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Abstract  

This report aims at demonstrating the GEOFOOD results from demonstration and research 
aquaponics systems setups in Iceland and the Netherlands for the case of Brežice Municipality 
in Slovenia. The authors analysed the state of the art in geothermal energy research in the 
Municipality of Brežice, its geothermal energy usage in comparison to Slovenia in general, and 
the state of the art in using geothermal energy for greenhouse production. Furthermore, the 
authors analysed the economy feasibility of aquaponics and the trends of its development in 
the past decade in Europe. The report applies the GEOFOOD Energy model of geothermal 
greenhouse aquaponic systems to a hypothetical large-scale decoupled aquaponics 
production in Brežice Municipality. Finally, the report identifies the barriers for adoption of 
future geothermal food production in the Brežice Municipality and concludes with future 
policy recommendations. 
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1 Introduction 

Maja Turnšek, University of Maribor, Faculty of Tourism: maja.turnsek@um.si  

 

This report aims at demonstrating the GEOFOOD results from demonstration and research 
aquaponics systems setups in Iceland and the Netherlands for the case of Brežice Municipality 
in Slovenia. A feasibility study was made on three levels.  

First, the authors analysed the state of the art in geothermal energy research in the 
Municipality of Brežice, its geothermal energy usage in comparison to Slovenia in general, and 
the state of the art in using geothermal energy for greenhouse production. The results show 
that Brežice Municipality can boast of an extremely long tradition of geothermal energy usage 
for food production, starting already in 1962 – thus being the cradle of geothermal and 
hydroponic food production in Slovenia, amongst other also showing high levels of innovation 
and testing aquaponics even at the start of its development. However, this legacy is now 
mostly forgotten and there is no current interest in continuing.  

Second, the authors analysed the economy feasibility of aquaponics and the trends of its 
development in the past decade in Europe, pointing to important limitations of its 
commercialisation. The conclusion is that for geothermal energy investment to be 
economically feasible it needs to compete within the highly competitive market of economy 
of scale, where the decoupled aquaponics is most promising direction, allowing for both 
relative technological and business independence of two very different industries.  

Third, the report serves to apply the knowledge gained from the GEOFOOD Energy model of 
geothermal greenhouse aquaponic systems to a hypothetical large-scale decoupled 
aquaponics production in Brežice Municipality. The model serves to analyse the options of a 
cascade joining of energy, nutrient and water flows of hydroponic horticulture and 
aquaculture businesses – calculating the excess heat from greenhouse production and its 
usage in aquaculture production.  

Finally, the report identifies the barriers for adoption of future geothermal food production in 
the Brežice Municipality and concludes with future policy recommendations.  
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2 Overview of past research on geothermal energy in Slovenia and 

Brežice Municipality 

Barbara Pavlakovič, University of Maribor, Faculty of Tourism: barbara.pavlakovic@um.si  

 

Thermal and mineral waters in Slovenia have been well known and used even back in Roman 
times for the purpose of thermal spas (there are archeologic findings in Rimske Toplice) and 
for drinking since discovery of mineral water Rogaška slatina in 1833 (Nosan, 1973). Krško-
Brežice basin, where thermal spa Čatež is located, has been the primary focus of early research 
on geothermal energy in Slovenia, especially before the 1990. The primary resource for this 
research is the Slovene scientific journal Geografija (Geography) with a long tradition of 
publishing. Another primary resource, also highly used by the Geografija authors is the archive 
of Geological Survey of Slovenia (for example reports or geological maps). The primary 
authority in this field is Anton Nosan, well known Slovenian geologist and hydrogeologist, who 
did a mayor systematic research work on Slovenian geothermal resources and was awarded 
for his work. His work on geothermal resources started in the late 50-ties in 20th century and 
is based on early 20th century works on river Sava geological features.   

Krško-Brežice basin has long been known for its thermal springs, since the Lexicon of Dravska 
Banovina from 1939 states that one of first thermal water springs were discovered in the area 
of the present Terme Čatež even back in 1797 (Terme Čatež d.d., 2016). Those springs were 
flooded in 1824, but rediscovered in 1854, when their owners the Counts Attems of Brežice 
allowed the Brežice Franciscan Zagorec to build a private bath. Later, the Counts Attems built 
their own modern public spa in 1924/25 together with the first hotel Toplice. Terme Čatež 
revived again after 1965, when new thermal springs were found and consequently first 
outdoor swimming pool and a new hotel Zdraviliški dom were built. Another hotel was opened 
in 1979 and camping site together with holiday houses was enlarged in 1985 (Horvat, 2014). 

The period before the Terme Čatež revival in 1965 was the most important for the geological 
exploration of the Krško-Brežice basin. One of Nosan's first articles was about hydrogeology 
in Čatež spa area, where they were trying to obtain greater quantities of thermal water with 
a constant temperature (Nosan, 1959). In the years 1957 and 1958 they have drilled 15 bore 
holes in total up to 82 m depth. Their research proved that thermal water of Čatež spa area 
ascends into the Quarternary gravel out of the Miocene basis and that the area holds great 
quantity of thermal water with maximal temperature up to 57–58 °C (ibid., pp. 67). This high 
temperature can be used in different ways – firstly for heating up spa facilities and later when 
it is cooled down for filling recreational pools with water all year long (Nosan, 1973). The bore 
hole no. V-14 was decided upon as the most appropriate spring while they captured the 
excessive amount of thermal water in the depth of 51.73 m and could pump up to 30 ls/sec of 
thermal water with constant temperature 57–58 °C out of this well - such quantities of thermal 
water were sufficient to carry out the entire program of increasing the spa for the purpose of 
sports pools and vegetable greenhouses construction (Nosan, 1959, pp. 75).  

However, this bore hole was unused until 1962 when agricultural cooperative KZ Brežice 
started to use the water to heath up its greenhouses and Čatež spa decided to use other bore 
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holes (Nosan, 1973). Another research focus was on the relation between rising water levels 
and falling thermal water temperatures and the dependence of these phenomena on 
precipitation. The results showed that when water level descends, water temperature rises 
and vice versa, while precipitation influence can be perceived after a few days in the case of 
rain, and after longer period in the case of snow due to slow process of melting (Nosan, 1959, 
pp. 73–74).  

The Čatež spa area was furthermore studied in following years (Ivanković & Nosan, 1973), 
when the second research phase was conducted in 1963 (they have drilled a 300–336 m deep 
aquifer to reach thermal water with maximal temperature 58 °C), followed by the third 
research phase in 1969–1972. Pumping test in deep aquifer demonstrated that up to 120 
ls/sec of thermal water with approximate temperature 60 °C could be pumped there 
(however, later research lowered the flow rate to 100 ls/sec (MOP, 2013). Furthermore, they 
have concluded, that the Čatež thermal water has a low degree of mineralization with pH 
between 7 and 7.3 and that the Čatež springs are recharged by the surface waters (ibid., pp. 
360). Another researcher - Janez Lapajne - also participated in this survey on Čatež thermal 
springs and wrote several articles about geophysical exploration made in 1970–71. The most 
important result of the geophysical exploration was the determination of faulted zones, where 
thermal water could rise from the bedrock (Lapajne, 1975, pp. 323). The research continued 
in a new set of Čatež area exploration studies from 1973 till 1978, and carried on also in 1985–
86 (Figure 1) (Verbovšek, 1988/1989). Verbovšek (ibid., pp. 591) then proposed that "a water 
temperature of 60 to 65 °C may be expected in a depth of about 1500 m along the whole axis 
of syncline. The same temperature might be obtained at much lesser depths within zones of 
intense convective groundwater circulation [cca. 500–700 m]. Such zones are situated in the 
hinterlands of the known thermal springs, their temperature increasing towards the axis the 
syncline." There has been another study at the end of 70-ties, where Žlebnik designed map 
and cadastre of thermal and mineral waters of Slovenia with corresponding parameters of 
examined springs (Lapanje, 2006). As Čatež area thermal water has a low degree of 
mineralization it was recommended as suitable for direct use for space heating in nearby town 
Brežice, for greenhouses, aquaculture and for bathing and balneology. 
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Figure 1: Map of thermal springs in the Krško basin 

 

Source: Verbovšek, 1988/1989 

However, not only Krško-Brežice basin was interesting for its thermal waters. Nosan studied 
also other parts of Slovenia. As he had found out, historically thermal waters have been 
captured only with shallow wells in spa's basements – this practice was in use up to second 
half of 20th century (Nosan, 1973, pp. 6). However, with the greater impact of groundwater, 
lowering water temperature and decreasing quality of mineral water, the need for pumping 
water from deep aquifers was demonstrated in 50-ties, when first hydrogeological research 
were conducted. Not only in Čatež, the research was also conducted in Dolenjske Toplice, 
Šmarješke Toplice, Laško, Rimske Toplice, Dobrna, Topolščica, Trbovlje, Podčetrtek, Bled, 
Pirniče, Nuskova, Radenci and Rogaška Slatina (ibid, pp. 6). As the demand for spa and health 
tourism as well as for drinking mineral water greatly increased during last decades, these 
locations are nowadays almost all very well-known Slovenian thermal spas. Nosan (ibid.) 
writes that in Slovenia we have two types of thermal waters, which can be characterized by 
its origin, physical and chemical properties. First type is permanent thermal water which 
comes from dolomites and limestones and has a low degree of mineralization; second type is 
thermo-mineral water from sandy younger tertiary beds which has greater concentration of 
mineral matter (ibid., 6–8). Thermal and mineral waters can be mostly found in northeast and 
central Slovenia. In central Slovenia the thermal springs can be divided into four groups: 
Ljubljana and Radovljica basins; eastern extension of the Karavanke Mountains Range; Sava 
folds; Krka valley. The temperature of this springs goes from 16 °C in the west to 64 °C in the 
east (ibid., 9–10). Northeast Slovenia thermal springs are mineral water springs (three major 
clusters are around Rogaška Slatina, Radenci and Goričko, where people drank mineral water 
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coming from natural springs and started to use shallow wells up from 19th century) and 
thermo-mineral springs in Prekmurje and Slovenske gorice region with the maximum 
temperature up to 75 °C (ibid., 33–45).  

