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Abstract. Geothermal energy holds great potential for a sustainable future, as it isa clean and weather-independent
form of energy. In addition to energy production, it can also serve the population of a region through direct use. In
this paper, three municipal geothermal systems (Szarvas, Nagyszénds, Békéscsaba) in the same Hungarian region
which have been recently installed or expanded are presented and analysed. Here, the direct usage of geothermal
energy for heating purposes is a very important issue. The three systems show several differences and to some extent
face different challenges in the various phases of the projects. Particular attention has been paid to engineering
solutions to the problems that arise. The challenges, such as technical difficulties during installation, maintenance
difficulties, or problems arising during operation are introduced. The strengths, weaknesses, opportunities, and
threats of similar geothermal systems were summarized, based on the relevant literature. These points were evaluated
by their appearance and characteristics in the examined systems. This study aims to provide insights, based on
recently gained experiences, into geothermal projects, thus providing feedback and practical information for

researchers and practitioners.
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1. Introduction

There is ahuge amount of geothermal energy potentially available on Earth that could make a significant
contribution to mitigating climate change [1]. Geothermal energy is one form of renewable energy with
many advantages, such as reliability, huge untapped potential, availability, and a wide range of possible
applications [2]. It is independent of the climate, but is strongly dependent on the underlying local,
global, and hydrological frameworks [3]. It originates from Earth’s heat, which has a temperature of
5,500 °Cinits centre, similarly to the Sun’s surface temperature level [4].

Geothermal energy is mostly utilized for direct heating/cooling purposes or, occasionally, for electricity
generation. According to the International Energy Agency, renewables will overtake coal in early 2025
to become the largest energy source for electricity generation globally [5]. Within electricity production,
the share of geothermal energy is still lower than 1% [6]. The developments in the direct use of
geothermal heat represent a 6% projected increase in the heat consumption of buildings worldwide [5].
Globally, the efficiency average of electricity generation for geothermal plants is 12% [7], whichislower
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than that for hydro power plants (up to 90% [8]) and for wind (approximately 40% [9]), but similar to
the values for solar power systems (7-25% [10]). Although geothermal power systems are considered
to be environmentally friendly and sustainable, various possible environmental impacts are listed in the
literature, such as land utilization, geological risks, workers' health and biodiversity impacts, polluted

wastewater, solid waste, air pollutant emissions, thermal pollution, noise, and waste heat [11].

Due to technological development in the geothermal sector, reaching deeper subsurface layers and
extracting heat with higher temperatures has become possible [12]. The temperature, which typically
varies from 20 °C to 180 °C, strongly affects the possible utilization. Lower-temperature working fluid
is applied as hot water for low-grade temperature applications such as heat-pump-powered systems,
while high temperatures are utilized as saturated steam in binary plants and drying processors [13].
Multi-faceted systems aim to simultaneously utilize deep, medium-deep, and shallow geothermal
resources for district heating and cooling, making it a promising future development area [14]. The
geothermal form of natural energy has several other possible applications, such as providing warm or
cold water foragriculture [15], and balneological usage [12], [16], [17].

There is a lot of potential in geothermal energy, but it also faces technical and economic challenges,
which must be handled to increase future utilization. As geothermal systems are mostly exposed to very
aggressive media (high temperature, salt-rich fluid, etc.) extensive corrosion of the metallic parts and
scaling are typical issues that need to be dealt with [18], [19]. In many cases, increased pressure levels
and more expensive maintenance are required [20]. Paints and coatings are also preferred solutions
[21], [22], alongside inhibitors [23]-[25], to mitigate such difficulties.

This article focuses on the challenges faced, based on recently gained experiences of installed
geothermal systems. All systems are in the southeastern part of Hungary, which has a very good
geothermal potential [26]-[29] with high geothermal gradients (approximately 50 °C/km) [30].
Altogether, three municipal geothermal systems are involved in the investigation, each with different
characteristics, but to some extent facing similar difficulties. Utilizing this manageable source of energy,
the implemented geothermal systems, are analysed in this work, with special emphasis on the
engineering challenges. The primary goal of this case study is to share important information and

engineering insights gained from the geothermal projects with the members of the scientific community.

