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Thermal and mechanical energy storage as a chance
for energy transformation in Poland

ABSTRACT: The objective of the European Green Deal is to change Europe into the world’s first climate-
-neutral continent by 2050. Therefore, European countries are developing technological solutions
to increase the production of energy from renewable sources of energy. In order to universally
implement energy production from renewable energy sources, it is necessary to solve the problem
of energy storage. The authors discussed the issue of energy storage and renewable energy sources,
reviewing applied thermal and mechanical energy storage solutions. They referred to the energy
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sector in Poland which is based mainly on mining activities. The method that was used in this pa-
per is a review of thermal and mechanical energy storage solutions. In industrial practice, various
solutions on energy storage are developed around the world. The authors reviewed those solutions
and described the ones which currently function in practice. Hence, the authors presented the good
practices of energy storage technology. Additionally, the authors conducted an analysis of statisti-
cal data on the energy sector in Poland. The authors presented data on prime energy production in
Poland in 2004-2019. They described how the data has changed over time. Subsequently, they pre-
sented and interpreted data on renewable energy sources in Poland. They also showed the situation
of Poland compared to other European countries in the context of the share of renewables in the
final gross energy consumption.

KEYWORDS: energy storage, energy, renewable energy sources, energy transformation, Poland

Introduction

Energy is the fundamental factor that determines economic and social development. It con-
stitutes a highly important need of society. World economic development and population growth
led to a greater need for energy, especially for electricity and heat (Mikhno et al. 2021). Due to
this need and, at the same time, increasing environmental awareness, investing in new types of
energy was required. In the 215 century, renewable energy sources (RES) began to be developed.
Countries began to set certain targets for the use of renewable energy and the development of
technology that allows its use on a larger scale (Cader et al. 2021a). Regarding the Member States
of the European Union, a specific share of energy has been set for energy from renewable sour-
ces. The directive, updated in 2018, aimed for 32% share of renewables in the European Union
energy mix by 2030. However, an early draft (May 2021) of the upcoming directive confirms
the objective of sourcing 38—40% of this energy 2030 (Euractive 2021). RES are an alternative
to fossil fuels and their use on a larger scale is expected to reduce greenhouse gas emissions and
countries’ dependence on fossil fuel markets and diversify energy supplies (Olczak et al. 2021¢;
Wrobel et al. 2019).

In recent decades, the Polish energy market has been based on conventional sources that
include hard coal, lignite, natural gas, and crude oil. This is related to natural deposits in Poland —
especially of hard coal and lignite (Kryzia and Peptowska 2019; Stecuta and Brodny 2018a).
However, Poland is also investing more and more in renewable energy sources (Stecuta and
Brodny 2017a). One solution in the field of RES is thermal and mechanical energy storage (Ma-
tuszewska et al. 2020). There are not many projects in the world that enable energy storage yet,
but this is a very promising direction. At present the Polish economy and the energy market
are facing many changes. On the one hand, those changes can be a chance for Poland but on
the other hand, they might be a big threat. Energy transformation assumes moving away from
coal and increasing the use of renewable energy sources. Therefore, Poland needs modern and
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ground-breaking technological solutions that provide stable, efficient, and proper energy supply
and simultaneously use RES.

1. Theoretical Framework

1.1. Energy sector in Poland

The World Energy Council has divided the world’s energy resources into two categories:
renewable and non-renewable (Solinski 2004). Non-renewable fuels constitute the basic source
of the world’s primary energy supply. They consist of:

Hard coal and lignite (brown coal);
Crude oil;

Oil shales;

Tar sands and oil sands;

Natural gas;

Uranium,;

+e 4444

The renewable energy sources are represented by:
Hydropower;

Fuel wood;

Biomass other than wood (Mirowski et al. 2020);
Peat;

Solar energy;

Geothermal energy (Ciapata et al. 2021);

Wave and tidal energy;

