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INTRODUCTION

The importance of energy and energy-related technologies to the 
industrial development of developing countries was implicit in the Lima 
Declaration and Plan of Action on Industrial Development «nd Co-operation 
adopted by the Second General Conference of the United Nations Industrial 
Development Organization (UNIDO), held at Lima, Peru, 12-26 Marco 1975- 
The UNIDO Energy Task. Force, created in 1977, prepared a comprehensive 
report which provided an overview of energy-related activities and 
programmes (UNIDO/EX. 108, 3 January 19S0), and during the Third General 
Conference of UNIDO, held at New Delhi, India, 21 January-9 February 1980, 
the role and responsibilities of UNIDO in energy-related industrial 
development activities were defined. During its thirty-fifth session, 
the United Nations General Assembly enaorsed the inclusion of these 
activities among the priorities of UNIDO (resolution 35/66).

The present action programme of UNIDO in this field comprises three 
main lines of activity which can be described concisely as "energy for 
industry", "industry for energy" and "industrial energy management". The 
present study has been prepared as a.part of the third activity, which aims 
at securing the Tiarinim self-reliance and efficiency of local industry with 
respect to energy production and use. It has been prepared in close 
collaboration with the UNIDO-Czechoslovakia Joint Programme for International 
Co-operation in the Field of Ceramics, Building Materials and Non-Metallic 
Minerals Based Industries, which in its own work programme attaches high 
priority to energy conservation efforts.

The study is intended as an m-depth presentation of the present 
possibilities of energy conservation in the non-metailic minerals based 
industries, with particular reference to the ceramic, cement and glass 
industries.

The above industries were selected for tnese reasons:

(a) Most developing countries possess deposits of raw materials for 
the selected non-metailic industries;

(b) The manufactured products of the selected non-aetaiiic industries 
are building materials and other products indispensable for the development 
of housing and improved living standards in developing countries;

(0) These non-metailic products are strategic feedstocks as well, 
being prerequisites for the development of further industries,



(d) The benefits of the selected non-metal!ic industries are 
significant from che viewpoint of national economics;

(e) In most developing countries these industries have been 
established or are planned to be established; therefore local producers 
should be interested in the transfer of experience in energy conservation.

The body of the study consists of three parts related no industrial 
ceramics, glass and cement industries. The energy problems in all parts 
are dealt with in technological sequence. The extent of investigated 
products and technologies from the viewpoint of energy conservation required 
different approaches. The described measures for energy conservation are 
accompanied by achieved or supposed benefits. There are examples of 
improvements achieved by maintenance, change of technology or technical 
adaptations without investment costs and within a short period. There 
are other improvements that are feasible only by reconstruction or by new 
equipment with considerable investment cost. Every new project should 
be examined from the 'viewpoint cf energy conservation as specified in this 
document.

v 1/ 1/ 1/This study was prepared by J. Dreve,—  Z.A. Sngelthalerto. ■ C-rotte
2/ '3/ 1/L. Kuna,—  J. Lahovsky- and L. Meinhold.—

1/ LCTIDO-C zee ho Slovakia Joint Programme for International Co-operation
in the Field of Ceramics, Building Materials and 'Ion-metallic Minerals 3ased 
Industries, Zcorovska 1, Pilsen, Czechoslovakia.

2/ Research Institute for Ceramics, Refractories and Raw Materials, 
Horui Briza, CzecnoSlovakia.

3/ Cement and Lime Vorks, Headquarters, Prague, Czechoslovakia.
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Part One. Industrial ceramics

INTRODUCTION

The ceramic industry has taken a significant position within the 
framework of national and world economies. It produces a broad assortment 
of ceramic facing materials for interior and exterior decoration of dwellings 
and public and industrial buildings and thus it contributes significantly 
to the realization of present demands of environmental conditions. The use 
of stoneware in the building industry has increased. 3rickmaking is still 
imnortant in many countries in spite of the extensive vse of préfabrication
and new materials in construction. Utility and artistic ceramics, as well 
as porcelain and stoneware, are a significant branch of the ceramic industry. 
Lining refractories and insulants are indispensable for metallurgy, the 
chemical and machine industries and electrical engineering. They are used 
for boiler lining, melting furnaces, heating and heat-treatment plants. 
Insulants of all kinds are used in the field of electrotechnics and 
electrical power distribution. Ixtracting and dressing of n^n-netallic 
raw materials for all kinds of silicate products ar= included.

The silicate industry has many extensive activities and is associated -with 
a wide range of further industrial branches.

The world deposits of raw materials applicable to the ceramic industry, 
as well as the possibilities of their exploitation in new regions, are 
large. Present prices of raw materials and energy change according to the 
price changes in the world market.

The recent standards of plants have been widely different. New ceramic 
plants are equipped with highly mechanized and automated lines, but in others, 
older equipment is used 'with a different snage of modernization and therefore 
with 3. lower technology level and productivity. Pimple plants without complice
mechanization and automatization are of better use in developing countries.

Inergy insurance for production has become practically the most 
significant at present. It is possible to say that this problem is a crucial 
one also for the ceramic industry, which ranks as an energy intensive industry.

The heat processes - drying and firing - are the main technology stages 
which the ceramic products go chrcugh to obnain required properties and shape. 
The high energy consumption of those heat processes is caused not only by the
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large volume of processed materials and products but also mainly by tbe 
long firing, which is necessary for all structural changes in material 
and for obtaining the required properties.

The energy prices will probably increase and influence :he economy, but 
later they could cause a reduction of some industrial branches. Cases have 
appeared in some countries where manufacturing was limited or suppressed 
because of energy insufficiency.

The position of the ceramic industry is not easy, since the ratio 
of cost on consumed energy to product value is considerably high. The 
producers who decrease the energy consumption at the technically admissible 
level will have a leading position in the ceramic industry.
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I. CERAMIC TECHNOLOGY AND ENERGY CONSERVATION

Energy consumption in ceramics is concentrated in the following 
stages:

Dressing machines, mechanical equipment, shaping machines, handling 
and transport means
Driers and kilns
Overhead consumption (heating, lighting, conditioning and 
maintenance)

Energy consumption of the first phase is given by the technical and 
technological level, mechanization and automation of the plants and by the 
skills of labour and staff.

Quite similar conditions are applicable to driers and kilns.

Overhead energy consumption represents an inappreciable part of the 
total energy consumption, and it is dependent on the production capacity. 
Larger plants have lower overhead energy consumption and vice versa.

The time extent and may-inn irn temperatures of drying and firing processes 
are determined by the used technology and raw materials. Energy conservation 
in this field can be achieved by changes in production technology that 
decrease the temperature and shorten the time cycles.

The above-mentioned changes depend on the following types of ceramic 
products:

Facing ceramic products 
Stoneware
Refractory materials
Building bricks and tiles
Sanitary, utility and artistic ceramics
Porcelain

Facing ceramic products

C avewi r* + ̂ 1 ac V i  r w i  A V  W  Xmm —  W

Facing ceramic products for interior and exterior decoration of dwelling, 
public and industrial buildings have acquired a great importance.
Earthenware, tiles and mosaic are includes in thi3 branch. The energy 
consumption of the glased and unglazed products is high ar.d depends on 
the individual type of product.
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The traditional manufacturing process consists, with the exception of 
body preparation and pressing, of three cycles: drying, bisque firing and
glost firing after glazing.

The manufacturing process has been based on the range of the ceramic 
plants of the kaolinitic-clay, semi-siliceous or feldspar body composition, 
requiring bisque firing temperature of 1,230°-1,280°C. Glazed bisque was 
fired at temperatures of 1,080°-1,120°C. Decrease in firing temperatures 
to 1,050C-1,080°C for bisque firing and to 960°-l,0U0°C for glazing can be 
reached by replacing those bodies with lime-siliceous, dolomite-siliceous 
and other ones.

Table 1 shows the basic types of earthenware tile body composition.

The reduction of firing temperatures resulted in energy conservation 
owing to the new raw material components. Significant energy conservation 
was achieved by using the new raw materials which allowed heat processing 
under lower temperatures.

Evaluation of energy savings shows that the manufacture of lime-silicate 
bodies can save up to 15,000 kJ per each square meter of produced wall tiles.

Simultaneously, firing periods were reduced from the original 60-120 
hours for a body and 2^-h8 hours for a glaze to less than one-half.
Consequent energy conservation represents 8Î-12Î of the total original 
consumption. A. review of firing cycles is given in table 2.

Semigres glazed wall tiles

They are suitable for exterior wall lining and are closely related 
to the frost-proof tile materials. The body composition in the following 
table 3 may be taken as a typical one.

Semigres glazed floox tiles

They represent another type of ceramic product with possibilities of 
reducing firing temperatures by using non-metallic raw materials with the 
fluxing affect. Classical technology is based on using raw kaolin, washed 
kaolin and low-fusing clays. The firing temperatures of the standard body 
are within the range 1,200°-1,250°C but can be decreased to 1,100°C by using 
phonolite or other flux. This temperature drop saves of energy
consumption. Table Ù compares the composition of the standard body and the 
body with phonolite.

Wa.ii ti~.es



Table 1. Body composition and properties of the basic types of wall tile

Component Semi - Siliceous Talc Wollaston!tc
or property Kaolinitic siliceous Feldspar A B C D B A B A B

Kaolinite (%) 80 60-05 55->*0 55-1*0 50-1*0 36.81* 1*0 .6 6 13.15 1*0-30 20-25 1*5-50 30
Quartz (>) 15 27-30 35-50 38-1*5 1*0-1*5 38.1*1* 37.87 1*3.1*5 1 5 . 2 0 - 25-30 10-15
Feldspar (J) 5 8 - 1 0 5-15 - 2.5 6 .6l 5 .8 0 17.57 3 - 5 - 1 0 -
Limestone 
(dolomite) (it) _ _ 10-15 7.5 16.99 ll*.1*5 2 2 .3 6 2 _ 5 - 1 0 -

Talc (*) - - - - - - - - 1*0 75-80 - -
Wollastonite (J) - - - - - - - - - - 18 55-60
Ke?0, ♦ TiO? (*) 1 . 0 1 . 0 1.5 1.5 1.5 1 . 1 2 1 .22 3.1*7 1.5 1.5 1.5 1.5
Total grog (i) 60-65 60-65 55-60 55-60 55-60 61. 60 87 60-70 75-80 55-60 70

Fired grog (%) 1* 0-1*5 20-30 0 -1 0 0 -1 0 0 -1 0 0-5 0 -1 0 0-5 0-5 0-5 10 -20 0-5

Firing temg.
- bisque ( C) 1 280 1 230 1 230 1 050 l 150 .1 060 1 080 1 060 1 200 1 1 Q0 1 130 1 060

- glaze <°C) 1 120 1 080-1 100 1 080 960 1 01*0 1 OllO 
(960)

1 0>l0
(960)

1 0l*0 
(960)

9 6 0- 
1 0l*0

9 6 0- 
1 0l*0 1 0l*0

9 6 0- 
1 020

Calibration of 
bisque tiles YES YES N0 N0 N0 N0 HO NO NO N0 N0 ¡10

-7 »/CTK 10 1 - 1*6 . 1 1*8 . 1 56.7 61*.6 6 8 .2 61*. 6 61.5 71.1* 1*1*. 2 1*0.3 6 2 .0 57.8

a/ CTE .... coefficient of thermal expansion.
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Table 2. Reduction, of firing time for double
fired vail tiles 

(Hours)

Period Bisque firing Glaze firing

After the Second World 
War 60-120 2a—18
At the beginning of the 
1960s 21-18 3-21
At present 1-2U 0.5-21
By the year 2000 0.5 lower than 0.5

Table 3. Body compositions of semigres 
glazed vail tiles

Component or property Body A Body B

Clay k- 60Ì 5 CÎ
Clay - 25%
Pine milled phonolite loi -
Grog - 15%
Firing temperature 1 o6o°c 1 250°C

a/ Clay A and clay B are not specific clays bat merely 
typical examples.

Table 1. Composition of semigres glazed
floor tiles

Composition or property Standard body 3ody with 
phonolite

Clay k- 35i loi
Raw kaolin ici 30i
Washed kaolin 25i -

Phonolite - 3Ci
Feldspar 30i _

Firing temperature 1 250°c 1 1CC°C

a/ Clay A is not a specific clay, but merely a t/pical
example.
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Replacement of the double firing by the single firing process enables 
the technicians in the semigres glazed floor tiles manufacture to reduce 
the energy consumption by 5C5 of the total.

Ceramic glazes

Properties of ceramic glazes have to correspond to the ceramic 
body properties and to quality and appearance requirements. Table 5 
shows the Seger formulas of opaque glazes dependent on their 
temperatures.

After the Second World War ceramic glazes passed through similar 
development as ceramic bodies. Opaque zircon glazes composed on the 
potash feldspar basis fired at temperatures of about 1,120 C were used 
for kaolinitic-clay bodies. The application of calcium-siliceous body 
in the manufacture allowed the development of new types of glazes with 
the sodium-lime feldspar and lead content, which were melted with firing 
temperature of ?60o-l,0U0°c only.

Further development of glazes should enable single firing ceramic processes 
at temperatures as low as 900°C. Trends of further development will 
depend on successful adjustment of body composition, resulting consequently 
in decreased energy consumption.

Recommendations for ceramic tiles production

Replacement of the classical double firing technology m  the ceramic tile 
manufacture by the single one can result in reduction of energy 
consumption by about *G*-5G%. There are conditions for more significant 
decreasing of firing temperatures also in the field of semigres glazed 
wall tiles.

The use of fine milled fluxes with firing temperature reduced by 
— 0about 150 C would decrease the energy consumption to 35*.



Table 5. Seger formulas for opaque glazes according to the firing temperatures

Firing
mperatures Na 0t K20 CaO MgO

(Parts of a unit (e.g. 
BaO ZnO PbO

, grama))
A1203 Si02 B2°3 Zr02 finOil Ti02

960°C 0.0><5 0.0l*9 0.1373 _ _ 0 ,76 8 7 0.3 0 3 1 2 .2 5 8 0.227 - 2.277
0 .0 1 2 0.0 26 0 .2 9 1 - - - 0 .6 7 1 0.2783 2.639 0.1973 - 0.279 -

- - - - - - 1 . 0 0 0.200 2 .5 0 0 - 0.15 - -
0 .6 0 - 0 .2I* - 0.08 0 .0 8 - O.36O 5.500 1 . 0 9 2 0.1»5l« - -

1 01X>°C - - 0 .2 5 - - - 0,75 0 .2 8 2.05 - 0.15 - -
0.09 0 .3 0 0 .2 0 - - - 0 .1*1 0 .2 0 2.75 0 .l8 - 0.28 -
0 .0f»6 0.103 O.5I*1» - - - 0.307 0.563 3.385 O.7 8I1 - 0.391 -
O.Ofil* 0.139 O .665 - - - 0 . 1 1 1 0 .6 2 1 3.1*82 0.991 0.25 - -
0.38 6 - 0 .6ll* - - - - 0.681 1|.509 1,320 0.1*2 - -
0. 332 0.097 0.571 - - - - 0.5813 1*. 386 1.16 0.1*25 - -

1 06»°C 0.31*7 0.100 0.1*56 0.097 - - - 0.1*35 3.750 •0,670 0.317 - -
0. si* 0.01* 0.2l* - 0.07 0.11 - 0.3l* 5.5!» 1.05 0.1*3 - -
o. 181 - 0.619 - - - - 0.591 1*.1*72 1.108 - 0.177 -
0.228 0.0l*3 0. 326 - - 0.1*03 - 0.130 2.295 0. 391 0.321 - -
0.239 0.0l*5 0.2917 - - 0.1*21*3 - 0.150!» 2.037 0.703 0.337 - -

1 120°C 0.08 0.18 0.7I» - - - - 0.630 1* .56 1.28 0.32 - -
0.07 0.15 0.68 - - 0.10 - 0.1*30 •*.05 0.5 0.30 - -

1 250°C o.n 0.06 0.50 0.07 - 0.?l* - O.36 2.60 - 0.36 - -

1 250- 0.125 0.101 0.566 0.080 - 0.129 - O.563 3.885 - - 0.11*0 -
1 300°C 0.0fl9 0.075 0.1*38 0.277 - 0.121 - 0.1*52 3.613 - O.I76 - -

o.oyo O.Ofil o.l*39 0.278 - 0.119 - 0.1*57 3.736 - 0.085 - -

1 1*1 o°c 0.09 0.18 0.36 0.33 - o.oi* - 0.7I* 6.5 - - - 0.003
- 0.2 0.7 0.1 - - - 0.90 7.0 - 0.1*2 - -
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Stoneware

Stoneware, generally called non-translucent and ritrified cercmic 
products, is classified into coarse- and fine-grained stoneware products.

Coarse-grained stoneware:

Sewage pipes
Stoneware for agricultural purposes 
Stoneware with salt or earthen glaze 
Electrotechnical stoneware (insulants)
Unglazed floor tiles 
Chemical stoneware

Fine-grained stoneware:

For sanitary purposes 
Utility and artistic ware 
Unglazed floor tiles

Kaolinitic clays of medium or low refractoriness are suitable raw 
materials for stoneware manufacture. Those clays vitrify at lower 
temperatures, as their content of alltali oxides amounts to k% of the 
total. Their vitrifying temperatures, owing to the high content of 
fine clay particles, are about 50°-100°C lower than their softening 
points temperature. Depending on their plasticity, those clays are used 
directly or they are blended with grog, e.g., quartz 3ana, fired milled 
shale or crushed stoneware, in order to control their drying and firing 
shrinkage.

The following non-metallics, if fine-milled, can act m  a ceramic 
body as a flux and result in lower firing temperatures and energy consumption
decrease:

Calcareous marl
Phonolites
Tuffs and tuffites

Uepheline-syenite
Dolomite, limestone and magnesite
Class (window, sheet, containers etc.)
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The use of phonolite and marl for fancy tiles and gres facing tiles has 
shown the possibilities of decreasing firing temperature and energy conservation. 
The addition of phonolite in a tile body decreases firing temperatures from 
l,l30°C to 1,115°C and reduces energy consumption by 6%. Similarly a body 
of gres facing tiles with 331* marl requires the firing temperature of 1,11*0° C 
instead of the originally used 1,230°C. Energy consumption is about 8% lower.

It may be assumed that change in the composition of a stoneware body caused 
by fluxes will decrease the firing temperatures of stoneware by 150°-170°C.

Table 6 shows the body composition of the basic stoneware grades.

Table 6. Body compositions of basic stoneware grades
(Percentage)

Component Coarse stoneware Pine stoneware

Clay k- 1*5 1*5
Clay 3 ^ ?5 -
Quarts sand - 1*3
Feldspar - 12
Grog ' 30

a/ Clay A and clay B are not specific clays, but merely typical 
examples.

There are of course certain differences between body compositions, used 
technologies and heat processes.

Sewage stoneware

Three different practical examples of the sewage pipes body composition 
are 3hown in table 7. It clearly indicates energy savings and temperature 
reduction if suitable fluxes are incorporated into the conventional sewage 
pipes body.
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Table T. Body compositions of sewage pipes

Composition Conventional
body Body with marl 3ody with phonolite

Clay A- kj% 31S 323
Clay B ^ 313 313
Marl - 323 -
Phonolite - - 313
Fired reject .63 63 63
Firing temperature : 250°c 1 160°C 1 o8o°c

a/ Clay A and clay B are not specific clays, but merely typical 
examples.

Initial shaping moisture of stoneware amounts to 163-203. Pipes are 
dried down to the moisture content of 33 before being fired. The lower the 
initial moisture content, the lower is the energy consumption during drying. 
Improvement of driers and their efficiency allows further energy conservation.
It is also possible to replace plastic body by stiff-mud body.

Many types of driers are used in the ceramic industry: units situsv?d
above the kiln, chamber and channel types using waste heat, heat from vapour 
heaters, chimney gases and hot blast from recuperators. The secondary 
sources, e.g., heat from the surrounding kilns, coupled kilns and driers and 
underpressure systems etc., are not fully used. The following indication may 
be taken as a typical heat consumption of drying in the stoneware manufacture: 
hear consumption related to 1 k,~ of green product amounts to 338-1,257 kJ and 
energy consumption to 0.01-0.07 kWh.

Sewage pipe firing is performed in chamber or tunnel kilns aependrng on 
their size. Tunnel kilns operate mostly in temperature ranges of !,25G°-i,23C°C, 
and the firing cycle takes he—65 hours, while the firing cycle in chamber kilns 
reaches up to IQC-lUo hours. Specific energy consumption differs significantly 
according to the type of kiln: heat consumption related to 1 kg of product
in chamber and tunnel kilns is 3,770 kJ and 2,500 kJ respectively. The above 
mentioned heat consumptions depend on the technical conditions of the uil.ns.



- 22 -

Refract pit materials

Refractory materials represent an extensive range of products, such, as 
fire-clay refractories with an increasing content of alumina, corundum, silica, 
magnesite and chromegagnesite products, each, of them requiring specific 
technology, raw materials and heat processing. In developing countries the 
most applied manufacture of refractories is the production of fire-clay 
products.

The main types of raw materials used in fire-clay body composition 
are refractory clays, kaolin and grog. Selection of raw materials for each 
quality class of fire-clay body depends on alumina and silica contents. 
Resulting properties have to correspond to a given standard in accordance 
with Equilibrium diagram of AlgO^-SiC^ system (see figure I). Three basic 
quality classes of refractories - high duty, medium duty and low duty - are 
used for fire-clay body grading. They require different technological 
parameters and different firing temperatures. The manufacturing process is 
based on the two basic types of technologies such as plastic process 3nd stiff- 
mud process. Basic fire-clay body compositions are shown in table 3.

Table 8. Fire-clay body compositions

Component Plastic process Stiff-mud process

Refractory clay A 50% 25%
3urnt grog 50% -re#

Moisture of processed body U S - 16? a*
Firing temperature 1 380° - 1 U0C°C 1 U00°-1 1*50°

Drying of fire-clay bricks is carried out in different types of driers. The 
firing is applied usually in chamber or tunnel kilns at temperatures of i ,3 8 c ° -  
1,450°C. Specific drying and firing energy consumptions are i*6o-o7C kJ and 
2,700-5,000 kJ per kilogram of product respectively, depending on the type 
of fire-clay and kilns. Values for tunnel kilns are 2,700-3,300 k«7 and for 
chambers 3,300-5,000 kJ.
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Energy conservation possibilities of the fire-clay process are limited, from 
the technological point of view. Substitution of the plastic body process gives 
only limited energy conservation. Substitution of raw materials by other 
ones with the lower sintering point can decrease refractory properties and 
their temperature resistance with respect to softening. Also partial or 
total replacement of burnt grog by unburnt grog is of use. 3y replacement of 
20$ of burnt grog by a raw grog in the case of 200,000 tons fire-clay 
production, 35,000 tons of fuel per year can be saved.

The present stage of development offers replacement of burnt fire-clays by 
unshaped and unburnt materials, such as plastic ramming masses and refractory 
concretes. Both groups of masses substitute for and exceed in many specific 
cases the produced types of burnt clays. They are very suitable for 
developing countries with a capital insufficiency.

Plastic ramming masses with chemical or hydraulic bond are applicable up to 
1,600°C. They enable the building of monolithic or prefabricated linings by 
direct ramming of masses into a formwork. Producers deliver them in the plastic 
stage for direct processing. Those masses are fired to the final shape during 
the initial run of a furnace. Refractory concretes that contain portland and 
alumina cements as a bonding agent possess similar structural characteristics.
Dry refractory concrete mixtures are then processed with water additions directly 
before being rammed into a boarding. In industrially developed countries, 
refractory concretes are delivered in the shape of prefabricated elements, blacks, 
panels and bricks, and are fired during the start-up period of a furnace.

Both types of unfired refractory materials have proved successful, and 
their part in the total production of fired shaped materials reached 30$ 
within a short time.

Production of the unshaped masses will continue to increase, because it 
results in a shorter time for furnace building and longer furnace life, and 
energy is preserved at the same time. Specific energy consumption represents 
3,100-5,700 kJ/1 kg of the mass.
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Building bricks and, tiles

The manufacture of buil^'g bricks has been significantly- 
influenced by developments in the building industry. The use of pre­
cast units, concrete, glass, metal panels etc. has considerably decreased 
demand for building bricks. Nevertheless, bricks of all kinds and roof 
tiles remain the basic elements of residential buildings and will be the 
most applied construction elements in developing countries.

These products have a water absorption of 1Q/J-20S and cold crushing strength 
of 10-15 MPa. The basic body composition is based on clays with 6Q%-30%
SiOg and 5J-20% AlgO^. Erick clays contain 5%~Q% of final dispersed iron- 
trioxide, which causes the red colour of building bricks after firing.
Drying shrinkage depends on the used grog-sand, clinker, light ash, coal 
etc. Raw bricks are extruded with l6£-l8!S moisture content. The dry 
pressing technology requires the mass with Q%-12% moisture content.

The building bricks drying is done in channel and chamber driers using 
hot blast from steam heaters, other kilns and heat exchangers. Specific 
drying heat is 630-3U0 kj/kg, air temperature 150°C and drying cycle Uo 
hours.

3uilding bricks firing developed from charcoal clamps over round kilns to 
tunnel kilns. The firing temperature is 900°-l,100°C. In some places solid 
fuel is 3till used, 70%-80% of which is blended with the mass, and the rest 
i3 fed by charging hopper to the heating zone.

The firing process energy conservation possibilities are implemented by 
grog additions into clay (it increases the coefficient of internal diffusion), 
or by coagulant Ca/CH/^, which favourably influences the mass moisture 
transmissivity. More significant conservation can be achieved by applying 
the new concepts of heat transfer - heat convection in tunnel kilns - or by 
coupling driers and using waste heat for drying. Present values of specific 
firing heat are 1,700-3,000 kJ/kg of fired brick.
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Sanitary, utility and artistic ceramics

It involves production of wash basiro, toilet basins, bowls, tuhes, 
utility crockery and pottery and artistic ceramics. These products are 
manufactured from earthenware, semivitrified and vitreous china bodies. 
Typical body composition of sanitary ware is shown in table 9.

Table 9- Hody compositions of sanitary ware

Component Farthenware 
double fired

Vitreous china 
single fired

Clay k- 20? 20?
Clay 3 ^ 15? 15?
Paw Kaolin 20? 15?
Feldspar - 25?
Silica - 19?
Fired rejects - 6?
Fired grog 1*5? -

Firing temperature 1 100°C -
Glaze firing temperature 1 280°C -
Single firing temperature °C — I 280°C

aj Clay A and clay B are not specific clays, but merely typical 
examples.

During processing and slip casting, liauifiers such as water glass 
(0.1* of total) and soda (0.2* of total) are added. Drying takes place 
in the open air first to 17?-2Q? moisture, and later it continues for 36-^3 
hours in channel driers to the moisture of 1,1-2*.

The firing process is carried out after glazing in tunnel kilns at 1,200"' 
for earthenware body and at 1,280°C for the sintered body. Produces of larger 
dimensions are fired more 3lowly.

Volume of this type of ceramics is considerably lower in comparison with 
others and, therefore, it is produced in smaller ceramic plants. This fact 
influences the specific energy consumption unfavourably; it may exceed that 
of stoneware or porcelain firing.
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Owing to simple machinery and ensuing low investment cost, vitreous-china 
type is suitable for developing countries in spite of its complicated 
cechnology.

Porcelain

The porcelain products with pure white, vitreous, compact translucent 
body include all types of utility ware and technical porcelain. With the 
exception of frit porcelain (Florentine and Sevres) these products are 
represented by feldspar porcelain. Kaolin, feldspar and silica are used 
as the basic raw materials in different proportions. The firing temperature 
depends on the type and content of feldspar. According to this temperature 
we recognize soft and hard grades of porcelain.

Soft porcelain

The original soft porcelain contained about 30$ of feldspar and it was 
fired at 1,250°-1,300°C. Hew Sevres type raised feldspar content to 35$ 
and with glazed body was fired at 1,280°-1,3C0°C. Meissen china type was 
very similar with firing temperature of 1,230°-1,280°C. Production of soft 
porcelain was established after the introduction of low vitrifying clays ana 
kaolins with large interval of deformation. The composition:

Kaolin 25$
Clay 15$
Feldspar 23$
Quartz sand 32$

The firing temperature is 1,320°-1,38C°C.

