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Introduction

The CERAMIN project was created to encourage the European Ceramics industry to
decrease their specific energy consumption (SEC) by means of a competition and by a
tutorial about energy saving for the ones who haven’t won.

Ceramic companies from all EU-countries and all ceramic branches were invited to take
part in a competition to achieve the lowest SEC and the greatest relative SEC reduction.
The plan was to reach in the first phase, 60 companies from at least 6 European
countries. The expert partners of the CERAMIN-project are introduced at http://www.ieleipzig.com/Ceramin/partners.htm

Table 1 shows the number of participating companies per branch and country after the
first period, it shows all branches that were covered and it shows the partner countries.
The branches with the most participating companies are the pavements and wall bricks
branch as well as the refractories and tableware branch. Unfortunately there was no
reported data from Italy and only a few from Spain and France.
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Table 1: Number of companies per branch and country that take part in the CERAMIN
project until 31.12.2008
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Table 2 shows the results of the competition. The rules for calculation of energy
mitigation are attached (attachment 1). According to the rules, at least two years of
production of one company had to be covered. From these two years, only one result of
mitigation per company is calculated. For this reason both last columns of table 2 are
empty for the base year. The participating companies are sorted by branch and the level
of energy mitigation. Only the first 5 (if available) of energy mitigation and the best of
absolute SEC per branch are listed. The data was not verified initially with the exception
of the heavy ceramics branches where verification according to EUTS was available for
most of the companies.

Coincidentally when the collecting of data in table 2 was completed, the economic
problems of the year 2009 arose. As a result of these problems, the willingness of
companies to participate decreased in an unpredictable manner. For this reason only
very view companies were ready to give data about their own success of energy saving
to the respective project expert partners.50, 51

The remarks or recommendations of the following paper are based on general
experiences and on a lot of references marked in the text and the references list at the
end of this tutorial. Both were given or collected by the expert partners:
¾ CERAM Research Ltd. (UK) – www.ceram.com
¾ Instytut Szkla, Ceramiki, Materialow Ogniotrwalych i Budowlanych (PL) –
www.isic.waw.pl
¾ Societe Francaise de Ceramique (F) – www.ceramique.fr
¾ KI Keramik-Institut GmbH (D) – www.ceramics-institute.com
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Table 2: Top 5 of participating companies concerning energy mitigation per branch (if 5
participants available) and best participant of specific energy consumption
(SEC) per branch.
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General Remarks

1.1

About the tutorial
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The tutorial is structured by ceramic branches. A lot of recommendations are applicable
for more than one branch or are at least similar for different branches; hence these
recommendations are repeated for each branch where applicable.

Please bear in mind: Only a few recommendations will fit your respective production or
your needs about costs and benefits.

1.2

Recommendations with common validity
¾ Where a plant in whole, or part is used at full scale, will have a lower specific
energy consumption (SEC) compared to working below its designed
capacity.
¾ Although electric power consumption of ceramic production is not taken into
consideration, the cogeneration of heat and power could be a good strategic
decision to consider in saving energy and costs.
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Masonry bricks

2.1

Body and raw materials
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¾ Additives for improving the insulation should be also energy sources. The
combustion temperature of these additives has to overlap a broad
temperature range. Waste graphite47, Petroleum coke17 or coal-clays19 can
help you to get sintering energy up to 800°C.
¾ Sintering additives like ashes, waste glasses, glass and mineral wools or low
sintering clays can help you to reduce the sintering temperature or to
produce (dry and fire) lighter products with same mechanical properties.47, 29,
35, 65

¾ Shaping needs plasticity, especially for modern lattice bricks. It is necessary
that the right amount of water is used to get the correct plasticity. Saving
water by using better clays that are easy to form or adding special additives
that help to get the correct plasticity is a way to save drying energy.47,48,21,37

2.2

Shaping
¾ It’s possible to save energy by stiff pressing. However, not all body
formulations are suitable, as sometimes the energy saving is consumed at
the extruding press as electric energy and finishing.48, 1
¾ Try to use the shaping (extruding) temperature while entering the dryer.36, 5, 6,
26
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2.3

9

Drying

In the ceramic industry, drying generally means the evaporation or volatilisation of
physically bound water. It is well known that water is characterised by a high specific
thermal capacity (4.2 kJ/kg K) and a very high evaporation heat (2.500 kJ/kg). These
material properties inevitably cause a high-energy consumption. The only objective can
be to approach the theoretical (minimum) consumption as close as possible. Figure 1
shows: At the moment up to 50 % of thermal energy in ceramic production is used for
drying

49

however in the UK where a lot of stiff pressed bodies are used still 30% of

thermal energy is used for drying.9

Energy need for drying

Energy need at the moment

Refers to evaporated amount of water

Realistic objective
For process like the limit, but 5% loss
of heat through walls and exhaustion
air as well as 80% relative moisture in
exhaust air
Limit of possibilities
For 150°C drying air,
surrounding at 10°C and 60%
relative moisture

Evaporation enthalpy

Figure 1:

State of the art of drying

¾ A common way to reduce the drying energy consumption in older companies
is to couple the dryer and kiln.7

10
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¾ Today the coupling of dryer and kiln is state of the art, however it is also
important to modify working practices i.e. weekend breaks for shaping and
drying need to be carefully controlled.43
¾ Another method of modernising is to control the ventilation/burner system
and the drying atmosphere.6
¾ The use of small amounts of high temperature air, decreases air loss due to
exhaust gases.36, 45, 49
¾ The air should flow through lattice bricks.47
¾ Figure 2 shows that lowest energy costs (heat and electric) which can be
reached at an optimum of heating energy and movement of drying air.

