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Abstract 
The paper aimed at an identification and estimation of development of the market 
for sulphur-calcium fertilizers derived from by-products of hard coal combustion 
in thermal power and power plants in Poland.Obtained data and quantitative and 
qualitative information were processed using the methodology usually applied in the 
subject literature to conduct the research and analyses of this type, and the results 
were presented as estimations and forecasts. Assessment of the sales market poten-
tial for sulphur-calcium fertilizers was made on the basis of crop requirements for 
sulphur and calcium and their cultivation area. The analysis made use of standard 
balance methodologies and laboratory tests, which allowed to estimate the require-
ments for sulphur and calcium in plants constituting the greatest share in the crop-
ping area of individual farms, which according to the classification of the Central 
Statistical Office are situated in six regions of Poland, including the provinces in 
their areas. Basing on the estimation of sales potential for sulphur-calcium fertilizers 
made on the basis of the crop requirement for sulphur and calcium and their cultiva-
tion area in Poland, it may be assumed that the prospect for market development is 
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highly favourable. It may be forecasted, that in future an upward demand trend will 
be observed on sulphur-calcium fertilizer market in Poland, particularly on the level 
of commercial agriculture, because the increasingly more apparent negligence con-
cerning progressive soil acidification will cause a necessity for application of a con-
siderably greater amount of calcium fertilizers for recultivation of arable lands on 
farms. An additional advantage of these fertilizer products is the fact that as a source 
of assimilable sulphur they provide a considerably cheaper alternative for multi 
component mineral fertilizers, whose necessary application in intensive agricultural 
production involves high outlays. This property is particularly important also in the 
situation of increasingly higher sulphur deficiency in arable soils and yearly growing 
popularity of sulphur-loving plants, economically important in Poland. Marketing 
of a sulphur-calcium fertilizer, containing greater amounts of sulphur (considering 
pure component) and some amount of microelements at more competitive market 
prices, may prove a good alternative for agricultural producers. The more so, as it 
is a by-product of some other production process, which is important from the cost 
intensity point of view of its manufacturing and advantageous considering the real-
ization of aims and assumptions of sustainable development.

Keywords: sulphur-calcium fertilizer, sustainable development, FGD gypsum, flu-
idized bed combustion ashes, Poland.

JEL classification: E23, O44, P28, Q13, Q15, Q56

1 Introduction 
Apparent and sometimes revolutionary social and institutional changes have 
been noticeable in the European Union over the recent years, serving to realise 
the goals and assumptions of a sustainable waste management. The changes con-
cern, among others the waste generated during the process of basic fuels com-
bustion, comprising petroleum, natural gas, hard or brown coal. An integral ele-
ment of both electric and thermal energy production is generation of secondary 
post-production materials. An example may be mineral waste called combustion 
by-products (CBP) emerging during the technological processes of coal and plant 
biomass combustion (Alvarez-Ayuso, Querol & Tomás, 2006; Hao & Guo, 2012; 
Hycnar, Szczygielski, Lysek, & Rajczyk, 2014). The most frequently generated 
CBP include the mixtures of fluidized fly and bed combustion ashes and synthetic 
gypsum, also called flue gas desulphurization gypsum (FDG) originating from 
exhaust fumes desulphurization by wet calcium method applied in the process 
of hard or brown coal burning in traditional electric and thermal power plants 
(Martinez-Tarazona & Spears, 1996; Córdoba, 2015).
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The largest amounts of fluidized bed combustion ashes are managed for the 
realization of engineering and hydrotechnical constructions, such as highways 
and roads, construction and reinforcement of river embankments, solidification 
and recultivation of mining landfill sites, as well as for reinforcement and sealing 
(isolation) of post-mining sites. Fluidized bed combustion ashes from the cur-
rent production are applied in the above mentioned cases as a binding material 
and binder-aggregate mixtures. Fly ashes deposited on landfills, particularly those 
“extinguished” with water are also suitable for use as replacements of earth masses 
and an element for correcting granular composition and moisture of mixtures 
used for engineering structures (Szczygielski, Tora, Kornacki & Hycnar, 2017). 
Sulphate calcium products, e.g. FGD gypsum obtained as a by-product of coal 
combustion are mainly used by the construction materials industry. Raw gypsum 
is used as a timer for commonly used cements binding and after partial dehydra-
tion (calcinated gypsum, hemihydrate, gypsum hemihydrate) becomes a binding 
material, i.e. the basic component of gypsum binders and plaster mixtures. Large 
amounts of FDG gypsum are also used for plasterboards manufacturing, prefab-
ricated gypsum construction and stucco elements (Szlugaj & Galos, 2006).

