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The present situation in energy and the relating 

prognosis generally tend to an increased endeav::>ur in fu e 1 
and energy economization first of all in the thermal 

equipment in view of their consumption :if energy. This 

pr::icess complies fully with the principle that energy 

economization can be started at once but the devel::>pment 

and construction of ne~ sources is c::insiderably demanding 

from the point of view of capacity and costs and requiring 

a lot of time. 

It is a matter of course that large industrial units 
are in the focus of attention in these efforts particularly 

because the thermal processes taking place in th&m are of 

high and very high temperature ranges and the energy consump­

tion of such equipment represents very high portion of the t::i­
tal consumption of the entire enterprises. Modifications and 

improvement~ in the processes of the existing units can only 

have a character of local raci~nalization measures but they 
are limited by the existing production techn~logy as well 

as by the type of equipment, year of its commissioning and 

production conditions :if the respective thermal equipment. 

Nevertheless, though we cannot undervalue the importance of 

the loc~l racionalization·measures. such ~teps alone canno~t 

solve the present problems existing between the energy 

requirements and sources. 

The problem of the world energy and its effects it 

hoa on the industrial davelopar.nt in various countries has 

reached a stage which requires already a higher form of 

~elution, i.e. ~n overall system of controlling the energy 

consumption focused t~ individual industrial branches and 

to relating national plans of obtaining and consuming energy 

and fuels. In ~ontrary to the form of local racionalization 

actions ~uch a system represents a global solving of all 
energy problems beginning from the development and technology 

to thermal processes, analysis of contemporary situation 

up to the oldboration of a c~mplex progr~mme to reach an 
optimal condition. Logically. the main principles of the 

complex co~trol system ~re essentially commor for all industria:. 
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branches. Despite that, bowever. its application in a parti­

cular branch will possess peculiarities that will have to be 

fuily respected and solved in details. 

Car~mic industry. being of a high importance in ma~y 

countries, is one of the industrial branches in which the 

energy and fuels co~sumption plays and important role. It 

produces a large assortment of ceramic lining maierials used 

in architectonic designs of buildings. stoneware and brick­

ware products f:>r building industry as well as. sani~ary and 

artistic ceramics witnin the range of china arid stoneware. 

Refractory and insulation materials are manufactured for 

boilers. indu~trial kilns. furnaces and driers to cate~ far 

the needs of metallurgical. chemical. energy producing and 
engineering industries. Porcelain insulators of all types are 

used in electrical industry and in the power distribution 

system. The ceramic industry, nowadays. constitutes a wide 

range of industrial activity being closely connected with 
9 series of other industrial branches. 

The energy demands in the ceramics stems up from the 
taehnologic~l process the p~incipal stage of it being the 

thermal processes - ~rying and firing through which only the 

ceramic products can get the required final properties a~d 
appea ranee. The energy c_..onsumpt ion is high not 011 ly due to 

the considerably large quantity of masses and products being 

procesded but first of all due to lonq time - consuming riring 
processes. 

Hence, the implementation of the complex energy consump­

tion control system in the ceramic industry is not only fully 

justified in view of achieving substantial savings but it 

enables. at the same time. to solve this p~oblem in the entire 

production range beginning from the development of non-tradi­

ti on al raw ma ta rials l:p to the opt imat ion of th& rm al processes 
in ~ew types of kiln and fu:nace units. 

l 
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l. ENERGY CONSUMPTION ------------------
Fuels and energy creating basic sources of production 

and conditions of economic development of every country have 

lately hecome the crucial world problem in the industrial as 

well ~s in the political sphere. Energy consumption has~piral­
led byL 6 per cent yearly in the world average anG, at the 
samP. time. the condi!ions for obtaining raw materials. fuels 

and energy worsened abruptly and particularly their prices 

rose steeply ~n the world markets during the first half of 

70•. This trend has prevailed ev~n in the so• in fact and no 

signs can be poted towards any substantial improvement in the 
foreseeable future. 

Both the chief factors - increased fuel and energy con- , 
sumption by ever more vividly developing industri~s and their 

constantly spiralling prices - ever more distinct~y affest 

the economics of various countries. Itmay not be even unexpec­

ted that this negative phenomena could adversely affect further 

development of a planned structure of industry or even endanger 
existence itself of some branches. 

The influence of the energy penetr3tes also into the strategy 
of the world market3. manufacture of high energy consuming 

products is intentionally curbed and their import from abroad 
is promoted. 

Energy sources, their transformation and consumption can 
be, when 1implified a 1 ittle, classified into two circuits 

- the primary and the secondary ones which can be distinquished 
by the basic form of energy and by the level of control, too. 

By the primary energy could be understood that one being 
immediately obtained from the natural sources such as from 

coal, crude oil, natural gas, uranium ore, water etc. By reduc­

ing it to a common unit the p~imary energy represents thus all 



~nergy sources in such a state before they are transformed 

into second9ry energy. i.e. electric power. city gas. briqL:etes. 
petrol (or gasoline) fuel oil. heavy fuel oil etc. These types 

of energy named also high grade energy or consumption energy 

are of the form of energy suitable for direct use in industrial 
consuming units. Nowadays• the production of the sec:-ndary 

energy is an important i~dustrial branch and its share in tne 
total industrial production grows ever higher. 

The world consumption of the primary energy sources grows 
rapidly. a lot of world energy sources get exhausted stap by 

step and there is a ri'3k of limiting the industrialization ;:irocess 
both in industriallv developed and in developing countries. 

rhe world total reserves and the time for their exhausti::>n 
can be quoted as follows: 

Total ~~-:rves are approximated to about 620.109 tons 

and when compared with the yearly mining the reserves will be 
ext.austed in 250 years. 

brown coal -----------
The assessed world reserves amount to about 230.10 9 tons: 

The mining conditions keep deteriorating however the yearly 

mining proper increases by about 3 per cent a year. Exhaustion 

of bro~n coal rese~ves may be expected after about 150 years. 

erucle oil 
---------

It is the most widely used energy source nowadeys and its 
consumption is consirh 1·ably increased by its use in pet ro­

chemica l industry. The crude oil expected workable reserves may 

be assessed to eo.10
9 

tons. the yearly producti~n to 3.lo9 tons. 
The amount of 40.10

9 tons have been produced during th~ entire 

period of its production so far. Supposing that its consumption 

will not be further increased due to the world oil crisis and 
that some 1·eserve could be ex,ected to remain in the total re~ 
setve the crude oil reserves may be foreseen to be exhausted 
within aboJt 30 years. 
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It is quite a considerably of ten used energy source 
nowadays and may find its use even in the chemical industry. 
The world reserves are assessed to amount over 100.1012 

cubic metres and they may be exhausted witnir. abou 1. 70 years. 

Evidently, the electric power generation in the future 
will be chiefly based on nuclear fission. It begin~ to ta~e 
more share in the total energy ger.eration. 

Depending upon the type of reactor the nuclear (fossil) 
fuel consumption amounts from 20 to 40 tons per year. The 
workable reserves of uranium and thorium may be assessed to 
3 to 5 million tons while the envisaged total output of 
react ors in the year 2000 amount:; to about 1500 GW, i.e. about 
3000 reactors of 500 MW each. Ther consumption being 100.103 

tons should exhaust the reserves within 40 years when taking 
into consideration that about 70 year-; will be r·equired lJe­

fope all the reactors are in full swing. 

The electric pJwer obtained from hydroelectric power 
stations in the wo~ld tak&s about 2.s per cent share only 
while in some countries, such as in Norway it amounts to as 
much as 99 per cent. Out of the total potential on suitable 
rivers amounting to 2300 GW mere 10 to 15 per cent are 
utilized for the time being. Despite the fact that the ex­
ploitation of water energy grows up its growing share in the 
world scale in the future is not exp~cted. 

Besid~s the aforesaid energy sources new ways and trans­
formations are tried to be found, so called energy sources of 
the future. First of all there are the controlled thermonuclear 
syatheses. magnetohydrodynamic trans~or~tions, utilization 
of geothermal energy. energy of the wind, the ~un and of the 
oceans. 

l 
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When we sum up the knowledge in the world-~ide energy 

cum fuel reserves we m3y deduce some conclusions being 
decisive for the de~~l~oment in various countries because 
the changes in fuel s~urces and the spiralling of the world 
prices i~f luence the present situation in energy poljcy of 
every country. Hence. the requirement for rationalization 
of all types of energy has entered the focus point of interest. 

The world en~rgy consumption expressed in million tons 

of specific fuel is shown in the following fig. No. 1 • 

... 
~ 

fq70 

When taking into consideration further development of 
this consumption supposing that the growth shown above will 
keep its pace we would arrive at literally terrifying energy 

consumption. Hence. certain balance in the energy consumption 
will have to be reached in the future years and any further 
growth of industries may be possible only on tho basis of 

new fuel and energy sources. 