Specific energy demand [kJ/kg water]

energy demand of air recirculation [kJ/kg water]
heat

power

costs

Figure 2:

Energy demand of heat vs. energy demand of air recirculation in dryers

¾

The setters and the setting density should ensure that most of the surfaces
are easy reached by the drying air.5

¾

Shorter drying times save energy.5, 6, 41, 44
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¾
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To achieve the required humidity for drying avoid adding moisture and if
required increase the setting density.9

¾

Redirecting airflows can improve consistency and reduce drying time;
intermittent airflow patterns can reduce drying time and improve yield.9.

¾

Software to simulate the drying process. Links to control data via specialized
companies are a good way to optimise drying.36

¾

In the case of a coupled system between dryer and kiln, the kilns energy
supply and not the dryers demand determines the energy level that the dryer
gets, otherwise poor energy use in the dryer causes a higher energy
consumption for firing.36, 42

¾

The system that connects the hot air from the kiln with the dryer should be
well insulated.47

¾

Most modern drying equipment and technology can save up to 90% of drying
time compared to conventional drying.49

¾

Alternative drying systems are available using a steam atmosphere, this is
called ‘airless drying’ and is claimed to have reduced drying times up to
80%.63

¾

Alternative I/R burner systems are available using a mesh, these can be
powered by a number of different gases are easy to control and are very
energy efficient. These can be incorporated into existing dryer cabinets.64

2.4

Firing

The specific energy consumption for sintering ceramic products depends on the
required firing temperature. The temperature is determined by the composition of the
body, the processes of material formation and the intended properties. Figure 3 shows
an exponential increase of the specific demand for energy with the temperature.

12
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900

1000

1100

1200

1300

1400

firing
temperaturein inC°C
Brenntemperatur
Minimum

Figure 3:

Maximum

Energy consumption of different ceramic products with its different firing
temperatures.48

Figure 4: Balance of a tunnel kiln for masonry bricks (Sankey Figure) 47
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Figure 4 shows the energy balance of a tunnel kiln for masonry bricks. The values of
greatest energy loss are the different exhaust air streams partly used for drying.

2.4.1 Kiln and kiln car design

There are two general ways of energy loss influenced by the design of the kiln and the
kiln cars:

1. Leakages from surrounding air into the kiln
”However one of the best possibilities to save energy is still to eliminate
leakages” Don Denison, Denison Inc.21

2. Weight of kiln materials and kiln car materials that have to be heated
¾ “Wheel flanges of kiln car wheels should in principle should be located on the
outside”.2
¾ “The kiln car decks should consist of high quality and lightweight insulating
materials with a minimum content of heavy chamotte. It is recommended that
the layers from the bottom deck to the top deck should be adapted to cope
for the different respective temperature stresses”.2, 3, 20
¾ A picture for calculating the optimum car deck thickness can be seen in 2.
¾ Sand seals should be designed to avoid leakages over a long time,
suggestions are made in 2, 33.
¾ Try to avoid self-supporting kiln sidewalls. Such walls tend to bend towards
the firing channel because of the temperature differences over the cross
section. It is important to consider the design very carefully and have a wall
sustained by the kiln roof. 2
¾ Special designed kiln roofs avoid leakages due to heat expansion and make
roof cooling redundant.2
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2.4.2 Fuel and firing technology
¾ In the main firing zone an excess pressure of 10-15 Pa is recommended. 74
¾ For some brick producers it is still a possibility to make energy savings by
changing from solid fuel like coal to LPG or oil which will increase the energy
efficiency.51
¾ Use of renewable energies, i.e. biogases produced by companies in their
own reactors can save costs and CO2 emissions11; however biogases can’t
cover the whole energy need of a brick maker.47.
¾ Increasing control of firing with new burner systems and multi zone
control.33,51,34
¾ Impulse burners are more efficient than conventional ones. 74
¾ High velocity burners (velocity of heated gases > 100 m/s) are recommended
for the preheating zone until 700 °C. At this lower temperature heating by
convection mostly takes place. Kilns can be modernised with these modern
burners, to save energy. 74
¾ Techniques already described for drying are also important for firing: allow
the hot gases best heat transition to your working load.33,34
¾ The combustion air should be preheated; at higher firing temperatures
preheating saves energy. The preheating should be done by using kiln
exhaust air.40
¾ Use preheated working loads from the dryer, e.g. setting pallets for drying
and firing or by direct setting on kiln cars for drying.1,23
¾ The final development that some producers in the brick industry have used is
emissivity coatings in certain sections of the kiln to reflect the heat to the
required area thus reducing the temperature lag between ‘part’ and
surrounding air. This in theory has reduced gas costs by up to 10%.51
¾ Reduce waste air losses by re-circulating them for heating over the whole
length of kiln.33
¾ The hot gases should pass through the holes of bricks to increase the area
between load and hot gases called ‘Perfusion firing’.47
¾ Use heat recovery from waste gases and flue gas from post combustion.18,47
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Pavement and facing bricks

3.1

Body, raw materials
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¾ Sintering additives like ashes, waste glasses, glass and mineral wools or low
sintering clays can help you to reduce sintering temperature or to produce
(dry and fire) lighter products with same mechanical properties.47,29,35,65
¾ Shaping needs plasticity: It is necessary that the right amount of water is
used to get the correct plasticity. Saving water by using better clays that are
easy to form or adding special additives that help to get the correct plasticity
is a way to save drying energy.47,48,21,37
¾ The use of special additives for surface effects can look like flashed bricks.
This can give gas savings while flashing.21

