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Abstract: Since the beginning of the 1990s, due to international regulations on air quality, a large
number of flue gas desulphurisation (FGD) installations have been constructed in the Polish coal-
fired power industry. Thanks to that, SO2 capture in this industry increased to ca. 90%. Since
wet lime or fluidized bed boilers were mostly used for FGD purposes, a significant increase in the
domestic demand for lime sorbents has been reported. Between 1994 and 2019, it has increased
from virtually zero before 1994 to about 3.3–3.4 million tpy (tonnes per year) today. On the basis of
official governmental data and completed surveys of the Polish power companies, the paper analyses
the process of the implementation of FGD in Poland along with limestone sorbents consumption
and FGD gypsum production in the Polish coal-fired power plants. It also presents the current
and potential limestone resource base for production of limestone sorbents applied in FGD. Electric
energy mix in Poland is expected to be changed radically in the coming 30 years. Share of coal-based
electricity is still very high—ca. 80%—and it will remain dominant for at least next decade. With
the next coming FGD installations, further moderate increase of limestone sorbents consumption is
expected, up to 3.7 million tpy in 2030. After 2030, a significant, quick decrease of share of coal-fired
electricity is expected in Poland, down to max. 30% just before 2050. This will result in a gradual
decrease in limestone sorbent demand, to max. 1.3 million tpy before 2050 and virtually zero after
2050, which will be followed by collapse of FGD gypsum production.

Keywords: limestone sorbents; flue gas desulphurisation; FGD gypsum; coal-fired power plants;
energy transition; climate policy

1. Introduction

Global climate warming and pollution-related effects on human health have placed
air pollution at the heart of EU policy decision-making [1]. Although from a global
perspective, coal will remain one of the main sources of energy for a long time [2], the
European Union have implemented strict regulations to improve air quality, including—or
even especially—in the Eastern European countries admitted to the EU in 2004 and 2007.
First air quality directives at European level were introduced in 1970, 1980 and 1985 [3].
However, a significant step was made in 1996, when the EU adopted a series of actions to
decrease pollutant emissions throughout Europe, also implementing harmonised structure
for monitoring, reporting and managing air quality across the EU through 1996 Air Quality
Framework Directive [4] and its daughter directives, e.g., setting limit values and alert
thresholds for major pollutants. The first such daughter directive [5] established limit values
for sulphur dioxide, nitrogen oxides, lead and particulates. In 2005, according to 2005
Thematic Strategy on Air Pollution [6], the European Commission proposed to consolidate
the Framework Directive and the first three daughter directives into a single Ambient Air
Quality Directive, what was finally adopted as [7], providing the current framework for
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the control of ambient concentrations of air pollution in the EU. As a consequence of these
actions, further more detailed actions have been carried out by the European Commission
for individual types of activities related to the emission of pollutants into the air. For
large combustion plants these have been: the European Union’s Directive 2001/80/EC [8],
Directive 2010/75/EU [9] or BAT reference documents [10]. As a result, also intensive Flue
Gas Desulphurisation investments have been conducted in recent decades in coal-based
power industries of numerous countries, not only in those belonging to the EU [11–13].

In recent years, energy and climate started to be one of the cornerstones of EU pol-
icy [14]. This process was initiated by establishing a scheme for greenhouse gas emission
allowance trading in 2003 [15], improved and extended in 2009 [16]. Recently, the EU
energy and climate goals have been incorporated into the Europe 2020 Strategy for smart,
sustainable and inclusive growth. The EU has set overarching targets of greenhouse gas
(GHG) emissions reduction known as so-called 20/20/20 targets, namely, reduction of
GHG emissions by 20%, increase of Renewable Energy Sources (RES) share to 20% and
increase of energy efficiency by 20%, until 2020 [17,18]. In 2019, the EC adopted “Clean
Energy for Europe Package” which upheld the right of the EU member states to continue
their own energy mix, but with an increased share of renewables in it (on average, 32% in
2030 in the EU), with appropriate measures to accommodate such rising share of renewable
energy [19]. As a result, decarbonisation of electricity systems together with substantial
increase in renewable energy sources is one of the main policy priorities to foster EU energy
transition. Thus, energy mixes are at the moment coal-free in 6 EU and 3 EEA countries
and are planned to be coal-free until 2030 in the next 12 EU countries, but this is still not
the case for numerous Eastern EU countries, including Poland [20].

The above-mentioned EU actions have been followed by detailed actions at the level
of individual EU countries [21]. In Poland, the most important of them are at the moment:
the “National Air Protection Program by 2020” adopted in 2015 [22], a 2021 Energy Policy
of Poland until 2040 adopted in February 2021 [23], and National energy and climate plan
for 2021–2030 adopted in December 2019 [24].

In Poland, coal has been a key driver of energy security for decades. Hard coal and
lignite are traditionally the most important fuels used in Poland due to their abundant
resources available in the country. Despite all transition trends resulting in its declining
role, it still accounts for majority of the Polish electricity mix [25,26]. Without doubt, the
Polish power industry stands at a crossroads, facing pathways with various ambitions
of emission reductions, being strongly affected by environmental and decarbonisation
regulations. According to the latest Energy Policy of Poland until 2040, the share of coal in
the Polish electricity mix will decrease to a maximum of 56% in 2030, while share of RES
will rise to 32%. In the next decade, pace of further decrease of coal in electricity mix will
heavily depend on EU ETS allowances prices, achieving 37% in 2040 [24]. Various electricity
mix scenarios in perspective of 2050 are still possible. In the strong decarbonisation (high
EU ETS allowances prices) scenario, it is assumed that in 2050 coal will be used in Poland
at most in CHP (Central Heating Plants) generating electricity together with hot water
for district heating networks, with coal-based electricity generation decreasing from ca.
130 TWh in 2015 down to 30–50 TWh in 2050, constituting ca. 15% of the electricity mix. A
complete phase-out of coal-based power industry by 2050 also cannot be excluded [26,27].

