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SUMMARY 
The knowledge of the geothermal potential of Međimurje County was obtained during the 
exploration and production of oil and gas. In addition to geological parameters in the 
northwestern parts of Croatia and neighboring Slovenia, with conducted geological and 
geophysical investigations, a number of exploration wells and oil and gas fields was 
determined a certain potential for production of geothermal energy. 

The exploration and production of geothermal energy is regulated by the Mining Law if 
geothermal water was used for energy purposes, while the use of therapeutic, medical and 
recreation purposes and production of water as drinking water is in the domain of the Water 
Act. Energy use of geothermal water is regulated by the Energy Act. 

Today's structurotectonic picture of Medimurje County is a result of its genesis as a 
continuation of the Southern Alps on one hand and as the northernmost zone of the Adriatic/ 
Dinarides carbonate platform that underlie Tertiary age basin sediments on the other. In 
addition to the basic elements closely related to the genesis of Adriatic/ Dinarides Mesozoic 
carbonate platform development, the Međimurje County area has a very complex Tertiary 
age basin development, especially in Prepannonian period. Thus, in the Međimurje County 
area, we can define six basic structural elements, each of them still structurally and 
tectonically divided in the elements of the lower rank (Appendices 3 and 4). 

In terms of exploration and production of geothermal reservoirs, structural and tectonic 
features of geological structures is important for defining the geometry of the deposits, but 
also for the formation of reservoir space by tectonic destruction of carbonate rocks, and 
finally defining the zone of enhanced geothermal tributaries, which may be associated with 
the important tectonic dislocations and structural deformation of the Earth's crust. 

Geothermal gradients are in the range 45-50°C/km, thus at the optimum depths (1,000-1,500 
m) of aquifers with favorable collector properties the water temperatures can range from 
about 60 - 90°C, while at depths of 2 km up to 110°C. 

Mesozoic (especially Triassic) carbonates have got a high potential for geothermal reservoirs 
especially in the massive carbonate rock bodies with highly developed secondary / fissure 
pore systems with very good permeability for the geothermal fluid. 

Carbonates and coarse carbonate clastics of Paleocene to Middle Eocene or Early Miocene 
age below the regional marker "Rs7" are potential geothermal reservoirs with predominantly 
fissure / secondary collector area, although occasionally they may be relevant as the 
collectors with primary / intergranular space.  

Sandstones of Pannonian age, below the regional marker "Z" and sand bodies of Lower 
Pontian age, below the regional marker "Delta" or even younger collectors of Upper Pontian 
age represent most attainable and perhaps the most interesting deep geothermal aquifers.  

Younger sand reservoirs are particularly acceptable for the exploration and production of 
geothermal water suitable for use for energy purposes (for example space heating, 
greenhouse production, etc.) due to easier attainability (less deep), but mainly because of a 
favorable chemical character and aggressiveness of fluids and generally good 
transmissibility of spacious reservoirs. 

In the area of Međimurje County and beyond no natural thermal springs are known, but the 
geothermal water with temperature >100°C was found in several deep exploration wells 
drilled up to depths of 2,700 m, during oil and gas exploration. In terms of the expected depth 
of burial of potential geothermal reservoirs and the indicated gradients, at a depth of 1,000 m 
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expected temperatures of geothermal water in the reservoir are between 50°C and 60°C, or 
at depths of 500 m between 30°C and 35°C. Estimation of the expected influx of presented 
types and depth of the reservoir ranges from a few hundred up to several thousand m3/day. 

Guided by the criteria of the position in the basin during deposition and diagenesis of sand 
reservoirs, favorably developed geothermal reservoirs should be sought somewhat beyond 
the edges of the basin, but not too far. Thus, in the Međimurje County there is observed 
spatial model of potential reservoir succession, from the area with Prepannonian layers, in 
the west and southwest county area to all the younger rocks of the Pannonian and Pontian 
age in the north, east and south, in the locally developed basins Mura, Čakovec and Kotoriba 
(Appendix 6). Specifically, the favorable development of reservoir sandstones of the Lower 
and Upper Pannonian age is expected, below the regional markers "Rs5" and "Z" (Appendix 
3). 

In the Međimurje County area sand reservoirs are interesting for exploration and use of 
geothermal energy, because of the relatively favorable possibilities of locating, retrieving and 
use, in terms of favorable hydrodynamic and geochemical features. 

Thermal power of the estimated amount of geothermal water ranges from approx. 0.5 MW to 
2 MW depending on the production and utilization of temperature of geothermal water. The 
amount of energy produced depends on the time period of use, so it is easy to conclude that 
the concept of geothermal energy throughout the year and the maximum utilization of 
geothermal heat water is a requirement for its profitable use. 

Depending on the temperature and abundance of water resources (for serious consumption 
5,000 – 20,000 MWht/year), return on investment can range from 5 to more than 20 years. 
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1. INTRODUCTION 

The use of geothermal resources in the Međimurje County was identified through regionally-
known elements of the geological and structural-tectonic features and geothermal solutions, 
to define the position of the potential of deep aquifers, preserving the environment and 
natural resources so far developed. 

In the area of Međimurje, extensive regional geological and geophysical exploration were 
carried out, and a number of exploration wells and gas fields development. Discoveries of 
gas fields Vukanovec, Vučkovec, Zebanec, oil and gas field Mihovljan and a small part of the 
gas field Legrad (Appendix 1) determined some potential for producing oil, natural gas and 
geothermal energy. Data gained by these explorations, but also hose in the northwestern 
parts of Croatia and neighboring Slovenia have had a significant effect on the assessment of 
geothermal potential. 

Traditionally, geothermal water is used for recreation and health tourism (St. Martin Spa), but 
its use as energy and mineral resources is also predicted. The use of geothermal heat from 
deep water wells, given the number of wells and geological features, is far below the 
available resources. 
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2. LEGAL REGULATIONS RELATED TO GEOTHERMAL 
ENERGY IN CROATIA 

Mining, as an economic activity takes place in the Republic of Croatia, primarily under the 
provisions of the Mining Act (OG 75/09, 49/11). To exploit mineral raw materials (produce) it 
is necessary to undertake research, to determine the mineral deposits and the reserves, 
build mining facilities and then by mining operations produce raw materials. 

Mining Act relates to the exploration and exploitation of mineral resources. In terms of the 
Mining Act by Mineral resources are, among others, considered "Mineral and geothermal 
waters from which minerals can be won over or accumulated heat can be used for energy 
purposes, with exception of mineral and geothermal waters used for healing, therapeutic and 
recreational purposes or as water for drinking and other purposes, which are a subject of the 
water regulations". Legislation of Water Management (Water Act OG 153/09, Law on Water 
management financing 153/09 and by-laws) regulate the use of surface and ground water as 
a common good.  

When the accumulated heat from geothermal water is used for energy production, it enters 
the field of energy activities and administrative procedures include legislation on energy 
(Energy Act OG 68/01,177/04, 76/07, 152/08, 127/10). 

For the exploration of mineral resources company needs a permit. It can be issued to a 
natural or legal person with headquarters or branch offices in Croatia, registered for 
performing these activities. The permits for exploration of geothermal water reservoir issues 
the ministry responsible for mining, with the consent of the ministry responsible for water 
management. Permits are issued based on a public tender. The procedure of permit issue is 
regulated by the Ordinance of the Minister responsible of mining. The provisions of the 
Mining Act regulate the payment of research fees, and the amount of fees is determined by 
the regulation of the Croatian Government. 

After the exploration work, which can last up to three years, the holder of the permit for 
exploration submits the final report of exploration activities to the issuer. If commercial 
mineral deposit was found, the permit holder shall make the documentation of the quantity 
and quality of discovered reserves of mineral raw materials and submit it for approval to the 
competent authority of the ministry responsible for mining (Ministry of Economy, Labor and 
Entrepreneurship). 

