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Abstract: This article presents the concept of green transformation of the coal mining sector. Pump
stations that belong to Spółka Restrukturyzacji Kopalń S.A. (SRK S.A., Bytom, Poland) pump out
approximately 100 million m3 of mine water annually. These pump stations protect neighboring
mines and lower-lying areas from flooding and protect subsurface aquifers from contamination. The
largest cost component of maintaining a pumping station is the expenditure for purchasing electricity.
Investment towards renewable energy sources will reduce the environmental footprint of pumping
station operation by reducing greenhouse gas emissions. The concept of liquidation of an exemplary
mining site in the context of a circular economy by proposing the development/revitalization of a coal
mine site is presented. This concept involves the construction of a complex consisting of photovoltaic
farms combined with efficient energy storage in the form of green hydrogen produced by water
electrolysis. For this purpose, the potential of liquidated mining sites will be utilized, including the
use of pumped mine wastewater. This article is conceptual. In order to reach the stated objective, a
body of literature and legal regulations was analyzed, and an empirical study was conducted. Various
scenarios for the operation of mine pumping stations have been proposed. The options presented
provide full or nearly full energy self-sufficiency of the proposed pumping station operation concept.
The effect of applying any option for upgrading the pumping station could result in the creation of
jobs that are alternatives to mining jobs and a guarantee of efficient asset management.

Keywords: renewable energy sources; energy storage; post-mining land revitalization; circular economy

1. Introduction

Due to the European Union’s commitment to attaining climate neutrality, member
countries are obligated to phase out the use of fossil fuels such as coal [1,2]. This transition
presents a challenging and prolonged endeavor for the mining sector [3,4]. A significant
amount of research has focused on the challenges associated with mine closure and the
subsequent activities [5,6]. Liquidation activities in the mining sector in Poland, spread
over many years, are a consequence of European Union policy, in particular the European
Green Deal. This document is, in a nutshell, a roadmap for the EU transformation towards
achieving climate neutrality by 2050 [7–9]. In order to achieve this goal, the EC has proposed
a European Climate Law, which sets targets for greenhouse gas emissions, including a
reduction of at least 55% by 2030 (relative to 1990) [10–12]. This is a very big challenge
for Poland, where more than 80% of electricity is generated from fossil fuels (mainly hard
coal and lignite). In practice, this means the search for new, alternative energy sources,
withdrawal from fossil fuels, and the intensive development of renewable energy sources,
including photovoltaic and wind farms. A special role in Poland’s energy transition
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should be played by hydrogen, which is seen as a new, environmentally friendly energy
carrier. Introducing hydrogen into the energy mix will afford Poland the opportunity to
achieve energy independence, reduce greenhouse gas emissions, and make a meaningful
contribution to the global fight against climate change. It is anticipated that the process
of decarbonizing Poland’s energy sector will be challenging and protracted, taking into
account both economic and social factors. The utilization of coal gasification technologies
in the Polish energy sector has the potential to effectively facilitate this process, especially
when combined with carbon capture, utilization, and storage (CCUS). Gasification of coal
has been a recognized technology for over a century, involving a thermochemical process
that converts the fuel, in this case coal, into synthesis gas containing carbon monoxide and
hydrogen [13–16]. Various scholarly papers have explored the co-gasification of lignite
with biomass/biowaste or Solid Recovered Fuel [17–21].

Acquiring hydrogen through the electrolysis method outlined in this study necessitates
a substantial quantity of both electricity and water. The electrolyzer’s water consump-
tion can reach approximately 22 dm3/kg H2 due to technical constraints [1,2,7]. These
challenges are exacerbated by a scarcity of potable water on a global scale, along with di-
minishing water resources and declining water quality, all of which require the exploration
of alternative approaches to safeguard the reliable operation of water supply systems. To
improve the flow of water and become independent from the public water system, it is es-
sential to take steps to reduce reliance on traditional water sources. Utilizing groundwater
and collecting rainwater are often overlooked methods of obtaining water [5,11].

