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Cement production
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Impact of cement industry

Carbon dioxide emissions 
and climate change
• The concrete industry is 

one of two largest 
producers of carbon 
dioxide (CO2), creating 
up to 5% of worldwide 
man-made emissions of 
this gas, of which 50% 
is from the chemical 
process and 40% from 
burning fuel.

Use of waste and waste 
fuel in production
• In 2011 the average 

fossil fuel replacement 
rate among EU 
Member States was 
34.3%

This Project is funded by the European Union Project implemented by Human Dynamics Consortium

Sources of CO2 emission
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Major environmental issues

• Green house gasses
• Dust pollution
• Ecological concern 

arising from the 
degradation of 
mined-out areas

• Noise and transport 
pollution
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Manufacturing process
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Preheater/precalciner/grate cooler kiln
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Gas and solids temperature profiles in 
a cyclone preheater kiln system
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Clinker Coolers

• Rotary coolers
• Tube coolers
• Planetary (or satellite) 

coolers
• Grate coolers
• Travelling grate coolers
• Reciprocating grate coolers
• Third generation of grate 

coolers

This Project is funded by the European Union Project implemented by Human Dynamics Consortium

Mass balance – 1 kg cement



28/06/2016

7

This Project is funded by the European Union Project implemented by Human Dynamics Consortium

Fuel consumption
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Why waste in cement production?

• maximum temperatures of approx. 2000°C (main firing system, flame temperature) in
rotary kilns
• gas retention times of about 8 seconds at temperatures above 1200°C in rotary kilns
• material temperatures of about 1450°C in the sintering zone of the rotary kiln
• oxidising gas atmosphere in the rotary kiln
• gas retention time in the secondary firing system of more than 2 seconds at temperatures
of above 850 °C; in the precalciner, the retention times are correspondingly longer and
temperatures are higher
• solids temperatures of 850°C in the secondary firing system and/or the calciner
• uniform burnout conditions for load fluctuations due to the high temperatures at
sufficiently long retention times
• destruction of organic pollutants due to the high temperatures at sufficiently long
retention times
• sorption of gaseous components like HF, HCl, SO2 on alkaline reactants
• high retention capacity for particle-bound heavy metals
• short retention times of exhaust gases in the temperature range known to lead to ‘denovo-
synthesis’ of PCDD/F
• complete utilisation of fuel ashes as clinker components and hence, simultaneous material
recycling (e.g. also as a component of the raw material) and energy recovery
• product-specific wastes are not generated due to a complete material utilisation into the
clinker matrix; however, some cement plants in Europe dispose of bypass dust
• chemical-mineralogical incorporation of non-volatile heavy metals into the clinker matrix

This Project is funded by the European Union Project implemented by Human Dynamics Consortium

Typical waste in cement production
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Waste by chemical composition
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Waste as raw material in EU
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Constituents of raw materials and fuels

This Project is funded by the European Union Project implemented by Human Dynamics Consortium

Types of wastes used as fuels
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Criteria for use of waste

• calorific value from waste material

• material value from waste material

This Project is funded by the European Union Project implemented by Human Dynamics Consortium

Calorific values for different types of 
wastes used as fuels in the EU-27
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Consumption of waste used as fuel
in EU-27 cement kilns in 2003 and 2004
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Substitution 

of waste 
fuels for 
cement 

production 
in EU-23+ 
countries
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Emissions to air

• oxides of nitrogen (NOx) and other nitrogen compounds
• sulphur dioxide (SO2) and other sulphur compounds
• dust
• total organic compounds (TOC) including volatile 
organic compounds (VOC)
• polychlorinated dibenzo-p-dioxins and dibenzofurans
(PCDD and PCDF)
• metals and their compounds
• hydrogen fluoride (HF)
• hydrogen chloride (HCl)
• carbon monoxide (CO).

This Project is funded by the European Union Project implemented by Human Dynamics Consortium

Data of emissions ranges from 
European cement kilns
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Emission values - dust measurements 
in the clean gas from 253 rotary kilns in the EU-27 and EU 23+ countries
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Overview of techniques for controlling 
dust in the cement production process
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Example of system types used for dust 
extraction
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Investigation on fine dust distribution 
in total dust from German cement kilns



28/06/2016

16

This Project is funded by the European Union Project implemented by Human Dynamics Consortium

Dust reduction techniques
along with reduction efficiencies according to the RAINS model
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Techniques for 

reducing NOx
emissions used 
in the cement 
industries in 

the EU-27
and EU-23+ 

countries
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Abatement 
techniques 

for SO2  
reduction 

used in the 
EU-27 and 

EU-23+ 
countries
in 2008
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Overview of techniques for controlling 
and reducing SO2
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Best Available Technique (BAT) 

Fundamental principle in the IE Directive

1) To protect and improve the environment!