Hard porcelain

Hard porcelain is produced in a range of significant plants. It shows 
its firing temperature of 1,380°-1,160°C and the prevailing materials in the 
body composition:

Washed kaolin 55$
Feldspar 22$
Quartz sand 32$

Hard porcelain is tore temperature resistant against scratching and breaking, 
and it has lower contents of glass phase in the body after firing.
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Electrical porcelain

Chemical composition of electrical porcelain for low voltage products 
approaches that of the soft porcelain:

Washed kaolin 30?
Clay 10?
Feldspar 35?
Quartz sand 25?

The firing temperature fluctuates about 1,30Q°C.

Utility porcelain is produced by using drying, bisque firing and 
glaze firing processes. Drying of porcelain to l?-2? of moisture is carried 
out in driers for hours, depending on the type and size of product.

Thin green porcelain utility ware is difficult to be glazed and, 
therefore, it is to pass preceeaing bisque firing at 900°-l,000°C. After 
cooling the ware is glazed and fired. From the technological point of view, 
reduction atmosphere is necessary, especially at 90C -1,200 C when Fe^O^ 
reduced to FeO, whereby the yellowing tint is removed. New developments are 
possible in the production of porcelain products in one-fire technology, 
i.e., without bisque firing.

Efforts to conserve energy during porcelain production are limited in 
comparison with other ceramic production. The limitation is given by the 
quality, demands, tradition, stabilized technology and used raw materials. 
However, there exist possibilities to change body composition aiming at 
decreasing bisque firing temperature or excluding this phase. Usual partial 
replacing of a clay by another one with higher content of alkali oxides does 
not offer a significant energy conservation. There is a more effective way 
to replace feldspar by nepheline-syenite with higher content of Al^O^ and 
more active fluxes. It decreases glaze firing temperature by about 60°C, 
firing is more intensive and 1215-15? of energy saving may be reached.

Soft porcelain production is more advantageous from the point of energy 
consumption. It saves 8? of energy consumption. More extensive energy 
conservation, amounting to 35?-:‘5? of the total, is attainable in firing 
hard porcelain in the one-fire process. 3ut the main sources of energy conserva­
tion are in efficiently working driers and kilns.



II. THERMAL PROCESS AND ENERGY

The m»riTimm energy consumption in ceramics processing is at drying 
and firing. The drying process depends on the basic body structure, 
the firing process on the phase transformations during heating of 
individual components.

More details of both the processes are described in the following 
parts.
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Drying -process

The manufacturing process consists of:

Mixing raw materials with water of plasticity to the suitable 
workability, (water of plasticity content is 75-30?)
Shaping by casting, extruding or pressing
Drying and hardening by a hot medium (air, waste gases)

The water of plasticity is continually removed out of r.he body 
surface during the drying process (outer diffusion). Different shrinkage 
on the surface and inside occurs during drying; tensile and pressure 
stresses arise which tend to crack and warp the shaped piece, making it 
useless. The shrinkage can be reduced by temperature control according 
to evaporation rate.

Theoretical specific heat evaporation is 2,630 kJ/kg of water including 
its heat-up. In respecting the limiting conditions, i.e., a certain time 
necessary for the given temperature gradient between the medium and the body, 
a higher amount of heat in kJ/kg will be needed for drying. The higher 
the inclination of a body to cracking, the more carefully and longer the 
body will have to be dried, which again will be reflected in higher energy 
consumption.

Energy consumption of 1*,2C0-12,6C0 kJ is necessary to remove 1 kg of 
water from the product. More detailed energy consumptions are shown in table 
1C for 3ome basic types of products. It includes also the heat requirements 
for 1 kg of dry mas3.

Drying heat amounts *o only 105-20? of the heat needed for firing, 
but in 3pite of it, there are different possibilities to conserve energy in 
this field.

L
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Same principal tendencies for energy conservation in the drying process 
in the ceramic technology are:

Using mi' m'mftl amounts of technological water of plasticity
Gradual substitution of dry pressing for plastic shaping
Maximum utilization of waste heat from adjacent kilns
Process control according to the critical evaporation rate
Driers innovation using hot air and air blast control of ventilators 
or jets
Coupling of driers and kilns and using waste heat for drying

Table 10. Specific drying heat consumptions in different
ceramic technologies

Product

Energy consumption

kJ per kilogram 
of water

kJ per kilogram 
of dry mass

Facing tiles 7 500-10 000 500-750
Floor tiles 3 1*00-12 600 550-920
Fire-clays ¿* oQ0-o 300 U60-670
Stoneware 1* 200-6 700 8U0-1 3^0
Building bricks 1* 000-5 2h0 630-3U0

Firing process

Complicated physico-chemical processes occur during firing in a ceramic 
body vhici change its physical, chemical and mechanical properties. These 
changes influence one another in a broad temperature range. Depending on 
the heating and cooling rates, stresses arise in a body which are very 
difficult to be analyzed by means of the theory of elasticity and strength.

Detailed analysis of those effects in a ceramic body is rather 
complicated and involves a range of - till now - 'unknown factors.

Ceramic body production and glazing is of a good quality only within 
limited heating and cooling rates. These are given by limiting firing curves. 
Their knowledge is the first prerequisite for proper selection of firing 
technology and kiln type. The limiting firing curves cannot be derived
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theoretically but only empirically in laboratories. Therefore, it is 
necessary to define the limiting curves and, according to this curve, to 
determine firing process conditions and to design the corresponding type of 
kiln.

Long-termed firing does not improve the quality of ceramic body; it 
only compensates the previous imperfections of a firing unit and heat 
transfer.

The heat needed for the proper course of endothermic reactions in a 
ceramic mass is not high and makes 700-930 kJ/kg related to plastic 
ingredients. The main part of this reaction takes place in the ingredients. 
Heat consumption for a ceramic body heating-up to l,000°-l,k00°C, in order 
to reach required properties of a ceramic body, represents 1 ,000-1,^00 kJ/kg. 
The rest of energy are losses during the thermal process.

Energy consumption for individual industrial firings of ceramic body 
are substantially higher and are given in table 1 1 .

Table 11. Specific firing heat consumptions in different
ceramic technologies

Product Firing
temperature

(Cc)
kJ/kg of product

Wall tiles

3isque 1 QUg-1 070 3 150-6 3CC
Glaze (tunnel kiln) 1 cuo-i o6c IPs1OoCT\

OJ 200

Glaze (tunnel el. resist.
kiln) 1 ouo-i 060 1 250-1 700
Single firing 1 ouo-i 060 3 500-d 20C

Floor tiles

Semigres bisque 1 100 3 350—5 000

Glaze oir\
o

2 5CC-3 3CG
3i3que 1 100-1 200 oCO-5 UJ o o

Seaigres single-fired 1 100 3 350— 5 000

Single-fired 1 100 3 3CC-1 oCC
Mosaic 3ingle-fired 1 130 7 100-3 000
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Building bricks

Bricks 960 TOC-2 900

Fireclay products 

Standard bricks 1 350-1 U50 2 700-5 000

Stoneware
Sarthernware pipes 
Floor tiles

1 28O 
1 090

2 5CO-3 300
3 300-5 000

Electrical porcelain
Insulators (-nnnel kiln) 1 300-1 UOO 
Insulators (chamber kiln) 1 3C0-1 UOO

10 500-17 000

21 OCO-33 500
11 700-12 600Sanitary ceramics 1 250

Several rules regarding the energy conservation in firing process are 
as foiiovs:

The knowledge of the limiting heating and cooling rates of the body 
and their application in selecting the kiln. typ«
Maximum utilization of waste heat from kilns
Intensive heat transfer by waste gases convection
Using more efficient fuels
Automation of heat processes in kilns
Single-fired glazes

A number of ceramic plants were established originally on solii fuel 
consumption or generator gas bases. Progressive development of heating 
’units, intensificatio. of heat transfer and automation brought about the 
transition to pure gases with higher fuel efficiency (earthen and natural 
gases), to liquid fuel3 (fuel oils and petrol) and to the electric resistance 
heating as well.

With the present energy situation, it is necessary to select fuels 
according to national economic interests and available local energy sources. 
The selection process has to evaluate primary power sources, as is shown 
in the following example:

Fuel type and total energy consumption



\

33 -
Coal energy

3.58 kJ from brown coal 
1 .6l kJ from brown coal

Primary efficiency of coke-oven gas is 2.2 times higher -chan that of 
electric energy.

World snecific energy consumptions in the ceramic industry are shown 
in tahle 12. Total energy consumption consists of all parts, including 
the whole technological process, auxiliary plant and overhead consumption.

Table 12. World specific energy consumptions in the ceramic 
production related to general consumption 

and general output 
(kJ/kg of product)

Kiln energy

1 kJ from electric energy 
1 kJ from coke-oven gas

Product Fuel Slectric power Total

Double-fired facing ~iles

Older plants 1 U TOO 1 550 lo 250

Average 12 600 1 300 lh UOO
New plants 10 500 2 100 12 600

Single-fired floor tiles

Older plant3 9 000 2 2CC 10 200

Average T 500 1 900 9 ^00
New plants 7 COO 1 70C 3 700

Fire-clays

Older plants 5 000 250 5 250

Average U 200 250 550
New plants 3 350 3 310

Sewage pipes

Older plants 3 600 50^ 9 100
Average 6 hGO "20 7 330
New plants h 200 960 5 160
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IU. MEASUREMENTS ON THE HEATING UNITS

The world energy situation requires a solution to the present 
conditions of heating units and their energy consumption. The complex 
operational analysis of a unit can be a serious basis for such a 
solution. This analysis has to evaluate technical-service conditions 
and special energy efficiency measurement to compare possibilities of 
repairing, adaptation, complete overhaul, modernization, innovation or 
nev plant building. The minimizing of the energy consumption is the 
resulting target which is considered, not only from the present energy- 
economical conditions but also with regard to future development in this 
field. Measurement on the heating units, evaluation of results and 
formulation of relevant conclusions is the most important basis for all 
studies in the field of energy conservation. Diagnostic measurements 
require the use of a set of measuring apparatus and a team of specialists 
in measurement and heat techniques. A mobile diagnostic unit which is 
equipped with required apparatus, including a data processing centre, re­
presents the optimal solution for this demand. The unit can be located 
near the examined equipment, and sensors on the equipment can be connected 
directly to the apparatus in the mobile unit. Quiet transfer and checking 
of measured values is thus allowed, and the possibility of damage to the 
apparatus is reduced.

A mobile diagnostic unit for the non-metallic industries, which is the
property of the Research Institute for Ceramics, Refractories and Raw

1 /Materials in Czechoslovakia, can be used for such activities.—  TLe unit was 
in operation in Czechoslovakia during recent years in the field of . 
consultancy and diagnostic services for the Czechoslovak industry with a 
major activity in heat transfer. It was applied for consultancy services 
and for preparing serious recommendations on improvement of existing technolog 
that resulted in considerable energy conservation and influenced decisions 
in the field of investment policy.

3oth the basic spheres of measurement - thermal power and technological 
process measurements - needed a detailed analysis.

1/ See annex.
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result is distribution of individual losses in relation to the total heat 
loss. From these values the final recommendations are derived for heat 
balance improvement. For example, excessive flue loss shows the possibility 
of utilizing tha heat of waste gases for air preheating, for direct drying, 
etc. The excessive loss to ambient can be reduced by using better 
insultation materials in sufficient layers on inner or outer surface of the 
unit.

The accumulation loss in the kiln car can he lowered by using light­
weight lining design with, new types of insulants.

In summary, heat balance measurement consists of:

Classification of the heating unit 
Information on the burning process and burners 
Heat losses classification and evaluation 
Conclusions and final recommendations for improvement

The energy conservation and partial use of thermal energy for other 
purposes is the main result of the above-aeantioned steps.

However, the heat balance measurement cannot show the more detailed 
conditions of heat transfer to material, temperature distribution in 
individual sections of a kiln, waste gases flow etc.

Heat measurement of a technologic process

Detailed analysis of heat transfer from the kiln atmosphere into processed 
material, temperature variations related to time, temperature uniformity in 
the kiln car batch and waste gases flow in kiln space can he verified by 
measurements showing the following indications:

Time progress of temperature
Heating uniformity in individual sections
Suitability of the batch configuration for heat transfer
Waste gases flow in the kiln atmosphere
Cooling air flow in the cooling section
Cniformity of products quality in individual sections



- 37 -

Time progress of temperature distribution is recorded by so-called 
"check cars" where thermocouples are placed into standard batch, and 
connected with cabling in the bottom part of the kiln car with a time- 
temperature recorder.

The waste gases flow in the kiln, or air flow in the cooling section 
is measured by using anemometers and Prandtl's tubes in kiln sections 
and exhaust hoods.

The complex diagnosis of the technologic process demands the limiting 
temperature curves determination. These curves define the limiting values 
for intensive heating and operation cycle shortening. These curves are 
derived from stage heating in laboratory conditions in accordance with chemical 
analysis, DTA and other material properties rated for different temperatures.

The conclusions, which are derived from this measuring, given the 
complex view of the heat transfer perfection level and possible regulations 
for its optimization.

From the comparison of real and limiting temperature curves, these 
indications are derived:

Optimal adjustment of individual burner outputs 
Shortening of the heating cycle
Improvement of the batch uniformity from the standpoint of heat 
transfer and heating uniformity
Cooling section process optimization

The determination of pressure and waste gases flow conditions in the 
kiln significantly contributes to the heat transfer improvement and its 
optimization.

This measurement can be advantageously realized with the aid of a mobile 
measuring unit, toe, and both types of measurement (technologic process and 
heat balance) can be connected.

Both types of measurements are necessary to be carried out for the 
complex heat unit analysis. All data necessary for selection of the most 
suitable kiln adaptations and achievement of relatively maximum energy 
conservation are thus obtained. The contributions for energy conservation 
are of non-investment character above all, and their implementation can be 
made step by 3tep with minimum disturbance of manufacture.
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The accomplishment of both, measurements on heating units is 
technically difficult, but its price is negligible in comparison with, 
the benefit achieved in energy conservation.
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IV. HEAT LOSSES ANALYSIS AND POSSIBILITIES 
OF THEIR DECREASING

The basic possibilities of energy conservation in driers and kilns 
vere mentioned in the previous chapter. The detailed description is 
necessary, as each modernization has to be in agreement with the trends 
in the field of thermal power equipment. In accordance with the results 
of diagnostic measurement we can, without any adaptation, improve the 
heating process and energy conservation by:

The accurate adjustment of the firing ratio 
Improved setting of the burners output 
Waste gases flow control by the kiln exhaust 
More suitable composition of the car batch

Firing system

Drying equipment and firing equipment each have a different type 
of heating process. The dominant heat courses of the driers which are 
not connected to the secondary power sources are as follows:

Recuperators with steam heaters
Firing chambers placed out of the driers
Recuperators with electric resistance heating elements

The low pressure steam or hot water heaters were frequently used for 
former driers. Their successive replacement results from the necessity to 
increase efficiency of driers and recuperators. The heat transfer from 
boiler to heaters does not satisfy present conditions.

First of all, a hot blast air is suitable for drying from the energy 
point of view. A mixture of open and drying air is heated in exchanger 
chamber to operating temperature and distributed by pipes to the drier.
The whole unit consists of the system driers-exchangers, and it is 
possible to change the total output of the drier by fans and Jets.
Driers with electric resistance heating elements have similar advantages, 
but they have high energy consumption related to primary energy sources. 
This adaptation is possible 'without high investment cosf3.
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The using of secondary sources of energy, e.g., from the surrounding 
kilns, improves energy conservation substantially. The heating air 
recovered from the cooling zone of the kiln and used in the driers can 
decrease the original output of drier firing chamber by 15J-2Q*.

If the basic possibilities of the energy consumption improvement in 
driers are summed up, we find out that the optimal way consists of using 
heaters (recuperators) attached to the secondary energy sources, high 
velocity controlled circulation and automatic control of the "hole unit.

In the firing kilns mostly of tunnel type, attention is given to the 
type of fuel and burner. The use of liquid fuels (oils) is suitable in 
cases when they can be easily obtained and are economical. But it is 
necessary to check fuel quality with respect to the quality of product 
(sulphur content etc.).

The industrial gases used in ceramic production are based on two types 
- low heating value (generator gas) and high heating value (town, coke-oven 
and natural gases). A great number of kilns in cerrunic production operate 
with generator gas from their own generators. It is due to the traditions 
and local energy conditions. Using of generator gas is out of date now, and 
it is replaced by gases of higher heating value. Using generator gas has 
the following disadvantages:

Low efficiency of the generators 
large dimensions of supply and distribution pipes 
Tar sedimentation in flow control elements 
Automatic regulation is excluded
Soft, radiating flame without required kinetic energy 
Limited possibilities of heat transfer intensification

The use of pure gases with higher fuel efficiency affords essentially 
different chances. It makes it possible to use partially or fully automated 
control of burners, temperature control and air-gas ratio adjustment during 
the heating process.

More important is the choice of burners according to the characteristic 
3hape of flame and with regard to the waste gases outlet velocity. It makes 
it possible to intensify heat transfer and to replace simple heat radiation 
by the combination of radiation and convection. Development of burners 
proceeded from turbulent systems of different designs to injector torch,
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pulse, high-speed, and iso-jet burners. The last three types are the most 
important in ceramic heating units They are similar in high outlet 
velocity of combustion gases and in ejection effect on comhustion gases 
in burner surroundings.

By combining this effect with a suitable spacing of burners, 
determination of their outputs and adjusted setting of ware on kiln cars, 
so that the waste gases may flow through all gaps, an optimum heat transfer 
in the kiln is found.

It is useful to control an air-gas ratio at the burners in the kilns 
with continuous operation. On the other hand the kilns with intermittent 
operation (chamber, car-chamber and bell kilns) need fully automatic control 
of unit efficiency, including the control of individual burners for 
temperature homogeneity.

For efficient operation of heating systems for firing kilps, the 
following recommendations are given:

Introduction of pure gases with higher heating value instead of 
generator gas
Application of turbulent burners in muffle kilns or reconstruction 
of muffle kilns to open fire kilns
Use of pulse or high-speed burners in open fire kilns
Installation of full or partial automatic control
Application of high-speed burners on kilns with intermittent 
operation

Heat transfer through lining

Heat losses by heat penetration through the Ixning are fully 
influenced by the heat insulating properties of the lining and its 
thickness. At older kilns no attention was given to these losses, and 
emphasis was laid on the kiln stability and lifetime. Therefore 
predominantly dense, relatively conductive materials and insulating materials 
of lower quality were used. The opinion on the fire-clay and bricks lining 
has been changed, owing to the heat process intensification, tearnerature 
increase and the necessity to decrease heat losses through the lining. 
Therefore, medium temperature insulations have been applied to the lining, 
and development has been concentrated on the new light-weight insulations 
for higher temperatures. In accordance with the stage of development, some 
tyuioal materials, such as diatomite bricks, foamed fire-clay bricks and

i
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masonry were used. None of these lining materials were sufficient for 
increasing demands. Their relatively high, conductivity hindered the 
reduction of wall thickness and lining weight.

Increasing trends to reduce the energy consumption resulted in new 
types of linings. Insulating refractory materials for 1, 500°C with, specific 
weight of 1 kg/dm^, for 1,300°C with specific weight of 0.5-Q.3 kg/drn^ or 
light insulations for 900°C, with specific weight of about 0.3 kg/am^ and 
fibre-based insulations for T50°C, were developed.

The following dependence of temperature-lining thickness shows the 
difference between classic and up-to-date linings for the same firing 
temperature of 1,100°C and the same heat losses.

The insulating capacity of fibre lining with 17o  cm thickness is 
equal to 62.5 cm of classic lining- The original weight of 1,100 kg/m^ 
was reduced to.17.5 kg/mJ (see figure II).

The last development in the field of fibre, ceramics has led to 
materials on Al^-SiO,, 3asis, which are used to 1,260°C, anti A l ^  
based materials up to 1,600°C.

New possibilities were.thus prepared for lining structure.• The former 
red and diatomite masonry linings were replaced by multilayer and sandwich 
structure with minimum weight and thickness. The new type of linings 
reduces the loss by heat penetration through the walls to surroundings.

Relatively high losses of energy which are caused by the passage 
of heat through the large surfaces (walls and crown) of a ceramic kiln require 
the use of the new refractory insulations.

A broad selection of bricks and fibre materials is available for these 
external insulations. To determine their thickness, special calculations 
which take temperature gradient and mechanical stability into account are 
carried out. These calculations are essential, because additional external 
insulation may result in too much heat being confined to the interior of the 
kiln, thus causing the failure of the original lining. Therefore the performanc 
of the additional outer lining under graduated conditions of increased 
temperatures must be carefully calculated. If the amount of heat which is 
saved can be measured, then the additional amount of heat inside the kiln 
can be determined, and possible negative effects to the interior lining can 
be guarded against.
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Acclimation losses

The heat losses by accumulation are significant for kilns with 
intermittent operation. Shorter heat cycles have higher heat losses.
The lining accumulates a lot of heat during the heating period, and it 
is wasted during cooling. The total accumulated heat value depends on the 
wall mass, especially inner layers.

The chamber car-chamber kilns with dense lining react slowly on 
temperature changes; heating and cooling take place gradually. The kilns 
with dense lining are built for difficult firings only with regard to the 
heat losses in the lining.

Modern refractory insulations enable minimizing heat losses at kilns 
with intermittent operation and make this type of kiln advantageous.

Ceramic fibres and insulations of high quality allow a reduction of 
the energy consumption to 605-o5* and a shortening of the operation cycles. 
The kiln operation is more flexible.

At first sight it seems that older kiln types with dense linings cannot 
be adapted to reduce heat losses by accumulation. However, it is possible to 
improve the kilns with intermittent operation by additional insulating layer 
on the internal lining surface in the same way as in the case of continuous 
kilns, and also with additional external insulation. For these,nurnoses the 
ceramic fibres are used with thickness of 30-60 mm attached to lining by 
anchors or cement. This layer creates considerable temperature gradient, 
and original dense lining has lower temperatures. This adaptation results 
in 20%-̂ Q% energy conservation. A similar problem is a kiln car lining.
For its improvement it is necessary to replace older types of linings by new 
ones with maximum use of light-weight materials.

Chimney draught

Heat loss by chimney draught is the incidental, phenomenon of the firing 
process which cannot be removed, but only lowered to such conditions which 
would still guarantee the necessary chimney draught.

Chimney-draught loss is given by the kiln and exhaust design, and it 
can be reduced by incorporating economizers for air or water preheating. 
Careful burners adjustment, stabilization of waste gases circulation and 
reliable adjustment of dampers rank among the basic regulations tending to 
minimize this loss, excessive heat of waste gases can be used in recuperators 
for air preheating.
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A built-in. tubular economizer can be used for heating of technologic 
or sanitary water. It is suitable at kilns with waste gases temperature 
of about l00°C.

Other losses

The other heat losses are of smaller significance and hardly measurable. 
There are included heat losses by flowing and emission through holes, entry 
and exit doors, leakage in the space under cars, leakage in the lining, 
peep hole etc. These losses can be suppressed by increasing the care of 
the equipment, e.g., using covers, improving channel packing, roller 
shutters etc.

Technologic losses are also included. ‘These are connected with phase 
endothermic reactions of ceramic body during firing. The heat amount 
necessary for these reactions can be determined by laboratory tests of a 
ceramic body.

Kiln type and structure

Differences in energy consumption exist among new and old kilns during 
the same technologic process, as well as amcag conformable kilns of different 
producers. In spite of the latter being not so important, they depend on the 
type of structure, equipment and technologic parameters of the kiln and on the 
producer's responsibility. Results of the heat power measurements serve for 
comparing similar kilns and kiln structure optimization.
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V. TRENDS IN FURTHER DEVELOPMENT OF THE DRIERS 
AND KILNS IN INDUSTRIAL CERAMICS

The world energy situation has influenced the vievs on heating unit 
development, not only for ceramics out also for other industrial branches.

This was natural, since a n  the kilns and driers were built primarily 
for single technologic process, and for long service life at the stage of 
industry development when the energy consumption did not influence the world 
energy sources, and trhen energy consumption was not crucial to the whole 
financial balance. The heat losses were of a smaller importance, and the 
regular method of manufacture was crucial. Similar views of the kiln 
functions prevailed in countries with relatively cheap energy sources not 
long ago.

Sudden complications with energy supply caused change in the concept 
of kilns and driers design which was characterized by the two following 
principles:

Maximum automation of heat process
Minimizing the heat losses regardless of production costs

This "technical philosophy" is correct and in compliance with the 
prognosis according to which the prices of energy will rise and the cost 
of investment depreciation will rise at a lower rate. Correctness of this 
prognosis may be confirmed by the following consideration: In case the
world energy crisis reaches a point that it will be necessary to reduce 
industrial activity, the ceramic industry will most assuredly be affected.
Then the units with minimum energy consumption will go on producing.

Heating 'units equipped by automated heat process control are fully 
suitable for an energy-saving technologic process. Besides, the detailed 
knowledge of used raw materials and blended bodies, including their 
changes during heating and cooling, is necessary. Thi3 results in requirements 
for development of blended bodies using new raw materials which make it 
possible to decrease the firing temperatures and cycles without decreasing 
the quality.

To this purpose, measuring, calculating and verifying techniques of 
phase transformations, limiting temperature gradients and limiting heating and 
cooling curves have to be developed.
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In the future, the ceramic heating units will use largely pure 
industrial gases of higher calorific value. Electric ceramic kilns 
will be used only for special applications and for kilns firing flat ware 
in one layer only, where the radiation of heating elements will be 
effectively used.

The heating units will be incorporated in the production lines in 
such a way as to utilize waste heat effectively. The energy conservation 
in such a line will be designed as a complex system aimed at a rational 
energy consumption.
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VI. CONCLUSION

The ceramic industry is one of the leading consumers of thermal 
energy. Its consumption consists of 86? productional consumption (22? - 
drying, 6k% - firing) and lU? overhead. ^This fact demonstrates existent 
dependence of the ceramic industry on en^gy sources as veil as on the constantly 
changing trends of the world energy supply. From this comes the necessity 
to utilize *1i changes which may positively influence the energy consumption 
and improve the chances of the ceramic industry in the future.

With respect to the most important part of these problems, the 
organization of activities has to be directed from control centres, 
and it is necessary to establish the head committee assembled from specialists 
in the field of individual branches of heat power technics. The role of this 
committee should cover three areas:

Establishment of consistent inspection of energy consumption, 
including all individual pieces of equipment
Determination of principles tending to energy conservation
Preparation of trends in the field of power engineering for the 
next 10-20 years on the basis of a complex analysis

The complex analysis of the heat system in the ceramic industry makes 
it possible to determine the following arrangements:

Non-investment arrangements - improvements of heating units made 
on the basis of measurements
Investment arrangements - decisions for new heating equipment construction 
have to be based on a complex analysis; new equipment has to satisfy 
the future trends
Research and development - to verify new technologic possibilities in 
the field of raw materials and components, new drying and firing 
processes, fluid drying and firing, new types of kilns for single 
layer firing etc.

Energy diagnostic routine of heating units, which evaluates the existing 
stage and proposes minor arrangements, will have an important influence on the 
tasks of energy conservation. It3 significance is limited by time, but it is 
possible to start immediately on a wider range and in all countries.

Czechoslovakia has taken part in diagnostic measurements and in "Energy Project 
UNIDO" in the field of silicate industry through the UNIDO-CzechoslovaJ.ia
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Joint Programme for International Co-operation in the Field of Ceramics, 
Building Materials and Son-metallic Minerals Based Industi ies placed at

yPlzen. The mobile diagnostic unit, which, is the property of the Research 
Institute for Ceramics, Refractories and Rav Materials, could he used with 
the team of specialists in developing countries for immediate recommendations 
for improvement in the industrial use of energy.

In the above-mentioned considerations about the connection between 
ceramics and power engineering, it was not possible to account for the 
whole range of problems. Concentration was given *0 energy problems as 
the limiting factor of further development in all industrial activities.
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Fart tvu . Glass industry

INTRODUCTION

The history of glass-making is marked, by revolutionary changes with 
impact on labour productivity and energy consumption. In ancient rimes 
glass manufacture vas very laborious and expensive. Such techniques as 
casting glass objects, fusing small pieces and carving vere used.
Glass-bloving vas also knovn in the distant past, hut it vas not until the 
first century A.D. that it vas developed by the Romans as an 
industry capable of considerable outputs. This change required also nev 
batch compositions, higher melting temperatures and larger pots, and even 

1 tank furnaces vere invented. The labour productivity increased and 
the extent of the glass manufacture vas not so large as to exhaust the 
reserves of burnable vood.