For the exploitation of mineral resources it is necessary to have a concession. It can be 
issued, as well as permit for exploration, to a natural or legal person with headquarters or 
branch offices in Croatia, registered for this activity. The concession is granted on the basis 
of public tenders in accordance with the provisions of the Law on Concessions (OG 125/08) 
for up to 40 years. Concession for the exploitation of geothermal water is issued by the 
ministry responsible for mining, with the prior consent of the ministry responsible for water 
management (Ministry of Regional Development and European Union Funds). 

After obtaining the concession for the exploitation of mineral raw materials, in order to begin 
to exploit the deposits, ie. to exploit mineral resources it is necessary to fulfill the following 
administrative procedures in the field of environmental protection, physical planning and 
construction: 

• Have a study of environmental impact and obtain a decision on environmental 
impact assessment – the competence of the Ministry of Environment and Nature 

• Prepare project documentation for construction of mining and other facilities as 
stipulated in the Physical Planning and Building acts and obtain the location, 
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construction and operation permits - the competence of the Ministry of Construction 
and Physical Planning 

• Prepare mining projects for mining works and construction of mining facilities and 
certain equipment specifies by the provisions of the Mining Act - the competence of 
the Ministry of Economy, Labor and Entrepreneurship. 

Legislation in the field of energy enables the realization of the status of eligible producers of 
energy for energy production from renewable energy sources. Recently was formed Register 
of projects and facilities for the use of renewable energy sources and cogeneration 
(RERCPPP), in which projects are monitored through the entire process of obtaining 
necessary licenses and solutions. The Register contains records on the holder of the project, 
the eligible producer of electricity and facility that include information on the location and type 
of facility, technical and technological features and conditions of use depending on the 
applied technology, basic operating data (installed power of the facility and planned 
production of electricity and thermal energy) and other data from the prior energy approval 
and energy approval, a preliminary decision and the decision on granting the status of 
eligible electricity producers (location, survey points, deadlines, duties, etc.). The Register is 
published on the website of the Ministry of Economy, Labor and Entrepreneurship. 

Decisions related to acquiring the status of eligible producers has been monitored through 
the Registry of eligible producers (CERA). The adoption of The tariff system for electricity 
production from renewable energy sources and cogeneration (OG 33/07) the Croatian 
Government has determined that the electricity produced from renewable energy is paid by 
the incentive price, on the implementation of the conditions of the contract on purchase of 
electricity concluded by the manufacturer and The market operator (HROTE). Contract on 
the purchase of electricity is concluded for a period of 12 years. Existing plants that use 
renewable energy to generate electricity older 5than 12 years are not entitled to the incentive 
price. The Market operator shall conclude agreements on the purchase of electricity at an 
incentive price to eligible producers of electricity while the total planned production of 
electricity from renewable plants does not meet the minimum share of electricity determined 
by the regulation. 

Such introduced favoring of the production of electricity from geothermal sources brings this 
kind of mining and energy activity at the level of economic justification. 
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3. GEOLOGICAL FEATURES OF MEĐIMURJE COUNTY 

Regional geological display with a number of important geological elements important for 
extraction of specific geologic environments favorable for the formation of geothermal 
reservoirs are found on the Basic geological map, M 1:100.000. Maps are detailed in the 
accompanying interpreters. For Međimurje County important sheets are: Čakovec, 
Nađkaniža, and the northernmost parts of sheets Varaždin and Koprivnica (Appendix 2). 

The oldest known rocks on the surface are the Upper Paleozoic schists and clastics (Pz2), 
which in basin conditions build basic lithostratigraphic unit Bedrock (Temeljno gorje), and its 
top is designated by marker "Tg" (Appendix 3). 

Mesozoic rocks are in Međimurje County area presented by thick carbonate body for almost 
complete geological sequence. In basin conditions Mesozoic sediments make a 
lithostratigraphic unit Tertiary basement (Podloga tercijara) which is capped by a marker "PT" 
(Appendix 3). 

Triassic sediments are represented almost entirely, and there is often a continuous transition 
from the clastic sediments of Upper Paleozoic to clastic sediments of the Lower Triasic (T1) 
age which transit in the younger parts to the carbonate platform deposits. Middle Triassic (T2) 
is presented by massive carbonate bodies, which are in the younger layers characterized by 
fine clastics of pelagic development and tuffs with present basic eruptive rocks. They are 
followed by thick deposits of carbonate platform sediments. Massive, carbonates formed 
during early diagenetic dolomitization, Mid and Upper Triassic age (T2,3) continued to deposit 
and appear as a single sediment bodies. 

Jurassic sediments (J1) are presented in limited areas with thin limestones deposited in 
shallow water conditions of the carbonate platform, proven Lower Liassic to Upper Malmian 
age. After a temporary interruption of platform conditions in Malmian (J3), platform conditions 
were re-established in the late Jurassic – Cretaceous period (J, K). Cretaceous deposits 
diversified off long-term platform conditions, and are found in three basic types: 

• volcanic - sedimentary rocks of Hauterivian-Turonian age (K1,2) 
• synorogenic flysch of Upper Sennonian age (K2,3) 
• Association of deep water scaglia and reef rudist limestones. 

Cenozoic sediments cover most of the wider area. In Međimurje County they are almost 
exclusively present on the surface and form the largest mass of basin deposits. 

Older Tertiary deposits, up to Middle Miocenian age, build a significant part of the basin 
sediments but also volcanogenic rocks. Their thickness can range from several thousand to 
over three thousand meters. This sequence ends with Badenian and Sarmatian sediments 
among which are "Lithotamnium limestones" with accompanying backreef and slope facies. 
Even though relatively modest, with respect to the Mesozoic carbonate reservoirs, 
"Lithotamnium limestones" are regionally important for the formation of geothermal 
reservoirs. They, together with occasionally present Sarmatian marls, constitute the final part 
of the Prepannonian deposits. In exploration of deep basin, these marls are distinguished as 
the lithostratigraphic unit Prečec formation comprising members Mosti or Čentiba (depending 
whether in the Drava or Mura basin), just below the marker "Rs7" (Appendix 3). On a regional 
scale, sedimentation in Tertiary continued in basin conditions with fine grained marls 
interbedded with sandstone bodies of larger or smaller size. 

The Međimurje County area is entirely a part of Tertiary basin. In the basin area we can 
distinguish three subbasins - Mura, Čakovec and Kotoriba basin with relatively thick 
sedimentary sequences. 
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4. STRUCUROTECTONIC CHARACTERISTICS OF THE 
MEĐIMURJE COUNTY 

Regional tectonic features are shown on the Basic Geology Maps, M 1:100,000, and are 
described in the accompanying interpreters. For Međimurska County important sheets are: 
Čakovec, Nađkaniža, Varaždin and Koprivnica. 

Indications of neotectonic movements can be traced to the morphology of the terrain and 
aerial and satellite imagery such as LandSat (Appendix 4). Complete picture is obtained by 
knowing deep geological structure using integrated geological-geophysical interpretation of 
the relevant surface observations and measurements as well as the same geological-
geophysical information in depth, obtained by direct tests in deep boreholes. 

Today's structurotectonic picture of Medimurje County is a result of its genesis as a 
continuation of the Southern Alps on one hand and as the northernmost zone of the Adriatic/ 
Dinarides carbonate platform that underlie Tertiary age basin sediments on the other. In 
addition to the basic elements closely related to the genesis of Adriatic/ Dinarides Mesozoic 
carbonate platform development, the Međimurje County area has a very complex Tertiary 
age basin development, especially in Prepannonian period. Thus, in the Međimurje County 
area, we can define six basic structural elements, each of them still structurally and 
tectonically divided in the elements of the lower rank (Appendices 3 and 4). 

