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Geothermal water and energy management
in Polish district heating -
directions for effective use in the Polish Lowlands
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Abstract: The possibility of utilising the available potential of the main geothermal reservoirs in Poland, i.e., the
Lower Jurassic and Lower Cretaceous, by using the existing infrastructure in the form of still-operating district
heating networks is the subject of this work. The suggested solution, therefore, integrates the resource side with
the infrastructure side. This approach should significantly accelerate the implementation of the proposed solu-
tions, supporting the achievement of the ambitious objectives of Poland’s Energy Policy 2040. Geothermal re-
sources in Poland are characterised by low enthalpy and low temperature. Their temperature is often too low for
direct utilisation in systems relying solely on geothermal energy. Existing district heating networks require sig-
nificantly higher heating medium temperatures during specific periods (when low ambient air temperature is ob-
served). Using gas boilers as peak energy sources while employing geothermal energy as the base load for meeting
annual heating demands appears to be an attractive and feasible technical option. Poland, alongside Denmark,
Latvia, Finland, Estonia, and Lithuania, is among the countries with the highest density of district heating net-
works. These networks serve as invaluable infrastructure, reducing the costs associated with geothermal energy
extraction. However, this infrastructure is under real threat from the trend towards decentralised energy systems.
The liquidation of district heating networks would be irreversible, further exacerbated by the lack of access to
clean and alternative energy carriers to replace fossil fuels. It has been demonstrated that in most analysed cases
the combination of available geothermal resources and district heating infrastructure can successfully contrib-
ute to achieving the assumed goals of Poland’s Energy Policy. In the best locations, the share of renewable energy
exceeded 80%, with an average of around 50%. The total reduction of CO, emissions is estimated as 1.16 million
tonnes yearly. The work draws attention to the slow but positive change in the electricity mix, in which the share
of RES is growing. This trend is extremely beneficial for popularising heat pumps powered by electricity using
geothermal resources as a low-temperature energy carrier.

Keywords: geothermal energy, energetic crisis, ecological crisis, Polish Lowlands, geothermal district heating,
Poland
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INTRODUCTION

The Polish energy sector, particularly the district
heating sector, has been dominated for decades by
the use of fossil fuels. According to the Interna-
tional Energy Agency (IEA 2025), coal accounted
for 36% of the total primary energy consumption
in 2023 (equivalent to 1.47 P] of primary energy),
liquid fuels for 33% (1.33 PJ), and natural gas for
16% (660 PJ). In comparison, the use of renew-
able energy sources and energy from waste stood
at 12% (476 PJ), according to the same source.
The dependence of the municipal sector on coal
was even more pronounced, with approximate-
ly 66% of its energy supply derived from coal in
2023 (IEA 2025), 6% from natural gas, and 21%
from renewable energy sources (RES) and waste.
In 2023, the municipal sector consumed approx-
imately 27% of final energy, the industrial sector
20%, and the transport sector 31%. Thermal en-
ergy constitutes around 80% of the total ener-
gy consumption by municipal households in Po-
land and most European countries (CSO 2023,
Eurostat 2025). This energy is primarily used for
space heating and domestic hot water preparation.
The remaining 20% is accounted for by electricity
for powering household appliances, audio-visual
equipment, computers, and lighting. These data
highlight that the municipal sector is one of the
principal energy-consuming sectors, comparable
to transport and industrial production. Thermal
energy has a crucial and often underestimated
share in the energy consumption of the munici-
pal sector, particularly in the Polish context. As
a member state of the European Union, Poland
has committed to implementing the objectives of
the European Green Deal, aiming for climate neu-
trality (EC 2019). Consequently, the Polish econ-
omy’s share of fossil fuels (including coal) is ex-
pected to gradually decline in the coming years.
Moreover, Poland’s energy transformation is sup-
ported by national strategies, notably the Energy
Policy of Poland until 2040 (Ministry of Climate
and Environment 2021), which outlines plans for
a just and sustainable energy transition focused
on emission reductions. In line with these docu-
ments, the economy based on fossil fuels is to be
transformed towards cleaner or entirely emission-
free energy sources.

The war in Ukraine has significantly acceler-
ated the energy transition process and the ener-
gy market and its carriers are no longer perceived
solely through economic criteria. For many years,
energy carriers were one of the instruments of
political pressure exerted on European countries
dependent on moderately priced Russian fuels.
Today, efforts are being made across Europe to
reduce reliance on energy supply chains originat-
ing from Russia. These initiatives are further re-
inforced by economic sanctions imposed against
Russia (Karpinska & Smiech 2021, Kuzemko et al.
2022). The problems related to fuel availability,
stringent legal restrictions on the use of fossil fu-
els, and the growing public awareness of the det-
rimental impacts of the current situation are fos-
tering a search for alternative energy scenarios,
including geothermal sources among them. It is
worth highlighting that geothermal energy is a re-
newable energy carrier independent of climatic
conditions. This paper proposes using geothermal
energy as one of the potential additive options
contributing to energy security while promoting
environmental sustainability, which aligns with
national and European plans. Although Poland is
not naturally predisposed to the development of
geothermal electricity generation, it is essential to
note that the dominant energy demand in the Pol-
ish climate pertains to heat.