The purpose of this article is to introduce the idea of managing the resources of a
closed mine, specifically by upgrading the pumping station that removes water from the
inactive underground tunnels. This is a significant issue due to the increasing number of
coal mines being closed globally to support the shift towards green energy. The project fits
in with the tasks of a closed-loop economy and is an opportunity for regional development,
thanks to the introduction of new technologies, as well as modern economic solutions. The
project outlined in this paper aims to generate new markets associated with contemporary
transportation and sustainable energy sources. Furthermore, it presents an opportunity to
rejuvenate areas once impacted by extensive mining activities [22–24]. To the best of the
authors’ understanding, there has been limited scientific research on the intersection of
closed mine drainage and circular economies.

2. Materials and Methods
2.1. Selected Environmental Challenges Facing the Economy

In line with the European Green Deal and the EU Hydrogen Strategy, Poland’s goal for
hydrogen production is to provide the conditions for the start-up of hydrogen production
facilities from low- and zero-emission sources. In order for hydrogen to contribute to
climate neutrality, its use should take place on a much larger scale, and production should
become fully zero-emission [25,26].

Approximately 96% of global hydrogen production comes from conventional fuels (the
predominant technology is production by steam methane reforming). The most desirable
hydrogen is the so-called green hydrogen, which is obtained by electrolysis using energy
from renewable sources (energy produced by photovoltaic and wind farms). Energy from
renewable sources can be used directly to power pumps or electrolyzers that produce green
hydrogen, or it can be stored for further use for own needs [25,27,28].

CZOK SRK S.A. (Central Mine Dewatering Plant, branch of SRK S.A., Poland) pumps
out approximately 100 million m3 of water annually from the underground of liquidated
mines. Much of the wastewater is discharged into local watercourses. The discontinuation
of dewatering activities would result in the inundation of active mines and adjacent low-
lying regions, along with the pollution of superficial groundwater reservoirs.

Pumping stations equipped with a Mining Water Treatment Station (MWTS) could act
as strategic emergency intakes for emergency events, resulting in reduced water shortages,
reduced discharge of contaminated water into watercourses, and reduced salt emissions
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to the environment [5,29]. Alternative ways of managing mine water can be to use its
potential energy as a source of power for pumped storage power plants or its thermal
potential in heat pumps [30,31].

In order to limit the impact of mines on the environment, it would be possible to
adopt some of the mine shafts belonging to SRK S.A. for energy storage purposes [32–35].
One way of storing energy could be to obtain electricity using the shafts by flowing water
from the surface reservoir into the shaft sump via a built-in hydrogenerator and pumping
it to the surface during periods of peak energy production by renewable energy source
(RES) installations.

One way to reduce the need to purchase electricity from the grid is to build photo-
voltaic or wind farms. Photovoltaic farms can be created on industrial land for manufactur-
ing purposes. Plots of land allowing PV cells to operate at full capacity should preferably
have a southern exposure and a regular form, allowing for ordered development. An addi-
tional requirement is good access for technical vehicles and proximity to the transformer
station [36,37].

The energy generated by photovoltaic farms at full capacity would meet approximately
42% of the Company’s energy needs. The usage of all the energy produced in the best
weather conditions is usually not possible for technical reasons. It is necessary to use
energy storage facilities to store the surplus and manage it in times of energy shortage.
The available lithium-ion storage facilities are best suited for use on farms located in the
immediate vicinity of pumping stations.

2.2. Research Problem

SRK S.A.’s activities are dedicated to the secure retrieval of coal from operational
mines. Failure to extract water could lead to potential flooding in the region and subsequent
flooding in lower-lying areas. One of the major expenses for SRK S.A.’s legal operations is
the procurement of electricity. The use of non-renewable energy sources, including fossil
fuels, at the Company’s different sites led to a total consumption of over 297 GWh in
2023 [38–40].

The purpose of the article was to develop a database of model solutions for the pilot
modernization of mine water pumping stations that align with the principles of a circular
economy. By merging the concepts of safe coal mining for active mines and the general
safety of post-mining areas with the principles of a circular economy in the liquidated mine
area, previously overlooked benefits of mine water pumping processes were realized. An
innovative approach to areas affected by post-mining and large quantities of mineralized
mine water that pollute local waterways presented the potential to transform current
waste into valuable raw materials or energy sources. The investment attractiveness of
the proposed solutions for specific conditions was then assessed using the main site of
a liquidated mine being converted into a district pumping station belonging to the SRK
S.A. branch, CZOK, as a case study. Apart from satisfying the energy requirements of the
pumping station with renewable energy, the project seeks to rejuvenate the infrastructure
of the closed mine, preserve current employment opportunities, and generate additional
ones [41–43].