2. Materials and Methods

2.1. Study Area

Recently, three municipalities in Békés County (Hungary) have made significant progress in using
renewable energy sources to replace natural gas-based heating systems. Thus, municipal facilities and
companies have been given the opportunity to switch to alternative geothermal heating systems.
Compared to other parts of the country, Békés county has particularly good geothermal potential, based
on the temperature of the extractable thermal water [26]. All the investigated cases are open-loop
systems, as thermal groundwater is pumped to heat exchangers and then the used water is discharged

into injection wells or surface water bodies.

e Szarvas (approximately 14,000 inhabitants):
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Two production wells were established by the municipality of Szarvas in 1986. The geothermal heating
system of the town was built on these thermal wells in several steps. The used and cooled thermal water
is discharged into a surface watercourse; no injection wells were installed. For further cooling of the
thermal water used, an open-surface reservoir is used before discharging to the watercourse.
Environmental requirements are met by ensuring a favourable dilution rate.

e Nagyszénds (approx. 5,000 inhabitants):
In 2017, the municipality of Nagyszénas completed the rehabilitation of an existing production well and
the installation of one injection well to recirculate the used water. The secondary use of the cooled water

(waste heat) returned after the heating system is to ensure the operation of the public bath in the centre
of the municipality with a highly economical technical solution.

e Békéscsaba (approx. 55,000 inhabitants):

In Békéscsaba, a completely new greenfield investment project started in 2021 to build a geothermal
heating system. The project included the construction of one geothermal production well and two
geothermal injection wellsin the city centre, capable of handling the entire volume of extracted thermal
water. Furthermore, an insulated geothermal heat pipeline was laid in the ground connecting the
wells.SWOT analysis of geothermal systems

SWOT analysis is a widely used technique to evaluate geothermal systems [31]-[34]. It highlights their
strengths, weaknesses, opportunities, and threats. The typical aspects of the SWOT analysis result for
geothermal systems are summarized in Figure 1. The elements of the general SWOT analysis that
appeared in the examined cases and newly identified components are presented in the results section.

Non-intermittent resource, no weather dependency

Lower maintenance cost compared to conventional systems

S Longsenvice life

Small land usage

Minor environmental issues

Highinitial investment cost

Requires professional knowledge for installation, maintenance, and production
W Lower level of technological maturity

Inadequate economic assessments

TVNHLNI

Diversification of the energy mix

Direct uses are possible

(0] Funding supports

BExploitation of geothermal potential in volcanic areas

Imprudence in energy policy
Commercial competition with other renewable resources
T Incorrect dimensioning of the systems

WNHDE

Figure 1. SWOT analysis of geothermal systems [15], [31]-[34]
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3. Results

3.1. The geothermal system of Szarvas

In the settlement of Szarvas, whichalso has very attractive geothermal potential within the region, two
thermal wellswere established in 1986 with state support, originally for extraction and injection. When
the geothermal energy supply wasstarted in 1987, only a few heat consumers located close to the wells
were served. This resulted in the utilization of just a small fraction (approx. 20%) of the available
capacity. It further deteriorated when thelargest consumer campsite disconnected from the system. The
injection was not built because of technical difficulties, and the system operated for years under these
circumstances. Then the local authority decided to install and operate a geothermal heating system in
the town. After obtaining the necessary water rights and environmental permits, the system was
designed and built. The project was financed by a World Bank loan and the operation was started in
1994. Since 2004 the system has been operated by the municipality's own company. Further
modernization and expansion were carried out in 2014-15, based on an EU Operational Programme,

connecting new consumers to the geothermal system.

In 2017, the owner municipality won another tender for non-refundable, 100% subsidies under the
Széchenyi 2020 program. Within the framework of the project, two buildings of the Mayor's Office, the
building of the general practitioner's office, the Public Employment Centre and the Public Safety Centre
were connected to the existing thermal system. Furthermore, in the second phase of the geothermal
system development, the commissioning of the second production well was completed. For the
buildings connected to the system, the construction of underground disconnection manholes and lines
established in public areas, and the placement of the shut-off fittings necessary for sectioning, were
realized. The pipes are made of special corrosion-resistant materials and are insulated. Wall
penetrations and mechanical control and sectioning facilities were also provided in the existing heat
centre. As part of the investment, after the construction of the system connection-pipeline system, the
mechanical design of the institutional substations was also carried out so that they could receive the
thermal water. The primary goal of the project was to ensure that the thermal energy from the
renewable energy source is used to heat the buildings managed by the municipality connected to the
system, reducing, or completely replacing gas consumption in favourable weather conditions.
Institutions equipped with additional solar capacity canalso provide hot water for domestic use outside
the heating season withoutthe use of piped natural gas.