As the Polish power industry has traditionally relied on the combustion of coal (hard
coal and lignite), it has generated significant amounts of SO2 and other gases. Commercial
power generation emitted about 1.6 million tonnes SO2 in 1990, about 0.8 million tonnes
SO2 in 2000, and only about 0.25 million tonnes SO2 in 2018. The total amount of SO2
generated from combustion processes (mainly coal combustion) was much higher, but
there has been a fundamental change in the extent of active flue gas desulphurisation
(FGD) systems at domestic power plants and combined heat and power plants over the
last 30 years. As a result, the amount of SO2 retained at these FGD plants increased from
ca. 0.33 million tonnes SO2 in 1990 to ca. 0.60 million tonnes SO2 in 2000 and ca. 1.9 million
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tonnes SO2 in 2018 [28–30], meaning that these FGD plants were already retaining nearly
90% of the SO2 generated.

Due to the above-mentioned factors, an intensive modernisation process in the Polish
power industry started in the early 1990s, concerning in particular the construction of FGD
plants, or in the case of general modernisation of power units, sometimes introduction of
fluidized bed boilers, where the desulphurisation process takes place in the boiler immedi-
ately after the combustion of fuel (mainly coal) [29]. The technological solutions applied to
capture the SO2 generated during combustion vary; nevertheless, two approaches have
gained the greatest importance in Poland: construction of FGD using the wet limestone
method, and semi-dry method, at the existing, modernized or newly built power units
burning hard coal or lignite, or the aforementioned introduction of fluidized bed boilers.
In both cases, limestone of suitable quality is used as sorbent, with limestone flour, of
finer granulation, in the wet limestone method and limestone sand, of slightly coarser
granulation, in fluidized bed boilers. In the semi-dry method of flue gas desulphurisation,
the main type of sorbent is a quicklime [31,32].

The progressing process of implementation of FGD methods in the Polish power
industry (as well as in industrial power sector and partly in the heat industry) contributed
to the development of domestic demand for limestone sorbents from practically zero level
at the beginning of 1990s to about 3.5 million tpy (tonnes per year) at present. As a result,
the power industry has become one of the most important customers of the Polish lime
industry, which, on the other hand, have experienced a significant reduction in demand for
traditional lime products, in particular for various types of lime [33].

By considering all of the factors mentioned above, this article aims to analyse sources
of limestone sorbents in Poland, as well as their use in the Polish power industry for
FGD purposes. It has been done not only to recognize current situation, but also with an
attempt to forecast in this respect in the perspective of 2050, taking into account the most
important economic, technological, environmental and policy factors, both at the EU and
at the national level.

2. Materials and Methods

Extensive analyses of the limestone resource base and of limestone use in Poland
were performed. For these purposes, the most important sources of information were:
annual publications on mineral resource base in Poland [34–36], publications reviewing
this resources base [37,38], older analyses of industrial limestone market in Poland [39], and
official data of the Statistics Poland (GUS) [28,40]. Other official reports on the domestic
power generation industry were also used [41,42].

For obtaining reliable information on limestone flour consumption by the Polish
power generation industry, the authors surveyed relevant power companies in the field of
applied FGD methods, type, amounts and sources of limestone sorbent applied, as well as
amount of FGD gypsum (and other FGD products) obtained. In total, 18 power companies
were surveyed, of which 14 responded (including all seven major ones). Quantity of
limestone consumption and FGD-gypsum production for power industry companies,
which did not respond to the survey, were deduced from their actual energy production
and known parameters of their FGD installations, as well as their prior available data on
sorbent consumption.

3. Results
3.1. Methods of Desulphurisation Used in the Polish Power Plants and Central Heating Plants and
the Main Sorbents Applied

The aim of flue gas desulphurisation processes is removing sulphur (mainly in the
form of SO2, less frequently other sulphur compounds) from flue gases generated in various
industrial processes. The main sources of emissions of sulphur compounds are processes of
combustion of fossil fuels (in Poland: especially hard coal and lignite), which in numerous
countries still remain the main source for generation of electricity and heat. The amount
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of sulphur oxides produced in these processes depends on the type of fuel, the content of
sulphur compounds in the fuel, as well as the combustion conditions in different types of
furnaces [10].

Many methods are known for the removal of sulphur oxides from the flue gases of
production processes. All of them involve the introduction of a sorbent into the system,
which reacts with the gaseous SO2 contained in the flue gas, binding it into solid com-
pounds, with the removal of the reaction products from the system. Desulphurisation
can be carried out on both dust-free gases and those carrying considerable quantities of
dust. Moreover, desulphurisation processes can be carried out before, during and after
fuel combustion. Sorbents most commonly used in desulphurisation processes are ground
limestone (limestone flour), hydrated lime and ground quicklime. Much less commonly
used are ground dolomite, calcined magnesite, sodium carbonate, and some industrial
wastes (e.g., carbide lime) [10,43,44].

With respect to the ways of introducing the sorbent into the desulphurisation system
and receiving the desulphurisation products, the following methods are distinguished: dry,
semi-dry and wet. Dry methods are characterised by the fact that SO2 chemical fixation
processes take place in the dry state, i.e., in a gas–solid system, and desulphurisation
products are obtained in the dry state. They are based on adsorption on solid sorbents with
simultaneous drying of desulphurisation products. The most common dry FGD system of
dust-free flue gases is spray dry FGD system with use of hydrated lime [45], while, e.g.,
furnace sorbent injection or duct sorbent injection have minor importance. Circulating Fluid
Bed dry scrubbing in fluidized bed boilers is another important method, but in this case
limestone or lime sorbent is introduced into the boiler before the combustion process [32,43].
In semi-dry and wet methods SO2 sorbent is introduced to the desulphurisation plant in the
form of suspension in liquid, while the desulphurisation products are received in dry state
(semi-dry method) or in the form of suspension (wet method). According to the criteria
given above, dry desulphurisation methods include also desulphurisation carried out
during combustion in furnaces of fluidized bed boilers. The products of desulphurisation
by dry and semi-dry methods are so-called desulphurisation ashes (sulfate-rich ashes).
They are a mixture of ashes, desulphurisation products and unreacted sorbents. For the
wet lime method, the main product is synthetic gypsum with a small amount of unreacted
sorbent [10,46–48].