Oceans’ thermal energy.
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The geological assessment of the fossil fuels reserves is still incomplete. The methods and
technologies of deposit recognition are evolving. Thus, by increasing the depth of surveys, new
deposits may be discovered. Moreover, many deposits are located within places that are not
easily accessible, such as Antarctica (Solinski 2004). Poland’s primary energy production relies
on fossil fuels (Kaszynski et al. 2019). The most important Polish energy carrier is hard coal
(Gawlik 2013; Mokrzycki and Gawlik 2013). There are two types of coal: energy coal and co-
king coal (Kopacz et al. 2020). Coal resources dominate in the national structure of energy reso-
urces. Figure 1 shows primary energy production in Poland in 2004-2019. The subsequent most
important energy carrier is lignite. From 2004 to 2019, the share of hard coal in total production
decreased. In recent years, the mining industry has undergone a lot of social pressure and compe-
tition in the global market. To survive, it has been forced to take actions to optimize costs and im-
prove effectiveness (Palka and Stecuta 2019; Stecuta 2018; Stecuta and Brodny 2018b, 2017b).
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However, it is worth noticing that the extraction of hard coal from domestic deposits provides
energy security and competitiveness to Poland. Hard coal deposits are located in Poland in three
basins: the Upper Silesian Coal Basin, the Lublin Coal Basin and the Lower Silesian Coal Basin.
Currently, coal is excavated in the first two basins. The Upper Silesian Coal Basin contains over
80% of documented resources of hard coal in Poland (Panstwowy Instytut Geologiczny 2020).
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Fig. 1. Primary energy production in Poland
(own study based on: Agencja Rynku Energii SA 2020; Statistics Poland 2020a)

Rys. 1. Produkcja energii pierwotnej w Polsce

The volume of hard coal production has had a downward trend in recent years. In 2007, pro-
duction amounted to 89.8 million tons, and in 2020 it was already around 35 million tons less.
Import amounted to a minimum value of 8.2 million tons in 2015, and a maximum value of 19.7
million tons in 2018. Figure 2 shows coal production, sales and import in Poland in 2007-2021.
The decreasing trend in hard coal production is due to investments in renewables and the ge-
neral global tendency to decarbonize the economy. Countries strive to meet energy needs while
minimizing the use of non-renewable resources (Orzet 2020). Poland is struggling with many
environmental problems, that result from activities in the field of conventional energy, mainly
air (Frankowski 2020; Stecuta and Brodny 2017a; Wozniak and Pactwa 2018), water and soil
pollution (Cabata et al. 2020) and noise (Paszkowski and Loska 2017). One of the biggest issues
is the phenomenon of so-called “low-stack emission” (Grabo$ and Zymanowska-Kumon 2014)
which is affected by mining operations (Stecuta and Tutak 2018) and insufficient interest in and
the use of renewables (Klojzy-Karczmarczyk and Mazurek 2009). Poland bears annual costs of
USD 21-38 billion (i.e., PLN 79-144 billion) due to smog (Airly 2020). Moreover, it is estima-
ted that around 45 thousand people die due to air pollution each year in Poland (Airly 2020).
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Fig. 2. Coal production, sales and import in Poland in 2007-2021
(own study based on: Energy Instrat 2021)

Rys. 2. Produkcja, sprzedaz i import wegla w Polsce w latach 2007-2021

1.2. RES in Poland

The objective of the European Green Deal (European Commission 2019) is to change Eu-
rope into the world’s first climate-neutral continent by 2050. The use of renewables has many
benefits, especially related to reducing the negative impact on the natural environment, primarily
reduction in greenhouse gas emissions. Moreover, the results of investing in renewables are
a reduced dependency on fossil fuel markets and the diversification of energy supplies (Cader et
al. 2021b; Olczak et al. 2020, 2021b). According to the European Green Deal, decarbonizing the
energy system is crucial to reach European climate objectives in 2030 and 2050. The production
and use of energy across economic sectors account for over 75% of the EU’s greenhouse gas
emissions. A power sector has to be developed — that is based on renewables, complemented by
the rapid phasing out of coal and decarbonizing gas. Simultaneously, the energy supply must be
secure and affordable for consumers (Olczak et al. 2021a). To make this happen, it is important
to ensure that the European energy market is fully integrated and interconnected and uses the
new energy production technologies (European Commission 2019; Koval et al. 2019; Zelazna
et al. 2020).

