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INTRKODUCTTION

The present situation in energy and the relating
prognosis generally tend to an increased endeavour in fuel
and energy economization first of all in the thermal
equipment in view of their consumption of energy. This
praocess complies fully with the principle that energy
economization can be started at once but the development
and construction of new sources is considerably demanding
from the point of view of capacity and costs and reguiring
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 them are of
high and very high temperature ranges and the energy consump-
tion of such equipment represents very high portion of tne to=
tal consumption of the entire enterprises. Modifications and
improvements in the processes of the existing units can only
have a character of local raciunalization measures but they
are limited by the existing production technnlogy as well
as by the type of equipment, year of its commissioning and
production conditions of the respective thermal equipment,
Nevertheless, though we cannot undervalue the importance of
the loczl racionalization measures, such cteps alone cannogt

solve the present problems& existing between the energy
requirements and sources.,

The problem of the world energy and its effects it
ha3a on the industriagl development in various countries has
reached a stage which requires already a higher form of
solution, i.,e. an overall system of controlling the energy
consumption focused toy individual industrial branches and
tc relating national plans of obtaining and consuming energy
and fuels. In contrary to the form of local racionalization
actions such 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 claboration of a complex programme to reach an
optimal condition. Logically, the main principles of the

comolex cortrol system are essentially commor for all industrial




branches. Despite that, bhowever, its application in a parti-
cular branch will possess peculiarities that will have to be
fully respected and solved in details.

Cergmic industry, being of a high importance in many
countries, is one of the industrial branches in which the
energy and fuels consumption plays and important role. It
produces a large assortment of ceramic lining macerials used
in architectonic designs of buildings, stoneware and brick=
ware products for building industry as well as sanitary and
artistic ceramics witnin the range of china and stoneware.
Refractory and insulation materials are manufasctured for
boilers, industrial kilns, furnaces and driers to cate:r for
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
3 series of other industrial branches.

The energy demands in the ceramics stems up from ths
taehnological process the principal stage of it being the
thermal processes ~ drying and firing through which only the
ceramic products can get the required final properties and
appearance. The energy cgonsumption is high not only due to
the considerably large quantity of masses and products being
processed but first of all due to long time - consuming tiring
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 problem i1n the entire
production range beginning from the development of non=tradi-
tional raw materials up to the optimation of thermal processes
in rew types of kiln and fur-nace units,




1. ENERGY CONSUMPTION

Fuels and energy creating basic sources of praduction
and conditions of econcmic development of every country have
lately become the crucial world problem in the industrial as
well as in the political sphere, Energy consumption hasgpiral-
led by: 6 per cent yearly in the world average anc, at the
same time; the conditions for cbtaining raw materials, fuels
and energy worsened abruptly and particularly their prices
rose steeply in the world markets during the first half of
70%. This trend has prevailed even in the 80* in fact and no
signs can be poted towards any substantial improvement in the
foreseeable future.

Both the chief factors - increased fuel and energy cone
sumption by ever more vividly develsping industries and their
constantly spiralling prices - ever more distinctly affest
the economics of various countries. Itmay not be even unexpec-
ted that this negative ohenomena could adversely affect further
development of a planned structure of industry ar even endanger
existence itselé of some branches.

The influence of the energy penetrates also into the strategy
of the world markets, manufacture of high energy €onsuming
products is intentionally curbed and their import from abroad
is promoted,

1.1 @orld energy sources and_consumption
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Energy sources, their transformation and consumption can
be, when 3implified a 'ittle, classified into two circuits
-~ the primary and the secondary ones wnhich can oe distinquished
by the basic form of energy and by the level of control, too.

8y 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. 8y reduc-
ing it to a common unit the primary energy represents thus all




energy sources in such a state before they are transformed

into secondary energy, i.e. electric power, city gas, briquetes,
petrol (or gasoline) fuel oil, heavy fuel 25il etc, These types
of energy named also high grade eénergy or consumption energy

are of the form of energy suitable for direct use in industrial
consuming units, Nowadays, the production af the seccndary
Sneérgy 1is an important industrial branch and its share in tne
total industrial production grows ever highers

The world consumption 5f the primary energy sources grows
rapidly, a 1ot of world energy sources get exhausted stan by
step and there is a risk of limiting the industriaglization Arocess
both in industrally developed and in developing countries,

The world total reserves and the time for their exhaustion
can be quoted as follows:

Total -i--rves are approximated to about 620.109 tons
and when compared with the yearly mining the reserves will be
extausted in 250 years,

brown _coal

The assessed world reserves amount to about 230.10g tons;
The mining conditions keep deterisrating however the yearly
mining proper increases by about 3 per cent 3 vear. Exhaustion
of brown coal reserves may be expected after abaout 150 years.