Wher. we compare the par capita growth of consumption 

as shown in fig. 2 

l 
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we obtain similar growth of consumption. It is a matter 
of course that the values differ considerably in the industrial­

ly developed coumtries (as much as 3.5 times more) against 

the d3veloping and the least developed countri3s. 

Hand in hand with changes in the energy consumptiJn the 

structure of the individual primary energy sources has changed 

gradually~ too. These changes have taken place chief!y due 
to the growing efficiency in the exploitation of new energy 

sources. 

It ensues from t~e chart shown in fig. 3. that, due to 

the changes, the first places are taken gradually by liquid 

and gaseous fuels primarily owing to their high calorific 
value, easy transportation and efficient utilization in com­

bustion processes. 
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When we derive similarly the outlooks of the energy 
consumption structure in the future years fig. No. 4 we 

111ay fi11d :iut that the pre8ent about 40 per cent share of 

liquid fuols will get lower gradually and the other compo­

nents of energv sources will generally come down, too. except 
for the nuclear, water and ~ther types of energy. When the 

year 1980 is comoared with the year 2030 the total wcrld 
corisl..mption shruld be lowered from the original 100 per cent 
down to about 88 per cent in the year 2030. 

When we evaluate now the past and the present situation 
as well as the prospects in the world consumption of. fuels 
and energy the main conclusions for the energy policy may be 

deduced in which quite unquestionably the principal require­
ment for the implemenatation of the rationalization in all 

forms of enE:rgy will prevail in all industrial brancr1es. The 
prospective industrialization programmes will have to be 
adapted to this situation. 
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in various countries depends on the degree of industrial 

development and on the energy sources structure. Dis~ite 
a ~onsiderable difference an example taken from an industrially 

developed country will clearly demonstrate the distribution 
of the primary energy sources consumption among the individual 

areas of the nati~nal economy. It gives a clear picture main­

ly about the losses incurring in the energy transformation 
process and the share taken by the industry and building enter-

prises. 

The structu~e of primary sources shown in fig. No. 5 

in 100 per cent consisting of imported as well as country•s 

own natural sources get smaller chiefly by the losses during 

the mi~ing process. heat generation and electric power genera­

tion. They grow smaller to mere 2/3 of the original value. 

They are of the consumabl~ {secondary) energy type which can 

be utilized directly. 
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When thi~ energy is further classified almost half of 

it is consumed by the population. transport. agriculture 
and in a non-productive sphere while the vther half of the 

consumable energy remains for the industry and building 
enterprises s 

When the aistribution of the primarv sources is further 

simplified then 1/3 is consumP.ct in covering the losses by 

transforming it into the ~onsumable forms of energy, the 

second third is consumed by industry and the last third is 

consumed by t~e remaining sphere of the national economy. 

The values shown hereinbefore represent approximately 

the energy conditions prevailing in the industrially developed 

countries and they are comparable with the Czechoslovak 
co~ditions to some extent. 

According to the basic classification of indJstry the 

cer·amic industry, due to its character, may be put under the 

branch of building industry. When compared with the other in­

dustrial branches the share of energy consumption in the build­

ing ir.dustry is relatively low and amounts to about 10 per 
cent {see fig. No. 6). 

The ceramic industry within the framework of the build-

ing industry, besides the cement, lime and brick~aking bran­

ches, is one of the principal energy consumers. Its share in 

the energy consumption within the building industry represents 

about 17 per cent (see fig. No. 7). The Czechoslovak ceramic 

industry energy consumption e.g. amounts to about 500,000 tons 

of specific fuel in all its factories. When compared with the 

primary $ources it is mere 0.5 per cent, however, but its value 

equals to 1.5 per cent of the consumable f~rm of energy reserved 
for indu~try. 

l 
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When we make an analysis of the energy distribution into 

3 principal types the consumption in the ceramic industry is 

as fallows: 

fuels about 80 per cent 

heat 15 per cent 

electric power 5 per cent 

When the cost of the consumed energy is f u rt her, ,m ore 

compared with the market prices of the ceramic products the 

proportion of the energy cost in average represents about 
25 to 30 per cent of the total cost of a product. Hence, from 

the strategical point of view the ceramic products do not be­

long among advantegeous ex~ort articles within the scope of the 

energy sources consumption. 

The aforE3said data iia·1e enabled us to get an idea about 

the classification ~f energy cons~mption within the individual 

branches of the national economy as well as about the share 

taken by the ceramic industry in this consumption. 

The ceramic production can be classified into the following 

main products: 

in raw materials: kaolin 

shales 

sands 

in products: wall tiles 

floor tiles 

stoneware 

re fractcries 

When it is further classified into the heavy ceramics 

and fine ceramics we may add 

brickwa re 

fine ceramics 
sanitary ceramics 

elect roce ram ics 

The difference in technology of the appiied raw materials 
and thermal processes predestines also the difference in energy 
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consumption in the manufacture of various types of products. 

For easier judgement of tr.eir mutual difference in energy de­

mands the value of specific heat expressing the energy con­

sumption per kg of products i~ the most suitable way • 

. he specific heat values are shown in tne following ta­

bles i.e. for drying, firing and for the total aner;y consump­

tion: 

2!:~!Qg: the average value for all groups of products is 150 

'"O 300 kcal/kg 

f!!:!!!s: wa 11 tiles (double fired) 1400 - 230C kcal/kg 
.. • (single fired) 850 1000 kcal/kg 

floor tiles (semidense) 1400 - 2100 kcal/kg 

mo~aic 1700 1900 kcal/kg 

brickwa re 400 - 700 kcal/kg 

refractories 650 !.200 kcal/kg 

stoneware tubes 600 900 k::al/kg 

stoneware 900 - 1200 kcal/kg 

insulators 3000 1:3000 kcal/ks 

sar.itary ware 2800 - 30CO kcal/kg 

wall tiles 3400 kcal/kg 

floor tiles 2260 kcal/kg 

stoneware 1700 kcal/kg 

reiractories 1085 kcal/kg 

According to the formula 

1 kcal = 1.43 • 10-7 tons of specific fuel 

we may calculate, if need be, the amount of energy required 

for the manufacture of a certain quantit/ of products. 

It also ensues from the aforesaid specific neat consump­

tion that the products can be classified according to the 

energy dema~ds as follows: 

n 
I 
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electrical insulator 

sanitary ware 
wa 11 tiles 

floor tiles 

stoneware 

refractories 

brickware 

Nhen, finally. we take into consideration that the energy 

consumption in the production process proper amounts up to 

80 - 85 per cent and the other remaining 18 per cent for non­
-production purposes then the summed up figure enables us to 

get an overall idea not only about the energy consumption in 

the ceramic industry itself but also about its overall social 

position within an industrially developed country. 

ThJugh the ceramic ind~stry in the majority of countries 

(except for Italy) does not belong among the main industrial 

branches from the point of view of an entjra country it yet 

represents an energy consumer for which there are all good 

reasons for the implementation of energy rationalization system 

within the full scope of the manufacturing process. 

1.5 Relation to the primary energy sources 

The natural energy sources are more and more, along with 

the growth of industrialization, often transformed into such 

forms which can be utiiized in industry more efficiently, i.e. 

such as industrial gases, liquid fuels, electric power etc. 

The transformation of energy proper takes place in power 

stations, petrochemical plants, in gas generators and it is 

eccompanied with considerable losses of primary energy. As it 

is shown for instance in fig. No. 5 this loss amounts to 33 

per cent of primary source~. It may be found out. through 

a more detail study, ti1at for one thermal unit in the form of 
electric p~wer it is neesed 3.58 of the unit in the form of 

brown coal in the mine, for the unit of city gas 1.61 of 
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similar unit. Therefore. it is impossible to judge the in­

dustry only in view of the c~nsumption forms of energy, tne 

impact on the primary sources should be also considered while 

chosins the types of fu~ls. Some firin; prJces~es can take 

place in electrical r8sistance kilns as well as in kilns firad 

by a city gas or by a natural gas. A correct choice Jf fu~ls 

is not only a question of a suitable fuel system for a parti­

cular technolJgy but due attention is to be paid to the effects 

on the primary sources as well as to the question of economy 

because cost relations of high grade fuels are high and tend 

to grow even more. 

2. ENERGY CONSUMPTION CONTROL 

As it has been already mentioned the world -..oergy situation. 

~alls for an efficient solution that will extend the life of 

energy sources in the future, enable the development of new 

types of energy and ensure further developme~% of industriali­

zation in various countries. 