In the far north of the Međimurje County is located  

(1) Mura basin or Mura depression (uleknina), bounded by Ljutomer and  

(A) Ormož - Peklenica dislocation, and these regional fractures present eastern 
branches of one of the most prominent tectonic element in the Southern Alps - Periadriatic 
lineament. Along these rises  

(2) Ormož - Selnica structure, as part of the structure Međimurske Gorice, morphologically 
most pronounced in the county. It consists of Vučkovec, Zebanec and Vukanovec structures. 
Along the southern slopes of Međimurske Gorice stretched  

(B) Donatske gore dislocation. It was raised over the morphologically highly 
developed  

(3) Čakovec basin or Čakovec depression (uleknina) comprising also smaller structures of 
Nedelišće, Mačkovec and Mihovljan. On the south side they are generally subdued along the  

(C) Čakovec dislocation, north of  

(4) Čakovec structure - large Čakovec plateau, which is on the southern edge by  

(D) Prelog dislocation in contact with the developed  

(5) Kotoriba basin (uvala), as a continuation of the Varaždin basin. Finally, in the 
southeastern part of the Međimurje County, over the Tertiary basins along another 
transcurent macro-dislocation,  

(E) continue Šoštanje fault which is the most direct continuation of southernomost 
Periadiatic lineaments, rises  

(6) Legrad threshold structure. 
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In terms of exploration and production of geothermal reservoirs, structural and tectonic 
features of geological setting is important for defining the geometry of the deposits, but also 
for the formation of reservoir space by tectonic destruction of carbonate rocks, and finally 
defining the zone of enhanced geothermal tributaries, which may be associated with these 
important tectonic dislocations and structural deformation of the Earth's crust. 
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5. GEOTHERMAL FEATURES OF THE MEĐIMURJE 
COUNTY 

Based on mean annual surface temperature and soil temperatures determined in prospective 
reservoirs - geothermal aquifers, or in their vicinity geothermal gradients (°C/km) are shown 
in a map, M 1:100,000. The mean annual temperature in the Međimurje County according to 
Meteorological and Hydrological Service (Zaninović, 2009) varies between 9°C and 12°C, so 
in the calculations is used the value of 11°C. The available information of the measured 
temperatures in wells were obtained during the oil and gas exploration and mostly because 
of the shortness of measuring, very small number of measurements reaches formational 
temperatures which are certainly higher than the measured data. Despite using a relatively 
small number of reliable data, their correlation with the geological characteristics of the 
inversion of this process by pairing with geothermal features of a wider area depending on its 
geology has enabled a comprehensive overview of geothermal features in the Međimurje 
County area, despite the limited number of thrust points. 

Using the proposed model with six main structural-tectonic units an overview of geothermal 
features in the whole area of the county (Appendix 5) is as follows: 

The geothermal features in the Mura basin are indicated by data from the well Martin - 1 
(MRT-1), which on the edge of the basin has a gradient slightly lower than 45°C/km, and are 
similar to data from neighboring Gabrje and Lendava. In the proximal parts of the basin 
expected temperatures are significantly below 40°C/km. 

Ormož - Selnica structure is relatively well documented with gradients above 50°C/km at 
Vučkovci, Vukanovec, Merhatovec, Mursko Središće, Zebanec and Peklenica. As individual 
temperatures were significantly higher, the extrapolated zone here indicates gradients over 
55°C/km. 

Čakovec basin is complex and highly developed structure, and one can expect greater 
fluctuations, but the peak values documented at sites Mačkovec, Mihovljan and Međimurje - 
4 approach the gradient value of 50°C/km. Thus in the proximal parts of the basin expected 
values are much lower than 40°C/km. In the elevated parts of the still well-protected area 
very optimistic values are expected. 

Čakovec structure or a large Čakovec plateau, is poorly documented, but a lone data 
obtained on the location of Međimurje - 3, with gradient near 50°C/km, as well as geology of 
the structures indicate the possibility of obtaining optimistic values. 

Kotoriba and Varaždin basins - extensive structural basins (uvala) are not simple 
deflections, but comprise structural highs and accordant geothermal features. These positive 
anomalies can be tracked in locations Draškovec and Kotoriba with geothermal gradients 
over 45°C/km, and deeper in the deflection at sites Međimurje - 2 and Čukovec with values 
near 40°C/km. In the deepest parts of the basin effect of isolation was more and more 
pronounced by all thicker basin layers with even lower values of geothermal gradient. 

Legrad threshold structure announces the high value of geothermal gradients of over 
60°C/km in the adjacent geothermal field Kutnjak - Lunjkovec (Appendices 3 and 5). 

According to these geothermal features geothermal gradients range between 45°C/km and 
50°C/km, at the optimum depths (1,000-1,500 m) of aquifers with favorable collector 
properties where the water temperatures can range from about 60°C - 90°C while at depths 
up to 2 km temperatures can reach up to 110°C. 
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6. REGIONAL OVERVIEW OF PROMULGATION DEEP 
AQUIFER 

The main potential of the geothermal aquifer in terms of forming geothermal reservoirs are a 
result of regional geological features shown in the previous chapters. 

Paleozoic: Schist and clastic rocks of Late Paleozoic (Pz2), the bedrocks (Temeljno gorje) 
under the marker "Tg" - occasionally developed fracture systems and typically weak 
intergranular porosity, rarely enable reservoir character of the rocks and are predominantly 
considered as insulators. 

Mesozoic: Mesozoic (especially Triassic) carbonates, Tertiary basement, under the marker 
"Pt" - Mesozoic rocks have a high potential as geothermal reservoirs in massive carbonate 
rock bodies with highly developed secondary / fracture pore systems that have extremely 
good permeability for geothermal fluid. 

Tertiary: The sediments of Tertiary age - carbonates and coarse carbonate clastics of 
Paleocene to middle Eocene or older Miocene age are more important as geothermal 
reservoirs. For example, these rocks form the southern Kalnik ridge, and in basin conditions 
make up a part of the main aquifers of the geothermal field Kutnjak - Lunjkovec (which is only 
formally with a very small part located in the Međimurje County), where they are physically 
and hydrodynamically associated with massive carbonate reservoirs of Mesozoic age. In 
addition to potential geothermal reservoirs with predominantly fissure / secondary reservoir 
space Tertiary sediments are important as collectors with the primary / intergranular space. 
In the massive packages with the sandstones and volcanic rocks of the Prepannonian age in 
the upper part of the Badenian sediments directly beneath the marker "Rs7," there are 
widespread carbonate reservoirs of "Lithotamnium limestones" and related back-reef and 
slope facies with predominantly fissure reservoir space. This important geothermal reservoir 
is highly distributed and characteristic of the wider basin areas. Sandstones of Pannonian 
age, below the regional marker "Z" and sand bodies of Lower Pontian age, below the 
regional marker "Delta" or even younger collectors of Upper Pannonian age represent the 
most achievable and perhaps the most interesting deep geothermal aquifers. These 
sediment bodies in terms of geothermal reservoirs present both insulator and collector 
environments, and interesting parts of the sand bodies are basically controlled by their 
distribution and diagenesis that determine their quality and yield. 

In other words, in the Međimurje County area, all the major geothermal aquifers 
distinguished in the regional geological structure and set in deep wells are expected. 

Younger sand reservoirs are particularly acceptable for the exploration and production of 
geothermal water suitable for use for energy purposes (for example space heating, 
greenhouse production, etc.) due to easier adhesiveness (less deep), but mainly because of 
favorable chemical character and aggressiveness of fluids and generally good 
transmissibility of vast reservoirs (Appendices 3 and 6). 

Geothermal water yield varies for different combinations of materials and their burial, from 
several hundred to over a thousand m3/day. 