Limestone sorbents (lime flour or sand), in some cases also burnt or hydrated lime
constitute the most numerous group of reagents used in flue gas desulphurisation systems.
It is also the case of Poland, where they are applied mainly in the wet lime method and
in fluidized bed boilers, to a lesser extent in semi-dry and dry methods (Table 1). In the
Polish power industry, they are used in almost all existing flue gas desulphurisation plants.
This is due to their widespread availability, low purchase cost and, in the case of the wet
limestone method, the ease of disposal of the resulting synthetic gypsum. In general,
calcium desulphurisation sorbents include: in dry desulphurisation methods—ground
quicklime and limestone, in semi-dry desulphurisation methods—hydrated lime and
ground quicklime, and in wet desulphurisation methods—ground quicklime, ground
limestone and chalk [49,50].

3.2. Sources and Production of Limestone Sorbents in Poland

Limestones are sedimentary rocks whose main component is calcite CaCO3, isomor-
phic with magnesite MgCO3, siderite FeCO3 and other anhydrous carbonates, as a result
of which admixtures of MgO, FeO, etc., are present. Depending on the admixtures of other
minerals, a number of varieties of transition rocks can be distinguished: with increasing
amounts of clay minerals, these are marl limestones, marls and clayey marls, with admix-
ture of silica—gaizes, and with quartz—sandy limestones and calcareous sandstones. The
admixture of the dolomite mineral CaMg[CO3]2 is particularly common in rocks of mixed
nature—dolomitic limestones and calcareous dolomites. A particular variety of limestone
rocks, both in terms of genesis and properties and use, is the chalk [37,51].
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Poland has numerous deposits of limestone rocks with the exception of the most
noble varieties of sculptural and architectural marbles. The limestone resource base is
divided into limestone and related minerals documented for various purposes: limestone
for the lime industry, limestone and related rocks for the cement industry (both collectively
known as industrial limestone), limestone for the production of crushed aggregates, as
well as chalk and lake chalk. In practice, this division has a conventional meaning, as, e.g.,
cement and lime combinations operate on individual deposits, using the purer parts for
lime products, and the remaining parts for cement or crushed aggregate production [37,52].

Limestone deposits for the lime industry are known mainly in the Świętokrzyskie
province (60% of total resources, mainly Devonian and Jurassic limestone) as well as in the
Łódzkie, Opolskie and Śląskie provinces. The total resources of 120 deposits amounted
to 5.4 billion tonnes at the end of 2019 [35]. Deposits of limestone and related rocks for
the cement industry are found in the following provinces: Lubelskie (26%, predominantly
Cretaceous marls and chalk), Świętokrzyskie (17%, Devonian and Jurassic limestone),
Łódzkie (15%, Jurassic limestone), Mazowieckie (12%, Jurassic limestone), smaller ones in
Kujawsko-Pomorskie, Opolskie and Śląskie. Total resources of 69 deposits amounted to
12.7 billion tonnes at the end of 2019. Limestone deposits mostly for crushed aggregates pro-
duction are found mainly in the Świętokrzyskie region (about 90% of resources, Devonian
and Jurassic limestone). Many deposits were also documented in the Cracow-Częstochowa
Upland and single ones in the Carpathians, Sudety Mountains, Lublin Upland and others.
The total resources of 142 deposits of limestone and limestone-related rocks for crushed
aggregates production amounted to 2.0 billion tonnes at the end of 2019 [35].

By age of limestone formations, the most significant are Jurassic limestones (over 59%
of resources), followed by Cretaceous limestones and related rocks (over 21%), Devonian
limestones (about 8%), Triassic limestones (about 8%), Tertiary limestones (about 3%), and
marginally—Carboniferous, Cambrian and Precambrian limestones [34,35].

In 2019, limestone was mined in Poland in 86 open pits, of which there were 19 lime-
stone and marl mines delivering the batch to the cement industry, 22 limestone mines—for
the lime industry, 36 mines extracting limestone deposits documented for crushed aggre-
gates production, as well as 9 chalk mines [35].

Limestone rocks are used in Poland to produce several groups of products: cement,
lime, unburned lime products, crushed limestone aggregates and fertilizers. Burnt and
hydrated lime, as well as unburned limestone products, with a diverse range, are manufac-
tured by more than a dozen plants. Some lime plants produce also significant quantities of
limestone rock for sale, used as a blast furnace flux or in sugar factories for the production
of quicklime necessary for beet juice purification (Table 1). Limestone crushed aggregates
for construction are obtained mostly from limestone crushed aggregates deposits, as well as
in some industrial limestone mines. Fine waste fractions from limestone crushed aggregates
production are often destined for calcium carbonate fertilizers manufacture [39].

At present, fine-grained limestone sorbents, often called limestone flour, with grain
size under 100/120 µm are used in the Polish power industry as a sorbent for flue gas
desulphurisation in the wet limestone method, while coarse-grained sorbents (so-called
limestone sand), with grain size above 100/120 µm, are used mainly for desulphurisation
during combustion in fluidized bed boilers.
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Table 1. Mining production of limestone in major mines, delivering industrial limestones as the main or additional products
(kt) 1 [34].