Other geothermal studies were performed in years 1977–1982, where they examined bore 
holes in Krško basin, Maribor, Zreče, Mura depression and Ljubljana basin (Car, Gosar, Rajver, 
& Stopar, 2016). This was the work of another known geothermal researcher Danilo Ravnik, 
who was one of the founding fathers of geophysics in Slovenia. He was working in Slovenia 
and abroad, one of his most notable achievements was publishing university textbook 
"Applied Geophysics" in 2007, which was first of its kind in Slovene language and therefore 
important for forming Slovene geophysics terminology (ibid.) Ravnik cooperated also on 
another important project – designing geothermal maps of Slovenia. Systematic geothermal 
investigations of entire Slovenia area have been performed again in the late 80-ties and 
continued to the beginning of 90-ties with the construction of geothermal maps of Republic 
Slovenia (Ravnik, 1991). With computerized data base of geothermal maps they wanted to 
present a synthesis of the acquired geothermal data of all geothermal parameters, such as 
formation temperatures, geothermal gradients, thermal conductivity, and radiogenic heat 
production of rocks as well as interval and surface heat flow density. After examination of 72 
Slovenian thermal water localities at approximately 1000 m depth (ibid.), thermal water was 
characterized as low temperature geothermal water (Slovenia has low enthalpy resources) – 
surface natural springs have temperature 17 °C–37 °C and at depth of 1000 m there can be 
temperature about 20 °C in the west rising up to 70 °C in the east. Similarly, heat flow density 
(HFD) extends from about 20 mW/m2 in the west to 100 mW/m2 in the east. This thermal 
water can be hence used for direct usage like heating, drying, balneology and recreational 
purposes and for usage in technological processes. Slovene geothermal maps have been 
included into Atlas of Geothermal Resources in Europe and presented with description of 
geothermal resources in the two most promised areas (the southwestern part of the 
Pannonian basin in north-eastern Slovenia and the Krško basin in the eastern part) with the 
presentation of temperature maps in different depths, descriptions of geological, hydrological 
and physical characteristics of rocks (Rajver & Ravnik, 2003b). After initial designing of 
geothermal maps the measurements of geothermic parameters continued, though in smaller 
scale due to reduced funding for deeper boreholes drilling. Studies had different focus – for 
example a 1995 study presented Slovenia geothermal field in the scope of wider Circum-
Adriatic region (Ravnik, Rajver, Poljak & Živčić, 1995). Even though Krško basin was much 
explored in the past, many scientists continued with investigation of this area (Rajver, 2000; 
Rajver & Ravnik, 2003a). Later on, data form 395 boreholes was used for the improvement of 
original geothermal maps of Republic Slovenia to present temperature maps for depths of 
500, 1000 and 2000 m (Rajver & Ravnik, 2002). Lapanje study (2006) focused on chemical 
composition of thermal and thermos-mineral waters in Slovenia which detected 5 mayor types 
of thermal waters (the carbonate type of water Ca-Mg-HCO3 or Mg-Ca-HCO3; the 
evolutionary type with changing chemical composition from dominantly Ca-Mg-HCO3 which 
evolves into Na-HCO3 water type through transitional water types; the mixed waters of Na-
HCO3-Cl or Na- Cl-HCO3 water type; the Na-Cl water type;" exotic" local types). 

After the independence of Slovenia Dušan Rajver become one of the most known geothermal 
researcher. His periodical statistics of Slovenian geothermal state-of-the-art have been 
regularly used for world geothermal reviews at the World Geothermal Congresses (Rajver, 
2005; Rajver, 2010; Rajver, 2015). Therefore, we can track reports from the first congress in 



 

6 | D e l i v e r a b l e  6 . 2  
 

1995 on, when thermal spas and recreation centres were the main consumers of thermal 
water in Slovenia. They used the water for space heating and bathing with balneology, while 
thermal water was used less for the heating of greenhouses, and very little as industrial 
process heat (Kralj & Rajver, 2000). The report also states that the first project for the 
geothermal electricity generation in Slovenia was elaborated in 1994 for the town of Ljutomer 
and it was anticipated that the beginning of electricity production will begin at the end of 2002 
(ibid, pp. 268). The whole project comprised geothermal power plant with installed capacity 
of 10 MWe (80 GWh/yr), district heating with 6 MWt (9 GWh/yr), cooling with 3 MWt (2.5 
GWh/yr), aquaculture (1 ha – area, 200 t/yr of fish), agriculture (2 ha of greenhouses), tourism 
(2 MWt, up to 16 GWh/yr). However, the project has not been realized. Similarly, during the 
last 15 years direct use shows only slight and changing increase with exception of the 
geothermal (ground-source) heat pumps which have a strong steady growth (Rajver, Lapanje, 
Rman & Prestor, 2016). Main geothermal exploration and drilling activity took place recently 
in the NE part for direct use purposes. The activities were oriented in drilling new production 
and reinjection wells to increase and improve the direct use of geothermal heat, notably for 
district heating, greenhouses and touristic purposes (ibid., 2016, pp. 2). But there were also 
studies in other parts of Slovenia, for example the assessment of shallow geothermal potential 
in Cerkno, where a good suitability for the installation of Borehole Heath Exchangers was 
confirmed and proposed that shallow geothermal energy is a promising renewable energy 
source to achieve the ambitious carbon-free heating targets of the municipality of Cerkno 
(Casasso et al., 2017). 

The 21st century brought new research views on geothermal resources. Now Slovenia was not 
regarded as an isolated location, but as a part of a larger entity through different projects with 
Austria or Hungary (Rman et al., 2019). In the case of northeast Slovenia there is a 
transboundary Upper Miocene geothermal sandy aquifer in the Slovenian-Hungarian border 
region (Mura-Zala basin). Studies suggested that increase of thermal efficiency and re-
injection should be prioritized apart from the higher thermal water abstraction with setting 
up limit of the maximum allowable drawdown (Nádor et al., 2012). As we can notice, 
sustainability has become a key topic of nowadays geothermal research. Thermal waste water 
management, reinjection, overexploitation of geothermal aquifers due to decades of 
historical water abstraction have become most important research issues not only in Slovenia, 
but also abroad. Overexploitation of geothermal resources changes hydro, thermal and 
chemical parameters of aquifers and its natural restoration is very slow (Rman, Lapanje & 
Rajver, 2012). Therefore, three sustainable methods of geothermal sources usage are advised 
– safe yield, sustainable yield and zero depletion, whereas planned depletion is regarded as 
unsustainable (ibid., pp. 226). In Slovenia there is only one reinjection borehole in Lendava, 
which operates since 2009, otherwise aquifers are unsustainably overexploit, in addition 
thermal waste water is often let into nearby streams and canals without cooling down or 
without other treatment (ibid., pp. 237). Hence the need for applying appropriate measures 
which will improve natural conditions as well as simultaneously enable further and even 
higher thermal water utilization in the future is highlighted (ibid.). Meanwhile, sustainable 
implementation of highly efficient ground source heat pumps (GSHP) for heating and cooling 
demands is on the rise. During the last decade, the use of shallow geothermal energy (SGE) 
resources in urban areas has experienced an unprecedented boost which nowadays is still 
showing a steady 9% market growth trend (García-Gil et al., 2020).  
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Furthermore, as in recent decade tourism has become one of the Slovenia's very important 
economy sectors, thermal spas have also noted higher demand for its products. Slovenia 
offers a brand "Slovenian natural spas", which unites 15 spas in most important geothermal 
locations around Slovenia. They offer not only wellness programmes but are also included in 
public health care rehabilitation system (Horvat, 2014). First spas in Slovenia are assumed to 
be established in Roman times (Rimske Toplice), at the beginning of the 13th century in 
Dolenjske Toplice, in 15th century in Dobrna, in 16th century in Rogaška Slatina, in 19th 
century in Laško and Šmarješke Toplice, in 20th century modern spas in Radenci, Moravske 
Toplice, Čatež, Podčetrtek, Zreče, Ptuj and others (ibid.). Besides those spas, included in joint 
brand, there are many other thermal bathing areas like Terme Snovik, Terme Banovci or 
Bioterme Mala Nedelja, that do not have status of Slovenian natural spa. Hence, thermal and 
mineral waters have nowadays become even more important due to its healing and 
recreational effects and its visitors represent 22.2% of a whole Slovenia's overnight stay 
numbers in 2018 (Slovenska turistična organizacija, 2019).  

As the awareness of the geothermal resources importance rises, Slovenia was and still is 
involved in different geothermal projects. For example, we can expose a project 
TRANSENERGY – Transboundary Geothermal Energy Resources of Slovenia, Austria, Hungary 
and Slovakia, which between 2010 and 2013 aimed to provide the web-based decision 
planning tool, a methodology for joint groundwater management and utilization maps 
summarizing the legal steps and actions towards a harmonized management strategy of 
transboundary geothermal resources (Rman & Lapanje, 2013). Amongst other the results 
showed, that on this area there are no high enthalpy resources, and on the other hand there 
are aquifers with temperature between 100 and 150 °C, which could be used for binary power 
plants. Whereas aquifers with temperature below 100 °C are already in use for balneology or 
other types of direct use, however reinjection and more utilization of geothermal resources 
in cascade levels are encouraged in the future (ibid., 9). Other project is GeoSEE (Innovative 
uses of low-temperature geothermal resources in South East Europe), which aimed to provide 
countries in the SEE area with the tools and strategies to achieve development and 
implementation of economically viable, innovative, sustainable and scalable technologies that 
harness the potential of widespread low temperature geothermal resources in conjunction 
with that of higher temperature renewable energy sources, such as biomass or solar 
(Innovative uses of low-temperature geothermal resources in South East Europe [GeoSEE], 
2014a, pp. 5). The project that lasted form 2012 till 2014 brought together 8 countries. As a 
novelty it presented Slovenia's case study on until recently not well-known geothermal source 
location. This was Šaleška valley with its hot springs in Terme Topolšica, where a feasibility 
study for potential hybrid power plant (using three sources: geothermal energy, solar energy 
and wood biomass) was made, though it turned out that investment is not economically 
justifiable (GeoSEE, 2014b; GeoSEE, 2014c; GeoSEE, 2014d). As third we can mention the 
project DARLINGe (Danube Region Leading Geothermal Energy), which united six countries 
between 2017 and 2019 (Slovenia, Hungary, Croatia, Bosnia and Hercegovina, Serbia and 
Romania) (Rman et al., 2019). The project emphasises the importance of understanding the 
entire geothermal regime and flow system within a whole region, where the geothermal 
energy potential lays in more effective usage of geothermal resources by encouraging cascade 
systems implementation and reinjection (Figure 2) (ibid, pp. 2). 
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Figure 2: Sketch of an ideal geothermal cascade system where users are sequentially linked 
according to their decreasing heat demand 

Source: Rman et al., 2019 

Today in Slovenia we have approx. 551 bore holes, deeper than 500 m; the first one was drilled 
in 1914 in Hrastnik, the deepest with 4048 m near Ljutomer (Rman et al., 2019). They reach 
the aquifers that are spread around different parts of the country (mostly in eastern part, see 
Figure 3 for the potential of geothermal resources) and its depth varies by regions in Slovenia 
(GeoSEE, 2014b): 

• Pannonian basin – NE Slovenia depth up to 1500 m; 
• Rogatec-Celje-Šoštanj region depth up to 1400 m; 
• Planina-Laško-Zagorje region depth between 500 and 1500 m; 
• Krško-Brežice region depth up to 400 m; 
• Ljubljana basin depth up to 500 m. 
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Figure 3: Geothermal resources potential areas in Slovenia 

Source: GeoSEE, 2014b 

Thermal water is detected on 51 locations around Slovenia, but is used only at 31 locations 
(Rman et al., 2019). The temperature of thermal water in Slovenia varies by regions (Figure 4) 
(GeoSEE, 2014b): 

• Pannonian basin: T=40 – 80°C 
• Rogatec-Celje-Šoštanj region: T=20 – 50°C 
• Planina-Laško-Zagorje region: T=20 – 45°C 
• Krško-Brežice region: T=15 – 65°C 
• Ljubljana basin: T=18 – 30°C 

However, according to investigations of up to 4000 m deep boreholes, there could be thermal 
water with temperatures up to 200 °C (Rman et al., 2019). 
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Figure 4: Temperature map (°C) at depth 1000 m 

Source: Geološki zavod Slovenije, 2019a. 