Currently, coal is the most important carrier of generated electric and ther-
mal energy, which causes that is plays a key role in the energy safety (Kaliski, 
Sikora & Szurlej, 2014). Over 90% of production in the national energy sector 
bases on hard coal and brown coal combustion. Each year about 15 million tons 
of fluidized bed combustion ashes and slag and almost 5 million tones of gyp-
sums are produced in the flue gas desulphurization installations (Galos, Szlugaj & 
Burkowicz, 2016). Presented volume of annual CBP output evidences that Poland 
is one of the leading generators of this type of energy production waste among 
the EU countries. A high CBP supply potential and the appropriate legal regu-
lations cause that the previous forms of their management as raw materials or 
technological components used mainly by the road and construction industries 
became insufficient. The more so, as in compliance with the provisions of the act 
of 14 December 2012 on waste (Polish Journal of Laws 2013, item 21), the man-
ufacturer decides to treat CBP as waste with all legal and financial consequences, 
or as an integral part of his production subject to management and control, which 
provides a possibility for their much wider use as an important component for 
the production of many other products. Therefore, intensive research has been 
conducted for some years on potential alternative CBP by-products management, 
as exemplified by attempts to apply them in the manufacturing of fertilizers or soil 
substrates for specialist agronomic crops (DeSutter & Cihacek, 2009; Yunusa, Lo-
ganathan, Nissanka, Manoharan, Burchett, Skilbeck & Eamus, 2012; Wang, Bai & 
Yang,  2013; Watts & Dick, 2014; Szlugaj & Noworyta, 2015; Wang & Yang, 2018).
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The result of research on potential applications of CBP in agriculture are sul-
phur-calcium fertilizers which appeared on Polish market and which are a useful 
source of easily available sulphur, which in the conditions of constantly growing 
share of sulphur-loving plants in the domestic cropping structure may prove ad-
vantageous for both Polish producers of this type of products and for the farmers 
themselves. Therefore, the aim of the paper is an estimation of a potential market 
for fertilizers derived from by-products of hard coal combustion in thermal pow-
er and power plants in Poland (fluidal ashes and FDG gypsum).

2 Data and Methods 
The estimation of a potential market for sulphur-calcium fertilizers derived from 
coal combustion by-products (CBP) during the flue gas desulphurization process 
by wet limestone method was made on the basis of determined level of selected 
crops demand for nutrients, i.e. sulphur (S) and calcium (Ca) contained in the 
presented fertilizer and their cropping area in 2016. The analysed fertilizer was 
a mixture of FDG gypsum obtained from TAURON S.A. – Łaziska power plant in 
Łaziska Górne and fluidized bed combustion ash obtained from TAURON S.A. – 
power plant in Jaworzno II, turbogenerator 3 in Jaworzno (Table 1).

Table 1 Selected properties of tested fertilizer

Specification
UPS Fe CaO SO3

[%]
FGD gypsum 65 0.0 24.7 25.2
Fluidized bed combustion 
ashes 35 1.1   9.5   3.1

Total 100 1.1 34.2 28.3

Source: Author`s research.