€rude oil

It is the most widely used énergy source nowadgys and its
consumption is consid2iably increased by its use in petro=-
chemical industry. The crude oil expected workable reserves may
be assesgssed to 80.10g tons, the yearly producticn to 3.109 tons,
The amount of 40,10° tons have been produced during the 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 reserve could be exnected to remain in the total re-
serve the crude 0il reserves may be fcreseen to be exhausted
within about 30 years,




natural_gas

It is quite a considerably often 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* 70 years,

nuclear_energy

Evidently, the electric power generation in the future
will be chiefly based on nuclear fission, It begins to take
more share in the total energy gereration.

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
reactors in the year 2000 amounts to about 1500 GW, i.e. about
3000 reactors of 500 MW each. Ther consumption being lOO,lO3
tons should exhaust the reserves within 40 years when taking
into consideration that about 70 years will be required Le-
foee all the reactors are in full swing.

wg_t_gr energy

The electric power obtained from hydroelectric power
stations in the world takes about 2,5 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 futurs is not expected.

Besides the aforesaid energy sources new ways and trans-
foirrmations are tried to be found, so called energy sources of
the future. First of all there are the controlled thermonuclear
syatheses, magnetohydrodynamic transfor&gtions. utilization
of geothermal energy, energy of the wind, the sun and of the
oceans,




‘When we sum up the knowledge in the world-wide energy
cum fuel reserves we may deduce some conclusions being
decisive for the cdevel-oment in various countries because
the changes in fuel sources and the spiralling of the world
prices influence the present situation in energy policy of
every country. Hence, the requirement for rationalization
of all types of energy has entered the focus point of interest.

1.2 Qrowth of consumption

The world en2rgy consumption expressed in million tons

of specific fuel is shown in the following fig. No. l.
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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 ieached in the future years and any further
growth of industries may be possible only on the basis of
new fuel and energy sources,

Wher, we compare the par capita growth of consumption
as shown in fig. 2
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we obtain similar growth of consumption. It is a matter

of course that the values differ considerably in tne industriagl=-
ly developed counmtries (as much as 3.5 times more) against

the daveloping and the least developed countrizs.

Hand in hand with changes in the energy consumption the
structure of the individual primary energy sources has changed
graduallyy too. These changes have taken place chiefly due
to the growing efficiency in the exploitation of new energy

sources.

It ensues from the chart shown in fig. 3, that, due t»>
the changes, the first places are taken gradually by liquid
and gaseous fuels primarily owing to their high calorific
value, easy transpartation 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
may find out that the present about 40 per cent share of
liquid fuels will get lower gradually and the other compo-
nents of energy sources will generally come down, too, except
for the nuclear, water and uther types of energy. When the
year 1980 is compared with the year 2030 the total werld
consumption shculd 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 energy will prevail in all industrial branches. The
prospective industrialization programmes will have to be
adapted to this situation.
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1.3 Consumptign_in the individual branches
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in various countries depends on the degree of industrial
development and on the energy sources structure, Dispite
a sonsiderable difference an example taken from an industrially
developed country will clearly demonstrate the distribution
0f the primary energy sources consumption among the individual
areas of the natinnal 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 structure 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 mining process, heat generation and electric power genera-
tion. They grow smaller to mere 2/3 of the original value,
They are of the consumabls (secondary) energy type which can
be utilized directly.
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when this energy is further classified almost half of
it is consumed by the population, transport, agriculture
and in a non=productive sphere while the other half of tne
consumable energv remains for the industry and building

enterprises.

When the distribution of the primarv sources is further
simplified then 1/3 is consumed in covering the losses by
transforming it into the consumable forms of energy, the
second third is consumed by industry and the last third is
consumed by the remaining sphere of the national economy.