3.2

Shaping
¾ It is possible to save energy by stiff pressing. However this is not suitable for
all bodies, sometimes the saved drying energy is consumed at the extruding
press as electric energy and finishing.48,1
¾ Re-use the temperature used for shaping while entering the dryer.36,1,5,6,26
¾ Sophisticated designs can save weight of e.g. pavement bricks, by saving on
the mass off the surface that is embedded into the soil. Design saving are
also possible for facing bricks. An easy lattice allows energy saving by
perfusion while drying or firing.
¾ Dry shaping or shaping in the dryer saves energy, but it uses more energy for
shaping and can influence the quality of product, however there is an
optimum.21
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Drying

In the ceramic industry drying generally means the evaporation or volatilisation of
physically bound water. It is well known that water is characterised by a high specific
thermal capacity (4.2 kJ/kg K) and a very high evaporation heat (2.500 kJ/kg). These
material properties inevitably cause a high energy consumption. The only objective can
be to approach the theoretical (minimum) consumption as close as possible. Figure 1
shows: At the moment up to 50 % of thermal energy in ceramic production is used for
drying.49 In the UK with its majority of stiff pressed bodies however 30% thermal energy
is still used.9
¾ A common way to reduce the drying energy consumption in older companies
is to couple the dryer and kiln.7
¾ Today the coupling of dryer and kiln is state of the art, however it is also
important to modify working practices i.e. weekend breaks for shaping and
drying need to be carefully controlled.43
¾ Another method of modernising is to control the ventilation/burner system
and the drying atmosphere.6
¾ The use of small amounts of high temperature air, decreases air loss due to
exhaust gases.36, 45, 49
¾ The air should flow through lattice bricks.47
¾ Figure 2 shows that lowest energy costs (heat and electric) which can be
reached at an optimum of heating energy and movement of drying air.
¾ The setters and the setting density should ensure that most of the surfaces
are easy reached by the drying air.5
¾ Shorter drying times save energy.5, 6, 41, 44
¾ To achieve the required humidity for drying avoid adding moisture and if
required increase the setting density.9
¾ Redirecting airflows can improve consistency and reduce drying time;
intermittent airflow patterns can reduce drying time and improve yield.9
¾ Software to simulate the drying process. Links to control data via specialized
companies are a good way to optimise drying.36
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¾ In the case of a coupled system between dryer and kiln, the kilns energy
supply and not the dryers demand determines the energy level that the dryer
gets, otherwise poor energy use in the dryer causes a higher energy
consumption for firing.36, 42
¾ The system that connects the hot air from the kiln with the dryer should be
well insulated.47
¾ Most modern drying equipment and technology can save up to 90% of drying
time compared to conventional drying.49
¾ Alternative drying systems are available using a steam atmosphere, this is
called ‘airless drying’ and is claimed to have reduced drying times up to
80%.63
¾ Alternative I/R burner systems are available using a mesh, these can be
powered by a number of different gases are easy to control and are very
energy efficient. These can be incorporated into existing dryer cabinets.64
¾ Modern setter systems as shown in Figure 5 can save energy.49

Figure 5: MobilSystem by Rotho- channel for facing or pavement bricks.49
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Firing

The specific energy consumption for sintering ceramic products depends on the
required firing temperature. The temperature is determined by the composition of the
body, the processes of material formation and the intended properties. Figure 3 shows
an exponential increase of the specific demand for energy with the temperature.

Figure 4 shows the energy balance of a tunnel kiln for masonry bricks. The values of
greatest loss are different exhaustion air streams partly used for drying.

3.4.1 Kiln and kiln car design

There are two general ways of energy loss influenced by the design of the kiln and the
kiln cars:

1. Leakages from surrounding air into the kiln
”However one of the best possibilities to save energy is still to eliminate
leakages” Don Denison, Denison Inc.21

2. Weight of kiln materials and kiln car materials that have to be heated
¾ “Wheel flanges of kiln car wheels should be in principle located on the
outside”.2
¾ “The kiln car decks should consist of high quality and lightweight insulating
materials with a minimum content of heavy chamotte. It is recommended that
the layers from the bottom deck to the top deck should be adapted to cope
for the different respective temperature stresses”.2, 3, 20
¾ A picture for calculating the optimum car deck thickness can be seen in 2.
¾ Sand seals should be designed to avoid leakages over a long time,
suggestions are made in 2, 33.
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¾ Try to avoid self-supporting kiln sidewalls. Such walls tend to bend towards
the firing channel because of the temperature differences over the cross
section. It is important to consider the design very carefully and have a wall
sustained by the kiln roof. 2
¾ Special designed kiln roofs avoid leakages due to heat expansion and make
roof cooling redundant. 2

3.4.2 Fuel and firing technology
¾ In the main firing zone an excess pressure of 10-15 Pa is recommended. 74
¾ For some brick producers it is still a possibility to make energy savings by
changing from solid fuel like coal to LPG or oil which will increase the energy
efficiency. 51
¾ Use of renewable energies, i.e. bio-gases produced by companies in their
own reactors can save costs and CO2 emissions. 11 However, bio-gases can’t
cover the whole energy need of a brick maker. 47
¾ Increasing control of firing with new burner systems and multi zone control.
33,51,34