2.3. Characteristics of the Analyzed Pumping Station

In 2015, SRK S.A. assumed control of a coal mine that had been placed in liquidation.
Once the outdated facilities were liquidated, the mine was integrated into the structure of
a CZOK as a district pumping station. The examined pumping station is situated in the
heart of a large city within the Silesian Agglomeration [38,40,44]. A permanent dewatering
system is in place at the pumping station, utilizing a network of around 9 km of tunnels
modified for the pumping station. All water entering the pumping station is channeled into
the abandoned mine workings. For ventilation purposes, two shafts have been retained
at the pumping station to manage the task of pumping out the wastewater. Water from
the main dewatering system is pumped to the surface in accordance with the water-legal
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permit held, and through 3 surface sedimentation tanks, it flows gravitationally through
a collector to a nearby river. The operation of the pumping station required some of the
post-mining buildings and structures to remain. The remaining facilities of the acquired
mine have already been liquidated or their demolition is ongoing. The surface facilities left
behind are surrounded by an area of approximately 33 ha. In 2023, the pumping station
pumped out approximately 8 million m3 of water. It is estimated that the pumping station,
in order to carry out its operations, requires approximately 35 GWh of electricity, with an
annual thermal power requirement of approximately 2 MW [45–47].

2.4. Project Assumptions

The modernization of the existing infrastructure of a liquidated mine adapted to a
district pumping station combined with new technologies is intended to be a self-financing
solution with a positive image and social perception [10,48].

The surface of the liquidated mine has a southern exposure and a regular form,
allowing for an organized development of the panels, with good access for technical
vehicles and easy access to medium- and high-voltage installations. The calculations and
design assume the implementation of a plant producing energy only for the company’s own
needs. The proposed projects assume the construction of farms with a generating capacity
of approximately 7.4 to 23 MWp, which will be able to produce approximately 6 to 20 GWh
of “green”, “clean” electricity per year [15,49]. The pumping station carries out dewatering
continuously on all days of the year. It requires approximately 2.3 MW of electricity during
peaks. On sunny days, the demand will be met by a built-in photovoltaic farm, but there
will also be an overproduction of energy in most cases. When the photovoltaic system
has to provide electricity at night or on non-sunny days, it is necessary to use a storage
system for the energy generated during sunny days [36,49,50]. Therefore, there is a need
for energy storage for non-sunny days. Storing energy in the generated hydrogen allows
the generated surplus energy to be stored very efficiently in the long term and used at
times of electricity demand. Water electrolysis is considered to be the most future-oriented
and recommended technology for energy storage by hydrogen generation [51–53]. For
these reasons, part of the project variations for the pumping station upgrade adopted the
idea of storing excess energy by electrolytic hydrogen generation. The project assumes
the installation of a small battery energy storage facility to stabilize the power supply and
buffer the energy generated or for the possible stabilization of the electrolyzer operation.

3. Results
3.1. Adapted Variants of Energy Self-Sufficiency Models Associated with Mine
Wastewater Pumping

When choosing the capacity of the photovoltaic farm, maximum use was made of the
available surface area, including the surface area of available roofs and shelters over car
parks [54–56]. The revenue generated from the sale of hydrogen and oxygen, as well as any
planned income from thermal energy trading, will be used to purchase the electricity, thus
reducing the need for a budget subsidy and reducing CO2 [11,50].

Under the assumption of maximizing the use of generated electricity, two groups
of options were designed to restructure the liquidated mine to energy self-sufficiency
systems [29,30]. Some of the variants considered providing only energy independence.
These variants assume only the construction of a photovoltaic panel installation, the so-
called PV farm, with the necessary equipment and infrastructure for energy storage or
transmission. Some of the variants assume, in addition to energy self-sufficiency, the
treatment of pumped mine water. The additional equipment in these variants is a Mining
Water Treatment Station. The revenue from the sale of treated water in these options will go
towards the purchase of the “dirty” energy. In the end, 12 decision-making variants were
proposed, differing in the amount of investment required and in the different degree to
which the energy needs of the pumping station would be met, as well as 5 optional variants
that could be used in conjunction with the basic variants. The project includes solutions
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that allow using part of the energy for own needs and sending the rest to another pumping
station or storing it, but also, some of the variants produce only for own needs.