Sulphur (S) contained in the presented product occurs in sulphates, iron (Fe) 
in carbonates and sulphates, whereas calcium (Ca) in carbonates, sulphates and 
oxides. The product reveals a considerable mechanical strength, which allows 
to apply it using standard fertilizer spreaders available on Polish market. Due to 
sulphur (S) occurrence in different chemical forms, the fertilizer has an effect 
characteristic for  the products with slow release of nutrients (micro- and macro-
elements). Some components are released immediately after use, thus fertilization 
before sowing or top dressing are much more effective. Moreover, the sulphate 
form of sulphur (S) contained in the fertilizer ensures a high degree of its binding 
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and retaining in the substratum structure, which makes it more resistant to wash-
ing out and better available to plants. Another advantage of the tested fertilizer 
is its neutral impact on pH, which may be important in reducing the causes and 
outcomes of excessive soil acidification in various regions of Poland (Filipek & 
Skowrońska, 2013). However, research has indicated that in the first place the 
product may be also classified to mineral fertilizers which are primarily used to 
supply sufficient amounts of sulphur (S) to the sulphur loving plants (e.g. rape-
seed, agrimony, maize, corns, sugar beet, pulses, legumes and vegetables) (Skwi-
erawska, Krzebietke, Jankowski, Benedycka & Mackiewicz-Walc, 2014). 

The analysis conducted as an attempt at estimating market potential for sul-
phur-calcium fertilizers derived from CBPs, used a standard balance method and 
laboratory tests, which allowed to determine the crop demand for the nutrients 
(S and Ca) contained in the tested product, which is of major importance in the 
commodity structure of private farms located in the areas of six regions of Poland 
(central, southern, eastern, north-western, south-western and northern) includ-
ing the provinces situated in their areas (Table 2).

Table 2  Area and share of tested crop groups in cropping structure in Poland 
in 2016

Specification Cultivation area [ha] Share in cropping system [%]
Maize 1 039 778 11.7
Rapeseed and agrimony 802 454 8.0
Wheat 2 048 652 21.4
Barley 847 808 8.1
Triticale 1 346 149 13.8
Oat 463 370 5.2
Potatoes 296 658 2.7
Sugar beets 169 312 1.7

Source: Author`s calculations based on data base of Central Statistical Office of 
Poland. Retrieved from http://www.stat.gov.pl

Application of balance method, from the group of traditional methods of de-
termining crop fertilizer requirements, involved a comparison of the analyzed 
nutrient expenditure (uptake with the yield, nutrient losses in soil) with the nutri-
ent supply (supplied through organic fertilizers, atmospheric precipitations, har-
vest residual, element release in soils, etc.) (Burczyk, 2010). Results of conducted 
balance allowed to formulate fertilizer recommendations, i.e. estimate an average 
dose of the fertilizer derived from a mixture of fluidized bed combustion ashes 
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and FDG gypsum, which should be applied on 1ha cultivation area assumed for 
an analysis of crops, i.e. maize, rapeseed and agrimony, wheat, barley, trticale, oat, 
potatoes and sugar beets (Table 3).

Table 3: Fertilizer recommendations for crops

Specification
Assumed 

amount of main 
yield [t ∙ ha-1]

Application date* Recommended 
dose

[kg ∙ ha-1]spring autumn top 
dressing

Maize 10 ++ +++ + 450
Rapeseed and 
agrimony 3-4 ++ +++ + 500

Wheat 6-7 ++ +++ ++ 400
Barley 7 ++ +++ ++ 450
Triticale 6 ++ +++ ++ 400
Oat 5 +++ +++ ++ 300
Potatoes 50 +++ +++ + 300
Sugar beets 50 +++ +++ ++ 400

* (+) - highly positive result of application, (++) - average result of application 
(+++) - low effect of application.
Source: Author’s research.

On the basis of developed fertilizer doses (recommendations) for the studied 
crop groups and their cropping areas, an attempt was made to estimate a potential 
demand for sulphur-calcium fertilizers, whose basic components are coal com-
bustion by-products (CBP) in electric and power stations in Poland including 
spatial diversification of the conditions for the development of domestic market 
for fertilizers and other plant growth stimulator.