In 2023, another expansion of the geothermal system was carried out by the town. The Hungarian
Evangelical Church launched a tender among its institutions to counter the drastic increase in energy
prices and its consequences. The Old Church Charity Service in Szarvas was one of the winners;
therefore several modernization workswere carried out, including a connection to the local geothermal
system. The location of the energy investment series for geothermal energy was the central building,
which is partly protected as a historical monument. The investment demonstrates that economic
operators can also benefit from the advantages of the urban system where appropriate. The social
institution's outdated, high-capacity gas boilers were fully replaced by thermal heating, and the system
was successfully commissioned for the start of the 2023 autumn heating season. The parallel installation
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of a 50kW solar photovoltaic system was also completed to provide hot water for domestic use outside
the heating season when the geothermal energy supply is suspended. The project was finished in
November 2023, without affecting the institution’s operations more than necessary.

A major advantage of the system in Szarvas is that the temperature of the water flowing through the
entire city system is high, with temperatures of 78-85 °C measured at the institutional sub-centres. If
the heat dissipation inside the buildings is also done with modern controls and devices, the system can
work with very good efficiency.

3.2. The geothermal system of Nagyszénas

The thermal water of Nagyszénas is 95 °C at the surface outlet, which was used by the local spa until it
was closed in 1999. Afterits closure, the thermal water flowed without utilization for 15 years. In 2014,
a project to exploit thermal water was started, resulting in the installation of a system that uses the
extracted thermal energy to serve the heating needs of municipal buildings through heat exchangers
[35].

One recent development belongs to the previously mentioned Old Church Charity Service in Szarvas, as
it has a local institution in Nagyszénas. The institution had already signed a letter of intent for the
connection to the local geothermal system in 2015. In 2022, due to the Russian-Ukraine war electricity
prices went up very rapidly. A project aiming to reduce energy costs was completed in 2022, involving
the installation of geothermal heating connections and mechanical parts. By January 2023, the
replacement of gas heating with geothermal heating was completed. The system supplies water at a
temperature of 75-80 °C to the 350kW liquid-liquid heat exchanger installed in the heat centre of the
institution. The previously operated 300kW gas boiler capacity was replaced. Further heating system
upgrades followed to optimize heat dissipation.

There is still alot of potential in the geothermal system of Nagyszénas [35]:

o Further thermal water utilization by adding new circuitsin the centre of the municipality
to connect more institutions and multi-apartment residential buildings to the system.

o Another new thermal circuit to connect horticultural and other companies (potential
5,000 m? greenhouse area).

o Improvement of the public bath, based on the therapeutic thermal water. Construction
of an indoor 25-meter swimming pool.

o Construction of amedical centre based on thermal water, and development of a campsite
in the public bath area.

o Except for the heating season, the gas content of the extracted thermal water could be
used to generate electricity using gas engines. There are currently two 80kW gas boilers
in operation to burn the captured gas, whichis trapped by the gas extraction system and
stored in a 20 m3 storage tank. During the heating season, 100% of the gas can be used
for heating.

3.3. The geothermal system of Békéscsaba

In 2021, the municipality of Békéscsaba started a project to build a geothermal district heating system
supported within the framework of the Modern Cities Program. The aim was to replace the natural gas
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heating systems of public institutions and sports facilities (municipal sports hall, volleyball hall,
gymnastics club, and local football stadium) with a modern 5.3 MW geothermal district heating system.

The utilization of the thermal water located under the city of Békéscsaba had been planned for a long
time, but it was only in 2021 that the appropriate financial resources became available thanks to the
Modern Cities Program. The geothermal system helps to heat a total of 16 properties, so very significant
savings can be achieved in the operation of these public buildings.

The system consists of one production well and two injection wells, which are connected by the
geothermal pipeline system. According to the plans, the wells were established with a base depth of
2,500 meters. The two injection wells are capable of dealing with the total volume of extracted thermal
water. The heat is extracted from the thermal water in the thermal centre next to the sports hall, where
the cooled water is returned to the aquifers via two injection wells. The extracted heat from the heat
centre is piped through separate district heating pipes to several municipal institutions. It is interesting
to note that the connection for the heating of the grass surface of the centre field of the football stadium
was also built. The first stage of the construction was started in May 2021, with the handover of the site,
and it was completed in autumn 2023. The project aimed to promote sustainability and energy
efficiency in the city of Békéscsaba through the implementation of a geothermal heat recovery system.
By using geothermal energy, the city's heat-intensive and energy-demanding facilities can be heated
with environmentally friendly, green energy, avoiding the burning of significant amounts of
hydrocarbon fuelsand greenhouse gas emissions, thus protectingboth the local and global environment.