Mine (Deposit) Province Applications 2015 2016 2017 2018 2019

Barcin-Piechcin-Pakość Kujawsko-Pomorskie c,l,a,f,p 6252 6485 6606 7855 7423
Ostrówka Świętokrzyskie a,s,p 6417 5825 5817 5878 5980

Trzuskawica Świętokrzyskie l,p,a,s,f 3775 3401 3777 4002 4519
Górażdże Opolskie c,l,s,f 3508 3486 3761 4535 4239

Morawica III-1 Świętokrzyskie a,s,f,d 2762 2248 2809 3237 3124
Jaźwica Świętokrzyskie a,s,f 1000 986 1678 2081 2425
Bukowa Świętokrzyskie l,s,p,f 2184 2430 2468 2585 2350

Czatkowice Małopolskie s,p,a 1892 1759 1487 1673 1752
Celiny I Świętokrzyskie a,s 936 1273 1175 1308 1481

Szymiszów Opolskie a,s,f – – 402 1018 1375
Tarnów Opolski Opolskie s,l,p,f 640 598 573 645 1089

Wierzbica Świętokrzyskie p,a,s 614 807 617 738 634
Połom Dolnośląskie a,s,p,f,l 462 531 540 703 578

Raciszyn Łódzkie p,f,d,s 100 2 281 324 484
Raciszyn II Łódzkie p,f,s 549 521 529 578 427

Sławno Łódzkie p,f 274 291 320 291 301
Chęciny-Wolica Świętokrzyskie p – 38 107 256 260

Płaza Małopolskie f,a,p 231 33 123 26 34
Izbicko II Opolskie s,f,l 966 726 764 843 –

1 Mines delivering limestone or similar rock only for cement production are excluded, mines delivering a different type of limestone flour
are marked in bold. Applications: a—crushed aggregates, c—cement production, d—dimension limestone, f—limestone fertilizers, l—lime,
p—limestone flour (powder), s—limestone rock for sale.

The majority of the Polish limestone milling plants which produce limestone flour for
diverse purposes are located in the direct vicinity of extracted limestone deposits, which
minimizes the cost of limestone transportation from the mine to the processing plant. This
is why the largest limestone milling plants are located in the Świętokrzyskie province, as
well as in the neighbouring provinces: Łódzkie and Małopolskie.

The most important domestic suppliers of limestone sorbents include: Lhoist Polska
Sp. z o.o. (Bukowa, Tarnów Opolski, Górażdże, Wojcieszów/Połom plants), KW Czatkow-
ice Sp. z o.o. (Czatkowice plant), ZPW Trzuskawica S.A. (Trzuskawica/Sitkówka and
Bielawy plants), Nordkalk sp. z o.o. (Ostrówka, Chęciny-Wolica, Sławno plants), Labtar
Sp. z o.o. (Tarnów Opolski plant), EGM Sp. z o.o. (Wierzbica plant) and WKG Sp. z o.o.
(Raciszyn plant) (Tables 1 and 2). One of the basic parameters determining the effects of
flue gas desulphurisation is the chemical purity of limestone. This usually means that for
such desulphurisation limestone flour should exhibit CaCO3 content of min. 94%, Fe2O3
content usually under 0.4%, and MgO usually <1%, with variable content of SiO2 [49].

The largest limestone flour supplier in Poland is Lhoist Polska, where the production
of limestone fine sorbents for FGD wet limestone method (at ca. 700,000 tpy) is carried
out in two plants: Bukowa—using Jurassic limestone of Bukowa deposit, and Tarnów
Opolski—using Triassic limestone of Tarnów Opolski deposit. Sorbents from the Bukowa
plant have a high content of CaCO3 (97–98%), while limestone from the Tarnów Opolski
plant is slightly inferior in quality (94.7–96.5% CaCO3). Based on Tarnów Opolski limestone,
production of small quantities of fine-grained sorbents is also operated by Labtar Sp. z o.o.
(Table 2).

The Czatkowice Limestone Mine (part of the Tauron Polska Energia power company)
in Krzeszowice near Krakow is a significant supplier of high-quality limestone sorbents
(over 450,000 tpy). It exploits the Czatkowice Carboniferous limestone deposit. It offers
limestone sorbents in the form of limestone flour or limestone sand, characterised by high
content of CaCO3 (over 96%) and excellent sorption properties [52] (Table 2).
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Table 2. Basic quality parameters of major limestone sorbents produced in Poland and utilised in wet limestone FGD process (surveyed producers’ data).

Producer/Sorbent. Sorbent Source
Chemical Composition

Grain Size Characteristics
CaCO3 SiO2 + Insolubles MgCO3 Fe2O3 Al2O3

ZPW Trzuskawica S.A.,
Trzuskawica plant/Limestone

sorbent for FGD

Trzuskawica
Devonian limestone >98.0% <1.0% <2.0% <0.06% <0.25% 85–95% < 0.063 mm

ZPW Trzuskawica S.A.,
Bielawa plant/

Limestone flour

Barcin-Piechcin-Pakość
Jurassic limestone >93.0% <3.0% <1.5% <0.4% NA min. 80% < 0.075 mm

KW Czatkowice Sp. z
o.o./Limestone flour

Czatkowice
Carboniferous limestone 96.0% 1.5% 1.5% 0.15% 0.09% 98.7% < 0.2 mm

89.4% < 0.09 mm
ZW Lhoist S.A./

Limestone sorbent for FGD
Tarnów Opolski

Triassic limestone 97.5% 1.1% 0.9% 0.3% 0.1% min. 90% < 0.09 mm

Labtar Sp. z o.o./
Fine-grained sorbent

Tarnów Opolski
Triassic limestone >94.0% <2.5% <2.0% <0.7% <0.7% 92.3% < 0063 mm

98.9% < 0.09 mm
Nordkalk Sp. z o.o./

Electra 90 (WO) sorbent
Wolica

Jurassic limestone 97.0% 1.25% 0.70% 0.12% 0.12% Various sizes: from 0–0.09 mm
to 0.8–1.4 mm

EGM Sp. z o.o./
Limestone flour

Wierzbica
Jurassic limestone >97.3% <0.5% <1.2% <0.15% <0.4% <0.1 mm

WKG Sp. z o.o./
Limestone flour

Raciszyn
Jurassic limestone >96.0% <1.5% <0.8% <0.5% <0.5% <0.1 mm
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Significant amounts of sorbents (over 200,000 tpy) are obtained on the basis of Juras-
sic Chęciny-Wolica limestone deposit in the Wolica plant near Kielce owned by Nord-
kalk Sp. z o.o. Moreover, less than 100,000 tpy of medium-grained sorbents with grain
size < 0.15 mm are supplied by ZPW Trzuskawica (belonging to the Irish concern CRH)
on the basis of Devonian highest-purity limestone from the Trzuskawica deposit. Smaller
manufacturers of fine-grained limestone sorbents of high purity are EGM Sp. z o.o.
(Wierzbica Jurassic limestone mine) and WKG Sp. z o.o. (Raciszyn Jurassic limestone
deposit) (Tables 1 and 2).

