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The use of waste in cement production in Poland –  
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Introduction

A circular economy aims to rationalize the use of resources, limit the negative envi-
ronmental impact of manufactured products, and minimize the generation of waste. Waste 
recovery is an important element of a circular economy. Industrial symbiosis turns waste or 
by-products from one industry sector into raw materials for another. This reduces the waste 
that needs to be disposed of. 

In a circular economy, waste is recovered and used as a raw material, contributing to the 
conservation of natural resources in the spirit of sustainable development.

An industry that is an example of implementing a circular economy is the cement in-
dustry, which has been using waste for many years as part of material recycling and energy 
recovery.
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Cement production is an energy-intensive process (Usón et al. 2013). 
The cement industry is a significant emitter of CO2 (Deja et al. 2010). Extensive urban-

ization in countries has led to an increase in the demand for cement and, therefore, to an 
increase in CO2 emissions, which is related to the specificity of the technological production 
process (Miller et al. 2018). The main measures to reduce CO2 emissions are (Zhaurova et al. 
2021):

�� increasing the use of renewable fuels from waste,
�� reducing the ratio of clinker to cement through waste recovery.

The co-processing of secondary raw materials is seen as a winning option to reduce 
greenhouse gas emissions and reduce the extraction of natural resources and is an ele-
ment of integrated waste management (Supino et al. 2016) for industry, society, and lo-
cal governments. The cement industry can co-process waste with a high calorific value 
and high mineral components. Some of the waste used enables both energy and material 
recovery (Cembureau 2016). The co-processing of waste in the cement industry should 
ensure the maximum replacement of natural resources with waste that is not recycla-
ble for technological reasons or the recycling of which is not economically or ecolog-
ically viable. In this way, cement plants use waste that, according to the hierarchy of 
waste management methods, should be subjected to other recovery processes or ne- 
utralized.

In cement production, waste is used as raw materials and fuels (Rahman et al. 2013). For 
many years, the cement industry has used waste as fuel or raw material in plants around the 
world, for example, in Korea (Lim et al. 2020), Germany (VDZ 2020), Japan, Taiwan (Hong 
et al. 2017), Australia (Mohammadi et. al. 2015), the Czech Republic (CzCA 2020), Austria 
(Mauschitz 2020), Italy (Supino et al. 2016), and Brazil (Natalli et al. 2021).

The waste products most frequently used as raw materials for cement production are fly 
ash, slag (Giergiczny 2019), cement kiln dust (Osmanovic et al. 2018), and reagypsum (Cail-
lahua and Moura 2018). Waste such as bottom ash from municipal solid-waste incineration 
(Kleib et al. 2021) is also being increasingly used (VDZ 2020). 

Fuels are mainly high-calorific waste, such as plastics and tires, but also include waste 
classified as biomass, such as sewage sludge or wood waste (Uliasz-Bocheńczyk et al. 2021). 

However, not all waste can be used as raw materials in the cement industry, and the types 
of waste used depends on the possibility of obtaining them in a given country. The decision 
to use a given type of waste in a cement plant depends on many individual factors for a giv-
en plant. However, the waste used must always be of added value for the plant (Cembureau 
2016), whether as part of energy recovery (R1 – use principally as a fuel or other means to 
generate energy) or material recovery (R5 – recycling/reclamation of other inorganic mate-
rials). Of course, the waste used in the cement industry must meet the requirements for the 
raw materials that they replace in the production process.

The article presents the activities of the cement industry in the recovery of waste in pro-
duction processes, as well as activities aimed at reducing CO2 emissions, as an example of 
industrial symbiosis.
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Analysis of the literature on waste management in the cement industry revealed the lack 
of a comprehensive study in this area. Publications focus on the specific types of waste used 
as components of raw material mix or fuels. No comprehensive case study was found on the 
use of waste as raw materials and fuels.

This article summarizes the issue of the use of waste for cement production in terms of 
waste management and the reduction of CO2 emissions, which is an innovative approach to 
the implementation of waste management in the cement-production sector. 