2) To allow/urge/support operators I general to run 
and develop environmental effective production

BAT combines interests of 
environment and industry

This Project is funded by the European Union Project implemented by Human Dynamics Consortium

BAT

• What is the sense?
– To ensure high environmental standards, allow 

competitive industry to operate and urge continuous 
improvement

• BAT Included firstly in IPPC directive 1994, now
• The Industrial Emissions Directive (2010/75/EU)

BAT combines interests 
of environment and 
industry
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Best Most effective in achieving a high general level of protection 

of the environment as a whole

Available Developed on a scale which allows implementation in the 

relevant industrial sector, under economically and technically 
viable conditions

Techniques Both the technology used and the way in which the 

installation is designed, built, maintained, operated and 
decommissioned

Definition of BAT in the IED

This Project is funded by the European Union Project implemented by Human Dynamics Consortium

Role of BAT conclusions in 
IED permitting

BAT conclusions are the reference for setting permit 
conditions

Permits to contain emission limit values (ELVs) to 
ensure that, under normal operating conditions,
emissions do not exceed BAT-associated emission 
levels (BAT-AELs)

‘BAT conclusions’ are secondary legislation

BAT are determined by a Technical Working 
Group steered by the JRC (EIPPCB) and 

documented in BREFs
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BAT information exchange
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Content of BREF documents 

Standard BREF structure:
1. Preface
2. General information 
3. Process/techniques used
4. Consumption and emission levels

Candidate BAT
5. BAT conclusions 
6. Emerging techniques
Annexes

So far – 31 sectors covered with BREFs + 2 ref documents 
http://eippcb.jrc.ec.europa.eu/reference/
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Production of Cement, Lime and 
Magnesium Oxide

• BREF Note 2013 – 475 pages

• 69 BAT conclusions – 29 for 
cement industry pages

This Project is funded by the European Union Project implemented by Human Dynamics Consortium

Other BREFs relevant

• Emissions from storage

• Energy efficiency

• Industrial cooling systems

• Waste incineration

• Large combustion plants
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BAT conclusions – 29 articles

1 Environmental management systems (EMS)
2 Noise
3-5 General primary techniques and monitoring
6-10 Energy consumption and process selection
11-13 Use of waste
14-18 Dust
19-26 Gaseous compounds (NOx, Sox, CO, TOC, HCL, 
HF) emissions 
27-28 PCDD/F and metal emissions
29 Process losses/waste

This Project is funded by the European Union Project implemented by Human Dynamics Consortium

Monitoring

5. BAT is to carry out the 
monitoring and 
measurements of process 
parameters and emissions 
on a regular basis and to 
monitor emissions in 
accordance with the 
relevant EN standards or, 
if EN standards are not 
available, ISO, national or 
other international 
standards that ensure the 
provision of data of an 
equivalent scientific 
quality, including the 
following:
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Energy consumption

6. In order to reduce energy consumption, BAT is 
to use a dry process kiln with multistage 
preheating and precalcination.

This Project is funded by the European Union Project implemented by Human Dynamics Consortium

Cogeneration

9. In order to reduce primary energy 
consumption, BAT is to consider 
cogeneration/combined heat and power plants.
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Waste quality control

11. In order to guarantee the characteristics of the 
wastes to be used as fuels and/or raw materials in a 
cement kiln and reduce emissions, BAT is to apply 
the following techniques:

This Project is funded by the European Union Project implemented by Human Dynamics Consortium

Dust emissions from kiln firing 
processes

17. In order to reduce dust emissions from flue-
gases of kiln firing processes, BAT is to use dry 
flue-gas cleaning with a filter.

BAT-associated emission levels
The BAT-AEL for dust emissions from flue-gases of kiln firing processes is <10 – 20 
mg/Nm3, as the daily average value. When applying fabric filters or new or upgraded 
ESPs, the lower level is achieved.
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Diffuse dust emissions

14. In order to minimise/prevent diffuse dust emissions from dusty operations, BAT 
is to use one or a combination of the following techniques: 
• Use a simple and linear site layout of the installation 
• Enclose/encapsulate dusty operations, such as grinding, screening and mixing
• Cover conveyors and elevators, which are constructed as closed systems, if diffuse 

dust emissions are likely to be released from dusty material 
• Reduce air leakages and spillage points 
• Use automatic devices and control systems 
• Ensure trouble-free operations
• Ensure proper and complete maintenance of the installation using mobile and 

stationary vacuum cleaning
• Ventilate and collect dust in fabric filters
• Use closed storage with an automatic handling system 
• Use flexible filling pipes for dispatch and loading processes, equipped with a dust 

extraction system for loading cement, which are positioned towards the loading 
floor of the lorry 

This Project is funded by the European Union Project implemented by Human Dynamics Consortium

NOx
emissions

19. In order to 
reduce the 
emissions of 
NOx from the 
flue-gases of 
kiln firing 
and/or 
preheating/pre
calcining
processes, BAT 
is to use one or 
a combination 
of the 
following 
techniques: 
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NOx - ELV
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SOx emissions
21. In order to reduce/minimise the emissions of SOx from the flue-gases of kiln firing and/or 
preheating/precalcining processes, BAT is to use one of the following techniques:
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Process losses/waste

29. In order to reduce solid waste from the 
cement manufacturing process along with raw 
material savings, BAT is to:
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Group work - Questions

A) Energy (BAT conclusions 6-10)
– How do energy consumption comply/relate to with BAT?
– Sub questions (measurement, performance, monitoring, 

documentation, improvements – plans?)

Air (BAT conclusions - dust (14-18) other (19-28)
– Compliance with BAT for Dust, SOx, Nox others
– Sub questions (measurement, techniques, results, 

documentation, improvements – plans?) 

B ) Waste and raw materials (BAT conclusions 11-13 and 29)
– Use of waste and waste fuel in production? Waste reuse
– Sub questions (amount, permit conditions, control, results, 

improvement – plans?)