The prJblem of energy may be classified into three areas 

natural ene~gy 3ources 
- energy pr::iducing industry 

- consumption areas 

Ensuring the energy sources either from country•s own 

deposits or by importing them it is the subject of activity 

of a government control and planning authorities and it is 

a part of an entire energy pqlicy of each country. The capa­

cities and construction of the energy producing industry 

securing the generation of consumption types of energy arP. the 

principal part of the national economy control and p~anniny 

both from the capacity and development point of view. 

The entire consumption area of fuels and energy can be 

divided between the industry and the other sections (transport. 

agriculture, population etc.) approximately in similar s~ares. 
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The consumption of energy by other sections is given by the 

living standard and after it reaches ar. opti~um stage it does 

not c~ange substantially anymore. 

The industry keeps a foremost position in the energy 

consumption. The present energy consumption is derived from 

its capacities. technical level of the equipme~t and its 

control pro~er: the prosper.tive one then from its further 
development. rationalization and application ~f the scientific 

and research results in the entire production cycle. 

Therefore. the industrial sphere is the main field of 

activity that should reach an optimum stage in the energy 

consumption through the complex control system of energy 

consumption ~herety the entire all-country balance in energy 

should be impro~ed or, to enable further expansion of the 

industry. by energy economization, as the case may be. 

2.1 The principle of ~onsumption control 

The complex control system of fuel and energy consumption 

in the industry aims at reaching optimation of production 
c~pacities and thermal processes under the condition of mini~um 
energy consumption. Each industrial branch is of a different 

nature given by the technological process. Theref~re, the 

consumption control system can be most properly applied within 

the individual industrial br3nches so that it sould act ef­

fectively and completely. Despite that the princi~le of thi3 

syst:m is common for all the branches. 

Establishme~t of a team organization is the basis of an 

energy consu~ption control system (fig. No.8). Suen a taam 

organ~zation s~ould ensure all the rssearch and technical 

activity in the principal areas aimed at th~ energy consuming 

e~uipment and should elaborate finally a cQmpl9x rationalization 

programme based on the research results, analyses of the 

consuming equipment and on the optimation considerations. 
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2.2 Manaaing tdam 

It consists of organization workers and specialists shown 

hereinafter (fig. No. 9). The main activity of the specialized 

groups is first of all to elaborate a program~e of research 

and diagnostic work in the individual areas. gathering of the 

results and ~r~ce3sing all the summarized materials 3nd giving 

proposals for solution. 
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The results of the individual sectional works should be 

compiled into the proposals br soluti::rn, c:msulted in the 

consulting baard and submitted to the managing board. The 

managing board then takes into consideration the results 

obtained from the technological, energy and economical teams, 

summarizes the appropriate proposal and takes a decision on 
incorporating the proposal into the complex programme including 

the determination of time and exte~t. 

2.3 ~esearch area 

Research and devedopment form a v~ry important area which, 

when aimed at reducing the energy consumption, plays a vital 

role in the development of a particular branch. The program­
mes of the tasks specified by the managing team and s~lved by 

the research are classifiec into two parts - the technological 

and thermal ones cover the following principal problems 

(fig. No. 10) : 

tu::hriolog!I 

,,or~paratOn. . and 
):V'OCes.S'//1t;;} 

Fl .10 . 'l,!l}_. - - ... -· ·---------
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The research tasks may be. as partial ones. aimed at 

the solution of some contemporary p~oblem in the production 

to reach more effective production by means of a reconstruc­

tion. chan9es i~ technology or by an optimation of the process. 

Mostly. however, they are aimed at a future innovation 
programme through which more distinct energy eff~cts should be 

achieved. 

2.4 Production area 

The energy con3umption control in the production sphere 

is first of all f ocussea to a complex diagnostics of the 

present condition to a det~il determination of production condi­

tions and corresponding energy consumption. The specialized 

teams then work out the initial documents based on the data 

having been so found out i.e. types of energy, specific con­

sumption and the existing energy standards for each unit. 

They serve as a basis for the elaboration of a plan and 

materialization of all types of rationalization actions. 

For the scheme of the activities see fig. No. 11: 

f'roduclion. 
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2.5 Investment area 

Plans of the investment devel:ipment in every branch 

are derived from ti1e needs :Jf inner market as well as fr:i;:i 

the export possibility. They secure an inn:Jvati:Jn pr:>gramMe 

both for individual pieces of production equipment and by 

a construction of new workshops :>r fact~~ies. The activity 

of the energy consumption managing team has a do~ble form 

in the investment stage. Knowing the existing conditi:Jn of 

the production equipment and the results of the research and 

development the managing team is capable of passing a judge­

ment on any intended investment from the energy requirements 

point of ~iew whether the energy c:Jnsumption will co~ply with 

the intenti:>ns determined by the corn~lex rati:>nalizati:Jn 

programme. It is also possible to judge the pr:Jgressivity 

of every new technological process in cornparis:Jn with the 

existing degree :Jf the world technics. 
ihe scheme of the activities ~ithin the investment araa 

is shonn in fig. Mo. 12: 

technology 

non #adtlio/Jof 
"110 +a,,/oLs 
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·- ·--- ----------
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2.6 Complex rationalization programme 

Research, technical and production bgsic documents 

from the forag:ing stages are comir.g to the managing team 

where they a re pr·ocessed carefully. 

The diagnostics of the production sphere of a branch 

en3bles to get an overall picture of the existins state 
and how the energy consumption is distributed factory wise, 

production lines wise down to the individual machines 3nd 

equipment wise. It also gives data on capacities and technology. 

The research and development render the basic infor-

mation of the present development in t!1e world. The rese3rch and 

davelopment activity in its tasks is to solve new technologias ~ 

and thermal units applicable in the innovation actions or 

in the construction of new production lines and plants. 

Investment plans and intentions enable to judge further 

expansion of a branch from the point of view of new tecnnolosy. 

sales and, first of all, of the re~11ired energy sources and 

their efficient expl:itation. 

The managing team elaborates all alternatives ~f the 
technical and economical solutions based on these exnensive 

ba~es and evaluates them economically. The result of it are 

completely realistic ways of modernization that should secu~e 

lower demands for energy. Several soluti~ns on different 

levels are made for a certain problem.The following alternatives 

e.g. are elaborated to reduce energy consumption in the 

firing process of bricks in a tunnel kiln: c~ange in tne 

raw material composition, change in the positioning of bricks 

on th tunnels cars, optimation of the thermal curve and 

of the heating system, intbnsification of the heating, even 

reconstruction of the unit if necessary, utilization of waste 

heat and even replacement by a complete1y neN equipment as 

the c3se may be. It is a matter of cour~e that several ways 

may be materialized simultaneouslyo It is upon the ec~nomis!s 

and the managing team to decide the time schedule and extent 
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of the whole rationalization action. 

intJ 

The individual stages Jf these actiJns may be classifi~d 

optimation of lst grade 

optimation of 2nd grade 

and innovation 

The optimatio~ uf the 1st grade covers all technologica~ 
and thermal changes in the existing state that, according 
to ·chP. diagnosis results, contribute to achieving an optimum 

process without any substantial modifiaations. 

The optimation of the 2nd grade ~overs new technology 

of lower energy demands, reconstruction of heating systems, 

utilization of waste heat, intensification of processes etc. 

The innovation represents the highest grade and is cJn­

nected with the implementation of new technologies, cha~ge 

in fuel types, construction of new equipment etc. 

Final complex rationalization programme for fuels and 

energy within a specified branch represents than a set of 
individual actions being documented technically in details, 

supported economically and compiled into an accurate time 
schedule of materialization. It results then in a conclusive 

programme of progressive re~uction of fuel and energy consump­
tion which begins after the diagnosis of the existing conditions 

and their optimation and ends by the innovation actions. 

The character of this principle of consumption control is 
a general one and when worked out for the conditions prevailing 

in a certain branch it may incu~ specific changes. Never­
theless, it is the only way ho~ to sol~e progressive reduction 

of energy co~sumption in the industry completely starting 

from the present c~njitions up to realistic prospects. 

l 
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3. APPLICATION IN THE CERAMIC INDUSTRY 
---------------------------~-------

The application of the control system of energy consump­

tion in the ceraBic industry in compliance with the main 

principles mentioned in the foregoing chapter may only ~a 

introduced when the existing ~eculiaritias of the tachno­

lo9ical processes of this branch are respected. The system 

requires certain modifications in researc~ and producti~n; 

the s~here of investments is identical with the general chart 

ahown in fig. 11. 

This modifi~ation may then be used as guiding one for 

all the branches of ceramics where all the technological 

processes are very similar consisting of the raw material 

composure, their dressing, preparation and ~rocessing, form­

ing by pre5s~ng, casting etc.r drying, firing and finishing. 