The purpose of the article is to provide the reader with an in-depth analysis with regard 
to the waste used in cement production in Poland. The cement industry in Poland is a clear 
example of a positive trend in the fulfilment of sustainable development objectives. There 
are many reasons why it was worth choosing the cement industry in Poland for the case 
study analysis. First of all, there has been a relatively short period of rapid increase in the 
amount of waste used, without a negative impact on the quality of cement, which is reflected 
in the upward trend in cement production and sales. 

1. Materials – cement industry data

Currently, the Polish cement industry has twelve cement plants (PCA 2010–2022).
CEM I Portland cement, CEM II Portland-composite cement, CEM III Blast furnace 

cement, CEM IV Pozzolanic cement, CEM V Composite cement, and other types of cement 
are produced (PCA 2010–2022).

The level of cement consumption in a country is commonly associated with its econom-
ic growth (Subiyanto 2020). In Poland, the level of cement production remained at com-
parable levels in the years 2006–2017. The increase in cement production was especially 
visible in 2011. The development of housing, roads, and highways as well as stadiums for 
EURO 2012 contributed to it. Since 2018, there has been an increase in cement produc-
tion due to further investments in housing and road infrastructure. The negative impact of 
the COVID-19 pandemic on the economy has had little impact on the construction mar-
ket in Poland, which is one of the strongest segments of the economy. The continuation 
of road construction and housing construction is indicated as a  key factor (Cembureau  
2020).

The cement industry, due to the nature of the applied technological processes, consumes 
significant amounts of electricity and heat energy (Figure 1). The Polish cement industry 
mainly uses the less energy-consuming dry method of cement production (Figure 1). In this 
method, the raw materials are crushed and then dried. The dry raw flour is fed into the kiln. 
In the wet method, the raw materials are ground with water. Raw sludge formed in this way 
is fed to the sludge dryer or directly to the kiln. Until 2009, both cement production methods 
were used in Poland, but the high energy consumed in the wet process resulted in this meth-
od being abandoned (PCA 2010–2022). Currently, more than 90% of furnaces in Europe are 
operated using the dry method (Cembureau 2022).
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In 2019, the average unit heat consumed was 3,649.0 kJ/kg of clinker, and the energy 
consumed was 103.8 kW·h/ton of cement (Figure 1). 

The Polish energy industry uses bituminous coal as the main fuel because of the con-
ditions of raw materials (Olkuski et al. 2021). However, in recent years, waste fuels have 
become increasingly important in the fuel economy of the cement industry. Initially, these 
activities were primarily related to the increasing prices of conventional fuels. However, 
after Poland’s accession to the European Union, environmental and energy aspects of the 
use of energy obtained from renewable sources and waste management have become factors 
with a significant impact on increasing the energy recovery from waste in cement plant pro-
duction processes (Uliasz-Bocheńczyk et al. 2021).

The combustion conditions in the cement kilns predispose them to using waste fuel. The 
temperatures in the kilns are high, and the alkaline environment of the kilns allows them to 
neutralize and capture acid gas components. The combustion of waste fuel in cement kilns is 
a waste-free process; all metallic and non-metallic incineration products undergo complete 
absorption (Mokrzycki and Uliasz-Bocheńczyk 2003). 

Fig. 1. Heat and electricity consumption in the cement industry in Poland (1990–2018),  
based on the data from PCA 2010–2022

Rys. 1. Zużycie ciepła i energii elektrycznej przez przemysł cementowy w Polsce (1990–2018)
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2. Methods

A quantitative and qualitative analysis of the waste used in cement plants in Poland is 
presented in relation to material and energy recovery in cement plants. 

This analysis use a  qualitative case study approach (Eisenhardt 1989). We chose this 
method because, to quote K.M. Eisenhardt (Eisenhardt 1989): The case study is a research 
strategy which focuses on understanding the dynamics present within single settings. Au-
thors such as Merriam (Merriam 1998), followed by Mahzouni (Mahzouni 2019), point out 
that an in-depth study of a particular instance or case will illuminate that interest thereby 
increasing interest in a topic that is important from an industrial, social and environmental 
point of view in the case of waste recovery described in the article.