Figure 3 shows the share of renewable energy in final gross energy consumption in 2019.
The countries, whose share of renewable energy sources is the highest include: Iceland, Norway,
Sweden, Finland, Latvia, Denmark, Austria, Estonia, Portugal, Croatia, Lithuania, Romania,
Slovenia, and Bulgaria. This share is above 21%. In the case of Poland, this share was 11.16%
in 2018. In turn, in 2019 this share increased to 12.18% (Statistics Poland 2019, 2020a, 2020b).

In the case of Poland, the main reasons for the structure of obtaining energy from renew-
ables are geographical conditions and the resources that can be managed. Energy obtained from
renewables mainly comes from solid biofuels (68.88% in 2018, 65.56% in 2019), wind energy
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Fig. 3. Share of renewable energy in final gross energy consumption in 2019 [%]
(own study based on: European Environmental Agency 2021)

Rys. 3. Udziat energii odnawialnej w koncowym zuzyciu energii brutto w 2019 r. [%)]

(12.55% in 2018, 13.72% in 2019) and liquid biofuels (10.33% in 2018, 10.36% in 2019) (Stati-
stics Poland 2020b). Figure 4 shows the structure of energy from renewable sources by carriers
in Poland in 2019. The structure of energy consumption from renewables consists of a relatively
large share (54.86%) of final consumers and a smaller (45.13%) of its use for the energy transfor-
mation input. These proportions show that energy carriers from renewables are less often used by
industrial installations, where — because of energy transformations — derivative energy carriers,
such as electricity and heat, are produced, and then delivered to consumers.

The total energy value of acquired primary energy from renewable sources in 2018 was
367,091 TJ and in 2019 — 396,498 TJ. The details about energy from renewable sources in 2015—
—2019 are shown in table 1. In 2019, the highest production and import of RES among the analy-
zed years were observed. In recent years, the export of RES has gradually decreased. Inland con-
sumption increased by 6.72% in 2019. The transformation sector was mainly related to the main
activity of the electricity producer (CHP plants), then blending to motor gasoline/diesel, and auto-
producer electricity (CHP plants) or ORC (Matuszewska et al. 2017; Matuszewska and Olczak
2020). Final energy consumption was characterized by an upward trend in the analyzed period.
Every year the greatest parts of the industry sector were paper, pulp and printing and wood and
wood products. In terms of production volume, solar energy has developed significantly. Solar
energy production recorded a very large increase in 2019 (it amounted to over 5,500 TJ) — it was
higher by over 60% compared to 2018. The production of hydro energy was the highest in 2017
(over 9,000 TJ) among the analyzed years. The production of wind energy was raised by almost
20% in 2019 compared to 2018. The energy production from heat pumps increased gradually
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Fig. 4. The structure of energy from renewable sources by carriers in Poland in 2019
(own study based on: Statistics Poland 2020b)

Rys. 4. Struktura energii ze zrédet odnawialnych wedtug nosnikow w Polsce w 2019 1.

TABLE 1. Energy from renewable sources in Poland in 2015-2019 [TJ]

TaBELA 1. Energia ze zroédet odnawianych w Polsce w latach 2015-2019 [TJ]

Specification 2015 2016 2017 2018 2019
Indigenous Production 375,564 383,808 388,483 378,049 396,498
Imports (+) 36,934 34,850 31,821 37,621 45,861
Exports (—) 30,947 45,288 39,298 28,141 26,758
Stock Changes (+/-) —422 -334 -110 -730 -920
Inland Consumption 381,129 373,037 380,897 386,798 414,682
Transformation Sector 175,231 154,133 154,924 161,093 187,157
Energy Sector - 32 23 36 20
Final Energy Consumption of which: 205,898 218,872 225,950 225,669 227,504
Industry Sector 59,032 65,170 70,976 71,912 78,323
Construction 6 10 8 21 22
Transport Sector 64 180 2 34 1,696
Other Sectors 146,797 153,512 154,964 153,703 147,464

Own study based on: (CSO 2020).

from 2015 to 2019. The largest increase took place from 2018 (8,958 TJ) to 2019 (10,681 TJ) —it
was almost 20% (CSO 2020).