In the future, it may be possible to commence the production of limestone flour
sorbents on the basis of other limestone deposits characterised by the appropriate degree of
purity (over 94% CaCO3). It is worth mentioning that the largest domestic Bełchatów Power
Plant have recently started to produce limestone sorbents in its own limestone milling
plant for the needs of its own 12 power units. Limestone for such purposes is purchased
mostly from the Raciszyn, Morawica and Bukowa mines, while the newest Bełchatów
power unit uses limestone flour produced among others by Nordkalk, Trzuskawica, WKG
Raciszyn and Czatkowice. Moreover, production of limestone flour for the needs of their
own desulphurisation plants is carried out in Turów and Połaniec Power Plants.

The total production potential of the Polish plants delivering limestone flour for a
variety of applications, is at the moment estimated at approximately 6.0 million tpy, with
an increase of approximately 1.5 million tpy over the past decade due to the expansion of a
number of existing milling plants (Bełchatów, Sławno, Wolica, Turów, Raciszyn, Wierzbica,
Turów and Połaniec). In the coming years it should increase primarily as a result of the
expansion of the milling plant located at the Bełchatów Power Plant by approximately
0.4 million tpy. Development of limestone flour production capacity could potentially
take place, e.g., at the EGM plant in Wierzbica and at the ZPW Trzuskawica plant in
Sitkówka [52].

3.3. Use of Limestone Sorbents in the Polish Power Industry with Obtaining FGD Gypsum and
Other Desulphurisation Products

Among numerous desulphurisation methods used in large power plants and com-
bined heat and power plants, with coal burning in conventional boilers, the non-regenerative
wet limestone method of flue gas desulphurisation using fine limestone flour turned out
to be the most effective, including in Poland. In this method, the dust-free flue gases are
purified in the absorber by a limestone flour suspension flowing in counter-current. The
sulphur dioxide (SO2) present in the flue gas reacts with calcium carbonate (CaCO3), the
main component of limestone, resulting in intermediate calcium sulfite (CaSO3·1/2H2O)
and then—after oxidation with air supplied from outside and after crystallization—gypsum
(CaSO4·2H2O). This desulphurisation product is received in the form of water suspension
with subsequent water removal on appropriate belts or vacuum filters. Implementation
of this method requires relatively high investment outlays, but is characterised by high
desulphurisation efficiency (92–99%) and obtaining a fully economically useful product,
i.e., synthetic gypsum [31,43,49].

The first wet limestone flue gas desulphurisation plants in Poland were put into
operation at the Bełchatów Power Plant in 1994. It initiated in Poland the use of suitable
limestone flour (limestone sorbent) for flue gas desulphurisation in power plants, together
with the production of synthetic gypsum from flue gas desulphurisation. In the follow-
ing several years, FGD plants using the wet limestone method were put into operation
at 11 power plants (PPs) and 5 combined heat and power plants (CHPs) (Table 3). Cur-
rently, the maximum total demand of the Polish PPs and CHPs for the sorbent—limestone
flour < 0.1 mm—is estimated at about 3.5 million tpy (which corresponds to synthetic
gypsum production capacity of about 4.8 million tpy). The actual consumption of this flour
in 2019 has been estimated at about 2.4 million tonnes, with synthetic gypsum production
amounting to ca. 3.3 million tonnes.
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Table 3. The main flue gas desulphurisation installations in the Polish power plants and central heating plants (as of 29
November 2019) [41,42], surveyed sorbent user data.

Power Plant (PP)/Central
Heating Plant (CHP) Achievable Power (MW) Applied Flue Gas

Desulphurisation Method Type of Sorbent

Bełchatów PP 5102 Wet limestone Limestone flour < 0.1 mm
Opole PP 3342 Wet limestone Limestone flour < 0.1 mm

Kozienice PP 4016 Wet limestone Limestone flour < 0.1 mm

Rybnik PP 1800 Wet limestone, semi-dry and
dry

Limestone flour < 0.1 mm,
Lime or hydrated lime

Połaniec PP 1657 Wet limestone Limestone flour < 0.1 mm
Jaworzno III PP 1345 Wet limestone Limestone flour < 0.1 mm

Łaziska PP 1155 Wet limestone, semi-dry Limestone flour < 0.1 mm,
Lime or hydrated lime

Pątnów I-II PP 1120 Wet limestone Limestone flour < 0.1 mm
Dolna Odra PP 1350 Wet limestone Limestone flour < 0.1 mm

CHPs: Kraków, Wrocław,
Gdańsk, Gdynia

902
(in total) Wet limestone Limestone flour < 0.1 mm

Ostrołęka PP 690 Wet limestone Limestone flour < 0.1 mm

Warsaw Siekierki CHP 523 Wet limestone, semi-dry Limestone flour < 0.1 mm,
Lime or hydrated lime

Konin PP 171 Wet limestone Limestone flour < 0.1 mm
Skawina PP 389 Semi-dry Lime or hydrated lime