The analysis is made up of two parts:
1.	 An analysis of the activities of cement plants in Poland in the field of using alternative 

fuels from waste.
2.	 An analysis of the use of waste in cement plants in Poland as a component of the raw 

material set.
The dataset covers the period 2006–2019. 
The methodology focused on collecting data to compile and characterize the waste used 

in the cement-manufacturing sector at the national level.
For a  comprehensive overview of the waste flows, annually updated publications and 

official statistics were reviewed (PCA 2010–2022). 
The aim of this approach was to analyze the situation with respect to waste use in 

cement production, providing information on the possibility of obtaining secondary raw 
materials.

3. Results 

3.1. Waste as fuels

The use of alternative fuels from waste should not be analyzed only in terms of the 
energy economy and fossil fuel savings. First, attention should be paid to the participa-
tion of cement plants in broadly understood waste management (Uliasz-Bocheńczyk et al.  
2021).

The potential for energy recovery from waste in cement plants, carried out using the R1 
energy efficiency formula and according to the limits for the landfilling of waste with a gross 
calorific value above 6 MJ/kg by Regulation of the Minister of Economy of 16 July 2015 on 
the acceptance of waste to landfills (Journal of Laws, 2015, item 1277), makes them an im-
portant element of the waste management system in Poland that help reduce expenditure on 
the construction of incineration plants (Uliasz-Bocheńczyk et al. 2021). 
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The introduction of waste landfilling limits (waste classified as groups 19 and 20) and 
the limited number of municipal waste-incineration plants are the reason why cement plants 
have become an essential part of efficient waste management favoring energy recovery car-
ried out in accordance with a hierarchy of waste management methods (Uliasz-Bocheńczyk 
et al. 2021).

The combustible fractions of municipal and industrial waste are a prospective fuel for the 
cement industry. The experiences of the cement plants in Poland prove that the use of fuels 
from waste is ecological and economically justified (Mokrzycki and Uliasz-Bocheńczyk 
2003). The cement industry in Poland has been successfully using this kind of fuel for many 
years (Figure 2), helping lower the cost of production, thus increasing competitiveness. Use 
of fuels made out of waste is really important for society because of economic reasons and 
the fact that conventional fuels can be saved, which significantly limits the negative impact 
on the environment (Uliasz-Bocheńczyk et al. 2021).

In the years 1998–2005, increases in the use of fuels from waste were as follows: 
1998 – 1.39%, 1999 – 1.15%, 2000 – 2.07%, 2001 – 1.97%, 2002 – 4.00%, 2003 – 6.50%, 
2004 – 9.90%, and 2005 – 14.0% (PCA 2010–2022; Uliasz-Bocheńczyk et al. 2021). 

Fig. 2. The use of the alternative fuels in the cement industry (2006−2019),  
based on the data from PCA 2010–2022 and Uliasz-Bocheńczyk et al. 2021

Rys. 2. Wykorzystanie paliw alternatywnych w przemyśle cementowym (2006−2019)
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In 2016, thermal energy substitution rates by alternative fuel in cement plants in Poland 
was 60%, which was higher than the global average (16.7%), Europe (44.2%), North Amer-
ica (15.8%), Latin America (14.2%), Asia and Oceania (9.0%), and Africa and The Middle 
East (6.3%) (GIZ-LafargeHolcim 2020) but was lower than Germany (64.8%) (VDZ 2020) 
and Austria (78.3%) (Mauschitz 2020).

The share of alternative fuels from waste in the production of cement in Poland increased 
(Figure 2) from 1.34% in 1997 to about 70% in 2019 and was higher than in the EU (50.0%) 
(PCA 2010–2022). Waste products used as alternative fuels are tires, waste fuel (19 12 10 – 
combustible waste (alternative fuel)), rubber waste, plastics, woodworking-industry waste, 
coal enrichment by flotation waste, power-plant waste, sewage sludge, and others (Table 1).