3 Results and Discussion
Poland ranks 5th in Europe regarding the size of mineral fertilizers manufactur-
ing (behind Russia, Belarus, Germany and the Ukraine). The national fertilizer 
market is responsible for manufacturing of almost 1.5% of the world production 
volume. Out of about 2.5 million tons of manufactured NPK, over 2 million tons 
in terms of pure component is consumed by the domestic agriculture (Zalewski 
& Rembeza, 2013). While analyzing the mineral fertilization level for over more 
than a dozen years, it may be seen that fertilizer consumption reveals an apparent 
upward trend. The trend results from many conditionings of Polish agriculture 
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development, including the ongoing intensification process of expenditure on 
agronomic inputs, which to a major extent concerns medium sized and large 
farms and those situated in the regions with good agricultural and environmental 
conditions. It is also connected with an improved economic situation in Polish 
agriculture, both due to the situation on world agricultural markets, Poland’s inte-
gration into the European Union structures and including farms in the Common 
Agricultural Policy. Despite a wider openness to foreign food products in Poland 
after the European integration, domestic production of agricultural raw materials 
and ready-to eat food has been and will be of major importance for people’s nu-
trition. However, growing competition of the EU agricultural markets forces Pol-
ish producers to increase their productivity, which in case of crop production is 
possible mainly using mineral fertilizers and plant growth stimulators (Sroka & 
Musiał, 2015).

Traditional agriculture focuses mainly on fertilization with main nutrients, 
including: nitrogen (N), phosphorus (P), potassium (K), magnesium (Mg) and 
calcium (Ca). However, intensification of crop production leads to an increase 
in the amount of other nutrients taken up from soil, which in a longer perspec-
tive may lead to worsening its properties as a productive substratum. The phe-
nomenon concerns particularly microelements and macroelements, which are 
the supplementary components of the most popular mineral fertilizers. Over the 
recent years, for instance visual symptoms of sulphur (S) deficiency, which is the 
secondary component of NPK mineral fertilizers, may be observed on the fields 
in Poland (Kaczor & Zuzańska, 2009; Filipek-Mazur, 2011; Potarzycki, Przygoc-
ka-Cyna, Wendel, Biniek & Ridiger, 2015). 

Sulphur is the element whose deficiency became increasingly more percepti-
ble in agricultural, orchard and vegetable crops in Poland, which has been caused, 
among others by reduced emission of this element from anthropogenic sources, 
including reduced energy consumption and increasingly more efficient flue gas 
desulphurization installations, decrease in animal population and therefore di-
minished production of natural fertilizers without a ballast in which sulphur was 
present and finally by lower atmospheric pollution falling onto the soil (Przygoc-
ka-Cyna & Grzebisz, 2017). 

Another cause of sulphur (S) deficiency in field crops is also constantly chang-
ing level of this element application by farmers which may be due to quite lim-
ited market offer of Polish producers manufacturing typically sulphur fertilizers. 
In Poland sulphur (S) is most frequently applied in multicomponent fertilizers, 
which means that the amount of this element in a given fertilizer composition 
only supplements the other nutrients contained in it. The most popular prod-
ucts used in agricultural production comprise the fertilizers with the following 
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proportions of sulphur (S) in conversion into elemental form: ammonium sul-
phate 24%, pulverized simple superphosphate 11.5-14%, potassium sulphate 17%, 
potassium salt (40% K2O) 2%, potassium magnesium sulphate 18%, gypsum 17% 
and kainite up to 7%. Another problem which farmers face is a relatively high cost 
(in terms of pure ingredient) of fertilizer products which supply easily available 
sulphur (S) form, which considerably reduces their potential universal applica-
tion in quantitative terms (Table 4).