In combination with the thermal parameters and basic chemical types it is easy to get an idea 
of potential energy resources and the possibility of replacing some conventional energy 
sources. 
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7. DATA FROM THE DEEP EXPLORATION WELLS IN THE 
MEĐIMURJE COUNTY 

In the Međimurje County area and beyond there are no known natural thermal springs, which 
would represent a direct indication and facilities for the use of geothermal water, especially 
not those significant, with temperatures above 20°C. The nearest major thermal springs in 
Croatia, are found in the central part of the Croatian Zagorje region, such as Varaždin Spa, 
while in neighboring parts of Slovenia, such objects are even further away. Although the 
presence of natural thermal springs is important as an indicator of increased regional 
tributary of the Earth's heat to the surface and as an indicator of the importance of particular 
geothermal reservoirs and geotectonic relationships in which the springs occur, it could be 
said that they are generally absent where there is serious deep geothermal energy reservoir. 
Therefore, below we will not consider the experience of the wider area around Međimurje 
County, but the direct results obtained from deep wells. 

In the area near St. Martin on Mura Spa geothermal reservoirs are in the sandstones of the 
Lower Pannonian age, whereas in the geothermal field Kutnjak - Lunjkovec geothermal 
production is related to massive carbonate rocks of Mesozoic and older Tertiary and Middle 
Micene "Lithothamnium limestones." 

From almost thirty geothermal energy users in Slovenia (Ravnik et al., 2006) one third is 
located in the area of Tertiary Mura sedimentary basin, but for the energy use is even more 
important that these are energetically more valuable objects, because the weighted average 
temperature of the inflow is over 55°C which is higher than values in the remaining sites in 
Slovenia. 

Localities of wells with geothermal energy in Slovenia in Mura basin 

Locality (°C) (l/s) (m3/day) 
Ptuj 39.4 23.0 1,987 
Moravci v Slov. Goric. 41.0 6.0 518 
Banovci 68.5 13.9 1,201 
Murska Sobota 49.0 11.5 994 
Moravske Toplice 59.0 60.0 5,184 
Dobrovnik 60.0 1.5 130 
Lendava 64.0 30.0 2,592 
Lendava-Petišovci 57.0 7.0 605 

Interestingly, the main geothermal aquifer is represented by sands and sandstones of Upper 
Pontian age (Hurter, 2002) even though that in most places a complete sequence of Tertiary 
sediments was drilled. Carbonate reservoirs in the Tertiary strata but also in the basement of 
the Tertiary were also identified at a number of localities, but has yet being used. 

7.1. Geothermal site Međimurske terme near Sv. Martin na Muri 

For the moment in production is only well E-17, but in the well fond is also Vučkovec (Vuč-2). 

Well E-17 

The well was designed 1913 and its final depth is 830 m. Drilling was done through clastic 
sediments of Lower Pannonian age: marls, silts and interbeds of sandstone and fractured 
carbonate marls. The well produces water from the reservoir at interval 775-830 m. Most of 
the day provides water in a quantity of 1.8 m3/h (about 43 m3/day) by outflow. The water 
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temperature is about 20°C. In 1970 the production during the test with the help of aerial lifts, 
increased to 4-6 m3/h of water (96-144 m3/day) with the temperature at 35°C at mouth. 
Salinity of water is 3.9 g NaCl/dm3 and total mineralization is 12.5 mg/dm3. The well 
occasionally produces water for the swimming pool. 

Well Vučkovec-2 (Vuč-2) 

The well was made in 1971 with a final depth of 917 m. Maximum temperature at the bottom 
of the well was 48.9°C. Drilling was done through clastic sediments (marls, silts and 
sandstones). The existence of multiple sandstone intervals with geothermal water of Lower 
Panonnian age was detected. The shallowest series of these sandstones are in the interval 
416-425 m. Following series of clay sediments interbedded by sandstones are in the interval 
between 519 and 592 m Coarse silt with traces of limestone and quartz pebbles sizing up to 
3 mm was found in the interval 606-780 m. According to logging measurements sandstone 
layer in the interval 760-778 m can be singled out as a layer with the best physical features. 

During the simultaneous monitoring of both wells for the duration of pumping the effect 
"interference" was observed indicating mutual influence on the production characteristics of 
the wells. 

7.2. Geothermal site Draškovec 

Geothermal site Draškovec is located in the southwestern part of Međimurje County, and 
was detected by the borehole Draškovec-1. This is the only well developed in this site. 

Well Draškovec-1 (Dr-1) 

Well was done in 1977 and reached a total depth of 2,710 m Maximum temperature 
measured at the bottom of the well was 113°C.  

The primary task of the well was to detect possible saturation with hydrocarbons. 
Hydrocarbons were not identified, but a large geothermal potential of the well was 
established. 

In clastic sediments to a depth of 2,239 m there is a whole series of sandstone layers with 
relatively good reservoir properties which are saturated with water whose temperature 
depends on the depth of burial. 

Repair works of testing sandstones at a depth of: 
• 1,878-1,863 m 
• 1,863-1,848 m 
• 1,848-1,833 m 
• 1,833-1,827 m 

Eruptive water production was established, and within 3 days the well produced 268 m3 of 
water with a pressure of 2.5 bar at the wellhead. The water temperature at the outlet was 32-
38°C and salinity was 12.54 g NaCl/dm3. After the hydraulic layer fracture injection of 70 m3 
of water during 55 hours, in the eruptive mode 226.4 m3 of water in 72 hours was produced. 
During continued well testing the well produced 18-20 m3/h with aerial lifts. 

Repair works of testing sandstones at a depth of: 
• 1,167-1,164 m 
• 1,164-1,161 m 
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• 1,161-1,159 m 
• 1,159-1,156 m 
• 1,156-1,154 m 

With aerial lifts the well produced 10,8 m3/h of geothermal water with temperature 51°C and 
a pressure of 1.2-2.5 bar at the wellhead. After removal of the mechanic plug the wellbore 
was purified to 2,187 m and equipment for testing was constructed to 1,099 m. From the 
perforated intervals of the well about 8 m3/h of water was produced in the eruptive mode, 
while with aerial lifts about 13 m3/h. 

Repair works of testing sandstones at a depth of: 
• 814-801 m 
• 801-795 m 

In the eruptive mode the well gave 7.5 m3/h of water with density of 1.0 kg/dm3, pH = 8.02 - 
7.21, salinity of 0.66 g NaCl/dm3 and temperature of 38°C. 

After completing the tests of intervals under various conditions, the well gave in the eruptive 
mode 12 m3/h of water with temperature of 47°C. 

Well Međimurje – 2 (Mđ-2) 

The well is located in the southeastern part of the County near the Donji Mihaljevec. It was 
built in 1966 and achieved a depth of 2,705 m. Maximum temperature measured at the 
bottom of the well was 107°C. 

The well was drilled to a depth of 2,545 m through the clastic sediments as marls, 
sandstones and silts, and tuff interbedded with marls was drilled from that depth to the final 
depth. 

During well drilling the examination of certain intervals was carried out in order to identify 
potential hydrocarbon saturation on three occasions. 

• Interval: from 1,796.73 to 1,826 m - sandstones and marls. It was obtained 9.9 m3 of 
water with salinity from 2.8 to 13.1‰. Fuel gas was separated from water. Calculated 
layer pressure was 179 bar. The measured temperature of water was 70°C, and the 
radius of the study was 28 m. 

• Interval: 2,123-2,156 m - sandstones and marls. It was obtained 1.4 m3 of salty water 
with traces of gas. The measured temperature of water was 82°C, layer pressure was 
202.7 bar, and the radius of the study was 10.8 m. 

• Interval: 2,470-2,491 m - marls, limestones and sandstones. It was obtained 1.6 m3 of 
salty water from which was separated gas. Measured Layer pressure was 222.69 bar. 

Repair works of testing sandstones interval at a depth of: 
• 1,988 to 1,920 m – sandstone. 
6 m3 of water, 4 m3 drilling mud, and sand was obtained by flange pumps. 