Under these conditions, when the common princi?les are duly 

taken into consideration, the chart of ~anagement may be 

modified in the sphere of research and pr~ductiJn in the 

ceramic industry according to fi2s. 13 and 14. 
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tu:J,n0/og!I 

f/zl:::hno 't:J.9/ 
t::;'/agnu.s'l'ic 

ng.14 

3.1 Main directions of activitv 1 

The basic documents entering the managing t3am from the 

prod•Jction S;Jherc give a sumi:l!U"ized picture of the contemporary 

f~els and energy consumption starting from individual units 

up to whole plants. 
The research then submits proposals for new solutions in raw 

materials, technology, thermal processes and equipment. 

According to figs. 13 and 14 both the groups of activi­

ties have common field of interests that may be summed up, 

from the technical point of view, into the main directions of 

activity as follows: 

- non-traditional raw materials 
- new methods of preparation of bodies 

- technology with lower energy consum~tion 

- diagnostics 

l 
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- limit conditions 

- intensificatiJn 

- op t im a t i on 

!~=~~~1-~g~!e~~Q! 

- diagnostics 

- heating systems and linings 

- new types of units 

- minimizin~ of waste heat 

- use in other units 

~!~~~-s2~~~~!~s_e~~!s~~ 

- for production 

- non-product~on 

climatic co~aiti6ns 
-------~·------------

3.2 ~echnol::>gy 

The properties of input materials and applied raw materials 

in many industrial branches are SJ constBr.t that no signiticant 

affe~t could be achievea i~ the energy demand for various 

products by modifying the compoGition of raw materials or 

their prepdration pr~cese. However, possible use of non~ 

traditional raw mate~ials for new body composition may be found 

in the ceramic industry to enable a reduction in maxi~um pro­

cessing t9mperatu~e or cut down the firing time. It is alsn 

possible to combine the firing prucess of body and glaze of 

the tiling materi~ls into an one-fire pr::>cess by suitabl~ 

composition of the body and glaze having formerly been fired 

in two separate firing processes. The classical buildins 

materials fired under high energy consumption can be fully 

replaced by the newly developed refractory concretes and plastic 
unsha~ed masses which need not be fired for the use in the 

construction of furnace and kiln linirgs. 
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Possible modificatiJns in technJlogy aimed at raini~izing 

the energy consu~ption can be done practically at every caramic 

product. ~ithin the extent of this material, ho~ever, only 

sever3l typical possibilities of solution can be point8d out. 

~educing the firing temperatures, cutting do~n the firing 

time and transition from a double-firing to ona-firing way 

of production belong to the possible forms of en~rgy conserva­

tion. 

'/t'a 11 ti le s ----------
The development of the firing temperatures and the firing 

cycle from the time point cf viaw in the techn~logy of the 

double-fired wall tiles having been existing so far are 

shown in table ~o 1. 

Taole ~~o. 1 

-----------------------------------------------------------------
bisque firing :laze firins 

T·3mp. :Jc Time (hrs.) To:::.np. :ic Tiiile (:-,rs.) 
================================================================= 
.4fter the :1orld 
war II l280-13CO 60-120 1120-115C 

-----------------------------------------------------------------
beginning of so• 1230-1250 24- 68 1100-1120 3-24 

-----------------------------------------------------------------
at presan t 1050-1080 1- 48 1020-1040 1-2--+ 

-----------------------------------------------------------------
prospects by 
2000 y. 1000-1020 0.5 300- 960 o.s 
=================================================:=====~======== 

Similar to the majority of ceramic materials the wall 

tile bisque is bas3d on the combination of traditional matarials 

l 
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- k.:::>lir.ite, silic.::. and feldspar. Generally, ;1J\·:aver, t'.1ese 

~aterials require rel3tively ~i;h firing te~per~t~re. 

3::>th fr:::im the ensrg~1 ar.d taci1r.:::lJ£ical ;JJi:o-c :f vi2\1, 

t~3 transfer tJ~ards a n:::ir.-traditiJnal lime-siliceJus b:~y 

with a lime :r ~arlst:::ine is i~terastin5 f:::ir ~~ich ~he firirs 

tarnparatur3 can b~ by 200::; C lJwer. Energy can als:::i b3 sav9d 

by raplacins fired ka:::ilin with 3 nJn-fired ::in~. 

F:::ir the raw matarial cJmpJsitiJn and tne eff~ct Jr. the firin; 

te~perature may clearly be seen in table ~J.2. 

Table N:::i. 2 

----------------------------------------------------------------
Raw iTlaterial ;~ 

with lime v;itrl 
marls t Jne 

=========================~==========================~=========== 

Chy A 20 15-20 10-15 

Clay n 20 15-20 lC-lG 0 

washed kaolin 10 - 15 0-10 0-10 

raw ka o li:i 30-40 3C-40 

fired kaolin 38 - 43 

marl 30 

lime 15 

fired breakage 6 8 6 - 8 6 - 8 

----------------------------------------------------------------
firing temperature 0c 1280 1050 - 1080 1050 - 1030 

=================================~=======================:====== 

Hence, by utilizati::>n ::>f the non-traditional raw material 

in case of wall tiles the energy can be reduces by 8 - 12 % 
owing t:::i the reduced temperature as well as to practically half 

of time required for the firing stages. 

Glazes, too, like bodies, are undergoing a development. 

Non-transparent zirconium glaze made on the basis of feldspars 

and used in kaolinitic bodies was fired at 1120° c. The lime­

siliceous wall tile body needs a developmeet of a new glaze 

based on sodium-od.careous feldspars for which the firing 
. 0 temperature reaches 960 - 1040 c. Zirconium glaze bel::>ngs 

-11 
I 
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among the well-proved ;lazes at which Zr3i04 oxi~e r.as been 

introd~ced into the f•it body the basis of which are the sodium 

feldrpars. The glaze gets molten as early as at the tem~drat~re 

of 9E0° C. 

The development '.Jf gla:.:es, :i::iwever, has not yet be=n 

c~mpleted and f~rther reduction in the firing temperatures 

may be expec~ed to as low as soo 0 c. 

rl::>or tiles ------------
Semidense glazed a1d unglazed floor tiles are quite 

a widely used type. Classical technolo9y is based on using 

a raw and washed kaolin and clays of low mel:a~ility. The 

firing temparaturo at a usual b::idy moves in the vicinity :if 
1250:, c. 

T:iese floor tiles are the products at ~hich the firins 

temperature can be reduced by using non-metallic ;·c.w materials 

with a melting effect. The use of phonolite (table N::i. 3) is 

an example enabling the reduction of the temperature ciown to 

lloo° C achieving thus about 10 - 15 ~ savings in energy con­

sumptiJn. 

Table N::;. 3 

Compositi::m in ~ usua 1 ~ody 9ody ~it~ phonolite 

=======================================================~======== 

Clay A 35 40 

~aw kaolin l\J 30 

----------------------------------------------------------------
·,vashed ka::>lin 25 

Ph::inoltte 30 

----------------------------------------------------------------
Feldspar JO 

==================================·==========:====~============== 

Firj.ng temperature 0 c 1250 1100 

=====================================================;========== 
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The imple~antatio~ Jf J~e-firad ~athod of firing 

Jf glazed flJor tiles of this type is of an extraJrdin2ry 

significance in the erer:;y consar'1ati:m. The C:)7.cir.ati:'.": 

Jf firing t~e body and glaze ~as been enabled by furt~~r 

modification of the phJnolite body ~~ile c~oJsing a suita~la 

s laze. 
.: aitar Single-layer firing in a cJnveyor line takes place 

the drying and ;laz~-firing 3t the t3~perature of 1C50° ~ 
the time-cycle being one hour only. ~hil~ cJnsiciaring that 

the double-firins method needs the thermal energy of abJut 

1400 - 1950 kcal/kg this value at the one-firing method is 

reduced to mere 900 - 1100 ~cal/k~. T~e savings in energy 
represent thus as much as 40 % Jf the original enersy cJnsu~p-

ti on. 

St ::ine v•:;: re ---------
LJw-heat kaolinitic clays containi~g abou~~ ~er cant 

al~alis are a suitable raw material for the manufacture 

of stoneware products. Dependirg on t~e required plasticity 

they are used either directly or witn the addition of grog 

(silica sand. fired shale etc.). 

Fluxes again are used to -educe energy damands that leads 

towards technological changes. Suitable finely ;r~und fl~xas 

to be used in stoneware are e.g. marlstone, phonolites, tuffs 

and tuffites, perlite, dolomite etc. In case ::if stoneware used --. 

for tiling purposes the firi~s temperatures can so be r3duced 

by about 100° C 9hereby 8 % energy saving can be achieved. 