Flow rate (l/s) of geothermal water in Slovenia also varies by region (GeoSEE, 2014b): 

• Pannonian basin - >100 l/s 
• Rogatec-Celje-Šoštanj region - >250 l/s 
• Planina-Laško-Zagorje region - >150 l/s 
• Krško-Brežice region - >240 l/s 
• Ljubljana basin - >150 l/s 

If we focus on Krško – Brežice basin, the studied area consists of 327.9 km2, where aquifers 
can be found in the depth between 200 m at Čatež and 500 m at Dobova (Figure 5). Water is 
of Ca–Mg–HCO3 or Mg-Ca-HCO3 type with pH between 7.0 and 7.6 (MOP, 2013). Most known 
locations with geothermal water usage in Krško – Brežice basin are (Rman et al., 2019): 

• Terme Čatež from Čatež ob Savi, who use geothermal resources for space heating, 
heating sanitary water, swimming and balneology, greenhouses and snow melting 
with the temperature from 30 to 60 °C from different bore holes (there is also one 
monitoring bore hole). 

• Terme Paradiso from Dobova, who use geothermal resources for space heating, 
heating sanitary water, swimming and balneology with the temperature up to 60 
°C. 

• AFP d.o.o. from Dobova, who use geothermal resources for space heating with the 
temperature up to 60 °C. 
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Figure 5: Conceptual model for the Krško-Brežice aquifer 

Source: MOP, 2013 

In the Krško - Brežice basin there is noticed a statistically significant trend of groundwater level 
decrease at measuring points in the region. The largest fluctuation in the groundwater level, 
3.46 m, was recorded at the measuring point M-32 Čatež (Ministrstvo za okolje in prostor, 
Agencija RS za okolje, 2021). The area of the Čatež geothermal aquifer in the Krško - Brežice 
basin has established monitoring of concessionaires thermal water use. Currently, relatively 
favorable groundwater level trends are showing with a slowdown in water level decline 
(Figure 6). Researchers estimate that it will be possible to carry out a reliable regional 
assessment of the condition of this geothermal aquifer within a few years (Ministrstvo za 
okolje in prostor, Agencija RS za okolje, Direkcija RS za vode, Inštitut za vode RS in Geološki 
zavod RS, 2020). 
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Figure 6: Assessment of the dynamics of lowering the piezometric groundwater level in the 
area of the Čatež dolomite geothermal aquifer. 

Source: Ministrstvo za okolje in prostor, Agencija RS za okolje, Direkcija RS za vode, Inštitut 
za vode RS in Geološki zavod RS, 2020 

Two major municipalities in the region addressed geothermal energy in their energy concept 
studies. Krško completed latest in 2018 and Brežice in 2012, however Brežice put much more 
emphasis on geothermal energy in the report from 2009. Municipality Krško (Občina Krško, 
2018) emphasized mostly the use of heath pumps for space and sanitary water heating, 
whereas Municipality Brežice has different subjects that use geothermal water also for 
swimming, balneology and greenhouses, however reinjection is highly advised to use in order 
to manage geothermal resources more rationally (Občina Brežice, 2012). Nevertheless, action 
plans of both municipalities consist only of encouraging installation of heath pumps, whereas 
drilling deeper bore holes is perceived with great risk and high costs. 

Currently, there is one ongoing research located on Krško – Brežice basin, led by Geološki 
zavod Slovenije (The Geological Survey of Slovenia). It is called HotLime and it is a part of a 
GeoERA program. The project will run until June 2021. Its focus is mapping and assessment of 
geothermal plays in deep carbonate rocks. Hydrothermal systems in deep carbonate bedrock 
are among the most promising low-enthalpy geothermal plays across Europe, but 
acknowledged as a high-risk investment (GeoERA, 2020). The HotLime project will identify the 
generic structural controls in deep carbonate formations, through a comparison of geological 
situations and their structural inventory, as well as collation of deep borehole data and their 
petro- and hydro-physical characteristics. As a result, a uniformly applicable method for 
estimation, comparison and prospectranking of hydrothermal resources in deep carbonate 
bedrock will be presented. In Slovenia, the researchers focus on Krško – Brežice basin as the 
most promising area for further exploitation of geothermal water in South-East Slovenia 
(Geološki zavod Slovenije, 2019b). 
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3 Geothermal energy usage in Slovenia 

Barbara Pavlakovič, University of Maribor, Faculty of Tourism: barbara.pavlakovic@um.si  

Ever since 1995 world geothermal congresses take place, Slovenia is included in world 
geothermal status report. Every five years the report is prepared and data is compared to 
previous period (Lund & Freeston, 2001; Lund, Freeston & Boyd, 2005; Lund, Freeston & Boyd, 
2011; Lund & Boyd, 2016; Lund & Toth, 2020). Direct utilization of geothermal energy was 
reported in 28 countries in 1995, in 58 countries in 2000, in 72 countries in 2005, in 78 
countries in 2010, in 82 countries in 2015 and currently is reported in a total of 88 countries 
in 2020 (Lund & Toth, 2020). The spread and growth of geothermal utilization is visible also in 
thermal capacity (MWt) and annual energy use (TJ/yr and GWh/yr) numbers. "The total 
installed capacity, reported to the end of 2019 for geothermal direct utilization worldwide is 
107,727 MWt, a 52.0% increase over WGC 2015, growing at an annual compound rate of 8.7%. 
The total annual energy use is 1,020,887 TJ (283,580 GWh), indicating a 72.3% increase over 
WGC 2015 and a compound annual growth rate of 11.5%" (ibid, pp. 1). The growth in numbers 
is due to the increase in geothermal heat pump installations, which are commonly used in 
many countries. However, 71.1% of the world installed geothermal capacity (MWt) in 
produced in five countries like China, USA, Sweden, Germany and Turkey, whereas 73.4% of 
the world annual energy use (TJ/yr) is produced in China, USA, Sweden, Turkey and Japan 
(ibid., pp. 2). Slovenia's numbers are presented in table 1, where we can see comparison of 
the number through the years. 

Table 1: Data on geothermal direct utilization in Slovenia – comparison through the years 

Year MWt TJ/year GWh/year Capacity / Load factor 

2000 42.0 705 196 0.53 

2005 49.6 729.6 202.7 0.47 

2010 115.6 1,015.1 282.0 0.28 

2015 187.83 1,264.503 315.28 0.21 

2020 265.550  1,610.490 447.358 0.192 

Source: Lund & Freeston, 2001; Lund, Freeston & Boyd, 2005; Lund, Freeston & Boyd, 2011; 
Lund & Boyd, 2016; Lund & Toth, 2020 

The growth of the numbers is especially due to the growing awareness and popularity of 
geothermal (ground-source) heat pumps not only in Slovenia, but worldwide. If the 
distribution of thermal energy used by category was quite equally spread among all different 
types of utilization in 1995, and if in 2000 bathing and swimming was the most popular 
utilization (Figure 6) (Lund & Freeston, 2001), geothermal heat pumps started their prevail in 
2005 and are the most important category of energy use ever since (Figure 7). The current 
distribution of used thermal energy by category is approximately 58.8% for geothermal 
(ground-source) heat pumps, 18.0% for bathing and swimming (including balneology), 16.0% 
for space heating (of which 91.0% is for district heating), 3.5% for greenhouse heating, 1.6% 

mailto:barbara.pavlakovic@um.si
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for industrial applications, 1.3% for aquaculture pond and raceway heating, 0.4% for 
agricultural drying, 0.2% for snow melting and cooling, and 0.2% for other applications (Lund 
& Toth, 2020). 

Figure 7: Categories of energy use in % for 2000. 

 

Source: Lund & Freeston, 2001 
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Figure 8: Comparison of worldwide direct-use of geothermal energy in TJ/yr from 1995, 
2000, 2005, 2010, 2015 and 2020. 

Source: Lund & Toth, 2020 

On the fourth place of utilization categories is greenhouses and covered ground heating, 
which indicated steady increase through the years. Currently 32 countries report geothermal 
greenhouse heating, with the leading countries being Turkey, China, Netherlands, Russia and 
Hungary, accounting for about 83% of the world's total annual energy use (Lund & Toth, 2020, 
pp. 5). They mainly grow vegetables and flowers with the installed capacity of 2,459 MWt (23% 
growth) and with 35,826 TJ/yr in energy use (24% growth) (ibid, pp. 5). Less popular is 
aquaculture pond and raceway heating utilization of geothermal energy, which comes at sixth 
place. There were periods when aquaculture use of geothermal energy dropped, nevertheless 
today, it records great increase since WGC 2015 amounting to a 36.5% increase in installed 
capacity (currently 950 MWt) and 13.5% increase in annual energy use (currently 13,573 
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TJ/yr). It is noted that 21 countries report this type of use, the main ones being China, United 
States, Iceland, Italy and Israel, where they cultivate mostly tilapia, salmon, bass and trout, 
however tropical fish, lobsters, shrimp, prawns and alligators are also being farmed (ibid., pp. 
5).  

If we specifically look at Slovenia, space heating, including domestic hot water supply, was the 
largest geothermal use in 2000. The second most important use was for bathing and swimming 
(swimming pools covering a total surface area of about 29,600 m2) and third for greenhouse 
heating (4.5 ha at Čatež, where flowers were grown) (Lund & Freeston, 2001, pp. 57). After 
2000 the number of closed-loop systems heat pumps has increased as a result of government 
funding and promotion by some private companies and a total of 297 heat pump units were 
reported (Lund, Freeston & Boyd, 2005, pp. 718). Geothermal energy utilization for district 
heating and greenhouse heating (additional location of 1 ha growing tomatoes and one 
location of 3 ha growing orchids) enlarged in the next period as well as number of heat pumps 
(a total of about 4410 heat pump units were installed in the country until 2010) (Lund, 
Freeston & Boyd, 2011, pp. 174). Next period brought new utilization for district heating, 
heating of sanitary hot water, snow melting and air conditioning (cooling) (Lund & Boyd, 
2016).  

Currently, there are 31 locations in Slovenia (Figure 8) using geothermal energy for direct-use 
application, 25 for bathing and swimming (15 thermal spas and health resorts and an 10 
recreation centres with a total swimming pools surface area of 51,600 m2), 20 for individual 
space heating, 5 for air conditioning, 3 for greenhouse heating (approx. 18 ha for orchid, 
tomato and exotic fruit cultivation), 3 for snow melting and 16 for other uses (mainly for 
heating domestic hot water); for geothermal heat pumps, there are 12,100 small units (3-20 
kW) and 670 large units (>20 kW) (Lund & Toth, 2020, pp. 29). According to this data, the most 
spread geothermal energy utilization until 2020 in Slovenia is for geothermal heat pumps, 
second for bathing and swimming, third for individual space heating, next for greenhouse 
heating, for domestic hot water heating, for air conditioning (cooling), for district heating and 
lastly for snow melting (Figure 9). Regarding space cooling and snow melting, Slovenia is 
placed among the most effective countries in the latest world report. As for space cooling it is 
on the fourth place and as for snow melting it is on the fifth place (ibid., 6). However, the 
development of geothermal energy utilization in Slovenia is facing different challenges during 
the last 20 years. There are problems with overexploitation of geothermal resources in some 
localities of north-eastern Slovenia, occasional technical problems and quite complicated 
administration, divided between 4 ministries with few agencies and institutions in geothermal 
development that are authorised to issue water permits and concessions for thermal water 
usage for touristic purpose and heat extracting, for geothermal energetic source (Rajver, 
Rman, Lapanje & Prestor 2020). 
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Figure 9: Main utilization types for direct heat use of geothermal energy (thermal water) in 
Slovenia (status Dec. 2018) 

Source: Rajver, Rman, Lapanje & Prestor 2020 

Figure 10: Shares of geothermal energy used in Slovenia in categories of direct use in 2019 

 

Source: Rajver, Rman, Lapanje & Prestor 2020 
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4 Geothermal energy usage for greenhouse production in Slovenia 

Maja Turnšek, University of Maribor, Faculty of Tourism: maja.turnsek@um.si    

Barbara Pavlakovič, University of Maribor, Faculty of Tourism: barbara.pavlakovic@um.si  

As noted above, there are 31 locations in Slovenia using geothermal energy for direct-use 
application, out of which there are currently only 3 for greenhouse heating (approx. 18 ha for 
orchid, tomato and exotic fruit cultivation) (Lund & Toth, 2020, pp. 29).  

