space heating is a key 
sector for geothermal. It is also worth to notice a growing interest in recreation and 
balneotherapy what has been expressed by seven new centres open in recent years. Wide-
ranging use adequate for the reservoir potential would permit to locally limit reliance on fossil 
fuels and mitigate the GHGs and other emissions. Over the last several years some general 
documents related to the energy policy of the country were introduced, e.g. the Strategy of 
Energy Policy in Poland till 2030 and in 2009 the EU Directive on RES promotion (and 
related documents). According to these documents the share of all RES, geothermal 
including, in final energy use (electricity plus heat & cold plus biofuels) shall reach 15% in 
Poland by 2020. These figures seem to be significant as compared to the current share of all 
RES in energy generation (ca. 7%). Among the main factors which hamper geothermal 
deployment are high up-front investment costs, weak law regulations, etc. From the other 
hand, as one of the main RES in Poland, geothermal should be promoted in view of the 
conditions the country has to meet as a member of the EU. More favorable legal regulations 
as well as economic and fiscal incentives shall be introduced. These would serve as the tools 
to facilitate the geothermal deployment. In 2007ï 2009 some changes and amendments to 
ease geothermal investments were introduced in the proposal of new geological and mining 
law as well as new provisions of economic support from the public sources. They are treated 
as first positive signals whereas the geothermal stakeholders expect further improvements 
and tools, including e.g. establishing the Geological risk guarantee fund, introducing the 
green certificates or lower VAT for heat prices produced from geothermal/RES. 
 
 

GEOLOGICAL AND GEOTHERMAL BACKGROUND 

The area of the country is built of three geostructural units: Precambrian platform of 
Northwestern Europe; Palaeozoic structures of Central - Western Europe covered by the 
Permian - Mesozoic and Cainozoic sediments; the Carpathians (part of the Alpine system). 
Crystalline rocks prevail within the Precambrian platform (NE-Poland) and within the Sudetes 
region (SW-Poland). Sedimentary formations (known as the Polish Lowlands) dominate the 
extensive area stretching from the Baltic Sea coast towards central and southern part of a 
country. Significant thickness (up to 7-12 km) and share of sandstones and carbonates 
characterize large sedimentary complexes. These rock types often have good 
hydrogeological and reservoir parameters, creating conditions for the occurrence of ground 
waters, including geothermal ones. The main geostructural units implied distinguishing of 
three geothermal provinces (each of them being divided into several smaller units, called 
geothermal regions; Sokolowski, 1993). They are formed mostly by extensive sedimentary 
formations and contain geothermal aquifers (Fig. 1): The Polish Lowland Province (Triassic ï 
Cretaceous); The Fore-Carpathians (Mesozoic - Tertiary); The Carpathians (Mesozoic ï 
Tertiary). Moreover, the Sudetes geothermal region contains aquifers in some fractured parts 
of crystalline and metamorphic rocks (Dowgiallo, 2002). 
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Figure 1. Poland, 2009: 1. geothermal heating plants in operation, 2. geothermal heating 
plants in realization (wells drilled or in drilling), 3. spas using geothermal waters, 4. 
geothermal bathing centers opened in 2005 - 2009, 5. geothermal bathing centers under 
construction (wells drilled or in drilling). Division into geothermal provinces after Sokolowski 
(1993) 
 
The country is characterized by the heat flow values from 20 to 90 mW/m2, while geothermal 
gradients vary from 1 to 4ÁC/100 m. Generally, at the depths from 1 to 4 km the formation 
temperatures vary from 30 to 130ÁC, while the TDS are from 0.1 to 300 g/dm3. The proven 
geothermal water reserves amount from several l/s up to 150 l/s. The best geothermal 
conditions are found in the Polish Lowlands (Gorecki [ed.], 2006) and in the Podhale region 
(Inner Carpathians) (Sokolowski 1993). 
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THE GEOTHERMAL FEATURES OF FYROM 

 
Macedonia has been one of the leading European countries in direct uses development 
during the 80-ies of the last century. Even rather modest, the state investments in 
geothermal explorations gave opportunity to the scientists and economy sector to develop 
three successful big and several small geothermal projects. However, when positive 
influence has began to give results, i.e. when state planned some new larger investments, 
political and economy transition process from the beginning of 90-ies resulted with a 
complete collapse of the state economy and, with that, lost of interest for any further 
investments in the geothermal energy development. Even more, thanks to the collapse of the 
heat users, some of the existing projects have been abandoned. When present state policy 
to geothermal development is in question, it can be clearly stated that it practically doesnôt 
exist. Even under pressure of EU to define a consistent policy and strategy of all RES use in 
order to achieve defined targets until 2020, government follows to neglect the problem. If 
present, rare projects and activities are pushed of different EU agencies and developed EU 
countries. Recently prepared Strategy for Energy Development and Strategy of Renewable 
Energies Development in Macedonia, prepared by the Macedonian Academy of Sciences, 
are good illustration for such a relation to this problematic. Incomplete, based on insecure 
data and suppositions, without proper relation to real influencing factors and economy of the 
country, without participation of any of proven national or international experts, it results with 
previsions and recommendations which are wrong and unusable. Obviously, a great change 
is necessary but nobody can predict when it shall finally come. Key players in geothermal 
development are: - Ministry of Economy - Department for Energy: Department is weak and 
neither has somebody understanding the problematic of RES Development nor built 
collaboration with national and international agencie and experts; - Energy Agency of 
Macedonia: It is founded three years ago with support of the WB but is still neither equipped 
with necessary personnel nor rooms or facilities. Up to no, no one project or concrete activity 
has been initiated by it. - Macedonian Geothermal Association (MAGA): It is a NGO, working 
in geothermal development in the country and worldwide. Even very active and continually 
present with different initiatives, it is completely neglected by the government, as a part of the 
general policy to NGO in general. Government doesnôt support their activities if not being 
completely accommodated to its defined policy or activity in flow. Recently, first signs of the 
recovery of some users resulted with several investments in the geothermal projects 
reconstruction and optimization (Popovski, 2009). There is interest of the others to do the 
same, and new candidates are trying to get concession for development of new projects. 
However, the process is very much slowed due to the list of constraints, mainly in the legal 
and financing sector. Existing ñpressureò of WB and EC to work more on the environmental 
protection can have a positive influence for removing the constraints but it can be predicted 
that the process shall last at least 4-5 years, according to the experience with the other 
legislative changes and improving the possibilities for financing new developments.  The 
country update gives information about the present state of geothermal investigations and 
use in Macedonia, with identification and comments about possibilities to remove the 
negatively influencing factors. 
 
 

GEOLOGY BACKGROUND 

In the territory of Macedonia rocks of different age occur, beginning with Precambrian to 
Quaternary ones. Almost all lithological types are represented. The oldest, Precambrian 
rocks, consist of gneiss, micaschists, marble and orthometamorphites. The rocks of 
Paleozoic age mostly belong to the type of green schists, and the Mesozoic ones are 
represented by marble limestones, acid, basic and ultrabasic magmatic rocks. The Tertiary 
sediments consist of flysch and lacustrine sediments, sandstones, lime-stones, clays and 
sands. With respect to the structural relations the territory can be divided into six geotectonic 
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units: The Cukali- Krasta zone, West Macedonian zone, Pelagonian horst anticlinorium, 
Vardar zone, Serbo-Macedonian massif and the Kraisthide zone. This tectonic setting is 
based on actual terrain and geological data without using the geotectonic hypothesis 
(Arsovski, 1998). First four tectonic units are parts of Dinarides, Serbo-Masedonian mass is 
part of Rodopes and the Kraisthide zone is part of Karpato- Balkanides distinguished on the 
Balkan peninsula as geotectonic units of first stage. 
 
 

GEOTHERMAL BACKROUND 

The territory of the Republic of Macedonia belongs to the Alpine-Himalayan zone, with the 
Alpine sub-zone having no contemporary volcanic activity. This part starts from Hungary, 
across Serbia, Macedonia and North Greece and stretches to Turkey. Several geothermal 
regions have been distinguished including the Macedonian region, which is connected to the 
Vardar tectonic unit. This region shows positive geothermal anomalies and is hosting 
different geothermal systems. The hydro-geothermal systems, at the moment, are the only 
ones that are worth for investigation and exploitation. There are 18 geothermal known fields 
in the country with more than 50 thermal springs, boreholes and wells with hot water. These 
discharge about 1.000 l/s water flow with temperatures of 20-79 0C. Hot waters are mostly of 
hydrocarbonate nature, according to their dominant anion, and mixed with equal presence of 
Na, Ca and Mg. The dissolved minerals range from 0.5 to 3.7 g/l. All thermal waters in 
Macedonia are of meteoric origin.  Heat source is the regional heat flow, in the Vardar zone 
is about 100 mW/m2 and crust thickness 32 km. Subsection headings should be capitalized 
on the first letter. 
 