Table 4  Compilation of net prices for the most popular sulphur (S) containing 
mineral fertilizers  offered on Polish fertilizer market in 2016

Specification
Prices range

[PLN ∙ t-1] [Euro ∙ t-1]
Pulsar - crystalline ammonium sulphate 590.00-680.00 139.00-170.00
Simple superphosphate 605.00-660.00 143.00-156.00
Ammonium phosphate AS21 720.00-760.00 170.00-180.00
Magnesia - Kalinite 730.00-770.00 173.00-182.00
RSM S 650.00-880.00 164.00-208.00
Salmag with sulphur 950.00-1 050.00 225.00-250.00
Saletrosan 965.00-1 050.00 229.00-249.00
Epso Top - magnesium sulphate 1 090.00-1 250.00 258.00-296.00
Polifoska 6-8 1 320.00-1 570.00 312.00-371.00
Wigor S 1 390.00-1 580.00 329.00-374.00
Potassium salt 1 190.00-2 150.00 282.00-508.00
Patentkali - potassium sulphate 1 790.00-1 940.00 423.00-459.00

Source: Author`s calculations based on data of producers and distributors. 

High prices of 1kg of sulphur in terms of pure ingredient in ammonium sul-
phate, superphosphate or saletrosan result in the first place from the fact that 
these are typical mineral fertilizers whose main task is to supply the soil in basic 
microelements, i.e. nitrogen (N), phosphorus (P) and potassium (K), whereas sul-
phur contained in their fertilizer formula may be called a complementary ingre-
dient. Currently, it has been estimated that in Poland net prices for 1 kg sulphur 
(S) as pure ingredient contained in the most commonly applied mineral fertilizers 
fall within the rage from 4.50 PLN (1.10 EUR) to 9.20 PLN (2.20 EUR). Therefore, 
a solution to the problems presented above may be including in the market offer 
sulphur-calcium fertilizer derived from coal combustion by-products (CBP) in 
electric and thermal power plants, which would contain 130kg sulphur (S) in one 
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ton of FDG gypsum and fluidized bed combustion ashes mixture. In conversion 
to SO4 it gives about 440 kg S, in conversion to SO3 about 390kg S and in conver-
sion to SO2 about 290kg S.

The advantage of this kind of product is a high content of sulphur (S) in a sul-
phate form, which means that it is best available to plants and does not require 
any previous processing by soil microorganisms. The suggested fertilizer is also 
one of the cheaper sources of this element available form, because as demonstrat-
ed by the conducted analyses, the 1kg sulphur (S) contained in it costs between 
1.2 PLN (0.30 EUR) and 1.90 PLN (0.45 EUR), which causes that it may become 
an attractive alternative on the domestic fertilizer market. Polish agri-producers 
increasingly more often compare the prices of offered fertilizers in the context 
of the calculation of the specific nutrient it contains. It is so, because the cost of 
1kg of pure component may prove greatly different, despite the fact that both the 
market prices and composition of products intended for similar uses for crop 
cultivation, seem similar. Another advantage of the presented fertilizer may be 
also its potential application on highly acidified soils, due to its high calcium (Ca) 
content, which causes that it does not severely affect their pH change. 

According to the data from the report entitled: ”Studies on de-acidifying fer-
tilizers market in Poland” conducted for Ekotech-IP Ltd Company, there is a big 
market potential for sulphur-calcium fertilizers derived from CBP. It is in the first 
place due to popular cultivation of sulphur-loving plants, since their total acreage 
oscillates around 7 million ha, which may considerably influence the potential 
annual consumption of this type of product. The data provided by Energetyk-Ser-
wis enterprise (one of the fertilizer manufacturers in Poland) domestic consump-
tion of sulphur-calcium fertilizers in the future has been estimated on the level 
of 1.9-2.2 million tons. As indicated by the authors of the report, currently these 
assumptions are realized in about 1%, whereas the data of one of this fertiliz-
er main distributors in Poland, annual sales are on the level of 20-25 thousand 
tons, whereas in the longer term the sales volume may be doubled (“Badanie Ryn-
ku Nawozów”, 2015). Similar values were indicated by an assessment of market 
potential of the studied product conducted on the basis of selected crops (most 
important for the economy) requirements for sulphur (S) and calcium (Ca) and 
their cultivation area in Poland (Figure 1 and Figure 2).
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Figure 1  Market potential for fertilizers derived from CBP for maize, rapeseed 
and agrimony, wheat and barley in the provinces of Poland [thousand 
t ·ha AL-1]