Some of the variants assume the storage of surplus energy in the form of “green”
hydrogen obtained by electrolysis or the use of the generated energy on an ongoing basis
exclusively for own purposes by feeding it into the national grid and receiving it at the
same time at the Company’s other pumping stations on a “virtual prosumer” basis [37,57].
Decision-making variants have also been proposed, where a small PV farm is installed at
the pumping station to generate “green” electricity entirely consumed by the pumping
station on an ongoing basis [54–56]. On the basis of the price survey carried out (June 2024),
the amount of current outlays required for the upgrade of the pumping stations in the
various options was determined. In the study, all expenditures are given as a multiple of the
expenditures required for the implementation of variant 1, generating energy exclusively
for own use.

3.2. Equipment and Principle of Operation of Variants 1 and 1S Generating Power Exclusively for
Own Consumption

Variants 1 and 1S are the simplest examples of an energy self-sufficiency project
possible to implement in the reality of Spółka Restrukturyzacji Kopalń. S.A. The variants
present the construction of a photovoltaic installation with the necessary equipment and
infrastructure at the existing mine water pumping station. The size of the farm, and at the
same time its power, is adapted to the amount of energy demand of the pumping station
equipment. In these decision-making variants, the energy generated by the photovoltaic
farm is not to exceed the fluctuations in the energy demand of the pumping station and
is to be consumed entirely by the pumping station without even temporarily feeding
energy back into the national grid. On non-sunny days, the operation of the pumping
station’s most energy-intensive equipment will be carried out during periods of the day
with the lowest purchase price of electricity from the local supplier’s grid [26,43]. The
options ensure, on sunny days, that up to approximately 40% of the pumping station’s
daily electricity demand is covered by the “green” energy.

3.3. Equipment and Principle of Operation of Variants 2 and 2S Distributing Surplus Electricity
on a So-Called Virtual Prosumer Basis

Variants 2 and 2S assume the implementation of an installation producing energy for
own use, sending into the national grid any surplus energy to be immediately consumed at
another pumping station on a so-called virtual prosumer basis. A provision is made for the
construction of a photovoltaic panel installation, the so-called PV farm, together with the
necessary equipment and infrastructure. The variants assume the maximum consumption
of electricity during the generation period, so a change in the operating time of the most
energy-intensive equipment to sunny periods with the production of the PV farm was
made. Such a change ensures that up to approximately 40% of the electricity produced
is used at the pumping station. The remaining surplus, i.e., about 60% of the generated
energy, will be fed back into the grid of the local supplier and collected at the same time at
another pumping station owned by the Company. Such a model requires payment to the
local supplier of energy transmission costs that reduce the amount of energy available for
collection at another point. It is estimated that approximately 93% of the surplus returned
to the grid (at Q2 2024 prices) will be available for collection at another pumping station.

3.4. Equipment and Principle of Operation of Variants 3 and 3S Involving Hydrogen Retailing

Variants 3 and 3S assume not feeding electricity into the grid of the local distributor.
These options assume the storage of excess electricity produced by the photovoltaic farm in
the form of hydrogen. The hydrogen is to be sold in its entirety at the farm’s own refueling
station, with the resulting revenue being used to purchase energy to power the pumping
station equipment during non-sunny periods. The sale of the hydrogen obtained will
be a form of long-term storage of the surplus electricity generated. Furthermore, for the
assembly of the fundamental photovoltaic panel installation, known as the PV farm, along
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with the essential equipment and infrastructure, an additional set of equipment for water
electrolysis, hydrogen storage, and distribution is required, including a hydrogen refueling
station in Variant 3. An extra investment in this version is the establishment of a Mining
Water Treatment Station. During periods of surplus “green” electricity production, excess
energy will be stored through electrolysis in the form of hydrogen. The resulting hydrogen,
once compressed to its standard value, will be conveyed to a tank and sold continuously at
refueling stations at prices comparable to retail prices. Profit on sales is estimated at 90% of
the current retail price, considering the challenging aspect of determining the hydrogen
distribution cost at this stage. In non-solar periods, energy will be purchased from a local
supplier using the proceeds from earlier marketing of “green” hydrogen. The purchase of
energy from the local supplier will be at the currently negotiated purchase price for “dirty”
energy. Additionally, the sale of the oxygen produced will contribute to covering part of the
cost of purchasing “dirty” energy for the pumping station during non-solar periods. The
water electrolysis process incidentally generates thermal energy, which can be utilized for
the pumping station’s internal needs. As a result, an underground thermal energy storage
facility is planned to supply “in-house” heat when the electrolyzer is not operational. At
the electricity purchase price of Q2 2024, it is estimated that approximately 98% of the
stored electricity could be effectively utilized, ensuring a circular economy component
in operation.