¾ Impulse burners are more efficient than conventional ones. 74
¾ High velocity burners (velocity of heated gases > 100 m/s) are recommended
for the preheating zone until 700 °C. At this lower temperature heating by
convection mostly takes place. Kilns can be modernised with this modern
kind of burner, to save energy. 74
¾ Techniques already described for drying are also important for firing.
¾ Allow the hot gases the best transfer to your working load. 33,34
¾ The combustion air should be preheated; at higher firing temperatures
preheating saves energy. The preheating should be done by using kiln
exhaust air. 40
¾ Use preheated working loads from the dryer, e.g. setting pallets for drying
and firing or by direct setting on kiln cars for drying. 1,23
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¾ The final development that some in the brick industry have used is emissivity
coatings in certain sections of the kiln to reflect the heat to the required area
thus reducing the temperature lag between ‘part’ and surrounding air. This in
theory has reduced gas costs by up to 10%. 51
¾ Reduce waste air losses by re-circulating them for heating over the whole
length of kiln. 33
¾ Perfusion firing. 47
¾ Use heat recovery from waste gases and flue gas from post combustion. 18,47
¾ One tunnel kiln shall work with one product and shall be optimised for that
product. With different products in kiln no real optimisation can take place.
Think about small intermittent kilns for special products or about cooperation
with different plants or about reducing the number of different product types. 9
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Roof tiles and split tiles

4.1

Body and raw materials
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¾ Sintering additives like ashes, waste glasses, glass and mineral wools or low
sintering clays can help you to reduce sintering temperature or to produce
(dry and fire) lighter products with same mechanical properties. 47,29,35,65
¾ Shaping needs plasticity. It is necessary that the right amount of water is
used to get the correct plasticity. Saving water by using better clays that are
easy to form or adding special additives that help to get the correct plasticity
is a way to save drying energy. 47,48,21,37

4.2

Shaping
¾ It’s possible to save energy by stiff pressing. Not all bodies are suitable for
this, sometimes the saved drying energy is consumed at the extruding press
as electric energy and finishing - only split tiles. 48,1
¾ Try to use the shaping temperature while entering the dryer. 36,1,5,6
¾ Sophisticated designs can save weight that allows energy saving while drying
or firing.
¾ Dry or dryer shaping saves drying energy, but uses more energy for shaping
and can influence the quality of product. However there is an optimum. 21

4.3

Drying

In the ceramic industry drying generally means the evaporation or volatilisation of
physically bound water. It is well known that water is characterised by a high specific
thermal capacity (4.2 kJ/kg K) and a very high evaporation heat (2.500 kJ/kg). These
material properties inevitably cause a high-energy consumption. The only objective can
be to approach the theoretical (minimum) consumption as close as possible. Figure 1
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shows: At the moment up to 50 % of thermal energy in ceramic production is used for
drying 49. In the whole UK with its lot of stiff pressed bodies still 30% are used 9
¾ A common way to reduce the drying energy consumption in older companies
is to couple the dryer and kiln. 7
¾ Today the coupling of dryer and kiln is state of the art, however it is also
important to modify working practices i.e. weekend breaks for shaping and
drying need to be carefully controlled. 43
¾ Another method of modernising is to control the ventilation/burner system
and the drying atmosphere. 6
¾ The use of small amounts of high temperature air, decreases air loss due to
exhaust gases. 36, 45, 49
¾ An impact flow (Fig. 8) of drying air is more efficient then a laminar flow and
modernising of dryers is possible. 4
¾ Figure 2 shows that lowest energy costs (heat and electric) which can be
reached at an optimum of heating energy and movement of drying air.
¾ The setters and the setting density should ensure that most of the surfaces
are easy reached by the drying air. 5
¾ Shorter drying times save energy. 5, 6, 41, 44
¾ To achieve the required humidity for drying avoid adding moisture and if
required increase the setting density. 9
¾ Redirecting airflows can improve consistency and reduce drying time;
intermittent airflow patterns can reduce drying time and improve yield. 9
¾ Software to simulate the drying process. Links to control data via specialized
companies are a good way to optimise drying. 36
¾ In the case of a coupled system between dryer and kiln, the kilns energy
supply and not the dryers demand determines the energy level that the dryer
gets, otherwise poor energy use in the dryer causes a higher energy
consumption for firing. 36, 42
¾ The system that connects the hot air from the kiln with the dryer should be
well insulated. 47
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¾ Most modern drying equipment and technology can save up to 90% of drying
time compared to conventional drying. 49
¾ Alternative drying systems are available using a steam atmosphere, this is
called ‘airless drying’ and is claimed to have reduced drying times up to
80%.63
¾ Alternative I/R burner systems are available using a mesh, these can be
powered by a number of different gases are easy to control and are very
energy efficient. These can be incorporated into existing dryer cabinets.64

Figure 6: MobilSystem by Rotho- channel setter for roofing tiles 49

Figure 7: MobilSystem by Rotho- System of channel setters for roofing tiles 49
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Figure 8: Impact flow, as optimal kind of drying for roof tiles

4.4

Firing

The specific energy consumption for sintering ceramic products depends on the
required firing temperature. The temperature is determined by the composition of the
body, the processes of material formation and the intended properties. Figure 3 shows
an exponential increase of the specific demand for energy with the temperature.

