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Introduction

The abovementioned national resource is very significant from both potential 
and perspective point of view. Hungary has favorable geothermal conditions: 
while in other countries the temperature increases by 30–33 degrees Celsius 
per kilometer downward, this value is 42–56 degrees Celsius in our country. 
At the depth of 2,000 meters, rock (and water in the porous rock) temperature 
usually exceeds 100 degrees Celsius. The estimated volume of Hungary’s 
thermal waters is 2,500 cubic kilometers, and the heat energy stored is 
604,000 PJ (peta-Joule). Presently, there are more than 100 licensed, thermal-
water producing wells registered at the Mining Bureau of Hungary (Nagy 
and Káposzta, 2003). Most wide-spread uses are the heating of agriculture 
facilities (greenhouses), public and residential buildings, and the water 
supply of baths and swimming pools. The rather high investment requirement 
and the high material content in solutions considerably increasing operation 
costs limit a wide range of applications (http://waterfire.fas.is).

With its widely spread resources, geothermal energy is a resource 
which can noteworthily contribute to the future energy provision in Visegrad 
Countries. Whereas the direct use of geothermal heat can already compete 
on the market due to the high oil and gas prices, geothermal electricity 
generation faces huge financial challenges in most European regions. 

Besides the use of high enthalpy fields – which are limited to a few 
places and are in most cases already used – an extended geothermal 
electricity generation in the future depends especially on the larger potential 
of low enthalpy or hydro-geothermal resources. These resources have been 
scarcely exploited so far. Apart from technical challenges, economic barriers 
hinder the wider use of hydro-geothermal energy within Europe. The most 
important usage in European Countries:

 � Iceland – heat everywhere, district heating, electricity (Al smelting).
 � Switzerland – Highly developed ground source pump installation 

and deep borehole in Upper Rhine Graben.
 � Sweden – Developed ground source heat pump installation, 

Stockholm marine.
 � Germany – Aachen borehole project, Upper Rhine Graben, 

Unterhaching, Bad Urach, Neustad-Glebe, Bruchsal, Bayern.
 � Hungary – Budapest spas and district heating, great sites.

 � Austria – Balynology tourism.
 � France – Paris Basin.
 � Italy – Electricity production at Lardarello, many other sites.
 � Ireland – GSHP now, deeper projects have commenced.
 � Europe – deep borehole in Upper Rhine Graben (Gareth and Herald, 

2008).

The perspectives of geothermal energy in Hungary
Hungary is located in the middle of the Pannonian Basin in Central Europe. 
The Pannonian basin is a Neogene extensional setting formed between the 
Carpathian and Dinaride thrust belts within the mega-suture zone of the 
African and European plates with a relatively thin crust 25 to 35 km thick. The 
basement of the basin consists of higher thermal conductivity Precambrian-
Paleozoic-Mesozoic rocks. The basin is filled with lower thermal conductivity 
Cenozoic sediments, the thickest sequences formed during the upper 
Miocene, Pannonian age. The Pannonian sediments are multilayered and 
composed of sand, shale and silt beds. While the lower Pannonian sediments 
(e.g. clay, silt, marl) are impermeable, the upper Pannonian and Quaternary 
formations contain vast porous, permeable sand and sandstone beds formed 
by the upper Pannonian aquifer (Bobok et al., 1998). 

According to thermo-tectonic models, the initial crustal thinning 
or rifting of the Pannonian basin occurred in the Middle Miocene and the 
subsequent thermal subsidence or post-rift phase extended up to the 
present. During the history of the basin, significant tectonic events happened 
mostly in the Miocene. Along the main tectonic lines (like Mid-Hungarian 
line, Balaton line, Vatta-Maklár line), significant strike slip movements 
happened. These movements broke the basement rocks causing high 
secondary porosity. 

Along some tectonic lines high pressure geothermal conditions 
experienced (Árpási et al., 2000; Tóth and Almási, 2001). As a result of the 
Earth’s thin crust, Hungary’s geothermal gradient is higher than the world 
average. At the depth of 2,000 meters, rock (and water in the porous rock) 
temperature often exceeds 100 °C (Hungarian Geological Survey, 2002), 
which can be seen on the Figure 1.