Geothermal system | Depth of the wells [m] | Well-head temperature [C]
Szarvas 2,200 97
Nagyszénas 3,027* 95
Békéscsaba 2,500 92

Table 1. Well-head temperature and depth of the wells
*The depth of the hydrocarbon exploration well was 3,027 meters; it isoperating with a subsequent collapse -type
filter system between 1,800 and 2,200 meters

3.4. Operational challenges and solutions

3.4.1.Szarvas

The injection well designed for the system failed because it could not pump the extracted water back
into the aquifer; therefore it was converted into a production well. The heating system is circulated with
thermal water; thus, the feed water is high temperature, which is good for heating efficiency, but
chemical agents are necessary due to scaling. Scaling can cause operation problems such as huge loss in
power consumption, high consumption of chemical additives, and damage to the heat exchange pipes
[36]. The cooled thermal water is discharged into a surface watercourse, which provides adequate
dilution but is also an environmental burden.

3.4.2. Nagyszénds

It is not possible to inject 100% of the extracted thermal water back with the one injection well due to
seasonal differences. The hourly peak demand during the heating season can be seen in Table 2. During
the heating season, the average daily thermal water demand is 512 m3/day, while outside the season it
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isjust 10 m3/day. As the injection well’s daily capacity is 288 m3/day, the remaining 224 m3/day volume
(annually around 40,768 m3/year, calculating for 182 heating days) cannot be injected during the
heating season. Such considerations have led to two injection wells being planned for the geothermal

system of Békéscsaba.

Institution Heating Domestichot | Ventilation Total
[m3/h] water [m3/h] [m3/h]
[m3/h]

Mayor’s Office 1.2 - - 1.2
Primary School (1st-4th classes) 3.0 - - 3.0
Primary School (5th-8th classes) 5.7 - - 5.7
House of Culture and Library 2.5 - 2.1 4.6
Kindergarten 1.1 0.4 - 1.5
Medical Office 1.1 0.4 - 1.5
Public Bath 10.5 - 1.0 11.5
Social Care Home (planned) 52 0.6 - 5.8
80-unit apartment building
(planned) 52 - - -
Total 35.5 1.4 3.1 40

Table 2. Hourly peak water demand of the geothermal system of Nagyszénds during the heating season (values from
the implementation documentation)

During operation, the 170 m deep thermal water pump often ran dry with increased gas production. It
became necessary to extend the production pipe and install the pump at a depth of 250 m. The existing
well casing had to be replaced for the intervention, which solved the problem with the new pump.
However, because of improper installation, the electrical cable to the pump suffered insulation damage,

as can be seen in Figure 2.

EAS = .\ &
Figure 2. Insulation damage to the thermal water pump’s electrical cable (Nagyszénds)

Due to scaling, maintenance was required approximately every 3 months, at a significant cost. For

protection against scaling an electromagnetic system and chemical agent dosing were installed downto

the production depth. The wellhead also had to be modified to accommodate the chemical dosing

pipeline. To increase the efficiency of scaling inhibition the previous chemical agent was replaced by a

new one (CAS (Chemical Abstracts Service) no.: 55965-84-9, reaction mass of 5-chloro-2-methyl-4-
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isothiazolin-3-one and 2-methyl-2H -isothiazol-3-one). Thanks to these interventions the scaling
intensity decreased significantly, resulting in approximately 50% less deposition within one
maintenance cycle.

LRTIRY M

- o

Figure 3. Scaling in the geothermal system (Nagyszénds)

Due to the high volume of gas production, the degasification system must be regularly maintained.
Complete dismantling of the internal mechanical equipment of the degasification tower and the removal
of deposits by acidification of the separator must be carried out every year before the heating season.
The frequency range of the electromagnetic system protecting the stainless-steel pipeline section
leading to the degasifier had to be accurately calibrated, which required a longer period. With a well-
adjusted frequency, the amount of scale that appeared in the gas separator was significantly reduced.
Increased gas production would justify the installation of a gas engine for electricity generation, to make
efficientuse of the neutralized gas outside the heating season.