The values shown hersinbefore represent approximately
the energy conditions prevailing in the industrially developed
countries and they are comparable with the Czecnhoslovak
conditions to some extent,

l.4 Energy consumption in_the cerami

c_industry

According to the basic classification of industry the
cevamic 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 irdustry 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 brickmaking 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 Czechoaslovak ceramic
industry energy consumption e,g, amounts to about 500,000 tons
of specific fuel in all its factories. When compared with the
primary sources it is mere 0.5 per cent, however, but its value
equals to 1.5 per cent of the consumable form of energy reserved

for industry.




when we make an analysis of the energy distribution int?2
3 principal types the consumption in the ceramic industry 1is
as follows:

fuels about 80 per cent
heat 15 per cent
electric power 5 per cent

When the cost of the consumed energy is further_more
compared with the market prices of the ceramic products thne
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 export articles within the scope of the
energy sources consumption.

The aforesaid data nave enabled us to get an idea about
the classification of energy consumption within the individual
branches of the national econsmy 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
refractories

wher it is further classified into the heavy ceramics
and fine ceramics we may add

brickware

fine ceramics
sanitary ceramics
electroceramics

The difference in technology of the applied raw materials
and thermal processes predestines also the difference in energy |
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consumption in the manufacture of various types of praducts.
For easier judgement of their mutual difference in energy de-

mands the value of specific heat expressing tne energy con-

sumption per kg of products is the most suitable way.

“ne specific heat values are shown in tne following ta-
bles i.e. for drying, firing and for the total 2nergy consump-

tion:

drying: the average value for all groups of products is 150
*5 300 kcal/kg

firing: wall tiles (double fired) 1400 -~ 23CC kcal/kg
- - (single fired) 850 - 1000 kcal/kg

floor tiles (semidense) 1400 - 2100 kcal/kg

mogaic 1700 - 1900 kcal/kg
brickware 400 - 700 kcal/kg
refractories 650 - 1200 kcal/kg
stoneware tubes 600 - 900 kcal/kg
stoneware 900 - 120C kcal/kg
insulators 3000 - 6000 kcal/kg
sanitary ware 2800 - 3CC0 kcal/kg

- - . - - Pyl ~ieipenip S == ) . e TP T R R R T

wall tiles 3400 kcal/kg
floor tiles 2260 kcal/kg
stoneware 1700 kcal/kg
re¥ractories 1085 kcal/kg

According to the formula

-7

1l kcal = 1,43 . 10 tons of specific fuel

we may calculate, if need be, the amount of energy required
for the manufacture of a certain quantity of products.

It also ensues from the aforesaid specific neat consump-
tion that the products can be classified according to the
energy demands as follows:




electrical insulator

sanitary ware
wall tiles
floor tiles
stonewars
refractories
brickware

#hen, Tinally, we take into consideration that the energy
consumpticn in the production process proper amdunts up to
80 - 85 per cent and the other remaining 18 per cent far 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.

Though the ceramic industry in the majority of countries
(except for Italy) does not belong among the main industrial
branches from the point of view of an entire 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 witn
the growth of industrialization, often transformed into such
forms which can be utilized 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., 3 this loss amounts to 33
per cent of primary sources. It may be found out, through
a more detail study, that for one thermal unit in the form of
electric power it is needed 3.58 of the unit in the form of
brown coal in the mine, for the unit of city gas l.61 of




similar unit. Therefors, it is impossible to judge the in-
dustry osnly in view of the consumption forms of snergy, tne
impact an the primary sources should be also considerad whils
chasing the types of fuels., Some firing procesces can taks
olace in electrical ra2sistance kilns as well as in kilns firegd
by a city gas or by a natural gas. A correct choice aof fuels

is not only a question of a suitable fuel system for a parti-
cular technology but due attention is t2 be paid to ths effects
on the primary sources as well as to tne question of econoay
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 cnergy situation.
calls for an efficient solution that will extend the life of
energy sources in the future, enable the devslopment of new
types of energy and ensure further developmen: of industriali-

zation in various countries,
The problem of energy may be classifizd into three areas

- natural energy.sources
- energy producing 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 policy of each country. The capa=-
cities and construction of the energy oroducing industry
securing the generation of consumption types of energy are tne
principal part of the national economy control and planning
both from the capacity and development point cof view.