Acording to well logs deposits saturated with water are in the following intervals: 
• 2,600 – 2,650 m (sandstone) – salinity cca 22 g NaCl/dm3 and T = 120°C 
• 2,435 – 2,515 m (sandstone) – salinity cca 22 g NaCl/dm3 and T = 115°C 
• 1,920 – 2,310 m (sandstone) – salinity cca 14 g NaCl/dm3 and T = 110°C 
• 1,285 – 1,350 m (sandstone) – salinity cca 14 g NaCl/dm3 and T = 70°C 
• 1,100 – 1,235 m (sandstone) – salinity cca 2-10 g NaCl/dm3 and T = 65°C 
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The well has got a geothermal potential, but without additional testing it is difficult to 
determine the real possibilities of geothermal reservoirs for water production. 

7.3. Geotermal site Donji Kraljevec-Goričan 

Well Hodošan – 1 (Hod-1) 

Clastic sediments complex was drilled to depth of 2,355 m. Considering well logs deposits 
saturated with water are in the following intervals: 

• 2,275-2,340 m (sandstone) – salty water, T = 110°C 
• 2,205-2,215 m (sandstone) – salty water, T = 105°C 
• 2,175-2,195 m (sandstone) – salty water, T = 100°C 
• 2,070-2,085 m (sandstone) – salty water, T = 95°C 
• 1,735-1,747 m (sandstone) – salty water, T = 70°C 
• 1,665-1,685 m (sandstone) – salty water, T = 65°C 
• 1,485-1,540 m (sandstone) – salty water, T = 60°C 
• 900-1,035 m (sandstone) – salty water, T = 50°C 

Well Međimurje – 3 (Mđ-3) 

Well was drilled to depth of 2,110 m through clastic sediments: marls, sandstones and silts. 
According to well logs deposits saturated with water are in the following intervals: 

• 1,810 – 1,845 m (sandstone) – water salinity of 22 g NaCl/dm3 and T = 90°C 
• 1,640 – 1,690 m (sandstone) – water salinity of 14 g NaCl/dm3 and T = 80°C 
• 1,130 – 1,340 m (sandstone) – water salinity of 14 g NaCl/dm3 and T = 60°C 

Wells Goričani - 1 i 1α (Gor-1 i 1α) 

Clastic sediment complex was drilled to depth of 2,582 m, and up to the final depth of 2,788 
m drilling was made through andesitic rocks. Andesite was not found in the well Gor-1α 
which recorded only clastic sediments complex up to the final depth. According to well logs 
deposits saturated with water are in the following intervals: 

• 2,428 – 2,411 m (sandstone) 
• 2,225 – 2,212 m (sandstone) 
• 2,183 – 2,155 m (sandstone) 
• 2,125 – 2,112 m (sandstone) 
• 2,106 – 2,098 m (sandstone) 
• 2,065 – 2,055 m (sandstone) 
• 1,856 – 1,835 m (sandstone) 

Well Pustakovec-1 (Pus-1) 

Final depth of the well was 2,207 m. Maximum temperature measured at the bottom of the 
well was 101°C. Up to 2,207 m clastic sediments – marls interbedded with sandstones were 
drilled. According to well logs deposits saturated with water are in the following intervals: 

• 2,030-2,125 m (sandstone) – salty water, T = 100°C 
• 1,486-1,510 m (sandstone) – salty water, T = 80°C 
• 1,090-1,260 m (sandstone) – salty water, T = 70°C 
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8. POTENTIAL FOR GEOTHERMAL ENERGY USE IN THE 
MEĐIMURJE COUNTY 

8.1. Spatial potential for geothermal energy use in the Međimurje 
county 

The total area of Međimurje County is 729 km2. The population is 114,414. 

The county consists of 25 local administrative units, of which 3 cities: Čakovec, Prelog, 
Mursko Središće and 22 municipalities: Belica, Dekanovec, Domašinec, Donja Dubrava, 
Donji Kraljevec, Donji Vidovec, Goričan, Gornji Mihaljevec, Kotoriba, Mala Subotica, 
Nedelišće, Orehovica, Podturen, Selnica, Strahoninec, Sveta Marija, Sveti Juraj na Bregu, 
Sveti Martin na Muri, Šenkovec, Štrigova, Vratišinec, Pribislavec. 

The central area of the county is urbanized landscape and densely populated. "Upper" and 
"Lower" Međimurje are cultivated landscapes. Landscapes along the rivers Mura and Drava 
are the areas of natural wetlands with high biological and landscape diversity. Willow forests 
of Upper Međimurje are habitat of many endemic and relict plants. Drava basin with artificial 
lakes Čakovec and Donja Dubrava are important as the national ornithological protected 
areas, and important for the reproduction of wild flora and fauna. 

In the Međimurje County there are 11 protected areas that occupy 19.85% of the county. 
Categories of protection are: natural monuments, protected landscapes and monuments of 
landscape architecture. 

The main areas with specific measures of protection are The protected landscape of the 
Mura basin (14,469.4 ha) and The protected landscape of the Drava basin. 

Under the special protection are: 

• Big Island Mura - special area without anthropogenic influences 
• Monument of Nature - Wet meadows in Bedekovićeve Grabe in the municipality of 

St. Juraj na Bregu (13.127 ha) 
• Park - Forest Balogovec, 
• Meadows Globetka and  
• other individual monuments. 

Protective measures exclude: economic use, construction, and the possibility of sporting, 
recreational, tourist and hosting activities in the form and to extent that pollution does not 
endanger the ecological balance and safeguarding of the natural environment. 

8.2. The energy potential of geothermal energy in the Međimurje 
County 

For the quantitative, qualitative and economic feasibility of using geothermal energy, a study 
by the INA E&P detrmined five potential extraction fields: Vučkovec (40°C), Zebanec, 
Vukanovec, two fields next to the Mihovljan as well as results of two exploration wells: 
Merhatovec - 1 (120 ° C) and Lopatinec - 1α. According to this study, the possibility of energy 
production is estimated at 20-25 MWt. 
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The table below shows the calculation of thermal power for a variety of different production 
and utilization of geothermal water temperature. Predicted rate of production of geothermal 
water will vary, 500-1,500 m3 per day which is a real quantity with respect to the expected 
parameters of the reservoir with the production of deep centrifugal pumps. Thermal power 
calculation was performed for a temperature difference of 20°C and 30°C. 

The calculation of thermal power for a variety of different production and utilization of 
geothermal water temperature 

Geothermal 
water 

production 
rate 

ΔT 
 

Pt 
 

Energy 
production in 

a year 

Energy 
production in 6 

months 

1m3 geothermal 
water energy 

equals m3 
natural gas 

Daily 
production 
in natural 

gas  

m3/day °C MW MWht MWht m3 m3 
500 20 0.47 4,132 2,038 2.5 1,235 

1,000 20 0.94 8,263 4,075 2.5 2,470 
1,500 20 1.41 12,395 6,113 2.5 3,705 

       

500 30 0.71 6,199 3,057 3.7 1,853 
1,000 30 1.42 12,398 6,114 3.7 3,706 
1,500 30 2.12 18,597 9,171 3.7 5,558 

From the table we see that the thermal power of the estimated amount of geothermal water 
varies from cca. 0.5 MW to 2 MW depending on the production and utilized temperature of 
geothermal water. The amount of energy produced depends on the time period of use, so it 
is easy to conclude hat the concept of geothermal energy throughout the year and the 
maximum utilization of geothermal heat water is a requirement for its profitable use. 

8.3. Technical and technological potential geothermal energy use in 
the Međimurje County 

In the Međimurje County the value of geothermal gradient close to 40°C/km can be 
expected, and in favorable situations even more than 50°C/km. 

In terms of the expected depth of burial of potential geothermal reservoirs at a depth of 1,000 
m, and the indicated gradients, expected temperatures of geothermal water in the reservoir 
are between 50 and 60°C, or at depths of 500 m between 30 and 35°C. Estimation of the 
expected influx of overlooked type and depth of the reservoir ranges from a few hundred up 
to several thousand m3/day. 