Brežice Municipality can boast that here was the first Slovenian commercial approach to direct 
geothermal energy use for food production - thus being the "cradle" of geothermal and 
hydroponic food production in Slovenia.  

As local food growers started to cooperate in local Farmers cooperative Brežice (KZ Brežice) 
in 1948, the innovative growing solutions started to appear in 1962 when they first used 
geothermal energy to heath up greenhouses (Simčič, 1988). Later in 1996, they started with 
the first hydroponic food production in Slovenia. Cooperative was transformed into company 
Agraria in 1967 and later in 2001 divided into two sections – Vrtnarija Čatež and Cvetje Čatež. 
In 2009 both sections were merged with company Terme Čatež d.d., which abandoned plant 
and vegetable production in 2018 (Figure 10). Today, only florist shop Vrtni center operates 
and uses one of the greenhouses as selling facilities. Nevertheless, in its heyday Agraria 
provided work for approximately 540 people, who took care of 11 greenhouses (6 ha of 
covered greenhouses) and 10 ha of outdoor growing lands (the number of employees fell later 
to approx. 50). They had grown potted plants and cut flowers (carnations, orchids, cyclamen, 
gerberas, geraniums, strelitzias, roses, poinsettias), tomatoes, strawberries, and also as an 
experiment cucumber, peas, watermelons and even fish and crabs in aquaponics. They have 
used geothermal water from 3 wells with the temperature approx. 60°C. In its last year of 
operations (2017) Terme Čatež d.d.  had approx. 115 tonnes of yearly tomato production (of 
which 5 tonnes were used for consumption of tourism guests in the spa Terme Čatež). 

After the financial problems of Cvetje Čatež the leading person within Cvetje Čatež Janko 
Bostele then went on to set up a new company in Croatia: Zarja Grupa Ltd. The company set 
up a geothermal commercial tomato production not far from Brežice, in Sveta Nedelja, 
Croatia. Currently the company is renamed into Rajska Ltd. and has recently expanded the 
hydroponic tomato production from 5ha to 10 ha.  

  

mailto:maja.turnsek@um.si
mailto:barbara.pavlakovic@um.si


 

19 | D e l i v e r a b l e  6 . 2  
 

Figure 10: Abandoned Čatež greenhouses 

 

Source: Pavlakovič, 2021 

In the 21 century the geothermal food production in Slovenia shifted to the Prekmurje region. 
Historically the second geothermal food producer, starting in 2002, are Grede Tešanovci Ltd 
(Figure 11). The company is also the only example of true cascade use of geothermal energy 
for food production in Slovenia. After the water has heated the pools and the hotels of Terme 
Moravci, it is then used also for heating the greenhouses. With their 20-year tradition they are 
the first geothermal tomato producers in Prekmurje region of Slovenia. The set-up of the 
project was supported from PHARE European funds. After a decade of its existence it 
encountered serious financial sustainability issues. However, after these initial problems, the 
business is supposed to be steadily operating, in 2015 employing 5 people (Pojbič, 2015). The 
size of the greenhouse is approx. 1 ha and we assume that the financial issues are to some 
extend also due to the small size of the production, making it hard to compete within the 
large-scale commercial hydroponic tomato production.  
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Figure 11: Grede Tešanovci Ltd. 

 

Source: Grede Tešanovci website 2021 

Company Ocean Orchids is located in the North-East part of Slovenia, in the Prekmurje region. 
The company started to operate in 2003; however, it began flourishing after cooperation with 
Dutch associates in 2005. They grow over 2 million of Phalaenopsis orchids a year, for which 
they use 4 hectares of greenhouses and their geothermal well (Ocean Orchids, 2015). They 
expanded their offer with a Tropical garden, which was built in 2012 (Figure 12).  
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Figure 12: The tropical garden, Ocean Orchids 

 

Source: Pavlakovič, 2018 

Other Slovenian company Paradajz also comes from the Prekmurje region in the North-East 
part of Slovenia. It was founded in 2007. In 2012, they launched the tomato brand Lušt, which 
caused the expansion of the production and the marketing boom. They have started with the 
initial 4 hectares of greenhouses and increased the area to 9 hectares of greenhouses, where 
they grow multiple varieties of tomatoes. In 2020 they expanded and built new 2.4 ha big 
greenhouse. All together, they plant approx. 140,000 tomato plants per year (Siol.net, 2021). 
The company has its geothermal well, which they use to heat greenhouses in the colder 
months (Paradajz, 2019).  

In April 2018, they opened a visitor centre and a demonstration tomato greenhouse where 
they offer guided visits and tomato tastings for visitors (Figure 13). Their visitors are of all ages, 
groups, individuals, but mostly primary and high school groups, university students, and 
general tomato lovers, who just want to learn about the fruit. The visit starts at the visitor 
centre, which is called "Cute homestead" (Luštna domačija). There is a shop, a restaurant, a 
ticket counter and an entrance into a demonstration greenhouse. The production 
greenhouses are closed for the public. The company's objective is to present their tomato 
growing method with the use of greenhouses, geothermal energy and natural substrate. They 
highlight natural growing methods like populating greenhouses with bumblebees for 
fertilisation and not using harmful spray preparations. In approximately one-hour visit, one of 
the guides takes the visitors into a demonstration greenhouse where she/he presents the 
tomatoes, the growing technique and the use of geothermal energy. After, the visitors go to 
the restaurant, where they have tomato tasting, visit tomato shop or order something from 
the bar. The shop is opened regularly to all visitors, even to those who do not go into the 
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demonstration greenhouse. Hence, another objective of the company is to promote locally 
produced food and offer at-the-site distribution point for Lušt tomatoes customers. 

Figure 13: The demonstration tomato greenhouse, Paradajz 

 

Source: Pavlakovič, 2018 
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5 Aquaponics: towards decoupled systems in a highly competitive 

market of economies of scale 

Maja Turnšek, University of Maribor, Faculty of Tourism: maja.turnsek@um.si     

GEOFOOD project is based on the premise that the use of geothermal energy for horticulture 
is relatively young but proven technology, and the combination of horticulture and 
aquaculture in commercial scale aquaponic systems is developing. The combination of these 
two however, is highly innovative. One scientific challenge is designing combinations of these 
two systems into one system, taking effects of scale into account, and optimizing on both 
energy use efficiency and water and nutrient use efficiency.  

Aquaponics is the combination of hydroponics and recirculating aquaculture systems (RAS). 
The nutrients from the fish farming are used as fertilizer for the plants. Many small scale 
research and hobby systems exists globally, and the interest for implementing large scale 
production units is increasing.  A few aquaponics companies, focusing on a circular food 
production system, have been emerging in Europe, however large commercial scale units are 
still to be developed. There is a need to improve the energy efficiency and also close the circle 
with better use of sludge producing valuable by-products. 

Our research (Miličić et al. 2017, Turnšek et al. 2019, Gott, Morgenstern and Turnšek 2019, 
Turnšek et al. 2020) has shown that commercial aquaponics development in Europe and 
globally has been steadily rising within the past decade yet reached an important standstill 
due to several important reasons.  

In Miličić et al. (2017) we claim that the focus of aquaponics development and research has 
been on solving technology issues and optimizing production. Aquaponics is believed to have 
future potential as a sustainable integrated food production method. However, development 
is still in its early stage and although many new aquaponics companies are starting up in 
Europe, only a few of them are currently reaching an economically viable minimum production 
size. More attention needs to be paid to certification and regulations linked to aquaponics, as 
well as the marketing of products and services. We analysed the European consumers' 
perceptions of aquaponics (Miličić et al. 2019) and the results showed that that consumers' 
acceptance is in general positive towards aquaponics but willingness to pay is mainly related 
to products free of antibiotics, pesticides and herbicides and connected with local well-known 
producers rather than the fact the food is aquaponically produced. On average, attitudes 
towards aquaponics were positive, showing no significant differences between those who 
already knew about aquaponics and those who heard positive, marketing description of 
aquaponics through the survey. More than 50% of respondents had never heard of 
aquaponics, whilst more than 70% had already heard of hydroponics. No more than 17% of 
respondents were willing to pay more for aquaponically produced products (Miličić et al. 
2019).  At the same time, it should be noted that important results were also provided with 
open-ended questions about associations on aquaponics from respondents who had never 
heard about aquaponics and expressed their opinions on it after reading about it. Here, the 
results showed that we should be more wary about general conclusions about positive 
attitudes towards aquaponics. Although more associations were positive than negative, this 
was in line with the positive description of aquaponics that was provided in the survey. 
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Positive associations were about the innovativeness and sustainability of aquaponics, but not 
about the produce itself.  Much more revealing were the answers of those who had read the 
positive description of aquaponics but had a negative association. These answers included 
negative emotions, bordering on disgust with fish excrements in connection with vegetables; 
negative perceptions of animal welfare in aquaponics; and general distrust of marketing 
claims about aquaponics. Next to consumer's perceptions and distrust the most important 
barrier for consumer adoption in Europe identified in this research is the fact that aquaponic 
production as a soil-less production cannot receive organic certification within European 
regulation and is thus highly difficult to position the produce within the higher-tier pricing and 
to assure the consumers the claims are not only "marketing-speak".  

In Turnšek et. al (2019) we claim that commercial aquaponics still has a long road ahead. The 
early stages of aquaponics industry have witnessed a number of unrealistic statements about 
the economic advantageousness of aquaponics. We analysed the horticulture side of 
production, the aquaculture side of production, and the early data on the market response to 
aquaponics, emphasizing the marketing issues and public acceptance of aquaponics. 
Aquaponics is often marketed as an optimal food production technology. We claim that 
statements like this gloss over is the fact that diversification of production always comes at a 
price. For example, regarding aquaponics and crop diversification: this necessarily includes 
higher levels of knowledge and higher extent of labour. The larger the variety of crops, the 
more difficult it is to meet optimum conditions for all the selected crops. Large scale 
commercial production thus looks for constant parameters for a limited number of crops that 
need similar growth conditions, allowing for large outputs in order to penetrate distribution 
via large distribution partners such as supermarket chains, and allow for the same storage and 
potential processing equipment and processes. Such large scale production is able to use 
economies of scale to reduce unit costs -, a basic principle in economic assessments, which is 
not usually the case for aquaponics at smaller scales of production.  Additionally, statements 
that hail the return of investment of aquaponics need to be taken with extreme caution since 
the non-hypothetical data on the economics of aquaponics is extremely hard to come by. In 
cases where enterprises are performing well, they either do not share their data, since it is 
considered a business secret. Or, or if they do share data, such data needs to be taken with 
caution since typically these companies have an interest in selling aquaponics equipment, 
engineering and consultancies: it thus serves their interests to share positive results. In 
addition, and most importantly,  enterprises that have failed in achieving profitability prefer 
not to publicly share their failures. (Turnšek et al. 2019a). However, we add here that it can 
generally be safe to conclude that labour and energy are the main cost drivers in these 
systems.  