The composition of bodies for the manufacture of ston8-

wa re tubes is shown in table No. 4 and tha effect Jf adding 

marlstone and phonolite on the reduction in firing tam?er~turc 

may be noted. 

n 
I 
I 
I 
i 
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Table No. 4 

current ::>ne 

B~dy 

·.•!it~ ::iarlst:me iii t 11 

ph:m::>lit~ 

=============================================================== 
Clay A 

Clay 8 

marls t::>ne 

ph:m::ilite 

stoneware 
breakage 

riring 5emperature 
.JC 

47 

47 

6 

1250 

31 

31 

32. 

6 

llGO 

31 

31 

lOC.O 

=============================================================== 

The efforts t::> achiave energy savin5s in the ~anufacture 

of china, as against other gr::>ups of cgramic products, icour.ter~ 

c3rtain tradition in quality, well establisha~ techn::il::i;y 

and rather stable raw material oasis. 

The products having been made s~ f3r are represanted oy 
3 feldspar china which can be classified according to t~~ firing 

temperature into s::ift one (1320 - 13E0° C) and hard china 

(1330 - 1460° C). 

It is indispensa~le in the tech~Jlogy to make separ3t~ 

bisque f irins and separata glaze firin~ inclusive of the reducin5 

atmosphere within th~ ra~ge of 900 - 1200° C. 

It may not !:le insisted c:1::.t t:1ere are r.::.i ·,•;c.ys '.)f ::i:icii(yir.::; 

the china body C'.)~positi'.)n which may result i~ enercy c:insum;-

c::>ntent a clay ·1.ith :1i9:ier propor-ti::>n ::>f al:rnlis :;iay be us~d 

~ut the savings in energy will not be quite distinct. In casa 

Jf tha hard type :>f china there is a '.):Jssi'.J:..ltt~' :if r8placins 

a part ::>f f3ldspar with nepheline-syenite whereby the cn~r:y 

saving will thus ~m:iunt t'.) about 10 ~er cent. 
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Ref r::i~ t: rias ------------
Fired sha~ed bricks ~ade Jn the oasis Jf r~f ractJry 

clays ~nd fire:i sii::les 3re tfig ty;::ical ~r:u•!Cts • .:l;Jecific 

~ezt c:nsu~~tiJn in t~e dryi~~ 

tJ 75C - l35C kcal/~s dapandins Jn t~J ty~s Jf prJducts. 

ratMer insi;nificant. A~y usa Jf raw ~~cerials with l:~er 

sintering te~parature would result in dateriJratin; tiiG 

refractJry pro~erties. Certain ~ossioility may be seen in 

partial replacement Jf fired shales by the unfired Jnas. 

The present staga Jf develJpmant, however, Jffars ~ ~Js­

sibility of cJmplete re~Jval Jf fired refractJr~ clay and 

replace it by unshaped, unfired refractJry ~as3e~ - ~lastic 

ram~ing masses 3nd refractJry cJncretas. 8Jth the ;rJu~s 

enable to make ~onJlitic Jr prefabricnted linings while 

these masses set their final properties during the p3riJd 

Jf puttins the kiln intJ oparatiJn. 

Raraming ~asses with chemical Jr chemical cu~ cera~ic bond 

are of the fJrm of mJist plastic mass, refractJry cJncretes 

on the basis Jf aluminate cements ~re suppli~d as dry 

mixtures. 

By producin; these refractaiy masses the so far supplied 

fired refractory clays and Jther fired types of materials 

are practically completely replaced. 

8rickware ---------
There exists practically no possibility to reduce energy 

consumption in ~he technology of the brickware manufacture. 

The rgw materials of the individual plants are given by the 

nature of the clays being used as well as by the grog added 

in the form of sand, clinker, ashes. coal etc. The raw 

materials are usually optimized to achieve the required 

properties. The only possibility lays in reducing tr.e moisture 
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in the oody but tha result is insignif~cant. 

As aforesaid. in the majority of ceraQiC products there 

exist considerable chancas to reach energy conservation 
through changes in the traditional composition of oodi~s or 

i~ the tech~ology of the firing process. It goos ~i!hout 
saying that these changes :nust be co;npletely verified ~Y 
research and the respective production conditions ~djuste~ 
accordingly before im?lamenting them into the production 

process. 

3.3 Thermal arocesses 

The foregoing chapter has sho~~ the bases and possibilities 

of technological changes in the com?osition of raw materials 

for the ceramic products aiming at the reduction in energy 

consumption. The i~dispensaole researc~ in this diraction 

must ~esult in an optimum raw material compositiJn ~hile 
achieving t~e lowest possible firing tem?aroture and respecting 

the raw material localities, accessibility, efficiency of 

winning and an overall economy. It is g unconditional for 

the technological research to accomplish a product of the 

required µroperties. In this stage the time curve of tne 
temperatures during the firing is nJt decisive but only th8 
height of the firing temperature and i:s dwell are important. 

The temperature curve in heating. firing and cooling 

pro~esses in many a thermal unit being in operation ~as been 

derived from long-years production experience that suited 

both the type of unit and the quality of the fired goods. 

These so called technological thermal curves of the firing 

process, however. do not correspond any long3r to the ~ost 
cases of tecnnology that enable to make products of th~ re­

quired quality. Structural changes accompanied witM t~e 
forming of internal stress in the caramic body proper ta~J 
place in the heating and cooling zones of the firin; process. 
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Tney depend first of all o~ the speed of heatins and cJJli~g, 

bence 1 on the time changes i~ temperatur2. The kno~ledga Jf 

tha ~axi~u~ conditions of t~e heating and coolins 1 i.s. of 

the limit temperature curves is of utmost significance tJ 

enable an intensification of the process,~. e-F shorter:in; 

of ks time. Such a ~rocess can be shortened and applied in 

old thermal units such as in tunnel ~ilns by ~ccalGr3tin; 

the cars passage and by modifying th9 heating system as ~ell 

as in case of ne~ kilns having already ~een constructed in 

compliance with a new temperature curve. 

Limit temperature curve means maximum rise in tamperat9re 

during the heating and cooling processes withJut 3f fectin; 

adversely the quality of the product being so f irsd. This 

curve should be determined first iG a laboratory ~ith tha 

use of a product of optimum raw ~at9rial composition. Such 

a product should be exposed to an intensive heating in the 

kiln space under the condition of heat transfer from all sidas. 

The time consuming tests result then in a limit firing curve 

set for the particular material. 

The experience we have had so far has shown that there is 

quite a considerable difference between the lirait curves and 

the so called experience-proven technolosical curves chiefly 

in the time sta£es of the heating and cooling processes. Hence, 

the limit curves establish an important document for the fol­

lowing intensifiaation of the thermal processes. 

The determined limit curves have shown the limit values 

for a quick time course of the firing process at a multi-lateral 

heat transfer. Such a way of thermal process 1 however, can only be 

applied ir new types of kilns with a sin£le-layer arrange~ent 

of products in the firing zone. Older types of firing kilns 

for instance the high-capacity tunnel kilns have the material 

loaded very much densely on the tunnel cars that does not allow 
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to achieve temperature changes given by tne limit. The 

considerable thickness of columns of the wall tiles Jr flJJr 

tiles to be fired causes shading of the inner parts of the 

l:>ad, their sl:Jwer rise in temperature whereby alsJ dif­

ference in temperatures ~long tbe cr:>ss section :>f the ~iln. 

~hile speaking of intensificatiJn it may evJke erroneous 
opinion that it will result in high consu~ption of energy. 

However, the time factor must not be forgotten - it changes. 

For instance, to achieve a rise in temperature :Jf goods under 

the former technology the tner~al input required is ~ 1 fo; 

the period of T1 , for the intensified pr~c~ss it is Q
2 

for 

the period of T2 • The prorluct of input and time is d~cisive 
for the consu~ption of anargy Since T

2 
is lower then T

1 
in 

case of the intensified ?rocass the hig~er therraal input can 

thus be applied for a shorter period. And ri::w· threa JCJSic 

cases of solution may happen. At first tne intansific<JtiJn ~ould 

oe perf::>rmed at a :•is;:1cr c:msumpti:::>n ::if r:?ncrgy ~·::;ere ~2 • T
2 

would be hi£her than ;:1 • r 1 • This case, h:::·:1ev·3r, is uncicsir::'.Jl3 
frJm t:1e energy ;ioirit ::>f vie 1:;. Ti1e intensification i.1 tna 

secJnd case would ~e take place at R~ identical anar:y GJ~sum~-
ti::>n , i.e. ~l • T1 will be equal ~::> 1

2 
• 

input can b~ derived: Q2 = ~l • -~~-· And 

consUir.pti:>n in the third case s:nufd fall 

~nc the pr::>cess could yet be intansified. 