An energy crisis broke out in London in the early years of the 
seventeenth century. It vas caused by spreading manufactories, especially 
by glass manufactories, vita the effect that an area of a radius of 80 miles 
around London vas deforested, and James I had to ban the burning of vood in 
glass furnaces. This crisis initiated the transition to coal firing, and 
in a fev years coal-fired furnaces vere developed.

In 1867 the Siemens brothers invented the gas-fired regenerative tank 
furnace. This invention caused a tremendous increase in the volume of glass 
manufacture in comparison vith pot furnaces and a vider introduction of gas 
fuel. Consequently the labour productivity increased and prerequisites 
vere formed for the introduction of machines, especially in the phase of 
glass forming.

The introduction of the continuous furnaces proper reduced the production 
costs by reducing dramatically the cost of labour; hovever, the specific 
output of glass per energy 'unit vas decreasing. It vas not 'until the end of 
the nineteenth century that the introduction of forming machines enabled full 
utilization of continuous furnaces, vhich entailed increasing specific output 
of glass per energy unit. The most important inventions of that period vere 
the cylinder glass machine and semi-automatic cottle machine, folioved 
closely by the sheet glass machine and automatic bottle machine.
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The fev examples of historical, revolutionary changes in glass-making 
shov that while it took, centuries to change the technology of glass 
manufacture, the development in the period 1890-1910 was characterized by 
such crucial innovations as the introduction of continuous melting and 
mechanization, which brought about the mass production of glass. Glass 
became a commodity of mass consumption, and the rapidly expanding glass 
industry participated in the exploitation of world's deposits of fuel3.

The glass industry development in the twentieth century has been 
characterized by electrification of machine drives, diversification of 
produced glass commodities and automatic production control applied in 
the last years. As a fuel-intensive industry it is sensitive to the 
present energy crisis and is seeking measures to solve its energy problems.

The present estimates of the participation of the main glass industries 
in the world's glass production may be summarized as follows:

Containers i sjO
Plate and rolled glass 10%
Sheet glass 5%
Technical glass 1%

100Î

The objective of this paper is to review the possibilities of 
energy conservation in the glass industry with special, regard to developing 
countries. In most cases, container manufacture has been the first glass 
industry established in these countries, and its percentage therein is 
evidently higher than the above average. Therefore the potential energy 
savings are demonstrated predominantly in container manufacture. Most of 
them are applicable to the other glass industries as well.
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The raw materials for glass-making have always been one of the 
determinant factors in glass quality. Their range has increased and changed 
with progressing technology and investigation of the nature of technological 
processes.

The raw materials and additives enter the melting process and play 
different roles in glass creation. The molten glass can be visualized as 
a conglomerate of oxygen ions held loosely together by the tiny silicon 
ions, each of these forming bonds with the four nearest oxygen ions and the 
calcium and sodium ions scattered at random throughout, having lost their 
original share of oxygen ions to the general conglomerate.

Because of this picture, the silicon ion and others like it are often 
called network formers, and the scattered ions are called network modifiers. 
The raw materials introducing these elements into the glass are designed 
accordingly.

An example of a soda lime batch and glass composition is in table 13.

Raw materials

Glass sand

Although sand and sand stores are widely distributed, few sources are 
suitable for high-grade glass with only elementary washing and sieving.
Grains possessing yellow surfaces with iron or titanium oxide must be beneficiated 
by scouring, abrading the surface of each other. The grains with dark iron specks 
may be removed by electro-magnetic separation. The sand and clay are separated 
by élutriation (flotation). The most proper grain size for glass manufacture 
is 0.5 mm.

This raw material contains 97.556—99-Q5Î of silica, small percentages of A190,, 
CaO, MgO, Fe^O^, NagO, KgO, TiOg and CrgO^. The Fe^O^ content should be under
0.025? for clear glasses. Silica as the network .jrmer is the main constituent 
of glass (5O?-80?). Its melting temperature is about l,8lO°C.

Soda ash

This natrium carbonate is the main source of natrium oxide for the glass.
As a network modifier it acts as a fluxing agent and decreases the melting temperature 
of glass, which would be otherwise substantially higher (see silica). The fluxes 
belong to the network modifier group, being all alkali metal oxides.
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Table 13. Example of tne calculation of glass composition
from batch composition

Batch composition Gloss composition

Ctei.de contribution

Rawnotarial Helocive 'ieightOxide, rraction in raw material

Relative weight in oaten

Relative
weight Oxide Proportion 

of total
( ? )

Send 1 3C0 S10. 0.597

Soda ash 

Salt sahe- 

Sorsx

?eldspar

Solonlte

Total

335

30

150

150

520

A l ^  0.003

0.00025?e203

ITâ O

na20

Na20

32°3

Si03

^ ° 3
ÎTa20

?*2°3

CaO

1̂ 0

?e„0,
f -  J

0.530

0.430

0.163

0.365

0.630

0.130

0.130

0.001

0.560

0.400

0.001

1 516

Source : UNIDO, G lass and Glassm aking (iD/’ld ó ) ,  p .u 2 .

S iO , 1 099 72.5

Na2 0 221 14.6

3 2°3
11 0 .7

A !2 °3 30 2.0

CaQ 90 5.9

MgO 64 4.2

Tp 0
2 J 3

0.6 0.04

1 516 loo

Note: The theoretical glass-to-batch ratio 1 5 l6 / l6 3 0  *  0 .9 0 2  takes into account
only the loss of gas and water from the raw materials. In  practice the weight 
fractions determined by chemical analysis (fourth column) are adjusted for each 
furnace to correct for volatilization losses and for losses by dust carried over by 
the flames into the flues. These additional losses usually amount to 5 ?-1 0 ?  in the 
aggregate and the practical glas3-to-’catch ratio (melted-weight factor) may lie 
between 9 . 3 0  and 0 . 3 5 .
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Dense granular soda ash is produced nowadays and delivered to glass 

factories.

Salt cake
The sodium sulphate is another important source-of natrium oxide.

Earlier it was used as flux; now it is added as a refining agent to help 
in the dispersion of residual scum in glass melting.

Caustic soda
Sodium hydroxide is not contained in table 13, but it will be discussed 

in the chapter on batch preparation.

3orax
A small addition of borax evolving 3^0^ is added to soda lime glasses 

to increase both the rate of melting and refining.

Feldspar (C<0Q, Napdl,A1?Q^.6h oQ)
This mineral is used for the introduction of a certain quantity of 

alumina into the melt where this inhibits glass devitrification. The form of 
feldspar is used as being cheaper than pure alumina; its melting point lies 
between 1,100°-1,200°C, and the silicium potassium and natrium oxides are 
applicable in glass composition.

Dolomite (CaQ.MgQ.2C0.. )
This mineral contributes to glass composition with calcium and magnesium 

oxides. Calcium oxide is the most important stabilizing network modifier in 
high tonnage glass production and makes the glass insoluble in water and other 
liquids. Limestone is its most important source. Limestones including 
dolomite are the third largest constituent of glass batches after sand and 
soda ash. The ratio 5:1 between CaC and MgO inherent to dolomite inhibits 
glass devitrification.

Additives

Fining agents
3esides borax, mentioned above, arsenic and antimony oxides are refining 

agents used at present. The effect is no enrich the hubbies in oxygen so 
they they dissolve more readily in the glass.

Colouring ar.d discolouring agents
This theme may be omitted, as it is doubtful to what extent various 

application of these agents could influence energy conservation. Their 
applications require various melting atmospheres. Some of them, however, 
may be added after melting in the forehearth, which enables colourless glass 
to be continually melted and eliminates the production drop during the 
change of batches of different oolours.
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The abo^e raw materials and additives refer to the batch and glass 

composition in table 13. There are, hoverer, further raw materials applied 
in other glasses. It is not the point to describe them all. Important is 
the role of some types of them in further processes.
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XX. HATCH PREPARATION

Some measures for energy conservation are taken already in the phase 
of batch preparation. Two examples, the benefits of which appear in the 
phase of melting, are given belov.

The use of cullet

It is veil known that the use of cullet in the batch composition of 
container glass has a favourable effect on glass melting. In Switzerland 
considerable work has been done on the increasing use of cullet, and it has 
been implemented in container production. They estimate that for every 
1? of cullet increase starting at 10?, the energy saving is 0.25?. The 
main reasons for this fuel economy are: less humidity in the batch, lower
melting temperature, less heat absorbed by CO^ and a lower volume of exhaust 
gases. In addition, there are savings made as a result of lower consumption 
of soda ash. The relative saving is calculated to be 0.29? per 1? of cullet 
increase in relation to the basic fuel consumption of the furnace. A glass 
container manufacturer in the United States of America claims chat by using oO? 
cullet it can save as much as U million of litres of oil each year in the 
manufacture of 200,000 tons of glass containers. Increasing use of cullet 
also reduces the need for pollution control equipment since it reduces particu­
lar emmissions, and it is claimed that at 60? cullet usage level electrostatic 
precipitators would not be required.

3atch agglomeration and preheating

While agglomeration of batch components has been running on an industrial 
scale in Japan since 1965, the agglomeration combined with preheating and 
pr¿reaction has been subjected to research in the last decade and stands 
now on the threshold of practical application.

The agglomeration proper of glass-making materials involves increasing 
the size of a fine mass of particulate matter by agitation, rolling or pressure, 
or by chemical or heat treatment of fines. The final product of agglomeration 
processes is either in the shape of a pellet, a briquette, a granule, bead, 
z’lake, extrudate or clinker. The two most frequently tested and applied 
agglomeration methods have been pelletizing and briquetting. ?re heating 
and crereaction of glass batch refer to the application of temperatures above
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tit*? a rtf*
in order to increase

pellets or briquettes through, which furnace exit gas can be circulated, 
depositing condensated pollutants on the pellets. Hence, the bed of 
pellets acts concurrently as a collector for condensates, dissociated and carry 
over products of furnace emmissions, thus combining in a single stage 
preheating, primary emmission control, and material recovery.

A review of agglomeration methods may be established as follows:

By method - pelletizing (granulation, balling) in discs, drums or 
cones, briquetting in high pressure roll presses, extrusion in auger 
extruders or pellet mills

By process - binderless (water or pressure only), binder additives 
(starch, gums, lignins clays), modified glassmaking additives (lime, 
caustic soda, silicates) with or without size reduction of sand

By post-treatmeno of agglomerates - no pcst-treatment. low raauerature 
drying 95°-260°C, sintering, calcining, prehearing above 
prereaction

By types of driers and calciners - conveyor drier, rotary drier or 
kiln, fluid bed drier, travelling grate, shaft furnace, circular grate, 
vertical oscillating grate

A typical agglomeration system would be an extension of a standard 
batch plant. Instead of mixed and wetted loose batch being conveyed to 
the feed hopper, an intermediate surge hopper receives and stores the mix, 
which is gravemetrically fed by a weight belt to either a palletizer or a 
double roll briquetter. Moist or green pellets or briquettes are fed to a 
drier which hardens the agglomerates and removes all or most of the free 
moisture added during agglomeration. If the process does include a pre­
reaction step, the predried agglomerates are transferred to a caloiner or 
preheater for temperatures above 5^0 C. It has been tested, and a possibility 
is considered to combine drying and preheating in a single stage -unit, such 
as a continuous travelling, straight or circular grate, a vertical shaft 
furnace or a modular vertical kiln. Practical research results for recent 
years in the Federal Republic of Germany, Japan, Sweden and the United 
States show that the advantages of the agglomerated-'oatch process over the 
loose-batch process are:

Reduction of melting time 
Increased melting output 
Reduction of melting temperature by

2^5 zo 265 
325 to 385 

100° to 200°C
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Reduction of time for volatiles 
dissociation 50Î»

Another benefit is that during the pelletising process caustic soda 
can be added for partial replacement of soda ash. in the batch.

Advantages of preheated agglomerated batch consist of further reduction 
of melting time and the other ensuing parameters. Concurrently the problems 
of stringent ennnission control regulation are solved.
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III. GLASS MELTIHG 

Batch and glass transformations

The beech. consisting of raw materials and additives properly prepared 
and mixed is proportioned into the glass melting tank, where it is 
subjected to the melting process. The batch components axe of different 
melting temperatures, the highest one being that of silica (i,3lQ C). The 
glass melting temperature of about 1,500°C is achieved because of the activity 
of fluxing agents. The melting temperature in the tank is not uniform, the 
melt being heated from above and cooled by tank sidewalls and- bottom. This 
entails, if demonstrated on a continuous tank furnace, vertical temperature 
gradients with the highest temperature in the middle cf the melt surface 
causing circulating flows. These flows combine with the main flow of glass 
moving from the charging space of the melting chamber to the working end, with 
the effect that the point cf the highest temperature is shifted nearer to the 
bridgewall and acts as a thermal barrier. Consequently all the glass passes 
through this temperature maximum, which enables a perfect refining and 
homogenization.

The refined glass in the continuous tank furnace flows to the working 
chamber, where it is cooled to a working temperature of about 1 ,100°C to be 
ready for further treatment. This temperature must be high enough above 
the devitrification point of a particular temperature at which glass would 
crystallize.

Glass melting furnaces

Before approaching the possibilities of energy conservation in the phase 
of glass melting, it is essential to say a few words about the glass melting 
furnaces and the furnace operation.

The glass melting furnaces may be subdivided as follows:

Periodical pan furnaces 
Day tank3

Continuous tanx furnaces
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The continuous tank furnaces are capable of high outputs and are 
suitable for mass production of flat, container and technical glass.
They are fired by gaseous or liquid fuels, or heated by electric current 
passing through the melt.

Gas-fired regenerative furnaces

As gas has been the most frequently applied fuel, a gas-fired regenerative 
tank furnace is briefly described. It consists of a superstructure end 
understructure.

Superstructure

Supporting steel grid and tank pertaining to the melting chamber and 
working chamber. The two chambers are separated by a bridgewall 
through the opening of which, a throat, the melted glass passes 
to the working end. At the melting end a narrow extension, called 
doghouse, is attached for batch feeding
Cooling system of tank walls and throat including tubing and fans 
Burners and burner shafts including dampers 
Walls and crown of melting and working chamber

Understructure

3urner shafts (from dampers downwards)
Equipment for heat recovery from waste gases (.air and gas regenerators 
if need be)
Collecting flues of regenerator chambers, flues for air and gas feeding 
including reversal and closing equipment
Exhaust flues from the revers?1 equipment up to the stack footing 
Stack

The melting chamber i3 as a rule of rectangular shape, the width to length 
ratio being between 3 : 5 and 1 :2 .

The bottom of the tank lies on a supporting grid consisting of steel I 
profiles and a grate of flat hoop iron. The layer of refractories is formed 
by aluminous fire-clay blocks 300 am thick and reinforced by plates 100 am thick 
of a high alumina material for higher temperatures.

The walls of the tank are 200-300 am thick. Hammed or cast blocks are 
applied with regard to required temperatures. There i3 a wide choice of 
aluminous fire-clays, mullite, corundum or zirconium corundum materials.
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The wails ana crown of the melting and working chambers are separated 
from the tank walls by a gap of 30-SQ nm. These upper walls are fastened 
to the steel skeleton of the superstructure. They must be heat resistant, 
as they are facing the space of the firing zone over the glass being melted 
in the tank. The most frequently applied materials for them are silica and 
silimanite. These refractories are also applied for the crown. Lately 
mullite is applied.

The burner chambers ana burner stones are constructed of high refractory 
materials, while for shafts a better grade of fire-clay bricks is 
sufficient, as well as for regenerative chambers and checkers.

C-as-fired regenerative furnace operation

The air, preheated in the regenerator to more than 900°C, mixed with 
gas in the mixing chamber is hlown through openings in walls close to the 
glass surface and clear of the crown refractories. The combustion originating 
in the mixing chamber develops fully in this space. Waste gases are exhausted 
through opposite or otherwise placed burners that are not being used for 
firing during that reversal period, and ducted to the other regenerator to 
accumulate here their heat for farther preheating. In this way, two 
regenerators accumulate the heat and preheat tb ■ ¿X alternatively. If poor 
gases are applied {’under 10.17 MJ = 2,500 kcal,.'• . gas is also preheated.
The efficiency of regenerators is about 90%.

The heat distribution in the melting chamber is affected by the positioning 
of burners and exhaust openings. Accordingly, cross firing may be applied 
with more burners, longitudinal and rJ turn firing. The proper system depends 
on the type of furnace and applied fuels.

The temperature setting varies according to glass composition. The 
glass is refined as volatiles are expelled. The refining is accelerated by 
refining agent3, bubblers and boosting. 'The refined glass casses through 
the cooled throat of the bridgewall to the working chamber.

Gas-fired recuperative furnaces

These furnaces are provided with a recuperative system. The hot waste 
gases and the air to be preheated pass through parallel channels in a refractory 
or metal recuperator {heat exchanger). The air is preheated to 700')C, the
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efficiency being about 75*. The life time of a ceramic recuperator is 
relatively short. The metallic ones made of heat resistant steel have 
a longer service time.

Liquid fuel-fired furnaces

These furnaces are in principle arranged like gas-fired furnaces.
Only the air is preheated, fuel oil injection burners are placed in undemort 
or throughport positions.

•Potentials of energy conservation in the 
phase of glass melting process

The energy consumption amounts to 70i of the total in-plant requirements 
in this phase. The bulk of fuels is consumed by continuous regenerative or 
recuperative furnaces. Their development in this century has been characterized, 
from the point of view of energy conservation, by gradual reduction of 
specific heat consumption per kilogram of products entailed by innovations, 
and measures such as construction of larger furnaces of higher daily outputs, 
transition from fuel gases of low calorific value to fuels possessing high 
heating value, application of increased melting temperatures, mechanized uniform 
batch feeding, design of more efficient regenerators, introduction of fuel 
oil and electric boosting, control of melting process by measuring and control 
equipment etc.

Particular cases of potential energy savings are described in further 
paragraphs. An example of a regenerative furnace heat balance demonstrates 
the efficiency and distribution of losses in the phase of glass melting 
(figure III).

Development trends in continuous glass melting before 
the outbreak of the energy crisis

As mentioned above, there were trends to substitute high calorific fuels 
for low calorific ones. Natural gas, town gas, coke-battery gas and propane- 
butane as well as fuel oil were introduced. 'These measures were aimed at 
higher flame temperatures and better heat transfer from the flame into the 
surface of the glass melt, at a higher furnace efficiency. Such measures 
are nowadays hindered by scarcity and high prices of most of these fuels.
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10056 heat innut

Figure III. Example of heat balance in gas-fired regenerative furnace
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Electric boo sting was being introduced in gas— or oil-fix ed furnaces to 
increase their thermal efficiency and specific output. This method has been 
successfully continued till nov.

The application of refractories of higher quality and higher heat 
resistance for heavy duty parts of furnaces is still being attempted. 
Satisfactory materials have not yet been developed to prevent tank, 
sidewalls from excessive erosion. Therefore the parts exposed to erosion 
must be cooled from outside, and considerable heat losses arise. Improved 
technology of batch feeding is implemented by feeding the batch hy means of 
mechanical feeders. The operation is controlled by level indicators of glass 
surface.

Control of furnace operation

The regenerative furnaces are said to have been run reliably in the 
last 50 years without any control equipment. However, measuring equipment 
has been introduced in the last decades and designs of high capacity 
furnaces cannot dispense with automatic control. The operation control 
is expected to make further contributions to coping with the present 
energy crisis.

Construction of high regenerative chambers

The design of sectional vertical chambers, with crowns on the same 
level as the crown of the furnace melting chamber, shortened to a minimum 

' the shafts of burners. The effect lies in lower heat losses through
superstructure and higher furnace efficiency.

Application of magnesite and chrome-magnesite 
shapes for checkers

These materials of higher thermal conductivity and higher specific 
heat accelerated the heat exchange; corrosion and dusting lessened.
Higher thermal efficiency of regenerator chambers and furnaces was achieved.

Measures to retard reverse flow of glass in the tank 
and to Increase temperature in lover spaces 

of the tank

These measures were implemented by lowered throats and crowns, bubblers, 
and electric boosting. A better melt quality and furnace efficiency was 
achieved.

...............................................-  ■ ■  1 — ............................................................  1p



- 65 -

Many cf the tree dung trends show t lis. L much has been dons ior improved 
efficiency of furnaces and consequently for lower specific beat consumption.

Further examples should show the present endeavour to face the problems 
of energy conservation in conditions of the energy crisis.

Insulation of regenerative furnaces

The heat losses through the walls of superstructure and understructure 
of regenerative furnaces still amount to 30S-U0/1 of the furnace heat input.
As long as fuels were cheap the furnace design was focused more on improving 
refractory linings enabling higher corrosion and erosion resistance, higher 
outputs and longer service lives. The originally applied fire-clay blocks 
for internal lining of tank bottoms and tank side walls were replaced by, or 
combined with, nullite, corundum or zirconiumcorundum materials. The 
crowns of tank furnaces made earlier of silica bricks are constructed of 
silimanite or mullite materials, providing a better expansion stability 
and a higher refractoriness. Also the walls and crowns of regenerators 
are provided with aluminous fire-clay bricks now, while basic bricks were 
substituted for fire-clay bricks of the checkers.

The reason that the insulation of furnaces lagged behind the development 
of refractory lining was not only the low price of fuel. Also a higher 
investment cost of insulated furnaces was taken into account, as well as 
an easy access to refractory blocks and bricks for inspection and repairs, 
and the necessity of cooling some critical parts of refractory blocks from 
the back side. Nowadays, the insulation is progressively being applied, 
and a few practical examples are given below.

The crown of the furnace is the most suitable and accessible part and 
can be insulated in many cases by factory masons. The first example is from 
a factory where the crowns of four furnaces were insulated with two courses 
of high temperature insulating brick, ana a cne-inch blanket of mineral fiber 
was laid to reinforce the insulating brick. To project the mineral fiber 
from impurities and from being damaged, a heavy aluminium foil was placed over 
the entire area. The regenerator walls were insulated with ceramic fiber and 
block insulation.

\
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In another case the crown made of silica bricks was laid by two 
layers of insulating heat-resistant bricks and one layer of light insulating 
bricks. Silica mortar was applied. The crown surface temperature was 
reduced from 350° to 100°C. The insulation of the other parts is more 
difficult to be carried out and is usually connected with a reconstruction.

The tests show that the total of losses through superstructure, excluding 
stack losses, amount approximately to kQ% of heat input. The crown, the 
walls and the tank bottom participate in this total loss by about 10% each, 
leaving the remaining 10!? for losses through burners, shafts etc.
Practical results show that additional insulation can reduce particular 
losses by 505J-75!?.

Practical example of setting insulation on the crown of a 
tank furnace and on burner shafts

The insulation of a silica crown is demonstrated in figure IV. It 
consists of two stretcher courses and of bond layers between them and on 
the surface.

In figure V another system of setting insulating shapes is shown 
consisting of one header course and one stretcher course.

In installing the insulation the following rules should be observed:

Only a crown in good condition should be insulated 
The arch should be properly cleaned
For the heat-up up to 700°C a provisional insulation of glass wool 
should be applied
The new insulation should be installed at the temperature not 
exceeding 700°C
A successive removal of the temporary insulation of glass wool, recleaning 
and plastering of the upper surface of the crown (a layer of 3 mm) should 
follow
Dry setting of the first insulation course without the top row
Filling the top row after 2h hours, the plastering of the first course
Setting the second course by the same method but with overset Joints
The upper insulating course should be provided with a plaster 10 am 
thick with admixture of asbestos fibres
Expansion Joints and opening for sensors should not be insulated

Insulation of burner shafts is simple. Vertical part3 should be insulated 
with high weight standard bricks during the first phase of the heat-up. The
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silica
bondinsulatins shapes bond with admiicture 
of fibrous asbestos

Figure V. Insulation of a silica crown consisting of one header
course and one stretcher course
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brickwork, is cleaned and plastered, then the bricks are dry set, either 
as stretcher in 2 courses or as headers in cne course. Insulation is 
fastened by hoop steel; the outer plaster is not necessary.

The measuring of surface temperatures and respective calculations 
indicate that crowns (380 mm silica) at the surface temperature of 
2kO°-290<’)C lose without insulation k,k00-5,30Q W/m^, and burner shafts 
(300 mm silca) at the surface temperature of 2k0°-260°C lose 5,100-5,300 W/m . 
By insulation these losses are reduced by 30i-kO!5, and the incurred costs 
are repaid in a few months.

Before starting the insulation a thorough calculation must be prepared. 
Detailed information must be procured regarding the state and condition of 
the existing refractories and an insulation designed with respect to its 
thermal conductivity and required surface temperature of the crown.
Some important data necessary to this purpose are indicated in figure 71 
and in tables Ik and 15-

Savings through melting process control

A very obvious cost improvement is available from tighter control of 
melting energy. It is logical to suppose that one would rather use a little 
more fuel to bo sure that a satisfactory melt is obtained than to try to save 
a smal1 part of the fuel and risk losing production. If the furnace is 
operated at the minimum temperature needed to melt the required amount of 
glass, the slightest upset in the operation may cause unmelted material to 
pass through the furnace. Therefore, it is common to run a little on the 
hot side.

If controls are installed making upsets less likely, or warning of an 
upset and thus enabling the operator to take preventive measures, then operating 
temperatures can be reduced. It may be estimated that on a furnace using 
upwards of k MJ per kg of glass a 5% saving may be realized.

Automatic temperature control on a regenerative furnace can result in 
further savings. There is a rapid surface temperature loss during each, 
reversal, which can be recovered with a slight fuel increase at the 
beginning of the subsequent cycle. During the rest of the cycle, a much 
lower input will maintain the required temperature. The problem lies in
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Table lb. Enmiricai formulas for the calculation of 
thermal conductivities of 

some refractory and 
building materials

Material
Bulk density

P* £ k g  m“33
Thermal conductivity

Dense fibre-clay 1 800-2 200 0.7 + 0.6b. x 10~3t
Dense silica 1 700-2 000 0.8U + 0.76 x 10"3t
Fire-clay high in A^O^ 3 000 I .69 - 0.23 x 10*3t

-3
Mullite 2 l60-2 9C0 2.29 + 1.7 x 10 Jt
Zircon 1.3 + 0.6U x 10_3t
Magnesite 2 0OO-2 TOO 7.17 - 2.68 x 10_3t
Chrome magnesite 2 900-3 OOC 2.1 to b.l
Silicon carbide 2 100-2 500 9.3 + 1-75 x 10 t
Red brick 1 750-2 100 Q.U7 + 0.51 -< 10"3t
Concrete 2 b.00 0.92
Light-weight fire-clay 310-1 3̂ 0 0.175 to 0.33
Light-weight silica 690-1 000 0;256 to 0ЛЗ
Asbestos board 900-1 200 0.157 + O.lU x 10*3t
Crushed asbestos 300 0.106 + 0.13 x 10~3t

a/ In the formulas, t is the temperature in °C.

where to measure the temperature for such a control. It has been found that the 
best temperature control point for short-term effects, where reversal cycles 
can be sensed, seems to be at the crown, about 30* of the distance towards the 
throat.

For longer-range efforts it is useful to have a bottom thermocouple, 
either in the glass or Just below the top paving course. In relatively deep 
furnaces and at very high rates of pull, a furnace operator will find that this 
is a very critical point. He will learn that there is a minimum bottom 
temperature that must be maintained Just ahead of the throat.