3.5. Equipment and Principle of Operation of Variants 4 and 4S Involving Hydrogen Wholesale

In establishing the operating model for Variants 4 and 4S involving the wholesale
of hydrogen, the construction of a refueling station was abandoned. A mechanism was
adopted to maximize the consumption of the produced “green” energy for own purposes
and to sell all the produced surplus “green” electricity stored in the form of hydrogen to a
local distributor. Due to the cost of hydrogen supply, which is difficult to determine at this
stage of the project, it has been assumed that hydrogen will be sold at 60% of the current
retail price. During the non-solar period, there will be a purchase of “dirty” energy from
the local supplier from the proceeds of the earlier sale of surplus “green” hydrogen and
harvested oxygen, and energy purchases will be made at the current purchase price of
“dirty” energy. It is estimated that this model of pumping station operation could, at the
Q2 2024 electricity purchase price, ensure that 74% of the stored electricity could be used.

3.6. Equipment and Principle of Operation of Variants 5 and 5S Involving Hydrogen Combustion

Variants 5 and 5S involve the process of not feeding electricity into the national grid
but rather storing any excess electricity generated by the photovoltaic farm as hydrogen.
In times of energy shortage, the hydrogen will be utilized in cogeneration engines to
produce energy for internal consumption. Variant 5 calls for the basic construction of
the photovoltaic farm alongside the necessary equipment and infrastructure, as well as
the acquisition of further equipment related to water electrolysis, hydrogen storage, and
combustion. Variant 5S requires an additional investment in the establishment of the
Mining Water Treatment Station. In times of electricity overproduction, any surplus energy
will be stored as hydrogen through electrolysis. The resulting hydrogen, once compressed,
will be transferred to a tank to await periods of energy shortage at the pumping station.
During these times, the hydrogen will be burned in cogeneration engines to generate
electricity for the pumping station’s internal use. The thermal energy produced will also be
utilized internally, with any surplus being channeled back into the local operator’s district
heating network for a fee. Any leftover hydrogen can be transported to another pumping
station to provide electricity and heat.

During non-solar periods, the purchase of “dirty” energy from the local supplier
will be made at the currently negotiated rate. The sale of the oxygen and thermal energy
produced, and in the treated water in Variant 5S, will cover part of the cost of purchasing
“dirty” energy. Due to the low efficiency of the electrolysis process and the combustion
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process in the CHP engines, it is estimated that approximately 68% of the generated surplus
“green” energy will be ready for use.

3.7. Equipment and Principle of Operation of Variants 6 and 6S Using Battery Storages

The storage of electricity in battery energy storage is designed for short periods.
For this reason, the decision model for Variants 6 and 6S assumes the storage of surplus
generated electricity only for the Company’s own needs to cover the energy costs of
operating equipment at the Company’s other pumping stations. On non-sunny days, the
operation of the most energy-intensive pumping station equipment, if possible, will be
carried out at the time with the lowest electricity purchase price. On sunny days, a shift will
take place, and the most energy-intensive equipment will be operated at times of electricity
generation for maximum ongoing use of the effects of the photovoltaic farm. The surplus
electricity generated by the farm, after being stored in battery energy storage facilities, is to
be used to power other pumping stations still within the same billing day. As in Variants 2
and 2S, the stored surplus energy will be fed back into the national grid on the so-called
“virtual prosumer” basis. The need to pay a distribution charge and the efficiency of the
battery energy storage facilities means that, at Q2 2024 prices, up to approximately 90% of
the stored surplus electricity will be recoverable. In option 6S, the income from the sale of
treated water will cover part of the purchase costs of “dirty” energy.