T...,. Fr o.:i ,_ 

fi:'1ally, 
I -

\ -2 • "C.l T; ) 

The first a~d secJnd ~xamples Jr3 uni~t3r3tinc for us 

because they do n::>t result in energy savin~ ~~t even 1p~os~ta 
- in its rise. Theref:.re Jnly suc:i int:rnsificati::>n ~ay ::)~ 

interesting at whic~ the energy consumption is lower in its 

iridividual stages, tne :1eating •::ill t=~e place at a :•::..;,·1::r 1:>.3r­
~al input but for 3 snort3r ti~e. 

The afJrasaid c:insidaration is fully sp,:Jlicabl-3 for t:1:; ir.­
tGnsification of the proc3333s ir. tn~ :!xisti!'lz :~ilns J<.;t 

it also ia decisive fJr t~e construction of n~~ ~ilns. 



~hat level Jf intensificatiJn is CJ ~e ~~tarmi~3d -

it is t~3 question Jf jujging tha cJnjit1Jns axisting i~ 
a particular ~iln, i.a. by c resa~~e the heoting systs~ ~33, by the 

i~prJvement of lJading to Jbtain better ~s~t transfer intJ 
;:iaterial etc. ay due judgement Jf all f.:!CtJrs c:1e J~ti:•:;_;:.~ 
c::inditi'.JnS can be ac;1ieved fJr the :Ln~3nsifi..;d i•e3tinc; and 

t~e respective saving '.Jf heat can be deriv3d. 

oeti~ation of the f irin~ ~rJcess - ---------------------~-~------
The intensified firing pr::ices3 1i"Jit;1in a sh:Jrtsr ti::ie nnd 

~ith a higher input e.g. in tunnel kilns d::ias n'.Jt entail any 

l~ngitudinal changes, just an accelerated ~::ive~ent Jf cars 

will suffice. 
The first ccnditi::in is t'.J ex~l::ire the fas3ibility of an in­

c1·eased thermal input, That may be arrans3d f::ir aiti1er by .Jn e­

xisting reserve in t~e input of the burners Jr replacin~ t~~~ 
f ::ir th:Jse of higher input or by changing a fuel f cr a higher srada 

one. Mostly, however, the i~put can be arranged f::ir ~ithou: any 

sub*antial modifications. 

The second c;ondition is an impr::>ve;:ient Jf ti1e funccion 

of burners. The existing types Jf 0urners ensure the transfer 

of heat into the material mostly by radiation int'.J the lateral 

layers, another transfer is by heat contiuction through mutual 

contact of the loaded products. The intensification, however, 

needs more perfect haat transfer which can only be ensured by 

convecti'.Jn of heat within the kiln space. This can only be 

enabled by burners with nigh outlet velocity o~ combustion 
products which, by flowing round the products, transfer their 

heat substantially faster and more uniformly. 

The third condition is a su~able loading of t~e products 

in the kiln space or on the cars. The densified loading done so 

far does not allow a good circulation of combustion products 
in the kiln space, couses excessive firing of the marginal pro-

ducts and, to the contrary, imperfect firing of faces being 

shaded. 
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Hence, the intensification nzeds to arrange for such a 

loading so as there should be formed systematically 

distr~buted gaps to allow proper flow of the combustion 

products. It goes without saying that by looser loadin; 

the weight per 1 sq.~. of the kiln or car area is thus 

reduced. That cannot influence the total production ca~a­

city of the unit because the whole firing cycle has bean 

thus shortened. 

Similarly, as we speak about accelerating the firin; 

process the cooling process can also be shortened and 
intensified. It ensues from the experience in limit curves 

that ceramic materials can be cooled down ~uch faster than 

it naa beer. done so far. 

~hen we sum up the aforesaid conditions for th~ inten­

sified firing and when we specify the attainable valuas Jnd 

wh9n we judge them mutually we obtain the deter~inatins 
factors for an opti:nu:n tl1er111al proce::)S. 1:1a difficult ,,.;or:~ d:Jas 

not rest in the materialization part proper so nuch as fir~t 
of all in tha research part in whic~ the li~it conditions 

of the firing process, intensification conditions and, 

finally, the optimum of the given ther~al ~rocess should J3 

derived. 

The system of energy T.ana;;1.1ent an~~les to a f_ill 3Xi:;;),-.i: 

t:i solve the intensificati:>n Jf th::r:7ial ~r'.Jr:>3sses t>3t resul.ts 

not only in siGnificant savinss :>f ener:y but also a ~oder­
nizati~n of the thermal equipment withJut extensive rnodif ica-

tior.s. 

3.4 T~ermal egui2m~nt 

The technical lcvgl of thermal oqui~mJ~t plays tne ~ost 

imp:>rtant role in th~ system of t~e 9nerzy conservation 

~anag3ment in the ceramic production branch. The csr~mic 

'~ilr.s and driars cannot be all of ;Je3:< leval .in all c'JuntrU·:> 

since it daponds on the level '.Jf i~dustrial devcl'.Jprn,rnt 

and on the int9nsity of modernization the 3quipment is. 

There are ev::rywher3 kilns and driers Jf different ye:..r 

J~ cJnstructi:>n. ~enco, kilns ~oy be mJdarn, medium t3chnicol 
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stznd2rd and even kilns absJlete. Fro~ ths energ~ cJns~rvatiJ~ 

point of view the latter t~o ry?es ar3 in the f Jcus ~Ji~: :f 

interest b2cause. unoer t~e present cJnaitiJns, tMay dJ not 

~Jrk acJnomically any 1Jn5er and tMey ~ave tJ be modarnized 
tJ some cert3in extent. Gnl~ 3 

peration ~ay give an ans~er u~ to wMac ~xt3rt thay dJ nJt J­

perots ecJnomically and hJw thev can be usefully ~Jderni~du. 

A detail analysis of the present CJndition of all piec2s 

of thermal e~uipment ~nd s~ecifi~ation Jf en~rgy dc~ur.ds for 

their operation form 3n essential input part Jf further ac­

tivity within the energy consump~ion ~anage~ar.L systan. 

In order t.J make an expert maasu.remer:t :if a ther::ial 

equipment a set of ~eanuring instr~ments and a te~~ Jf trainad 

specialists in the field ~f measurin9 3nd t~armal aquipraant 

are required. A mJbile unit Jutfitted ~ith the n~cassary i~­

struments. data collecting centre and 6v~lu~ting comp~ter that 

can be moved in the vicinity of the equipment t~ be measured 

is an optimum arrangement. 3y direct connect1Jn betwoen the 

sensors at the measured points and the instru~ents of the mJ­

bile unit the measured values can be watched centrally and 

their evaluation can be done quickly. The DiagnJstic Mobile 

Unit of the Ceramic Research Institute at Pilsen is a suitable 

type for this pwrpose. Its service activity in the enter­

prices wi,hin the Czechoslovak Ceramic ~orks has already 

brought about results in the e~ergy conservation. 

From the point of view of energy management centre the 

activity of such a diagnostic unit must first of all be aim(d 

at specifying the energy balance of an equipment, i.e. to 

find out the input as well as the output energy. A techno-

logical diagnostics is also important - it verifies the 

temperature time curves of the entire technolo~ical process. 
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~hile specif~ing the energy balance by a meas~reraen: 

e.g. in case of a kiln the following basic dgt3 are to ~e 

found out: 

thermal input·- it is derived from the c:i~3um?tion of 

fuel and its calorific value 

thernal l:is::es in a chimney bs draughtin~ the c:i~bustion 

products into open air 

by accumulated heat in the goods ~nd 

i!lto the lining 

- by leak~ge throus~ tMe kiln w~lls int~ 

the oper. air 

- by leak~ga int:i the !:iln foundati:ins 

tecnn:il~gical for physical ~nd 

transfor~ati:ins of material 

. . ' 
cna;11Ca.i.. 

- by c:Joling air i:'i t~;:) C::>'.)U.ns :::or.;; -:if 

the cycl~ 

auxiliary values - stechi:imetry Jf c:imbusti:in 

- pressure cJnditions inside t~e kiln 

- regulation of the drJusht c:inditiJns 

- kiln performanca in ter~s of k; Jf 

material per ~:iur. 

'.'/han the time curve :if the t::r!lp•3r£Jtures :if t:1e ;·;:-i'Jl~ 

cycle is to be verified for the control Jf t~e firi~g technJ­

logical curve a suitably positioned tharmocoupl3s ar~ used 

inoide the charaher furnace or in tha soods lJadad Jn th2 car 

Jf the tunnel kiln. T~e th~rmocou~l3s are cJnnected 6y me~ns 

of a compensati~n lead with the reg~stratio~ instru~ent and 

the whole time curve of the tem~eraturas is thus recorded. 