An important advantage is the existence of
operational district heating networks, without
which the efficient utilisation of geothermal re-
sources would be difficult to envisage. These net-
works serve as natural allies to geothermal energy
by providing an appropriate scale of thermal pow-
er and energy demand. While the general trend of
decentralisation and the promotion of distribut-
ed energy systems is justified in many cases, it has
a decidedly negative impact in the context of geo-
thermal energy. Decentralisation certainly reduc-
es transmission losses; however, it is important to
recognise that losses associated with the distribu-
tion of clean energy, burdened primarily by fixed
acquisition costs, are of lesser significance than
transmission losses from conventional sources,
which entail substantial fuel purchase costs. Thus,
the study advocates for the exploitation of both
the available domestic energy resources and the
still-operational, existing technical infrastructure.
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Fig. 1. Hard coal heating plants with an installed capacity greater than 1 MW, shown against the background of the main
geothermal horizons of the Lower Jurassic and Lower Cretaceous formations

These facilities primarily serve heating pur-
poses and are generally equipped with appropriate
district heating networks. The arbitrarily adopted
capacity threshold (1 MW) corresponds roughly
to the output of a geothermal installation supply-
ing a moderate geothermal fluid flow of approxi-
mately 43 m*/h, assuming the fluid is cooled down
by 20°C. The compiled data indicate a significant
number of heating installations of the specified
capacity located directly within the range of the
selected geothermal horizons (Fig. 1).

This study presents the potential for supporting
coal-fired district heating plants through the util-
isation of geothermal energy resources. A detailed
analysis was carried out focusing on the most fa-
vourable areas of the Polish Lowlands, aiming to
identify coal-fired heating plants that could be

progressively modernised into geothermal heating
plants or facilities using geothermal energy as the
primary energy carrier. The benefits of geothermal
energy utilisation include improved energy securi-
ty, enhanced energy independence, the opportuni-
ty to stimulate local job markets, and improved air
quality (Kurek et al. 2021, Hajto & Kaczmarczyk
2022, Bujakowski et al. 2023, 2024).

GEOTHERMAL RESOURCE
POTENTIAL

In Poland, areas with favourable geothermal con-
ditions largely overlap with regions of increased
population density, which is crucial for the fur-
ther dissemination and utilisation of geothermal
resources.
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The geothermal resource potential of the Pol-
ish Lowlands covers approximately 80% of the
country’s surface area (Halaj 2015, Sowizdzal
2018). Thermal waters in this region occur within
Mesozoic and Palaeozoic sedimentary rocks. The
resources of the Lower Cretaceous and Lower Ju-
rassic formations are considered the most promis-
ing in terms of the potential for energy utilisation
of geothermal waters (Hatlaj 2015, Sowizdzat et al.
2016, Sowizdzatl 2018, Nordgard-Hansen et al.
2023). The temperatures of geothermal reservoirs
in the Lower Jurassic vary depending on location,
generally ranging between 20°C and 80°C, with
local maxima reaching up to 120°C at depths of
around 3,000 metres below ground level (m b.g.1.).
Water mineralisation levels depend on depth but
typically range from several tens to over 100 g/dm’
and locally can exceed even 150 g/dm”. Productive
capacities across most of the area are estimated at
above 100 m*h, with single wells achieving yields
of up to 300 m*h. In the case of the Lower Cre-
taceous, water temperatures usually range from
20°C to over 90°C, and current well outputs con-
firmed by drilling results range from several tens
to around 100 m*h (Gérecki ed. 2006a, Sowizdzat
et al. 2016). The geothermal energy resources of
Poland and their potential utilisation have been
thoroughly characterised in a series of geothermal
atlases (Gorecki ed. 2006a, 2006b, Bujakowski &
Tomaszewska eds. 2014). Geothermal energy can
potentially be used in many ways, especially, giv-
en the temperature ranges, for district heating
purposes.