The porosity and permeability of sand bodies with intergranular reservoir space is most 
affected by depth of burial, which is directly dependent on the geological age of the 
sediment. The sandstone diagenesis, which is related to the quality of the reservoir, is a 
consequence of geostatic pressure acting on the grain sandstone compaction and the 
temperature of circulating fluid that promotes grain cementation. In order to produce 
significant amounts of geothermal fluid, previous studies and the results of direct 
explorations, in relevant areas of the northern Croatia, indicate that the sandstones buried 
deeper than two thousand feet, no longer have attractive permeable properties. 

On the other hand, the edges of the basin at the time of deposition of certain sedimentary 
sequences, there are sand bodies that have not yet been developed or are of very small 
thickness. Diagenetic consolidation of these sand bodies is often at the level of 
unconsolidated sands, that despite the excellent reservoir and hydrodynamic characteristics 
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requires additional technical procedures (installation of filters and perform of gravel pack) for 
inclusion in the production. 

Guided by the criteria of the position in the basin during deposition and diagenesis of sand 
reservoirs, favorably developed geothermal reservoirs should be sought something beyond 
the edges of the basin, but not too far. Thus, in the Međimurje County there is observed 
spatial model of succession, from the area with Prepannonian layers, in the west and 
southwest county area to all the younger rocks of the Pannonian and Pontian age in the 
north, east and south, in the locally developed basins Mura, Čakovec and Kotoriba 
(Appendix 6). Specifically, the favorable development of reservoir sandstones in the Lower 
and Upper Pannonian age is expected, below the regional markers "RS5" and "Z" (Appendix 
3). 

In a favorable case, sand bodies of the Lower and Upper Pontian age, below the regional 
markers "Delta" and "Alpha" can be interesting. They are the main geothermal aquifers of the 
central parts of the basin. 

In the Međimurje County area sand reservoirs are interesting for exploration and use of 
geothermal energy, because of the relatively favorable possibilities of locating, retrieving and 
use, in terms of favorable hydrodynamic and geochemical features. 

Acceptable quality (physical and chemical composition) of geothermal fluid for which at least 
in the research phase will be able to provide acceptable conditions for the disposal of water 
rights, ie. discharge of geothermal water in the system of surface drainage and surface water 
streams without the cost of injection well is estimated. 

Thermal power comes from geothermal temperature and quantity of water that will be able to 
get to the surface depending on the conditions achieved by well construction techniques and 
technology of production regimes. 

8.4. The economic potential of using geothermal energy in the 
Međimurje county  

Projects of geothermal energy use have multiple strategic importances, depending on the 
interests and goals of investors interested in its development. 

The benefit of projects of geothermal energy use for investors (municipalities, counties or 
public-private partnership) is in its security of supply, environmental benefits and relatively 
low cost of geothermal energy. Social environment is also benefiting from the project through 
the employment of the population and the use of renewable energy that contributes to 
economic development. 

Economic and financial profitability evaluation of geothermal water is made on the basis of 
the total planned investment and expenditure for the production of geothermal water, which 
are charged to expenses and liabilities, and anticipated income that we count by comparing 
the energy value of the geothermal water and natural gas. The price of natural gas is 
assumed at 30% less than real market value. 

Total planned investment amounts to approx. 10 million kuna (1.3 million EUR), consisting of 
the cost of drilling to depth of approx. 1,000-1,200 m, the required investment in underground 
and above ground equipment (submerged centrifugal pump, heat exchanger, signalization 
and automation, pipelines, etc. as appropriate) and other costs. 
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Expenditures Amount (kn) 

Well – drilling, material 8.000.000 

Wquipment – submerged centrifugal 
pump, heat exchanger, signalization and 
automation, pipelines, etc. 

1.500.000 

Other 500.000 

TOTAL  10.000.000 

Production of geothermal water is charged to expenses and liabilities assessed by the 
amount of water produced and the total amount of 250,000 kn which consists of: 

• electricity consumption, 
• maintenance of drilling equipment and systems for preparation of the use of 

geothermal water, 
• exploitation fee for geothermal water 

Revenues depend on the production quantities of geothermal water and were counted in 
three variants, ie. to produce 500, 1,000 and 1,500 m3/day, with the utilization of geothermal 
heat water of 30°C. Energy content of the geothermal water was compared with the energy 
value of natural gas by literature calculation. 

With the utilization of geothermal water temperature of 30°C, 1 m3 of water has an energy 
value equal to the energy value of 3.7 m3 of natural gas. In calculation of total revenues 
assumed price of 1 m3 of gas was equivalent to 30% lower than market prices. It is important 
to emphasize that during drilling the mining risk is always present. 

Geothermal 
water 

production rate  

ΔT 
 

Pt 
 

1m3 GT water 
energy value 
compared to 
m3 of nat. gas 

Daily 
production 

in m3 of 
natural gas 

Monetary 
value of 

GT water 

Monetary 
value of GT 

water  

Monetary 
value of GT 

water  

m3/day °C MW m3 m3 kn/day kn/year kn/1/2 year 
500 30 0.71 3.7 1,853 3,670 1,339,675 668,002 

1,000 30 1.42 3.7 3,706 7,341 2,679,350 1,336,005 
1,500 30 2.12 3.7 5,558 11,011 4,019,025 2,004,007 

8.4.1. Economic and financial viability score 

Economic and financial estimation of profitability of geothermal water production is made 
according to total investment, production costs and revenues that are determined on the 
basis of the energy value of the geothermal water, which monetary value is reduced by 30% 
compared to the energy value of gas for a variation where total revenues were calculated for 
the utilization of geothermal water temperature of 30°C. 

The economic analysis of the supposed life of the project is 20 years, although that time in 
reality is not the end of production. 

The fact is that after the return on investment, geothermal energy is certainly the cheapest 
energy source that is loaded only by production costs.  
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In this variation of 500 m3/day yield and production during only 6 months. There was no 
return on investment after 20 years of production. 

 

ECONOMIC FLOW Case1: 500 m 3 /day yield and production 1/2 year 

Investment Material 
expenses Utility  

costs 
Charges Tot. 

expenditures 
1.  668 000 10 000 000  200 000 10 200 000 -9 532 000 
2.  668 000  200 000  200 000  468 000 -9 064 000 
3.  668 000  200 000  200 000  468 000 -8 596 000 
4.  668 000  200 000  200 000  468 000 -8 128 000 
5.  668 000  200 000  200 000  468 000 -7 660 000 
6.  668 000  200 000  200 000  468 000 -7 192 000 
7.  668 000  200 000  200 000  468 000 -6 724 000 
8.  668 000  200 000  200 000  468 000 -6 256 000 
9.  668 000  200 000  200 000  468 000 -5 788 000 
10.  668 000  200 000  200 000  468 000 -5 320 000 
11.  668 000  200 000  200 000  468 000 -4 852 000 
12.  668 000  200 000  200 000  468 000 -4 384 000 
13.  668 000  200 000  200 000  468 000 -3 916 000 
14.  668 000  200 000  200 000  468 000 -3 448 000 
15.  668 000  200 000  200 000  468 000 -2 980 000 
16.  668 000  200 000  200 000  468 000 -2 512 000 
17.  668 000  200 000  200 000  468 000 -2 044 000 
18.  668 000  200 000  200 000  468 000 -1 576 000 
19.  668 000  200 000  200 000  468 000 -1 108 000 
20.  668 000  200 000  200 000  468 000 - 640 000 

   
Total 13 360 000 4 000 000       14 000 000 - 640 000 - 

Net present value (8%) -4 664 366 

Net present value (9%) -4 902 153 

Net present value (10%) -5 106 561 

-0,69% 
More then 20y 

IRR 
INVESTMENT RETURN 

Net  
income  

Total 
Net income 

-9 532 000 

Year Total 
income 

Expenditures 



Geothermal potential of the Međimurje County 
 

22 

 

 

The same varieties of production, 500 m3/day, but throughout the year. The project provided 
a return on investment in the ninth year, and the internal rate of return is 11.14%. Net present 
value of positive net inflows have been computed with a discount rate of 8%, 9% and 10% in 
all variants. 