Łódź 4, Poznań Karolin,
Zabrze, Głogów, and

Lublin-Megatem CHPs

838
(in total) Semi-dry Lime or hydrated lime

Miechowice, Lublin Wrotków,
and Zgierz CHPs

303
(in total) Dry Lime or hydrated lime

Turów PP 1488 Fluidised bed boilers, Wet
limestone

Limestone flour 0.1–1.2 mm,
Limestone flour < 0.1 mm

Łagisza PP 700 Fluidised bed boilers,
semi-dry

Limestone flour 0.1–1.2 mm,
Lime or hydrated lime

Siersza PP 557 Fluidised bed boilers,
semi-dry

Limestone flour 0.1–1.2 mm,
Lime or hydrated lime

Warszawa Żerań CHP 375 Fluidised bed boilers Limestone flour 0.1–1.2 mm

Chorzów CHP 156 Fluidised bed boilers, dry Limestone flour 0.1–1.2 mm,
Lime or hydrated lime

Jaworzno II PP 149 Fluidised bed boilers Limestone flour 0.1–1.2 mm
Katowice CHP 125 Fluidised bed boilers Limestone flour 0.1–1.2 mm

Bielsko-Biała CHP 103 Fluidised bed boilers, dry Limestone flour 0.1–1.2 mm,
Lime or hydrated lime

At present the most important users of limestone flour (sorbents) < 0.1 mm and
synthetic gypsum producers in Poland are (Table 3):

• PGE Górnictwo i Energetyka Konwencjonalna S.A.—Bełchatów, Opole, Turów and
Dolna Odra PPs;

• Tauron Wytwarzanie S.A.—Jaworzno III and Łaziska PPs;
• ZE Pątnów-Adamów-Konin S.A.—Konin and Pątnów I-II PPs;
• ENEA S.A.—Kozienice and Połaniec PPs;
• ENERGA S.A.—Ostrołęka PP;
• PGE Energia Ciepła S.A.—Rybnik PP, Gdańsk, Gdynia, Wrocław, and Kraków CHPs;
• PGNiG Termika S.A.—Warszawa Siekierki CHP.

The flue gas desulphurisation at the Bełchatów Power Plant has been in operation—as
mentioned above—since 1994 and after gradual expansion it is currently the largest flue
gas desulphurisation plant in Europe, operating on all active units. The maximum demand
for limestone sorbent in this power plant reached 1.6 million tpy and the actual sorbent
consumption in flue gas desulphurisation process in recent years has been approaching
1.5 million tpy (Table 3). Bełchatów Power Plant, as one of three in Poland, has its own
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limestone milling plant where the level of sorbent production reaches almost 1.3 million
tpy, with limestone supplied from numerous mines. For flue gas desulphurisation in the
newest power unit, there are used approximately 0.3 million tpy of sorbents supplied from
the their main domestic suppliers.

Subsequent flue gas desulphurisation plants using the wet limestone method were com-
missioned successively at the following power plants and combined heat and power plants:

• Jaworzno III PP—since 1996, sorbent consumption 70,000–75,000 tpy;
• Opole PP—since 1997 with extension in 2019, sorbent consumption 60,000–90,000 tpy,

with an expected increase even to 200,000–250,000 tpy;
• Konin PP—since 1997, sorbent consumption below 10,000 tpy;
• Połaniec PP—since 1999 with extension in 2008, sorbent consumption ca. 130,000 tpy,

with own limestone milling plant of production capacity 200,000 tpy;
• Łaziska PP—since 2000, sorbent consumption 40,000 tpy;
• Dolna Odra PP—since 2000 with extension in 2003, sorbent consumption ca. 35,000 tpy;
• Kozienice PP—since 2001 with extension in 2007, 2010, 2015 and 2017, current sorbent

consumption ca. 200,000 tpy and target consumption ca. 400,000 tpy;
• Ostrołęka PP—since 2008, sorbent consumption ca. 30,000 tpy;
• Rybnik PP—since 2008 (in 4 power units), consumption of limestone sorbent

70,000–75,000 tpy, additionally in the next 4 power units semi-dry or dry FGD with
quicklime as sorbent;

• Pątnów I–II PP—since 2008, sorbent consumption up to 125,000 tpy;
• Siekierki CHP—since 2010, sorbent consumption up to 30,000 tpy;
• PGE Energia Ciepła S.A. CHPs in Kraków, Wrocław, Gdańsk and Gdynia—since 2015,

total sorbent consumption ca. 50,000 tpy;
• Turów PP—since 2021, sorbent consumption 100,000–110,000 tpy, with own limestone

milling plant producing limestone flour for wet limestone FGD and limestone sand
for fluidised bed boilers.

Conducting the desulphurisation process during fuel combustion in fluidised bed boil-
ers is the second most popular—after the wet limestone method—technological solution in
Polish power plants and combined heat and power plants. It also began to be implemented
in Poland in the 1990s. The choice of such solution resulted, among others, from the low
temperature of the combustion process (850–950 ◦C), the possibility of reduction of both
SO2 and NOx emissions and the opportunity to use low-quality fuels [53]. Nowadays,
fluidised bed boilers with a capacity of up to 500 MWe are in operation [54]. In fluidised
bed boilers, ground fuel and sorbent (limestone sand) are fed into the combustion chamber
where they form a so-called “bed” together with an inert material (e.g., sand). Continuous
mixing of the bed particles with the air stream allows complete combustion of the fuel and
capture of sulphur dioxide [55].

In Poland, for capture of sulphur dioxide emitted during fuel combustion in fluidised
bed boilers, limestone sorbent (limestone sand) is primarily used, with the necessary
stoichiometric excess of the sorbent. In the combustion process, a very important factor is
the granulation of individual components forming the bed, which is usually within the
range of 0.1–1.2 mm [31].

The first power units with fluidised bed boilers were commissioned in Poland between
1993 and 2004 in the Turów Power Plant (six boilers in total). At the same time, use of
suitable limestone sand (coarse-grained sorbents) for flue gas desulphurisation in such
boilers in Poland was initiated. In the following years, fluidised bed boilers were put into
operation in the next three PPs and five CHPs. Currently, the maximal total demand of
these PPs and CHPs for coarse-grained sorbent (limestone sand 0.1–1.2 mm) is estimated
at about 1.5 million tpy, while the actual consumption is estimated at about 1.0 million tpy,
including up to 0.5 million tpy at the Turów PP only.