It serves for the derivation of the thar~al differ~nc~ bet~~en 

the individual measuring points a3 ~ell as t~c d8viatiJns of 

the measured curve from the prescribed one. 

After some time :if operati:in every t:ierrnal 3qui;:;iil2nt is 

•d:Hunea" to certain extent.;i.e .. it d:ies not oper::ite ucdcr 

optimum conditi~ns. It is caus9d mainly by some irresulariti~3 
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in the operati:rn, i:nperfect ::iperdt'1rs, etc. It i:= tr:e fii-st 

t-ssk of tha diagnostic unit and tzam t::> rac.rify t:1e:;,S 

discrepancies. It means that the initial ~eas~rement :f the 

kiln or drier ~ay be considersd as controlling one its pur­

pose being to detect an~ re~tify all snortc:~in9s namperir.g 

the optimum operation. 

In this stage n~ chanses or modificati:ns 3re m~cie in 

t~e e~uipment construct~on but only its curners 3nd f sns 3r~ 

adjusted, the draught of the combustion products is tuned up 

and other regulation devices set up. That all can ~e relia~ly 
performed at the time of reading it on the ~easuring instru-

ments. 

By control measurement and simultaneous adjustment we 

can get a document of the economy of the equipmenc being 

~easured su~med up practically into single value -

specific heat consum~tion 

related in kcal per kg of heat treated product. By that we 

also will know how the individual types of energy loss are 

distributed and tho complete control of all temperatures. 

The values having so been obtain~d they will sho~ t~e 

energy cum technical condition of the equipment and will thus 

enable t::i compare it with other similar preces of equipment 

and to classify so its overall economy. 

The optimation measurement and adjustment of the equip­

ment are not the single activity of the rre asuring team. Si­

milar measurements have to be carried ::iut when new technologi­

cal processes are implemented, aftar the equipment has been 

reconstructed and even at new kilns and driers ~ithin t~e 
framework of verification of the g~aranteed parameters. 

The measuring team, on the basis of its expert knowledge, 

wor~s out also the main principles for the first two degrees ::if 

mode~nization, i.e. operation modifications of the equipment 

and reconstruction. The overall judgement of these suggestions. 

however, falls under the competence of the management team. 
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At the time of the industrial development when the cost 

of energy was not such an important item in the whole econ::imi­

cal balance the thermal equipraent was constructed first :Jf all tJ 

ensure the technolosical process, hi;h duraoi~ity 3nd si~pli­

city ~hile the heat losses were an itera Jf a lo~ importanca. 

?rJducer sas ~as mostly used as fuel, the lininss were ~eady 

tM~ reason for which was given that it was i~cis;ans3ble fJr 

maint2ing a stability at high temperatures. 

T!ie pr:::>blem of ensuring energy SJurces '.~~s caused a distinct 

change in t~o c:::>nception t~at may be characteri~Gd ~y :~J 

principles: 

- automation of tha thermal process and 

- ~inirnizin2 the ~eat losses. 

T'.1is tec:1nical philosophy is t::e :inly cJrr2ct :·:::.y of f~rt:12r 

develJpment. First of all, it ~liminates thG ~~~an factJr fro~ 

the m..ana;er.;er.t of often considerab:'..~· com;.ilicated thermal prJcessos 

and snsures an :::>ptimum oper~ti::>n Jf the e~ui~ment. Mini~izi~; 

:if the heat l::>sses is indispens3ble even 'Jn tho ~ccJunt Jr his;ile1· 

investment and maintenance c::ists bGcause, in :as2 t1e ~orld 

energy crisis would gro~ deeper, t~s industri3l activity in 

various branch2s ~ill ~ave tJ be r~duceJ. u~~ar t~3se circu~-

st~r.ces then only such equi~~ent ~itn the lo~est aner;y con­

sum?tion will be left in ::>peration fJr the l::insest ti~3. 

::hilc speakin:; about rnodernizatiJn of !~i~_.1s, it is 

necessary to speak separately about electric resistence 

chamber and tunnel kilns. 

I . i .< 1 ... ns, 

A ?artial switchover to elactric resistance kilns up to 

1200° C temperature i;:as the accompanyi1,J ~iwno:i13na in tr1e c:oG·3r­

nization of ~ilns in ceramics. 

The heat rediati::>n methou required a sin£13-layer ~rrange­

~ent of products so that it has prJ;r0ssively ciJvelopcd up to 

the present types of firing kilns for tilin£ materials. 
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T~e subst3nti2lly reduced ener;y consuraptiJn w~s 3 considorzbl~ 

advantase of the alectric kilns bacauss thara are no chi~nay 

l~sses 3nd the losses ~ue to heat lee~~~s t: J~an ~ir 3nd 

through accumulation are at mini~um level. T~e rJs~latiJn 

system of the individual zones also is simpl~ ~nd perf~ct. 

The development of chamber kilns ~as not so si;nificant. 

Thay can be used for some products only (refr3ctory s~a~ad 
L... • I . 1 t ) ,J .. i= -' r • l ' j 
..i r 1 c .< s , 1 n s u a o r a n '-' ::i o s ~ o , ~ ,; e s e « 1 .i. n s .'1 a v "3 J n - y surviv.;C: 

from the past. For the above mentioned special cases th era 

is a switchover to co~bined car - chamber kilns having mini­

mi~ed weight of lining and ne~ types of burners. 

Gas heated tunnel kilns having been the mJst widely used 

high capacity kilns so far have noted the hignest d~graa of 

modernization. City gas and natural sast are tne fuels tod?.y 

that enable tu use an automatic heating system. In the ne~ 

types of hish-speed burners the air - gas rati'.J is controlled 

automatically and as for the output the burners ~re regulated 

by control sensors with a feedback. All the automatic and re­

gulation are centralised. New types of burners enable better heat 

transfer inside the kiln and remove former ~uf f lin9. The 

lining of these kilns and cars is made of high quality and 

insulating materials which minimise the ~eat losses. T~e 

methods of regaining a part of the waste heat from the com­

bustion products and from the cooling air have also been con­

siderably improved. Kilns are desi~Aed to the conditions of 

an optimum h~ating and to the specified output. Hence, the 

development of kilns has passed an extensive research and 

expecially the latest types show extraordinarily low spacif ic 

heat consumption. 

The majority of old k_ lns is not in such a condition 

lest their economy could be improved by any degree of moder­

nization. Cne of the main possibilities is'to replace the 

producer gas by ~ity gas or natural gas and by reconstruction 

of the heating system i.e. of burners, gas and air distribu­

tion systems. Thereby, conditions are created for the ap­

plication of a regulation system controlled by the measurement 

il 
i 
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of temperatures at the same tirne. An::i~her cossi~ility is 

dn improvement in the insulatiJn properties of the linins 

by using an additiJnal insulation layer. A part of ~eat can 

be ::iotained from the outgoing comousti::in ~rodusts by usi~g 

a heat exchanser. AccumulatiJn lJssas in 

reduced by applying an addition~l linins 

fibre pr:Jducts tJ its heat sid3. 3imilarly, ti~.:: ·::ei;)1t Jf 

cars lini~g can be reducad, to:-. 

There exist a number of partial modif icatiJns Jf t~e 

equipr.1ent which can :.ior·a Jr les.s c::intrib!.Jte tJ the im;Jrove­

m~nt of energy conservation. Several in~ovati::in d~;r3es c~n 

be ~::irked out for ~Jery case. It is ~ mattar of cour$e that 

it will require different a~ount of axpanses Jnd dif forant 

Gffects. All sue~ altJrnetives must ~e ~ell ~as:id Jn ~r:i~ar 

-1 

docu;;ientati::in at1ci t:1ay s:10·_1l::l oa evaluat::d tac:-:nic:illy and 

acJnornically so that the ~anasing team should have available 

reliable decision-making documents of the energy CJnsumptio~. 

3.5 Utilization of w~ste ~eat 

~eat c::iming out ~rJ~ the cJmbustion ~rJduct;, CJJlin~ 

air Jr air from the dri3rs constitutes impJrt3nt SJ cnll8d 

secondary sources of heat that ~are nJt made us~ Jf till 

recently. Many kilns were built in tis8s when t~c Jpinion 

regarding the utilization of waste haat ~as nJt influ3r.c~ci 

by endeavour to its obtaining but, t::i the ~ontrary, r.agativ8-

ly by constructing additional equipment, increase in ex­

penditures etc. The present situation in ener~y, ho~ev3r, 

requir9s a maximum utilization of these sources. 