In 2019, 1,753.4 Gg of alternative fuels from waste was used (RDF – Refuse Derived 
Fuel) – 1,579.7 Gg (90.0%); tires – 89.7 Gg (5.0%); plastics and rubber – 44.3 Gg (3.0%); 
sewage sludge – 13.2 Gg (1.0%); others – 26.5 Gg (1.0%)) (Table 1) and only 595.9 Gg of coal 
(PCA 2010–2022). 

Thanks to the use of biomass, the cement industry has reduced its total CO2 emissions. 
The use of waste fuels may also reduce indirect CO2 emissions because in the majority of ce-
ment plants in Poland, they are transported over shorter distances compared to conventional 
fuels (Uliasz-Bocheńczyk et al. 2021). 

Table 1.	 The waste fuels used (%) in the cement industry (2009−2019)

Tabela 1.	 Paliwa z odpadów stosowane w przemyśle cementowym (2009–2019)

Specification
The use of the waste fuels

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

RDF 78.3 75.2 75.4 83.8 85.1 79.5 82.7 86.0 84.9 88.02 90.0

Tires and rubber scraps 8.6 9.1 9.1

Tires 7.6 6.4 6.0 5.5 5.7 5.5 6.75 5.0

Rubber waste 1.5 1.3 2.5 2.9 4.3 4.6 2.72

Plastics 1.8 1.7

Plastics and rubber 3.0

Woodworking industry 
waste 1.6 0.7 0.1

Coal enrichment by 
flotation waste 1.8 4. 1 4.0 2.4 1.8 2.1 2.1 2.1

Power plant wastes 8.3 3.0 3.1 6.0 6.0 2.6 2.1

Sewage sludge 0.3 1.2 1.3 0.8 0.6 0.4 0.7 0.6 0.6 0.88 1.0

Others 7.6 8.0 1.8 0.9 1.7 2.2 0.1 0.0 0.2 1.62 1.0

Source: PCA 2010–2022.
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The type of alternative fuel used depends on the local conditions of waste availability. 
The type and amount of waste used primarily depends on the technological conditions of the 
plant that uses it (Uliasz-Bocheńczyk et al. 2021).

In Poland, the alternative fuel used in the largest amount is RDF, which is also used in 
large amounts in Germany (VDZ 2020) and in small amounts in Japan (Hong et al. 2017) 
but not in the Czech Republic (CzCA 2020). Tires are used in cement plants in Poland 
(Table 2), the Czech Republic (CzCA 2020), Germany (VDZ 2020), and Japan (Hong et al. 
2017). 

In the European Union countries, the use of biomass is important in terms of the Europe-
an Union Emission Trading System (EU ETS). According to the Commission Implementing 
Regulation (EU) 2018/2066 art. 38.2 – the emission factor of biomass combustion should be 
zero (Commission Implementing Regulation (EU) 2018). 

The price of emission allowance (EUA) in April 2022 (83.99 EUR (KOBIZE 2022) 
makes biomass an attractive fuel for the cement industry in the EU. 

Waste such as bone meal, sewage sludge, woodworking industry waste, the biodegrad-
able fraction of RDF (19 12 10 waste), and biodegradable waste other than municipal waste 
classified as 06 and 19 groups are classified as biomass (Table 1). 

Fuels from biomass are used by, among others, European countries such as the Czech 
Republic (CzCA 2020), Germany (meat and bone meal and animal fat, waste wood, mixed 
fractions of municipal waste, sewage sludge (VDZ 2020), Italy (combustible waste (RDF), 
sewage sludge) (AITEC 2022), Bulgaria, France, Ireland, Spain, Sweden, and Portugal (Beer 
et al. 2017).

3.2. Waste as raw materials

The cement industry has been using waste as raw materials for the production of cement 
for many years (Scrivener et al. 2018).

Waste from other industries, mainly from the power industry and metallurgy, is recov-
ered and the idea of a circular economy is implemented. It is also an important element in 
reducing CO2 emissions. However, the use of waste as a component of raw material compo-
sition is limited by the standard PN-EN 197-1:2012 Cement – Part 1: Composition, specifica-
tions and conformity criteria for common cements (Giergiczny 2019). 