 

GEOTHERMAL RESOURCES AND POTENTIAL 

Out of the seven geothermal fields identified in the east and northeast part of the country, 
four of them have been found to be very promising and three of them have been investigated 
to the stage where practical use is possible. Except for the springs in Debarska banja and 
Kosovrasti, which are in the West Bosnian-Serbian-Macedonian geothermal zone, all the 
others are located in the Central Serbian-Macedonian Geothermal Massif, Central and 
Eastern Macedonia. Itôs necessary to underline that the total available flow of exploitable 
sources is 922.74 l/s, which is less than the estimated 1,000 l/s 5 years ago, and differs from 
the previous values (1.397 l/s), which are the maximal measured short lasting flows. The 
difference is due to the more precise data for long lasting capacities of all the flows, after 
many years of exploitation and measurements. Temperatures of the flows vary in the rank of 
24-27ÁC (Gornicet, Volkovo and Rzanovo) up to 70-78ÁC (Bansko and Dolni Podlog). Total 
average temperature is 59,77ÁC. The biggest potential is in the Kocani geothermal field, with 
a total maximal flow of up to 350 l/s and temperatures of 65ÁC (Istibanja) and 75-78ÁC (Dolni 
Podlog). Next is the Gevgelija geothermal field, with about 200 l/s and temperatures of 50ÁC 
(Negorci) and 65ÁC (Smokvica). The list of the others is: Debar geothermal field with 160 l/s 
and temperatures of 40ÁC (Debarska banja) and 48ÁC (Kosovrasti), Strumica geothermal 
field with 50 l/s and 70ÁC and Kratovo/Kumanovo geothermal field with 70.71 l/s and 
temperatures of 31ÁC (Kumanovska banja) and 48ÁC (Kratovo). The real energy potential of 
the geothermal resource in Macedonia is in direct correlation with the technical/technological 
feasibility of its application, in accordance to the newest know-how in the country and in the 
world. A simulation, according to different outlet temperature, is made for all the exploitable 
geothermal resources in Macedonia. A total available maximal heat power of 173 MW is 
obtained, which suggests the possibility of annual maximum production of 1,515,480 
MWh/year. This is of course only a theoretical indication considering that each project has 
different range of exploited temperature. In any case this maximum potential cannot be fully 
exploited, because it is strongly dependent from the utilization factor and from the type of 
application. For instance, the geothermal system in Dolni Podlog (Kocani) has a maximal 
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flow of about 300-350 l/s with temperature of 75ÁC. If a maximal use of the source could be 
reached (i.e. effluent water of 15ÁC), its heat power could increase up to 75-85 MW. 
However, the applied technical solutions by the users, result with temperatures of the effluent 
water during the winter weather conditions of 40-45ÁC. That practically means lowering of the 
heat power of the source to 37.7-44.0 MW, i.e. 40-50% of the maximally possible one. For 
the same geothermal system and composition of users, it is technically and economically 
feasible to lower the temperature of the effluent water to 30ÁC during the first phase of 
development (Popovski, 1991), and 25ÁC during the second phase of development. Such an 
optimization should allow a reduction of losses for 25% and 17% respectively, which is in the 
acceptable limits even for the countries with longer experience in geothermal energy 
application. Therefore, depending on the reached average outlet temperature of projects 
using available geothermal resources, following orientation figures for total heat power can 
be taken: 172,9 for 15ĸC, 153,7 for 20ĸC, 134,3 for 25ĸC, 115,6 for 30ĸC, 97,2 for 35ĸC, 
78,9 for 40ĸC and 68,2 for 45ĸC. According to the presently applied solutions, average outlet 
temperatures between 30 and 40 can be taken as representatives.  
 
 

GEOTHERMAL FIELDS IN MACEDONIA 

There are 18 localities where geothermal fields occur and geothermal energy is in use for 
different proposes. The most known areas are listed below: Kochani valley (Popovski, 2002): 
The main characteristics of the Kochani valley geothermal system are: presence of two 
geothermal fields, Podlog and Istibanja, without hydraulic connection between them. The 
primary reservoir is build by Precambrian gneiss and Paleozoic carbonated schists and the 
highest measured temperature in Macedonia of 790C is obtained by drilling to it. Predicted 
maximum reservoir temperature is about 1000C (Gorgieva, 1989). Kocani geothermal 
system is the best investigated system in Macedonia. There are more than 25 boreholes and 
wells with depths of 100-1.170 m.(Popovski, 2009) Strumica valley (Popovski, 2002): The 
main characteristics of this field are: the re-charge and discharge zone occur in the same 
lithological formation-granites; there are springs and boreholes with different temperature at 
small istances; maximum measured temperature is 730C; the predicted maximum 
temperature is 1200C (Gorgieva, 1989); the reservoir in the granites lies under thick Tertiary 
sediments. Bansko geothermal system has not been examined in detail apart the drilling of 
several boreholes with depths of 100- 600m. (Gorgieva, 2002) Gevgelia valley (Popovski, 
2002): There are two geothermal fields in the Gevgelija valley: Negorci spa and Smokvica. 
The discharge zones in both geothermal fields are fault zones in Jurassic diabases and 
spilites. These two fields are separated by several km and there is no hydraulic connection 
between them, despite intensive pumping of thermal waters. The maximum temperature is 
540C, and the predicted reservoir temperature is 75-1000C (Gorgieva, 1989). Geothermal 
system in the Gevgelija valley has been well studied by 15 boreholes with depths between 
100-800 m. (Gorgieva, 2002). Skopje valley (Popovski, 2002): There are two geothermal 
fields in the Skopje valley: Volkovo and Katlanovo spa. There is no hydraulic connection 
between them. The main characteristics of the Skopje hydro-geothermal system are: 
maximum measured temperature of 54.4 0C and predicted reservoir temperature (by 
chemical geothermometers) of 80-1150C (Gorgieva, 1989); the primary reservoir is 
composed of Precambrian and Paleozoic marbles; big masses of travertine deposited during 
Pliocene and Quaternary period along the valley margins. There are only five boreholes with 
depths of 86 m in Katlanovo spa, 186 and 350 m in Volkovo and 1.654 and 2.000 m in the 
middle part of the valley. The last two boreholes are without geothermal anomaly and 
thermal waters because of their locations in Tertiary sediments with thickness up to 3.800 m. 
(Gorgieva, 2002) 
 
Process of stagnation of geothermal development in Macedonia is still the main 
characteristic of recent 5 years. Government follows to neglect good natural possibilities. If 
something starts to change with other RES, like solar and wind energy, it is more 
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organization of smaller development projects under pressure of EU lobbies than a defined 
orientation, and there is no such a lobby for geothermal energy. According to the present 
atmosphere, when all the attention is orientated towards the ñbigò energetic due to the big 
gap of local production, it is not possible to expect important changes during the next 5 
years. 
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GEOTHERMAL AND INTEGRATED RES PROJECTS IN CEE 

 

PROJECTS IN THE SOUTH GREAT PLAIN REGION, HUNGARY 

In the following chapters, we present the operating or planned geothermal projects of the 
region. We present the locations for thermal energy utilization for agricultural, heating, 
industrial, electric power production or touristic purposes. Our priority systems are the 
communal medium-enthalpy cascade systems (80-100ÁC) with direct heat utilization, since 
tendencies of the past years indicate the most intensive development for these systems. 
Beside the operating thermal energy projects, we determine and present the locations of the 
three counties, where the conditions for the construction of cascade systems are already 
available. 
 
The definition method of potential development areas included several steps. We have 
considered that a successful project implementation requires thermal water with high 
temperature and output, and a proper buyer market. The temperature of the thermal water 
for direct heat utilization must reach 50ÁC, a lower value does not enable an cost-effective 
project. The construction of a cascade system, a multi-level geothermal heating system, 
requires water of at least 65-70ÁC. The Upper Pannonian layer of sand is the most 
appropriate for the extraction of thermal water in the South Great Plain; figure 2 shows the 
temperature conditions of the layerôs bottom. The areas marked with grey show the areas 
where the Upper Pannonian layer is thin, thus the projects for direct heat utilization are 
uneconomical to realize. It is visible that the whole territory of counties Csongr§d and B®k®s 
is suitable for the construction of such systems, the cascade projects can be successfully 
implemented in both counties. B§cs-Kiskun County has least favourable features due to the 
thin Upper Pannonian layer of sand, which enables the extraction of a thermal water of 
maximum 60ÁC. Accordingly, direct heat utilization geothermal projects cannot be 
economically implemented in areas west from the line of the towns Kecskem®t-Soltvadkert-
Kecel-Kiskunhalas. This does not mean that no geothermal heating systems can be installed 
in these areas, since heating can be successfully solved with heat pumps and by appropriate 
building energetic conditions. 
 