At the end of 2024 there were ten geothermal
district heating systems in operation in Poland
(Mszczonow, Poddebice, Podhale, Pyrzyce, Star-
gard, Uniejow, Torun, Kolo, Sieradz, and Konin).
Total geothermal capacity installed in mentioned
plants was 219.3 MWth and produced 360.2 GWh
of heat in 2024 (a 30% increase compared to 2021
production). Share of geothermal energy in total
energy production varied in these district heat-
ing systems from 4.3% (Torun) to 99% (Podhale),
with an average of 56% (Hajto & Kepinska 2025).
Unfortunately, many existing district heating net-
works were designed with the use of conventional
fuels, ata time when energy carriers were inexpen-
sive; thus, little attention was paid to transmission

losses. The aim then was to create systems with low
construction costs. This resulted in the prevalence
of high-temperature solutions, both in network
design and in heating installations at consumer
facilities. Thus, second-generation and, at best,
third-generation district heating networks domi-
nate, especially in low-capacity systems of around
5 MW. It is worth noting that the design tempera-
tures of water during the heating season of most
large-scale district heating systems in Poland are
approximately 130°C on the supply and around
70°C on the return. Smaller, local heating net-
works may operate at lower temperature regimes,
such as 90/70°C (Pajak et al. 2020). This discrep-
ancy in relation to the available geothermal water
resources (above) in the Polish Lowlands necessi-
tates the use of peak-load sources. For this reason,
geothermal sources are mostly installed on the
return side of the district heating network. This
is because the return temperature of the heating
network can be lower than the temperature of the
geothermal water, allowing the energy to be trans-
ferred directly via a heat exchanger. Subsequently,
heat pumps are utilised to extract the remaining
energy from the geothermal water and transfer it
to the district heating supply water. Here, geother-
mal water is a lower heat source for a heat pump.
A similar approach has been implemented in the
energy model presented in the methods section.

Apart from temperature mismatch, there is
also another challenge. High mineralisation lev-
els of water can significantly affect both the ex-
ploitation of the geothermal source and its ther-
mal power output. Increasing mineralisation
leads to a decrease in the specific heat capacity of
water while simultaneously increasing water den-
sity. Since mineralisation has a stronger impact on
reducing specific heat capacity than on increas-
ing density, the overall result is a decline in volu-
metric heat capacity. Consequently, higher miner-
alization adversely affects the estimated thermal
power of the geothermal source (GeoModel 2024).
However, the key challenges associated with high
water mineralisation are scaling and corrosion
of the installation. Scaling occurs when second-
ary deposits precipitate from geothermal waters
due to changes in their thermodynamic state. To
this end, it is necessary to optimise the cooling
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temperature and, in special cases, use technical
solutions or chemical compounds to improve con-
ditions for operating and injecting cooled water
into the rock mass. Similarly, high water mineral-
isation can contribute to the corrosion of the pipes
forming well structures and transmission sys-
tems. Using piping that is resistant to these phe-
nomena increases the system’s investment and op-
erating costs (Kepinska & Bujakowski eds. 2011,
Tomaszewska & Pajak 2012).

Although the general trend towards thermal
retrofitting has somewhat improved the situa-
tion and enabled the reduction of temperature
requirements, the lack of temperature coher-
ence between geothermal resources and net-
work demands remains a major technical chal-
lenge. Considering the available geothermal
resource temperatures in Poland, these plants
will often require peak-load sources (Barbac-
ki 2012, Huculak et al. 2015) such as gas boilers
(e.g., Podhale, Mszczonéw), biomass (e.g., Unie-
jow, Poddebice), or absorption heat pumps (e.g.,
Mszczondéw, Pyrzyce) to supplement the geo-
thermal systems. Existing coal-fired installa-
tions may also be used as peak sources during
the highest energy demand (e.g., Stargard). The
development of geothermal district heating is
typically accompanied by the recreational use
of geothermal waters and energy (Nordgard-
Hansen et al. 2023), contributing to local infra-
structure development, creating new jobs, and,
most importantly, reducing fossil fuel consump-
tion in such facilities (Halaj 2015, Lund & Boyd
2016, Tomaszewska & Szczepanski 2016, Kepin-
ska 2018, Kurek et al. 2021, Tyszer et al. 2021).

METHODS

The assessment of the potential for replacing fossil
tuels with geothermal energy in the district heat-
ing sector of the Polish Lowlands was conduct-
ed by identifying the most promising locations.
Categorisation was carried out using several cri-
teria. The first stage involved combining: (1) the
locations of existing heating plants utilising hard
coal, based on data from the National Centre for
Emissions Management (KOBiZE 202la); and
(2) an analysis of geothermal potential, relying on
geological, hydrogeological, and geothermal data.

Given the large number of registered heat
sources, comprising over 22,000 records (KOBiZE
2021a), verifying the facilities based on more de-
tailed criteria was decided.

A heat source had to meet the following con-
ditions:

1) It had to be a plant-based boiler house or a pro-
fessional heating plant; power plants and com-
bined heat and power (CHP) plants were ex-
cluded, as their primary function is electricity
generation, which geothermal energy could
not replace effectively.

2) It had to be an installation where hard coal or
its variety is combusted, with a nominal ther-
mal output greater than 1 MW.