Figure 4 shows the energy balance of a tunnel kiln for masonry bricks. These losses will
be similar for roof tiles. The values of greatest loss are different exhaust air streams
partly used for drying. Because of the higher firing temperatures and kiln furniture the
SEC of a roof tile kiln is in average 2.5 times higher than the one used for masonry
bricks. 47

EIE/06/222/SI2.444565 CERAMIN – Tutorial about Energy Saving – 08.07.09

25

4.4.1 Kiln and kiln car design

There are two general ways of energy loss influenced by the design of the kiln and the
kiln cars:

1. Leakages from surrounding air into the kiln
”However one of the best possibilities to save energy is still to eliminate
leakages” Don Denison, Denison Inc. 21

2. Weight of kiln materials and kiln car materials that have to be heated
¾ “Wheel flanges of kiln car wheels should be in principle located on the
outside”. 2
¾ “The kiln car decks should consist of high quality and lightweight insulating
materials with a minimum content of heavy chamotte. It is recommended that
the layers from the bottom deck to the top deck should be adapted to cope
for the different respective temperature stresses”. 2, 3, 20
¾ A picture for calculating the optimum car deck thickness can be seen in 2.
¾ Sand seals should be designed to avoid leakages over a long time,
suggestions are made in. 2, 33
¾ Try to avoid self-supporting kiln sidewalls. Such walls tend to bend towards
the firing channel because of the temperature differences over the cross
section. It is important to consider the design very carefully and have a wall
sustained by the kiln roof. 2.
¾ Special designed kiln roofs avoid leakages due to heat expansion and make
roof cooling redundant. 2.
¾ The working load should be carried by special support units 2 made from e.g.
SiC.
¾

14

describes a kind of roller kiln special designed for roof tiles, with extra light

supports and firing time down to 120 min and very low SEC.
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4.4.2 Fuel and firing technology
¾ In the main firing zone an excess pressure of 10-15 Pa is recommended. 74
¾ Use of renewable energies, i.e. bio-gases produced by companies in their
own reactors can save costs and CO2 emissions 11. However, bio-gases can’t
cover the whole energy need of a roof tile maker 47.
¾ Increasing control of firing with new burner systems and multi zone control.
33,51,34

¾ Impulse burners are more efficient than conventional ones. 74
¾ High velocity burners (velocity of heated gases > 100 m/s) are recommended
for the preheating zone until 700 °C. At this lower temperature heating by
convection mostly takes place. Kilns can be modernised with this modern
kind of burners, to save energy. 74
¾ Techniques already described for drying are also important for firing.
¾ Allow the hot gases the best transfer to your working load. 33,34
¾ The combustion air should be preheated; at higher firing temperatures
preheating saves energy. The preheating should be done by using kiln
exhaust air. 40
¾ Use preheated working loads from the dryer, e.g. setting pallets for drying
and firing or by direct setting on kiln cars for drying. 1,23
¾ The final development that some in the brick industry have used is emissivity
coatings in certain sections of the kiln to reflect the heat to the required area
thus reducing the temperature lag between ‘part’ and surrounding air. This in
theory has reduced gas costs by up to 10%. 51
¾ Reduce waste air losses by re-circulating them for heating over the whole
length of kiln. 33
¾ Perfusion firing. 47
¾ Use heat recovery from waste gases and flue gas from post combustion. 18,47
¾ One tunnel kiln should work with one product and should be optimised for
that product. With different products in the kiln no real optimisation can take
place. Small intermittent kilns for special products or the cooperation with
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different plants or reducing the number of different product types should be
considered. 9
¾ Kiln furniture is one of the greatest energy consumers with roof tile firing.
Most modern types of H-setters have a bulk density of approx 1.6 g/cm and a
weight saving design. 15,24
¾ The best setters for roof tiles are no setters e.g. 22,39
¾ Intermittent kilns for e.g. accessories can be operated much more energy
efficient if heat recovery systems together with preheating of combustion air
or coupled with dryers are used.

28
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5

Tableware

5.1

Body and raw materials

The type of tableware body has essential influence on the SEC of the products. There is
a broad range from stoneware, earthenware, bone china, vitreous china to hard
porcelain plus many others. These have similar requirements and some differences
concerning the properties. The greatest could be: resistance against dishwashers,
important for both domestic and hotel purposes.32 Hard porcelain is the tableware with
the greatest SEC (Fig. 3).

Half sphere temperature also called t½

Sintering temperature

Weight% Li (Spodumene)-feldspar as substitute for Na-feldspar
Figure 9:

Effect of Li-Feldspar as sintering additive. Thiery SiliCer 2003

¾ New raw materials like Li-containing feldspars (Fig. 9)

53

or Colemanite

28

,

mixture of Feldspars from K and Na or low sintering recipes (soft porcelain)
can help you to reduce sintering temperature for up to 200°C and to save lots
of energy (Fig. 10). 48
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¾ Mono firing (no bisque firing) saves energy, but requires specially tailored
bodies and glazes.
¾ Shaping needs plasticity: It is necessary that the right amount of water is
used to get the correct plasticity. Saving water by using better raw materials
or adding special additives that help to get the correct plasticity is a way to
save drying energy. 37

5.2

Shaping / Decorating
¾ The less water you need for shaping all the less you have to evaporate while
drying.
 Isostatic pressing is a ‘dry pressing’ technique hence water saving
and eliminates the need for drying. If this technique is available
use it for as many products as possible; today also bowls are
possible to shape by this.
 Most modern isostatic pressing methods need less than 2
weight% of moisture.
 No drying of plaster moulds has to take place if isostatic pressing
methods are used.
 Isostatic pressing needs spray dried granules, the less water you
use for your deflocculating, the less energy you have to use for
that process (see also paragraph about drying in “Tiles”-section).
 Use high litre weights for your casting slips; this will require less
energy for drying the plaster moulds.
¾ Sophisticated design can avoid parts of tableware pieces that require longer
drying or firing.
¾ The more colours your decoration allows within one firing step the less
energy you need for decorating firing.
¾ Develop a smart storage of products and decors that allows you to dry and
fire greater batches of products, that saves energy.
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¾ Smarter process control for shapes and decors allows you to optimise your
production process allowing for reduced energy consumption.
¾ Using novel shaping techniques (flexi flat) that use fewer moulds that don’t
require drying saves energy. 66
¾ The use of more energy efficient burners, which can be switched off when
not required should be employed in the glazing line. 64