Another essential condition for the successful implementation of projects for direct heat 
utilization is the existence of a heat market on the investment area. It is rational to mention 
locations, where public institutions are concentrated (within an area with a radius of 
maximum 3 km), and/or where a significant agricultural utilization is possible (heating of 
glasshouses or stalls), and/or where there is a demand for balneological utilization. 
Accordingly, the potential locations are mainly the towns of the region, since there are a 
great number of public institutions, and the majority of agricultural and/or balneological 
activities can be found in the areas surrounding these towns. Based on the number of 
population, there are 10 settlements in Csongr§d County, 21 in B®k®s County, and 7 in 
B§cs-Kiskun County suitable for the construction of geothermal systems for direct heat 
utilization (table 1). By comparing figure 2 and table 1, we can see the reason for Csongr§d 
County being a leader in geothermal energy utilization: beside the appropriate 
hydrogeological features, it has a concentrated heat market as well. Considering the fact that 
a geothermal cascade system will be constructed in M·rahalom, which has a low number of 
population of only 6000 persons, we can state that every settlement, except Csan§dpalota 
and Medgyesegyh§za, is theoretically suitable for the realization of direct geothermal heat 
utilization. For detailed analyses, see the latter chapters. 
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Table 1. Towns in the South Great Plain region 
 

CSONGRĆD COUNTY 

Town Micro-region 
Population 
(persons) Territory (km2) 

Szeged Szeged 169,030 281 
H·dmezŖv§s§rhely H·dmezŖv§s§rhely 47,258 483 
Szentes Szentes 29,117 353 
Mak· Mak· 24,403 229 
Csongr§d Csongr§d 17,686 174 
S§ndorfalva Szeged 8,042 56 
Kistelek Kistelek 7,318 69 
Mindszent H·dmezŖv§s§rhely 7,031 59 
M·rahalom M·rahalom 6,007 83 
Csan§dpalota Mak· 3,286 78 

B£K£S COUNTY 

B®k®scsaba B®k®scsaba 64,784 194 
Gyula Gyula 32,055 256 
Orosh§za Orosh§za 30,032 202 
B®k®s B®k®s 20,465 127 
Szarvas Szarvas 17,557 162 
GyomaendrŖd Szarvas 14,375 304 
MezŖber®ny B®k®s 11,241 119 
Sarkad Sarkad 10,463 126 
Szeghalom Szeghalom 9,465 217 
D®vav§nya Szeghalom 8,273 217 
V®sztŖ Szeghalom 7,656 126 
MezŖkov§csh§za MezŖkov§csh§za 7,026 63 
Battonya MezŖkov§csh§za 6,747 146 
T·tkoml·s Orosh§za 6,638 125 
F¿zesgyarmat Szeghalom 6,542 127 
MezŖhegyes MezŖkov§csh§za 6,355 156 
Csorv§s Orosh§za 5,765 90 
Elek Gyula 5,583 55 
Đjk²gy·s B®k®scsaba 5,537 55 
KŖrºslad§ny Szeghalom 5,129 124 
Medgyesegyh§za MezŖkov§csh§za 3,891 64 

BĆCS-KISKUN COUNTY 

Kiskunf®legyh§za Kiskunf®legyh§za 30,523 256 
Kiskunhalas Kiskunhalas 28,997 227 
KiskŖrºs KiskŖrºs 14,452 102 
Kiskunmajsa Kiskunmajsa 11,707 222 
Tiszak®cske Kecskem®t 11,504 133 
Kecel KiskŖrºs 8,892 114 
Soltvadkert KiskŖrºs 7,597 109 

 
 
Systems with direct heat utilization can be found in the South Great Plain region in Szeged, 
H·dmezŖv§s§rhely, Csongr§d, Mak·, Szentes, Kistelek, Szarvas and Tiszak®cske. These 
supply district heating for connected public institutions, hospitals and baths. 
H·dmezŖv§s§rhely and Szentes have energy-efficient cascade systems, in 
H·dmezŖv§s§rhely with the joint utilization of thermal water in the Town Hospital and Bath 
and Spa, in Szentes with the heating and water supply of the Town Hospital and Spa, the 
Vegetable Crops Research Institute, and the Public Bath. The systems in Csongr§d, Mak· 
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and Szarvas are currently under modification, the shift to a modern cascade system is 
necessary due to their bad water output, and environmental and economic indicators. 
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GEOTHERMAL AND INTEGRATED PROJECTS /& #3/.'2<$ #/5.49 
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GEOTHERMAL DISTRICT HEATING SYSTEMS IN SZEGED 

The utilization of geothermal energy has a long history in Szeged and its surroundings. The 
growing energy demand due to the development of the region is satisfied with the increasing 
utilization of alternative energy sources, mainly with the significant amount of geothermal 
energy available. Thermal water is mainly used in agriculture and industry (Floratom Kft. ï 
glasshouses, the well of the First Hungarian Hemp Spinnery Co. (B-370) with a capacity of 
39 000 m3/year, the well of the Szegedi Paprika Rt. (B-454) with a production of 140 000 
m3/year, the well of Furn®r Szeged TermelŖ Kft. (K-482), 8 000 m3/year), and also as an 
additional energy source for the town's district heating systems. The thermal water from well 
B-415 of the Szeged Clinic was used for the heating of buildings with a capacity of 180 000 
m3/year, however, this has been closed years ago due to unsatisfactory operation. The 
Szeged District Heating Ltd. extracts thermal water from three wells mainly to complement 
the natural gas energy supply. The well "B-650ò in the part of the town called FelsŖv§ros 
produces 54 000 m3 water per year for heating (the total water quantity was reinjected into 
the water bearing layer for a long time, the reinjection stopped due to the blocking-up of well 
B-651). Well B-384 produces 330 000 m3 of thermal water per year. 54 000 m3 of water is 
produced for the partial supply of the district heating plant in the part of the town called 
Đjszeged. 
 
Due to the strong gas lobby and the failure of most attempts at reinjection, 75% of the townôs 
district heating system supplies natural gas for the heating of buildings and dwelling-houses 
despite of the fact that 50% of the energy demand of district heating could be supplied by 
geothermal energy. 
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UNIVERSITY INTEGRATED SYSTEMS 

As the first step of the construction of the townôs integrated cascade system, in 2007, the 
researchers responsible for this current FP7 project of the University of Szeged (SZTE) with 
the co-ordination of the Geothermal Innovation and Coordination Foundation, by INTERREG 
II financing, have elaborated the feasibility study for the integrated system of the SZTEôs 
institutions in Đjszeged and downtown. SZTE is probably the townôs biggest natural gas user. 
The change to geothermal heating as well as solar power for HDW production of a part of the 
university institutions seems to be practical and exemplary investment. As a multiplicator 
effect, the construction of exemplary intergated systems planned within the project ï with the 
extraction-environmental monitoring system protecting the water resources ï is an innovative 
energy utilization initiative in the South Great Plain region, thus their principle and technology 
can be disseminated in similar areas of the Pannonian Basin. The production and reinjection 
wells, the technological solutions of the heat centres, the heat-pump systems as well as the 
solar collectors could serve as practical education locations and presentation plants for 
production and utilization for the university training of technicians and engineers started in 
2008, thus the experiences could become part of their education.  
 
The developmentôs objective is to supply certain SZTE buildings with geothermal energy, as 
well as solar power for DHW production thus switching partially or totally from natural gas 
supply to renewable and locally available energy. The energetic analysis of buildings, the 
hydrogeological analysis of the area and the planning of the systems have been carried out 
from support funds, both projects include a valid water rights implementation permit and 
feasibility study. 
 
The project realizes the establishment of two separate cascade circles. The buildings to be 
heated with geothermal energy within the downtown thermal circle (fig. 3): 
J·zsef Attila Study and Information Centre (TIK), 
the buildings of the Faculty of Arts on Egyetem street, 
the building of the Faculty of Arts on PetŖfi S§ndor avenue, 
the Rectorôs Office on Dugonics Square 
the main building of the Faculty of Pharmacy on Eºtvºs street, 
the Istv§n Ap§thy Student Hostel, 
the Medical Clinic No. I on Tisza Lajos blv. 
the S§gv§ri Endre High School, 
and the central boiler plant of the University Clinic. 
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Fig. 3. The downtown thermal circle of the university geothermal project 

 
The primary target area of the planned project phase is the university area in the downtown 
of Szeged: the total and partial supply with thermal energy of the Information Centre (TIK), 
the buildings of the Faculty of Arts, the Rectorôs Office, the Faculty of Pharmacy, the Medical 
Clinic, the S§gv§ri High School and the Clinic Heating Plant, for the replacement of the fossil 
energy source (natural gas) to the largest possible extent. A 2 200 m deep thermal well will 
be drilled on the empty area near the TIK during the implementation of the project, which will 
produce 60 m3 of thermal fluid per hour of 90ÁC. The heat centres of the above mentioned 
institutions will be ñstrungò on the 3 600 m-long NA 200 pre-insulated pipe network, which will 
be installed below the surface. The wellôs water will supply heat to the institutions through 
this network, through modern plate heat exchangers; the used thermal water will be 
reinjected through the 1 700-m-deep reinjection well to be drilled near the last consumption 
location. Institutions towards the end of the circuit that receive cooler thermal water will be 
equipped with solar collectors for DHW production. 
 