The antire consumption area of fuels and energy can be
divided between the industry and the other sections (transport,
agriculture, population etc.) approximately in similar siares.
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The consumption of energy by other sections is given by thne
living standard and after it reaches an 2ptimuam stage it does

nat change substantially anymore.

The industry ks2eps a faremdst position 1in the anergy
consumption. The present endrgy consumption is derived from
its capacities, technical level of the equipment and its
control proger; the prospective one then from its further
development, rationalization and application of the scientific

and research results in the entire production cycle,

Therefore, the industrial sphere is the maln field of
activity that should reach an optimum stage in thne energy
consumption througn the complex control systenm of energy
consumption whereby the entire all-country balance 1n energy
should be improved or, tO enable further expansion of the

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

2.1 The principle of consumption control

The complex control system of fuel and energy consumption
in the industry aims at reaching optimation of production
capacities and thermal processes under the condition of minimum
energy consumption. Each industrial branch 1is of a different
nature given by the technological process. Therefure, the
consumption control system can be most property applied within
the individual industrial branches so that it sould act ef-
fectively and completely. Despite that the principle of this
gyst:m is commdn for all the branches.

cstablishment of a team organization is tne oasis of an
energy consumption control system (fig. N2.8). Such a team
asrganization snhould ensure all the rssearch and technical
activity in the principal areas aimed at the energy consuming
eguipment and should elaborate finally a complex rationalization
programme based on the research results, analyses of the

consuming equipment and on the optimation considerations.
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2.2 Managing team

It consists of organization workers and specialists shown
nereinafter (fig. No, 9). The main activity of the specialized
groups is first of all to elaborate a programme of research
and diagnostic work in the individual areas, gatnering of the
results and processing all the summarized materials and giving

proposals for solution,

taom loacizr
consu/lin managn
&aand£7 bacéiig
Ancvu%gﬂg?
teom
[ B
Technologreal enegelical econormical
Zaom Zaom L

£2.9




Fg.70

The results of the individual sectional works should be
compiled into the proposals for solution, consulted in the
oonsulting bgard and submitted to the managing board. The
managing board then takes into consideration the results
sbtained from the technological, energy and economical teanms,
summarizes the appropriate propssal and takes a decision on
incorporating the proposal into the complex programme including

the determination of time and extent.

2.3 Research area

Research and devedopment form a very important area which,
wnen aimed at reducing the enargy consumption, plays a vital
role in the development of a particular branch. Tne program=-
mes of the tasks specified by the managing team and sclved by
the research are classified into two parts - the technological
and thermal ones cover the fallowing principal problems
(fig. No. 10):
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The research tasks may be, as partial ones, aimed at
the solution of some contemporary problem in the production
ta reach maore effective production by means 5f a reconstruc=
tion, chances in technolsgy or by an optimation of the procsss.
Mostly, however, they are aimed at a future innovation
programme through which more distinct energy effects siould be

zchieved.

2,4 Production area

The energy consumption control in the production sphere
is first of all focussed to a complex diagnostics of the
present condition to a detsil determination of production condi=
tions and corresponding energy consumption., The epecialized
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. 1ll:
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2.5 Investment area

Plans af the investment davelopment in every branch
are derived from tne needs of inner markest as mell as from
the export poassibility. They secure an innovation pragramme
hoth for individual pieces of production equipment and Oy
a construction of new warkshops or factories, The activity
of the energy consumgtion managing team has a doible form
in the investment stage. Knowing the existing condition of
the productisn equipment and the results of the reszarcn and
development the managing team is capable of passing a judge-
ment on any intended investment from the energy requirements
point of view whether tne energy consumption will comply with
the intentions determined by the complex rationalization
nrogramme. It is also possibls to judge the progressivity
of every new tecnnological process in comparison with the
existing degree of the world technics,
Fhe scheme of the activities within the invesrment arz2a

is shomn in fig. Mo. 1l2:
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2.5 Complex rationalization programme ,

Researcn, tecnnical and praduction basic documents

SRR ¥4

from the foregcing stages are coming tO the managing tesam

where they 2re processed carefully,

P L JPEL SR

The diagnostics of the production sphere of a brancn
enables to get an overall picture of the existing state
and how the energy consumption is distributed factory wise,
production lines wise down to the individual machines =2nd

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

The research and develoapment render the basic infor-
mation of the pressent development in tie world. The research and
development activity in its tasks is to solve new technologizss >
and thermal units applicable in the inncvation actions or

in the construction a2f new production lines and plants.