SEC [kcal/kg]

Max firing temperature [°C]
Figure 10:

SEC vs. firing temperature for sanitary ware. [Friedherz Becker,
Riedhammer GmbH 2007]

5.3

Drying

In the ceramic industry drying generally means the evaporation or volatilisation of
physically bound water. It is well known that water is characterised by a high specific
thermal capacity (4.2 kJ/kg K) and a very high evaporation heat (2.500 kJ/kg). These
material properties inevitably cause a high-energy consumption.
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¾ In Europe a lot of tableware production plants have enough space and a
sufficient climate allowing them to dry without a dryer i.e. in the surround air;
however this is not always the case in the UK, with the exception of isostatic
pressed products. This is the most energy efficient drying process.
¾ For products from casting processes an increasing number of microwave
dryers are used to save energy.
¾ Poor drying conditions are sometimes visible first after firing. This increases
your scrap and your SEC,58 good quality control measures should be used to
identify the problems.
¾ The use of airless drying can reduce your energy consumption by up to 80%
and also improve your quality.68

SEC Porcelain / MJ/kg

tunnel kiln

biscuit

Figure 11:

Roller kiln

Intermittent kiln
final firing

sum

Comparison of different kilns for different steps of firing in table ware
production
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Firing

The specific energy consumption for sintering ceramic products depends on the
required firing temperature. The temperature is determined by the composition of the
body, the processes of material formation and the intended properties. Figure 3 shows
an exponential increase of the specific demand for energy with the temperature.

5.4.1 Kiln and kiln car design

Figure 11 shows the SEC of 3 different kiln types used for Hard Porcelain tableware
firing. It is obvious that the roller kiln with its small amount of kiln furniture and its fast
firing process uses the smallest amount of energy, just half of a tunnel kiln.

There are two general ways of energy loss influenced by the design of the kiln and the
kiln cars:

1. Leakages from surrounding air into the kiln
”However one of the best possibilities to save energy is still to eliminate
leakages” Don Denison, Denison Inc.21

2. Weight of kiln materials and kiln car materials that have to be heated
¾ “Wheel flanges of kiln car wheels should be in principle located on the
outside”.2
¾ “The kiln car decks should consist of high quality and lightweight insulating
materials with a minimum content of heavy chamotte. It is recommended that
the layers from the bottom deck to the top deck should be adapted to cope
for the different respective temperature stresses”.2, 3, 20
¾ Sand seals should be designed to avoid leakages over a long time,
suggestions are made in.2, 33
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¾ Try to avoid self-supporting kiln sidewalls. Such walls tend to bend towards
the firing channel because of the temperature differences over the cross
section. It is important to consider the design very carefully and have a wall
sustained by the kiln roof.2
¾ Special designed kiln roofs avoid leakages due to heat expansion and make
roof cooling redundant.2

5.4.2 Fuel and firing technology
¾ There is an example of updating an old tunnel kiln to an modern fast firing
one, that dropped the gas consumption almost 50 % . 50
¾ In the main firing zone an express pressure of 10-15 Pa is recommended.74
¾ For mono firing the biscuit firing is cancelled however special glazes and
bodies are required. Figure 11 shows the amount of energy that is saved.
¾ Increasing control of firing with new burner systems and multi zone
control.33,51,34
¾ Impulse burners are more efficient than conventional ones. 74
¾ High velocity burners (velocity of heated gases > 100 m/s) are recommended
for the preheating zone until 700 °C. At this lower temperature heating by
convection mostly takes place. Kilns can be modernised with these modern
kinds of burners, to save energy. 74
¾ Techniques already described for drying are also important for firing.
¾ Allow the hot gases the best transfer to your working load.33,34
¾ The combustion air should be preheated; at higher firing temperatures
preheating saves energy. The preheating should be done by using kiln
exhaust air.40
¾ Reduce waste air losses by reusing it to heat on the whole length of kiln.33
¾ Organise your production to produce one product over a longer range of
time. Try to optimise your temperature curve for that product. With different
products in the kiln it is more difficult for real optimisation to take place. Think
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about small intermittent kilns. For small batches think about cooperation with
different plants or about reducing the number of different product types.9
¾ Heat recovery from waste gases.47
¾ Kiln furniture is one of the greatest energy consumers. Most modern types of
kiln furniture are made from SiC and have a weight saving design.48
¾ The best setters for tableware are “No” setters in e.g. roller kilns.
¾ The lower your amount of scrap, the lower is your SEC. 74
¾ Intermittent kilns can be operated much more energy efficiently if heat
recovery systems together with preheating of combustion air or are coupled
with dryers.8,27
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6

Sanitary ware

6.1

Body and raw materials
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¾ New raw materials like Li-containing feldspars (Fig. 953) or Colemanite28 and
mixtures of Feldspars from K and Na; waste glasses60, 69 help you to reduce
sintering temperature for up to 200°C and to make energy savings (Fig.
10).48
¾ Optimised bodies from traditional clays and china clays can decrease firing
temperature up to 50°C.55
¾ Optimise grain size distribution especially for feldspar and other sintering
additives decreases sintering temperature by improving the reactivity.62
¾ There is an optimum, because milling of e.g. feldspars requires energy as
well.
¾ Optimise bodies for fast firing kilns with e.g. calcined raw materials.
¾ Shaping needs plasticity. It is necessary that the right amount of water is
used to get the correct plasticity. Saving water by using better clays that are
easy to form or adding special additives that help to get the correct plasticity
is a way to save drying energy.37

6.2

Shaping / Decorating
¾ The less water you need for shaping the less you have to evaporate while
drying.
¾ Pressure casting techniques avoid drying of plaster moulds and decrease
water content by up to 2 weight%, but need tempered slips and electric
energy.
¾ Use high litre weights for your casting slips, as your plaster moulds will dry
with less energy.
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¾ Sophisticated design can avoid that parts of your products needs longer
drying or firing.
¾ Better production planning of products allows you to dry and fire greater
batches of products, which saves energy.
¾ Small numbers of different products allows you to optimise your production
process also for energy consumption.
¾ Logos and Badging is being carried out by laser marking/fusing of ceramic
pigments and is a non firing process. This has a number of advantages i.e.
reduction of stock and losses of badge creep during refire.