Based on these criteria, 861 facilities across Po-
land were selected. In the next step, using QGIS
Desktop 3.24.1 software, the locations of these heat-
ing plants were compared against the boundaries
of areas deemed prospective for geothermal utiliza-
tion, specifically the Lower Jurassic and Lower Cre-
taceous formations. As a result, 102 heating plants
were shortlisted for further analysis.

Additionally, a more detailed analysis was car-
ried out for those sites located within the boundary
of the 70°C isotherm, corresponding to the project-
ed water temperature at the top of the Lower Ju-
rassic or Lower Cretaceous geothermal reservoir.
Under Polish climatic conditions, a temperature of
70°C is commonly used to supply district heating
networks outside the heating season, specifically
for the preparation of domestic hot water at draw-
off points at 55-60°C, in compliance with legal re-
quirements set out in the Regulation of the Ministry
of Infrastructure of 12 April 2002 on the technical
conditions to be met by buildings and their location
(Rozporzadzenie 2002). Further considerations
were made, and the installations were assigned to
the municipalities in which they are located. How-
ever, no detailed analysis of the energy or environ-
mental effects was carried out for these facilities.

The mathematical model of the energy system
was created and developed in Mathcad Prime 10.0.1
software. The energy model created for energy and
environmental analyses assumed the cooperation
of the existing heating plant with the district heat-
ing network, a geothermal source (parameters es-
timated based on geothermal atlases), compressor
heat pumps, and a gas-fired source (Fig. 2).

Geology, Geophysics and Environment, 2025, 51 (4): 427-440
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Fig. 2. Model of energy system

As previously mentioned, the model assumes
the use of a peak-load source, whose key compo-
nents include a geothermal heat exchanger and
a heat pump. The operational principle of the cre-
ated model is as follows. The return water from
the district heating network flows directly to the
direct geothermal heat exchanger. The exchanger
operates when the temperature of the return wa-
ter is lower than the temperature of the geother-
mal fluid at the production wellhead. The geo-
thermal fluid is cooled in the exchanger to the
temperature of the return water, with a counter-
flow plate heat exchanger assumed for this pro-
cess (temperature difference both in the heat ex-
changer and heat pump exchanger were assumed
to be 2°C). The recovered energy increases the
temperature of the network water. If the achieved
temperature is insufficient for the district heating
supply, and the geothermal fluid (after direct ex-
change) remains above a temperature close to the
annual average ambient air temperature, compres-
sion heat pumps are used. These pumps heat the
network fluid to the required supply temperature
or to the maximum temperature achievable under
the constraint that the geothermal fluid is cooled
to the annual average air temperature. For calcu-
lations, it was assumed that the heat pumps can
deliver a maximum outlet temperature of 90°C at
the condenser. If, after passing through the heat

pumps, the network water temperature still does
not meet the district heating requirements, peak-
load support boilers are activated. These boilers
are assumed to operate on high-methane natu-
ral gas. The share of power supplied by the anal-
ysed energy sources varies over time and depends
on district heating network operating conditions
(water flow rate, required supply temperature, and
achieved return temperature) as well as geother-
mal conditions (flow rate, mineralization, reser-
voir fluid temperature, and well depth). The op-
erating parameters of the district heating network
fluctuate with changes in ambient air tempera-
ture. It was assumed that the geothermal intake
operates year-round at a nominal capacity deter-
mined by local geological conditions. In all of the
analysed cases, it was assumed that power control
within the district heating networks is implement-
ed using full qualitative-quantitative regulation.
The parameters of the district heating network
were determined based on an assumed indoor de-
sign temperature of 21°C, corresponding to the
thermal comfort standard. A water-based, two-
pipe district heating network is assumed, designed
to meet both space heating and domestic hot wa-
ter (DHW) demands. The variability of DHW de-
mand was adopted based on a typical consump-
tion profile. Changes in flow rate and supply water
temperature within the district heating network
were dependent on ambient air temperature. Cal-
culations were performed with an hourly resolu-
tion (1 year = 8,760 hours). Weather data for each
location were sourced from the Photovoltaic Geo-
graphical Information System (PVGIS) (EC 2022).

The model assumed that the energy needs of
consumers would be fully met (priority was given
to geothermal energy and heat from heat pumps
utilising geothermal water) in terms of both pow-
er and energy throughout the year, based on typ-
ical assumptions for district heating networks in
Poland. The parameters of the network and source
capacities were taken from data provided by the
Energy Regulatory Office (ERO 2022). The re-
duction in emissions was estimated using indica-
tors based on data supplied by KOBiZE (2021b),
by comparing the current state, which uses only
coal, to the scenario where geothermal energy and
heat pumps are used along with a peak gas-fired
source. Emissions were calculated on a global
scale. The initially selected 102 locations often had
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access to Lower Jurassic and Lower Cretaceous
resources due to their geographical location. 131
variants utilizing Lower Jurassic (J1) and Low-
er Cretaceous (K1) resources were created. It was
decided that each location would have only one
variant (either J1 or K1) depending on the high-
er share of energy from renewable sources (geo-
thermal and heat pumps). Heating plants in which
the predicted water temperature at the top of the
geothermal reservoir was relatively low, i.e. below
30°C, were excluded from further analysis. The
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final 84 heating plant variants, along with the es-
timated share of renewable energy, coal consump-
tion reduction, and CO, emissions reduction, are
presented in the following section.