Investment plans and intentions enable to judge Ffurther
expansion of a branch from the point of view of new tecanolagy,
sales and, first of all, of the regquired energy sources and
their efficient explcitation,

The managing team elaborates all alternatives of the
technical and economical solutions based on these extensive
baces and evaluates them economically., The result of it are
completely realistic ways of modernization that should secure
lower demands for energy. Several solutions on different
levels agre made for a certain problem,.The following alternatives
e€.g. are elaborated to reduce anergy consumptioan in the
firing process of bricks in & tunnel kiln: change 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, intensification of the heating, even
reconstruction of the unit if necessary, utilization of waste
heat and even replacement by a completeiy new equipment as
the case may be. It is a matter of course that several ways
may be materialized simultaneously. It is upon the ecanomists

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

The individual stages of these actions may be classified
int?

sptimation of lst grade
sptimation of 2nd grade

and innovation

The optimation uf the lst grade covers all technological
and thermal changes in the existing state that, according
to the diagnosis results, contribute to achieving an optimum

process without any substantial modifisations.

The optimation of the 2nd grade cSovers new technology
of lower snergy demands, reconstruction af heating systems,

utilization of waste heat, intensification of processes etc.

The innovation represents the highest grade and is con-
nected with the implementation of new technologies, change
in fuel types, construction of new esquipment 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 recuction 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 cersain branch it may incu? specific changes. Never=-
theless, it is the only way how to solwe progressive reduction
of energy consumption in the industry completely starting

from the present conditions up to realistic progspects.




3. APPLICATION IN THE CERAMIC INDUSTRY

The application of the control systenm of energy consump-
tion in the ceramic &ndustry in compliance with the main
principles mentioned in the foregdaing chapter may oanly =2
introduced when the existing peculiaritizs of the tachno-
logical processes af this branch are respected. The system
requires certain modifications in research and producticn;
the sphere of investments is identical with the general chart

ghown in fig. 1ll.

This modification may then be used as guiding one for
all ths branchaes of ceramics wihere all ths tachnological
orocesses are very similar consisting sf the raw material
composure, their dressing, preparation ang nracessing, form-
ing by pressing, casting etc., drying, firing and finishing.
Under these conditions, when the common principles are duly
taken into consideration, the chart of management may Dbe
modified in the sphere of research and praduction in the
ceramic industry according to figs. 13 and l4.
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3,1 Mzin directions of activity

The basic documents entering the managing tzam from the

oroduction sphere give a summarized picture of tne contemporary

fuels 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 pe summed up,

irom the technical point of view, into the main directions of -

activity as follows:

- non-traditional raw materials
- new methods of preparation of bodies
- technalogy with lower energy consumption

- diagnostics
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limit conditions

-~ intensificatioan
- optimation

thermal egudpnent

- diagnostics
- heating systems and linings

- new types of unirts
sezondary_sources of heat

- minimiziny of waste heat

- use in other units

other _consuming devices

~ for production

- non=praduction

3.2 Technologz

Tne properties of input materizls and applisd raw materials
in many industrial branches are so constant that no significant
effect could be achieved in the energy demand for various
products by modifying the composition of raw materials or
their preparation process., However, possible use 3f non-
traditional raw materials for new body composition may be found
in the ceramic industry to enable a reduction in maximum pro-
cessing temperature or cut down the firing time. It is also
possible to combine the firing process of body and glaze of
the tiling materials into an one-~fire process by suitable
compoasition of the body and glaze having $§ormerly been fired
in two separate firing processes. The classical building
materials fired under high energy consumption can be fully
replaced by the newly developed refractory concretes and plastic
unshared masses which need not be fired for the use in the
construction of furnace and kiln linirgs.
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Possible modificatisns in technology aimed at minimizing
the energy consumption can be done practicslly at every ceramic
product. Within the extent of this material, nhowever, only

several typical possibilities of solutian can be paintad out.