The institutions, buildings to be connected to the second thermal circle in Đjszeged are (fig. 
4): 
the buildings of the universityôs Biological Centre in Đjszeged, 
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the ten-storey building of the Ott· Hermann Student Hostel, 
the Ferenc M·ra Student Hostel,  
the Biological Research Centre of the Hungarian Academy of Sciences, 
the SZTE ĆOK Childrenôs Hospital, 
the Town Bath and Sports Hall, 
the Medical Clinic of the Hungarian State Railways Company, 
the SZTE Faculty of Health Sciences and Social Studies. 
 
The objective of the planned project phase is the total or partial supply with thermal energy of 
the university buildings in Đjszeged ï the Biological Centre, the Biological Research Centre 
of the Hungarian Academy of Sciences, the Town Baht and Sports Hall, the Children's 
Hospital and the Faculty of Health Sciences ï for the replacement of the natural gas supply. 
A 2,200-m-deep thermal well will be drilled near the Biological Centre during the 
implementation of the project, the 1,700-m-deep reinjection wells will be located near the 
Children's Hospital and on the yard of the old nurse training school. The pipeline (NA 150, 1 
500 metres long) will connect the institutions mentioned above below the surface. The 
transfer of the heat will happen through the modern plate heat exchangers constructed in the 
institutionsô heating centres. The used thermal water is suitable for the clearing of frost and 
snow from the pavement, parking lots and public areas around the bath and sports hall with 
the plastic worm pipes installed below the pavement. Not unlike in the case of the downtown 
circle, institutions towards the end of the circuit that receive cooler thermal water will be 
equipped with solar collectors for DHW production. 
 

 
Fig. 4. The ñĐjszeged thermal circleò of the university thermal project 

 
With the realization of the project proposal and the operation of the thermal system, the 
natural gas and thermal energy balance of consumers will show the following figures: 
 

Institution / Building 

Natural gas Thermal 
energy 
utilization 

Consumption Replacement 

m3 m3 GJ GJ 



GEOCOM 

 
WP5: Technological Research / WP5.1 Integration with other RES Page: 38 

Downtown thermal circle, 
total: 

1,883,612 1,479,535 50,304 43,424 

Đjszeged thermal circle, 
total: 

261,250 1,452,975 49,401 43,384 

 
Short financial summary of the development: 
Investment costs (net thousand HUF) 1,886,650 

Expected KEOP fund (net thousand HUF) 943,325 
Own contribution (own resources or loan) (net thousand HUF) 943,325 

Operating prime costs of the thermal system (without amortisation) (net 
thousand HUF) 

65,000 

The extent of reduction of heating costs (thousand HUF/year) 188,961 
Specific investment costs (HUF/KW) 141,000 

Specific historic costs (HUF/GJ) 718 
Project lifetime (years) 25- 50 

 
Simplified project payback period:  18 years. 
Anticipated payback period with state aid: 9 years. 
 
51% of the current heating costs of the institutions can be saved by current gas prices. 
Furthermore, the realization of the project enables a reduction of greenhouse gas emission 
of 6,289 tons/year, significantly reducing the air pollution of the project area. 
 
IMPLEMENTATION 
The researchers responsible for the current FP7 project have been trying to push this 
agenda for 4 years, without much success. While the plans for an integrated system are 
ready, feasibility studies are completed and all expertise is at hand, the administration of the 
University is not at all interested in the implementation of such project at the moment. Being 
the single largest consumer of gas in the city political motives as well as a general reluctance 
to accept ideas coming from ñbelowò hinders any breakthrough in this case, despite the 
apparent economic advantages and PR value of such development. 
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Several thermal wells supply thermal energy and thermal DHW in the outer and inner areas 
of the town. The unsuccessful operation of several wells in the past years, the spreading of 
gas-engine heat supply technologies supported by the state, and the ñdemonizingò of the 
technical-economical difficulties of thermal plants pressed geothermal utilization back, which 
resulted in the shut-down of well plants (pair of wells in FelsŖv§ros, clinical thermal well, 
thermal wells supplying DHW for housing areas £szak I/A and I/B, and the cultivation wells in 
Đjszeged etc.). The currently operating wells are the 1000-m-deep wells for public baths, the 
famous Anna-well, and the central well on Sz®kely sor with reduced operation. 
 
The Local Government of Szeged plans the construction of a new, roofed swimming pool on 
Etelka sor, near the existing gymnasium. The building could fit functionally and architecturally 
into the group of buildings of the existing "Tisza Center" and the recently built "Tisza Palota". 
Natural gas supplies the heat of the existing buildings, but the gas heating of the swimming 
pool would represent an unsustainable burden for the town budget.  
 
These facts, as well as the growing number of anomalies of the resources, supply security 
and service fees of fossil energy sources, and the harmful emission effects of gas plants 
motivated the leadership of the Local Government to examine the possibilities of thermal 
energy utilization. 
 
The Local Government of Szeged commissioned the experts carrying out this present 
research project to make the feasibility study of the project. 
 
The main objectives of the thermal project are the best possible utilization of the heat 
capacity of the thermal water through the ñlinkageò of heat consumers, a further utilization of 
the used fluid for the clearing of frost, and the reinjection of the waste water on the lowest 
possible temperature into the layers close to the extraction layers. 
 
The adjustment (into a cascade system) of heating systems with high temperature demands, 
and, the low temperature difference heating systems represents, a major difficulty, especially 
if these systems stagger in the thermal network.  
 
The current project wishes to order three systems into one cascade system: 
The first element is the group of buildings of the Gymnasium-Tisza Center-Tisza Palota with 
similar operational temperature difference of 80/60, 75/55oC (by partial thermal utilization); 
The second element is the indoor swimming pool with a temperature difference of 68/30oC 
(by total thermal energy utilization); 
The third element is the clearing of snow and frost from the public areas near the swimming 
pool (below 30oC). 
 
The cost of the project ï by current price level ï is estimated at HUF 373 454 thousand, and 
the system can be operated by an annual cost of HUF 35 463 thousand. A new renewable 
thermal capacity of 3.55 MW can be started at a - very favourable ï specific market price of 
105,198 HUF/kW. 
 
The economic profitability of the proposed system is determined by the product's market, the 
marketable amount of heat (and the amount of the replaceable natural gas), and the 
proportion of consumed DHW. Therefore, we carried out extensive analyses, and tried to 
screen the complete micro-environment concerned. 
 
The project cash flow and the computed return indicators show that the payback period can 
reach approx. 8.4 years, which is acceptable on the energy investment market. By a KEOP 
fund of 15 % ï confirmed to be be granted ï the payback period of the own contribution is of 
approx. 7 years. The lifetime of the investment is of min. 25-50 years. 
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SUMMARY, THE CURRENT PHASE OF THE PROJECT: 
The thermal project for FelsŖv§ros was stopped, the local government stopped the works on 
the bath due to the economic crisis. 
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The geothermal cascade system of H·dmezŖv§s§rhely was realized as a model investment 
in several phases. The project successfully proves that reinjection into Pannonian sandstone, 
considered as difficult if not impossible by professional circles, is indeed possible, and 
economically sound. The reinjection system has been successfully operating for 10 years, a 
significant amount of operational experience has been gathered, which will enable the 
operable utilization of new reinjection systems within geothermal projects. 
 
History 
The first thermal well in H·dmezŖv§s§rhely was bore in 1954 to supply thermal water for the 
town's public bath. This was followed by the construction and operation of the 1 800-m-deep 
well for the heating of the town hospital. According to the experiences of more decades, the 
town decided to extend the utilization of the local terrestrial heat at the beginning of the 
1990s. 
 
The construction of the geothermal public utility system was started in 1994 in a joint 
investment of the Financial Trust and Service Provider Co. of H·dmezŖv§s§rhely and a 
professional investor, and under the leadership of Geoh·d Kft. set up by the two parties in 
1993. 
 
The project had two objectives. On the one hand, to replace the domestic hot water 
produced from cold drinking water with natural gas in the local district heating plants by 
utilizing the thermal water of 43-50ÁC extractable from a depth of 1000-1 300 metres. On the 
other hand, to replace the natural gas through the utilization of the thermal water of 80ÁC 
extractable from a depth of 2000 metres (not requiring special treatment), and to reinject the 
unusable, cold fluid into layers close to the extraction layers. 
 
Accordingly, the investment consisted of two separate parts: a system for DHW, and a 
heating system. The project was realized in more phases, the DHW-well of H·dt· in 1994, 
the well for heating in 1996, the reinjection well No. I and the other DHW-well on Oldalkos§r 
street - thus the complete first part of the geothermal public utility system ï in 1998. 
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Fig. 5. The geothermal public utility system 
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The public utility system is an insulated pipeline network that connects four housing projects 
of H·dmezŖv§s§rhely with individual district heating systems (fig. 5). 
 