To limit the negative impact of the mining operation on the natural environment and meet
the EU’s environmental objectives, Poland needs to increase its activity in the field of renew-
ables. Even though modern research in Poland relates mainly to the development of technologies
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within fossil fuels (Bartoszek et al. 2021; Dyczko and Malec 2021; Kaminski 2021a, 2021b;
Kaminski et al. 2021; Pedchenko et al. 2018; Stecuta and Brodny 2017b), there is a big need and
support for investment in renewables (Komorowska et al. 2020; Olczak and Komorowska 2021).
The modern and beneficial technology in this area is thermal energy storage. The next paragraph
describes what thermal energy storage is.

1.3. Thermal energy storage

The challenge of storing energy has been undertaken for many years. The first batteries were
used in the early nineteenth century, and the first pumped-storage energy started its operation
in 1920 (Rafat and Grabowski 2021). In Central European countries, about 2/3 of the solar
radiation heats the surface between May and September. On the other hand, the heating season
is usually between October and April, making it impossible to use solar energy as a source of
thermal energy efficiently. The solution to this problem is thermal energy storage, which enables
balancing the production and demand for thermal energy in the warm and cold months (Kadar
2014; Mangold and Deschaintre 2016). There are the following types of underground energy
storage (Mangold and Deschaintre 2016):

Tank thermal energy storage (TTES);

Pit thermal energy storage (PTES);
Borehole thermal energy storage (BTES);
Aquifer thermal energy storage (ATES).
Figure 5 shows the types of energy storage.

++4+ 4

Most of the thermal energy storages are built underground. This is due to the following (Man-
gold and Deschaintre 2016):

4 Energy storages are often built in the vicinity of residential areas (reduction of the impact on
the landscape);

4 The rock mass provides additional thermal insulation;

4 In some cases, the rock mass itself is an energy store (BTES and ATES);

4 Rock mass pressure outside the storage enables water pressure compensation inside the sto-
rage (TTES).

Before underground thermal energy storage constructing, it is necessary to carry out a de-
tailed hydrogeological analysis, taking the stratigraphy, the location of groundwater tables, soil
permeability, and the size and direction of groundwater flows into account (Wyrwicki 2004).
Different hydrogeological conditions must be met for each type of underground energy storage
(Dychkovskyi et al. 2019; Mangold and Deschaintre 2016; Matuszewska et al. 2020).

The basic element of the TTES is an underground tank, usually made in a reinforced concrete
housing (prefabricated or made in situ). The tank is filled with water, which is the accumulation
medium. Thermal energy can be charged and extracted in two ways: directly by pumping hot wa-
ter or indirectly using heat exchangers. The TTES usually cooperate with large systems of solar
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a) Tank thermal energy storage (TTES) b) Pit thermal energy storage (PTES) (60-80
(60-80 kWh/m?) kWh/m?)

¢) Borehole thermal energy storage d) Aquifer thermal energy storage (ATES)
(BTES) (15-30 KWh/m?) (30-40 KWh/m?)

Fig. 5. The types of underground energy storage
(own study based on: Schmidt et al. 2018)

Rys. 5. Typy podziemnych magazynoéw energii

collectors, they can also be an element of hydraulic circuits of a combined heat and power plant.
The case of the tank must be able to transfer external loads, coming from the rock mass, and
internal loads, coming from water. Since these loads are counterbalanced, it is possible to limit
the thickness of the case in relation to the thickness of the walls of typical above-ground tanks.
In order to reduce heat loss, the tank is additionally insulated with mineral wool, glass wool, or
polyurethane (Kwestarz 2016; Mangold and Deschaintre 2016).