6.3

Drying

In the ceramic industry drying generally means the evaporation or volatilisation of
physically bound water. It is well known that water is characterised by a high specific
thermal capacity (4.2 kJ/kg K) and a very high evaporation heat (2.500 kJ/kg). These
material properties inevitably cause a high-energy consumption.
¾ A common way to reduce the drying energy consumption in older companies
is to couple the dryer and kiln.7
¾ Today the coupling of dryer and kiln is state of the art, however it is also
important to modify working practices i.e. weekend breaks for shaping and
drying need to be carefully controlled.43
¾ Another method of modernising is to control the ventilation/burner system
and the drying atmosphere.6
¾ The use of small amounts of high temperature air, decreases air loss due to
exhaust gases.36, 45, 49
¾ Figure 2 shows that lowest energy costs (heat and electric) which can be
reached at an optimum of heating energy and movement of drying air.
¾ For products from casting processes an increasing number of microwave
dryers are used to save energy.

37
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¾ Poor drying conditions are sometimes visible first after firing, this increases
your scrap and your SEC,58 good quality control measures should be used to
identify the problems.
¾ The use of airless drying can reduce your energy consumption by up to 80%
and also improve your quality.63
¾ Shorter drying times save energy. 5, 6, 41, 44
¾ To achieve the required humidity for drying avoid adding moisture and if
required increase the setting density.9
¾ Redirecting airflows can improve consistency and reduce drying time;
intermittent airflow patterns can reduce drying time and improve yield.9
¾ Software to simulate the drying process. Links to control data via specialized
companies are a good way to optimise drying.36
¾ In the case of a coupled system between dryer and kiln, the kilns energy
supply and not the dryers demand determines the energy level that the dryer
gets, otherwise poor energy use in the dryer causes a higher energy
consumption for firing.36, 42
¾ The system that connects the hot air from the kiln with the dryer should be
well insulated.47

6.4

Firing

The specific energy consumption for sintering ceramic products depends on the
required firing temperature. The temperature is determined by the composition of the
body, the processes of material formation and the intended properties. Figure 3 shows
an exponential increase of the specific demand for energy with the temperature.

Temperature

SEC

Capacity

[°C]

[MJ/kg]

[t/h]

Old tunnel kiln

1200-1280

6,7-9,2

10-50

Modern tunnel kiln ( fibre and light refractories)

1230-1260

4,2-6,7

10-50

Roller kiln

1230-1260

3,1-4,2

10-30

Table 3: SEC for different kiln types in the sanitary ware branch according to 54
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6.4.1 Kiln and kiln car design

Table 3 shows the SEC of 3 different kiln types used for sanitary ware firing. It is
obvious that the roller kiln with its small amount of kiln furniture and its fast firing uses
the smallest amount of energy, namely just a third of a tunnel kiln.

There are two general ways of energy loss influenced by the design of the kiln and the
kiln cars:

1. Leakages from surrounding air into the kiln
”However one of the best possibilities to save energy is still to eliminate
leakages” Don Denison, Denison Inc.21

2. Weight of kiln materials and kiln car materials that have to be heated
¾ “Wheel flanges of kiln car wheels should be in principle located on the
outside”.2
¾ “The kiln car decks should consist of high quality and lightweight insulating
materials with a minimum content of heavy chamotte. It is recommended that
the layers from the bottom deck to the top deck should be adapted to cope
for the different respective temperature stresses”. 2, 3, 20
¾ Sand seals should be designed to avoid leakages over a long time,
suggestions are made in.2, 33
¾ Try to avoid self-supporting kiln sidewalls. Such walls tend to bend towards
the firing channel because of the temperature differences over the cross
section. It is important to consider the design very carefully and have a wall
sustained by the kiln roof.2
¾ Special designed kiln roofs avoid leakages due to heat expansion and make
roof cooling redundant..
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6.4.2 Fuel and firing technology
¾ In the main firing zone an express pressure of 10-15 Pa is recommended. 74
¾ The lower your amount of scrap, the lower is your SEC. Re-firing increases
your SEC. 74
¾ Increasing control of firing with new burner systems and multi zone
control.33,51,34
¾ Impulse burners are more efficient than conventional ones. 74
¾ High velocity burners (velocity of heated gases > 100 m/s) are recommended
for the preheating zone until 700 °C. At this lower temperature heating by
convection mostly takes place. Kilns can be modernised with this modern
kind of burners, to save energy. 74
¾ Techniques already described for drying are also important for firing.
¾ Allow the hot gases the best transfer to your working load.33,34
¾ The combustion air should be preheated; at higher firing temperatures
preheating saves energy. The preheating should be done by using kiln
exhaust air.40
¾ Organise your production to produce one product over a longer range of
time. Try to optimise your temperature curve for that product. With different
products in the kiln it is more difficult for real optimisation to take place. Think
about small intermittent kilns. For small batches think about cooperation with
different plants or about reducing the number of different product types.9
¾ Heat recovery from waste gases.47
¾ Kiln furniture is one of the greatest energy consumers. Most modern types of
kiln furniture are made from SiC and have a weight saving design.48
¾ The best setters for sanitary ware are “No” setters in e.g. roller kilns.
¾ The lower your amount of scrap, the lower is your SEC.
¾ Intermittent kilns can be operated much more energy efficiently if heat
recovery systems together with preheating of combustion air or are coupled
with dryers.8,27
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Tiles