The first part of the complex thermal system was constructed ï and already operating ï in 
1998 (fig. 5). The next phase in 2003 saw the expansion of the system for the supply of the 
new indoor swimming pool. The previously stored water of the thermal well on M§ty§s street, 
and the reinjected water of the heating well of H·dk¼t with a significant heat quantity (40 ï 
45oC) was utilized as a ñresidualò thermal energy for the heating and DHW-supply of the 
facility. After the clearing of the frost on the pavement around the swimming pool, the cold 
fluid of the thermal well on M§ty§s street is directed into reinjection well No. II built in 2007 on 
the green area on Somogyi B®la street. 
 
The first project phase finished in 1998 cost HUF 305 million, the second phase put into 
operation in 2003 HUF 147.5 million, the third phase - the construction of the reinjection well 
- HUF 125 million. The cost of the total project was of HUF 577.2 million, which today would 
reach HUF 1.5 billion. 
 
The functioning of the thermal system 
System for domestic hot water supply 
It supplies DHW for residential and public consumers equivalent to 3000 flats, and 9 public 
institutions (hospital, bath etc.). 
 
A pump is supplying the water from the reservoir at the DHW-well on Oldalkos§r street into 
the pipeline connecting the four heating stations, the consumers of three housing areas 
(M§ty§s and Oldalkos§r streets, and hospital area) get the wellôs water boosted through the 
old district heating networks. The well of H·dt· supplies the housing area in H·dt· in a 
similar way, furthermore, it can automatically assist the pipeline supplying the other housing 
areas in case the capacity of the other DHW-well is too low.  The used water of the DHW 
system is discharged into the town's sewage network. 
 
Heating system 
The starting point of one branch is the 2014-m-deep thermal well of H·dt·, which produces 
60 m3/h of thermal water of 80 ÁC in the winter, and 25-30 m3/h in the summer. 
 
The two submersible pumps are controlled from the surface of the 50-m3 degasser and 
reservoir built near the well. Pumps pump the water from the insulated reservoir into the 
heating station in H·dt·, where the circular heat loss of the DHW is completed. The fluid 
arrives into the heating station on Oldalkos§r street, where the thermal energy replaces the 
lost heat and supplies heat for the heating system. Finally, the partially used water supplies 
thermal energy for the hospital area's institutions in a direct way. The final point of the system 
is the town swimming pool and bath, where the heat capacity of the used water (40-45ÜC) 
can heat the sport swimming pool, and supply additional water for the thermal pools. The 
remaining water quantity (40 mį/h in the winter, 25 in the summer) ends in the buffer 
reservoir of the old reinjection system. 
 
The starting point of the other thermal heating network is the 2300-m-deep thermal well on 
M§ty§s street. The well produces thermal water of 86ÜC with a capacity of 60mį/h in the 
winter, 3-4 mį/h in the summer with the help of a submersible pump for the heating and DHW 
circular heat replacement of 600 district-heated flats with a temperature difference of 90/70 
ÜC. The secondary thermal water flows in a 2000-m-long insulated pipeline into the heating 
centre of the indoor pool, where the heat demand of 4 MW is produced with a temperature 
difference of 70/25ÜC. The fluid used several times flows into the buffer reservoir of the new 
reinjection station after the clearing of the frost from the pavement near the pool. 
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The automatic computer control of the complete geothermal system is carried out from the 
dispatcher centre of the heating station in H·dt·.  Every production, transmission and 
reinjection pump can be controlled with a frequency changer - reservoir level, maintenance of 
pressure and temperature, which is economical for water production and operational energy 
utilization, and guarantees a dynamics- and fluctuation-free well operation. 
 
Service data, operational parameters 
Quantity of produced and supplied DHW approx. 150 000 m3/year 
Prime cost of DHW approx. 70 ï 80 HUF/m3 (with traditional technology approx. 500 ï 600 
HUF/m3); 
Quantity of produced heating thermal water approx. 580 000 m3/year, quantity of reinjected 
water approx. 400 000 m3/year; 
Quantity of heat for thermal heating approx. 65 000 GJ/year; 
Prime costs for production of thermal energy for heating (with reinjection) approx. 650 ï 750 
HUF/GJ (with traditional, natural gas technology currently approx. 2,800 ï 3,000 HUF/GJ); 
Quantity of natural gas replaced by heating and thermal DHW approx. 2 650 thousand 
m3/year; 
 
Project results 
The geothermal system of H·dmezŖv§s§rhely is a fine example for the complex utilization of 
one of Hungaryôs most significant energy sources, the geothermal energy, which complies 
with the directives aiming the reduction of fossil energy sources undertaken with the 
countryôs EU membership. 
 
One of the most important results of the project is the saving compared to the costs of 
traditional district heating with natural gas:  
The project's annual return is approx. HUF 200 - 220 million; 
The simplified payback period of the project is approx. 6.5-7.5 years; 
80% of the primary heat demand of the townôs district heating system equivalent of 3000 flats 
is supplied from local geothermal energy. 
 
Beside economic efficiency, the DHW-supply system reduces the load on the regionôs cold 
water reservoir in a depth of 200-600 metres with the utilization of the water from deeper 
layers.  
 
The utilization of the local energy source ï independent from external political and economic 
factors ï replaces an annual quantity of approx. 2.7 m3 of import natural gas, and eliminates 
the emission of harmful substances resulting from the burning of the gas (carbon monoxide, 
nitrogen dioxide etc.). It is especially remarkable that the reduction of this environmental load 
can be felt in the most congested area of the town.  
 
As an excellent reference for the permanent and economical reinjection into Pannonian 
sandstone, more than 2.3 million mį of cooled fluid has been successfully reinjected into our 
reinjection well No. 1 in the last 10 years. 
 
The software monitoring the station of the reinjection well records the characteristic 
operational data, thus the maintenance requirements of the well are traceable. According to 
maintenance experience, the compressor cleaning and regeneration unit must be serviced 
every 1.5-2 years (approx. when a well-head pressure of 5 bars is reached). It can be 
concluded that the project has fulfilled the preliminary environmental and profitability 
expectations. 
Summary, the current phase of the project: 
According to operational experience, the built system has enough heat capacity for 
maintaining the heat of further pools of the town bath, and for the heating of eventual new 
pools. 
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In the possession of favourable experience, the town strives to realize the ñsouthern thermal 
circleò marked with blue on the attached town map (fig. 5 - where the wells marked with red 
are the operating wells of the above presented project phase). 
 
A 2300-m-deep production well of the ñsouthern thermal circleò was bore in 2008 on the 
territory of the townôs sewage treatment plant. As a first step, the water of 87 oC, with an 
output peak of 70 m3/h, supplies thermal energy for the townôs district heating in the heating 
station of H·dt·. The secondary thermal water supplies thermal energy for a vocational high 
school and a business quarter (with an INTERSPAR hypermarket). The water of 60 oC is 
currently discharged, but its heat capacity will be used this year for a high school dormitory, a 
new town cultural centre - built from a successful application ï and museum buildings. 
Finally, the used fluid will be reinjected through the new reinjection well No. III to be 
constructed next year.  
 
The preliminary feasibility plans of ñnorthern thermal circleò (north from the ñredò system with 
eastern-western axis) (fig. 5) are also available (the town does not have the own contribution 
yet). 
 
With the realization of this project phase, and the implementation of the modernisation 
programme for district-heated housing blocks in H·dmezŖv§s§rhely, including the one of the 
thermal system, H·dmezŖv§s§rhely could become the first Hungarian town where the heat 
for every public institution and every district-heated flat is supplied from a local energy 
source. 
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THE UTILIZATION OF GEOTHERMAL ENERGY IN SZENTES 

Szentes and its surrounding area use currently the biggest amount of geothermal energy for 
heating and agriculture in Hungary. The utilization of thermal wells in Szentes is very diverse. 
The biggest quantity of thermal water is used in greenhouse systems, the utilization in 
tourism, sports, medicine and district heating is also significant. There are 32 wells in the 
town, the temperature of the water is in every well above 60oC, 12 of them with a water 
temperature of 90-99oC. The thermal water in Szentes was found in 1958, during the search 
for crude oil. The first well was bore on the territory of the town hospital, it was 1735 m deep, 
and produced water of 71oC with a capacity of 1700 litres/minute. The salt content of the 
thermal water containing alkali-bicarbonate and fluoride exceeded 2000 mg/l, thus it was 
classified as medicinal water by the Hungarian Institute for Balneology in 1967. The 
construction of the thermal heating system begun in 1987, the thermal water was produced 
by thermal wells Szentes I and Szentes II. Initially, the hot water for heating was produced 
through heat exchangers, this was later replaced by a direct heating system. Currently, there 
are 1300 flats and institutions equivalent to 1500 flats supplied with geothermal energy 
through heat exchangers. The used thermal water is utilized for medical purposes in the spa 
near the town hospital. Besides public heating, a significant quantity thermal water is used by 
one of Europe's biggest agricultural companies, the Ćrp§d-Agr§r Zrt. for the heating of 
glasshouses and stalls on an area of more than 60 ha. 
 
