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Abstract. A comparative analysis of carbon dioxide emissions during the 
burning of Portland cement clinker, lime and gypsum was performed. The 
interrelation between energy indices and the emission of carbon dioxide is 
shown. The quantitative indices of atmospheric pollution in the 
manufacture of binders are given. Ecological expediency of production of 
gypsum and cement clinker in comparison with lime is shown. The article 
is made rough calculation of environmental pollution by carbon dioxide, 
which is produced and released into the atmosphere during the production 
of building binders. It was determined the directions of reducing the 
formation of gases during firing of the substances to reduce environmental 
pollution: decrease in endothermy of chemical transformations; reduction 
of the content of calcium and magnesium carbonates in the feedstock 
mixture; reduction of raw material moisture; reduction of fuel consumption 
for the process; increasing the technological efficiency of the process. It 
was determined the directions of reducing the formation of gases during 
firing of the substances to reduce environmental pollution. It is shown that 
carbon dioxide is released into the Earth’s atmosphere in the amount of 
more than three billion metric tons per year by enterprises that produce 
cement, lime, and gypsum. 

1 Introduction  
Currently, environmental protection issues are addressed from industrial emissions, most 
often through the use of gas cleaning and dust removal technologies designed to reduce 
toxic emissions through their utilization or capture. Cleaning of exhaust gases from dust is 
carried out, mainly, by means of electric filters, fabric filters, scrubbers and cyclones. And 
reducing the emission of gaseous pollutants in the building materials industry is almost not 
drawn to attention. 

The process of burning the building viscosity is accompanied by significant emissions 
of carbon dioxide, nitrogen oxides, water vapour, carbon monoxide, sulfur oxides and dust 
into the atmosphere [1]. The increase in the concentration of carbon dioxide in the 
atmosphere is a large-scale problem that can change the climate of the planet. Because 
carbon dioxide absorbs long-wave radiation reflected from the surface of the Earth, its 
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presence in the atmosphere acts as a protective shield that reduces heat losses of the planet. 
This phenomenon is called the greenhouse effect, which is accompanied by an increase in 
temperature. According to the available estimates, the warming of the climate increases the 
rate of increase of the world ocean level by 5-25 times due to the melting of glaciers and 
the thermal expansion of sea water [2]. The problem of the climate on the Earth in the 
future is closely linked with the ecological balance between the two main factors - the 
concentration of aerosols and carbon dioxide in the atmosphere. In previous years, carbon 
dioxide emissions have not received sufficient attention. But the climate change, which 
began in recent years, indicates the importance of this problem. 

2 Results and discussion 

2.1 Theory of the question 

Ecologists warn that if i Carbon dioxide during the firing of clinker is released in the 
decomposition of carbonates of calcium and magnesium and in the combustion of carbon-
containing components of fuels. Therefore, reducing the content of calcium carbonate and 
magnesium carbonate in the raw material mixture at the clinker firing is one way to reduce 
carbon dioxide emissions into the atmosphere. The content of carbon dioxide in the 
composition of the exhaust gases also decreases with a smaller amount of combustible fuel. 

The most common binders are cement, lime and gypsum. Cement raw materials are 
calcium and magnesium carbonates, as well as aluminosilicates. Lime is made only of 
carbonates. Therefore, the formation of carbon dioxide in the burning of lime is greater than 
that of the firing of cement clinker. Construction gypsum (calcium sulfate semihydrate) is 
formed as a result of the decomposition of dihydrogen gypsum (calcium sulphate dihydrate) 
on semi-water gypsum and water at certain temperatures. In other words, there is no carbon 
dioxide in the reaction products. As a result of the reaction, only water is released. 

Total amount of gases released during roasting: 
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dioxide, calcium carbonate, magnesium carbonate, water, aluminosilicate minerals and 
calcium sulfate dihydrate, kg, respectively,  
n - the number of water molecules in the aluminosilicate,  
Gg –volume of gases released during the combustion of fuel, m3/m3 of fuel,  
СаCO3, MgCO3, ASH, CaSO4 2H2O - amount of calcium carbonate, magnesium carbonate, 
aluminosilicate minerals and calcium sulfate dihydrate in the feed, % of the weight of the 
feed mixture,  
Gm - consumption of dry raw materials, kg/kg of the binder,  
W - the moisture content of the raw mix, % of the mass of the raw mix, 
F - fuel consumption for the finished product. 

n
r

ехen

Q
qqF







,        (2) 

2

MATEC Web of Conferences 230, 03020 (2018) https://doi.org/10.1051/matecconf/201823003020
Transbud-2018



where qen,  qeх – enthalpy of endothermic and exothermic reactions in the preparation of 
binders,  
 - efficiency of the firing process,  

n
rQ  - calorific value of the fuel.  
In the formula, the first term shows the evolution of gases as a result of fuel 

combustion, the second - the release of carbon dioxide in the decomposition of carbonates, 
the third - the release of water vapour from the raw materials, the fourth - the liberation of 
hydrated moisture from aluminosilicates and calcium sulfate dihydrate.  