High output furnaces and these 'with good fuel efficiency tend tc have 
the surface almost entirely covered with unmelted material. Superstructure 
surface temperatures tend to become meaningless. In thi3 case the bottom 
temperature is the best guide. The rule is to maintain it, keep the fuel



Table 15. Losses through refractories in various conditions

Refractory material Thickness
(nun) Insulation—^

Internal
furnace

temperature
(°c)

2Losses through 1 n* 
per hour

(kWh) 1 m2 (kcal)

Monofrax M 300 None 1 1*50 15.0 12 900
Cor hart ZAC 300 None 1 1*50 13.0 11 200
Corhart Standard 300 None 1 1*50 10.0 8 600
Corhart Standard (floor) 150 300 min fire-clay 1 1*00 l*.l* 3 800
Corhart ZAC ( floor ) 150 200 mm fire-clay 1 1*00 6.7 5 750
Corhart Standard (floor) 150 l80 mm fire-elay+120 mm B 1 200 1.75 1 500
Fire-clay 300 None 1 1*00 5.3 1* 600
Fire-clay 300 None 1 300 .9 1* 200
Fire-clay 300 None 1 200 1*.3 3 700
Fire-clay 300 None 1 100 l*.l 3 500
Fire-clay 300 120 mm B 1 250 1.6 1 380
Fire-clay 300 60 ins.B + 60 ins.C 1 100 1.0 860
Silica (crown) 300 None 1 1*50 6.0 5 200
Silica (crown) 300 None 1 1*00 5.6 5 000
Silica (crown) 300 60 ins.A + 60 ins. B 1 1*00 2.0 1 720
Silica (crown) 300 60 A + 60 B + 60 C 1 1*00 1.1 9l*0
Silica (crown) 300 120 A + 60 B + 60 C 1 1*00 0.95 830
Silica (crown) 300 60 A + 120 B + 60 C 1 300 0.88 760
Silica (crown) 300 120 B + 120 C 1 200 0.7 585

a/ Insulation material Conductivity A [w m V 1] Applicable up to
A 0.1*0 0.1*0 1 500°C
B 0.26 1 000°C
C 0.12 0.12 800oc



steady and watch, the checker temperatures for any upset which may be caused 
by the fuel, air or pressure control or by a burner probleu. The lag from 
the bottom thermocouples is probably too long to use them for short-term 
temperature control to make up for reversal losses. In general, good 
furnace temperature control can save between 35-10? of the fuel 
consumption.

Glass furnace rapid heat-un

After repairs the furnace should be brought to working temperature as 
soon as possible. The traditional heat-up method used temporary natural 
gas pipe burners placed cn the tuckstones and protruding into the furnace.
The burners produced small. soft, luminous flames, and temperature was 
increased by gas and air addition. At T60°C or higher the port burners 
were lit and combustion maintained. Short furnace reversals were frequently 
employed to elevate the temperature of relatively cold checkers to operating 
temperatures. The heat-up lasted 20-30 days, depending on furnace volume.

The hotvork method utilizes high velocity hot air to effect rapid 
convection heat transfer to the furnace refractories. Special high velocity 
burners are applied with stable flame retention characteristics. A portable 
one-burner heat-up unit comprises burner, air blower, electronic controller 
console, temperature programmer, air and fuel hosing, ultra violet flame 
sensor and safety fuel shut-off valve. The system is capable of heating-up

oa glass melting furnace in a temperature range from approximately 90 C to beyond 
1,370°C.

'The heat-up programme for the furnace is established in advance, and the 
temperature curve is automatically followed. The programme includes also the 
setting of refractories expansion regulating elements.

The rapid heat-up method reduces the heat-up time to 3-3 iays and leads 
to economic benefits in which energy savings also participate. Besides, 
damages to refractories such as cracks, breaks and spalls due to thermal shocks 
are eliminated.

Utilization of waste heat

The combustion waste heat proper is the portion of heat contained in 
combustion gases after exiting from the regenerators or recuperators. It can 
still be partly utilized, and the chimney losses amounting up to 3C% of



- 73 -

furnace heat input may oe reduced. Tie percentage of savings achieved 
in this way fluctuates between Sf-15% of the total fuel consumption of a 
furnace. It corresponds to the reduction of 3QÍ-50Í of the value of 
chimney losses. Practical examples are given below.

Vaste heat boiler

Por melting 37.2 t of container glass per day natural gas was applied.
The consumption amounted to 365.1 Ncu.m per hour, and the chimney loss 
according to thermal balance made 30i. Under these conditions the ratio 
of the inlet natural gas and the humid combustion gases exiting from the 
recuperator was 1 Ncu.m/lU.555 Ncu.m. These combustion gases include 
carbon dioxide, water steam, nitrogen and excess combustion air. The 
inlet temperature of combustion gases at the entrance of waste heat boiler 
was 530°C, the outlet temperature of exiting gases made <*0Q°C.

Calculation of the quantity of utilizable heat of combustion gases 
based on their medium specific heats:

365.1 x lU.555 x Q.3kk x 530 = 968,85^ kcal/h
365.1 x lk . 555 x 0.332 x 250 = kkl,Q6k kcal/h

Difference = 527,790 kcal/h

If 3? of losses by radiation and conduction of the waste heat boiler 
are taken into account, the heat quantity for steam generation is obtained:

527,790 x O .92 = k35,567 kcal/h

If the generation of saturated steam of gauge pressure of k atm corresnonding 
to the temperature of 151°C and heat content 656 kcal/kg is taken into 
consideration, while the temperature of the feed water is supposed to be 7Q°C, 
then the required heat for steam generation is 536 kcal/kg. Under these 
conditions the following quantity of steam Í3 produced.

k85,567/586 * 329 kg/h or 19.9 t/2k h

It has been proved that the use of combustion products waste heat for 
3taam production is very advantageous. The steam won in this way may be 
applied for various purposes, e.g., for technological process, steam heating, 
heating feed water, air saturation for gas producers, spraying fuel oil and 
boosting heating oil systems. An interesting application i3 the use of steam
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to generate electricity for boosting. It is a way to heat for later use in 
the melting chamber for glass melting. This method has been applied 
successfully with kilns working without regeneration or recuperation.

Heat economizers

For smaller furnaces and for lower temperatures of combustion gases, 
as well as for periodic furnaces, it is more advantageous to use waste 
heat for heating water which may be applied for social conveniences and 
central heating.

For such cases a heat economizer has been developed recently. It 
utilizes exhaust gases of a minimum temperature of i*.QQ°C and delivers them 
with remaining 200°C to stack. The recovered heat is used for heating water 
from the inlet temperature of 15°-95°C. The equipment is furnished with 
a fan (300-350 revolutions per minute) provided with a specially adjusted 
rotor. It may be used for the heating of buildings.

Renaissance of gas producers

It is well known that gas produced on a coal basis has been abandoned by 
advanced glass industry and replaced by fuels of high heating value. Apart 
from the technological advantages of rich fuels in glass manufacture, it was 
also the fluctuation of the producer gas composition and the ensuing impossibility 
of establishing stabilized heat conditions in furnace operation which contributed 
to this substitution.

Nov, in countries possessing sufficient coal reserves, efforts are 'under 
way to develop an efficient coal gasification technology on a higher 
technical level without the drawbacks of the out-dated gas producers.
3elow is a description of such a gasifier developed in Europe.

The gasification process is a combination of the pyrolysis of coal plus 
the gasification of carbon by reaction with 3team and carbon dioxide. 3oth 
of the above steps require energy input at high temperature, which is supplied 
by partial combustion of fuel with air.

The design represents a two-stage fixed bed gasifier. The upper stage 
is the distillation zone, and the lower the gasification zone. Coal enters 
the top of the vessel and passes into the distillation zone. A portion of 
the gas produced in the gasification zone i3 routed up through the



distillation ¿one and provides the heat for the distilling operation.
When the coal has reached the bottom of the distillation zone, it 
has been reduced to ccke. At the base of the gasifier, ash is removed 
through a water seal» and steam and air axe introduced through a grate 
in the base of the coal bed.

After being preheated through the bed of hot ash, the steam-air 
miy enters the fire zone (a narrow band 100-260 am deep operating at 
over 980°C) where a partial oxidation reaction takes place. This 
step produces carbon monoxide, some carbon dioxide and hydrogen, and 
generates the heat for the balance of the gasification reaction to take 
place above the fire zone.

The gas leaving the distillation zone at above 120°C is known 
as "top gas". The gas leaving the gasification zone at above 650°C 
is called "bottom gas". The sensible heat in the bottom gas entering 
the distillation zone provides the heat for driving the volatiles off 
the coal. This step is accomplished slowly and gently without cracking, 
repolymerizing or otherwise forming undesirable by-products such as 
tar and pitch.

When coal is slowly heated, only water vapour and a- small amount 
of carbon dioxide are driven off until the temperature reaches approxi­
mately d00°C. Above Uoo°C the coal becomes more plastic and the main 
gases evolved are methane, ethane and propane, followed by oils and 
tars. If the temperature were to be raised rapidly, as in a single stage 
gasifier, the oils and tars would crack and polymerize to heavy 
viscous tar. The two-stage operation of the gasifier is designed to 
heat the coal gradually, and thus the oils and tars formed are stifficiently 
fluid to be handled easily.

Above dSc"C the plastic components resolidify and decompose, 
yielding a dry coke and gas rich in hydrogen. Some of the hydrogen 
reacts with carbon at these temperatures to form a small additional amount 
of methane. The top gas containes almost all of the oil and tar and 
the devolatilized methane, as well as ail the residual water entering with 
the coal.

The coke i3 reduced to ash in the fire zone. Ash moves down 
onto the grate and out of the gasifier via the water seal. The bed of 
ash between the fire zone and the grate is used in the gasification
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not been enough practical experience, and some failures have occurred 
in furnace operation. Therefore, it is believed that an extract of 
practical guidelines of an experienced furnace designer is a useful 
contribution to energy conservation.

Furnaces using electric power for melting may be classified as 
follows:

(a) Furnaces with electric boosting are gas- or oil-fired furnaces 
with additional electrodes postioned in the space of the batch serving 
for boosting and maintaining uniform melting

(b) "Hot top" furnaces are -lectric furnaces with gas boosting 
and are useful for extremely difficult melting glasses;

(c) "Cold top" furnaces are all-electric furnaces.

Batch blanket
The thickness of the batch blanket in the cold top furnace is 

important for maintaining heat in the glass to use less kilowatt input, 
and for keeping the volatiles in the glass. Usually a 3-15 cm thick 
blanket is maintained. 3ridging may occur if the blanket gets too thick. 
The underside of the blanket forms a semi-melted crust which extends 
to the sidewalls and will actually trap volatiles in a large bubble.
A too thick blanket puts more cold batch deeper and reduces the molten 
surface temperature, thereby increasing resistance and producing 
excess stones and cords. But the thick blanket insulates better and 
retains more of the radiant heat deeper in the blanket. Frequently 
there is enough heat to soften the batch, but not enough heat to melt 
the materials completely, 30 that a semi-hard crust is formed. The 
crust formed may actually bridge all the way to the sidewalls, allowing 
the molten glass level to decrease and form a pocket of trapped gases.
The level will continue to decrease 'until the crust is broken. Some­
times the forehearth has been drained before this condition has been 
noted.

To eliminate bridging, the batch blanket should not cover the 
complete surface area of the melter. The charger is adjusted so that no 
batch is deposited within 3-15 cm off the sidewall all around. This area 
will remain red and hot, 30 that batch does not form a thick blanket or 
become attached to the sidewalls.
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Current density
Electrode size, placement and current density are extremely important 

factors but are often overlooked or misapplied. Electrodes have been 
made from molybdenum rods and plates, iron and graphite bars, solid tin 
oxide blocks and liquid tin. Molybdenum rods are usually preferred, 
as they are easy to handle, install or push in when required.

Current density is normally considered as the amount of current
vhich flows from, or is applied on. each unit of surface area of an
electrode. It is believed that molybdenum can apply current to glass

2at a imim rate of 3 A/cm . Above thi3, the surface temperature will 
start increasing towards its melting temperature. Glass convection 
currents near the electrode surface will become hotter and move more 
rapidly, causing excess erosion of the softer electrode surface. Excess 
current density will greatly decrease the life of electrodes and often
cause them to needle-point, bend down or break-off, depending upon the

2placement and applied current. Therefore, 3 A/cm is in reality too large
a design factor for a continuous operation. A more reasonable design 

2factor of 1.5 A/cm should be considered. This factor will allow for 
some normal erosion of the electrode during an operation and allow for 
the excessively high current sometimes required during an upset.

Positioning of electrodes - the following alternatives are used:
(a) Parallel electrode rods protruding from the tank sidewalls.

The position allows a straight path for currentl flow. One half of the 
surface of each electrode faces the other one. The applied current is 
dispersed evenly through the entire length. Electrodes in this placement 
will cause very little erosion;

(b) Electrode rods, each protruding from the opposite sidewalls
of the tank. This position is ’unfavourable, as the electrodes face each 
other only with their tips. The current flow is concentrated at the tips, 
which causes themolybdenum rod to be exessively hot, almost to its melting 
point (2,600°C). The excessive erosion by abnormal convection currents 
of the glass causes the electrode to wear down to a needle point. In 
many cases electrode life has been shortened by 50%~30%;

(c) The opposite positions of the electrodes are feasible if
rods are replaced by plates fastened to opposite walls. In this case the 
electric current is dispersed through the whole surface of the plate.



Thi» main problem in these installations has seen the physical connection 
to the plate itself. In case of failure, draining of the furnace is 
necessary before all the glass freezes. In such a case the rod electrode, 
if broken or eroded., has the advantage of being easily pushed more forward 
into the glass. Most rods can be ordered with threaded studs and holes for 
easy addition of extensions;

(d) One electrode rod protruding from a sidewall, the other one 
projecting from the end wall. This placement is fairly common but also 
increases the erosion of both the electrodes;

(e) One electrode protruding from the tank sidewall, the other one 
protruding diagonally from the en<\ wall. This placement is preferable 
to the preceeding one, as more surface area of each electrode is exposed 
to the other one;

(f) 3ottom parallel electrode rods projecting vertically from the 
bottom. This placement gives a very good lifetime, but the electrodes 
are difficult to push in and create more danger of bottom leaks, if the 
electrode breaks and causes excessive heating of the bottom block.

Electrode holder
The main purpose of the electrode holder is to freeze the glass 

around the electrode, so that it will not be pushed out by pressure, 
and to keep the surface temperature below the oxidation temperature of 
the molybdenum. Some holders are flush with the inside wall, seme go to 
a step from tie inside face, and some are flush with the outside wall 
with only the electrode through the refractory. Some holders have water 
flowing directly on the electrode, and other holders are complete water 
jackets which extend through the sidewall or bottom to cool 25G-38C mm of 
the electrodes. A completely water-jacket-encased electrode, for 300-h00.cm 
from the glass interface, with the addition of Argon and Nitrogen to 
the air space, appears to be the best answer for extended life if the 
electrode is not often pushed in.

Refractories
Erosion of the refractory sidewalls of an electric furnace is quite 

different than normally found in a conventionally gas/oil-fired furnace.
In the electric furnace, erosion of the blocks below the metal line is 
quite severe. The blocks tend to dish out in the centre while not greatly 
affecting the Joints. This is caused by the hot glass below the surface 
in the electric tanks a3 against the hot glass on the surface of a 
conventional furnace. The erosion on the metal line is almost non-



- 80 -

existent in the electric furnace. The hot glass deep in the electric 
furnace tends to penetrate into the softer large-grained crystals of the 
refractory blocks. The outside surface of all blocks is essentially 
the same when cast and annealed, but after the hot glass has attacked 
the surface of the large sidewall blocks, the softer core is exposed to 
attack. The Joints, being together, are more resistant to attack, as 
well as the fine-grained more dense section of the block.

To combat the fast erosion of the sidewall blocks, the wall should 
be constructed with only 30 cm wide blocks or a ma-y-irmnn of U0 cm where 
necessary. This type of construction will give a heavier and a denser 
sidewall than possible with 50, 60 or 75 cm wide blocks. A comparison 
of block weight as against theoretical weight indicates that the smai1 
blocks are more dense. Although small blocks for a sidewall are against 
standard practice in the glass industry, the change did contribute 
to a 30% increased length of an operation.

The economics of sidewall insulation must be weighed against fuel 
cost or savings with regard to the length of the campaign. A new furnace 
with 30 cm wide blocks was completely insulated covering al 1 joints.
Six months later there was a very definite and deep cut at each joint 
extending almost 15 cm through the joint. The glass contact face of 
the blocks was just starting to show some erosion or dishing out.
Therefore, all insulation was removed, and 25 mm open steel deck grating 
was placed across the entire sidewalls. Wind cooling lines were also 
placed to direct very light airflow on the centre of each block. At 
the end of the operation the centre of each block was dished out so that 
25 cm remained. The joints were not damaged so deeply.

31ocks for the electric furnaces should be deep cast with the 
scar place downward during construction. Some of the casting voids extend 
13-18 cm down into the block, and if the void is on the top, the erosion 
of the block just below the metal line finally allows glass to get into 
the void and cause pieces of the block to wash into the glass. Since 
most furnaces have paving, the bottom 8 cm of the blocks are protected, 
and a downward placed casting void would extend only 3-10 cm above the 
paving. Since the bottom sidewalls of an electric furnace erode only 
slightly, there is no chance for the glass to get into the void area and/or 
cause stones.
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The furnace crown of "cold top" furnace with superstructure should 
be constructed with a mullite or mullite-type refractory approaching 
60% ^ 2^3 ■̂ns‘teat̂  tke normal silica brick. These bricks cost 3 to 5 
times more, but their use will eliminate spalling, refractory stones and 
the labour of adjusting tie rods.

Norwlly silica bricks are good during the initial heat-up with 
gas burners, but after the glass becomes molten and electric current 
flows, the burners are turned off. With the addition of batch to bring 
the level up, the crown temperature will decrease from about 1,300°C 
to 200°-300°C in U to 10 hours. 'The cold batch will absorb much of the 
furnace radiant heat and rapidly decrease the temperature. The rapid 
decrease of temperature greatly affects the expansion of the silica brick, 
often causing cracking and breaking off of the silica brick hot face.
The rods should also be adjusted for the decrease of expansion.

A similar situation may also occur during the campaign in case of 
a failure. Therefore, for any case, the mullite crown is preferable.

Process control
A combination of autotransformer with an automatic voltage regulator 

or silicon control rectifier will give almost fully automatic control; namely 
the kilowatt setting, current control, tap changes and constant 
monitoring are eliminated or minimized to just an occasional check or 
recording every hour or two. An automatic voltage regulator or SCR will 
increase or decrease the voltage to keep a constant current between a 
pair of electrodes.

Electric melting - conclusion
Electric furnaces utilize 65$-30$ of direct heating energy, as 

against 15$-30$ efficiency of gas or oil-fired furnaces. However, if also 
the low efficiency of power generation is taken into account (30$), the 
total efficiency (power generation plus glass melting) cased on primary 
source makes only 20%-2k%. The specific heat consumption is 0.3 kWh 
(2.38 MJ) per kg of melted glass. Electric furnace construction is less 
expensive, because there is no need for regenerator chambers, checkers, 
flues and reversal equipment, blowers and fans. Besides the expensive
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air pollution control equipment is not necessary.

The electric furnaces seem to be prospective with regard to future 
trends. Electricity is the medium of transfer for nuclear and hydroenergy. 
If coal is to be utilized economically and with respect to air pollution 
control, it will have to be converted in central power plants into 
electric energy as well.
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rv. ANNEALING

During the moulding process glass has been abruptly cooled down
from its working temperature. Within this short peroid it has passed

osafely the point of devitrification - a temperature oi about 1000 C - 
at which a crystalline phase may form if ¿lass is held there for any time. 
On the other hand great stresses arose by the rapid cooling which would 
cause later breakage due to the stress. To avoid this, the glass must 
be annealed. This process is performed in lehrs or annealers.

After the annealing had been properly investigated, an efficient 
type of the annealing curve was introduced. To follow this curve, 
recirculating lehrs were developed. The lehr consisted of a tunnel through 
ware was moved on a conveyor. In every section a prescribed temperature 
was controlled. The tunnel comprised the heating, annealing and cooling 
zone. Such annealers are in operation all over the world and guarantee 
good quality of ware. However, their fuel and power consumption are 
considerable. A series of measures has been taken to curtail their energy 
consumption. The heating section where the glass is reheated to a 
’uniform temperature slightly over the annealing point {J40°-560°C. for soda- 
lime glasses) has not been subjected to any changes.

There have been significant changes designed and tested in the 
annealing zone, where glass products are cooled very slowly from the 
annealing point to their strain point (approximately 180°C for soda-lime 
glass) .

For example, in a lehr with five annealing sections, three 
recirculating sections were replaced with plain sections, i.e., controls, 
burners and gas consumption in these sections were eliminated. A 
considerable reduction in power and gas consumption was achieved.

Another example is a new design of a lehr achieving the rea.uired 
cooling through a system of muffles incorporated in particular sections. 
This design is characterized by the individual recirculation section 
placed as the last annealing section for stabilizing temperature at 
critical strain point of the passing glass 'ware. 3esides, an air curtain
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produced, in this section provides an effective barrier to forward draught, 
particularly along the sidewalls where the passing air is detrimental 
to the quality of ware. In this design, recirculating fans were eliminated 
in *11 but the last section of the annealing zone as well as burners 
and controls. The energy consumption was substantially reduced. Side 
benefits are simplified construction, decreased operating and maintenance 
requirement and lower initial cost.

A further energy-saving design is featured by the application of new 
high velocity burners for air recirculation instead of fans. The burners 
are placed in a staggered opposition pattern under the lehr belt in 
the heating and five annealing sections. The high velocity combustion 
products entrain tunnel air to create sufficient turbulances for positive 
temperature control. Also in this case power consumption for fans is 
eliminated. A more effective cooling in the lehr is achieved by cooling 
ware from above, using room air for recirculation instead of extracting 
heat from base surfaces of the ware.

Quite a different concept of lehr design embraces the following 
principles: It conserves the air recirculation with fans and temperature
control in all sections. The insulation of bulk rock wool sandwiched 
between the inner housing of particular sections is introduced. It 
reduces the environmental heat losses and aids in maintaining an even 
temperature within the section. Heat losses are reduced to of 
conventional .̂ehrs.

The lehr belt returning inside the lehr is accepted by all 
designs. It performs the recuperative function. Up to 2535 of the 
belt heat load cam be saved.
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V. MAINTENANCE

A scheduled, system of maintenance is one of the prerequisites for 
energy conservation. Check lists should be established for machinery 
and furnaces with frequencies of checking particular points. Reviews 
of daily production reports showing defects of technological equipment 
should be evaluated and consequences drawn for direction of maintenance. 
It may be found surprising that, e.g., measured losses through pressure 
air leakage constituted in some cases, 5% of a plant's power consumption. 
Regular analyses of all kinds of energy consumption are recommended.
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VI. CONCLUSION

The presented series of practical examples of energy savings should 
show the approach to energy conservation. Some of the measures are 
feasible during operation, others between operations; some are applicable 
in a reconstruction or in the construction of a new plant. Also in this 
context, the question for developing countries with introduced or planned 
glass industry arises as to which fuel base they should turn in the present 
energy crisis. The approach will be evidently different in each country.

The entrepreneurs in the few countries with still sufficient 
reserves of oil and natural gas will doubtless go on using these fuels.

Glass industry in countries with coal reserves and opened mines 
should convert to coal as a primary source of energy. In the least 
developed countries, this change might proceed by means of coal gasifiers 
dimensioned for the needs of particular plants only. The oil would be 
applied for power generation in a glass factory where electricity is not 
available. In countries with developed infrastructure and high fuel 
consumption, large coal gasifiers and a gas distribution network could 
be constructed in industrial areas, or gasifiers-power plants with 
power distribution for larger areas could be established. In countries 
with hydroenergy converted into electric power the only solution would 
be a fully electrified glass plant. The same applies to the few 
developing countries now constructing nuclear power plants because of 
lack of other energy sources.

Countries with no energy sources whatsoever for industrial purposes 
have no other choice but to resort to the cheapest available energy 
source abroad. It should be emphasised that in ail cases the choice 
of energy is a master of economic calculation, taking into account bosh 
the production and investment cost of the glass plant.

-i
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Part three. Cement Industry 

INTRODUCTION

The history of industrial cement manufacture is characterized by 
the endeavour to achieve larger outputs, lover energy consumption and 
lover operation costs per ton of product. The development of manufacturing 
and firing methods and equipment responded to the d«nards of the building 
industry in various stages. Although the up-to-date prevailing technology 
is the dry or semi-dry process, also some earlier techniques, e.g., the 
vet process vith rotary kilns and the semi-dry process vith shaft 
kilns, have not fully lost their position, as they meet some special 
conditions or correspond to certain stages of development of some countries. 
Also the present energy crisis introduced nev criteria of assessment.
For these reasons, this study presents the reviev of the cement industry 
in its development, thus offering a vide choice of technologies and 
equipment suitable for various steps of industrial progress in relation 
to the energy conservation possibilities.
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I. CEMERT-BUILDIRG MATERIAL

Cement is one of the fundamental building materials manufactured 
for innumerable applications in almost every country.

Fortunately enough, almost every country has more or less suitable 
raw material deposits available to cater to its building industry 
requirements. Fundamentally, *n  sorts of cement are hydraulic compositions 
made as a result of Joint milling of suitable raw materials, such as 
limestone, lime marls, lime clays, chalks, pyrite cinders, bauxite, 
silica sands, shales etc., which are weighed into a mill in an accurate 
ratio. The raw material mixture so obtained is homogenized and fired up 
to a sintering state - clinker. After cooling the clinker is milled 
along with approximately 3% of gypsum into a fine powder called Portland, 
cement. Portland cements may further be classified according to their 
specific properties. For instance, current specifications of the American 
Society for Testing Materials (ASTM) recognize five major types of 
Portland cement:

Type I - Standard (general-use cement) for use in general concrete 
construction

Type II - moderate heat-of-hardening cstent - for use in general
concrete construction exposed to moderate sulphate action 
or where moderate heat of hydration is required

Type III- High early-strength cement - for us- :: high early 
strength is required

'Type FI - Low heat cement - for use when a low heat of hydration is 
required

Type V - Sulphate resisting cement - for use when high sulphate 
resistance is required

The above-mentioned types of Portland cement can be manufactured 
in almost all cement factories, as far as the composition of the raw 
material mixture has been suitably adjusted whereby the fired clinker 
composition is adjusted, too. Furthermore, the firing process in the 
cement kiln, as well as the cement milling process, is to be adjusted 
to this raw material to achieve the required fineness.

Chemical compositions of this, as well as other types of Portland 
cement3 , are shown ir table 16 . Apart from the above-mentioned five types 
of cement, the table also includes cements of extreme compositions,



Table 16. Chemical compositions of Portland cement 
(Percentage)

Type 1 - 
St andarci

Type II - 
Moderate beat 
of hardening

с емсnt

Type III - 
high early- 
strength 
cement

Type IV - 
low heat 
cement

Type V -
sulphate reaiating 

cement
Ore

cement
Ferrari
cement

KUhl
cement

White Portland 
cement

Typical 
c ompo-

Component Limits sit ion

Typical 
compo- 

l.ircits sition

Typical 
compo- 

Liraits sition

Typical 
compo- 

Liroits aitinn

Typicat 
compo- 

Limits H i t i o n Example Example Example I.imits Average

sio2 19-21 21.1 20-24 22.39 18-22.5 20.0 20-26
Al 0 5-8 6.0 3.9-6.0 4.60 3.6-9 5.2 3-6

' • Л
CaO

2-4 2.7 2.1-6.0 4.25 2-4 2.5 2-6
62-66 63.2 62-65 62.85 63-67 65.6 58-65

MgO 1-4 2.9 1.4-4 2.50 0.6-6 1.6 1-6
Ignit ion 
loss

0.6-2 1.3 0.3-1.0 0.60 0.8-2 1.0 1-2

26 26-26.5 26 .6 21.92 22.92 17.00 20.62-26.68 21.25
5 3.5-1.9 3.1 1.99 3.92 8.20 0.77-9.19 6.75 ,
6.5 3.31.3 3.3 8.66 5.66 6.00 0.16-1.05 0.60 %

60.5 66-56.5 66.3 66.11 66.19 66.60 60.90-71.19 66.(10 1
3 0.7-2.5 1.7 1.02 1.50 1.60 0,05-2.76 0.58
1.0 0.9-1.3 0.9 0.60 0.30 0.30 0.85-9.06 2 . Í 9

Res.
Ins. 0.08-0.2 0.2 0.03-0.2 0.10 0.07-0.01 0.05 0.01-0.03 0.02 0.02-0.2 0.05 0.09 0.10 0.10 0.07-1.01 O.'U

K,0 0.3-1.0 0.5 0.3-1.5 0.55 - 0.44 - 0.3 0.15-0.3 0.22 0.30 0.15 0.50 0.04-0.79 0.09
Na^O 0.2-0.5 0.3 0.05-0.5 0.25 - 0.21 - 0.2 0.08-0.15 0.08 0.20 0.10 0.25 - 0.26
S03 1.0-2.5 
Total

1 .8 1.0-2.0 1.64 2-3 2.3 1-2 1.7 1.4-2.0 1.4 1.53 1.80 1.50 0.10-2.94 1.,'Й
100.2 - 99.72 - 99.15 - 100.32 - 99.45 100.02 100.64 100.05

“
100. .11

3Ca0.Si0o 33-65 45 29-50 44 52-81 60 10-33 20 35-50 41 56.39 47.09 64.60 18-85 46. '0
2Ca0.Si02 10-3o 27 22-46 31 3-20 13 41-61 52 27-49 39 20.30 26.34 - 8-62 2 7.02
ЗСлО.А120^ 8-16 1 1 1.8-8 5 7-15 10 3-8 6 3-5 4 G2R-9.08 0.82 11.59 1-24 1 1 .71
4CaO ,A 1 oO-j 6-15 8 b- 18 13 6-11 8 6-18 14 4-16 10 9.47 17.20 18.24 0.5-2.7 1.71
fe20}
CaSO^ 2.2-3.3 3.1 1.9-3.3 2.8 3.4-5. 1 3.91 1.7-3.4 2.89 2.7-3.1 2.38 2.60 3.06 2.55 0.17-4 .99 3.02
HgO 1-4 2.8 1.4-4 .0 2.5 0.6-4 .0 1.3 1-4 2.9 0.7-2.5 1.7 1.02 1.50 1.60 0.05-2.65 0.58

free CnO 0.2-2.0 0.4 0.1-1.8 0.4 0.1- ,.2 1.8 0.1-0.9 0.4 0.1-1.8 0.5 0.20 0.10 1.37 0.15-7.0 1. 38
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particularly as fa** e? Ai2°3 411(1 Fe2°3 contents are concerned.