According to the size of the thermal system, there are several ongoing developments in 
Szeged for the diverse utilization of geothermal energy. 
 
The Local Government of Csongr§d County applied for and was granted an aid within a 
KEOP 4.1.0 programme in 2009 for the expansion of utilization of geothermal energy of the 
Dr. Istv§n Bugyi Hospital. The total project costs reached HUF 155 million, 44% of which ï 
HUF 68 million ï were granted by the EU. 
 
The overall objectives of the project:  
reduction of the heat supply costs on a long term 
expansion of the supply security 
expansion of the utilization of renewable energy sources 
reduction of the utilization of natural gas  
saving of thermal energy 
contribution to the national energy saving and reduction of greenhouse gases. 
 
Direct project objectives: 
the renewal and modification of technological steam supply on the side of heat production 
reduction of losses of energy production and distribution 
optimization of the management of geothermal fluid 
physical renewal of heat supply systems. 
 
The following activities help to realize the project objectives:  
installation and regulation of a submersible pump;  
construction of a new primary and secondary pipeline; 
partial replacement of natural gas boilers, total replacement of heating and DHW-supply of 
kitchens and laundries by thermal water; 
installation of new, high-performance plate heat exchangers; 
regulation of the central accelerating pump, 
installation of a modern automatic steam generator in the laundry building. 
 
Main results of the activities: 
significant reduction of heat loss, which enables the increase of the heating temperature 
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the high performance of the new heat exchangers enables a total utilization of thermal water 
in comparison with the performance of the wells 
the partial, or total, replacement of the heating and DHW-supply of the three buildings by 
thermal water results in a significant saving of natural gas, 
this latter reduces the environmental load (CO2 emission). 
 
Numerical results: 
an annual saving of energy costs of HUF 9.5 million after the development 
a CO2-saving of 315/year after the development 
a payback period of 12.6 years (simple return) 
improvement of complex energy characteristics of three buildings 
a utilization of geothermal energy of plus 3245 GJ/year. 
 
Direct target group: 
673 hospital workers (environmentally friendly and comfortable work environment) 
patients (adjustable temperature in the hospital rooms) 
decision-making board of the hospital operator (spreading of alternative energy utilization) 
hospital operator (reduction of costs) 
other institutions of the Local Government of Csongr§d County (stimulation of other energy 
projects). 
 
Indirect target group: 
visitors of the hospital 
local population reached with information 
partners, enterprises, professionals concerned in the project 
the relevant local government (Local Government of Szentes) 
 
The Local Government of Szentes applied successfully for the EEA and Norwegian Financial 
Mechanisms Programme with its project entitled ñOverall heating modernization of the basic 
education institutes of the Local Government of Szentes, by using renewable energy 
sourcesò. The application successfully passed the first round, thus the National Development 
Agency gave the application the green light with a total allocation of HUF 750 million, with an 
own contribution of 15%. The project's main objective is the heating modernization of primary 
educational institutes, kindergarten, and public institutions. The gross costs of heating 
modernization and engineering (with the included district heating connection fees): HUF 
293,012,557. The gross costs for building renovation and modernization: HUF 368,007,699. 
The gross costs for project elaboration, implementation, publicity, and accounting: HUF 
59,666,274. Gross project costs: HUF 720,686,530. The gross own contribution (15% of 
eligible costs): HUF 108,102,980. Payback period compared to the own contribution: 2.47 
years. The amount of own contribution: HUF 108,102,980 = EUR 421,865 (calculated with an 
exchange rate of 256.25 HUF/EUR defined in the project). 
 
The Local Government of Szentes had a survey made for the utilization of the escaping 
thermal water as well. One objective of the project is the utilization of the residual geothermal 
energy of the leachate, its collection, and cooling to a minimum temperature. Another 
objective is the reduction of the emission of harmful substances from the burning of natural 
gas of the townôs heat supplier by the utilization of thermal water extracted from deeper 
layers of the new thermal well. The thermal water from upper layer would be utilized in the 
Public Bath for sporting and heating purposes. The result of the project is the heating of 
public buildings with geothermal energy, replacing the fossil energy sources. 
 
The boring of the bath thermal well and construction the discharge pipe for the leachate into 
the Tisza River is currently in the water rights implementation authorisation phase. The 
capacity data of the discharge pipe enable the collection of the leachate of thermal wells 
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owned by the Local Government of Csongr§d County, thus the contamination of the Kurca 
Canal will be terminated. 
 
The planning and authorisation process for the heat exchange-heat pump systems for the 
utilization of the geothermal energy of thermal leachate must be begun and implemented by 
taking into consideration the collection of waters mentioned above. The construction and 
operation of the technical establishments follow the application and public procurement 
procedures in one or more phases. 
 
The boring of a thermal water well on the territory of the Public Bath is currently in the phase 
of water rights implementation authorisation. This would be a thermal well with double piping 
for the production from two water-bearing layers. The upper water-bearing layer could 
produce thermal water with low temperature, the lower layer thermal water with high 
temperature. The thermal water from the two layers would be utilized in tourism, sports and 
district heating systems. The water from the deeper layer must be fed into the district heating 
system in an insulated pipeline. 
 
Currently, the leachate of 6 thermal wells could be collected for the area of the Public Bath of 
Szentes according to the situation of the thermal wells and existing long-distance pipelines of 
Szentes.  
 
Service Provider Co. of Szentes (SZVSZ):  
It can supply the leachate of 2 thermal wells to the territory of the Public Bath in an existing 
insulated long-distance pipeline. 
 
Agricultural Research Institute:  
It can supply the leachate of 1 thermal well to the territory of the Public Bath in an existing 
insulated long-distance pipeline. 
 
Szentes Hospital and Clinic:  
The leachate of 2 thermal wells collected on the territory of the hospital can be fed into the 
existing long-distance pipeline of the SZVSZ and led to the territory of the Public Bath. The 
feeding of the leachate into the existing pipeline requires technical modifications. The 
pipeline between the Public Bath and the heating station at the Kurca Canal must be 
expanded /350-400 m/, since the current pipeline is not suitable for the quantity of the 
thermal water due to its dimensions.  
 
Szentes Public Bath: 
The thermal water, currently in authorisation phase, is situated on the territory of the Public 
Bath. The treatment and further utilization of leachate would be realized on the territory of the 
Bath. 
 
Estimated project costs: 

Costs Sum (HUF million) 

Total project planning and authorisation 30 

Construction of the heating station building 25 

Construction of the heat-pump and heat exchanger system 100 

Engineering of heat utilization units and construction of heat centres 35 

Construction of insulated closed reservoir and insulated pipeline 
systems 

110 

Build-up of feed and transmission units 30 

Boring of a dual-purpose thermal well with double piping 210 

Total investment costs 540 
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Environmental project results: 
The maximum leachate quantity of the 6 above-mentioned wells is estimated at 450m3/h. 
The reduction of harmful emission through the replacement of an amount of natural gas of 
1,082,000 m3/year: 
 

carbon dioxide 2391 t/year 

carbon monoxide 563 kg/year 

nitrogen dioxide 2,109 kg/year 

 
The maximal water discharge of the new thermal well with double piping is estimated at 
90m3/h. The reduction of harmful emission through the replacement of an amount of natural 
gas of 2,060,000 m3/year: 
 

carbon dioxide 4,553 t/year 

carbon monoxide 1,071 kg/year 

nitrogen dioxide 4,017 kg/year 

 
The total saving of natural gas and reduction of emission of harmful substances from the two 
wells: 
 
The reduction of harmful emission through the replacement of an amount of natural gas of 
3,142,000 m3/year: 
 

carbon dioxide 7,844 t/year 

carbon monoxide 1,634 kg/year 

nitrogen dioxide 6,126 kg/year 

 
The financial result and profitability of the project is determined by the value of the 
replaceable gas costs after deduction of operating costs, its comparison with the investments 
costs, and the level of return. 
 
The utilization of the new thermal water represents a heat production of 4.2 MW, its heat 
capacity is of 70,000 GJ, the one of the heat-pumps a heat production of 2.4 MW, a heat 
capacity of 36,780 GJ, together a total of 106,780 GJ. The sales price of this heat quantity 
considering the current purchase price of the natural gas is of HUF 320,340,000. The 
expected annual operating costs of geothermal energy utilization with 1650 HUF/GJ 
represent HUF 176,187,000. The estimated payback period of the project is 3.8 years. 
 