Source: Author’s calculations based on data base of Central Statistical Office of 
Poland. Retrieved from http://www.stat.gov.pl
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Figure 2  Market potential for fertilizers derived from CPB for triticale, oat, 
potatoes and sugar beets in the provinces of Poland[thousand t ·ha 
AL-1]

Source: Author’s calculations based on data base of Central Statistical Office of 
Poland. Retrieved from http://www.stat.gov.pl

In the coming years the market potential (sales volume) for sulphur-calcium 
fertilizers derived from CBP in Poland will concentrate mainly around agri-pro-
ducers specializing in cultivation of maize, corns (wheat, barley, oat and triticale), 
rapeseed and agrimony. A potential sales volume, resulting from these crops re-
quirements for sulphur (S) and calcium (Ca) and their cultivation area in Poland 
is, respectively: maize – 930.6 thousand tons, corns - 853.6 thousand tons (of 
which 58% wheat, 25.4% triticale, 11.40% barley and 5.5% oats), rapeseed and 
agrimony – 279.1 thousand tons. The assessment shows also that in spatial (ge-
ographical) terms the greatest demand for the product of this type, constituting 
almost 65% of the total (i.e. about 1.4 million tons) should characterize the east-
ern region (lubelskie, podkarpackie, podlaskie and świętokrzyskie provinces), 
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north-western region (lubuskie, wielkopolskie and zachodniopomorskie prov-
inces) and northern region (łódzkie and mazowieckie provinces) (Figure 3).

Figure 3  Market structures for sulphur-calcium fertilizers derived from CBP 
in the provinces of Poland

Source: Author’s calculations based on data base of Central Statistical Office of 
Poland. Retrieved from http://www.stat.gov.pl

Therefore, the potential (total) demand, calculated on the basis of the method-
ological assumptions used, on the level of 2.2 million tons is a basis for a greater 
optimism concerning the sales of sulphur-calcium fertilizers, which may be pro-
duced using the by-products of coal combustion in electric and thermal power 
plants in Poland. However, it should be remembered that it is a strictly theoretical 
assumption resulting from estimation conducted by means of a methodological 
apparatus. On the basis of analyses conducted by other authors it may be stated 
that if about 3-5% of the estimated volume finds purchasers in real conditions, 
it will give the sales volume of over 60 thousand tons per year, which may prove 
a great success for the manufacturers of this product. The more so, this is a rela-
tively novel product on Polish market of fertilizers and plant growth stimulators, 
whereas its manufacturing, due to the origin of production components does not 
generate high costs. It may affect its future market price and competitiveness to-
wards much more expensive alternative products.

4 Conclusion
The assessment of market for sulphur-calcium fertilizers based on the require-
ments of crops (of significant economic importance) for sulphur (S) and calcium 
(Ca) and their cultivation area in Poland indicates a most advantageous devel-
opment perspective for these products market. It may be assumed that in future 
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an upward demand trend for sulphur-calcium fertilizers will be observed on fer-
tilizer and plant growth stimulators market in Poland, particularly considering 
commercial farming. Increasingly more frequently apparent neglect concerning 
progressive soil acidification and perceivably growing sulphur (S) deficit in ag-
ronomic crops will involve a necessity to apply much greater amounts of prod-
ucts for recultivation of arable lands on farms. An additional advantage of the 
suggested fertilizer is a fact that as a source of bioavailable sulphur (S) it consti-
tutes a much cheaper alternative for the previously used multicomponent means, 
whose necessary applications in intensive agricultural production involves high 
costs. Marketing a new sulphur-calcium fertilizer containing bigger amounts of 
sulphur (in terms of pure ingredient) and some content of microelements for 
more competitive prices, may prove a good alternative for agricultural produc-
ers. The more so, as it is derived from the by-products of another production 
process, which is important from the market pricing (cost intensity of manufac-
turing) point of view, because a waste directly becomes a final product. However, 
it should be mentioned that the presented fertilizer does not significantly impact 
a change of the soil pH, allows to maintain its proper reaction owing to its prop-
erty of aluminum (AL) toxicity blocking, which gives it a considerable advantage 
over competitive products.   
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