The PTES consist of a tank located below the ground surface and insulated with foil. As with
the TTES, the PTES can be loaded and unloaded directly or indirectly. To reduce heat loss, the
tank is built up from above with a fixed or floating accumulation medium on the surface. The ac-
cumulation medium is a mixture of water and gravel. The use of this type of medium limits
the storage capacity. The volume of the gravel-water tank must be about 30% larger than that of
the water tank to obtain the same thermal capacity (Kwestarz 2016; Mangold and Deschaintre
2016; Steinmann et al. 2019). Compared to other storages, PTES has the lowest specific invest-
ment cost due to economies of scale (Schmidt et al. 2018).
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In the BTES, heat is stored directly in the rock mass. The basic element of this type of sto-
rage is U-type heat exchangers, built-in boreholes with a length of 30 to 200 m. When charging,
the hot medium, flowing through the heat exchangers, gives off heat to the rock mass — in this
situation, the medium flows from the inside to the outside of the storage, thus allowing high
temperatures in the central part to be reached. During discharge, heat is taken from the rock
mass by the cool medium, while the flow direction of the medium is reversed. To use the BTES,
it is necessary to have a low-permeable rock mass, characterized by high heat capacity. This
condition is well met by clay formations. The volume of the BTES tank must be approximately
3-5 times greater than the volume of the TTES tank to obtain the same heat capacity (Abbas et
al. 2020; Kwestarz 2016; Mangold and Deschaintre 2016). BTES has low costs but high losses
(Schmidt et al. 2018).

Heat is stored in the ATES using natural groundwater reservoirs — the accumulation medium
is porous soil and water that fills it. The basic element of the ATES is two well systems of diffe-
rent depths. During charging, water is pumped from the “cold” well, heated e.g., by solar collec-
tors, and pumped underground by the “warm” well. When discharging, the water flow direction
is reversed. A thermal front, which moves depending on temperature changes, is created between
the “warm” and “cold” parts of the tank. The use of the ATES requires specific hydrogeological
conditions. The aquifer must have high porosity and a filtration rate and be insulated at the top
and bottom by impermeable layers (Kwestarz 2016; Mangold and Deschaintre 2016). Figure 6
shows the ATES.

a) summer b) winter

Charging heat, for cooling purpose Discharging heat for heating purpose

(i | 1 il

Fig. 6. Aquifer thermal energy storage
(own study based on: Possemiers 2014)

Rys. 6. Magazyn energii cieplnej warstwy wodonosnej

Solving the problem of energy storage is necessary for the universal implementation of elec-
tricity production from renewable sources. The use of ecological wind and solar energy is related
to the difficulty of balancing supply and demand. Therefore, in countries where the energy mix
is largely composed of renewable sources, two situations may arise. On the one hand, on some
days all energy needs are covered by wind and solar power plants. On the other hand, there are

52



so-called blackouts, during which the energy demand exceeds the supply, and it is necessary to
use conventional sources. It should be noted that a situation where energy production exceeds
demand is not favorable either. There are situations where the surplus electricity has to be trans-
ferred abroad, while the cost of the operation is borne by the producer (Kubinski and Szabtowski
2020; Kwestarz 2016).

2. Review of the energy storage solutions

The classic way of storing energy is typical lithium-ion batteries. Nevertheless, the possibi-
lity of using such solutions in the power industry is limited by the problems associated with the
high cost and low durability of batteries. Moreover, other problems are limited service life and
a future problem with utilization (Belu 2019). In response to the described problem, the British
start-up Gravitricity has developed an energy storage technology based on the use of gravity. It
is an extension of the existing technology used in pumped storage power plants which are me-
chanical energy storage based on water flowing between the two levels. During periods when the
energy demand exceeds the supply, pumped storage power plants pump water to the upper level,
thus obtaining potential energy. In the period of increased demand for energy, water is drained
through pipelines to the lower level, and its kinetic energy is converted into electricity through
turbines. The construction of pumped storage power plants is profitable only if the power of the
designed installation is very high (Gravitricity 2020).

The system developed by Gravitricity is based on a winch system, used to store energy in the
form of potential energy using large loads pulled into the shaft area. For this purpose, the existing
mine shafts, left over from the closed mines can be used. When there is an increase in energy de-
mand, the weights are lowered and their potential energy is converted into kinetic energy, which
is then converted into electrical energy. Therefore, charging a gravity-based battery is lifting
the weight up the shaft, and discharging it lowering the weight down the shaft. The idea for the
Gravitricity system was developed by company founder Peter Fraenkel, the designer of the first
tidal turbines used on an industrial scale (Gravitricity 2020).