An application worth of HUF 815,000,000 of a three-level information centre for the 
presentation of geothermal energy utilization possibilities was submitted to the system of the 
Norwegian Fund, beyond the projects below. The application is currently in the assessment 
phase. 
  



GEOCOM 

 
WP5: Technological Research / WP5.1 Integration with other RES Page: 50 

4(% '%/4(%2-!, #!3#!$% 3934%- /& -!+s 

The Local Government of Mak· wishes to rationalize its district heating stations and the heat 
production system of the fully reconstructed Public Bath. 
 
The medium and long-term urban planning and institution modernization concepts were 
reviewed and discussed together with the urban planning management of the local 
government.  
 
The primary objective of the planned investment is the replacement of the natural gas of the 
two district heating stations (Hunyadi street, De§k square) used for the heating and DHW-
supply of 722 flats by geothermal energy; and the heating of the buildings and pools of the 
public bath through a cascade system with the reinjection of the used thermal water. The 
thermal well ñB-230ò is available for the system, the thermal energy for district heating was 
partially supplied from this well until 2004, however, due to the unsatisfactory operational 
parameters, the well has not had a water rights permit for operation since 2004. A main task 
of the project is the resetting of well parameters registered at the time of the boring, 
guaranteeing a thermal water supply of a modern geothermal cascade system. The 
construction of a pipeline of 5000 m and of an energy-efficient, optimal, and modern cascade 
system is an important objective. A further essential task is the modification of the heat 
exchange facilities at the heating station on De§k square originally planned for natural gas 
for the acceptance and optimal utilization of thermal water. The installation of heat 
exchangers for the proper thermal heat transfer efficiency is essential since the utilization of 
natural gas will be terminated in the heating station on De§k square, which will be 
transformed into a 100% thermal substation.  
 
The objective of the study made in 2009 for the grounding of the investment is the analysis of 
the justification and feasibility of the project entitled The Geothermal Cascade System of 
Mak·, the support of decision-planning through the presentation of establishment and 
operation possibilities and conditions, costs, the analysis of profitability, and the necessary 
steps and period of the investment processes. The implementation, operational features, and 
the environmental and economic effects of the project proposal were presented in detail in 
this study. The project implementation period, the funding possibilities, and the legal 
regulation concerning thermal plants were profoundly studied as well. We summarize the 
main arguments and aspects of the study in order to support the work of the decision-
makers. 
 
Project history, justification of realization: 
The district heating system of Mak· was constructed in the 1970ôs. The two district heating 
stations on Hunyadi street and De§k square are used for the heating and DHW-supply of 722 
flats. In 1986, the town was given the 2300-m-deep thermal well B-230 for use, which was 
integrated into the natural gas district heating system, thus geothermal energy could be 
partially used for heating. Due to unsatisfactory parameters ï mainly the phenol-content ï 
the well does not have a water rights permit for operation since 2004, thus it has been shut 
down. Well analyses showed that the renewal of the well can enable a production of thermal 
energy of approx. 5.9 MW on a long term. According to planning data, this quantity can 
supply enough energy for the two district heating stations, moreover, it would have an extra 
capacity for the heating of other buildings in a cascade system. Based to these opinions, the 
town leadership decided to use this capacity for the heating of buildings and pools of the new 
public bath, and to supply DHW with the environmentally friendly geothermal energy in 
accordance with the development directions of modern times. Beyond these facts, the 
following factors justify the necessity of the development s: 
The drastically growing gas prices, and the growing heating costs due to the decreasing gas 
price subsidy (a rise in price of more than 70% since January 1, 2007), 
The growing import dependence increasing the insecurity of gas supply, and the heating of 
private and public institutions (the events at the beginning of 2009 made clear that the 
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situation is uncertain due to the gas dispute between the Russian service provider and the 
Ukrainian transit companies and states), 
The drastic decrease of local government budget, the necessity to minimize expenses, 
Mak· is situated on a territory with one of Europeôs best geothermal features, 
The town has a well-operating and developed district heating system with proper usable 
operational experience. 
The new Public Bath to be built is one of the region's most significant tourism investment, for 
which the establishment of the geothermal heating system is wished to be financed from 
KEOP funding. The realization of the investment with a state aid of HUF 1.5 billion is in 
danger due to the lack of aid from applications, since the big project is not viable without the 
heating system. 
The development of a more liveable urban environment requires environmentally friendly 
technologies that reduce the emission of harmful substance in compliance with EU 
directives. The geothermal heating systems are practically emission-free compared to the 
ones operated with fossil energy sources. 
 
As an obvious solution, the Local Government of Mak· wishes to establish a modern 
geothermal cascade system sustainable on a long term that enables a significant reduction 
of heating costs through the optimization of the current district heating system and the 
transformation of the network. The thermal energy is in place, is not import-dependent, and it 
is managed by the local population. The realization of the project can guarantee the heat 
demand of the district heating stations of Mak· and the buildings and pools of the new bath 
from the cheap, local geothermal energy. 
 
The initial situation, project location: 
The planned location of the project is the town of Mak·. The thermal pipelines and related 
institutions are marked with different colours on the map on next page (fig. 5), for the better 
transparency of investment locations. 
 
Mak·ôs district heating service was started in the 1970s. The natural gas boilers of the 
stations on Hunyadi street and De§k square supply 100% of the district heating. The thermal 
well ñB-230ò owned by the town partially supplied thermal energy for district heating between 
1986 and 2004, however, due to the unsatisfactory parameters the well was shut down from 
the system. The insulated pipeline system between the two heating stations is currently 
unused. The old buildings of the public bath will be completely modified and expanded from 
DAOP funds. The heating of the bath buildings and pools was designed for geothermal 
energy supply, the system will be constructed according to the current application document. 
 
The main locations of the planned investment: 
Thermal well ñB-230ò 
Reinjection wells I and II 
District heating station on Hunyadi street 
District heating station on De§k square 
Public Bath of Mak· 
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Fig. 6. The geothermal cascade system of Mak· 

 
Summary of the technical content of future developments of the project:  
The current project presents a solution proposal for the modification and expansion of the 
district heating system of Mak·, through the synthesis of presented problems and 
parameters, and for the supply of the new Public Bathôs buildings with geothermal energy 
through their linking into a modern geothermal cascade system. The main operational, 
financial and environmental parameters of the system are presented in the following tables. 
 
Basic data of the current phase: 

Energy source Energy utilization 
Energy utilization 
(GJ/year) 

Natural gas 2,289,941 m3/year 77,858 

Electric energy utilization for 
heating: 

82,000 kWh/year 820 

Total  78,678 

 
Main technical activities of the project: 
Full and complex renewal of the existing thermal well ñB-230ò, 
Construction of a thermal cascade system guaranteeing optimal energy utilization, 
Construction of a 3,100-m-long thermal pipeline network, 
Transformation of the heating station on De§k square into a substation, 
Renewal and development of heat centres, 
Establishment of PLC system and dispatcher centre, 
Building equipment modifications, 
Project management, 
Communication plan, fulfilment of undertakings concerning equal opportunities and 
sustainability. 
 
Presentation of data after the realization of solution proposal: 

Energy source Energy utilization 
Energy utilization 
(GJ/year) 

Natural gas 97,588 m3/year 3,318 

Thermal heat 269,398 m3/year 67,086 
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Electric energy utilization for 
heating: 

441,840 kWh/year 4,418 

Total  74,822 

 
Savings after modernization: 

Natural gas replacement (m3/year) 2,192,353 
Natural gas replacement (GJ/year) 74,540 

Reduction of CO2 emission  3,847 
 
Short financial summary of the development: 
Investment costs (net thousand HUF) 948,650 

Expected KEOP fund (net thousand HUF) 474,325 
Loan (net thousand HUF) 474,325 

Operating prime costs of the thermal system without 
amortisation (net HUF thousand) 

51,600 

The extent of reduction of heating costs (thousand HUF/year) 100,811,555 
Project lifetime (years) 25- 50 

 
Simplified project payback period: 14 years. 
Anticipated payback period with state aid: 7 years. 
 
A new renewable thermal capacity of 5 MW can be started at a - very favourable ï specific 
market price of 194, 000 HUF/kW. 
 
Phases of implementation: 
The works of renovation, pipeline construction and thermal centre establishment can be 
carried out within 10-11 months after the signing of the grant agreement and the contract for 
loan. The starting date of implementation ï considering the appraisal period of four months in 
case of KEOP applications ï is January 1 2010; the calculated final commissioning date of 
the system is December 31 2010. The periodical test runs of the system can be started in 
summer 2010. 
 