As follows from the above formulas, an increase in the content of calcium and 
magnesium carbonates in the raw materials contributes to an increase in the formation of 
carbon dioxide and an increase in emissions into the atmosphere. Emissions of pollutants 
are also interrelated with energy costs [4-6]: the more fuel consumption for the firing 
process, the more the combustion products are released. When calcining cement clinker, the 
carbonate content in the raw material is approximately 80%. The starting materials for the 
production of lime are 100% carbonates. A building gypsum is obtained from calcium 
sulfate hemihydrate. From the dependence obtained, it is possible to determine the 
directions of reducing the formation of gases during firing of the substances to reduce 
environmental pollution: 
- decrease in endothermy of chemical transformations; 
- reduction of the content of calcium and magnesium carbonates in the feedstock mixture; 
- reduction of raw material moisture; 
- reduction of fuel consumption for the process; 
- increasing the technological efficiency of the process. 

And as a result of the reactions, only water is released.  

2.2 Comparative indicators for the release of carbon dioxide in the 
manufacture of binders 

It is easy to calculate the amount of carbon dioxide that enters the atmosphere only from the 
work of cement kilns. 

If we take as a basis the heat engineering calculations of the rotary kiln for the firing of 
cement clinker wet production, the output of carbon dioxide from the raw material mixture- 
0.57 kg/kg of clinker, and the formation of carbon dioxide from fuel combustion - 0.6 kg/kg 
of clinker [3] . The total carbon dioxide emissions are 0.57 + 0.6  1.2 kg/kg of clinker. 
With a dry method of production, this figure will be 0.8 kg/kg clinker. Comparative 
indicators of carbon dioxide release in the production of one ton of binders, tons of CO2 / 
ton of binder, are shown in the diagram (Fig. 1). Global cement production is expected to 
increase from 3.27 billion metric tons in 2010 to 4.83 billion metric tons in 2030 [7]. In 
2017, world cement production amounted to about 4.1 billion metric tons [8]. 

In total, approximately 350 million metric tons of lime and limestone were produced in 
2015 [9]. In 2016, world total production of gypsum was estimated to be 263 million metric 
tons [10].  

In the production of building binders, the annual emissions of carbon dioxide on the 
planet are approximately - for the production of cement 0.8·0.8·4.1+1.2·0.35+0.06·0.263 =  
= 3.060 billion metric tons. And this is only CO2!  

0.06 is the formation of carbon dioxide in the combustion of fuel consumed for the 
firing of gypsum. The figures speak for themselves. From the rotary kiln for burning 
cement clinker leaves 2-4 tons of gas per ton of clinker [11]. This figure varies depending 
on the moisture content of the source material, the amount of carbonates in the raw 
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materials, the fuel consumption for firing and the type of fuel. Hence, all polluting gases are 
released into the environment two or more times more than the binder is produced. 

 

0 

0,2 

0,4 

0,6 

0,8 

1 

1,2 

G PC L 
Binders 

To
ns

 o
f C

O
2 /

 to
n 

of
 b

in
de

r 

 

Fig. 1. Emissions of carbon dioxide in the production of gypsum (G), Portland cement clinker (PC) 
and lime (L) 

The production of low-clinker and zero-clinker cements is noteworthy. They can be 
obtained from the waste [12-15] containing calcium oxides. The decarbonization process 
was realized in the previous production. 

3 Conclusions 
It is shown that approximately 3.06 billion metric tons of carbon dioxide is released 
annually into the atmosphere only from the production of binders: cement, lime, and 
gypsum. The formation of carbon dioxide in the production of construction binders may be 
reduced in the following areas: the use of raw materials with reduced carbonate content, the 
introduction of dry production methods and other economical technologies, the use of 
energy sources that do not contain carbon and its compounds. In addition, the urgency of 
this problem requires the creation of new and the introduction of known technologies for 
capturing carbon dioxide in the building materials industry. 
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