7.1

Body and raw materials
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¾ New raw materials like Li-containing feldspars (Fig. 953) or Colemanite28,
mixtures of Feldspars from K and Na or low sintering recipes can help you to
reduce sintering temperature for up to 200°C and to save lots of energy (Fig.
10).48
¾ Optimised bodies from traditional clays and china clays can decrease firing
temperature up to 50°C.55
¾ Optimise bodies for fast firing kilns with e.g. calcined raw materials.
¾ Spray drying needs the optimal litre weight: Saving water by using better raw
materials or special additives which decrease water content of slip is a way to
save drying energy.
¾ Continuous mills save up to 2 % of water of slip and increases slip
temperature up to 10°C (and decreases electric power consumption)72

7.2

Spray drying / Drying

In the ceramic industry drying generally means the evaporation or volatilisation of
physically bound water. It is well known that water is characterised by a high specific
thermal capacity (4.2 kJ/kg K) and a very high evaporation heat (2.500 kJ/kg). These
material properties inevitably cause a high-energy consumption, especially for spray
drying of slips where water contents up to 50 weight% are common.
¾ One of the most energy efficient kinds of spray drying is the cogeneration of
heat and power. Figure 12 shows the excellent degree of effectiveness
(approx. 90%) for that solution73.
¾ The higher the litre weight, the lower the energy consumption of the spray
dryer (fixed remaining moisture for pressing).59
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¾ The energy consumption of spray drying decreases for smaller granules, if
the quality demands allow.
¾ The better the insulation of each spray dryer, the lower is the energy
consumption.
¾ Preheat the combustion air for burners with waste heat from the kiln or spray
dryer (Figure 13)73.
¾ Instead of cyclones a dust separator and slip heater can be used. The
remaining dust from the spray dryer is washed out by the slip. The slip is
heated from this process. Recommended for slips that are milled by
discontinuous mills (Figure 14)73.

Fuel

Air

gas turbine
Losses
waste gas

Spray dryer
waste gas losses

Power generation
used heat

Figure 12: Balance of cogeneration of heat and power, if a spray dryer is used 56
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Figure 13: Recovery of cooling or fuming heat from kiln for spray drying (by SACMI) 73

Figure 14: Dust separator for waste air from spray dryer and slip heating (by SACMI)73

42
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¾ Vertical or horizontal post press dryers should be feed by hot cooling air from
the kiln. Examples are shown in 70.

7.3

Shaping / Decorating
¾ Better production planning of products allows you to dry and fire greater
batches of products, which saves energy.
¾ Small numbers of different products allows you to optimise your production
process also for energy consumption.

7.4

Firing

The specific energy consumption for sintering ceramic products depends on the
required firing temperature. The temperature is determined by the composition of the
body, the processes of material formation and the intended properties. Figure 3 shows
an exponential increase of the specific demand for energy with the temperature.

firing time [h]
Figure 15:

Decreasing firing time for tiles during the 20th century 55
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7.4.1 Kiln and kiln car design

Table 3 and Figure 11 show the SEC of 3 different kiln types used for sanitaryware and
tableware firing respectively. It is obvious that the roller kiln with its small amount of kiln
furniture and it’s fast firing uses the smallest amount of energy, namely just a third of a
tunnel kiln. Figure 15 shows the shortening of firing time for tiles during the last century.
The roller kiln was responsible for this development. Due to its low energy consumption
and the easy shape of tiles this type of kiln is state of the art for the firing of tiles.

There are two general ways of energy loss influenced by the design of the kiln and the
kiln cars:

1. Leakages from surrounding air into the kiln
”However one of the best possibilities to save energy is still to eliminate
leakages” Don Denison, Denison Inc.21

2. Weight of kiln materials and kiln car materials that have to be heated
¾ The rollers should be sealed well
¾ “The kiln car decks should consist of high quality and lightweight insulating
materials with a minimum content of heavy chamotte. It is recommended that
the layers from the bottom deck to the top deck should be adapted to cope
for the different respective temperature stresses”.2, 3, 20
¾ Special designed kiln roofs avoid leakages due to heat expansion and make
roof cooling redundant.2

7.4.2 Fuel and firing technology
¾ In the main firing zone an express pressure of 10-15 Pa is recommended. 74
¾ The lower your amount of scrap, the lower is your SEC. 74
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¾ Increasing control of firing with new burner systems and multi zone
control.33,51,34
¾ Impulse burners are more efficient than conventional ones. 74
¾ High velocity burners (velocity of heated gases > 100 m/s) are recommended
for the preheating zone until 700 °C. At this lower temperature heating by
convection mostly takes place. Kilns can be modernised with this modern
kind of burners, to save energy. 74
¾ The combustion air should be preheated; at higher firing temperatures
preheating saves energy. The preheating should be done by using kiln
exhaust air.40, 71
¾ Organise your production to produce one product over a longer range of
time. Try to optimise your temperature curve for that product. With different
products in the kiln it is more difficult for real optimisation to take place. Think
about small intermittent kilns. For small batches think about cooperation with
different plants or about reducing the number of different product types.9
¾ Heat recovery from waste gases.47

46
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