4. Results

Table 1 shows the key parameters of the proposed options. The calculations were per-
formed for the market realities of Q2 2024. The estimated expenditures for the revitalization
of the main plant of a large mine into a district mine water pumping station, the expected
savings in electricity purchase costs, the return on investment, the estimated satisfaction
of the Company’s energy needs, and the environmental effect of reduced CO2 emissions
are presented [53,58,59]. The decrease in carbon footprint from the upgraded pump station
was determined by multiplying the quantity of non-renewable energy replaced with energy
generated by the solar farm by the current emission factor of non-renewable electricity. In
order to improve communication, the payback period was determined by dividing the
projected cost of updating the pumping station by the anticipated savings from this update
in the most straightforward manner possible. Similarly, for easier analysis, the amount
of energy gained was given as a fraction of the Company’s total annual energy needs. To
protect confidential company information, the expenses and cost reductions were presented
as a percentage of the mine’s revitalization expenses in option 1, excluding the construction
of the Mining Water Treatment Station.

The least extensive options (Variants 1, 2, 1S, and 2S) require the lowest expenditure.
The expansion of the pumping station infrastructure obviously involves an increase in
investment. This does not always go hand in hand with the efficiency of the project. As
can be seen in Table 1, the alternative that ensures mine water treatment in each variant
is admittedly more expensive, but within the variant, it always generates better financial
results. The highest savings are generated by the variants providing for the storage of
surplus generated energy in the form of electrolytic hydrogen (Variants 3, 3S, 4, and 4S)
and Variants 2 and 2S working on the principles of the so-called virtual prosumer.

Among the variants assuming the storage of surplus generated energy in the form of
electrolytic hydrogen are Variants 5 and 5S, yielding significantly lower financial results
and providing significantly less satisfaction of the company’s energy needs. These options
provide for electricity and heat to be obtained during periods of shortage by burning the
stored hydrogen in cogeneration engines [32,33,60]. These lower financial results are due to
the efficiency of the CHP engines in question. However, these options have an important
advantage. The process of burning hydrogen during periods of energy shortage is a process
that is very independent of external factors and is least affected by external markets.
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Table 1. Estimated parameters of revitalization options for the main plant of the liquidated mine.

Variants

Savings Expenditure Return on
Investment

Independence
of the Company

Reduction
of CO2

License
[Multiple of
Expenditure] [Years] [%] [Mg

CO2/Year]

1 Producing energy solely for own
consumption

0.333 1.00 3.00 2.85% 6975

1S 0.452 3.44 7.61 3.87% 9465

2 Feeding back surplus electricity on
a so-called virtual prosumer basis

1.212 3.96 3.27 10.37% 25,365 E

2S 1.334 6.40 4.80 10.53% 25,738 E

3
Covering retail sales of hydrogen

1.319 8.31 6.30 11.29% 10,274 H

3S 1.425 10.75 7.54 12.31% 10,882 H

4 Covering the wholesale of
hydrogen

1.107 7.83 7.08 9.48% 10,882 H

4S 1.217 10.27 8.44 10.53% 10,882 H

5
Employing hydrogen combustion

0.765 8.38 10.96 6.56% 10,278 H

5S 0.896 10.82 12.07 7.67% 10,886 H

6
Using battery storage

0.912 29.69 32.54 10.76% 15,744 E

6S 1.017 31.22 30.72 11.80% 16,161 E

Result: Best Second Third E—license for electricity production
H—hydrogen storage licenseSource: Author’s own study.

On a somewhat similar basis to Variants 2 and 2S, Variants 6 and 6S operate. As
designed, Variants 6 and 6S are to store surplus generated electricity and return it to the
grid during periods of energy shortage at the Company’s other pumping stations. As in
Variants 2 and 2S, the energy is to be immediately collected at another pumping station.
The disadvantages of this operating concept are the high investment costs for the purchase
of battery energy storage and the associated long payback time [61–63]. The advantages
are the low losses of stored energy, the speed of response to power surges in the grid, and
the potential possibility of earning money from so-called “grid compensation”.