 

 

ECONOMIC FLOW Case2:  500 m 3 /day yield and whole year production 

Investment Materal 
expenses Utility 

 costs 
Charges Tot.  

expenditures 
1. 1 340 000 10 000 000  200 000 10 200 000 -8 860 000 
2. 1 340 000  200 000  200 000 1 140 000 -7 720 000 
3. 1 340 000  200 000  200 000 1 140 000 -6 580 000 
4. 1 340 000  200 000  200 000 1 140 000 -5 440 000 
5. 1 340 000  200 000  200 000 1 140 000 -4 300 000 
6. 1 340 000  200 000  200 000 1 140 000 -3 160 000 
7. 1 340 000  200 000  200 000 1 140 000 -2 020 000 
8. 1 340 000  200 000  200 000 1 140 000 - 880 000 
9. 1 340 000  200 000  200 000 1 140 000  260 000 

10. 1 340 000  200 000  200 000 1 140 000 1 400 000 
11. 1 340 000  200 000  200 000 1 140 000 2 540 000 
12. 1 340 000  200 000  200 000 1 140 000 3 680 000 
13. 1 340 000  200 000  200 000 1 140 000 4 820 000 
14. 1 340 000  200 000  200 000 1 140 000 5 960 000 
15. 1 340 000  200 000  200 000 1 140 000 7 100 000 
16. 1 340 000  200 000  200 000 1 140 000 8 240 000 
17. 1 340 000  200 000  200 000 1 140 000 9 380 000 
18. 1 340 000  200 000  200 000 1 140 000 10 520 000 
19. 1 340 000  200 000  200 000 1 140 000 11 660 000 
20. 1 340 000  200 000  200 000 1 140 000 12 800 000 

   
Total: 26 800 000 4 000 000       14 000 000 12 800 000 - 

Net present value (8%) 1 933 429 

Net present value (9%) 1 232 230 

Net present value (10%)  614 554 

11,14% 
In 9 y 

IRR 
INVESTMENT RETURN 

Net 
income 

Total 
net income 

-8 860 000 

Year Total 
income 

Izdaci 
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Variant of 1,000 m3/day yield gives positive results even if used for only half of the year. 

Variant of 1,000 m3/day and production throughout the year gives return on investment in the 
fifth year and internal rate of return of high 32.81%. 

 

 

 

ECONOMIC FLOW Case 3: 1000 m 3 /day yield and production 1/2 year 

Investment Material 
expenses Utility 

costs 
Charges Tot.  

expenditures 
1. 1 336 000 10 000 000  200 000 10 200 000 -8 864 000 
2. 1 336 000  200 000  200 000 1 136 000 -7 728 000 
3. 1 336 000  200 000  200 000 1 136 000 -6 592 000 
4. 1 336 000  200 000  200 000 1 136 000 -5 456 000 
5. 1 336 000  200 000  200 000 1 136 000 -4 320 000 
6. 1 336 000  200 000  200 000 1 136 000 -3 184 000 
7. 1 336 000  200 000  200 000 1 136 000 -2 048 000 
8. 1 336 000  200 000  200 000 1 136 000 - 912 000 
9. 1 336 000  200 000  200 000 1 136 000  224 000 

10. 1 336 000  200 000  200 000 1 136 000 1 360 000 
11. 1 336 000  200 000  200 000 1 136 000 2 496 000 
12. 1 336 000  200 000  200 000 1 136 000 3 632 000 
13. 1 336 000  200 000  200 000 1 136 000 4 768 000 
14. 1 336 000  200 000  200 000 1 136 000 5 904 000 
15. 1 336 000  200 000  200 000 1 136 000 7 040 000 
16. 1 336 000  200 000  200 000 1 136 000 8 176 000 
17. 1 336 000  200 000  200 000 1 136 000 9 312 000 
18. 1 336 000  200 000  200 000 1 136 000 10 448 000 
19. 1 336 000  200 000  200 000 1 136 000 11 584 000 
20. 1 336 000  200 000  200 000 1 136 000 12 720 000 

   
Total: 26 720 000 4 000 000       14 000 000 12 720 000 - 

Net present value (8%) 1 894 156 

Net present value (9%) 1 195 716 

Net present value (10%)  580 499 

11,07% 
in 9 y 

IRR 
INVETMENT RETURN 

Net 
income 

Total 
net income 

-8 864 000 

Year Total 
income 

Expenditures 
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Variant with production of 1,500 m3/day during only half a year also gives a positive result 
with a return on investment in the sixth year. 

 

 

ECONOMIC FLOW Case 4: 1500 m 3 /day yield and production 1/2 y 

Investment Material 
expenses Utility 

costs 
Charges Total 

expenditures 
1. 2 004 000 10 000 000  200 000 10 200 000 -8 196 000 
2. 2 004 000  200 000  200 000 1 804 000 -6 392 000 
3. 2 004 000  200 000  200 000 1 804 000 -4 588 000 
4. 2 004 000  200 000  200 000 1 804 000 -2 784 000 
5. 2 004 000  200 000  200 000 1 804 000 - 980 000 
6. 2 004 000  200 000  200 000 1 804 000  824 000 
7. 2 004 000  200 000  200 000 1 804 000 2 628 000 
8. 2 004 000  200 000  200 000 1 804 000 4 432 000 
9. 2 004 000  200 000  200 000 1 804 000 6 236 000 

10. 2 004 000  200 000  200 000 1 804 000 8 040 000 
11. 2 004 000  200 000  200 000 1 804 000 9 844 000 
12. 2 004 000  200 000  200 000 1 804 000 11 648 000 
13. 2 004 000  200 000  200 000 1 804 000 13 452 000 
14. 2 004 000  200 000  200 000 1 804 000 15 256 000 
15. 2 004 000  200 000  200 000 1 804 000 17 060 000 
16. 2 004 000  200 000  200 000 1 804 000 18 864 000 
17. 2 004 000  200 000  200 000 1 804 000 20 668 000 
18. 2 004 000  200 000  200 000 1 804 000 22 472 000 
19. 2 004 000  200 000  200 000 1 804 000 24 276 000 
20. 2 004 000  200 000  200 000 1 804 000 26 080 000 

   
Total: 40 080 000 4 000 000       14 000 000 26 080 000 - 

Net present value (8%) 8 452 679 

Net present value (9%) 7 293 584 

Net present value (10%) 6 267 560 

21,46% 
in 6 y 

IRR 
INVESTMENT RETURN 

Total 
income 

Total 
net incomee 

-8 196 000 

Year Total 
income 

Expenditures 
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The variant with the production of 1,500 m3/day during the whole year gives return on 
investment in 3 years, and the internal rate of return is 61.78%. 