At present, the most important users of coarse-grained sorbent (limestone sand
0.1–1.2 mm) used for desulphurisation in fluidised bed boilers in Poland are (Table 3):
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• PGE Górnictwo i Energetyka Konwencjonalna S.A.—Turów PP;
• Tauron Wytwarzanie S.A.—Łagisza, Siersza and Jaworzno II PP;
• Tauron Ciepło Sp. z o.o.—Bielsko-Biała and Katowice CHPs;
• CEZ Chorzów S.A.—Chorzów CHP;
• PGNiG Termika S.A.—Warszawa Żerań CHP.

In the first phase of fast introduction of flue gas desulphurisation technologies in the
Polish coal-based power plants in the years 1994–2000, the consumption of limestone flour
showed a powerful upward trend. It was halted in the years 2001–2006 when domestic
electricity generation was reduced (Figure 1). In order to meet the new gas emission
standards introduced by Directive 2001/80/EC [8], Directive 2010/75/EU [9] and the
obligations contained in the Accession Treaty following Poland’s accession to the European
Union [56], intensive activities were carried out in subsequent years, as a result of which
FGD installations were built at numerous subsequent plants. The development of the use
of the wet limestone method resulted in a parallel development of the production and
consumption of the fine-grained limestone sorbent necessary for this method. A close
correlation is observed between the development of limestone sorbent consumption and
synthetic gypsum production coming from this process (Figure 1).
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As a result, during the last 25 years, the Polish demand for limestone sorbents (lime-
stone flour) with granulation < 0.1 mm for flue gas desulphurisation by wet limestone
method has gradually increased, reaching about 2.4 million tpy (Figure 1). At the same
time, the consumption of coarse-grained sorbents (i.e., limestone sand with granulation
of 0.1–1.2 mm) used as sorbents in fluidised bed boilers increased in Poland to about
1.0 million tpy. The overall consumption of ground limestone for use as a SO2 sorbent in
the domestic power industry in recent years has reached about 3.3–3.4 million tpy, and
production of synthetic gypsum has stabilized at the level of approx. 3.3 million tonnes
(Figure 1).

4. Discussion

Attempts to forecast the amount of limestone sorbent consumption in flue gas desul-
phurisation in Poland in the years to come have highly uncertain results, although there is
no doubt that this amount will not be significantly reduced in a few years’ perspective, and
even, on the contrary, it should increase noticeably. The main factors influencing this will
be, among others, the structure of electricity production (the so-called energy mix), current
and expected share of hard coal and lignite burning in electricity production, the expected
sulphur content in coals to be burnt, the range and scope of planned upgrading of existing
power units or their replacement with new ones (taking into account the type of fuel used),
and finally—the expected share of electricity generated from renewable sources [57,58].



Energies 2021, 14, 4275 12 of 16

Leaving aside the issues of the development of the energy mix and the growing share
of renewable energy sources in total electricity production, there is no doubt that due to
many years of backwardness of the Polish power industry, so far dominated by coal-fired
power plants, significant investments are necessary to launch new electricity production
capacities and transmission networks. Currently in Poland, 48% of active boilers and 44%
of turbine sets are over 30 years old, and about 30% of boilers and about 32% of turbine sets
are between 20 and 30 years old [25]. According to the actual Polish Energy Policy until
2040 [23], Poland will try to cover its power demand from its own resources. Polish coal
resources will remain an important element of the country’s energy security, but an increase
in demand for energy will be met from sources other than coal-fired units. It is assumed
that the share of coal in the energy consumption structure will be below 56% in 2030, and
with the likely increase in EU ETS allowance prices it may reach the level of approximately
38%. In addition, renewable energy sources will play an increasingly important role, and
their share in the structure of net domestic energy consumption will reach no less than 32%
in 2030 [23]. This will be achieved primarily through the development of photovoltaics
and offshore wind farms, which due to their characteristics of economic and technical
conditions have the greatest potential for development. In addition, it is necessary to
develop transmission infrastructure, energy storage technologies, as well as to expand
the use of gas units as regulating capacity. It is assumed that from 2033, nuclear power
will be implemented (a total of six nuclear power units with a total capacity of between
six and nine GW are planned to be built), which will ensure the stability of the energy
system and clearly reduce emissions from the sector. In subsequent years, low-efficiency
generation units will be gradually phased out and replaced with higher-efficiency units
(including cogeneration). Ultimately, a completely new energy system based on low- and
zero-emission sources will be created by 2040 [23]. The implementation of the assumptions
of this plan will significantly change the structure of the domestic energy sector in the
future and will directly affect the demand for mineral sorbents for flue gas desulphurisation
and for the production of synthetic gypsum.

Since 2016, the production of FGD synthetic gypsum in Poland remained at a similar
level of about 3.3–3.4 million tpy, while the demand for limestone flour for the wet FGD
method—at the level of 2.4–2.5 million tpy, and demand for limestone sand for fluidised
bed boilers—ca. 1.0 million tpy. However, between 2018 and 2020, new flue gas desul-
phurisation plants were commissioned at four new coal-fired power units at Kozienice
PP, Opole PP and Jaworzno III PP. Moreover, it is planned to complete the construction
of the last new coal-fired power unit at the Turów PP with a capacity of 490 MW in 2021,
also equipped with a flue gas desulphurisation plant using the wet limestone method.
The construction of these new, conventional, power units allowed to replace a number of
worn-out, oldest units. After 2021, new hard coal-fired or lignite-fired power units will not
be built in Poland. So, eventually, starting from 2022, with perspective towards at least
2030, the total demand for limestone flour and limestone sand as FGD sorbents in Poland
may achieve the record level of ca. 3.5–3.6 million tpy, including about 2.6 million tpy
of fine-grained flour for flue gas desulphurisation in wet limestone method, and about
1.0 million tpy of coarse-grained flour (limestone sand) for desulphurisation in fluidised
bed boilers and, subordinately, using dry or semi-dry methods. At the same time, the total
production capacity of FGD synthetic gypsum in all Polish power plants can increase to
about 5.7 million tpy, while its real production volume—to at least 4.6 million tpy. In the
next few years, further new power units will undoubtedly be built in Poland, but they
will not be based on hard coal or lignite burning, being mostly gas units and sometimes
biomass units [23,57].