Variants 2, 2S, 6, and 6S require a license to produce electricity and depend on the grid
capacity of the local electricity supplier. In this context, it appears that their implementation
to the realities of a revitalized mine is unlikely. High power purchase prices in 2024 promote
options that return surplus generated electricity to the national grid. The downward trend
in the purchase price of electricity, observed throughout 2024 and projected for 2025, makes
energy storage in the form of electrolytic hydrogen increasingly financially viable. Despite
the fact that Variants 3, 3S, 4, 4S, 5, and 5S will require a license for storage and probably
also for hydrogen generation, their use in the revitalization of mining sites seems very
purposeful [8,9].

Of the variants analyzed, the most likely to be implemented is the variant with no
energy surplus (Variants 1 and 1S). The advantages of such a project are low investment
outlay, fast payback, and practical lack of implementation barriers [52,64,65]. The project
requires virtually no approvals from external institutions [37,57]. The disadvantage is the
small satisfaction of the Company’s energy needs and lower savings compared to the other
variants. A similar project is already underway at another pumping station owned by
the Company.

The implementation of any of the proposed basic mine water pumping station upgrade
options will result in significant savings for the Company in the purchase of electricity.
All of the proposed options are self-financing projects, and their implementation will be
positively received by the local community [61,66,67].

The proposed options are elements of a circular economy. An important aspect of
the assessment of the variants is their environmental effect in the form of reduced CO2
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emissions [2,59,68]. All options decrease the carbon emissions of water removal processes in
mines that are no longer in operation. As expected, the major decline can be attributed to the
variations that depend heavily on using the energy they generate for their own consumption
(see Variants 2, 2S, 6, and 6S). At the current CO2 charge, the implementation of each of the
proposed variants will result in significant savings for the state Budget [45,60,69]. Each of
the proposed options fits in with the Company’s business objectives and the Just Transition
program and brings us closer to achieving climate neutrality by 2050 [61,64,70].

Table 2 displays the planned assortment of options for upgrading mine water pumping
stations and the scenarios in which these options will offer the greatest benefits. Table 2 is
crucial in determining the best option based on current market conditions.

Table 2. Compilation of effective methods for utilizing water pumping facilities.

Evaluated Advantage of the Variant of Starting Water Pumping Stations
Evaluated Variants (Y—YES)

1 1S 2 2S 3 3S 4 4S 5 5S 6 6S

The smallest expenditure Y Y

The highest energy consumption costs Y Y Y Y Y

The shortest payback time Y Y Y Y Y Y Y

The greatest satisfaction of the Company’s energy needs Y Y Y Y Y Y Y

The highest auto-consumption of generated energy Y Y Y Y Y Y

The highest reduction of CO2 Y Y Y Y

Water purification Y Y Y Y Y Y

Heat dissipation into the heating network Y Y

Expanding the production of consents and permits Y Y Y Y Y Y Y Y

Operation independent of power supply Y Y Y Y

The shortest reaction time to the accumulated surplus electricity Y Y

For the proper functioning of the pilot solution of the circular economy project at the
analyzed pumping station, it is estimated that it will be necessary to increase the workforce
by about 4 employees in Variants 1 and 6 to about 14 in Variants 3 and 4. This is in line with
the objectives of Just Transition and with the constitution, vision, and mission of Spółka
Restrukturyzacji Kopalń S.A. [46,71,72].

5. Discussion

The main reason for SRK S.A.’s investment in renewable energy sources is to reduce the
Company’s operating costs and protect the environment in line with the circular economy
model. In addition to covering the pumping station’s energy needs with “green” energy, the
project also provides for the revitalization of the liquidated mine’s facilities, the retention of
existing jobs, and the creation of new ones. The described innovative energy systems in the
facilities of the liquidated mines are attractive both economically and in terms of image.

The pumping station analyzed is one of 19 pumping stations protecting active mines
and the surface area from flooding. The largest component of the Company’s costs is
electricity purchase charges. The development and implementation of efficient ways of
generating and storing energy is part of projects increasing the share of RES energy in
Poland’s energy mix [73].