The heat from the cooling zone of kilns is ocing utilized 

to greater extent n::w;adays. The medium is a cle.:in or littb 

impurified dry air of 100 - 200° C temperature being suitoble 

for direct utilization in drying of a body or of pressings. 

Furthe~rnore, it may also be used for heating of workshops 

either directly or by using a heat exchanger in case the air 
is not clean. 



Drying Jf g:JJds in tha ceramic industry is an int~sral 

part Jf the heat treat~ent :Jf practically all ty~es ~f t~z pr:J-

ducts. ~hen the haat Jf the c:JJling air is nJt usad in t~e ~iln 

dtrectly as a heated primary air f:Jr burners :Jr in the prehe3t­

ing z:Jne, it is ~:Jst suita~le tJ u~ 0 it f:Jr dryins as a secJnda­

ry S:Juri::e in c:Jmbinati:Jn ;·1::t:i the ras;ulat;d s:Jurce. :JrL:r:= :::r:::1 

~ilns are usu3lly SJ situated that it ~:Jstly ena~las a direct 

c:Jnnection Jf the twJ units with:Jut any substantial l:Jssas by 

trans?Jrtati:Jn. The heat 5f the C:J:Jling syste~ Jf ~ kiln repre­

sen~s usually 10 t:J 30 per cent Jf the rated input. An input 

of the current tunnel kilns for th 0 firing :Jf e.5. ~~11 tila 

bisque ranges usually fr:Jm 0.9 t:J 1.7 mil. kcal/hr. ~hen 50 

per cent :Jf heat from the C:J:Jling zone is utilized we ;nay gain 

as much as 250.000 kcal/hr Jf ther~al Jutput. 

Comjusti:Jn products fr:Jm the ceramic kilns are 3 SJ~rce Jf 

~aste heat being less utilized. Their temperature is c:J~parati­

vely high but their chemical c:Jmpositi:Jn is n:Jt s:..dtaol~ t:J b8 

utilized directlya i.e. an icreased prJportiJn of carbon di:Jxide 

(C02) I carbJn ;JXide (CC) and sulphur :JXide (S03). ,,l,ib cooling 

the ~o~bustion produc:s bel~w their dew p:Ji~t wea~ acids ~re 

formed which cause a c:Jrrosi:Jn of the metal aquipment. For this 

reasJn the thermal energy :Jf the c:Jmbustion products by air of­

fers 3 certain possibility of their use in burners as c:Jmbustion 

air. The effecta h:Jwever, is insignificant. Installati:Jn of a 

heat exchanger in the exhaust of the combustion pr:Jducts is 

another possibility as far as the exhaust fan has nigh en:Jush 

reserve in its ol.iput. 

The fact that the c:Jmbusti:Jn products can be cooled down 

to the temperatures above the dew point only at tne c:Jst of hi;r. 

investments reduces the number of cases of utilization to th:Jse 

only where it will be advatageous from the aconomy point of view. 

Driers of ceramic bodies ahd products are the third signi­

ficant source of the waste heat. The temperature of the outgoing 

air ranges usually between 50 and 160° C temperature anu the 

loss by this air mostly am:Junts to 20 - 50 per cent of the drier 

output. Direct utilization :Jf this air is out of questiJn mostly 

due to a high content of impurities and increased 

!l 
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ralativ2 ~~~idity. 

ell pJssibilities Jf utili~~tiJn Jf ~3te ha~t and tJ ~~-

. . ana a:::JnJ,il!.s::s ~ .3 .] . .". 

t~esa =ases and incJrpJr~t2 t~e~ ~rJJr9ssivaly i~~1 

CJt:1plex r3tiJnalizati::in :JrJ~r2.-::.ne. 

3.3 Cli~atic c~nditiJr.s 

~~e·i; pr::jects Jf t,ar:.:al ec:~ipment are d~3i_;;neci ::i:1 t'.~3 

!Jasis Jf detail s;:iecifiad ::iain ;Jaraiil·JtJrs J;:t::r.~inc:c:i accJrdi.~g 

t::i the detail technol::i;ical analyses, J~ti~3tiJn cJnsiuQr3-

tiJns and investment studies. 

Tnese data CJ•1er alsJ values s,:iecifyir.; t:10 cli:.1atic 

conditi::ins, first ::if all the temperature, h~~idity and at~J­

spheric air pressure and t~eir changes durin; a day as well 

as in the course ::if the wh::ile year. In the cJnditiJns Jf 

minimum changes the calculati::ins Jf the equip~Gnt include 

their average vGluzs. It is fully acce,:itable e.;. under 

European conditi::rns v1here the thermal 9:1Uipr.iant is :J;Jerated 

in encl::ised indoor areas where the ambient tem?eratures chans~ 

very little. However. even these relatively small changes 

e.g. in the temperature of ::iutside air play a m:Jre significant 

role in case of drying equipment. Tnis equipment nas t~ ~e 

oufitted with an automatic control for the optiraation of 

their Jperation during the summer and winter seasons. 
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The diffarence of climatic cJnditions is ~ore di~tiactly 

noted at equipment installed in the developing countri~s of 

Asia, Africa and Latine America w~1ere the dayti::ie te1:iperat'-ires 

are high and their difference during the day is quite consi­

derable. In the~e cases it is necessary to take these cliwati: 

conditi:ns into consideration as early as in tMe projact design 

of the kilns and driers and to determine their regulation within 
the respective limit values. 

T~e optimation of the thermal equip~ent operati:n deserves 

in this sphere, too, a sensitive attitude towards the solution 

in the interest of rationalization in fuels consumption. 

3.7. Other consumina units 

Thermal inputs of kilns and driers are n::it t'.1e sole sphere. 

of the energy consumption. ~ach of these pieces of aquiprnent 

is outfitted with a nu~ber of electric motors to drive fans, 

cars movement, door lifting, rollers movement, oper3tion 

of the measurement and regulation instru~entation. Their 

energy consumption is Jaso sisnificant and cannot be noglacted 

in the overall balance. Therefore, the energy coneu~ption is 

expressej separately in two items - fuels and electric ?Owar. 

The possibility of optimation and economization in the 

sphere of elactric cor.sumers is rather s;.ia11. i~l::>st of tile 

electric driving motors are designed in compliance with the 

actual requirements and it is then only 3 question up to 

what extent they are suitably timely switche~ on to prevant 

losses in their idling. 

The present level of technical !tnowbdge in t!1is sp:11Jre 

has already enabled an application of a number of control 
and regulation elements resulting in really opti~u~ timely 

utilization and, thereby, mini~izing the energy consumption. 

i"!averthelasz, it is indispensabla to 1.'xa:nin~ .::ill t:1c 

~lactric devices necessary for the operation of tha thermal 
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equi;J;;ie."'?t s:i t:1at e·1~n troe electric p:mer CJns:.;.;;;::ti::i~~ s:;Juld 
be rnir:i:nized in this s;:;l1~re. 

It ensures fr::im the data manti::inad in the main trsnds 

t:1at the ext~nt :if tiia acti..1ities t:i :::zn:J;e t:~::; ~ni:ire siJ:13r3 

:if 3n::irgy c:i~sumption rationalization th~ 3Sta~lis~~ant Jf 

the ~anaging tean is indis;::ensabl3. It ~ust DlsJ c_~er t~e 

foll::iw-up activities Jf :iti1er sr::ups Jf r3S8ar.:::1 ,·,:ir:~::irs 6 
tachnicians and pr::iducti::in ~::irkars. Under th~sa cJn~iti:ins 

:inly the Jutlined survey Jf all p::issibilitios leadin; i::i~~rds 

enersy c:inservati::in Jay be 3chieved, eval~at3 t:ia~ an~ g_ 

lab::irate the compl::it; rati::m:::ili::ation ~r::i;ra;:i:.i::. 1.ns prJ::,r3.-:i­

me must be w::ir~ad ::iut in details down tJ individual ~cti::ins 

~:iJwir.g the extent, ti:11e scneduk and ec::in:Jii'ical results. T:1a 

sumraerized data should specify the t:ital costs in c:in~asti:Jn 

with the materialization al::ins with the ;radually ;ained z­
m::iunt of fuels and energy. 

T~e above mentioned raanagem9nt syst3ra ~ay provoke thou~~ts 

of c::insiderable financial me~n: spent ::in its imple~3nt3ti:in. 

H::iwever, it is t::i be taken into considerati::in that similar ac­

tivity is carried out nowJdays in the local plant conditi:ins 

~ithout any relation to the problems within a ~hola branch. 

It is, theref::ire, a sole way how to solve a pr:igressiv~ re­

ducti::in in energy consumption in thz industry under present 

conditions to a full extent and up t::i a r~alistic prospect. 
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