 

ECONOMIC FLOW Case 5: 1500 m 3 /day yield and production whole year 

Investment Material 
expenses Utility  

costs 
Charges Total 

expenditures 

1. 4 019 000 10 000 000  200 000 10 200 000 -6 181 000 
2. 4 019 000  200 000  200 000 3 819 000 -2 362 000 
3. 4 019 000  200 000  200 000 3 819 000 1 457 000 
4. 4 019 000  200 000  200 000 3 819 000 5 276 000 
5. 4 019 000  200 000  200 000 3 819 000 9 095 000 
6. 4 019 000  200 000  200 000 3 819 000 12 914 000 
7. 4 019 000  200 000  200 000 3 819 000 16 733 000 
8. 4 019 000  200 000  200 000 3 819 000 20 552 000 
9. 4 019 000  200 000  200 000 3 819 000 24 371 000 

10. 4 019 000  200 000  200 000 3 819 000 28 190 000 
11. 4 019 000  200 000  200 000 3 819 000 32 009 000 
12. 4 019 000  200 000  200 000 3 819 000 35 828 000 
13. 4 019 000  200 000  200 000 3 819 000 39 647 000 
14. 4 019 000  200 000  200 000 3 819 000 43 466 000 
15. 4 019 000  200 000  200 000 3 819 000 47 285 000 
16. 4 019 000  200 000  200 000 3 819 000 51 104 000 
17. 4 019 000  200 000  200 000 3 819 000 54 923 000 
18. 4 019 000  200 000  200 000 3 819 000 58 742 000 
19. 4 019 000  200 000  200 000 3 819 000 62 561 000 
20. 4 019 000  200 000  200 000 3 819 000 66 380 000 

   
Ukupno: 80 380 000 4 000 000       14 000 000 66 380 000 - 

Net present value (8%) 28 236 246 

Net present value (9%) 25 687 604 

Net present value (10%) 23 422 391 

61,78% 
in 3 y 

IRR 
INVESTMENT RETURN 

Net 
income 

Total 
net income 

-6 181 000 

Year Total 
income 

Izdaci 
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9. CONCLUSIONS 

Međimurje County is an interesting area for continuance of geothermal resources 
explorations, and the predicted results should be of interest not only for therapeutic and 
recreational use of geothermal water. It is expected that significant investments in expensive 
underground infrastructure of deep wells can be profitable in the district heating, and in 
substitution of more expensive fuels such as natural gas, electricity and others. It should be 
emphasized that geothermal energy is renewable and environmentally sound form of 
geothermal water to use for energy purposes. 

Considering tectonostratigraphic structure and determined water temperatures in the 
Međimurje County wells and geothermal gradient near 40°C/km can be expected, and in 
favorable conditions even more than 50°C/km. 

In view of the depth and geological complexity of geothermal water occurrences, the easily 
achievable geothermal reservoirs are to be found in sandstone reservoirs of younger Tertiary 
sediments. In these sediments, the potential geothermal reservoirs can be expected at a 
depth of 1,000 m. With the indicated gradients, expected temperatures of geothermal water 
in the reservoir could range from 50 to 60°C, and at depths of 500 m from 30-35°C. 
Estimation of the expected influx of such type and depth of the reservoir ranges from a few 
hundred up to several thousand m3/day. 

In the Međimurje County spatial model of succession is observed from area with 
Prepannonian layers in the west and southwest of the County, to the areas with younger 
rocks of Pannonian and Pontian age located in the north, east and south of the County. In 
locally developed Mura, Čakovec and Kotoriba basins (Appendices 3 and 6) favorable 
reservoir developments in sandstones of the Pannonian age are expected, above the 
regional marker "Rs7" and below the regional marker "Z" (Appendix 3). 

Sandstone bodies of Lower Pontian age, below the regional marker "Delta" and the Upper 
Pontian age, below the regional marker "Alpha" can be interesting in favorable conditions, as 
shown on the regional geological profile and map of the optimal area of individual aquifers for 
use (Appendix 3 and 6). Deposits of Pontian age are the most interesting geothermal 
aquifers in the central parts of the basin. In these younger sediments, the acceptable quality 
(physic-chemical composition) of geothermal fluid is expected. For them, at least during the 
exploration phase, can be provided acceptable conditions for the disposal of water rights for 
discharge of geothermal water to the system of surface drainage and surface waters saving 
the expense of drilling an injection well. 

Given that a major problem in the geothermal energy use is the fact that it can not be 
transported to a long distances, but must be used close to the well side, a program of 
economic use of geothermal energy is necessary to make a concept considering the possible 
extent of production after drilling of wells. Possibilities of use are in tourism, space heating 
and cooling, and in greenhouse production. Geothermal energy provides security of supply of 
environmentally clean and cheaper energy. The fact is that after the return on investment 
geothermal energy is certainly the cheapest energy source that is loaded only by production 
costs. 

As finding of geothermal resources consider high geological and technological risks, as well 
as significant material and financial resources it is necessary to have a clear image to what 
extent is it rationally to invest in indirect geological/geophysical research methods with the 
aim of lowering the risk, even though it can not completely be eliminated. It is considered that 
rational level of resources for early research is a tenth of total value of exploration well 
drilling. 



Geothermal potential of the Međimurje County 
 

28 

 

 

 

 

 

 

 

 

 

 

 



 10. Literature 
 

EIHP 29 

10. LITERATURE 

1. Kolbah, S. (1976): Geotermičke značajke jugozapadnog dijela Panonskog bazena 
(Geothermal characteristics of the southwest Pannonian basin), Magistarski rad, 
University of Zagrebu, Zagreb (in Croatian). 

2. Šimunić, A., Pikija, M., Hećimović, I. (1982): Basic geological map, Varaždin L-33-69, IGI 
Zagreb, SGZ, Beograd. 

3. Kolbah, D. (1986): Priručnik za kemičare (Manual for Chemists), SKTH - Kemija u 
industriji, Zagreb, in Croatian. 

4. Geothermal Atlas of Europe (1992), E. Hurtig, V. Čermak, R. Haenel and V. Zui (Ur.). 
Kartographischer Dienst Potsdam, Herman Haack Verlaggesellschaft mbH, Germany. 
(Autors from Croatia: Kolbah, S., Jelić, K.) 

5. Bošnjak et al. (1998): GEOEN, Program korištenja geotermalne energije – prethodni 
rezultati i buduće aktivnosti (Program of using geothermal energy-preliminary results and 
future activities), Energy Institute Hrvoje Požar, Zagreb (in Croatian). 

6. Suzanne Hurter, Ralph Haenel (2002): Atlas of Geothermal Resources in Europe, Leibniz 
Institute for Applied Geosciences (GGA), Stilleweg 2, D-30655, Hannover, Germany, 
Autors from Slovenia: D. Rajver, D. Ravnik, U. Premru, P. Mio, P. Kralj. 

7. Mioč, P., Marković, S. (2002): Basic geological map, Čakovec L-33-57, IG/GT&GF 
Lubljana i IGI Zagreb, SGZ, Zagreb. 

8. Dušan Ravnik, Nina Rman i Andrej Lepanje (2008): Exsisting Geothermal resources and 
Possibilities for Discovery of New Geotheermal Resources in Slovenia, PESS 26, 9- 13. 
Jun 2008, Geothermal Fields Developement, IUC Dubrovnik.  

9. Zaninović, K., Gajić - Čapka, M., Perčec Tadić, M. et al., (2009): Klimatski atlas Hrvatske/ 
Climate atlas of Croatia, 1961-1990., 1971-2000., Meteorological and Hydrological 
Service, 200 pp., Zagreb. 

10. Kolbah, S. (2010): Deep Transboundary Water-Bodies: Exploration & Management in the 
Pannonian Basin of the Republic of Croatia, International Conference “Transboundary 
Aquifers: Challenges and New Directions”(ISARM2010) 6-8 December 2010., Paris. 

 
 
 
 
 
 



Geothermal potential of the Međimurje County 
 

30 

 
 
 
 
 
 
 
 
 
 
 



Appendices 
 

EIHP 31 

APPENDICES 

Appendix 1: Topographic map of the Međimurje County M 1:100.000 

Appendix 2: Geological map of the Međimurje County M 1:100.000 

Appendix 3: Regional geological and geothermal profile and columns 

Appendix 4: Regional tectonic and structural elements on Land-Sat scene M 1:100.000 

Appendix 5: Regional overview of the geothermal characteristic M 1:100.000 

Appendix 6: Regional spreading of deep aquifers M 1:100.000 

 

 

 

 

 

 



 

 

 



 

	  

 