The vhite Portland cement is particularly interesting and required 
in the market. It is an ordinary Portland cement, containing only a 
low proportion of iron oxide, manganese oxide, titanium oxide and 
magnesium oxide. Either non-ferrous or highly abrasion-resistant grinding 
media are used in the production of vhite cement, and the firing process 
in the kiln is s arranged that the whitest possible clinker is obtained. 
As a rule a reduction or inert atmosphere is used in the sintering and 
cooling zones and even in the cooler, as the case may be. In some cases 
the clinker is cooled by water.

Cements contining higher percentages of Fe^O^ are all resistant to 
sea water and sulphate waters effects. Their production is very limited.

There are three examples shown in the table: Ktlhl Cement (called
after its: inventor - Prof. Hans Xuhl) is a Portland cement of low silica 
and high alnrm'nA and iron oxide contents, the strength of which 
corresponds to rapid-hardening cement. Iron o^e cement (Erz Zement) 
was a type of Portland cement once manufactured in the Federal Republic 
of Germany. It original 1 y had a high iron oxide content and was of 
light chocolate-brown colour. It has been replaced by Ferrari cement 
now.

Another significant group of Portland cements is formed by mixed 
cements. The most important mixed Portland cements are: (a) Portland
blast-furnace slag cement manufactured by joint fine milling of dried 
blast furnace granulated slag, clinker and gypsum; and (b) pozzolanic 
Portland cements- manufactured by joint milling of pozzolana, Portland 
clinker and gypsum.

The pozzolana word is usually broadly explained, and in this group 
there are usually incorporated mainly natural materials containing active 
silicic acid in vitreous state, as it is in case of volcanic ashes which, 
according to their origin, are called Pozzolana, Santorin Earth, Tosca, 
Trass etc. This group covers also artificially made products, i.e., 
industrial wastes, such as fly ash, Si-Stuff etc.

Besides, a use is made of activated kaolinitic clays or shales and 
diatomites fired at about 700 C temperature.

Portland blast-furance 3lag cements and pozzolanic Portland
Examples of cheminaceaent3 are manufactured and used in water structures.
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composition of Portland blast-furnace slag cements and of pozzolamc 
Portland cements are shown in table 17. The percentage ratio of mixing 
clinker with slag or pozzolana are specified in the respective national 
standards.

Besides the Portland and mixed cemets, several tens of types of 
cement have been developed which axe of limited use for specific purposes. 
Though the production volume is insignificant when compared with the 
total production of cements, they axe important for a number of branches 
and deserve to be mentioned, e.g.:

Expanding or non-shrinking cements 
Air-entraining cements 
Oil-well cements 
Masonry cements etc.

Just for the sake of completeness, it is necessary to mention 
cements not manufactured on the basis of Portland clinker. There are, 
e.g., slag cement, manufactured by joint milling of blast-furnace 
granulated slag and hydrated lime, or super-sulphated cement, composed 
of slag, gypsum and a small addition of lime. The significance of the 
two cement3 is more or less historical only.

In conclusion, an aluminous or high alrroina eenont should be 
mentioned here which is manufactured by melting, or tlectric melting, 
of bauxite and limestone or lime. It has a remarkable initial strength 
and resistance against sulphate water. It is usee also for refractory 
concretes.
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Table IT. Composition of various types of cement

(Percentage)

Component

Portland 
blast fur­
nace slag 
cement

Supersul-
phated
cement

Lime-
slagcement

Pozzo-
lana
cement

Loss on Ignition - - 0.5 U.3

Si02 22.8 25.2 29-0 26.0

a i2°3 8.1 13.1 15.5 6.9

Fe2°3 0.5 1.0 1.5 3.6

CaO 59-0 !*5.0 ÛO c 52.3
MgO 3.5 3-5 2.5 U.2

so3 1.7 T.o 2.0 1.3

s 0.5 1.0 - -

PeO 0.5 0.9
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II. RAW MATERIALS

There are rather rarely occurring rocks whose chemical composition 
corresponds exactly to that required for the raw material mixture 
intended for the manufacture of Portland clinker. Most often 
it is necessary to use two or three, and exceptionally four, 
or even five raw material components.

From the calcium carbonate content point of view, the raw 
materials may be classified into high-percentage (exceeding T M  of CaC03)

and low-percentage (having less than 7Q% of CaCO^).

The so-called "high-percentage" raw materials are considered to 
be fundamental ones. The so-called "low-percentage" ones are used for 
correcting the high-percentage component. 3esides that there are 
corrective components used for the adjustment of one of the components of 
the raw material mixture, e.g., the SiO content can be increased by5
adding diatomite, silica sand, the Al^O^ by adding bauxite, '°Y
calcined pyrites, iron ore, ore dust etc.

Apart from the natural raw materials, industrial wastes are also 
used. The most usual is the blast furnace slag.

For example of raw materials see tables l8, 19 and 20.

Table 13. CaCO^ content of cement raw materials 
(Percentage)

Material CaCG^ content

High grade limestone 96-100
Marlaceous limestone 90-9 6
Marl3tcne or calcareous marl 75-90
Marl 40-75
Clayey marl 10-40
Marlaceous clay o1



Table 19. Chemical composition of calcereous raw materials 
(Percentage)

used for the manufacture of Portland clinker

Hater i a l Sourc e
Loss on 
ign it ion Si02 a i2o3 Fe2°3 CaO MgO Ti02 MnO K?0 Na20 SO^ Cl

Pure limestone Vitosov, 
Czechoslovakia

43.1? 0.17 0.10 0.07 55.58 0.50 0.01 Trace 0.09 0.04 0.00 -

Siliceous limestone Castelo,
Brazil

34.66 15.57 1.60 1.10 45.24 1.67 - - -

Lime rich coastal 
dune

Juioeira, 
Duba i

42.28 3.53 0.45 0.22 51.36 1.08 " 0.10 0.41 0.35 0.01

Pure chalk Benghazi, Libyan 
Arab Jamahiriya

43.17 0.77 0.48 0.17 53.60 1.36 0.01 0.03 0.12 0.09 0.22 0.02 i
f

Coral sand Maur i t ius 45.02 0.13 0.17 0.06 51.70 2.62 - - 0.01 0.37 - 0.20 '

Oyster shell Sab Luiz, Brazil 43.34 1.39 0.76 0.09 53.11 Trace 0.04 Trace 0.06 0.76 Trace 0.18

Limestone Mokrâ,
Czechoslovakia

39.20 4.30 1.75 0.41 51.51 1.32 0.12 Trace 0.19 0.08 0.04 0.02

Cement rock Ch imborazo, 
Ecuador

36.69 13.39 3.10 0.74 44.4 5 0.86 0.04 - 0.16 0.14 -

Calcaieous sand Big Lake» 
Edmonton, Canada

40.91 9.92 1.26 0.66 42.76 1.22 0.05 0.11 0.24 0.30 2.24

Calcareous marl Mossor6, 
Brazi1

37.70 10.34 3.64 1.42 44.72 0.72 0.23 - 0.75 0.08 Trace 0.01

Mar 1 Adana, Turkey 31.87 29.37 9.46 5.03 35.83 2.72 - - - - - -



Table 20. Chemical compositions of corrective ingredients
(Percentage)

Loss on
Ingred ient Source ignition SiO Al 0 Fe 0 CaO MgO SO К 0 No 0 TiO P 0 Cl MnO

I.aterit ic Tu lukkpat t i ,
clay I nd i a 10.74 55.32 12.58 6.31 8.87 2.66 0.03 1.87 1.62 —

Loes Herat, 
Afghanistan

14.24 51.55 8.41 4.04 15.09 2.35 0.13 1.70 1.50 0.82 0.18 0.004

1
Silica sand 
sandstone

Leeds, Alabama 
United States

92.48 2.69 1.69 1.50 0.83 — - — “ - 'OV.H
1

Diatomite Auxi1 lac, 
Franc e

4 .01 91.61 1.53 2.22 0.18 0.29 - Trace Trace 0.10 - - -

Iron ore India 4.78 3.30 3.40 86.80 1.03 0.12 0.22 0.13 0.08 - - - -

Low grade 
iron ore

San Luis, 
Argent ina

5.00 28.30 3.10 62.97 0.55 - - - - - - - -

Rauxit e Santo Agostinho, 
Brazil

, 31.16 2.94 64.10 1.29 0.02 Trace - - - 0.60 “ - -

B1ant-furnace 
slag

Vitkovice,
Czechos 1ovak ia

- 37.99 9.13 4.00 42.14 4.43 0.19 0.48 0.28 0.29 - - 1.50

Pyr i te 
c indres

Prerov,
Czechoslovakia

- 17.28 4.60 63.35 4.17 1.10 2.35 0.47 0.30 0.55 - - A.44
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III. BASIC PRODUCTION PROCESSES

The cement production may be basically divided into two types 
depending upon the technical and economic conditions. From the 
technological point of view, wet, semi-wet, semi-dry or dry processes 
are applied.

Wet process method of preparation

The raw material is blunged or milled together with water. The 
well liquid slurry so obtained is put into silos, homogenized and 
corrected, on the basis of chemical analysis, by slurry from other 
silos to achieve the required chemical composition. The slurry 
so prepared is transported to the storage tank above the rotary 
kiln and dosed accurately into the kiln. The slurry contains usually 
33%-̂ 0% of water. In the case of plastic raw materials, it is sometimes 
necessary to prepare the slurry with as much as 50% of water content 
to achieve the required fluidity of the slurry. In the case of non­
plastic raw materials, however, sometimes a mere 2S5-33J» of water, 
content is sufficient.

Semi-wet process method of preparation

Slurry prepared by wet process is subjected to filtratior. with 
the aim of reducing the water content in the slurry; this results in 
less water to be evaporated from the slurry, whereby the amount of 
heat consumption necessary for evaporation is reduced.

Vacuum or pressure filters are used for the filtration of the 
¿lurry. ’The cake so obtained is either supplied directly to the kiln, 
or, before being fired on the grate, it is to be strengthened some­
times by raw material powder, ’unless the filter cake alone is pressed 
sufficiently by the extrusion presses, or by 3ome other suitable 
presses or granulating discs. The moisture of the raw material 'oodles 
supplied to the kiln amounts to approximately V'-%-l&% of water.

Dry process method of preparation

The crushed raw material is first, dried in a drier and milled 
in dry 3tate, or it can be dried in a drying circulating call tube 
mill. The raw material components are weighed into the mill or dosed 
by volume in 3ome old factories.



or _

The raw material powder is transported into a system of 
homogenizing and storage bins where it is homogenized pneumatically 
or mechanically and corrected if necessary. Then it is transported 
and dosed into the kiln. It is evident, of course, that the 
chemical composition testing is more demanding than at the wet 
process. The raw material moisture content is below 1? of water.

Semi-dry process method of preparation

Dry, homogenized powder is wetted in a worm or on a granulating 
disc or in a granulating drum, ind the wetted powder is then either 
granulated or in wet state, in the form of irregular conglomerate 
lumps, supplied into the rotary kiln, or, in case of granulated 
form, to the Lepol grate. The raw material moisture jvr.ounts tc 10?- 
15? of water content.

Under this group belongs also the preparation of raw material 
for shaft kilns. Because the raw material for the shaft kiln must 
include fuel pressed in (coke or anthracite), there are two variants:

(a) Preparation of "white powder". The raw material powder 
prepared by the above described method is weighed, along with a 
currently weighed crushed fuel of 1-3 mm grain size. This mixture 
is thoroughly mixed in a mixing worm, wetted to 11?-Ik? moisture 
content and granulated or pressed. The pressings are supplied into 
the shaft kiln;

(b) Preparation of "black powder". When black powder is to be 
prepared, the fuel i3 milled together with the other components in
a raw material mill. All the components must be weighed accurately 
for the mill. The black powder is homogenized in homogenizing bins, 
wetted to li?-lk? and granulated or pressed before being supplied to 
the kiln.
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IV. WET PROCESS

The vet process is the most universal one from the technological 
point of viev. Though the vet process is being quickly replaced by 
the dry process in recent years, about hot of the world production 
of clinker still comes from the vet process plants.

There are certain advantages to this process and, therefore, 
it may seem more suitable under certain conditions.

First of all, it is the preparation of perfectly homogenous raw 
material blend. It is simple, and less labour is required in all the 
preparatory stages starting from the winning in a quarry to the supply 
of slurry into the kiln for firing. Power consumption is slightly 
smaller than at the dry process, but the heat consumption is considerably 
higher.

The vet process in the effluent production is better applied where 
soft, porous raw materials are available having high moisture content 
when mined from the quary. The high moisture content is decisive, 
since drying in such a case would result in higher capital investments 
and higher fuel consumption.

Because of easier homogenizing in wet process, raw materials with 
fluctuating chemical composition, or those containing a high percentage 
of alkalis, can be processed this way into cement. The wet process in 
the production of cement is classified into three stages (see the 
flow sheet figure VII}.

All tae raw materials are to be properly dressed before processing. 
It depends on their chemical composition and hardness of components.
If a higher amount of hard components is in the raw material, more 
crushing and milling opere.tions are required, resulting in higher 
consumption of energy and water. Therefore, the availability and choice 
of suitable raw materials is the first prerequisite for determining if 
the valuable power, fuels and water will be wasted or preserved as 
early as in the preparatory 3tages. It goes without saying that the 
distance between the quarry and the cement plant plays an important 
role, too.
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Figure VTI. Typical technology flow sheet of vet-orocess
cement manufacture
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Washing is another step in the raw material preparation. Soft, 
clayey and marly materials which cannot be crushed are supplied to wash 
mills in which they are mixed with water into a slurry.

Slurry is then supplied to mills mostly by means of centrifugal 
pumps, or by screw conveyer and bucket elevators via storage tanks.

Grinding is an important operation during which the raw material 
of up to 25 mm grain size is ground continuously, and 80% of ground 
material below TO micron particle size is obtained. The finer are 
the particles, the quicker can be the firing process in the production 
of clinker that again results in saving fuels. When this process is 
kept within optimal limits, particularly in case of high capacity equip­
ment, the economy becomes more significant.

Stability of the chemical composition.of the raw material supplied 
to the kilns for the production of clinker is vital for the smooth kiln 
operation, life of its lining and quality of clinker. For this purpose 
the slurry must be corrected and well homogenized and, to reduce the 
water content, deflocculants may be added.

The slurry having been so prepared contains about 33^-382 of water.

The slurry, having been accurately and regularly dosed by a dosing 
machine, a so-called Ferris wheel, is supplied through an inlet pipe 
into the inlet portion of a rotary kiln.

The firing operation in a wet-process rotary kiln

A wet-process rotary kiln is a steel tube lined with refractory 
bricks. Most often it rotates at 1.1 rpm speed. Slurry is supplied 
at one end and fuel from the other (at the kiln head). The slurry 
moves slowly inside the kiln towards the kiln head. The movement is 
supported by a slight incline (k%) of the kiln. The slurry i3 dried up 
in the drying zone in which there are steel chains. The chains get 
heated by the flue gases and they pas3 this heat to the slurry. In 
the chain zone also the flue gases get partially rid of dust, and 3lurry 
rings formation is prevented. The rav material cones from the chain 
zone in the form of nodules with remaining 6)5-103» moisture content, 
nodules get quickly dried up and proceed to the calcination zone,

rfTV> A
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where the calcium carbonate disintegration takes place at 900° C 
temperature. This reaction is strongly endothermic and consumes 
most of the heat in the clinker formation. In the sintering zone, 
where the material is 1,350°-1,U20°C hot, a series of reactions takes 
place, and tricalcium silicate, dicalcium silicate, tricalcium aluminate, 
tetracalcium aluminoferrite, magnesium oxide and about 0.5% of free 
lime are formed.

About 23/S-28% of this mixture forms a melt in the sintering zone, 
and the material gets sintered. The product of sintering called 
Portland clinker is quickly cooled in a satellite’ grate, grate or drum 
cooler from where it comes out being only 80°-150°C hot. The cooling 
medium is air, which gets heated up to a high temperature (as much as 
35C°C) and is used as secondary combustion air for the conbustion of 
fuel. Primary air is supplied into the kiln together with the fuel 
and represents merely 5%-15% combustion air in the combustion of natural 
gas and oil, and about 25% in the combustion of coal.

The temperatures and individual zones in the wet-process rotary 
kiln are shown in table 21.

Development of long wet-process rotary kilns for reducing the 
heat consumption and raising the output

It is obvious from the heat balances that the majority of heat in 
the wet-process kilns is consumed for the evaporating of water from the 
slurry. In case of short vet-process kilns, however, the maximum heat 
losses occurred in the hot flue gases (.more than hQ%). Therefore, the 
endeavour of designers was first focused on elongating the kilns. While 
the first rotary kilns', ratio of their diameter to their length was 
1:12, the present optimal ratio of their diameter to their length is 
about l.ho. Inside heat exchanges were built in the kilns to reduce the 
temperature of the outgoing flue gases and to utilize more heat. The 
heat exchangers have not only enabled the exchange of heat, but they 
have also been useful in reducing the dust occurrence in the kilns by 
breaking the formed slurry rings, helping the material movement through 
the kiln, and assisting mechanical!,- in the formation of nodules.
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Table 21. Temperatures of particular stages of the

Zone Temperature 
of the ma-

Temperature 
of gases {_ C )

terial
being fired (°c) 
Begin- end 3egin- End of

Approximate length, 
of^zone' relatire to-

ning of of ning of zone the total kiln length.
zone zone zone (51

Drying UO 100 200 TOO 20

Preheating 100 550 TOO 1 250 21

Calcination 550 1 100 250 1 500 33

Firing
Exothermic 1 100 1 U50 1 500 1 750 13

Sintering 1 U5C 1 300 1 750 950 8

Cooling 1 300 1 100 950 300 5
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Of the well-known inside heat exchangers in the rotary kiln, let 
us mention those which are most frequently used:

(a) Chain system - formed by chain curtains or chain garlands 
suspended freely in 15?-20i of the total length of the kiln;

(o) Cross-shaped internal heat exchanger - or, less often, 
trifoil ceramic heat exchanger, for quick heating of nodules from 
about 90°C-300°C, while the flue gases entering the inner structure 
have stilt 700°-800°C temperature. (The most common steel inner structure 
is the cross-shaped one, although others have been developed, such as 
the shovel lifter);

(c) Slurry preheaters with heat exchange compartments were 
especially developed. They used to be situated only several metres 
from the kiln inlet. Therefore the slurry preheaters were also 
effective dust-removing equipment. They were increasing the resistance 
of the kiln and, sometimes during am unskilled handling with the kiln, 
they caused sticking of the material, whereby the slurry flew back 
to the flue-gas uptake. That is why they were removed from some 
factories because of the heat schedule of the kiln.

External heat exchangers for wen-process rotary kilns

Concentrators (or calcinators) of slurry

In the efforts to reduce the specific heat consumption at the 
short wet-process rotary kilns in the 1930s concentrators, called also 
calcinators, were installed behind the kilns.

The equipment consists of a horizontal drum, the jacket of which 
is formed of grate bars with 70 mm gape. The drum is filled with 
ring-shaped small cast iron pieces. Hot flue gases leave the kiln 
at about 5C0°C temperature. The drum rotates slowly (1-2 rpa).

Slurry is supplied into the drum from the top. A substantial part of 
water evaporates from the slurry in the drum, and the flue gases are 
cooled down to a mere 150°C at the same time. The first concentrators 
were installed in the cement faccories in England and in the Federal 
Republic of Germany, and they soon spread to the whole world. In 
case of wet-process kilns the specific heat consumption, which 
amounted to 2,100-2,200 keal/kg of clinker (3,792-9,121 kJ.kg"1) before 
reconstruction, dropped down to 1,500-1,60C keal/kg of clinker(o,20C-6,70 
kJ.kg 'L after the calcinators were installed. The outout was .creased
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about 10%-25/t, too.

Besides the reconstructions, new, modern units with the concen­
trators were built. 'Their specific heat consumption was distinctly 
lower - about 1,350 kcal/kg of clinker (5,652 kJ kg”1 ) and even less. 
(The peak ones consumed even 1,230 kcal/kg of clinker (5,150 kJ.kg"- ).)

High dust content was the disadvantage of the equipment, though 
under the present level of electrostatic dust separators the flue 
gases can be freed from the dust perfectly. Nevertheless, it is a 
fact that long wet-process kilns with a system of built-in structures 
are simpler from the operational point of view; they require less 
personnel and less electric power, and they do not suffer from the 
harmful influence of false air, which always plays a significant role 
at the additional heat exchangers.

Advantages of the vet process

1. Preparation of perfectly homogenized raw material is simpler, 
and therefore the winning, storage and joint dosage of raw material 
components are less demanding. The additional correction of composition 
and homogenization is very simple.

2. The machinery is simpler 30 that it does net need so many skilled 
personnel for operation and maintenance.

3. In case of blungea'ole raw materials - soft clays, chalks and earth 
in vet state - very simple dressing methods may be applied to remove 
undesirable rock contaminations such as silica sand, pebbles, flints, 
remainders of weathered primary rocks, gypsum c 'ystals etc.

k. Wet grinding is much easier than dry grinding. A particularly high 
saving of grinding work is the case with raw materials which can be 
blunged, where in seme special cases the grinding process can be 
omitted altogether (when fins, completely 'olungeable chalk and marls 
are used).

5. In case of porous, soft raw materials of high moisture content 
in winning state, it would be necessary to build expensive driers in 
dry-process plants with additional hearth, because the waste heat from 
the dry-process kilns would be insufficient for the drying.

6. Very fine chalks which cause an excessive fly-off from the heat 
exchanger in case of the dry process are, to the contrary, very
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.advantageous for the wet process because they form solid nodules, so 
that not only is firing easier, but also dust content in the kilns 
is substantially reduced.

7. Wet-process preparation of the raw material does not require dust 
separators.
8. Wet-process cement factories employ substantially less labour in 
the raw material preparation plant, laboratories, plant operation and 
in the maintenance.

9* In the case of the wet process there are lower investment costs 
of both technological equipment and buildings (but not for the kiln
proper).

10. There are more favourable hygienic conditions of work in the 
wet process that substantially decrease the accident rate etc.

11. The wet process is substantially advantageous due to the lower 
consumption of electric power.

12. Wet-process rotary kilns enable the production of clinker of 
higher quality. Even though the powder could be homogenized as well
as the slurry, tnere- remains the fact that clinker from the dry-process 
kilns contains 6o;S more alkalis than the clinker from the wet-process 
kilns, because powder absorbs the alkalis in the dispersion heat ex­
changer almost completely.

13- 3y the wet-process even such raw materials cam be processed which 
cannot be processed by the dry-process (with a dispersion heat exchanger) 
at all. Here, e.g., sea shells, which contain more chlorides as well 
as other "salty1' raw materials belong; furthermore, very fine-grained 
raw materials in natural state, raw materials of high moisture, the 
winning of which often takes place under water level etc.

lU. The life of a lining of identical quality in the sintering zone 
is almost double. That i3 why the wet-process kilns 3how a higher degree 
of time utilization than the dry-process kilns with dispersion heat 
exchangers. Thereby the economy is substantially influenced.

15. Haw materials containing more alkalis and chlorides can also be 
fired in the wet-proces3 kilns.
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16. Easy homogenization and correction of raw materials enable the 
processing of raw materials consisting of four or more components with 
high fluctuating chemical composition of the individual components.

Disadvantages of the wet process

1. The wet process always consumes more heat for the firing proper 
than the dry process with a dispersion heat exchanger. The difference
i i so great that the increased costs outbalance all the other advantages 
of the wet process. The world energy crisis*, along with the spiralling 
costs of fuels, has condemned the wet process to extinction. It may 
be supposed that only in particularly reasonable cases will the long 
wet-pro:ess kilns be used.

2. Difficulties in the wet-process firing occur when highly plastic 
raw materials are used which consume too much water (often more than 
50% of water) to achieve a normal fluidity of the slurry, and thereby
an increased calorific consumption, while the output is decreases due to 
the evaporation of superfluous water from the slurry.

3. Less suitable raw materials are those containing an increased 
proportion of bentonites, because they tend to the formation of rear, 
so-called mud rings in the kiln, which are difficult to be removed. 
Thixotropic slurries may also cause troubles during the transportation 
and storage in the bins. To the contrary, however, completely non­
plastic slurries (such as slurries from limestone and slag) tend to 
separation and sedimentation. All these physical and chemical properties 
of the slurry c.an be foreseen and determined by laboratory testing of 
binding raw material samples.

L. Consumption of non-returnable technological water is another 
substantial disadvantage of the wet process. Industrial water is very 
.scarce in 3ome parts of the world and is allowed to be consumed for 
agricultural purposes only, e.g., in some areas of Mexico, Iraq etc. The 
governments of these countries do not permit construction of wet process 
cement factories.
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V. SEMI-DRY AND SEMI-WET PROCESSES

The semi-dry production, process is used for the firing of a wetted 
and granulated raw material powder of 3%~15% moisture content. Similarly, 
the semi-wet process is used for the firing of raw material pieces 
obtained by the filtration of raw material slurry, and by granulating or 
pressing the filter cake containing 15Î-18? moisture.

The raw material prepared by the semi-dry or semi-wet processes 
may be fired either in long rotary kilns with inside structures, or 
in short rotary kilns with grate calcinators (Lepol system), which are 
the most economical in view of the heat consumption.

Rotary kilns with grate calcinators ilenol kilns)

Dr. Lellep in the Federal Republic of Germany was granted a 
patent in 192?, the realization of which significantly influenced the 
development of kiln systems. Dr. Lellep proposed to calcine granulated 
cement raw material on a grate by means of hot waste flue gases coming 
out from the short rotary kiln. Partially calcined nodules enter the 
rotary kiln, where they become sintered. The patent was adopted, and 
the kiln was called a Lepol kiln. The first kiln was built in the 
Federal Republic of Germany in 1929-1931 and another one in Switzerland 
soon afterwards. Low heat consumption and high performance of the Lepol 
kiln helped it to spread quickly in the period between the two World 
War3. About 53 kilns in 13 countries went into operation as early as 
by 193?, and another 120 were commissioned 'within the next two years 
(by 1939).