Concerning the geothermal energy utilization, there are vast areas of 
unexploited geothermal options within Hungary. Considerable amount of 
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information and data on the various fields are 
available and many wells have already been 
drilled, either for oil or for thermal water. The 
oil wells are usually deeper than 3 kms, but the 
thermal wells are most commonly less than 1 km 
deep. The objective is to find geothermal water for 
power generation at depth in-between 1 km and 
perhaps down to 4 or 5 kms (Tulinius et al., 2008). 

The geothermal conditions of Hungary are 
as follows (Ádám et al., 2009):

 � Geothermal energy is available in high 
quantity; therefore it reduces the dependence 
on import energy.

 � Geothermal heat can be ‘sustainably’ used.
 � Geothermal energy is available all the time, 

thus we can consider it as a basic energy 
source.

 � The use of geothermal energy does not have 
harmful emissions. The CO2 surplus can be 
traded on the bourse.

 � The life expectancy of geothermal projects – 
based on the state of the systems operating 
from more than 50 years – is minimum 
50–70 years; therefore despite of the higher 
investment costs, their economical features 
cannot be questioned.

Based on the abovementioned, it can be 
stated that the outstanding geothermal conditions 
of Hungary are well-known. Our thermal water is 
our determining national treasury. Its utilization 
of decades increased the fame and economic 
operation of most of our largest health resorts and 
thermal baths, horticultural plants, as well as the 
ability of rural areas to keep the rural population 
(Nagy and Káposzta, 2006). However, we must 
not forget that the dynamic thermal reserves 
available – with rational management – are able 
to provide much more than the current amount 
(3–4 PJ/year) sustainably even in long terms. 
We believe that it is important to mention that 
the thermal potential predicts 100–110 PJ/year 
utilization, which is 20% of Hungary’s heating 
demand (Ádám et al., 2009). 

Moreover, we need to mention that the rate 
of geothermal energy in the energy balance of 
Hungary is 0.29%. It accounts for only 6.6% of the 
renewable energies in addition to approx. 86% 
share of biomass and wood together (Mádlné et 
al., 2008).

There is thermal water under 80% of our 
land. It is of high temperature and has high 
content of minerals; we are among the top five 
countries (Japan, Iceland, Italy, France, and 
Hungary). If we go into the details, we can see 
that in Japan and Iceland, the thermal water 
has high temperature but low mineral content, 
while that of Italy and France has high mineral 
content but the temperature does not reach that 
of the water in the Carpathian-basin. Therefore, 
our water is unique worldwide, with having high 
temperature and also high content of minerals 
(Nagy and Káposzta, 2004).

Territorial scope of the research
In our research we focused on the 47 least-
developed micro-regions, with special focus on 
the 33 ones requiring complex development 
programs. According to the Act 2007./CVII., 
there are 174 statistical micro-regions in 
Hungary, thus we collected the basic data for 
the least-developed micro-regions according 
to the categories of the Parliamentary provision 
No. 2007/67 and Governmental regulation No. 
2007/311. The 33 LDCDP micro-regions are 
located in 4 regions and in 12 counties as it can be 
seen on the map below.

Figure 1 Temperatures recorded in Europe at the depth of 5000 meters
 Source: The possible maximum use of heat content of geothermal energy based on national and international 

examples (Kujbus, 2012)

Figure 2 The map of geothermal energy in Europe: Hungary has a favourable place
 Source: http://www.piacesprofit.hu/klimablog/energia
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In the rest of the study we wish to highlight 
the fact that the least-developed micro-regions 
have very good geothermal potential, which can 
be a solution for the problem of poor human 
resources and the lack of jobs (that are detailed 
in the followings). 