In this work we also describe our own experience with setting up a pilot 400 m2 aquaponic 
system in Slovenia within the startup Ponika, Research & Development Ltd.  The most 
important reasons for the Slovenian based Ponika to stop their operation after two seasons 
was:  

• the combination of high risks of plant disease under the conditions of organic 
disease control (powdery mildew proved to be the most problematic);   

• high labour costs accruing from the of labour needed to cut, screen and package 
the produce;  
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• no possibility to reach organic premium on the market: the average gained price 
of 8 EUR / kg of fresh cut herbs (packaged in 100 g bundles) did provide enough of 
a return to cover for the extra needed workload.  

Since the company was the only local producer of fresh-cut herbs on the Slovenian market, 
the gastro-distributers were willing to take their produce over the imported produce - yet only 
if the prices were equal to what the prices of international competitors were on the market. 
It should be stressed this was only because the production was local and not at all because 
the production was aquaponic – the technology of production was of no interest to the 
distributors, only the quality of produce and the claim of supporting local producers. With a 
high percentage of fresh cut herbs sold in the European market being delivered from North of 
Africa, the high extent of labour costs for aquaponically produced fresh cut herbs this meant 
that a small scale system could not compete with the prices as set by the extensive fresh-cut 
herbs farms in warmer regions with lower labour costs, even when including lower 
transportation costs of local production. This shows that even when there is a niche in a local 
market, there are often specific reasons for local producers not filling up the niche - in the 
case of fresh cut herbs in Slovenia this was the high extent of labour costs for too small of a 
niche (Turnšek et. al. 2019a).   

In Gott, Morgenstern and Turnšek (2019) we argue that food production innovations are 
needed that exceed traditional paradigms of the Green Revolution whilst at the same time are 
able to acknowledge the complexity arising from the sustainability and food security issues 
that mark our times. Aquaponics is one technological innovation that promises to contribute 
much towards these imperatives. But this emergent field is in an early stage that is 
characterised by limited resources, market uncertainty, institutional resistance and high risks 
of failure—a developmental environment where hype prevails over demonstrated outcomes. 
Given this situation, the aquaponics research community potentially holds an important place 
in the development path of this technology. But the field needs to craft a coherent and viable 
vision for this technology that can move beyond misplaced techno-optimist accounts.  

In Turnšek et al. (2020) we provide an in-depth analysis of the current commercial aquaponics 
state of the art in Europe. We hypothesized that the development of aquaponics might be 
following the so called "Gartner’s Hype Cycle” of innovation adoption, a combination of two 
theories on innovation adoption: Hype Curve and Technology S-Curves (Steinert & Leifer 
2010). According to this theory, the first part of the hype curve is driven by “vacuous hype” — 
mainly by the media, which speculates on the technology's prospects. The second part of the 
hype curve is supposed to be driven by performance gains and adoption growth (Figure 14).   
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Figure 14: Gartner’s Hype Cycle curve and the two curves it combines: Hype Level curve 
and Engineering of Business Maturity Technology S-Curve 

 

Source: adopted from Fenn & Raskino 2009 & Steinert & Leifer 2010 in Turnšek et al. 2020, 
p. 3). 

In order to obtain insights about the barriers to early development of commercial aquaponics, 
we carried out two surveys amongst aquaponic producers: in Europe and France, including 
103 participants combined in both samples.  We concluded (Turnšek et al. 2020) that the 
driving force for the development of commercial aquaponics seems to originate 
predominantly from the aquaculture branch, rather than horticulture, probably due to 
environmental issues of farms releasing excess nutrients into the environment, causing 
eutrophication.  

The results furthermore reveal that the development of commercial aquaponics has hit the 
level of “disillusionment”, caused by numerous challenges facing commercial food production. 
As Linden & Fenn (2003) point out, the important lesson from Gartner’s Hype Cycle theory is 
twofold. First, enterprises should not invest in technologies just because the technologies are 
being hyped, and second, enterprises also should not ignore technologies just because the 
technologies are not currently living up to early, inflated expectations. Pessimists, however, 
may argue that aquaponics in the future will not follow the “hype cycle” development, but 
was merely “vacuous hype”, with small chances of further development.  

In Turnšek et al. (2019) we show that the experiences of aquaponics companies in Europe are 
in line with previous experiences in the marketing of organic food products. To sell these 
products locally through direct distribution will only be possible for a small part of the 
products. Even though many consumers want to buy local and/or organic products, they often 
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want to make their purchases as conveniently as possible. This means that shopping needs to 
be efficient in order to fit into their daily schedule. If these products will not be available in 
supermarkets, aquaponics will probably remain a niche production. We add here that it is 
exactly this reason why the food production is benefited by the economy of scale: until there 
is large enough production (either individually by the company in question or collectively 
organised for small scale farmers) the supermarket chains generally do not consider the 
producers reliable partners and the distribution is under current market conditions usually not 
economically feasible - we write more on this in Bavec et al. (2017), and Turnšek & Miličić 
(2018).   

The main conclusion of our research on commercial aquaponics is that it faces harsh realities 
as it must show that it can be competitive both with conventional aquaculture and 
horticulture systems. This means that aquaponics systems either need to reach the same 
production scale as their competitors (which amounts to hundreds of tons fish and thousands 
of tons vegetables), or address niche markets and integrate other income resources (Turnšek 
et. al. 2020).  

Since direct geothermal energy usage for food production means very high investments, this 
necessarily also means that in order to consider aquaponics in direct geothermal food 
production as economically feasible this needs to go into the direction of economy of scale.  

For this to be achievable, the most promising direction of aquaponics is towards large scale, 
independent “decoupled systems”,  where the water flow is divided into two circulation 
systems. This is to ensure optimal environmental conditions for both the fish and the plant 
units as well as closing water and nutrient cycles (see for example Goddek et al. 2020).  

To the best of our knowledge there is currently in Europe only one such successful commercial 
aquaponics system. It is a synergy of two independent companies that truly follow the circular 
food production concept: aquaculture producer Aqua4C in collaboration with hydroponic 
Tomato Masters in Belgium (Vlaemynck 2015).  

HortiDaily (2016) describes how the two companies linked their energy flows and have been 
experimenting also with water and nutrient flows making it thus the decupled aquaponics 
system.  The unproblematic, and non-experimental connection is the energy flow connection: 
fish farm Aqua4C is supplied with electricity from the Tomato Masters greenhouse' CHP. This 
provides the fish farmers with cheaper electricity. As well as this residual heat from the CHP 
is used to heat the breeding tanks of Aqua4C. At the time in 2016 the two companies claimed 
to be experimenting in order to connect also the water and nutrient flow: “The rainwater that 
is being collected via the greenhouse roof of the Tomato Masters is used in tanks in which 
Aqua4C breeds the Omegabaars, a Belgian pike. This water, with valuable nutrients in it, can 
flow back to Tomato Master in order to feed the tomato plants. In this way the aquaculture 
can function without using additional water or nutrients, which saves costs.” (HortiDaily 
2016). The overview of the promoting material of both companies in 2021 (Omegabaars 2021, 
Tomato Masters 2021) shows that they are selling their produce as an aquaponic produce and 
have at least up to this point managed to successfully survive on the market aided with green 
innovation grants such as iClean Tech Vlandeeren. The synergy seems to be successful not 
only because of the technological affordances of decupled systems (see more on that in 
Goddek et al. 2020), but primarily also because it allows two relatively independent business 
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models with hydroponic and aquaculture producers each focusing on their own market 
penetration and own industry.  

Based on other research literature, own aquaponics industry market analyses, previous 
partners’ projects (EcoPonics project 2013-2016, the EU-funded Inapro project 2014-2017), 
and commercial aquaponics experiences within Ponika Ltd. we thus conclude that 
economically viable option for geothermal aquaponics food production would be a synergy of 
two independent large-scale businesses: a hydroponic and an aquaculture business that 
operate with relatively autonomy within their own industries and can compete with 
economies of scale within those industries.  In the next chapter we turn to the application of 
the GEOFOOD - Energy model of geothermal greenhouse aquaponic systems (Boedijn et al. 
2020a, 2020b) for Brežice municipality area. 
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6 GEOFOOD Energy model of geothermal greenhouse aquaponic 

systems: Application to Brežice Municipality 

This chapter builds on GEOFOOD - Energy model of geothermal greenhouse aquaponic 

systems (Boedijn et al. 2020a, 2020b, 2020c, 2020d) with simulations for geothermal 

greenhouse production in Brežice Municipality, Slovenia.   

GEOFOOD is a GEOTHERMICA research, innovation and demonstration project that aims to 

determine how and to what extent the heat use efficiency of geothermal wells can be 

increased by means of circular food production systems. In these systems several activities 

such as agricultural production, (waste)water treatment, nutrient recovery, as well as food 

processing are connected by the exchange of energy and mass flows. Since the subsystems 

have a variety of heating (and cooling) requirements throughout the year, they could be 

operated as a thermal treatment network in order to optimize the heat extraction from a 

geothermal well. To investigate the potential of this principle one of the main research topics 

within the GEOFOOD project is the direct use of geothermal energy for aquaponics. 

Aquaponics is a farming system that connects hydroponic cultivation of crops with 

aquaculture by exchanging water- and nutrient flows. Building on this circular concept, a 

predictive model was developed to design and assess geothermal aquaponic systems 

consisting of a geothermal well, a greenhouse and a recirculating aquaculture system (RAS) 

(Boedijn et al. 2020a).  

To quantify the potential benefits, a predictive model was developed which simulates the heat 

balances present throughout the aquaponic-based thermal treatment network. The inputs 

include the relevant climate parameters of the location, the type of greenhouse/building for 

both facilities including climate control equipment, as well as crop and fish species. For a 

scenario considering a 5-ha Dutch tomato greenhouse it is found that geothermal heat 

extraction can be increased with 31% by combining it with an indoor pike-perch fish farm of 

6544 m2, without the need of alternative energy sources during peak demands (Boedijn et al. 

2020c).  

In Slovenia a total of 112 TJ is used annually by several greenhouse companies that drilled 

their own wells (Rajver et al. 2019). The starting point of the model is a greenhouse that uses 

a geothermal well for most of its heating demand. The model calculates how much residual 

heat is available for a recirculating aquaculture facility (RAS). The available heat for the RAS 

consists of 1) low temperature residual heat from the greenhouse pipe heating system and 2) 

high temperature heat directly from the geothermal well when the greenhouse is not using 

maximum well capacity. Depending on the available residual heat, the model calculates how 

big the fish farm can be and how much extra heat is extracted from the geothermal well 

compared to the stand-alone greenhouse. 
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Step 1: simulating a greenhouse 

We have simulated a greenhouse in Slovenia according to these assumptions: 

- Bell pepper hydroponic production; 

- Year-round production; 

- Weather data of 2019 from the airport near Brežice (LJCE).  

 

Figure 15 shows us heat demand throughout the year. Not surprisingly, heat demand is 

highest during winter and lowest during summer. Total heat demand is 1407 MJ/m2. To check 

whether this is a realistic result we can compare this outcome with data from Dutch bell 

pepper producers. Per year they produce about 30 kg/m2 using about 1100-1250 MJ/m2 

(Raaphorst & Benninga, 2019). For this particular simulation we are looking for a correct order 

of magnitude is and since winters in Slovenia are colder it is not unexpected that a greenhouse 

there requires more heating. The level of productivity could possibly be hampered in Slovenia 

since temperatures in summer are (too) high. The assumption here is that an experienced 

greenhouse builder and greenhouse manager can achieve a greenhouse that produces 20-25 

kg/m2 per year in Slovenia. These assumptions are supported by Urbancl et al. (2016) in which 

they simulate greenhouse production in Slovenia and their result is 1460 MJ/m2.  