The use of raw materials from waste, as in the case of fuels, depends primarily on their 
availability.

Wastes from power plants and combined heat and power plants used for cement produc-
tion are: fly ash (1,505.1 Gg in 2006 and 1,863.2 Gg in 2019), reagypsum/phosphogypsum 
(288.7 Gg in 2006 and 702.0 Gg in 2019), fluidized-bed combustion fly ash (48.5 Gg in 
2006 and 25.8 Gg in 2019), and fluidized bed combustion bottom ash (30.2 Gg in 2012 and  
27.5 Gg in 2019) (PCA 2010–2022) (Table 2). The use of coal in energy-production processes 
produces combustion by-products that are used successfully by the cement industry (Table 2). 
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Countries that burn coal in the energy sector use fly ash in cement production, such as 
Poland, Germany (VDZ 2020), Austria (Mauschitz 2020), Italy (Supino et al. 2016) and 
Australia (Mauschitz 2020). Brazil and Italy also use energy waste in the form of fly ash 
from peat and untreated wood, calcium-based reaction wastes from flue-gas desulfurization 
in solid form, silica fume and rice-husk ash (Natalli et al. 2021). The cement industry in 
Austria also uses reagypsum (Mauschitz 2020).

The second quantitatively used waste group as raw materials in the cement industry is 
waste from metallurgy. In Poland, these are granulated blast furnace slag (1,767.7 Gg in 
2006 and 1,939.4 Gg in 2019) and iron bearings (151.8 Gg in 2011 and 241.2 Gg in 2019) 
(PCA 2010–2022) (Table 2).

Granulated blast furnace slag is used in Poland, Germany (VDZ 2020), Austria (Maus-
chitz 2020) and Brazil (Natalli et al. 2021). In Germany, they also use roasted pyrite, 
contaminated ore, iron-oxide fly-ash blends, dust from steel plants, and mill scale (VDZ  
2020).

A clean form of circular economy is the use of waste generated in cement production (ce-
ment kiln dust and by-pass kiln dust (24.8 Gg in 2011 and 28.5 Gg in 2019) (PCA 2010–2022) 
as raw materials in the primary process. 

Discussion and conclusions

For a  more complete characterization of the use of alternative fuels, the physical in-
dicator, SAFs (Specific Alternative Fuels) proposed in Hong et al. (Hong et al. 2017) was 
calculated (Figure 3):

	 SAFs = the amount of specific alternative fuels/total clinker production� (1)

The calculated index (SAFs) for the cement industry in Poland is 125.86 and is lower than 
the index calculated for Germany (136.0) but much higher than the index for Japan (33.4) 
(Hong et al. 2017).

The increase in the consumption of alternative fuels is particularly visible through the 
analysis of the SAFs indicator, which increased from 39.07 kg AFs/Mg clinker in 2006 to 
125.86 kg AFs/ton clinker in 2019. 

Using the formula proposed in Hong et al. (Hong et al. 2017), the physical indicator of the 
use of waste as raw materials in cement production was calculated (Figure 3):

	 SWRM = the amount of specific waste raw materials/total cement production� (2)

The amount of specific waste raw materials/total cement production (Figure  3) was 
280.0 Gg waste raw material/Gg cement in 2006 and 270 Gg waste raw material/Gg cement 
in 2019.
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The maintenance of the index at a comparable level is mainly related to the standard 
limitations in the composition of cement.

The factor that will influence the increase in the use of biomass is the increasing price 
of allowances. 

The cement industry has a significant role to play in the implementation of a circular 
economy in Poland. This industry recovers municipal and industrial waste generated in the 
production process. The activities of the cement industry in the field of waste recovery are in 
line with the concept of a circular economy on the way to achieving sustainable development 
and the climate neutrality goals set out in the Green Deal.

In addition, many European countries have increased the range of waste and reduced the 
clinker content in cement to reduce the consumption of natural resources, while reducing 
direct and indirect CO2 emissions.

Industrial waste from metallurgy, power plants, heat and power plants, wastewater treat-
ment plants, and municipal waste is used as the raw material and fuels for the cement indus-
try, leading to industrial symbiosis.