In the Figure above it can be seen that the 
least-developed micro-regions have outstanding 
thermal water reserves, since the thermal 
water of 60 °C or even above is concentrated 
in these areas. Thus it can be a breakout for the 
micro-regions located in those areas. The use of 
thermal water in Hungary is various. Flats and 
public institutions use thermal water for heating, 

while it is used for heating industrial factories or 
providing technological hot water (Kóbor, 2008). 
At the moment, there is no significant electricity 
production based on geothermal energy, although 
the potentials are given. There are several wills 
providing water with surface temperature of over 
85 °C, potentially suitable for operating electricity 
generating systems with performance of 0.1–
0.5  MWh (Patay, 2007). In addition to other 
forms of use, it can also be utilized in agriculture 
in open fields or in green houses. In open lands, 
thermal water can be used for irrigation and the 
heating of soil. Their joint effect can prevent the 
damage caused by the rapid cooling down of soil, 

therefore the production/growing period can be 
expanded (Mádlné, 2006). 

In our opinion, where there is thermal water 
available and there is agricultural production, the 
heating of foil greenhouses is perfectly carried out 
and well operated. In the least-developed micro-
regions the unemployment rate is high, there are 
not enough jobs and there is poor human resource, 
thus the unexploited potential of geothermal 
energy can be a possible development path for 
agriculture. Therefore jobs could be created in 
such micro-regions which would prevent the 
large-scale migration of young people from those 
micro-regions (Káposzta, Nagy and Kollár, 2010). 

The greenhouses are heated with the 
thermal water which has already cooled down 
in other stages of the heating process. The 
other major field of thermal water utilization in 
agriculture is the drying of fodder. In such cases, 
the thermal water of 40–60 °C in appropriate 
quantity is used to dry the fodder partly or totally. 
During the drying process of green fodder, hot air 
thermal water is used. In such cases, the thermal 
water is suitable only for pre-drying, which may 
result in significant saving of fuel (Patay, 2007).

Conclusion 
and recommendations

Based on our research findings, it is clear that 
the selected micro-regions lag well behind the 
national average regarding both economic and 
social indicators. In our opinion, the following 
factors have contributed much to their break off:

1. the low quality of human resource,
2. high rate of migration,
3. bad infrastructure and
4. problems of the social groups.
As a result of our researches, we make 

some recommendations (strategic guidelines) 
how to improve the competitiveness of such 
micro-regions in long-terms, which are, at the 
moment, stagnating or breaking off. We suggest 
the application of demand-oriented regional 
strategy on the basis of the special internal 
conditions in the least-developed micro-regions 
as well. Thus, the comparative advantages of the 
restricted factors of the rural land-use (natural 
endowments, landscape protection areas etc.), 
could be utilized. In order to optimize the rural 
land-use, we suggest the preference of alternative 
energy sources, sustainable technologies and 
food industry, which could result in the increase 
of rural added value in the least-developed micro-
regions. 

Regarding the economic aspects, it is 
important to know in what scope the investment 

Figure 3 The location of the Hungarian LD and LDCDP micro-regions
 Source: own editing based on CSO data (2011), 2011
 LD –  least-developed micro-region;   LDCDP – least-developed micro-region requiring complex development program
        LD (14),         LDCDP (33)

Figure 4 The distribution of temperature at the depth of 1000 meters
 Source: Mádlné, 2006
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and production costs of geothermal energy can compete with the 
conventional energy sources. It is also important to answer the question why 
the geothermal energy is recommended to be used in a given area instead 
of other renewables. Concerning fossil fuels, the planning, establishing and 
operational costs need to be set from economic point of view. The price of 
the ‘product’ and the operational costs determine how much the existing 
geothermal plants are economical. Before establishing a new geothermal 
plant, however, the collection of local conditions and information is really 
important. 

Based on all these factors, we can conclude that a more careful 
utilization and exploitation of geothermal energy (especially thermal water) 
in the least-developed micro-regions i.e.. the focus of our research is highly 
recommended, both in households and in the agricultural production. We 
believe that the major breakout points in such areas are self-supply regarding 
agricultural products and the strengthening of local markets which can be 
accelerated and supported by the thermal water reserves of high temperature 
under the ground surface.
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