Figure 15: Greenhouse heat demand throughout the year 
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 Step 2 simulating a RAS 

The assumptions of the RAS aquaculture model:  

We have simulated the heat demand of: 

-  Tilapia production  

- Year-round production; 

- Weather data of 2019 from the airport near Brežice (LJCE).  

 

This results in the heat demand curve as can be seen from Figure 16. A major source of heat 

demand for the RAS is the temperature of the water needed for the facility. We have assumed 

a source water temperature of 10°C that needs to be warmed up to 28°C for tilapia.  

Figure 16: RAS heat demand throughout the year 
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Step 3: scenarios for geothermal aquaponics 

We have assumed that 70% of yearly greenhouse heat demand is covered by the geothermal 

well. (The size of the greenhouse does not influence the heat demand per m2.) Figure 17 shows 

the necessary capacity of the geothermal in order to supply the greenhouse with enough heat. 

Figure 17: Greenhouse heat demand and geothermal heat supply throughout the year 

 

 

As we can see from Figure 17, the maximum capacity of the geothermal well is not always 

used between April and December. Furthermore, we ran simulations for two greenhouse sizes 

(4 ha and 8 ha) and two geothermal well temperatures (50°C and 60°C). In total four scenarios. 

Table 2 shows the most relevant outputs per scenario. 
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Table 2: Results of geothermal aquaponic scenarios 

Output Unit 4 ha using 

50°C 

4 ha using 

60°C 

8 ha using 

50°C 

8 ha using 

60°C 

Geothermal 

well capacity  

m3/hr 101 65 203 130 

Minimum RAS 

area 

m2 4886 3141 9772 6282 

Additional 

heat extracted 

% 22.8 14.6 22.8 14.6 

 

In all four scenarios the required geothermal output is realistic compared to data from the 

Netherlands. In the Netherlands outputs of 50-150 liters per second of water are achieved 

from wells over 2 km deep. The simulated required well outputs range from 18-56 liters per 

second.  

The minimum RAS area indicates the fish farm size, solely making use of the residual heat from 

geothermal greenhouse combination. We see that it ranges from 3141 m2 to 9772 m2. These 

are large surfaces for RAS production. We estimate that somewhere around 300-350 tonnes 

of tilapia could be produced in 3141 m2 of RAS. The additional heat that is extracted from the 

geothermal well by the aquaponics setup compared to the stand-alone greenhouse is 14.6-

22.8%. 

Step 4: increasing RAS size 

Though a minimum RAS size already offers opportunity for production, the model also 

calculates how much heat in total is available throughout the year based on a minimum 

temperature need of 28°C (this is what tilapia’s need). Figure 18 shows the available heat as 

well as how much of that heat is used by the minimum RAS facility (i.e. scenario 4 ha, 

geothermal output is 50°C). 
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Figure 18: Available heat from the geothermal greenhouse to be utilized by other 

production processes 

 

 

Though a 22.8% improvement of heat extraction is quite significant, Figure 18 shows that 

there is still a lot more heat to be utilized; the entire area between the red and blue lines. 

Increasing RAS size is an option, but then in wintertime you see that an additional heat source 

is needed during peak moments. 

An important further opportunity is also the option of other heat utilization activities such as  

drying. It is interesting to see that in November when the new cropping cycle is prepared, 

there is a lot of (high-temperature) heat available. This could be an opportune moment to dry 

products at the end of the horticulture season.  
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Finally, to make a decision on how large one can  build the tilapia RAS facility in combination 

with the bell pepper greenhouse, we turn to Figure 19.  

Figure 19: Heat extraction and heat demand of the RAS facility increasing in size 

 

The left graph in Figure 19 serves to pinpoint at which size we need more heat from an 

alternative source than what can be extracted extra from the well; the dotted vertical line at 

about 36,000 m2. At a RAS this size you extract an additional 2.7 x104 GJ from the geothermal 

well, but you need the same amount of heat from let’s say a boiler to support the RAS when 

just residual geothermal heat is not enough. An important remark: 36,000 m2 of RAS facility is 

extremely large size and would mean a production capacity of 3600 tonnes of tilapia per year.  

The right graph shows that as you increase RAS size, starting from the minimum, how much 

extra heat is extracted as a percentage. As is also seen in table 2, a RAS facility of 4886 m2 

would need no alternative heat (0%, orange line) and would extract 22.8% extra heat 

compared to the stand-alone greenhouse. As RAS increases, it needs an alternative heat 

source (during peak demand moments) but the facility also extracts more heat from the 

geothermal well. 

Example: let’s say that we accept the RAS may use a gas burning boiler for 1% of the total heat 

demand during peak heat demand. We can then look up in the right graph 1) how large that 

facility is and 2) how much we improve heat extraction from the geothermal well. 
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So at 1.08% alternative heat source we find that we can build a 6686 m2 tilapia facility. And 

this will increase the geothermal heat extraction by 31.56% compared to a stand-alone bell 

pepper greenhouse. This example is illustrated by figure 20. 

Figure 20:  Look up table for dimensioning a RAS as heat sink for a geothermal greenhouse  
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7 Barriers to geothermal (aquaponics) food production in Brežice 

Municipality   

Maja Turnšek, University of Maribor, Faculty of Tourism: maja.turnsek@um.si     

Even though Brežice municipality represents the “cradle” of geothermal and hydroponic food 

production in Slovenia, the GEOFOOD demonstration and networking activities of this 

feasibility study (two public symposiums, field trip of the local agriculture producers to the 

Netherlands, numerous individual interviews at the local level) show that currently there is no 

local potential initiative continuing local large scale geothermal food production primarily due 

to: 

• “brain-drain” of the knowledge and experience accumulated in the past, 

• strategy to focus solely on core tourism business by Terme Čatež d.d.,  

• negative perceptions of hydroponic amongst the local farmers: they perceived the 

Dutch hydroponic food production as being “too industrial”,  

• underdeveloped aquaculture, although this is the location of first organically certified 

trout farm in Slovenia,  

• lack of land surface necessary for the economy of scale that allows for geothermal food 

production to be economically feasible.   

After the financial problems of Cvetje Čatež the leading person within Cvetje Čatež Janko 

Bostele then went on to set up a new company in Croatia: Zarja Grupa Ltd. The company set 

up a geothermal commercial tomato production not far from Brežice, in Sveta Nedelja, 

Croatia. Currently the company is renamed into Rajska Ltd. and has expanded the hydroponic 

tomato production from 5ha to 10 ha.  

Located only 25 km from Brežice Rajska Ltd., represents both the leading competitor to 

potential geothermal tomato production, and also the case of “brain drain” with the 

accumulated experiences. From the very local point of view, this is an important loss for 

Brežice Municipality. The regional view, however, means that the long history of geothermal 

food production in Brežice did have important international regional development 

consequences.   

Terme Čatež d.d. at the moment does not intend to continue with the large-scale food 

production business since the investments needed would have to be made completely a new: 

the old greenhouses were demolished in 2019, with an exception of a small demonstrative 

greenhouse. This decision was made due to the food business not being the core company 

business, even before the COVID-19 pandemic. The pandemic unfortunately pushed the 

geothermal tourism businesses in Slovenia towards crisis management with no or little room 

mailto:maja.turnsek@um.si
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for extra investments and a focus on saving the core business and not diverting to new 

business models.   

The demonstration and networking activities in Slovenia within GEOFOOD project included:  

a) international workshop on geothermal food production (26. 11. 2018) (37 participants: 

local horticulture producers, local aquaculture businesses, researchers and municipality 

stakeholders);   

b)  a study visit of more than 20 local producers and municipality stakeholders to the 

Netherlands (29. 9. – 2. 10. 2019) in order to visit the GEOFOOD demonstration at Wageningen 

University & Research, take part at the GEOFOOD workshop and Grand Opening in The 

Netherlands and a study tour to different producers: Oostland company Sweet Paper, 

Ammerlaan Greeninnovator, »Op den Hodenpijl Schipluiden«, »Bouwlust« Maasland, 

»Tomatoworld«, Naaldwijk,  

c) In-depth interviews and meetings with local horticulture & aquaculture producers 

(both current and in the past (approx. 10),  

d) Nation-wide GEOFOOD online public symposium “Spodbujanje izkoriščanja 

geotermalne energije in zelene prihodnosti Slovenije / Promoting the use of geothermal 

energy and the green future of Slovenia”: attended by 72 guests, including representatives of 

municipalities and ministries, development centers and agencies, companies, research and 

educational institutions and agricultural advisory services, energy consultants ENSVET, 

representatives of the Slovenian Tourist Board, and journalists;  

e) Online survey of 414 citizens regarding geothermal energy perception;  

f) Set-up of 5 educational billboards regarding geothermal energy usage, educational 

material accessible on online channels of Brežice Municipality and on the interactive board 

and the Grand Opening of Educational Exhibition (9. 9. 2021) (only 20 participants at the Grand 

Opening due to COVID-19 measures).  

Especially the study visit to the Netherlands revealed an important local sentiment amongst 

local farmers from Brežice Municipality and the Posavje region: primarily they perceived 

hydroponic food production as being “too industrial” and too large-scale, for example the 

sheer size of  Oostland company Sweet Paper and the level of automation. We hypothese here 

that this is primarily a reflection of the small-scale and more or less organic direction of their 

cultivation. Amongst all of the visited locations:  Ammerlaan Greeninnovator, Oostland 

company Sweet Paper, »Op den Hodenpijl Schipluiden«, »Bouwlust« Maasland, 

»Tomatoworld«, Naaldwijk, they showed the most interest and enthusiasm over the small 

tourism farm »Bouwlust« Maasland which talks about organic cultivation, returning to nature 
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(e.g. foraging herbs) and alternative approaches such as by biodynamic farming – approaches 

thus that are a relative reflection of the small homestead approach to farming in Slovenia.  

Furthermore, the aquaculture in Brežice Municipality is highly underdeveloped with 

aquaculture farmers almost nonexistent.  However, this is the location of first organically 

certified trout farm in Slovenia: Ribogojnica Kranjčič is a small-scale aquaculture farm that sells 

its trout in own local restaurants. This kind of small scale, organic farming, is the approach that 

is most highly positively regarded within the local area and Brežice Municipality definitely 

needs to find ways to strategically support (also) this type of farming.  

Finally, if the strategy of the Municipality of Brežice would be to support large scale 

geothermal hydroponic and / or aquaponic production, the most pressing issue is finding the 

appropriate location. Within the feasibility study we cooperated with Roman Matjašič from 

Brežice Municipality who analysed the potential options for finding appropriate location.  

According to his analysis there are currently there large enough potential locations, where the 

soil quality is not optimal and access is appropriate, all of which are owned by small farmers 

and the land would necessarily have to be bought from these farmers. The most 

recommended location according to Roman Matjašič, Brežice Municipality would be the one 

seen from figure bellow.  

Figure 21: Recommended location from Brežice Municipality 

 

However, the optimal appropriate location needs at least 10 ha of land that is low-quality of 

soil-based production (e.g. degraded land) and has access to either already established 

geothermal well or there is a very high level of certainty for the new geothermal well potential.   
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8 Local policy recommendations for Brežice Municipality 

Maja Turnšek, University of Maribor, Faculty of Tourism: maja.turnsek@um.si     

Most important result of this feasibility study is the conclusion that the large scale, economy 

of scale decoupled aquaponics (thus separate hydroponics and aquaculture) is under current 

market conditions the most economically feasible approach for the large investments needed 

for geothermal energy food production.  