RESULTS AND DISCUSSION

The final 102 locations corresponding to munici-
palities where heating plants are located within the
boundaries of the Lower Jurassic and Lower Creta-
ceous geothermal reservoir are presented (Fig. 3).
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Fig. 3. Communes with selected heating plants against the Lower Jurassic and Lower Cretaceous reservoirs (Aleksandréw Lodz-
ki, Barlinek, Bartoszyce, Biata Podlaska, Biate Blota, Braniewo, Brzeziny, Bydgoszcz, Chodziez, Chojnice, Choszczno, Ciecha-
néw, Czarna Woda, Czarnkéw, Debno, Dobre Miasto, Gizycko, Gniezno, Goleniéw, Golub-Dobrzyn, Gréjec, Inowroctaw, Ke-
trzyn, Kolno, Koluszki, Koto, Kotobrzeg, Kotiskie, Koronowo, Koszalin (2), Kozienice, Kutno, Lidzbark Warmifiski, Lubartéw,
Lubot, Lobez, Lomza, Lowicz, Lukow, Malbork, Miedzychdd, Mitisk Mazowiecki, Morgg, Mysliborz, Nakto nad Notecig, Nowy
Dwér Mazowiecki, Oborniki (3), Olsztyn, Opoczno (2), Orneta, Ostréda, Pabianice (2), Parczew, Pita (2), Piotrkéw Trybunalski,
Poreba, Pultusk, Radom, Radomsko, Radzyni Podlaski, Rypin, Siedlce, Sieradz, Sierpc, Skarzysko-Kamienna (2), Skierniewi-
ce, Stubice, Solec Kujawski, Starachowice (2), Stargard, Starogard Gdatiski, Szczecin, Szczecinek, Sztum, Szydlowiec, Srem (2),
Swiebodzin, Tczew, Tomaszéw Mazowiecki, Trzemeszno, Watcz, Warszawa (2), Wielus, Wioctawek (2), Wotomin, Zamosé (2),

Zawiercie, Ztocieniec, Znin, Zyrardow)
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The total installed heat source capacity in these
heating plants exceeds 5.2 GW. In most cases,
these are facilities that supply heat to small towns
or neighbourhoods, although some have also been
identified in large cities and metropolitan areas.

Additional 40 heating plants within 28 munic-
ipalities have been identified within the boundary
of the 70°C isotherm (Fig. 4). On the map (Fig. 4),
some indicated municipalities extend beyond the
considered isotherm area; locations of the heating
plants are within the area defined by the speci-
fied isotherm. The selected heating plant locations
were chosen based on precise geographical coor-
dinates. These heating plants are primarily located
in smaller cities.
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Energetic and ecological effects were compiled
for the final 84 selected heating plants from the
initial 102 facilities (Table 1). The majority of the
selected locations utilise resources from the Lower
Jurassic due to, among other factors, having high-
er temperatures of geothermal fluid projected in
the reservoir.

The analyses indicate that many coal-fired
heating plants in the Polish Lowland area could be
considered potential sites where geothermal ener-
gy could partially or almost entirely replace the
current heat source. These plants have access to
district heating networks, but the design param-
eters of most district heating systems often exceed
the temperature values of geothermal resources.
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Fig. 4. Communes with selected heating plants against aggregated area narrowed by isotherm 70°C for both Lower Jurassic
and Lower Cretaceous reservoirs (Chociwel, Czarnkow, Goleniéw, Gostynin, Grodziec, Kazimierz Biskupi, Kleczew, Konin (2),
Lipno (3), Lubasz, Lask (3), Maszewo, Mogilno, Moszczenica, Poddebice (2), Police, Rzgow, Sochaczew (2), Sompolno, Szadek,
Szczecin, Turek (3), Tuszyn, Warta, Wartkowice, Wagrowiec (3), Wierzbinek (2), Znin)
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Table 1

Energetic and environmental effects of utilising geothermal energy in selected locations