The weights must be equipped with a guiding system consisting of taut large diameter ropes
to prevent the loads from deflecting towards the sides of the shaft. The service life of the Gravi-
tricity energy storage system is at least 50 years. In addition, it is to be characterized by a very
high efficiency of 80-90%. It should be noted that the efficiency of energy storage systems is
a very important parameter that determines the size of losses. Moreover, the costs of the Gravi-
tricity system are lower than the system based on lithium batteries with similar parameters. The
Gravitricity system can generate electricity with a capacity of 1 to even 20 MW with output du-
ration from 15 minutes to 8 hours. While the weight system itself is an extremely efficient means
of storing energy, the storage capacity can be further enhanced by increasing the air pressure in
the shaft and thus creating a Compressed Air Energy Storage (CAES). Compressing the air in the
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shaft includes making an airtight plug and supplementing the shaft case with air-impermeable
material (Gravitricity 2020).

Gravitricity is currently building a demo platform for its project. The 16-meter-high struc-
ture with a total output of 250 kW is being built in Scotland and connected to the local power
network. If it is successful, the next step will be to make a full prototype in the mine shaft.
Further plans include the construction of prototype energy storage facilities in South Africa,
Australia, and European countries. If the use of this technology in the existing mine shafts is
verified as an effective solution, subsequent shafts, which are ultimately intended to be part
of the energy storage, will be built near cities, industrial plants, wind farms and solar power
plants. In 2019 and 2020, the company received large funds to analyze the possibility of using
disused mining shafts in South Africa for the implementation of the system. However, work
has been delayed significantly due to the COVID-19 pandemic and the economic crisis (Gra-
vitricity 2020; Holder 2020).

The technology developed by Gravitricity is not the only energy storage system based on
gravity. Mountain Gravity Energy Storage (MGES), like the Gravitricity system, is based on lift-
ing a certain mass during charging and lowering this mass during discharging. However, inste-
ad of loads in disused mine shafts, it uses a mass of sand, gravel, or other material located on
a mountain peak. An international team, responsible for developing this technology, has proved
that it is suitable for inexpensive energy storage over long periods of time (Davies 2020; Hunt
et al. 2020).

Another system, developed by Energy Vault, uses a six-arm crane on top of a 33-story
tower. The method of energy storage is similar to the Gravitricity system, but in this case,
concrete blocks are used as weights. An important element of the system is the use of soft-
ware that automates the entire process, controls cranes, and manages energy resources de-
pending on the current demand. The cost of this storage is estimated at USD 7-8 million
(Hussein et al. 2004).

The Swiss company Rehau offers solutions that use the road infrastructure as a source of ther-
mal energy. In summer, surfaces made of mineral-asphalt mixtures heat up to temperatures of up
to 60°C, causing deterioration of the mechanical properties of the surface. In winter, surfaces are
covered with snow and ice, increasing the risk of road accidents and infrastructure maintenance
costs. The solution to this problem is systems of thermal collectors built into the surface, connec-
ted with PE-Xa probes, used for underground storage of thermal energy. In summer, solar heat is
extracted from the asphalt surface and stored underground. Then, the stored heat is used in winter
to remove snow and de-icing the road (REHAU 2011).

A similar system can also be used in underground construction by installing heat collectors
in the tunnel cases. In this variant, the heat from the collectors is transferred to the heat pumps
and used in other applications. This type of solution has been successfully implemented in the
Jenbach tunnel in Austria. The energy output ranged from 1015 W/m?, while the extracted heat
was used to heat buildings above the tunnel (REHAU 2011).

Similar solutions could also be applied in mining constructions. The exhaust shafts of under-
ground coal and metal ore mines remove enormous amounts of heat from the rock mass. The
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amount of heat increases with the increasing depth of exploitation. The system described above
may be a solution that can make it possible to retrieve at least some of the heat released from the
rock mass during underground mining activities.

The development of efficient methods of energy storage is a significant problem of the mo-
dern world. It is a key to increase the share of renewable energy sources in the energy mix.
Energy storage is a buffer between the producer and the consumer of electricity, and it balances
the differences between supply and demand. The use of energy storage will undoubtedly bring
many benefits.