The example of the cement industry in Poland shows that within 20 years, the amount of 
waste used in cement production can be considerably increased, contributing significantly 
to closing the circulation of raw materials. This study has illustrated how waste recovery 

Fig. 3. Dependence of CO2 emissions on the use of fuels from waste and waste raw materials  
and cement production − CO2 emissions and cement production based on the data from PCA 2010–2022

Rys. 3. Zależność emisji CO2 od zużycia paliw z odpadów oraz surowców odpadowych  
do produkcji odpadów i cementu − emisje CO2 i produkcja cementu
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has contributed to coming closer to achieving the sustainable development that the cement 
industry in Poland has been experiencing.

The work was performed within the AGH University of Science and Technology subvention  
research program no. 16.16.100.215 and statutory research of the Mineral and Energy Economy  
Research Institute of the Polish Academy of Sciences.
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The Use of Waste in Cement Production in Poland – 
the Move Towards Sustainable Development

K e y w o r d s

case study, cement industry, alternative fuels, mineral waste, industrial symbiosis

A b s t r a c t

The cement industry has been using waste as a raw material for many years. Waste is also used 
as alternative fuel. Cement plants are an important element of the waste management system and fit 
the idea of a circular economy. When waste is recovered in the cement production process, direct and 
indirect CO2 emissions are partially avoided. This article discusses the cement industry in Poland. 
The current situation in terms of the use of alternative fuels and raw materials in Poland, the different 
types of waste and the amount of waste used is discussed. The article discusses changes in the amount 
of waste (the increase in the amount of waste used as raw materials from the year 2006 to the year 
2019) and the types of waste recovered in the cement production process and the possibility of closing 
material cycles on the plant scale (recycling to the primary process – cement kiln dust) and industry 
(using waste from other industries: metallurgy – granulated blast furnace slag, iron bearings; energy 
production – fly ash, reagypsum/phosphogypsum, fluidized bed combustion fly ash, and fluidized 
bed combustion bottom ash; wastewater treatment plants – sewage sludge, etc.). The analysis shows 
that the role of cement plants in waste management and the circular economy in Poland is important. 
Industrial waste from metallurgy, power plants, heat and power plants, wastewater treatment plants, 
and municipal waste is used as the raw material for the cement industry, leading to an industrial 
symbiosis.

Odpady w produkcji cementu w Polsce – w kierunku zrównoważonego rozwoju

S ł o w a  k l u c z o w e

case study, przemysł cementowy, paliwa alternatywne, odpady mineralne, symbioza przemysłowa 

S t r e s z c z e n i e

Przemysł cementowy od wielu lat wykorzystuje odpady przemysłowe i komunalne jako surow-
ce mineralne oraz energetyczne. prowadząc do symbiozy przemysłowej. Cementownie są ważnym 
elementem systemu gospodarki odpadami i wpisują się w  ideę gospodarki o  obiegu zamkniętym. 
Odzysk odpadów w procesie produkcji cementu przekłada się na częściowe uniknięcie bezpośredniej 
i pośredniej emisji CO2. 

W artykule omówiono zmiany ilościowe stosowanych odpadów (wzrost ilości odpadów wykorzy-
stywanych jako surowcew latach 2006–2019), jak również rodzaje odpadów poddanych odzyskowi 
w procesie produkcji cementu oraz możliwość zamknięcia obiegów materiałowych na skalę zakła-
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dową (recykling w ramach procesu pierwotnego – pył z pieca cementowego) i przemysłową (wyko-
rzystywanie odpadów z  innych gałęzi przemysłu: hutnictwo – granulowany żużel wielkopiecowy, 
dodatki żelazonośne; produkcja energii – popiół lotny, reagips/fosfogips, popioły fluidalne; oczysz-
czalnie ścieków – osady ściekowe itp.). Przeprowadzona w artykule analiza wskazuje na istotną rolę 
cementowni w systemie gospodarki odpadami i gospodarce o obiegu zamkniętym w Polsce. 
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