Figure 4. Electromagnetic system protecting the stainless-steel pipeline section leading to the degasifier
(Nagyszénds)
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3.4.3. Békéscsaba

The system, with the newly drilled production and two injection wells, was completed in autumn 2023.
The project was significantly delayed due to technical problems during the construction phase. The
entire drilling operation, including testing, was expected to take two to three months for each well.
While drilling one of the wells, some of the stored pipes fell back into the well, almost ruining it. Due to

the recent installation operational experiences are still missing in this case.
3.5. Evaluation of the systems

In the evaluated cases some elements of the SWOT analysis (Figure 1) were much more significant than
others. Among the strengths, the continuous operation independent of weather conditions has been
confirmed so far. The claim of only minor environmental impacts was found to be true in two cases
(Nagyszénas and Békéscsaba). These sites have injection wells, but in the case of the Szarvas system, the
used water is discharged to a surface water reservoir. Here, the only way to stay within the required
legal limits was achieved through proper dilution. Maintenance became another important issue,
especially in the case of Nagyszénas, where due to very intensive scaling the maintenance cycleshad to
be shorter. The situation improved a lot after replacing the scaling inhibitor with a new chemical agent,
and by using an electromagnetic system the gas separator is better protected. Additionally, deep-seated
thermal water pumps increased the cost of maintenance.

Due to the high initial investment costs, external funding was needed to install and/or upgrade the
systems. Lack of professional knowledge during the installation, maintenance, and production also
resulted inchallenges. As was mentioned earlier, in the case of Békéscsaba, technical problems resulting
from unprofessional operations led to very significant delays during installation. In Nagyszénds, the
transmission line of the pumps suffered insulation damage due to improper installation, resulting in
malfunctions and outages. The maintenance and operation also require a high level of knowledge, which
has been already proven in the case of the systems evaluated. From this, it can be highlighted that the
significant methane emissions must be treated by a gas separation system.

Diversification of the energy mix and exploiting the possibility of direct use have also been realized.
External funding support could be obtained for the systems at different stages. However, economic
evaluations were cited as a weakness if they were inadequate, although it has recently been shown that
unexpected events (such as the war in Ukraine) have led to a significant increase in energy prices. This
has changed the payback period of the systems, reducing them significantly.

Among the threats, all geothermal systems must deal with competition from other renewable sources,
although such sources can be a good complement to the systems, as the example of Szarvas illustrates.
Significant problems have emerged relating to injection wells. In the case of Szarvas, the well was
converted to a producer well because it could not pump the extracted water back into the aquifer. In the
case of Nagyszénads, due to seasonal variations, one well was insufficient to fully return the extracted
water. Taking this into account, the Békéscsaba system was dimensioned with two injection wells.
Figure 5 summarizes the findings based on the experiences.
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Non-intermittent resource, no weather dependency
Minor environmental issues (with injection wells, with dissolved gas treatment)

Highinitial investment cost

Requires professional knowledge for installation (delay due to technical
problems) , maintenance (scaling, high chemical usage) , and production
(dissolved gas treatment)

Higher maintenance cost than expected (scaling, target instruments)
______ |Fvronmental issues (without injectionwelis, without dissolved gastreaimenit) [
Diversification of the energy mix

Direct uses are possible

Funding supports

Shorter payback periods due to unexpected events

Commercial competition with other renewable resources

Incorrect dimensioning of the systems (insufficient injection capacity)

TVNHLNI

WNHDAE

Figure 5. SWOT analysis based on the three investigated systems - Elements experienced from the general SWOT
(Figure 1) extended with new or modified elements (highlighted in red) and with additional comments (italics in
brackets)

4. Conclusions

Three recently installed or expanded municipal geothermal systems were introduced here. All systems
originate from the same region of Hungary but have different characteristics. Each case has been
evaluated with special emphasis on the engineering challenges that appeared during the installation,
maintenance, and operation. In this article, whenever possible, the solutions for the actual challenges
have also been presented. The strengths, weaknesses, opportunities, and threats faced by similar
geothermal systems have been examined, and their emergence and significance for the systems under
investigation assessed.

Of course, such studies have their limitations, as many of the issues presented and discussed here are
site-specific. At the same time, they provide valuable insights into similar situations. It is hoped that this
work can also provide useful information for the investigation, evaluation, or even practical
implementation of similar geothermal systems.
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