Reducing the firing temperatures, cutting down tne firing
time and transition from a double-firing to one-firing way
of production belong to the possible forms af enargy conserva-~

tion,
Wall_tiles

The development of tne firing temperaturss and the firing
cycle from the time point of viesw in the tecanulogy of the

double-fired wall tiles having been existing so far are

snown in taple to 1.

Taole No. 1

bisque firing zlaze firing
Temp. °C Time (hrs.) Temp. °C Time (rs.)

After the World

war II 1280-13C0 60~120 1120-115C 24-43
beginning of 560* 1230-1250 24- €8 1100-11290 >=-24

at present 1050-1080C 1- 48 1020-1C40 1-24
prosgects oy

2000 vy. 1000~1020 0.5 3C0~- 980 0.5

o e e B bt b R N e o R R e e T T P R e
EES F 2 S T 2 2 R R A i A A A

Similar to the majority of ceramic materials the wall
tile bisque is baszd on the combination of traditional matarials
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- kecolinite, silice and feldspar. Generally, now
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materials require relatively high Tiring tempsratura,

3otn from the energy and tacanclagical point of vi
th2 transfer towards 2 non-tradirional lime-silicedus dzdy
with g lime or marlstone is intsresting for wnich the firing
temparaturs can be oy 209° C lower. Snergy can also 22 savszd
by replacing fired %aolin with 2 nin-fired on=.

For the raw matarial compositisn and ths effact on the firing

temperatura may clearly be seen in table N3.2.

Table No, 2

Raw material 7 Kaolinitic ______ Lime=-siliceous_body____
body
with lims with

marlstone
Clay A 20 1£-20 10-15
Clay B 20 15-20 1¢-15
washed kaolin 10 - 15 0-10 0-10
raw kaolin - 30-40 3C-40
fired kaolin 38 - 43 - -
marl - - 30
lime - 15 -
fired breakage 6 - & 6 - 8 & - &
firing temperature °C 1280 1050 - 1080 1050 - 1030

— . o S A > > S S > . o S D e o T M D M M T T S WP D Y m v eSS mm W v M R T T ww m mw M me T My AT ew SN e m e o
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Hence, by utilization of the non-traditional raw material
in case of wall tiles the energy can be reduced by & - 12 7]
owing to the reduced temperature as well as to practically half
of time required for the firing stages.

Glazes, too, like bodies, are undergoing a3 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 developmaat of a new glaze
based on sodium-odcareous feldspars for whiach the firing
temperature reaches 960 - 1040° C. Zirconium glaze belongs




among the well-proved glazes at which Zr3ic, oxicgle nas been
introduced into the feit body the basis of wnich are the sodium
feldepars, Tane glaze gets molten as early as at the temparature
sf 9e0° C.

The develoapment 37 glazes, however, has not vet tez2n
completed and further raduction in the firing temperatures

may be expectsd to as low as g00° c.

Floor_tiles_

Semidense glazed and unglazed floor tiles are quite
a widely used type. Classical technology is based an using
a raw and wasned kaolin and clays of low meltaghility, The
firing tempsesraturc at a wusual bady moves in the vicinity of
1250° c.

These floor tiles are the products at which the firing
temperature can be reduced by using non-metallic iaw materials
with a melting effect, The use of phonolitz (tzdls Mo, 3) is
an example snabling the reduction 237 tne tzmperature dJwn t2
1100° ¢ achieving thus about 10 - 15 j savings in enargy con=-
sumption.

Table N3, 3

- oy S D . wp TS ) D D S G D WD S WD S wm e 2 - Y D D Y WD WD D D D = - - =

Compasition in 5 Usual body Sody with pnonolite
Clay A 33 40
Raw &aolin c 30

D D - D oy " D D D W = D T D TR L SR G D S D D R TR D O G R en uS VL G T G G WP YR WD TR L S R D D b @ m an

Nasned kaolin 25 -
Phonolite - 30
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The implementation of oane-fired mathod of viring
of glazed floor tiles of this type is of an extrazrdinzry
significance in the 2pergy consarvation, The comtinaticn

of firing the body and glaze has deen =nabled 5y f

urtazr
maodification of the phonolite bady wihile chioosing a suiltadie

glaze.