The design of this kiln was improved after the Second World War.
The so-called double flue duct was developed and led through the 
calcinating grate whereby the heat of the flue gases was utilized more 
efficiently, and, moreover, the calcination on the grate and dust 
separating of the gases in the cold chamber were improved. While kilns 
vita a single flue duct were achieving the heat consumption of 
1,050-1,300 kcal per kg of clinker ( L , L O O - 5 ,kJ.kg J') ,  the kilns 
with the double flue duct of gases dropped below 900 kcal/kg of clinker 
(3,770 kj.kg 1), and at large units even to ?Lo-?80 kc^l/kg of clinker
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(3,090-3,266 kJ.kg~'L), whereby they still rank among the most perfect 
kilns for the firing of clinker.

The largest Lepol kilns capacity is 3,000 t of clinker a day.

The- favourable results in reducing the heat consumption have been 
enhanced by a number of further technical improvements, e.g., drum 
granulators have been replaced by granulating discs, and grate coolers 
have been substituted for drum coolers etc.

There were as many as 290 Lepol kilns in operation in 196^.
The construction of these kilns slowed down in the 1970s; this was . 
quite a natural consequence or the competing kilns with dispersion heat 
exchangers, because apart from lower maintenance, they still have hot 
flue gases of 360^0 at disposal, which can be utilized for the drying 
of raw materials either in the mill or in the drier.

Firing of clinker in the Lenol kiln

Haw material is transported, to the Lepol kiln either as a homo­
genized powder of 0.5i remaining moisture (A), or as a filtered slurry 
cake of 15*-17* moisture (3).

In the (A) case the powder is fed to the granulating disc, where 
it is wetted and nodules of 10-15 am and 12*-lU$ moisture are formed. 
These nodules are supplied to the calcinating grate. It is a semi-dry 
method of preparation.

In the (3) case sma.'l 1 pieces or pellets are also to be made of 
the slurry cake, and they should have suitable size, geometric shape 
and rigidity. In case of solid cakes obtained from the pressure filter 
the use of extrusion presses is usually sufficient. In case the cakes 
are too soft, they are to be sometimes mixed with dry powder or with 
fly-offs, and then only the granulation may follow.

These processes are of a particular suitability when wet-process 
kilns in cement factories are reconstructed and where moist and soft 
raw materials are processed, e.g., chalks. In 3uch a case it is a 
semi-wet method of production. This process can also be applied in the 
processing of soft raw materials with higher content of chlorides. A 
substantial part of chlorides is removed during filtration, and another 
part can be removed by using 30-ca.lled by-passes for leading a portion of 
flue gases out of the hot chamber of the calcinating grate.
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Pieces of raw material are fed to the calcinating grate. The 
space of the grate is provided with a masonry wall, and thereby it is 
divided into a cold (drying) chamber and a hot chamber. A layer of
ncdules (1^0-200 mm thick) is carried by the grate first to the drying

ochamber where it comes into contact with the flue gases of 300 C temperature 
when they pass through the layer of the wet nodules the flue gases get 
cooled down to 90°-120°C. Flue gases, having passed the layer of the 
nodules, flow then through the gaps between the grate bars (9 mm vide 
gaps). Dried up and preheated nodules are then carried to the hot 
chamber, where they are calcinated by hot gases from the kiln (as much 
as 1,100°C hot).

The firing process of the clinker comes to its end in a short 
rotary kiln where the nodules are sintered. 'The optimal ratio of length 
of the Lepol kiln to its inside diameter is lU:l. Due to the thermal 
preparation of the raw material on the grate, the final phase of the 
firing in the rotary kiln is very intensive, which is proved by the 
specific output of the Lepol kilns, achieving in peak operation as 
much as 2.2 t/m^ of inside space a day. -

The grate moves at 25-50 m per hour. The material passage through 
the kiln takes 80-100 minutes. The disintegrated nodules fall through 
the grate of the calcinator and are, too, transported by a bulk 
conveyor and elevator into the kiln. The fired clinker centers 
coder - most often a grate cooler.

Raw materials suitable to be fired in the Leno! calcinating grate

It is essential to choose a suitable process to form the raw 
arterial pieces to be fired in the Lepol grate. 'The pieces should have 
sufficient strength and resistance to thermal shock and abrasion at 
the same time. For this purpose, more suitable are plastic raw materials 
containing clayey material montmorillonite. Hence, an extraordinary 
care is to be giver, to the choice of raw material components, particularly 
to the sialitic one, usually to clay. The nodules should be solid enough 
not to get deformed during the transportation from the granulator to 
the grate, so that due passability of flue gases through the nodules 
layer should be secured. It is an essential condition for normal run, 
not only of the grate but of the kiln as well. Too solid nodules of point



strength exceeding 1,500 g at 15 mm diameter sire of low porosity, and 
are less resistant against thermal shock by hot gases, which results 
in their disintegrating or explosion. To the contrary, nodules of 
a strength lower than 600 g get deformed. The method of forming is 
very important, too. Raw materials of low plasticity are less resistant 
to abrasion. Undersizes falling through the grate in the quantity up 
to 5% may still be considered acceptable from the operational point 
of view. Out of the facts mentioned, above, a conclusion may be drawn 
that an extraordinary attention should be given to the choice of raw 
materials and their testing which can only be done in close co-operation 
with the supplier of the technological equipment.

"Automatic" shaft kilns for the firing of Portland clinker

So-called "automatic shaft kilns" invented by Mr. Hauenschild, Jr. 
(1912) may be considered to represent the greatest progress in the design 
of shaft kilns. The name is not comprehensible enough. There was 
namely no automation, but a continous removal of clinker by using a 
rotary grate at the shaft oottom. Since the grate crushed and removed 
clinker almost uniformly over the entire cross section of the kiln, 
the material descended uniformly, too, in the kiln.

The flat rotary grate manufacture was started in Berlin, and the
first kiln was commissioned as early as in 191?, in Blaubeuem in
Imperial Germany in what is now the Federal Republic of Germany. The 
kiln was easy to be operated and put an end to "he hard manual removal, 
improved the quality of clinker, and the firing zone was successfully 
kept in the upper part of the shaft. In addition, the fuel consumption 
was substantially lower than in the contemporary rotary kilns. The 
output of the "automatic shaft kilns" amounted to a mere 30 or Uo t/day,
but after their improvement it was soon raised to TO t/day and even
more.

How much favour was paid to the "automatic" shaft kilns with rotary 
grate can be shown by the following figures:

Humber of kilns constructed

W
5 CO

_  VT_0 _

Year
191?
1919
192?
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The Grueber shaft kiln consisted of a vertical shaft formed by- 
steel jacket lined inside vith a refractory lining.

The shaft was closed on the top with a steel sheet cover of the 
shape of truncated cone provided with a peep hole. The cover was 
connected to the chimney. Pressings of the raw materials powder with 
coke (or anthracite) rice vetted to 8%-lk% moisture were uniformly 
distributed by means of a rotary distribution disc.

The flat rotary grate was situated in the bottom part of the 
shaft, and it was provided with numerous lugs by which the sintered 
clinker was crushed and fell down through the grate openings below the 
grate, from where it was discharged by triple-chamber closures into a 
conveyor. Air was forced in the space beneath the grate to support the 
conbustion of fuel.

Quick firing process and a narrow sintering zone enabled the construction 
of kilns with a lower shaft. Optimal ratio of the shaft height to its 
inside deameter is 3:iD = (3 to U):i.

The kiln resistance has increased from 500 mm of water column 
(U,900 Pa) to 1,600 mm of water column (15,690 Fa) during the past 
60 years of development.

In the range of grates design, the most widely used has become the 
rotary grate, but even cylindrical grates were used (Mannstaedt 
or Stehmann system) and Thiele traveling grate system.

The upper part of the modern shaft kilns is made broader into the 
shape of a funnel.

The shape of the grate is to be adjusted, too, for fine nodules 
to prevent spontaneous emptying of the kiln through the grate holes.
The Spohn conical grate is very suitable.

Spohn implemented the technology of "black powder" m  1953 
to improve the quality of clinker. Under this method the fuel is ground 
together with the raw material, while in the method of "white powder" 
the fuel grains are mixed in before granulating only.
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Table 22. Dependence of output per hour of shaft kilns on the size 
of the rav material lumps

Diameter 
of a 
lump 
(mm)

Kiln
output

(t/h)

Depth
of*
fire
(a)

Speed of 
material 
movement
(m/h)

Time of dveil 
in the firing 
zone

(h)

Peroid

120 t.15 3-0 0.6 0 5.00 1920-1930

TO 5.1*0 2.0 0.79 2.56 1930-191*0

35 6.25 1.3 0.91 1-1*3 191*0-1950

25 7.30 1.0 1.09 0.91 1950-1960

17 3.15 0.3 1.23 0.65 "y
1960-1980

10 10.70 0.6 1.56 0.39]
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In the case of "black powder” method the grains of ash are very 

fine and can react perfectly with the raw material.

Гае present output of the cement shaft kilns is 150-280 t/day, 
while the specific heat consumption is 380-1,050 kcal/kg.

Haw materials for the firing of clinker in shaft kilns

Only reactive, easily burnable raw material powders are suitable 
for the firing in the shaft kilns.

Required chemical composition of the raw material powder
SiQ2

Silicate modulus Ms = se « 2.^ max.
Al203re2°3

Saturation with lime degree in clinker is usually kept within the 
value of 39i-9lJ
Silica grains exceeding 60 micrones may be present in the raw material 
in the maximum quantity of 1.5?

The fluid phase should be long enough to allow sufficient fixing
A1 0of clinker. Therefore, the aluminate modulus 2°3 should be 

within 1.5-2.0. *e2^3
It is possible to add fluxes and mineralizers into the raw 

material, such as fluor-spar (about 0.5%) or waste fluorosilicates 
{0.5%-1.0%), which, however, make the production costs higher, and 
such admixtures are not available everywhere in the required 
quantity.

The raw material powder should be ground to max. 132 residue on 

h,3QQ mesh sieve ClTO TS3). The optimal fineness is c£/d,5G0. The powder 
should be well homogonizea and mixed in an accurate ratio with the calcuied 

quantity of fuel.



The rav material should, have also a mineralogical composition 

suitable to form nodules resistant against thermal shock, and solid 

enough so that vhile coming from the granulating disc they should 

neither get deformed nor form an impermeable layer during transportation. 

Presence of clay mineral of montmorillonite is suitable for the purpose.

Some of the illite minerals are undesirable.

Addition of fuel into the automatic shaft kilns

The homogenized rav material powder for the shaft kilns is mixed 

with fine grained fuel (1-3 mm) of low volatile combustibility (up to 1%), 

i.e., with coke, anthracite or oil coke, vetted and granulated.

Advantages and disadvantages of shaft kilns

When compared with the rotary kilns, the shaft kilns investment 
costs are lover by as much as 2/3, their design is comparatively 
simple and they require less construction area.

The heat consumption is low and, moreover, mostly coke of 1-3 mm 
grain size is burnt in them. Such coke used to be an inconvenient 
vaste. The grindability of the fired clinker is better. It results 
in electric power savings in the cement milling process.

Cn the other hand, even the largest shaft kilns have been rather 
1 'units, and in the construction of medium-sized factories they 

had to be built in parallel batteries. In such a case it is more 
difficult to watch and control the firing process.

The work of the kiln operator is physically hard because the 
molten clinker sticks to the lining, and it should be pushed off by 
means of steel bars. The clinker quality is usually worse than that 
from the rotary kilns.

The firing in shaft kilns is still being done even in the industrially 
developed countries, but its share in the total production keeps 
decreasing. It is an obsolete technology which will be gradually 
replaced by dry-proces3 rotary kilns "with heat exchangers.
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VI. DRY PROCESS

Dry-process •production method with dispersion heat exchangers

The first cyclone heat exchanger KHD was commissioned in the 
Federal Repbulic of Germany in 1951- Nowadays, hundreds of kilns 
M 1 over the world are equipped with dispersion, either cyclone 
or countercurrent, heat exchangers. Low heat consumption and high 
specific output, as well as the possibility of utilization of waste 
heat frcm the flue gases for the drying of raw material, are advantages 
lacking in other firing systems.

Firing of clinker in kilns with dispersion heat exchangers

Homogenized powder is weighed continuously into the shaft 
dispersion heat exchanger (or into a four-step dispersion cyclone 
heat exchanger). Hot gases of 1,050°C frcm the rotary kiln super
the heat exchanger and heat up and partially pre_calcinate the raw

, omaterial powder. The raw material powder is U0 C warm while entering 
the heat exchanger, and its temperature reaches 30C°C at ths cutlet. 
The hot gases transfer their heat to the raw meteriai powder and leave 
the heat exchanger at 3^0°C. These gases are cooled in a conditioner, 
and dust is removed from than in an electrostatic dust separator.

The preheated powder from the heat exchanger enters the short 
rotary kiln (L:iD ratio is 17:1) where the calcination process is 
completed. Clinker is formed then in the sintering zone, and it is 
cooled down on a grate cooler. It is possible, of course, to use 
other types of coolers such as satellite, drum or shaft coolers.

The preparation of raw material powder for the dry process is 
rather more complicated, but the fuel consumption is so low that this 
method is a prospective one.

Kilns for the dry-process production 'with the dispersion heat 
exchangers are constructed for 300-5,000 t/day outputs, while the 
calorific consumption is 960 kcal/kg of clinker, i.e., 3,132 kJ.kg  ̂
to 720 kcal/kg of clinker, i.e., 3,015 kJ.kg*'1'. The larger the kiln, 
the more economically it operates.
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The dispersion heat exchangers are either cyclone-type ones, 

or shaft countercurrent-type ones, or they are a combination of 

cyclones and turbulant shafts, -while the gases are divided, into two 

branches.
A technical description of all the systems of the dispersion 

heat exchangers would be beyond the framework of this study. However, 

stiffice it to say that heat exchangers for kilns of 3,000 t/day output 

can be easily built; some heat exchangers with an output of more 

than U,000 t/day have already been built, and in one case a heat 

exchanger of more than 5,000 t/day has been built. As far as the 

specific heat consumption is concerned, all the heat exchanger systems 

are capable of achieving specific consumption of 300 kcal/kg of clinker 

(3,3^9 kJ.kg”^ and even less. It also depends on the kiln capacity.

A lower heat consumption may be achieved at larger units for the cyclone 

heat exchanger.

Table 23. Dependence of specific heat consumption on kiln capacities

(kilns with cyclone heat exchangers)

Kiln capacity
(t/d)

Snecific heat consumntion

(kcal/kg) (kJ/kg!

300 3 6 0 3 6 00
i*co 3 5 0 3 559
5C0 31=5 3 533
o00 3 35 3 1*96
800 3 io 3 3 9 1

1  0 00 3 0 0 3 3^9
1  2CC 785 3 287
1  bco T7 0 3 22U
1  3 cc "65 3 1 3 2
1  3 0 0 Тб? 3 203
2 000 7 6 0 3 1 3 2
2 500 7 50 3 H o
3 cco 7 И 3 1 1 9
3 500 71*0 3 098
u CCO "30 3 0 56
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Some more details about the most well-known heat exchanger systems

Humboldt heat exchanger (sometimes indicated by KHD).

The four-stage cyclone dispersion heat exchanger was first 
commissioned in 1951 in a cement factory at Bremen-Oslebshausen 
in the Federal Republic of Germany.

The Humboldt heat exchanger is the most well-known and oldest 
dispersion heat exchanger.

As it may be seen in figure VTIIa, the cyclones are installed 
above each other. They are interconnected with a piping of square 
section. The heat exchanger is made of steel sheets with a refractory 
lining, and the whole assembly is built in a supporting structure 
made of reinforced concrete.

The raw material mix is fed into an elbow of the piling leading 
unwards from the ton of the H a d  cyclone into the pair of parallel 
cyclones being the first stage (see the figure). The velocity of 
flue gases at the point of entrance of the mix into the piping is 
sufficient to entrain the raw material mix into the pair of cyclones 
in the first stage. A portion of the flue gases heat is transferred 
to the raw material mix at the same time, whereby the mix is pre­
heated. The preheating process of the mix goes on in the head of the 
pair of cyclones in the first stage. The mix gets separated from 
the flue gases in these cyclones and descends through the conical 
portion of the cyclone:, and a pipe into the elbow of the piping connecting 
the Illrd and Ilnd cyclone stages. The process here is repeated. The 
mix is entrained into the Ilnd cyclone and preheated. The mix separated 
from the flue gases in the Ilnd cyclone descends from it into the piping 
between the IVth and Illrd cyclone etc. Cut from the IYth cyclone, 
then, the mix is led through a refractory piping into the kiln. The 
passage of the raw material mix through the exchanger takes merely 
20 to 30 seconds, while the passage of the material through the kiln 
takes at least -0 minutes.
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Figure '/III. Dispersion heat exchangers
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The temperatures of flue gases and of the mix in the individual 
stages of the Humboldt heat exchanger are as follows:

Stage Mix Gases

First Inlet Uo 530
Outlet 315 3^0

Second Inlet 315 650
Outlet 510 530

Third Inlet 510 8k0
Outlet 650 Ó50

Inlet 650 1,100
Outlet 780 3U0

The raw material mix at the inlet to the heat exchanger has 
been partly precalcined. Therefore, to complete the calcination 
and sintering processes, a rather short kiln is sufficient, its specific 
output reaching 1 .1-1.8 t/m^ of its inside volume per day (max. 2.3 t/m^ 
in peaks only).

In case of kilns the capacity of which exceeds 1,S00 t of clinker 
per day, there are two parallel heat exchanger towers situated behind 
the kiln.

Hot gases from the heat exchanger are utilised for the drying 
of raw material, either in the raw mill or in the drum drier.

A kiln with the KED exchanger operates with an excellent heat 
efficiency, particularly in the case of large kiln 'units. The specific 
heat consumption ranges between 720 and 8U0 kcal/kg of clinker 
(3,015-3,517 kJ.kg"1 ).
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Except for flaps «here ore no movable parts in the heat enchanger. 
Nevertheless, the heat exchanger must be inspected during the general 
overhauls, and its packings must be repaired to prevent excess false 
air intake that may result in an increased heat consumption, end even 
in a reduced output.

The KHD heat exchangers have considerable losses in draught - 
about 600 mm of water column - and to make their lining is rather 
complicated. The heat exchanger does not have a self-supporting 
structure.

DqtioI heat exchanger

The Dopol system is the second most widely used heat exchanger.
As it may be seen in figure VHIb, the raw material mix i3 divided into 
two branches of cyclone exchangers in which the mix is preheated in 
the first and second stages. The two streams are Joined in the third 
stage into a counter-current turbulent shaft. The mix falls from the 
turbulent shaft into the uptake piping of flue gases from the kiln, 
where it is entrained into the pair of cyclones which are the last, 
fourth preheating stage.

Dividing the raw material mix into two branches of cyclones 
enables using cyclones of smaller diameters and enhancing 
their efficiency. 3esides, a single heat exchanger is sufficient for 
kilns of up to 5,000 t/day rated production of clinker. Kilns of 
k,QC0 t/day capacity are in operation. Kilns with Dopol heat 
exchangers operate with an excellent heat efficiency up to the limit 
of 720 kcal/kg of clinker (3,015 kJ.kg ).

Wedag raw mix suspension preheater

The Wedag suspension preheater, (illustrated in figure 7711c) 
operates in four stages. The first and third stages are formed by 
pairs of parallel cyclones. A vortex chamber is situated between 
the pair of cyclones in which a counter-current heat exchange takes 
place. The raw mix enters the vortex chamber, out of which it passes
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tangentially into the pair of cyclones of the first stage. The rav 
ttixt is separated from the flue gases in the cyclone and led into the 
connecting piping of the main cyclone, which is the second stage of 
the heat exchanger. The connecting piping is comparatively long, thus 
enabling a prolonged contact of the raw mix with the hot flue gases.

The raw m-iv is led from the main cyclone into the vortex chamber 
in the third stage of the heat exchanger. Out cf these cyclones it 
enters the rising duct of the fourth stage and the rotary kiln.

In addition to the type of the heat exchanger described here, 
two other modified versions of the heat exchanger are made which 
are applied to suit the size of the kiln.

A Wedag heat exchanger was built in Japan; its daily output 
reaches 5,^00 tons, which makes it the largest conventional (without 
precalcination) dispersion heat exchanger in the world.

The heat consumption is commensurable with the other described 
units.

Miag heat exchanger

This heat exchanger is illustrated in figure VXIId. Its first
stage is formed by a pair of cyclones, while a single cyclone is in 
it s second stage.

Raw material separated from the flue gases in the second 3tage 
is led into the upper part of the tapered countercurrent shaft 
(lU degree angle). A portion of the raw material descends into the 
lower part of the shaft in the countercurrent of the flue gases, which 
entrain the remaining portion of the raw material and take it into 
the third stage. The so-called cyclic stage. The separation 
efficiency of the third stage is high (it is said to be 95*). From 
there the raw material is led into the upper third of the shaft where 
it stays (dwells) for a certain time, get3 preheated and "rains'' 3lowly down 
to the inlet part and into the kiln.

The cyclic Quantity of raw material and, hence, its preheating 
and decarbonizing, can be changed within certain limits by the adjustment 
or closing of inlet pipes of the upper part of the 3 h a f t, practically from 
a double quantity of the raw material being fed up to as much as eight 
times more.
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Depending upon the required sizes, these heat exchangers may be 
supplied in modified versions. One of the well-known versions is 
the one consisting of three pairs of cyclones situated above each 
other, thus forming three heat exchanger stages; the fourth stage is 
formed by the shaft described already in the former case.

Miag heat exchangers are built in Japan.

The heat consumption in these heat exchangers reaches as low 
as about 750-800 keal/kg of clinker (3,1^0-3,3^9 kJ.kg ).

Dispersion shaft conuntercurrent heat exchanger (PM)

This heat exchanger has a completely welded self-supporting 
structure with a refractory lining. For its schematic illustration 
see figure IX.

The raw material is fed into the narrowed part of the shaft, 
usually through an air filter. The raw material is entrained into 
a pair or quadruple of thickening cyclones where it is preheated and, 
after separation, it descends to the distributing taper, which 
spreads it over the inner circumference of the shaft. The raw 
material descends in a spiral motion, while being preheated by the 
flue gases entering tangentially the bottom part of the shaft just 
above the taper. The raw material mix, having been preheated in 
the heat exchanger, concentrates in the bottom part of the shaft, 
from which it falls down a pipe, made of special refractory steel, 
into the rotary kiln.

The PM heat exchanger structure and operation are very simple, 
with a very low draught loss. Lining is simple.

Kilns of 2,000 t capacity and more are provided with two heat 
exenangers.

The largest kiln with two heat exchangers has 3,000 t capacity, 
its heat consumption being 7^0 keal/kg of clinker (3,098 kJ.kg ^).

, oThe raw material mix enters the heat exchanger at -i0 C temperature, 
and when it loaves the heat exchanger it is preheated to 730°C temperatureQand has reached '*5% of calcination. The inlet flue gases are of 1,050 -

0 o1,100 C temperature, whereas they leave it having 3“0 C temperature only.
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Figure IX. Dispersion shaft counter-current heat 
exchanger (?M)
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Countercurrent heat exchanger

The design and operation of this heat exchanger ( igure X) 
are different from those of the PM shaft heat exchanger. Raw material 
m-LY is conveyed into two cjclones situated in the upper part. It 
falls from the cyclones into the upper pre-heater compartment, in 
which it descends and then whirls in the bottom narrow part, through 
the flue gases supplied there, countercurrent vise. The raw 
material mix descends from the fourth compartment into the kiln. The 
flue gases are supplied by the same route.

Flue gas temperatures measured:

Kilns with dispersion heat exchanger and precalcination process

The suspension flash (SF) process has been developed in Japan.

In Japan a kiln of 3.9 m in diameter and 31 m long with Lepol 
g-ats was reconstructed in 1971. Its original output of 700 t was 
increased to 2,000 t/day after the reconstruction.

The chart of the SF process is in figure XI. The chart shows 
a combustion chamber situated between the kiln and the heat exchanger. 
Owing to the additional heating into the heat exchanger, the calcination 
degree of the raw material mix was raised to as much as 85^-90?, and 
the kiln specific output from 1,522 t/sr' of inside volume a day 
to 3,384 t/m~ a day. Rot air of oCO -o5G C temnerature for combustion 
i3 led from the grate cooler to the combustion chamber.

This system has spread not only in Japan but all over the world. 
About 45 kilns (16 of them in Japan) were in operation in 1979- 
The largest kiln reaches the output of 7,700 t/day.

At the outlet from the ki^n

In the first compartment 
In the second compartment 
In the third compartment 
In the fourth compartment

In the cyclones 340° to 360°C 
450° to 470°C 
525° to 550°C 
600° to 650°C 
700° to 750°C 
1,000°C
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. Cross-sectional viev of counter- 
current heat exchanger

gure X
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Figure XI. Sketch of the SF heat exchanger

I
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Favourable features of the system are:

(a) Low consumption of beat - 7^0-830 kcal per kg of clinker 
(3,098-3,1*75 kJ.kg-1);

(b) High degree of calcination - 85i-90S;
(c) Low content of N0x in flue gases - about 100 ppm 

only at 10/5 of 0o ;^  ̂ 3
(d) High specific output of the kiln - 3.6-^.1 t/m a day,
(e) As much as 3CJS savings in linings;
') It enables building individual kilns of up to 10,000 t/day output.

FLS dispersion heat exchanger (see figure XII)

This system differs from the others in principle by supplying 
two separate streams of hot gaseous medium from two different sources 
(two-stream arrangement) into the two heat exchanger branches:

(a) The first gaseous medium being hot gases generated in 
the calcination combustion chamber in which hot air from the grate 
cooler was used for the combustion;

(b) The second gaseous medium being the flue gases from the 
rotary kiln.

The cyclones of the heat exchanger branches ooerate on a similar 
principle as described at the Humboldt heat exchanger, with the only 
difference being that the raw material mix is led into the calciner 
at the bottom part of the heat exchanger, i.e., from the fourth cyclone 
of the kiln branch and from the third cyclone of the calciner branch.
After havit* been separated in the fourth cyclone of the calciner 
branch, the raw material mix is fed into the rotary kiln.

Since the two branches have different pre-heating capabilities,
6Q% of the raw material is to be dosed into the calcirer branch
and 32% into the kiln branch. Both branches are controllable independently,
and their output can be changed within a considerable range. The
specific heat consumption of the kiln with the FLS heat exchanger
amounts to 750 kcal/kg (3,1^0 kJ.kg ^).
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MFC suspension pre-heater

The system most often consists of a convertional heat exchanger in 
combination with a fluid bed reactor. (Figure XIII shovs this system 
in combination with the Humboldt heat exchanger.)

Either a portion of the raw material may be fed into the reactor, 
resulting in partial increase of output only (particularly suitable 
for reconstructions), or all the raw material may be led through the 
fluid bed reactor.

Even coal can be used for the firing. The dwelling time of 
the raw material mix in the reactor is 5 minutes on the average.
The largest kiln unit output is 7,200 t/day. The combustion air for 
the fluid bed reactor is led from the hot chamber of the grate cooler 
by means of a fan. The system makes it possible to achieve a high 
specific output of the rotary kiln - as much as 3-9 t/m^/day.

X5V and NKSV systems

The calcining fire box consists of a vertical cyciindrical vortex 
chamber, into which the hot combustion air from the cooler is led by 
an independent branch, fuel by means of several burners, and the 
preheated raw material is fed from the heat exchanger.

The situation of the KSV fire box is shown in figure XIV. The 
system has made it possible to achieve 3,500 t/day kiln output, which 
is the highest output of a kiln unit in the world at present.

In figure XT/ also the change in the shape of the IJKSV chamber 
and burners situation can be 3een. Since 1979 the XKSV chamber has 
been used in two plants already. The new concept of arrangement stemmed 
from the effort to cut out the pressure loss and to reduce the formation 
of mud rings above tt.e inlet chamber, where the velocity of flue 
gases has been slowed from the original 80 n/sec to 35 n/sec.

The design of the reinforced suspension pre-heater (RS?) 
fire box is successful, too.