This, however, is met with negative reactions from the local farmers and local stakeholders in 

Brežice Municipality.  

Even though the municipality can boast of being the “cradle” of geothermal and hydroponic 

production in Slovenia, this is generally not known amongst the locals. The GEOFOOD project 

was the first local initiative to remind of this important yet completely neglected heritage.  

For the Brežice Municipality the recommendations from the GEOFOOD feasibility study would 

thus be:  

1. Finding ways and programmes to support innovative start-up initiatives where the 

threat is not only lack of resources for investments, but primarily lack of experience – 

thus finding ways to reach those involved in the developed knowledge within the 

history of Brežice Municipality as the “cradle” of geothermal hydroponic production in 

Slovenia: at the moment that knowledge is either dissolving (e.g. people that used to 

be employed there had to find other job opportunities), or has seen a sort of “brain 

drain” to the neighbouring Croatia.  

2. Strategically deciding on whether large-scale geothermal food production direction is 

attractive for the municipality (e.g. aquaculture, vegetables, flowers…) based on 

interest in local community and then match its energy needs with available resources. 

This necessary includes finding the appropriate location of min. 10 ha of land that is 

low-quality of soil-based production (e.g. degraded land) and there check the 

geothermal potential at the site (which can be shallow geothermal or thermal water) 

and possible existing geothermal wells in the vicinity. 

3. Tapping into the current wave of European Green Deal support for organic farming 

and finding ways for small-scale innovative farming methods to build the cascade 

usage of geothermal heat. Two spas in the municipality, very large Terme Čatež and 

much smaller Teme Paradiso do not plan reinjection wells at current stage but are 

obliged to keep thermally exploited water under certain temperature before being 

emitted in the environment. This waste water can be used for agricultural heat 

production as an additional “user” in their system, however, existing energy potential 

mailto:maja.turnsek@um.si
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and technical possibilities for connection to their pipelines should be checked with spa 

in details prior to designing such projects. The same solution would stay valid in case 

they start with reinjection in future.  This additionally means further exploration into 

the options for organically certified methods of food production and processing and 

short distribution chains. For this further active communication of the Muncipality of 

Brežice with both the two tourism companies, the local farmers’ base and agricultural 

advisory services is essential. Additionally, it is essential to learn from both mistakes 

and good practices of other similar projects: especially Grede Tešanovci that is the only 

Slovenian producer with the true cascade use of excess geothermal heat from tourism 

– most important challenge is how to secure economic feasibility of such small-scale 

production and deciding on the role of community involvement is within such 

sustainable projects. 

4. In order to develop geothermal potential in Brežice Municipality, it has to be fitted to 

actual needs of users. Therefore, the first assignment of the municipality is to make a 

detailed analysis of existing energy systems for households and industry and their 

needs (and plans for further development). Second, these results should be joined with 

spatial analysis of areas where existing energy resources have to be replaced by others 

(e.g. due to air pollution…) or new development is planned (new buildings) and a study 

of available energy potentials, one of them is also shallow and deep geothermal 

potential. Matching this information allows for best fitting of user’s needs and 

available potentials based on real-case scenarios that much improve the possibility for 

success of the project in long-term. One such potential direction is community 

geothermal heating and excess heat usage – as is the example of the GEOFOOD project 

partner Ammerlaan The Green Innovator. 

  



 

42 | D e l i v e r a b l e  6 . 2  
 

9 References 

Bavec, M. et al. (2017). Ekološka živila v gastronomiji: stanje, potencial in koncept (model) za 
dobavo lokalnih ekoloških pridelkov oz. živil : zaključno poročilo za Ministrstvo za 
gospodarstvo, razvoj in tehnologijo za ciljni raziskovalni projekt V4-1514. [Organic food in 
gastronomy - situation, potential and concept (model) of short supply chains for delivery 
of local organic food final project report]. Hoče: UM, Fakulteta za kmetijstvo in 
biosistemske vede.  

Boedijn A., Baeza Romero, E. & Poot, E. (2020a). GEOFOOD - Energy model of geothermal 
greenhouse aquaponic systems, Part I: Model description and applications. Report WPR-
968. Wageningen: Stichting Wageningen Research.  

Boedijn A., Baeza Romero, E. & Poot, E. (2020b). GEOFOOD - Energy model of geothermal 
greenhouse aquaponic systems, Part II: Simulations for geothermal greenhouse 
production in the Netherlands. Report WPR-969. Wageningen: Stichting Wageningen 
Research.  

Boedijn, A., Tsafaras, I., van den Ven, R., Espinal, C. A., Thorarinsdottir, R., Turnšek, M., & 
Baeza, E. (2020c). Modelling and dimensioning of circular food production systems fed by 
geothermal energy: Aquaponics. Acta Horticulturae, 1268, 59-64. 

Boedijn, A., Baeza, E., Espinal, C., van de Ven, R., Thorarinsdottir, R., & Turnsek, M. (2020d). 
Adaptive Aquaponics Design for Different Climate Regions with Geothermal Energy 
Potential. Paper presented at the Proceedings World Geothermal Congress. 

Car, M., Gosar, A., Rajver, D. & Stopar, R. (2016). V spomin prof. dr. Danilu Ravniku. [In 
memory of prof. dr. Danilo Ravnik]. Geologija, 59(2), pp. 303–306. 

Casasso, A., Pestotnik, S., Rajver, D., Jež, J., Prestor, J. & Sethi, R. (2017). Assessment and 
mapping of the closed-loop shallow geothermal potential in Cerkno (Slovenia). Energy 
Procedia, 125, pp. 335–344. 

García-Gil, A., Goetzl, G., Kłonowski, M. R., Borovic, S., Boon, D. P., Abesser, C., Janza, M., 
Herms, I., Petitclerc, E., Erlström, M., Holecek, J., Hunter, T., Vandeweijer, V. P., Cernak, 
R., Mejías Moreno, M. & Epting, J. (2020). Governance of shallow geothermal energy 
resources. Energy Policy, 138, pp. 1–11. 

GeoERA (2020). Mapping and Assessment of Geothermal Plays in Deep Carbonate Rocks – 
Cross-domain Implications and Impacts (Hotlime). Retrieved from: 
https://geoera.eu/projects/hotlime6/, 23. 9. 2020. 

Geološki zavod Slovenije (2019a). Geotermija. [Geothermics]. Retrieved from: 
http://www.geo-zs.si/index.php/dejavnosti/geotermija, 24. 4. 2020. 

Geološki zavod Slovenije (2019b). HotLime. Retrieved from: https://www.geo-
zs.si/?option=com_content&view=article&id=649, 23. 9. 2020. 

Grede Tešanovci Ltd. (2021). Grede Tešanovci website 2021 Retrieved from: https://grede-
paradiznik.business.site/?fbclid=IwAR14bgTXBYWz7D4_G4FgQdtAlRwAm7gu1FQC5-
nmj8g3br73kLC8IS4yS1Y, 10. 11. 2021  

Gott, J., Morgenstern, R., & Turnšek, M. (2019). Aquaponics for the Anthropocene: Towards 
a ‘Sustainability First’Agenda. In Aquaponics food production systems (pp. 393-432): 
Springer, Cham. 

Horvat, U. (2014). Razvoj turizma v zdraviliških turističnih krajih v Sloveniji. [Development of 
tourism in health resorts in Slovenia]. In Cigale, D., Lampič, B., Potočnik Slavič, I. & Repe, 
B. (Eds.): Geografsko raziskovanje turizma in rekreacije v Sloveniji [Geographical 



 

43 | D e l i v e r a b l e  6 . 2  
 

exploration of tourism and recreation in Slovenia], pp. 47–66. Ljubljana: Znanstvena 
založba Filozofske fakultete. 

HortiDaily (2021). Is this the largest fish-tomato aquaponics project on earth? Retrieved from: 
https://www.hortidaily.com/article/6030767/is-this-the-largest-fish-tomato-aquaponics-
project-on-earth/, 5.5.2020  

Innovative uses of low-temperature geothermal resources in South East Europe (GeoSEE). 
(2014a). State of the art in the partners' countries and SEE. Retrieved from: 
http://southeast-europe.net/en/projects/approved_projects/?id=265, 14. 4. 2020. 

Innovative uses of low-temperature geothermal resources in South East Europe (GeoSEE). 
(2014b). Slovenia - State of the art of country and local situation. Retrieved from: 
http://southeast-europe.net/en/projects/approved_projects/?id=265, 14. 4. 2020. 

Innovative uses of low-temperature geothermal resources in South East Europe (GeoSEE). 
(2014c). Thermodynamic analysis of low-temperature geothermal energy sources. A 
geothermal-solar-biomass integration of the Topolšica geothermal spring. Activity 4.2 in 
WP 4. Retrieved from: http://southeast-
europe.net/en/projects/approved_projects/?id=265, 14. 4. 2020. 

Innovative uses of low-temperature geothermal resources in South East Europe (GeoSEE). 
(2014d). Economic modeling of low-temperature geothermal energy. Topolšica, Šaleška 
valley. Activity 4.3 in WP 4. Retrieved from: http://southeast-
europe.net/en/projects/approved_projects/?id=265, 14. 4. 2020. 

Ivanković, J. & Nosan, A. (1973). Hidrogeologija Čateških toplic. [Hidrogeology of Čatež spa]. 
Geologija, 12, pp. 353–361.  

Kralj, P. & Rajver, D. (2000). State-of-the-art of geothermal energy use in Slovenia (country 
update). Proceedings World Geothermal Congress 2000, Kyushu - Tohoku, Japan, May 28 
- June 10, 2000, pp. 267–275. 

Lapajne, J. (1975).Geofizikalne raziskave na območju Čateških Toplic. [Geophysical research 
in the area of Čateške Toplice]. Geologija, 18, pp. 315 324.  

Lapanje, A. (2006). Izvor in kemijska sestava termalnih in termomineralnih vod v Sloveniji. 
[Origin and chemical composition of thermal and thermomineral waters in Slovenia]. 
Geologija, 49(2), pp. 347–370, DOI:10.5474/geologija.2006.025. 

Linden, A.; Fenn, J. (2003). Understanding Gartner’s Hype Cycles, Strategic Analysis Report N◦ 
R-20-1971; Gartner, Inc: Stamford, CA, USA.  

Lund, J. W. & Boyd, T. L. (2016). Direct utilization of geothermal energy 2015 worldwide 
review. Geothermics, 60, pp. 66–93. DOI: 10.1016/j.geothermics.2015.11.004. 

Lund, J. W. & Freeston, D. H. (2001). World-wide direct uses of geothermal energy 2000. 
Geothermics, 30(1), pp. 29–68. DOI: 10.1016/S0375-6505(00)00044-4. 

Lund, J. W., Freeston, D. H. & Boyd, T. L. (2005). Direct application of geothermal energy: 2005 
Worldwide review. Geothermics, 34(6), pp. 691–727. DOI: 
10.1016/j.geothermics.2005.09.003. 

Lund, J. W., Freeston, D. H. & Boyd, T. L. (2011). Direct utilization of geothermal energy 2010 
worldwide review. Geothermics, 40(3), pp. 159–180. DOI: 
10.1016/j.geothermics.2011.07.004. 

Lund, J. W. & Toth, A. N. (2020). Direct Utilization of Geothermal Energy 2020 Worldwide 
Review. Proceedings World Geothermal Congress 2020, Reykjavik, Iceland, April 26 – May 
2, 2020. Retrieved from: https://www.geothermal-
energy.org/pdf/IGAstandard/WGC/2020/01018.pdf, 4. 5. 2020. 