Forecasting the role of coal-fired power generation in Poland after 2030, and conse-
quently the demand for limestone sorbents for desulphurisation in this sector, is extremely
difficult and burdened with enormous uncertainty. The forecast error may even exceed
50%. The final shape of the Polish power industry is a matter of considerable uncertainty,
especially in relation to economy decarbonisation processes pushed by the EU, with pos-
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sible rapid reduction of the coal share in the energy mix in favour of increasing the RES
share. After 2030, there will be another phase of phasing out the oldest power units,
e.g., in Kozienice, Dolna Odra, Bełchatów and many other power plants. They are to be
replaced mainly by gas units, nuclear units and renewable energy sources such as wind
turbines and photovoltaic [23]. In such a scenario, total demand for limestone sorbents for
desulphurisation will systematically fall and in 2050 may reach maximum level of about
1.3 million tpy, of which ca. 1.0 million tpy for wet limestone FGD method (Figure 2) and
about 0.3 million tpy for flue gas desulphurisation in fluidised bed boilers. As a result, the
production of synthetic gypsum in 2050 may decrease to only max. 1.5 million tpy. At that
time, only those power units that were built between 2017 and 2021, and maybe also a few
older coal-fired units that were upgraded in recent years, are likely to remain in operation.
However, we cannot rule out that in 2050 the share of coal in the Polish energy mix may
decrease even to zero, with closure of the last coal-fired PPs and CHPs. As a result, the
consumption of sorbents for desulphurisation of flue gas coming from coal combustion
will also practically disappear at this moment.
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5. Conclusions

Measures taken since the beginning of 1990s to reduce SO2 emissions in the Polish
power industry (being mainly based on coal burning) resulted in the construction of
numerous flue gas desulphurisation plants in the last 30 years. In Poland, they are mainly
using the wet limestone method of dust-free flue gases, or use of fluidised bed boilers where
the desulphurisation process takes place in the boiler immediately after coal combustion.
In both main desulphurisation methods used in Poland, ground limestone of appropriate
granulation is used for desulphurisation. This resulted in quick increase in demand for
limestone sorbents: from zero in the early 1990s to about 3.4–3.5 million tpy at present. For
the production of such limestone sorbent (limestone flour for wet limestone FGD method
and limestone sand for fluidised bed boilers) different varieties of limestone are used in
a few regions of the country, and they must meet basic requirements regarding, among
others, chemical composition and granulation. At present, mostly Jurassic limestone, but
also Devonian, Carboniferous and Triassic limestone varieties have the greatest significance
in limestone sorbents production in Poland.

In 2022, after the completion of the last new investment project in the Polish coal-fired
power industry in 2021—the new power unit in Turów Power Plant, the total demand
for limestone FGD sorbents in domestic power plants will reach the maximum level of
about 3.7 million tpy. Such a demand should be maintained until 2028–2030, after which
it will systematically decrease in the following years, as a result of the gradual closure of
subsequent coal-fired power units, while new production capacities based on hard coal or
lignite are not expected to be built anymore. As a result of gradual decommissioning of
coal-fired units in the 2050 perspective, the total consumption of sorbents in the domestic
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power sector should be reduced to a maximum of 1.3 million tpy, of which about 1.0 million
tpy will be used for limestone flour consumption in wet limestone FGD installations and
about 0.3 million tpy for limestone sand consumption in fluidised bed boilers. After 2050,
it will probably be reduced practically to zero. As indirect consequence, the production
of desulphurisation products, including in particular synthetic gypsum from the wet
limestone method, will also decrease. Production of the latter could fall from about
3.6 million tpy in the coming years to only max. 1.5 million tpy just before 2050 and
practically to zero after 2050.
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26. Kaszyński, P.; Kamiński, J. Coal Demand and Environmental Regulations: A Case study of the Polish Power Sector. Energies 2020,

13, 1521. [CrossRef]
27. Antosiewicz, M.; Nikas, A.; Szpor, A.; Witajewski-Baltvilks, J.; Doukas, H. Pathways for the transition of the Polish power sector

and associated risks. Environ. Innov. Soc. Transit. 2020, 35, 271–291. [CrossRef]
28. The Statistics Poland (GUS). Environment 2020; GUS: Warszawa, Poland, 2020; ISSN 0867–3217. Available online: https://stat.gov.

pl/obszary-tematyczne/srodowisko-energia/srodowisko/ochrona-srodowiska-2020,1,21.html (accessed on 29 January 2021).
(In Polish)

29. Galos, K.; Smakowski, T.; Szlugaj, J. Flue-gas desulphurisation products from Polish coal-fired power plants. Appl. Energy 2003,
75, 257–265. [CrossRef]

30. Galos, K.; Szlugaj, J.; Burkowicz, A. Sources of limestone sorbents for flue gas desulphurization in Poland in the context of the
needs of domestic power industry. Polityka Energetyczna Energy Policy J. 2016, 19, 149–170.

31. Gawlicki, M.; Galos, K.; Szlugaj, J. Waste mineral raw materials from power plants, combined heat and power plants and heating
plants. In Mineral Raw Materials of Poland. Waste Mineral Raw Materials; Galos, K., Ed.; IGSMiE PAN: Kraków, Poland, 2009;
pp. 139–211. (In Polish)

32. Hlincik, T.; Buryan, P. Evaluation of limestones for the purposes of desulphurization during the fluid combustion of brown coal.
Fuel 2013, 104, 208–215. [CrossRef]

33. Burkowicz, A.; Galos, K. Limestone and lime. In Minerals Yearbook of Poland 2013; Smakowski, T., Galos, K., Lewicka, E., Eds.;
PIG-PIB: Warszawa, Poland, 2014; pp. 313–323. (In Polish)
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