According to Gravitricity, their energy storage system can provide power to more than 13,000
households for two hours. If necessary, this solution can provide a short-term impulse of very
high power (loads can be lowered down the shaft in a very short time). The current frequency in
the energy network must be stabilized at 50 Hz — and the Gravitricity system can deliver a full
-power impulse in less than one second. The response time of gravity-based storage is similar to
that of a lithium-ion battery-based system. Unlike electrochemical batteries, Gravitricity can be
loaded and unloaded many times a day without affecting performance. Analysts from Imperial
College in London calculated that the implementation of the Gravitricity system will be a much
cheaper solution compared to currently used solutions, including those based on lithium-ion
batteries. At present, the potential of shafts in deep South African mines is being assessed (Gra-
vitricity 2020; Holder 2020).

Conclusions

The effective use of renewable energy sources, for both heat and electricity, is inseparably
linked with the need to use efficient methods of energy storage. This is due to the significant
differences between the periodic energy demand and its production from renewable sources. One
of the biggest disadvantages of RES is their dependence on changing weather conditions. The
production of energy from fossil fuels is much more flexible in this field and makes it possible
to correlate production with periodic energy demand. For this reason, an effective solution is to
combine both RES and energy storage solutions.

The basis of the Polish energy sector is fossil fuels, the use of which has a negative impact
on the natural environment, especially the air. For this reason, energy transformation is indispen-
sable in Poland. This transformation is going in two main directions. The first is to move away
from coal, and the second is to introduce new energy sources — mainly renewables. The energy
transformation is a change in the energy system, both in energy production sources and its distri-
bution. Energy storage meets these needs. It should be emphasized that the solutions described
above have a potential for application in Poland. Currently, the Polish mining industry is plan-
ning to close coal mines. In reference to this, the possibility of using the existing infrastructure
for the development of green energy should be considered.
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The underground energy storage, described in the article, the effectiveness of which has
been tested and confirmed, is an essential element of the heating system, enabling the effective
and economical use of renewable and waste energy. The idea of the TTES and the PTES can be
used in mining areas. The existing mining infrastructure, related to an underground and opencast
mining operation, should be the starting point for building energy storage. As a result, the invest-
ment costs of energy storage can be reduced.
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Magazynowanie energii cieplnej i mechanicznej jako szansa
dla transformacji energetycznej w Polsce

Streszczenie

Celem Europejskiego Zielonego Ladu jest przeksztalcenie Europy w pierwszy na §wiecie kontynent
neutralny dla klimatu do 2050 roku. Z tego wzgledu kraje europejskie opracowuja rozwigzania technolo-
giczne zwigkszajace produkcj¢ energii z odnawialnych Zrodet. W celu powszechnego wdrozenia produkcji
energii z odnawialnych zrédet energii konieczne jest rozwigzanie problemu magazynowania energii. Au-
torzy omowili problematyke magazynowania energii i odnawialnych zrodet energii, dokonujac przegladu
stosowanych rozwigzan magazynowania energii cieplnej i mechanicznej. Odniesli si¢ do sektora energe-
tycznego w Polsce, ktory opiera si¢ gtdwnie na dziatalnosci gorniczej. Metoda, ktora zostata zastosowana
W pracy, jest przeglad rozwigzan magazynowania energii cieplnej i mechanicznej. W praktyce przemysto-
wej na calym $wiecie opracowywane s3 réozne rozwigzania w zakresie magazynowania energii. Autorzy
dokonali ich przegladu i opisali te, ktore obecnie funkcjonujg w praktyce. W artykule przedstawione zo-
staly dobre praktyki techniki magazynowania energii. Dodatkowo autorzy przeprowadzili analiz¢ danych
statystycznych dotyczacych sektora energetycznego w Polsce. Zaprezentowali dane dotyczace produkcji
energii pierwotnej w Polsce w latach 2004-2019 oraz opisali, jak zmienialy si¢ one w czasie. Nastepnie
przedstawili i zinterpretowali dane dotyczace odnawialnych zrodet energii w Polsce, a takze sytuacje Polski
na tle innych krajow europejskich w kontekscie udziatu OZE w koncowym zuzyciu energii brutto.

SLOWA KLUCZOWE: magazynowanie energii, energia, odnawialne zrédta energii, transformacja
energetyczna, Polska