 

44 | D e l i v e r a b l e  6 . 2  
 

Miličić, V., Thorarinsdottir, R., Santos, M. D., & Turnšek M. (2017). Commercial aquaponics 
approaching the European market: to consumers’ perceptions of aquaponics products in 
Europe. Water, 9(2), 80. 

Ministrstvo za okolje in prostor, Agencija RS za okolje. (2021). Količinsko stanje podzemnih 
voda v Sloveniji; Poročilo o monitoringu 2019. [Quantitative status of groundwater in 
Slovenia; Monitoring report 2019]. Retrieved from: 
http://meteo.arso.gov.si/uploads/probase/www/hidro/watercycle/text/sl/publications/
periodic_publications/gw_monitoring_reports/Kolicinsko_stanje_podzemnih_voda_v_Sl
oveniji_Porocilo_o_monitoringu_2019.pdf, 24. 9. 2021. 

Ministrstvo za okolje in prostor, Agencija RS za okolje, Direkcija RS za vode, Inštitut za vode 
RS in Geološki zavod RS (2020). Pomembne zadeve upravljanja voda na vodnih območjih 
Donave in Jadranskega morja [Important matters regarding water management in the 
water areas of the Danube river and the Adriatic Sea]. Retrieved from: 
https://www.gov.si/assets/ministrstva/MOP/Dokumenti/Voda/NUV/NUV-
III/PZUV_2020.pdf, 24. 4. 2020. 

Ministrstvo za okolje in prostor, Direkcija Republike Slovenije za vode (MOP). (2013). Vodno 
telo podzemne vode Krško-Brežiška termalna voda (VTPodV 1022). [Groundwater body of 
the Krsko-Brežice thermal water (VTPodV 1022)]. Retrieved from: 
http://www.statika.evode.gov.si/fileadmin/direktive/WFD_P/2013/2013_GeoZS_02_P_
02.pdf, 24. 4. 2020. 

Nádor, A., Lapanje, A., Tóth, G., Rman, N., Szőcz, T., Prestor, J., Uhrin, A., Rajver, D., Fodor, L., 
Muráti, J. & Székely, E. (2012). Transboundary geothermal resources of the Mura-Zala 
basin: a need for joint thermal aquifer management of Slovenia and Hungary. Geologija, 
55(2), pp. 209–224, DOI:10.5474/geologija.2012.013. 

Nosan, A. (1959). Hidrogeologija Čateških toplic. [Hydrogeology of the Čatež Thermal Springs]. 
Geologija, 5, pp. 63–79. 

Nosan, A. (1973). Termalni in mineralni vrelci v Sloveniji. [Thermal and mineral springs in 
Slovenia]. Geologija, 16(1), pp. 6–81. 

Občina Brežice (2012). Lokalni energetski concept: Povzetek: Občina Brežice. [Local Energy 
Concept Study: Summary:  Municipality of Brežice]. Retrieved from: 
https://www.brezice.si/mma/14-seja-lekpdf/2012031612022229/?m=1331895774, 24. 
4. 2020.  

Občina Krško (2018). Novelacija lokalnega energetskega koncepta občine Krško / II. 
[Modification of the local energy concept of the Municipality of Krško / II]. Retrieved from: 
https://www.krsko.si/files/other/news/71/128626LEK%20Kr%C5%A1ko%20-
%20novelacija%202.pdf, 24. 4. 2020. 

Omegabaars (2021). What is the Omegabaars? Retrieved from 
https://www.omegabaars.be/en, 10. 10. 2021.  

Pojbič, J. (2014). Občina prek izvršbe do plačila za rastlinjake. Delo, 10. 12. 2014. Retrieved 
from: https://old.delo.si/novice/slovenija/obcina-prek-izvrsbe-do-placila-za-
rastlinjake.html, 8. 9. 2020.  

Raaphorst, M. G. M., & Benninga, J. (2019). Kwantitatieve Informatie voor de Glastuinbouw 
2019: Kengetallen voor Groenten-, Snijbloemen-, Pot- en perkplanten teelten. 

Rajver, D. (2000). Geophysical exploration of the low enthalpy Krško geothermal field, 
Slovenia. Proceedings World Geothermal Congress 2000, Kyushu - Tohoku, Japan, May 28 
- June 10, 2000, pp. 1605–1610. 



 

45 | D e l i v e r a b l e  6 . 2  
 

Rajver, D. (2005). 3. Svetovni geotermalni kongres v Antalyi (Turčija), 24. – 29. april 2005. [3rd 
World Geothermal Congress in Antalya (Turkey), April 24-29, 2005]. Geologija, 48(1), pp. 
161–184. 

Rajver, D. (2010). Poročila: 4. Svetovni geotermalni kongres na Baliju (Indonezija), 25.–30. 
april 2010. [Reports: 4th World Geothermal Congress in Bali (Indonesia), April 25-30, 
2010]. Geologija, 53(2), pp. 206–212. 

Rajver, D. (2015). 5. Svetovni geotermalni kongres v Melbournu (Avstralija), 19. – 24. 4. 2015. 
[5th World Geothermal Congress in Melbourn (Australia), April 19-24, 2015]. Geologija, 
58(2), pp. 263–264. 

Rajver, D., Lapanje, A., Rman, N. & Prestor, J. (2016). Geothermal Energy Use, Country Update 
for Slovenia. European Geothermal Congress 2016, Strasbourg, France, 19-24 Sept 2016, 
pp. 1–18. 

Rajver, D. & Ravnik, D. (2002). Geotermična slika Slovenije-razširjena baza podatkov in 
izboljšane geotermične karte [Geothermal pattern of Slovenia-enlarged data base and 
improved geothermal maps]. Geologija, 45(2), pp. 519–524, 
DOI:10.5474/geologija.2002.058. 

Rajver, D. & Ravnik, D. (2003a). Geothermal characteristics of the Krško basin, Slovenia, based 
on geophysical research. Physics and Chemistry of the Earth, 28(9), pp. 443–455. DOI: 
10.1016/S1474-7065(03)00064-0. 

Rajver, D. & Ravnik, D. (2003b). Novi atlas geotermalnih virov v Evropi [New Atlas of 
Geothermal Resources in Europe]. Geologija, 46(2), pp. 445–450. 

Rajver, D., Rman, N., Lapanje, L. & Prestor, J. (2020). Geothermal Country Update Report for 
Slovenia, 2015-2019. Proceedings World Geothermal Congress 2020, Reykjavik, Iceland, 
April 26 – May 2, 2020. Retrieved from: https://www.geothermal-
energy.org/pdf/IGAstandard/WGC/2020/01075.pdf, 4. 5. 2020. 

Rajver, D., Lapanje, A., Rman, N., & Prestor, J. (2019). Geothermal Energy Use, Country 
Update for Slovenia. European Geothermal Congress 2019, The Hague, in The 
Netherlands, June 11-16, 2019. Retrieved from: 
https://europeangeothermalcongress.eu/proceedings-egc-2019/, 10. 10. 2020.  

Ravnik, D. (1991). Geotermične raziskave v Sloveniji. [Geothermal exploration in Slovenia]. 
Geologija, 34, pp. 265–303.  

Ravnik, D., Rajver, D., Poljak, M. & Živčić, M. (1995). Overview of the geothermal field of 
Slovenia in the area between the Alps, the Dinarides and the Pannonian basin. 
Tectonophysics, 250(1), pp. 135–149. 

Rman, N. & Lapanje, A. (2013). Geotermalna energija zahodnega obrobja Panonskega bazena. 
Čezmejni viri geotermalne energije Slovenije, Avstrije, Madžarske in Slovaške. [Geothermal 
energy of the western periphery of the Pannonian Basin. Cross-border sources of 
geothermal energy in Slovenia, Austria, Hungary and Slovakia.] Ljubljana: Geološki zavod 
Slovenije. 

Rman, N., Lapanje, A. & Rajver, D. (2012). Analiza uporabe termalne vode v severovzhodni 
Sloveniji [Analysis of thermal water utilization in the northeastern Slovenia]. Geologija, 
55(2), pp. 225–242, DOI:10.5474/geologija.2012.014. 

Rman, N., Lapanje, A., Rajver, D., Vengust, A., Meglič, P. & Prestor, J. (2019). Geotermalna 
energija v vzhodni Sloveniji. [Geothermal energy in eastern Slovenia]. Ljubljana: Geološki 
zavod Slovenije. 

Simčič, J. (1988). Agraria kot primer in poduk. Dolenjski list, 39(9), str. 1–2. 



 

46 | D e l i v e r a b l e  6 . 2  
 

Siol.net (2021). Veliki intervju: skrivnosti prekmurskega rajskega sadeža. Siol.net. Retrieved 
from: https://siol.net/trendi/kulinarika/veliki-intervju-skrbno-varovana-skrivnost-
prekmurja-553489, 7. 6. 2021. 

Slovenska turistična organizacija (2019). Turizem v številkah 2018. [Tourism in numbers 2018]. 
Retrieved from: https://www.slovenia.info/sl/poslovne-strani/raziskave-in-
analize/turizem-v-stevilkah, 24. 4. 2020. 

Steinert, M.; Leifer, L. (2010). Scrutinizing Gartner’s Hype Cycle Approach. Paper Presented at 
the Technology Management for Global Economic Growth (PICMET). Retrieved from: 
https://ieeexplore.ieee.org/document/5603442, 5. 5. 2020  

Terme Čatež d.d. (2016). 220 let čateških vrelcev. [220 years of Čatež springs]. Retrieved from: 
https://www.terme-catez.si/si/catez/termalna-riviera/2549, 5. 5. 2020. 

Tomato Masters. (2021). Tomato Masters CSR. Retrieved from: 
https://tomatomasters.be/mvo.html, 10. 10. 2021.  

Turnšek, M., Joly, A., Thorarinsdottir, R., & Junge, R. (2020). Challenges of Commercial 
Aquaponics in Europe: Beyond the Hype. Water, 12(1), 306. 

Turnšek, M., Morgenstern, R., Schröter, I., Mergenthaler, M., Hüttel, S., & Leyer, M. (2019). 
Commercial Aquaponics: A Long Road Ahead. In Aquaponics food production systems (pp. 
453-485): Springer. 

Turnšek, M., & Rančić, M. (2018). Gastro distribution - The neglected link between locally 
produced food and tourism. In M. Gorenak & A. Trdina (Eds.), Responsible Hospitality: 
Inclusive, Active, Green (pp. 209-224). Maribor: University of Maribor, University Press. 

Urbancl, D., Trop, P., & Goričanec, D. (2016). Geothermal heat potential - The source for 
heating greenhouses in Southestern Europe. Thermal Science, 20(4), 1061–1071. 
Retrieved from: https://doi.org/10.2298/TSCI151129155U, 13. 12. 2021 

Verbovšek, R. (1988/1989). Geotermični model Krško-Brežiškega polja. [Geothermal model 
for the Krško-Brežice Field]. Geologija, 31/32, pp. 581–592. 

Vlaemynck, J. (2015). Combination Aquaponics-Tomatoes. Presentation at the EIP-AGRI 
Workshop ‘Opportunities for Agriculture and Forestry in the Circular Economy', 28-29 
October 2015, Naantali, Finland. Retrieved from: 
https://ec.europa.eu/eip/agriculture/sites/default/files/field_event_attachments/ws-
circulareconomy-20151028-pres04-johan_vlaemynck.pdf, 11. 10. 2021.  

 

 

 

 