Share of renewable energy Decreased amount | Elimination of CO
No. Location sources (geothermal energy of coal in global scale ’
and heat pumps) [Mg/year] [Mg/year]
[%]
1 Aleksandrow Lodzki J1 83 2,870 2,638
2 Barlinek J1 81 5,794 6,463
3 Bartoszyce J1 39 11,057 4,507
4 Biata Podlaska K1 2 27,642 18,954
5 Biale Blota J1 67 2,811 1,483
6 Braniewo J1 22 8,979 5,340
7 Brzeziny J1 64 4,599 3,388
8 Bydgoszcz J1 59 4,401 3,232
9 Chodziez J1 65 6,030 4,066
10 | Chojnice J1 62 11,570 9,373
11 Choszczno J1 77 4,085 4,729
12 Ciechanow J1 31 28,169 21,163
13 Czarna Woda J1 9 21,769 19,209
14 | Czarnkow J1 69 42,777 46,849
15 Debno J1 67 4,186 2,366
16 Dobre Miasto J1 66 2,487 1,639
17 | Gizycko J1 19 10,859 7,800
18 Gniezno J1 76 20,250 25,538
19 Goleniéw J1 74 12,336 14,613
20 Golub Dobrzyn J1 86 4,367 5,241
21 GrojecJ1 76 3,618 4,160
22 Inowroctaw J1 45 38,693 35,930
23 Ketrzyn J1 34 7,709 5,217
24 | KolnoJ1 33 5,180 3,535
25 Koluszki J1 59 5,342 3,767
26 Koto K1 82 11,945 15,335
27 Konin J1 26 504 122,855
28 Koronowo J1 62 4,481 3,127
29 Koszalin 1]1 17 26,665 20,431
30 Koszalin 2 J1 17 29,457 22,123
31 Kozienice K1 11 10,887 7,013
32 | Kutno]J1 78 16,070 17,734
33 Lidzbark Warminski J1 36 7,291 5,608
34 Lubartow K1 8 7,878 5,414
35 | LubonJ1 68 4,517 2,553
36 Lomza]l 7 34,708 23,098
37 Lowicz J1 83 15,036 16,674
38 | Lukow K1 6 10,172 7,104
39 Malbork J1 20 20,406 14,100
40 Miedzychéd J1 70 1,964 894
41 Minsk Mazowiecki J1 68 1,326 895
42 | Morag]J1 51 8,243 4,895
43 Mysliborz J1 74 2,886 1,957
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Table 1 cont.

Share of renewable energy Decreased amount | Elimination of CO
No. Location sources (geothermal energy of coal in global scale ’
and he?;j) umps) [Mg/year] [Mg/year]
44 | Nowy Dwoér Mazowiecki J1 67 15,291 12,446
45 Oborniki 171 79 1,875 1,660
46 Oborniki 2 J1 80 2,643 2,491
47 Oborniki 3 J1 79 3,832 3,778
48 Olsztyn J1 11 51,433 42,185
49 Orneta J1 55 4,638 3,217
50 Ostréda J1 44 11,156 7,840
51 Pabianice 11 71 23,722 29,538
52 Pabianice 2 J1 76 3,955 4,979
53 Parczew K1 12 4,766 3,178
54 Piotrkéw Trybunalski J1 72 18,844 20,440
55 Puttusk J1 67 4,345 2,859
56 Radom J1 12 47,571 33,691
57 | Radomsko J1 35 19,960 14,338
58 | Radzyn Podlaski K1 13 6,002 3,812
59 | RypinJ1 74 6,730 5,976
60 Siedlce K1 5 13,611 9,415
61 Sieradz J1 70 18,789 19,417
62 SierpcJ1 81 9,126 10,282
63 Skierniewice J1 32 25,196 21,068
64 Stubice J1 61 4,856 2,836
65 Sochaczew K1 77 3,652 2,427
66 Solec Kujawski J1 64 6,490 6,343
67 | StargardJ1 68 23,703 28,185
68 Starogard Gdanski J1 16 16,329 13,532
69 Szczecin J1 26 79,716 77,247
70 Szczecinek J1 21 19,611 15,428
71 | Sztum J1 51 5,538 4,228
72 | TczewJ1 13 20,529 16,650
73 Tomaszow Mazowiecki J1 58 7,339 5,223
74 Trzemeszno J1 84 4,350 5,810
75 | Turek J1 65 12,307 12,561
76 Warszawa 1 J1 24 29,503 28,123
77 Warszawa 2 J1 55 11,844 8,749
78 Wrtoctawek 1 J1 69 18,587 15,540
79 Wioctawek 2 J1 29 56,606 42,173
80 | WotominJ1 38 19,268 13,936
81 Zamos¢ 1K1 4 23,038 17,187
82 Zamos$¢ 2 K1 7 11,177 8,260
83 Znin J1 88 8,192 11,480
84 | Zyrardéw]J1 87 19,502 24,779
Total sum 1,204,768 1,163,679
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In most reservoirs in Poland, hydrogeological
conditions do not reach the necessary tempera-
tures of the water at the wellhead to allow for a di-
rect transition from coal-based heating to geother-
mal energy. This is because heating installations
in final user homes are mostly radiators, and these
require higher operating temperatures. Therefore,
district heating networks operate at higher tem-
peratures so that the requirements of all consum-
ers can be met. Direct use of geothermal energy in
the heating system would be possible if final users
had low-temperature heating installations, such
as surface (floor or wall) heating. Consequently,
the district heating network could also operate at
lower temperatures. Therefore, most of the geo-
thermal heating plants in Poland must incorpo-
rate a peak heat source (e.g., an existing coal-fired
heating plant, gas boilers, or heat pumps) (Barbac-
ki 2012). Such a situation occurs mostly because
the supply temperature of the district heating net-
work is higher than the available temperature of
geothermal water at the wellhead. The supply tem-
perature of the district heating network changes
throughout the year depending on the outdoor air
temperature. Under design conditions, it reach-
es extreme (design temperature) values in winter,
which only occur occasionally. The highest water
temperatures in the district heating network are
observed in winter. During spring, there is a grad-
ual decrease in the operating temperatures, and
finally, in summer, the operating temperatures are
at their lowest and usually sufficient for domestic
hot water preparation.