Lately, effort3 aimed at reducing the content of some harmful 
volatiles in flue gases have been met 'with more frequently. An 
example is given by the dual combustion and denitration calciner (DD) 
precalcining system (figure TV.; The combustion method in th* 
precalcining chamber enables reducing the content of nitrogen oxides MĜ
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XIII. Fluidized calciner sketch (MFC)
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Figure XI7- Fire box of the flash-calciner sysnen
XSV and ÍIK3V
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Figure TJ. DD flash-calciner system (iual combustion 
and dénitration calciner)
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in the fourth stage of the heat exchanger to a mere 50-150 ppm. This 
is achieved by adding an auxiliary burner as veil as correctly situated 
main burners in the bottom part of the calcining chamber.

The system is in operation in tvo cement factories in Japan 
of 500 t/day and 3,600 t/day capacities. The degree of calcination 
from the heat exchanger reaches 85?.

Some more data and comparisons of the main precalcining systems 
are shovn in tables 2U, 25 and 26.

Simple nrecalcinations

In some cases it is more advantageous to increase the kiln 
outputs less, e.g., by 10?-15?, only, because the capacity 
of the other equipment would not allow any larger increase, or, in 
such a case, it may not be useful to make extensive reconstructions 
including clinker coolers, conveyance of diner, heat exchanger etc.
In such a case the combustion air requried for the firing in the 
precalcining chamber can be additionally heated at a suitable point 
directly in the heat exchanger, or at some point of the flue duct 
between the kiln and the heat exchanger.

?.aw materials suitable for the dry-process production in kilns 
with dispersion heat exchangers

During the preparation of technology for the dry-process production, 
an increased attention is to be paid to the overall contents of alkalis, 
sulphides, sulphates and chlorides, both in the raw material and in 
the fuel.

There is a standing requirement that the content of alkalis 
(R^O) in the raw material should not exceed 1.5?. The content of 
chlorides (in terms of Cl) should be 0.0U? maximum and sulphur content 
from the raw material as well as from the fuel calculated to 30 ̂ 3hould 
be 1% maximum.

Dispersion heat exchangers are unsuitable for raw materials with 
an increased content of alkalis. Alkalis cause sticking of material 
both in flues and in the heat exchangers, particularly when combined 
•with sulphates and chlorides. Therefore serious breakdowns and even 
stoppages of kilns happen quite often.



Table 24. Comparison of dry rotary kilns with dispersion heat exchangers
and flash-calciner system

Characterist ic MFC SF RSP KSV FLS

Specific heat consumption (kcal/kg) 7 50 750 750 750 760
(kJ/kg) 3 140 3 140 3 140 3 140 3 180

Output of the kiln (t/d) 
Specific daily output of

7 200 7 700 3 100 8 500 4 150

the kiln (t/m^) 3.9 3.8 5.2 3.2 3.7
Temperature of gases after 
kiln (°C) 1 150 1 030 1 050 1 100 1 100
after exchanger (°C) 
Temperature of raw meal

390 340 260 340 380

into the kiln (°C) 850 830 830 860 870
Temperature of gases after 
calcining chamber (°C) 860 880 830 860 870
Percentage of apparent 
dissociation (%)
Temperature of secondary air

90 93 88 91 90

(°C)
Amount of fuel into the calciner

800 800 680 950 800

U ) 59 62 60 55 57
Number of calciners 2 2 1 2 1
Calciner diameter (m) 8.0 7.4 3.6 6.8 7.1
Type of heat exchanger f o u r - s t a g e e y e  I o n e t y.p e
Speed of the kiln (rev/min) 
Inclination of the kiln

3.0 3.0 2.7 2.0 2.3

(degrees)
Kiln dimensions

4.0 4.0 4.0 4.5 4.5

diameter x length (m) 5 .4 x 95 5 .5 x 100 3.45/3.75 6 .2 x 105 4 .75 x 75
x 75

Ratio of length to inner 
d iaiueter 19.4 20.4 23.4 18.4 17.6

Note; RSP = Reinforced Suspension Preheater 
MFC = Mitsubishi Fluidized Calciner 
KSV = Kawasaki Spouted Bed and Vortex Chamber 
FLS = Dispersion Heat Exchanger 
SF = Suspension Flash Process
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Table 25. Summary of maximum output achieved by preheating and

precalcinating systems
Maximum output

Type of system achieved (also
kilns under 

construction) (t/d)

SF 7 700

NSC
Mitsubishi 
Fluidized 
Calciner Prepol C

7 200

RSP
Reinforced
Suspension
Preheater

5 200

KSV
Kawasaki Spouted 
Bed and Vortex 
Chamber

2 500

NKSV 
New KSV 4 500

DD
Dual Combustion 
and Denitration 
Calciner

4 000

FLS 4 300

GG 4 400

S 4 500

H

u

Pyroclon 3 200

Prepol B 4 200

Prepol AT

Prepol AS 700



Table 26. Comparison of che two precalcination systems

Characteristic Single precalcination Complete precalcination

Calcination
chamber

Burners are installed in 
Che adjusted flue ducc or 
in the bottom part of che 
heat exchanger

Separate chamber with 
burners with combustion air 
intake

Combustion 
tarciary air

led directly through the 
rotary kiln (so called 
superfluous air)

Lea through a separate 
piping from the clinker 
cooler (from another source 
only exceptionally)

Fuel proportion in 
che precalcination

(X)
30 to 50 45 to 65

Degree of decarbo- 
nization of raw 
material, (Z)

60 to 75 70 to 90

Usability up to che 
output of: t/day 5 000 10 000

Technical feasibility Simple Complicated

Usaoilicy of 
coolers

All types Except satellite ones
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It is also necessary to be careful when raw materials from arid 
areas are used. They usually contain a considerably higher proportion 
of soluble alkalic salts (chlorides, carbonates, sulphates). This 
applies particularly to Middle East and Near East countries - 
Egypt, Iran, Kuwait, Saudi Arabia and to Argentina.

Reaction of aivaijne salts with reactive aggregate in concrete

It would be certainly incorrect to think of the effects of 
alkalis only from the point of view of the problem of mud-ring forma­
tion in kilns. It is also necessary to notice the influence of alkali 
salts on the quality of cement, particularly of concrete. This 
interest, however, is directly related to the rotary kilns and their 
dust-separating system. More sophisticated firing systems provided 
with perfectly working electrostatic dust separators, from which the 
dust is returned into the kilns, produce clinker with double content 
of alkalis when compared with the former "vet" kilns, which were not 
equipped with a proper dust-separating system, and thus enabled the 
alkaline salts to escape into the open air.

The harmful effects of alkaline salts in concrete with the 
presence of reactive aggregate was noted, and later on even studied, 
in the concrete of the Buck Dam body built on the New River in 
Virginia. The investigations made in 1922, i.e., 10 years after the 
dam had been completed, showed that the concrete affected by alkali- 
aggrogate expansion developed typical random pattern-cracking at the 
surface.

Professor R.J. Holden concluded this case in 1935 by a petro­
graphic study and proved that the reaction of cement components with 
the aggregate had been the cause of the cracks.

At about the same time cracks in concrete were found on other 
significant structures in the United States. For instance, 
the bridge on the river Santa Clara (construction in 191^-1915), the 
bridge in King City (California) (construction in 1919-1920) and others.

Only the serious cracks that occurred in the concrete dams of 
significant works, such as the Parker Dam, Gene Wa3h Dam, and Copper 
Basin Dam in Colorado, necessitated a detailed investigation.

I

J A A
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T. 2. Stanton published two essential works on this subject 
in 19U0. They evoked extraordinary attention all over the world, 
but particularly in the United States. Suitable methods were elaborated 
to determine alkaline content in active aggregates, and extensive 
research was made first in the United States and subsequently in 
other coutnries. (See the ASTM Standards: C 299 - 61 test for
potential reactivity of aggregates (chemical method) and C 227 - 
61 test for potential alkali reactivity of cement aggregate combination 
(Mortar bar method).

Alkali reactivity of aggregates can cause deterioration of 
concrete containing high alkali cement through production of alkalic 
silica gels, which subsequently absorb water osmotically from the 
cement paste, developing hydrostatic pressures in excess of the tensile 
strength of the concrete.

The minerals opal, chalcedony, tridymite, cristcbalite and 
heulandite, zeolites rocks such as glassy or crypto-crystalline 
rhyolites, dacites and andesites (and their tuffs), opaline and 
chalcedonic cherts sure deleteriously reactive with cement alkalis.

It became apparent that alkaline-active aggregates occur in at 
least lU states of the United States. Similarly active rocks were 
found in Australia, Brazil (construction of Jupia Dam), Denmark,
India, the Netherlands, New Zealand, Scandinavia and in many other 
countries. The only exception was the United Kingdom.

The studies also proved that the alkali content, i.e., the total 
of KgG? and Na^CS in Portland cement converted on the basis 
of Na50j (i.e., % Na^D +• ,* KQ0 x 0.659), would not cause any harmful 
expansion in the concrete due to the reaction with the reactive aggre­
gate, as long as it would not exceed 0.^3. According to the 3ureau 
of Reclamation, the limit of 0.6% content of Na^Q is still acceptable.
These cements are called low-alkali cements, and they can be used in 
the construction of dams in the United States. Admixtures of some 
pozzoianas or fly ashes from the electrostatic dust separators used 
in the cement may also have a stabilizing effect. It is quite 
understandable that the United States and some other countries hesitated 
to start -with the construction of rotary kilns for the dry production 
process with dispersion heat exchanger. Clinker produced in these kilns 
contains more K?0 +• NaQ0 chan that produced in the formerly used wet-process
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rotary kilns without returnable dust particles from the separators. 
Besides, there are fears of possible formation of mud rings and 
build-ups which might hamper the firing process.

Circulation of alkalis in a rotary kiln

Alkalis, chlorides and sulphates are contained in the raw material 
mix, in fuels and partly even in the dust particles from the separators 
(as far as the latter are returned into che kiln). They volatilize 
at the temperature above 800°C, and particularly in the sintering zone, 
and proceed along with the flue gases towards the end of the kiln, 
where they come into contact with the raw material mix. The temperature 
of the raw material mix is lower by 250°C than that of the flue gases. 
Besides, there are also the effects of the flue gases particularly 
due to the contents of SOj and 30^, resulting in the formation of 
alkaline sulphates and calcium sulphate.

Smelted salts cause the particles of the raw material mix to stick 
together and partly share in making mud rings in the flue ducts and 
in cyclones of the heat exchangers; the greater part of than proceed with 
the raw material mix into the sintering zone, where they volatilize 
again and return into the bottom part of the heat exchanger.

The concentration of alkaline salts in the kiln may be balanced 
to some extent by discharging them along with the clinker. As soon as, 
however, the alkali content in the raw material exceeds certain limits, 
it results in so heavy a concentration of alkalis in the cycle that 
it nay cause serious problems in the production, and often even choking 
of the flue ducts, or of some parts of the heat exchanger with sticking 
raw material.

3y-oass system

To prevent the problems caused by the formation of excessive mud 
rings, and to reduce the alkali content in clinker, additional devices 
have been designed - these may be described as alkali "valves’'.
Basically, it is a by-passing of a portion of the flue gases from the 
kiln, cooling them down by an additional intake of cold air and injection
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of water, whereby the gases are cooled down below 300“C temperature.
The gases are subsequently dedusted. Thereby the alkali content is 
kept low in the kiln inner-operation cycle. Gases freed from alkaline 
dust are then led either to the upper part of the heat exchanger or 
let out into the open air.

The three most well-known design versions of this by-pass system 
are shown in figures 1 6 , IT and 18.

The quantity of gases led away through the by-pass amounts to 
35-10)6 of all the flue gases. It may reach, however, 25* maximum.

The by-pass system increases the heat consumption in the firing 
of clinker by U to 5 kcal per kg of clinker (17-21 kJ.kg~J') per each 
1% of flue gases volume. It also increases the electric power consumption 
by about 2 kWh per ton of clinker (regardless of the quantity of 
the flue gases). Also the investment costs are distinctly higher.

When the alkalis and chlorides volatility factor is known, 
such a by-pass can be designed suit the particular heat exchanger 
and the raw material of a known composition to produce clinker of 
the required and acceptable content of alkalis.

Dispersion heat exchangers with precalcination

The advantages of dispersion heat exchangers with prscalcination are:
(a) The proportion of fuel burnt in the calcining chamber ' cunts 

to as rcich as 60%, whereby the calcination degree is about 35*;

(b) Short start-up of the kiln and its putting into full operation 
(5-20 hours);

(c) Extended life of linings by 25*-3Q% due to the lower thermal 
load in the firing zone of the kiln and due to the relatively smaller 
kiln diameter;

(d) Easier transportation and erection of the rotary kilns for large 
units because the kilns can be substantially smaller than in case of 
classical kilns with heat exchangers;

(e) Even coal or other waste and low-grade fuels can be used for the 
additional heating in the heat exchanger, whereby high-_rade fuels can
be preserved;
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Figure lo. Pre-heater by-pass-systea vith cyclones for 
preliminary dust collection and separati 

S-orecipitator for the by-pass gas
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2 IT. Pre-heater by-pass-system where the dust 
of the bypass gas is directly precipitated 

in a separate dust collector
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To E-precipitator 
or to dryer

! I

uoia air

Figure 13. Pre-heater by-pass-system vith diverting 
of the alkali dust and vith feed-back 
line for the diverted a;as into the main 

exit gas duct
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(f) The construction area is by 25% smaller;

(g) Lower content of N0^ in flue gases, particularly at special combustion 
chambers (DD, GG) - a mere 150-300 ppm at 10i of 0^ is considered;

(h) The clinker grain size is usually finer;
V (i) The heat consumption of the high-capacity lines above 3.0QQ 

t/day is about 730-790 kcal/kg of clinker, i.e., 3,056-3,308 kJ.kg x ;

Disadvantages are:

(a) In case of some older types the heat consumption was slightly 
higher (by Q%-5%), while the consumption in the latest units is 
commensurable with the classical design without precalcination;

(b) Slightly higher corsumption of electric power. It may be assessed 
by 1.5 KWh/t of clinker in average;

(c) Despite the fact that a rotary kiln is of smaller diamet»r for 
identical output, the system is more complicated and the economization 
can be seen at the kiln of more than 3,0C0 t/day output, and
more distinctly with outputs exceeding ¡*,500 t/day.

Long dry-process rotary kilns

The long dry-process rotary kilns are those whose ratio of their 
inside diameter to their length is 1:30 or more. This ratio at modern 
kilns is 1:33 up to 1:38. These kilns were developed mainly in the 
United States because they were reliable, required few operators and 
minimum maintenance, and the electric power consumption for the kiln 
drive was 6-3 KWh/t of clinker, which was the lowest one of all the 
kiln units. Slightly higher heat consumption, when compared with the 
European kiln3, was negligible until the outbreak of the energy crisis.

There were 31** of these kilns in operation in the United States 
in 1962/63, and they 3till produce 1/3 of clinker in the United States.
These kilns in Europe and in other part3 of the world can be found 
only rarely.

The long dry-process kilns were originally constructed without 
any inside or outside heat exchangers. 71ue gases at the end of the 
kiln were 70C°C and hotter, and they had to be cooled effectively, 
most often by water spraying, so they could be exhausted by an exhauster 
or dust-secarated.

*
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In the 1950a, however, we can generally deal with the systems 
of the inside heat exchangers. First there were systems of chains made 
of heat-resistant steel. Later there were tried ceramic cross-shaped 
internal heat exchangers in the calcinating zone, then even steel 
cross-shaped inner structures. The temperatures at the end of the 
kilns dropped to ^30^-530°C, and the heat consumption in the kiln 
was reduced to 950-1,170 kcal/kg of clinker (3,977-^,900 kJ.kg 
according to the technical level of the design. When hot flue gases 
are used as a drying medium in the drum drier, as much as 13i of the 
moisture from the crushed raw material can he dried up.

A distinct progress has been made in the development of the long 
dry-process kilns by adding cyclone heat exchangers. Thereby not 
only partial dust removal from the flue gases was achieved, but the 
temperature of the. flue gases was reduced, and the heat consumption was 
cut to as much as 350 kcal/kg of clinker (3,559 kJ.kg J'l,

The following combinations are used most often:

1. Long dry-process kiln with two cyclcne heat exchangers installed 
parallel (i.e., single-stage heat exchange).

2. Long dry-process kiln with one heat exchanger in the first stage, 
and with two other smaller-heat exchangers in the second stage.

3. Two-stage heat exchanger, consisting of an outside brick-lined 
cyclone heat exchanger and one inside cyclone heat exchanger.

All of these arrangements are attractive in view of the 
reconstruction of the long wet-process rotary kilns into long dry- 
process kilns.

'The long dry-process kilns have been constructed for a maximum 
output of 3,000 t/day. Since the heat exchange in the long kiln is 
very ineffective, the specific output is low, too, and the dimensions 
of these kilns are gigantic. From the designing point of view the 
long dry-process kilns may be of as much as 5,000 t/day capacity.
The dimensions of the jacket of 3uch a kiln have been calculated as 
follows: length 260 n, diameter 7.5 a. Therefore, it3 investment
cost is U5* higher than that of a short kiln with the dispersion 
countercurrent heat exchanger.
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As far as the production reliability is concerned, the long dry- 
process kilns are less sensitive to sticking of material due to alkalic 
3alts, and they have low resistance that results in lower electric 
power consumption of the kiln fan.

In some cases it is more advantageous to increase the kiln output 
a little less, e.g., by 10J-15?, because the capacity of the other 
equipment does not permit any larger increase. It may not be advantageous 
in the particular case to make large scale reconstructions, including 
clinker coolers, clinker transportation, heat exchanger etc, evoked 
by a large increase in the kiln output. In such a case the combustion 
air can be led through the kiln and make additional heating at a 
suitable spot in a heat exchanger directly, or in another suitable 
suot of the flue duct.

1
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VII. ENERGY CONSUMPTION AND CONSERVATION

About 05-135 kWh of electrical energy and. 000-2,000 kcal of 
thermal energy are consumed for the production of 1 ton of cement. The 
energy consumption depends not only on specific conditions prevailing 
in each factory, but also on the choice of a suitable technological 
equipment and proper technology, on the technical condition of the 
equipment, and on its professional maintenance and its correct 
operation.

Fuel savings

Possible fuel savings may be classified into three groups:

(a) Savings in the existing equipment by its correct operating 
and maintenance;

(b) Savings in the equipment by its suitable reconstruction;
(c) Savings achieved by the construction of an entirely new, 

up-tc-date plant and closing of the obsolete and uneconomical cement 
factories.

It is quite obvious that steps mentioned under (b) and particularly 
under (c) would require considerably high investment costs. Realization 
of the intended investments is a time-consuming matter because it 
depends on too many circumstances.

Thermal energy saving in a rotary kiln

From the fuel consumption point of view, it is suitable to divide 
the technological method into dry process . wet process methods of 
production. Characteristic indices of rotary kilns applied for different 
production methods are indicated in Tables 27, 28 and 29.

When an analysis i3 made of a large number of plants operating 
with dry process and wet process production, the following average 
internal division of fuel consumption will be obtained:



T a b l e  27 C o m p a r i s o n  o f  w e t - p r o c e a e  r o t a r y  k i l n s

Characteristic Unit

Shorty
rotary
kiln

Long rotary kilns with 
a chain zone

Rigby System 
Injection of elurry 
into the chain zone

Kiln with a
concentrator
(preheater)

Specific heat consumption kcal/kg 3 100 1 375 1 228 1 180 1 220-1 600 1 236 1 220-1 730
kJ/kg 12 980 5 760 5 141 4 940 5 108-6 700 5 175 5 108-7 243

Kiln output t/d 24 737 1 560 568 100-800 700 125-1 000

Specific daily kiln output per unit
of inner volume (t/m^) 0.72 0.74 0.58 0.48 0.63-1.00 0.99 0.63-0.89

Moisture content of raw material X 35 40 30 37.5 34-40 32 34-40
fed into the kiln X 35 40 30 37.5 34-40 32 3-12

Gas temperature behind the kiln °c 800 212 290 130 500-765 233 500-750
behind the heat
exchanger ° c - - - 100-185 - 100-185

Temperature of raw material
entering the kiln ° c 40 40 40 40 90 40 90

Ratio of length to
inside diameter 12 41 43 40 25 24 18 to 25

Electrical energy
required per unit of output (kWh/t) 11 8 11 14 14 18-10

residual sol id, solid,
Fuel - oil coal oil eoa 1 liquid, coal 1 iqu id ,

gaeeoue gaseous
Cooler - wi thout Fuller satellite Fol ax various drum various

cooler one designs one designs

Kiln dimensions, 1.82 x 18.2 3.8/3.2/ 4.65/4.15/ 4.0/3.6 - 3.75 x
diameter x length (m) 3.8 x 132.5 4.6 5x 175 x 135

Year - 1896 1968 1957 1957 - 1957 -



T a b l e  2 8 . Characteristic indices of dry-process rotary kilns

Units Short Short

Dry-process kiln 
Long witn inside 

structure
With a 
cyclone

With a boiler 
for waste 

heat
Specific heat consumption kca 1/ke 2 200 2 000 950 850 1 500-1 850*/

kJ.kg'* 9 211 8 374 3 977 3 559 6 280-7 746

Kiln output in tons of clinker per day t/d 35 150 630 1 000 80-3 300

Specific kiln output in metric tons
of clinker production a day in 1 m’ 
of inside space

t/m3/day 1.02 0.868 0.6 0.7 0.80-1.32

Moisture content of supplied raw material X 0.5 0.5 0.5 0.5 0.5
Raw material to the kiln X 0.5 0.5 0.5 0.5 0.5

Cas temperature: behind the kiln °C 950 650 4 50 400 700-1 000
Behind the heat exchanger 

Raw material temperature when

°C
" .

180

entering the kiln °C Uo Uo 1»0 hO 40

Degree of apparent dissociation of raw
material entering the kiln X “
Ratio of length to inside diameter
of the kiln L : iD m/ m 12 : 1 21 : 1 44 : 1 38 : 1 17 : l to 

25 s 1
Electric power consumption in
the entire thermal unit in the 
production of 1 t of clinker

kWh/ t 10 8 7 12-15

Kiln dimensions D x L 
(diani. x length)

in * m 18.2x1.82 2.5x45.7 3.75/3.45/ 
/3.75x146

- various

Year - 1887 1903 1963 1973 1930-1980

a /  O f  t h i s  5 0 0  t o  7 0 0  k c a l / k g  w i l l  b e  u t i l i z e d  f o r  g e n e r a t i n g  e l e c t r i » o w e r
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Table 29. Characteristic indices of semi--dry and semi-wet rotary kilns and sintering grate

Long rotary 
kiln Kilna with Kru, p-
for nodulea l.epol kiln calc inatora Lurgi
with inside leading of gases for wetl 1 sintering

Units structure simple double 3 chambers powder p.rate

Specific heat consumption keal/kg
kJ.hg-I £» 

—
£» 

00 
О 

О 1 050 
4 400

850 
3 560

760 
3 180

1 100-1 200 
4 605-5 024

1 240 
5 192

Kiln output t/d 338 250 400 1 920 100-1 000 340

Specific kiln output in metric tons of t/m^/day 0.58 1.62 2.09 1.41 0.8-1.1 15 t/m2
clinker production a day in 1 of 
inside space

of grate/d

Moisture content in the supplied 
raw material

X 13 14 14 13 12-15 14

Qaa 3 behind the kiln •c 250 900-950 1 000-, 100 l 120 700 240
temperature^ behind the heat exchanger *c - 120 90 120 240-400 -

Raw material temperature when entering •c (nodules) 760 800 850 250 20
the rotary kiln 20

Degree of apparent dissociation 
of raw material

z 40 45 45

Ratio of length to the inside diameter 
of the kiln F ; iD

m/m 28 : 1 15 : . 14 : 1 17 : 1 20 : 1 -

Electric power consumption of the 
entire thermal unit for the clinker kWh /1 9 9 13 17 18-19 25-10
produc t ion

Fuel - coa 1 oil oi I heavy о i1 var i ous coke

Type of cooler _ satellite drum grate grate va r i ous -
dost gns

Kiln dimensions D x h III X in 3.6 x 85 2.8/2.6/x 36 3 x 36 4.7 x 75 26 m2

Dimensions of the calcination grate w:l m x m - 2.42 x 12.5 3 x 12.5 4.76 x 37.5 -

Year and country - 1958 1954 1963 1966 - 1952
Yugoslavia Jordan Jordan Japan FRG FRC

Manufacturer Ming, FRC Polysius» FRG Folysius, Kawasaki Ming, Krupp Krupp, l.urgi
FKG Japan FUG FRG

T

15C
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Production method
Dry process Vet process

Heat consumption 
in the rotary kiln 
operation (including 
accessory equipment)

83Ï 96%

Raw material drying lh.%

Drying of coal (if it 
has been used as 
technological fuel)

h%

100% 13 0%

It ensues from the above-mentioned figures that the first possible 
saving of thermal energy in the dry process method can be achieved 
by using the waste heat for the drying of raw materials without the 
use of an auxiliary combustion chamber. This possibility appears 
particularly at kilns with dispersion heat exchangers where hot gases 
of 350°C are available. Hence, at least 120 kcal/kg (502 kJ.kg J‘) 
can be utilized for the drying of raw material, as far as the drying 
mill or drier are in operation at the same time. Otherwise, these 
flue gases would have to be let out into the open air without utilizing 
their heat. A similar situation is at the long dry process rotary 
kilns. When the correct drying scheme has been implemented, raw 
material can be dried by flue gases.

In some cement factories producing mixed cements, even slag can 
be dried by flue gases. The heat of the waste gases from the grate 
cooler can be properly utilized for the drying. Use of the waste 
gases depends on the specific conditions of a factory. They can be 
used for technological purposes (drying of raw material, slag, coal, 
partly as preheated primary air etc), or in countries with cold 
climates these dust-separated gases from the grate coolers are led to 
the heat exchanger for hot water, which is then used for heating in 
buildings. About U0-50 kcal/kg of clinker (167-209 kJ.kg 'L) are
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available for these purposes.

Selection of suitable fuels

Rotary kiIns, being the principal part of a cement factory, can 
be fired either with gaseous, liquid or solid fuels. Gaseous and 
liquid fuels do not usually need special preparation. When coal is 
used, however, it must be properly stored, mired, dried, ground and 
dosed accurately to ensure a high degree of burning stability. Gil 
must be duly preheated (to 2° Sngler viscosity) so that the oil can be 
perfectly atomized and, hence, perfectly burnt. Fuels used in rotary 
kilns must develop a temperature as high as 1 ,350-1 ,i50°C of the baked 
material in the firing zone to enable the formation of clinker. The 
clinkering process is completed when lime has been converted into 
silicates, aluminates and aluminoferrates. The clinker then proceeds 
to the cooling zone of the kiln and down to the cooler. The heated 
air from the cooler is led back to the kiln as secondary air to support 
complete burning of fuel. The more carefully the erection of a rotary 
kiln is made, the less power is required for its drive. The rotary 
kiln shell must be perfectly round and fitted to increase the 
kiln lining life and kiln stability, and to minimize losses in power 
drive due to an inappropriate resistance. When due care is paid to 
the erection, less refractory material, can be consumed for repairs, 
which results in lass idle time of the kiln and prevents wasting of 
energy in kiln stoppage and start-up.

3y analysing the remarkable world-wide development, a considerable 
growth in capacity can be noted. The size of kilns and heat exchangers 
is limited by the fact that the life of the kiln lining rapidly 
decreases as the diameter of kilns is increased. Some manufacturers 
solve this problem by pre-calcination, and it may be said that the way 
into the most intensive process in cement technology has thus been 
paved. A temperature of 900°C required for it can be achieved by 
using even low-grade fuel3. It also enables utilizing the waste heat from 
the cooler.
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In principle, good kilns have been built with a specific heat 
requirement ranging from 3,l8Q kJ to 3,260 kJ per kg of clinker at the 
daily production capacities from 2,000 to 9,000 metric tons. In terms 
of specific fuel consumption it may be expressed in lh-2.6 kg per ton of 
cement. When optimum conditions are created to achieve about 60% thermal 
efficiency, the value of specific heat consumption may be reduced to 
2,930 kJ per kg of clinker.

Comparisons of heat consumption in using different fuels are shown 
in tables 30 and 31.

Great attention should be paid to the coal quality and composition, 
as well as to its preparation. Coal used for the firing of clinker 
should be of uniform quality. Its calorific value should exceed 
6,000 kcal/kg of dried coal (25,000 kJ.kg~'L). The lower limit of 
■che calorific value should be 5,000 kcal/kg of coal (21,000 kJ.kg--L).
As the coal calorific value decreases the kiln output also drops 
quickly, and the specific heat consumption increases, and the clinker 
quality gets deteriorated due to the excess quantity of ash. Sven 
ash rings may occur.