Investment in upgrading the pumping station to a closed-loop economy and energy
self-sufficiency model would create the opportunity to establish a research and development
center. At such a center, it would be possible to test innovative “zero-emission” technology
solutions in practice, which could be replicated at other locations [28,32,39]. The constraints
are due to legal stipulations and the resulting financial difficulties. As it stands, SRK S.A.’s
operations in mine closure and restructuring are set to conclude by the end of 2025, and
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it is uncertain who will assume ownership of the potentially upgraded pumping station.
This has created impediments in securing the necessary funds for the intended investment.

As a result of the research, six variants for restructuring a liquidated mine towards the
concept of a circular economy were designed. Each variant comes in two sub-variations,
resulting in twelve decision-making situations [54–56]. In some of the variants, no treatment
of pumped water is carried out, while the remaining variants involve investment in the
construction of a Mining Water Treatment Station. The possible construction of a Mining
Water Treatment Station is highly dependent on the ability of the local community to receive
the treated water. The Company is conducting discussions in this regard. It is likely that
the discussions will be successful, so the implementation of the variants equipped with
Mining Water Treatment Stations seems possible [42,44]. Income generated from the sale
of purified water will be allocated to acquiring the deficient portion of “dirty” electricity.
The project assumes that the revenue from the disposal of any other medium (hydrogen,
oxygen, electricity, or heat) will also be directed towards meeting the energy needs of the
pumping station and will be treated as a form of storage for the excess energy generated.

The research revealed that maximizing the potential of the mine water pumping
station, and possibly the entire decommissioned mine, will yield optimal results for mod-
ernization. It has been demonstrated that the collaboration of these efforts will produce
positive outcomes for the company, the local environment, and residents. Embracing a
fresh perspective on waste management could lead to the development of an economic
model that is conducive to both the community and the environment. The pursuit of new
resources and their integration into a circular economy system remains a pressing scientific,
technical, ecological, and social challenge that warrants further exploration in this field.

Despite the attention of the local authorities, the possible opportunity to market the
salt extracted from treating mine water has not been considered. Before carrying out such
a transaction, it is essential to conduct an examination of the chemical composition of
water treatment waste products [5,68] and to devise a cost-effective technique for extracting
technical salt from this waste. The reduction of salt being discharged into nearby water
bodies and ultimately into the major rivers of Poland will have wide-reaching consequences
beyond just mining regions. It is imperative to address this issue, particularly when
elevated water salinity leads to summer algal blooms in Polish rivers, causing extensive
loss of aquatic life.

6. Conclusions

The aforementioned projected measures are intended to reduce the Company’s operat-
ing costs in the future and to generate additional revenue that will successively reduce the
subsidy received. The high cost of purchasing electricity and the significant initial invest-
ment required make energy storage in the form of electrolytic hydrogen less economically
feasible compared to other options. However, with the steady decrease in electricity prices
and the expected advancements in hydrogen technology, it is advisable to consider options
involving the storage of excess electricity in hydrogen. In the long run, the implementation
of the projects described will attract new investors and create jobs that are alternatives
to those in mining. Participation in these activities will also stimulate the development
of other economic sectors by bringing post-mining areas and facilities back to life. The
planned energy self-sufficiency projects could have a substantial impact on the social and
economic structure of mining regions like Upper Silesia. These projects are part of the
Just Transition process and present an opportunity for regional development through the
introduction of new technologies and modern technical and technological solutions, as
well as economic opportunities. They will also create new markets related to modern
transportation and sustainable energy. Energy self-sufficiency projects offer a chance to
revitalize post-mining areas affected by intense mining. The listed projects align with
the statutory duties of Spółka Restrukturyzacji Kopalń S.A., are economically justified,
and are recommended for implementation. To ensure the success of these activities, col-
laboration with local administration and the development of a unified position will be
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necessary. The assessment of the proposed measures for upgrading mining water pumping
plants was conducted with the objective of providing a comprehensive evaluation while
considering various options. The resulting analysis serves as information to guide final
decision-making.
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z Tym Węglem Było, Jest i Będzie; Galos, K., Barszczowska, B., Eds.; Wydawnictwo Naukowe Instytutu Gospodarki Surowcami
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