The analysis of location variants presented in
Table 1 leads to the conclusion that if all heating
plants utilised geothermal waters from a specif-
ic geothermal reservoir, the average total amount
of energy derived from renewable energy sources
(geothermal and heat pumps) could reach as much
as 50% for the entire group of entities. On average,
each heating plant would reduce its demand for
coal-based energy carriers by over 14,000 tons an-
nually, resulting in a reduction of CO, emissions
by an average of 13,800 tons per year per heating
plant. In total, if all the heating plants listed in Ta-
ble 1 utilised geothermal energy supported by heat
pumps, the annual reduction in coal consumption
would amount to 1,204,000 tons. As a result, the
global reduction in CO, emissions would total

1,163,000 tons. Assuming the current average CO,
emission price of 65 EUR per ton of CO, (Energy
Instrat 2025), the annual savings across all heating
plants would amount to approximately 75.5 mil-
lion EUR, which could affect the final energy price
for consumers. Equally important would be the
improvement in air quality in these locations due
to the reduction in coal combustion in favour of
geothermal sources with heat pumps. Of course,
the analysis includes heating plants that are par-
ticularly well-suited for geothermal energy util-
isation, which, in cooperation with the existing
heating systems, can operate very efficiently when
relying on renewable energy. These municipalities
in the analysis have an estimated share of renew-
able energy sources above 80%, including Alek-
sandréw Lodzki, Barlinek, Golub Dobrzyn, Koto,
Lowicz, Oborniki, Sierpc, Trzemeszno, Znin,
and Zyrardow but this does not exclude other
locations. It is worth noting that in some cases,
a smaller share of energy from renewable sourc-
es does not necessarily mean a smaller amount of
energy derived from renewable sources. This is be-
cause the expected temperature and the flow rate
of geothermal water from a single well in the study
may represent a relatively small amount of energy
compared to the total system demand. However,
in terms of quantity, this energy may exceed that
of a smaller district heating system with a larger
share of renewable energy in the energy produc-
tion structure.

The research results demonstrate that the en-
ergy transition of the country can partially rely
on the utilization of geothermal energy. Geother-
mal energy significantly improves energy inde-
pendence and enhances the system’s energy ef-
ficiency. Poland aims to achieve at least 28% of
energy from renewable sources in district heating
by 2030 (Ministry of Climate and Environment
2021). Many heating plants listed in Table 1 would
achieve the 28% target for renewable energy, which
is a positive development at the local level in the
context of implementing Poland’s energy policy
plans and goals for the coming years. The findings
presented in this study confirm previous research
on the potential of the analysed geothermal reser-
voirs for use in district heating (Gorecki et al. 2010,
Pajak et al. 2020). Increasing the share of renew-
able energy sources also enhances the country’s
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energy security and reduces dependence on fossil
tuels. On the European energy market, wholesale
gas and electricity prices increased by 115% and
237%, respectively, in the first months of the war
in Ukraine (Ferriani & Gazzani 2023). Even before
the war in Ukraine, Russia was Poland’s largest
supplier of gas and coal. Due to the EU sanctions
imposed on Russia, Poland ceased importing coal
from Russia, which, among other factors, was re-
flected in the increase in the price of this fuel. The
most significant rise in coal prices was observed
in the third and fourth quarters of 2022. Between
the beginning and the end of 2022, the cost of coal
(net) for households increased by approximate-
ly twofold, and it surpassed the price of natural
gas in PLN per gigajoule (Stala-Szlugaj 2023). It is
also important to note the ecological aspect of the
research conducted. Significant air pollution oc-
curs in areas where fossil fuels are used for energy
production (Zglobicki & Baran-Zgtobicka 2024).
This transition toward geothermal energy could
help achieve Poland’s renewable energy targets
and address critical issues related to energy secu-
rity and environmental sustainability.