The content of volatile matter should usually be determined daily, 
as soon as the coal has been supplied. Optimal content of the volatile 
matter is ld%~25%- It pays to ensure this content by blending two 
or even three sorts of coal.

Coal containing too much volatile matter has too high a flame but gives 
less heat. Such coal also starts burning very near to the burners.
However, coal containing little volatile matter burns with a very short, 
concentrated flame, burning too far from the burners. Such a discrepancy 
can be improved to some extent by finer milling of coal.

Coal should not be dried excessively because it is difficult to 
light it. In the case uf black coal, it is always suitable to leave about 
lJ-1.5/5 of moisture in it.

Fineness of coal: It is recommended to mill coal to the grain
size of 12*-l6;« rest on 0.085 nta (35 microns) 3ieve. To assess it 
approximately the following formula may be useful: * of residue on 0.055
mm 3ieve 3 0.6 times % of volatile matter.



Table 30. Additional heat consumption for clicJter burning in preheater 
kilns using fuel oil versus coal

Rotary kiln capacity 
(t/)

Heat consumption 
vhen using coal 

(k«J/kg)

Heat consumption 
when using fuel oil 

(kJ/kg)

180 U.187 1+.396

250 3.559 3.89^

380 3.768 3.978

1 500 3.^96 3.559l/

aj Mixed firing of fuel oil and coal.
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Table 31- Additional heat consumption for clinker burning in preheater
kilns vfaen using natural gas versus fuel oil

Heat consumption
Rotary kiln capacity vhen using fuel oil

Heat consumption 
vhen using natural gas

(t/d) (kJ/kg) (kJ/kg)

Uoo 3.̂ 75 3-768

810 3.768 3.936

1 6co 3-̂ 33 3-559

1 600 3.1U0

3 500 3.098 3.266

a/ In this case, vhen svitching to 
dropped from 1,500 to 1,500 t/d.

natural gas the kiln capacity

•r *

*



- 156 -

A perfect combustion is one of the important rcouiievents for an 
optimal technological process. When combustion is imperfect carbon 
monoxide is developed, and about 3G'-35i of calorific value only 
is utilized. Excess air during the combustion process should range 
from about 3-7? to ITi, i.e., in terms of oxygen from 0.77J* to 3o 6i« 
oi 0^ in the flue gases. However, an a veil-adjusted kiln the value 
should be moved around 1.5? of 0 .̂

The majority of new kilns are provided with an electrostatic 
dust separator. To prevent explosions the carbon monoxide content 
must be checked. When the CO content exceeds Q.k% a danger warning is 
signalled, and the filter should be switched off. Therefore, it is 
desirable to increase the 0  ̂content in the gases behind the kiln 
by 1?, and the CO content is be kept at 0.OS-0.15 value.

It is also important to avoid all leakages which may cause 
penetration of excess air into the kiln, because this results in 
imperfect combustion and mal-functioning of the cooler as a heat 
recuperator, which indirectly increases fuel consumption.
When the penetration of excess air is reduced by 1% only, about h2,131*' 
ko per ton of clinker in wet process and 81,269 kJ per ton of clinker 
in dry process can be saved.

Following the foregoing analysis, different approaches towards 
a significant reduction in fuel consumption are as follows:

(a) Reducing the heat losses due to radiation - these losses 
may amount to as much as 10i-25* of the total heat consumption.
Such a reduction can be achieved by suing an insulation course
of fire-bricks of high alumina content. Cne inexpensive way to 
reduce radiation is to keep a constant layer of clinker on the 
kiln lining in the firing zone. Lately, it has been possible to 
use an insulation layer of 2-3 mm thick paper made of high purity 
alumina and silica fibres between the kiln shell and the refractory 
lining;

(b) Reducing the kiln cooling fan temperature by installing inner 
heat exchanging equipment, such as filters and chains. Particular 
attention is to be paid to the chain zone. The trying of the best
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water evaporation from the slurry but also the transportation of 
raw material ana removal of s-lurcy rings. It decreases tte lustiness 
and reduces the temperature of the flue gases, whereby it enhances the 
output and decreases the specific heat consumption. Therefore, it 
is necessary to determine the optimal length of the chain zone for 
every kiln, density of the chains in the individual sections, weight 
of the chains and method of their suspension. la aa&a there is- no 
sufficiently experienced expert available in the factory, it is 
advisable to request an engineering company or an expert to do this 
engineering .job;

(c) Reducing the slurry moisture in case of the wet process 
from 35? down to 30?. This way cbout 336,9^3 kJ per ton of clinker 
can be saved. This saving can be achieved only in compliance with 
the adjustments of-the—other-inside structures—in the kiln, 
particularly chains, otherwise a portion of the preserved heat would 
oe lost by the flue gases of an increased temperature. The moisture 
can be reduced by substituting flue ash for clay, or by using deflocculants 
(ligninsulphonates,-tripolyphosphates, silicates, carbonates etc.) or 
mechanical devices.

It is to be noted that whatever steps are made towards the 
ootimal use of a technological process, under the present condition 
of technical progress no radical, reduction in fuel consumption can be 
achieved. Nevertheless, such steps as a whole may contribute considerably 
to the reduction.

Other measures in heat energy conservation

It is obvious that the firing affects most significantly the 
specific energy consumption value. Therefore, the energy rationalization 
in this section is being implemented in a broader context with the aim 
to reduce the specific energy consumption, not only by an absolute 
reduction in fuels consumption, but also by an increase in the 
efficiency of the calorific value of fuels.
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The following steps are recommended, for the cement industry to 
meet the present requirements of heat conservation:

(_a) New construction of dry process or semi-dry process kilns only; 

Co) Automatic process control;

Cc) If possible, the count factory should choose the most reactive
raw materials. Reduction in silica modulus and aiimina modulus, 
as well as in the lime saturation factor, always results in a decreased 
fuel consumption. Nevertheless, the lime saturation factor cannot 
be reduced due to the quality reasons, and the other moduli must be 
kept within certain narrow limits, too.

Cd) Copper slag - when 2J-35 of copper slag is added as a mineralizing 
agent, the heat saving may amount to as much as 3,9^5 kJ against the 
former 4,209 kJ per kg of clinker.

(f) Improving the coefficient of heat exchange at the wet-process 
kiln inlet;

(g) Utilization of hot flue gases either by improving the inside 
structures (particularly the chain zone and heat exchangers) or
by installing outside heat exchangers;

(h) Reducing hot gases in the cooler (recuperation of a part of the 
outlet air for raw material drying, utilization of heat from the
cooler for heati-.4- ^  t.e primary air or fuel or for municipal heating,

and electric equipment or for technological reasons;
(1) Optimal use of the firing process.

Reconstructions connected with change of the production method

Examples of plant reconstructions aiming at the reduction in heat 
consumption and an increase in output at the same time:

(e) Reducing moisture content in the raw material (deflocculants);

(i) Modif -a of linings to improve the kiln insulation;

(j) Utilization of solid fuel (coal);

(k) Prevention to kiln stoppages due to breakdowns on mecnanicai
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A*t ^ TfO>
VUW WA MW WMWM VA *V V

Example I 

Country
Production method 
Kiln DxL (m)

Heat consumption 
kJ.kg-1

kcal/kg
Output t/d
Moisture content 
in raw material %
Measures taken

Example II 

Country
Production method 
Kiln DxL (m)

Cutput z/d
Specific heat 
Consumption 

kJ.kg-1 
kcal/kg

Measure taken

W  u r * ^  A  A M  ^ * 0  A +  A w ^  A O
'VA VW W W  W WMVAi W A VW VVA AW V

Before reconstruction After reconstruction

Switzerland semi-wet process
wet process 2.8 times 12l +
2.3 times 12l cyclone, two-stage

heat exchanger

6,175 1 ,100 to 1 ,200

1.175 980 to 1,000

300 550

32 to 11 15 to 22

filtration + 
two-stage heat 
exchanger

Japan
wet process dry process
3.3 times 150 3.3 time 150 + 

Polysius heat 
exchanger

OO 2, 025

5,113 1, 379
1,300 1,016

audit 1
installation of the 
heat exchanger and 
reconstruction of 
raw material preparation 
plant into dry-process one
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Example III Before reconstruction After reconstruction

Country Japan
Production method wet process dry process
Kiln D (m) 5.2/1.9/5-3 5-2/1.9

L (m) 137.5 9l.5 + Polysius 
heat exchanger

Output t/d 1,800 2, S00

Specific heat 
consumption , 

kJ.kg" 5,113 3,22k
kcal/kg 1, 300 770

Measures taken shortening of the
kiln, addition of 
heat exchanger, 
reconstruction of 
raw material 
preparation plant 
into dry-process 
one

Example IV

Country Japan
Production method wet process semi-wet process
Kiln D x L (m) 3 x 1 x oG 3 x 1 x 50 + lepol

Output t/d 312
grate
510

Specific heat 
consumption 

kJ.kg-" 7,955 3, 978
kcal/kg 1, 900 950

Measures taken shortening of kilns
installation of Lepol 
grate, satellite cooler 
have been reconstructed - 
into grate coolers, 
vacuum filtration 
added, filtered 
cake mixed with 
raw material powder
inl:l ratio supplied 
from a new plant 
and granulation

\ à
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Example V 

Country
Production method 
Eiln output t/d

Specific heat
consumption

kJ.kg-"
kcal/kg

Measures taken

Before reconstruction

Greece
vet process
2 kilns: 750 each

5,950
l.UOO

After reconstruction

dry process
1 kiln 1,500 +
KHD heat exchanger 

Wedag

3,260
780

removal of 2 wet- 
process kilns and 
construction of a 
new one for dry- 
process production, 
reconstruction of 
the raw material 
portion to dry- 
process method

The above examples show clearly enough that there is no uniform 
recommendation on how to reconstruct the wet-process plants with the 
aim of reducing the heat consumption. The choice of an optimal 
alternative of the reconstruction must come from the specific 
conditions prevailing in a particular plant.

Other examples of reconstructions

Before reconstruction Measures taken After reconstruction

Rotary Specific 
kiln heat

consumption
o p e c m c
heat
consumption

? of
increased
output

Wet kJ.kg-1

process o,700

kcal/kg

Additional 
construction 
of a
concentrator

kJ.kg-1
5,23^
kcal/kg
1,250

25

kJ.kg 1 
5,362

kcal/kgi,h0Q

Additional- 
construction 
of dust spray¿1*̂* or»

kJ.kg-1
5,153

kcal/kg
1,230

Wet
process 30
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Dry
process 
with a 
boiler 
for waste 
heat

kJ.kg
7,536
kcal/kg
1,500
in the kiln 
proper

Additional 
construction 
of a heat 
exchanger and 
removal of the 
waste heat boiler

kJ.kg 
 ̂,019
kcal/kg96o

60

Energy conservation in the field of electric power consumption

The electric energy represents less than 20^ of the total energy 
required in the cement production, but it is mostly more expensive 
than the fossil energy. It is necessary to realize that it is generated 
from thermal energy in thermal power stations (except hydro power 
stations and nuclear power stations), and there are considerable losses 
in its generation.

Thermal energy required for the firing of clinker stands first 
in energy consumption, while the electric power required, being slightly 
less, is in second place, and its maximum consumption lies in crushing 
and grinding of raw materials, coal and clinker into cement.

3asic factors in electric power savings are as follows :

(a) Smooth and uniform operation;

(b) Reducing stoppages and idle runs;

(c) Seeping to the prescribed technology and operation rules;

(d) Correct compensation of power factors and optimal gearing;

(e) Correct calculation of drive;
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(f) Skilled maintenance;

(g) Choice of optimal technology;

(h) Elaboration of standards of consumption and evaluation of result

The most demanding process is the grinding of raw material and 
clinker. These processes represent about 60-75Î of total electric 
power consumption in a cement factory.

Electric power consumption in grinding process

Ball mill designs at present have almost exhausted all their 
possibilities, and it is the roller mill which now offers an interesting 
alternative to grinding raw materials and consuming half of the electric 
power when compared with the ball mill. The roller mill allows quicker 
withdrawal of raw material from its milling path, whereby excessive 
milling can be avoided to some extent. The roller mill can be fed 
with a larger batch than the ball mill so that no power is consumed 
in terciary grinding. Only fans require a little more power.

Power saving at the roller mill, as against the ball mill, 
amounts to 6 kWh per ton of clinker. In case of coal milling the 
roller mill power consumption is 5.5-5.2 kWh, whereas the ball mill 
power consumption amount to 15.5-2C.3 kWh.

The following table 32 shows she comparison of power consumption 
in the milling of raw material (12$ residue on the 90 mm mesh sieve).

The above-mentioned advantages, however, apply only to soft and 
medium-hard limestones and marls. When hard and very hard limestones 
are ground the results are quite opposite, because the output of the



Table 32. Comparison of energy consumption - raw material grinding 
(Raw material grinding - 12i sieve residue on 90 mm

mesh sieve)
(in kWh)

initial
crushing

Grinding Fans and
auxiliary
equipment

Total

Ball mill with
pneumatic
withdrawal

kWh
o.u

kWh
15.9

kWh
1+.1+

kWh
20.7

Ball mill
double
rotating

0.1+ 12.8 5.3 13.5

Single
chamber mill 
with bucket 
elevator

0.1+ 12.8 5.0 18.2

Roller mill T .6 T.O 11*.6
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mill drops particularly in case or fine grinding. It is, bhex-efure, 
necessary to subject the raw materials to grinding ability tests 
before the final decision on what type of grinding equipment is to 
be used.

Energy conservation in the process of grinding clinker

1. Experiments have proved that more porous clinker is easier to
be ground. It is, therefore, necessary to determine the litre weight 
of the clinker and to prevent the clinker from an excessive firing.
While the litre weight of the clinker is being determined, 
due attention is also to be paid to the content of free lime in it 
and its compressive strength. Optimization of the litre weight 
of the clinker always results not only in the saving of electric power 
in the grinding process but in fuel savings, too.

2. Dependence of grindability on the mineralogies! composition of 
clinker- brittleness of grains in clinker depends on the ratio of Ĉ S 
(alite), CgS (halite) and C^AF in clinker.' If an optimal ratio, stable 
kiln oneration and optimal cooling process are achieved, it may result 
in 10 % energy saving in clinker grinding. This finding, however, is
of academic significance only, because when the proportions of minerals 
in the clinker are changed the cement properties are changed, too.
It is possible, however, to pay due care to these findings within certain 
narrow limits.

Grindability can be increased by a higher content of free lime, 
whereas when MgO content is higher than 2% the grindability is decreased. 
Thi3 finding, however, may be applied only partially in a cement 
factory. The content of free lime in a clinker manufactured by wet 
process should not exceed 0.55», and in case of dry process 1?.

Grindability can be improved by increased content of C^S while
C S is decreased.2

'■/hen hot clinker is supplied for grinding it does not reduce 
grindability, but the grinding process output is decreased by 
electrostatic charge.
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Sometimes, due to commercial reasons, cements of excessive 
fineness are produced. For instance, when cement fineness is increased 
from 3,100 to 5,000, according to Blaine, it results in increased 
energy consumption by 200?, while the ISO mortar strength after 28
days is increased by a mere 130?, strength of concrete by 110?

2within the same period, when cement 3,100 g/cm is taken as a oasis 
of 100?, according to Blaine. Very fine cements are required for 
special purposes only when high initial strength is required (1 to 3 
days).

3. The largest power saving in the grinding process can be achieved 
when the grinding machinery is correctly operated. It is quite 
currently known that an experienced specialist may save as much as 
15? of electric power on the grinding machine which has been amended 
after years of unskilled handling. It is necessary to notice the 
following factors which can increase the output of the grinding machine 
and reduce the specific energy consumption:

(a) Grain size of the material to be ground - coarsely ground material,
most often due to broken grate bars in the crusher, reduces the grinding 
machine output, particularly the operation of the first chamber.

It is advisable to grind clinker after it is well seasoned.; that 
itself may increase the grindability by as much as 10?;

(b) The length of the grinding machine cannot be changed in a cement
factory, but the number and length of chambers can be changed by 
shifting the partition walls. Such a modification may be made only 
after a prolonged watching of the grinding machine operation, on the 
basis of grinding curves prepared according no sieve analyses of samples 
taken from the inside of the grinding machine;

(c) The quantity of grinding balls in the individual chambers (degree 
of filling) and their mutual proportion influence the fineness of the 
grinding as well as the output. The test results, including 
grindability tests, grinding machine output, fineness and granulometry
of the entering material, must be carefully registered;

x A
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(d) The moist Tire content in the material to be ground is important.
Slight wetting up to 2% of moisture content usually supports the 
grinding process, whereas a higher moisture content, to the contrary, 
reduces substantially the output of the grinding machine, or it may 
even cause its choking;

(e) The shape of the plates is very significant. Raising plates
should be installed in the first chamber, while sorting plates are 
to be in the last one. They sort the big balls towards the inlet;

(f) The degree of filling with material to be ground is imuortant 
and may be checked either by an electric sensor or by the operator 
himself (by listening to the grinding machine run);

(g) The slots of the partition wall3 must be kept clean and they 
should allow enough space;

(h) Grinding intensificators are successfully applied in many cement
factories. They must be dosed accurately and 'uniformly into the 
grinding mill. They are suitable both for wet grinding of raw 
material and for grinding of cement. Their high cost prevents their 
general use. About 35*-12% of electric power can be saved. These 
mutters must neither affect the cement quality adversely nor must they 
be poisonous;

(i) Correct ventilation of the grinding mill is one of the fundamenta 
requirements of good grinding process and should be checked;

(j) The required fineness of the grinding (to achieve good quality 
cement or good firing of raw meterial) must be adhered to, but

grinding process always entails superfluous energy losses.excessive
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Vili. MAINTENANCE AND MEASUREMENTS

It is a well-proven experience in all factories that a sound 
maintenance programme always results in reduced energy consumption, 
increased production, extended life of equipment - particularly silns - 
and sometimes in better quality of products.

Anyone can build a good kiln and use good insulating materials 
corresponding to the latest knowledge. But the energy conservation 
programme becomes more effective when a proper kiln and other equipment 
maintenance programmes are implemented.

Measuring excess oxygen or excess fuel in flue gases is the best 
method of determining air/fuel ratio in the combustion process. It 
really pays to use at least a portable oxygen analyser to monitor 
the kiln firing process. Such a measuring unit does not need any 
maintenance and can be used even under difficult working conditions.

If, however, a complete set of instruments for measurements, 
registration and evaluation of combustion processes can be used, for 
instaice in a mobile unit, which is the latest trend in the world, 
and if this unit can be engaged in measurements and diagnostics for 
many planus successively, such a system may operatively detect many 
discrepancies in the firing process. 3ased upon such findings, 
remedial steps towards more economical and fuel-saving processes 
can be made.

Following proper diagnostics performed on the important production 
units, e.g., the firing process, efficiency can be increased by:

(a) Reducing the combustion heat down to a quasi-stoichiometric 
combustion;

(b) Increasing the combustion heat by preheating the combustion
air.
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IX. ЛОТЕ ON LIME

All types of lime-firing kilns can be ¡net with nowadays in 
developing countries. In the vast rural areas situated far from 
any industrial centres, lime is fired in very primitive field and 
shaft kilns, which operate periodically and consume a rather high 
amount of heat. These kilns are built by the owners themselves.
They fire lime without consuming any electric power, utilizing local 
fuel sources (wood, charcoal etc) which, provided that the forests 
are re-cultivated, would be restored again. These kilns are of low 
output, but there are a lot of them in operation. They exploit 
both large and small limestone deposits and supply local markets with 
minimum transportation costs. These kilns cannot be replaced in the 
foreseeable future. The latest shaft kilns or rotary kilns need 
relatively high investment costs, larger marketing possibilities 
and fuel transportation over long distances, in addition to a specially 
trained labour force and pure limestone deposits which are many 
times larger.

However, in the industrial centres of the developing countries a 
modern foundry and chemical industry can be found which consume a lot 
of lime of first-class standard quality. Therefore, modern kilns for 
the lime production may also be found there.

Shaft kilns for ail sorts of fossil fuels, as well as rotary 
kilns, are built in highly industrially developed countries.

The enclosed tables, 33 and 3^ show clearly the differences in 
kiln outputs as well as in the specific consumption of fuels.

The parallel flow regenerative shaft kilns are most economical 
from the specific heat consumption point of view. Lime is burnt 
soft, being thus particularly suitable for the building industry.

Lime burnt in long rotary kilns is also of a very good quality.
The heat consumption of these kilns, however, is 2-2.5 times higher. 
Therefore, the rotary kilns, particularly in Europe, are provided 
•with shaft heat exchangers (or grates) in which the heat of hot flue 
gases is used. The rotary kilns are particularly advantageous for 
burning even very small fractions of limestone which cannot be burnt 
in the shaft kilns. Hence, when the combination of shaft and

4
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rotary kilns is used, the limestone supplied from the quarry can be 
better utilized.

limes intended to be used in foamed concrete are better to be 
burnt in shaft kilns of the 3eckenbach system, in which coke or 
anthracite are fired, and the lime obtained is hard and overburnt 
to some extent.

There are also kilns with outside hearths for long-flame coal 
or producer gas firing.

When compared with the firing of Portland cement clinker, 
much lower-grade fuels may be used for lime burning, because limestone gets 
decomposed into lime and carbon dioxide as early as at 89^°C temperature, and 
the burning temperature of white lime practically amounts to 1,050-1,200°C.

It may be stated in conclusion that out of the latest kilns lime 
is better to be burnt in the regenerative shaft kilns, where the specific 
heat consumption is as low as 3,5oO kJ.kg . That is why 
these kilns should be preferred whenever a new lime factory is to 
be constructed.

Some technological reasons may change the choice of kilns. Apart 
from some of the already mentioned reasons, a rotary kiln may be 
chosen due to the disintegrating property of chalks and of some 
coarsely crystalline limestones at ar. elevated temperature. Such 
materials would get disintegrated completely during the burning 
process into small crystals or dust, choke the shaft and make the 
burning process impossible. That cannot happen in the rotary kiln.
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Table 33. Comparison of modern shaft kilns for lime production

Characteristic Regular Cross flow Annular Parallel flow, 
regenerative

Shaft shape round rectangular round round

Cross 
section, 
area (m^)

u o -3 0 3 . 9 9 . 2 - 1 7 . 6 2 . 3 - 1 6

Capacity
(tons) U 5 -I50 1 8 0 9 0 - 2 7 0 1 0 0 - 6 0 0

Feed size 
(mm) 6 0 -2 0 0 20 -T 5 2 0 - 1 2 5 9 0 - 6 0 0

Fuel coke
oil

oil
gas

oil
gas

oil
gas

gas

Fuel rate 
kcal/kg 
of lime

9 ^ 0 -1  250 1  1 0 0 - 1  2 2 0 1  0 5 0 - 1  1 6 0 3 5 0

kJ/kg 3 9 3 0 - 5  230 u 6 5 0 - 5  n o 1; 396-k 8 6 0 3 5 60

kWh/t 2 . 7 - 3 . 3 2 2 - 3 3 9 -3 3 2 2 - 2 7

A «1
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Table 3A . Modern lime rotrary Uilna

Characteristic Long kilns without 
preheater

Kiln si2 e 3.2 3.2 3.5
Diameter metres 
Length metres

91.A 135.6 123.7

Internals Tre foi 1 L i f t e r s Lifters
Type m 2 7.A 19.2 52.A

Cooler type Contart Satellite Grate

Capac i t y T A55 A 20 A30

Fuel type coal
gas

o i l coal

Sjiecilic kcal/kg 
heat con-

1 990 1 910 1 556

sumption kJ.kg-1 8 330 8 000 6 515

Feed size iiuii 20-A5 6-50 10-65

Power kWh/t 25 15 23

Preheater
type

- - -

Kilns with 
preheater

A . 1 3.9 A.A 5.2
121.9 20.1 89.9 61.0

Trefoi1 
12.2 

Metal- 
vane 
19.5

- -
A DAMS

I
Contac t Contac t Grate Shaft

Polygon
h‘
IV)

1 000 390 1 000 900 1

coal oil gas coal

1 767 l A72 1 A89 1 306

7 398 6 163 A 181 5 A 68

2 5-60 20-50 13-A 5 10-50

33 25 39

— Shaft Grate Contact

<
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X. CONCLUSION

There cannot be злу universal recipe prescribed for all the cement 
and lime factories on how to achieve an optimal manufacturing process. 
Which solution to choose so as to prevent losses and to achieve an 
optimal process depends chiefly on local conditions. To sum up, 
the following hints may he recommended:

(a) The supply of constant and uniform composition of raw 
materials must be ensured, and the grinding process must be intensified

(b) Utilization of the kiln operation time should be increased, 
and stoppages should be reduced;

(c) A maYimim reduction in heat consumption in the firing process 
can be attained by removing all deficiencies, and by a perfect 
control of the firing process;

(d) The technological process should be strictly adhered to, 
and fluctuations should be reacted to quickly and carefully;

(e) A sound maintenance programme of the plant machinery, and 
of the kilns in particular, should be implemented;

(f) Automatic controls to eliminate the human factor in the 
production process should be implemented;

(g) Plant employees should be provided with more know-how and 
experience, and be acquainted with the latest developments in this 
field.

As the progress at the engineering and machinery producers goes 
on hand in hand with the research in the field of non-metallic minerals 
there are promising views to better and more effective technologies 
and machinery - particularly kilns.

As the machinery and equipment become more sophisticated - and 
in the technologies of cement and lime production any profound changes 
and betterments cannot be expected in the foreseeable future - new 
methods (-ways) of energy conservation should be sought in the existing 
plantз.
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FINAL NOTE

The presented review of potential energy conservation in selected 
non-metallic industries is concerned directly with the manufacturing 
processes. The measures aimed at evident cost savings are incentively 
effected hy the entrepreneurs. If, however, energy conservation 
provisions require considerable investment costs the industrialists 
are reluctant to invest. Such situations have arisen in many countries, 
and the intervention of the Government is necessary, as the energy 
crisis is too serious a problem, influencing national economics directly, 
to be left without attention. The Governments' intervention will vary 
according to local conditions and will comprise, e.g., a tax holiday 
for producers investing for turning to another recommended source of 
energy, regulations protecting the residential users by giving than 
the highest priority (e.g., in gas. delivery), regulations of imports 
of fuels, planning of development of local energy resources, subsidized 
research programmes for increasing the efficiency of electric power 
generation etc.

a/The table 35—  gives a review of the potential world production 
of energies. It has been published to be discussed at the 11th World 
Energy Conference convened at Munich (FRG) in September 19Ô0.

According to thi3 forecast the peak in oil production should be 
reached in 1995, and in natural gas in 2000. A great development is 
expected in mining solid fuels and power generating in nuclear as 
well as in hydro-electric power plants.

The present shortage of fuels should be bridged over by increased 
coal production before the extent of nuclear, water and renewable 
energy resources becomes effective. However, the increase of coal 
production in many industrialized countries does not fulfil the 
expectations, because favourably situated coal, deposits have been 
extracted, and the geological and mining conditions grow worse, 
which is reflected ia growing mining and investment costs. In this 
context it should be emphasized that at present some 50 developing

a/ Weltenergie -Couferenz 1990 in München, Glückauf, 115, 1979, Nu. 5.



Table 35* World production of energy
(ExaJoules)®/
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Primary energy 
resources

1972 1985 2000 2020

Coal. 66 115 170 259

Oil 115 216 195 106

natural gas k6 77 1*0 125

Electricity from nuclear 
energy 2 23 88 31U

Electricity from 
bydroenergy Ik 2k 3^ 56

Unconventional oil 
and gas 0 0 4 uo

Renewable, solar, 
geothermal and

26 33 56 100
Total 269 L0A 690 1 000

a/ 1 exajoule (SJ) = lQl3J.
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countries are known to have coal resources, and only 30 are currently 
exploiting them.

In view of the present circumstances, the developing countries 
without oil and gas deposits should focus on exploitation and utili­
zation of coal, water and renewable (especially solar) resources.
This should be taken into account in their long-term planning regarding 
the development of energy resources and silicate industries.
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