Short presentation of the project management organization:  
The town leadership examined every possibility suitable for the construction and long-term 
reliable operation of the geothermal cascade system of Mak·. The Local Government of 
Mak· decided to involve professional investors for the successful implementation and 
sustainability of the long lifetime of the investment. The presence of professional investors is 
a guarantee for the proper quality and lifetime of the investment. The investors have proper 
professional experience, and guarantee the appropriate construction and maintenance of the 
geothermal cascade system as operators of similar systems. Their material and intellectual 
investment will only be profitable, if the built system will have a long lifetime, thus the saving 
of maintenance and renovation costs is not in their interest. This fact is a guarantee for the 
systemôs reliable operation, thus the operational risk for the local government is minimized. 
As a result of these aspects, the Local Government of Mak· and the professional investor, 
the BRUNNEN HŖtechnika Kft, have set up MATERM Thermal System Investment, 
Development and Service Provider Co. for the successful implementation of the investment. 
 
Beyond the saving of costs, the local government has a share in the project organizationôs 
profit as well. The distribution and utilization of the townôs return is in the competence of the 
Board of Representatives: a strategy regulates the utilization of costs saved with the project 
for other developments. 
 
Operation of facilities established within the project: 
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The MATERM Kft. is responsible for the operation of the thermal system. The majority owner 
and management of the company participated in the design and construction of several 
Hungarian thermal systems; they operated for ten years the geothermal public utility system 
of H·dmezŖv§s§rhely (capacity 10 MW) mentioned several times in this study. 
 
Possible project risks: 
Considering the fact that the main project objective is the renovation and expansion of the 
district heating system based on an existing thermal well, the investment has lower risks 
during both construction and operation than in case of a new well. Engineers with 
professional experience and practice, and comprehensive, detailed hydrogeological, 
profitability, sustainability, and environmental analyses guarantee the proper construction, 
rationalization and expansion of the system. The necessary renovation and maintenance 
costs of operation were included in the business plan of MATERM Kft., which guarantees a 
low operational risk and a high-standard service. The thermal heat will be marketed after the 
realization of the project in a well-working system developed along several decades: The 
highly qualified managements of the Mak· Gy·gyf¿rdŖ Kft. (Thermal Spa Co. of Mak·) and 
MATERM Kft. guarantee the continuity of the serviceôs turnover. The total quantity of used 
thermal water will be reinjected, thus the environmental risk is minimal. 
 
Summary, the current phase of the project: 
The KEOP 4.2.0 application for the implementation of the project was accepted; the formal 
and professional correction of deficiencies was made, and is currently in the assessment 
phase.  
 
Consequently, it can be declared that the application for the realization of a geothermal 
cascade system in Mak· aims at the solution of a current energy problem, and is built on one 
of the EU's main objectives for the utilization of alternative energy, the utilization of 
geothermal energy. The investment reduces the heating costs of the local government with a 
decreasing budget, the air pollution of the town, and the import dependency. 
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The Local Government of Csongr§d wishes to rationalize the heating system of its public 
institutions. The medium and long-term urban planning and institution modernization 
concepts were reviewed and discussed with the urban planning management of the local 
government.  
 
The primary objective of the planned investment is the renovation of the thermal well 
constructed long ago and operating with poor efficiency, and of the connected, partially 
operating thermal network, and the construction of an energy-efficient, optimized, and 
modern thermal cascade system. 
 
The objective of the study submitted for a KEOP grant is the analysis of the justification and 
feasibility of the project entitled The Geothermal Cascade System of Csongr§d, the support 
of decision-planning through the presentation of establishment and operation possibilities 
and conditions, costs, the analysis of profitability, and the necessary steps and period of the 
investment processes. The implementation, operational features, and the environmental and 
economic effects of the project proposal were presented in detail in this study. The project 
implementation period, the funding possibilities, and the legal regulation concerning thermal 
plants were profoundly studied as well. We summarize the main arguments and aspects of 
the study in order to support the work of the decision-makers. 
 
Project history, justification of realization: 
The thermal circle was designed and constructed based on the thermal well in the part of the 
town called Bºk®ny, and extended at the end of the 1990s. The well ï due to bad 
technological construction ï can produce thermal water with low output and temperature, and 
has worse parameters than planned. Accordingly, it can serve only the consumers of the 
original system; the consumers connected at the end of the 1990s were disconnected and 
are currently heated with natural gas. The realization of the project is justified by following 
factors:  
The drastically growing gas prices (a rise in price of more than 70% since January 1, 2007), 
The growing gas import dependency increasing the insecurity of gas supply, and the heating 
of public institutions (at the time of the making of the study, the situation is uncertain due to 
the gas dispute between the Russian service provider and the Ukrainian transit companies 
and states), 
The drastic decrease of local government budget, the necessity to minimize expenses, 
Csongr§d is situated on a territory with one of Europeôs best geothermal features, 
The town has an inefficiently operating district heating system with outdated technological 
and technical conditions, but has the advantage of a developed system of heat supply based 
on thermal water with proper usable operational experience. 
The development of a more liveable urban environment requires environmentally friendly 
technologies that reduce the emission of harmful substance in compliance with EU 
directives. 
 
As an obvious solution, the Local Government of Csongr§d wishes to establish a modern 
geothermal cascade system sustainable on a long term that enables a significant reduction 
of heating costs through the optimization of the current thermal system and the extension of 
the network. The thermal energy is in place, is not import-dependent, and it is managed by 
the local population. The realization of the project can guarantee the heat demand of 
important public institutions of Csongr§d from the cheap, local geothermal energy. 
 
In harmony with the local governmentôs intentions, an application was submitted in 2008 for 
the support of the investment in the KEOP 4.1 call for tenders. The application was rejected 
due to the feasibility study with unsatisfactory content, mentioning the unclear ownership 
conditions and the inappropriate energetic parameters. The second application ï withdrawn 
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later ï was accepted and passed the formal control as well. The third application submitted in 
April 2009 was successfully accepted in the KEOP 4.2.0 call for tenders. 
 
The initial situation, project location: 
The planned location of the project is the town of Csongr§d. The thermal pipelines and 
related institutions are marked with different colours on the map, on the next page (fig. 6) for 
the better transparency of investment locations. 
 
The town already has a built thermal heating system with low efficiency (marked with the 
yellow line on the map). The network is located in the part of town called Bºk®ny, near the 
dead branch of Tisza River. The system supplies thermal heat for a heat centre supplying 
515 flats, the townôs medical clinic, one high school and a social care home. The system was 
extended in the 1990s, however, the network was not able to supply enough amount of heat 
for the new consumers due to the inappropriate well construction, thus they were 
disconnected from the system (marked with the red line on the map). The project wishes to 
optimize the two systems for the maximization of the thermal water's heat capacity, and to 
include a third thermal circle into the thermal heat system of Csongr§d (marked with the 
green line on the map). 
 
The project covers the development of heating of 10 institutions with geothermal energy. The 
network heating the institutions will be developed in the form of a modern cascade system for 
the best possible heat utilization, thus the heat of the produced thermal water will be used to 
the maximum extent. 
 
Institutions of the built and operating thermal circle No. I: 
District heating station, Musk§tli str. 13 
ñDr. ¥dºn Szarkaò Medical Clinic, Gyºngyvir§g str. 5 
ñMih§ly S§ghy" Secondary School and Vocational Training Institute, Gyºngyvir§g str. 18 
ñAranyszigetò Social Care Home, Gyºngyvir§g str. 7-9 
 
Institutions of the built but inactive thermal circle No. II: 
Mayorôs Office, Kossuth square 7 
"Lajos Kossuthò Elementary School and Kindergarten, Kossuth square 6 
ñJ§nos Bats§nyiò Gymnasium, Secondary School, Dormitory, Kossuth square 1 
"Istv§n B§rsonyò Agricultural Secondary School, Technical School and Dormitory, Szentesi ¼t 
2/A 
 
Institutions of the planned thermal well No. III: 
School of Singing and Music, Szenth§roms§g square 14 
Public bath, Dob str. 3-5 
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Fig. 6. The geothermal cascade system of Csongr§d 

 
Summary of the technical content of future developments of the project: 
Through the synthesis of presented problems and parameters, the current project presents a 
solution proposal for the reconstruction and expansion of the thermal system of Csongr§d, 
through the linking of the institutions into a modern geothermal cascade system. The main 
operational, financial and environmental parameters of the system are presented in the 
following tables. 
 
 
Basic data of the current phase: 

Energy source Energy utilization 
Energy utilization 
(GJ/year) 

Natural gas 990,903 m3/year 33.690 

Thermal heat 355,083 m3/year 27.787 

Electric energy utilization for heating: 182,760 kWh/year 1.828 

Total  63.305 

 
Main technical activities of the project: 
The complex renovation of the thermal well in Bºk®ny operating with poor efficiency and low 
water output, 
Construction of a thermal cascade system guaranteeing optimal energy utilization, 
Renovation and optimization of the built and operating thermal circle No. I (connected to the 
above-mentioned institutions),  
The renovation and optimization for the cascade system of the built but inactive thermal 
circle No. II (connected to the above-mentioned institutions), 
Construction of thermal circle No. III, connection of the School of Singing and Music and the 
Public Bath to the system, 






















































































