Therefore, it is suggested that increasing the
share of renewable energy sources (in this case,
geothermal energy) in district heating could help
mitigate the effects of the energy and ecological
crises and contribute to improving the safety and
health of residents using these resources.

It is also important to note that the planned
development of nuclear, wind, and solar energy
by 2040 (Ministry of Climate and Environment
2021) may make geothermal energy, in combina-
tion with heat pumps, one of the most efficient and
environmentally friendly heating sources avail-
able to Polish residents. Lowering temperature
requirements, a general trend in district heating,
may further promote the use of geothermal ener-
gy, as low-temperature resources are much more
widespread (Pajak et al. 2023). Decreasing tem-
perature requirements can be carried out in many
ways, depending on their costs and the expected
results. The most common measures include in-
sulating external walls, roofs, and replacing win-
dows and external doors. Inside the building, it is
advisable to use heat recovery ventilation instead
of traditional gravity ventilation. The heating sys-
tem can be modernised in two ways. The first is

that if radiators are installed, they can be replaced
with larger ones, thereby increasing the heating
surface and lowering the operating temperatures
of the system. The second, more invasive meth-
od is the installation of surface heating, such as
surface heating. Thermal modernisation activities
also include reducing transmission losses, which
means insulating the district heating network. It
is worth noting that in the case of a district heat-
ing network, thermal modernisation measures
only make sense if all users implement them, and
after the changes, individual heating installations
are properly adjusted to match the new parame-
ters of heating requirement. The costs and expect-
ed outcomes of these measures can vary signifi-
cantly depending also on the type of building and
its users’ characteristics and behaviours. Conduct-
ing an energy audit beforehand is the most effec-
tive approach to determine which retrofit activity
will provide the greatest cost-benefit ratio. Mea-
sures implemented on the consumer side that re-
duce a building’s demand for thermal power and
energy enable the district heating network to op-
erate at lower supply temperatures. This allows for
increased cooling of geothermal water within the
heating plant, which contributes to a higher share
of geothermal energy in the annual energy bal-
ance. In this way, geothermal water is preserved,
as deeper cooling in the heat exchanger permits
a reduction in the flow rate (and thus extraction)
of geothermal water.

CONCLUSION

The analysis indicates that many district heating
plants in Poland, that are in the prospective ar-
eas of the Polish Lowland could potentially re-
place their current primary energy source, coal
based, with geothermal energy supplemented by
heat pumps. Unfortunately, the geothermal re-
sources available in this region mostly have low-
er temperatures than those required by the dis-
trict heating networks. It is worth noting that
district heating system piping could be adequate
for delivering the required power to the consum-
er (temperature difference between supply and
return temperature of water), but if the final us-
er’s heating installation requires higher operat-
ing temperatures, the system will not be able to
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provide the necessary power. In that case, retro-
fitting activities must be carried out, e.g., replac-
ing radiators with larger ones. However, as the
analysis shows, a geothermal source with heat
pumps could provide, on average, about 50% of
the energy from renewable sources for the select-
ed group of heating plants. Among these plants,
there are locations where the geothermal resourc-
es, within the adopted energy model, could pro-
vide over 80% of energy from renewable sources
(e.g., Kolo, Zyrard(')w), which is a relatively excel-
lent result. These areas usually exhibit geothermal
resources that substantially exceed the national
average, thereby constituting prominent geother-
mal hotspots. Replacing coal-based energy sourc-
es with geothermal in the mentioned 84 heating
plants would lead to an annual reduction of about
1,204,000 tons of coal consumption and a decrease
in CO, emissions by about 1,163,000 tons. These
measures would likely translate into lower ener-
gy prices and environmental improvements. The
study also identifies a group of 40 heating plants
located within the common 70°C isotherm for the
Lower Jurassic and Lower Cretaceous formations
as prospective locations for using geothermal wa-
ter to heat only hot domestic water directly.

Key limiting factors in the utilisation of geo-
thermal energy not only include the temperature
of the water at the wellhead, but also its produc-
tion rate. The temperature of the geothermal wa-
ter may be sufficient for direct use, yet its volume
could be too small, thus limiting energy utiliza-
tion. These challenges, however, can be mitigat-
ed through measures such as thermal retrofitting
of heat consumers and their heating installations.
Such actions reduce both the power and energy de-
mand of final users, lowering the required supply
temperature and the achievable return tempera-
ture of the district heating system. This can lead to
the more efficient use of geothermal resources by
enabling deeper cooling of the geothermal water
and reducing the volume of water that needs to be
pumped, thus conserving the resource.

The research partly supported by The Nation-
al Fund for Environmental Protection and Water
Management (Project No. 450/2021/Wn50/NE-OA-
KU/D) and “Excellence Initiative — Research Uni-
versity” for the AGH University of Krakow.
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