Single-layer firing in a csnveyor line takss olace aftar

V]

)

the drying and glazz-firing gt tne tampsSrature > 1G5C
the time-cycle bheing one hour only. “hile considgaring that
the double-firing method neads the thermal enmergy of anout
1400 - 1950 kcal/kg this value at the ons=firing metndd is
reduced to mere 200 - 11C0 kcal/kg. The sawvings in energy
represent thus as much as 4C § of the original snergy c2nsuap-

tisn,

Stoneware

o

Low-heat kaolinitic clays coantaining abou’ s per cent
alkalis are a suitable raw matarial for the manufacture
of stoneware products. Dependirg on tne required olasticity
they are uded either directly or witn the addition oFf groag
(silica sand, fired shale etc.).

Fluxes again are used t> -educe energy demands tnat leads
towards technological changes. Suitable finely grsund fluxas
to be used in stoneware are e.g. marlstone, phonolites, tuffs
and tuffites, perlite, dolomite etc. In case of stonswarz2 used -~
for tiling purpases tne firing temperatures can s? 2e rzduced
oy about 1c0° ¢ whereby & 3 energy saving can be achieved.

The composition of bodies for the manufacture 3f stonz=-
ware tubes is shown in table No. 4 and the effect of adding
marlstone and phonolite on the reduction in firing t2amperature
may be noted.




Table No. 4

T D L D U SR A WP R o S S ST T D EP WS D AP R A TR A RGP TD G WD WD WD e D WD D D WP S I D WD WY AL b P D AP D W @ = A WD T ap P

Sody
current ane witnh narlstone Gitna
phonolitz

Clay A 47 31 32
Clay 3 47 31 3l
marlstone - 3z -

phonslite - - 31

stoneware
oreakage

o 6 z

Firing femperature
>C

The afforts to achiave energy savings in tne manufacture
of china, as against other groups of caramic praducts, €csuntars
certain tradition in quality, well established tachnslcgy

and rather stable raw material basis,

The products naving been made su far ars regrezented Oy
3 feldspar china wnich can be classified according t2 th2 {iring
tenperature into ssft one (1320 - 13¢ec? C) and nard chins
(1320 - 1460° C).

It is indispensable in the techralogy t2 make se2parat2
bisque firing and separats glaze firing inclusive of the reducing

atmssphere witnin tna2 range of 900 - 120c° c.

It may ndt be insisted that thare are nd ways 57 madivying
the china bady composition wihich may result in energy consump-
tiosn, In case of th2 soft typ2 o9F cihina wit!i abour 13, 37 clay
content 3 clay with nigher proportisn of alkalis may be usad
Sut tne savings in enerqgy will not be quite distinct. In cas2
of the hard type of china there is a nossidiltty of reglacing
a part of faldspgar witnh nepneline-csyz2nite wheraby the energy

saving will thus 2amount to2 about 10 per cent,
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Ref rac taries

Fired shapecd bricks made on thne ocasis 2f refractory
clays and fired snaless 3rs tae tygsical prowncts. 3gecitic
@2t consumstion in the drying and fTiring psrocesses zmsunts

ta 750 - 133C kecal/ig depsnding on ta2 type o7 sroducts,
Possicle raduction in this value by tacnnolagical way 1is
rataer insignificant, Any us2 oFf raw ascsrials with iower
gintaring temperature would result in detesriorating tne
refractory propertiss, Certain possivility may Ce ssen in
partial replacement 2f fired snales by the unfired onss.

The prssant stage of develosament, nowever, offars a pos-
sibility of completz removal of firad refractory clay and
replace it oy unshezpz2d, unfired refractory massse - plastic
ramaing masses and refractory coancretas. S3th the grouss
enable to make monslitic or prefabricated linings while
thece masses gat their final properties during the pariod

of putting the kilm into oparation.

Ramming masses with chemical or chemical cum ceramic oond
are of the form of moist plastic mass, refractory concratss
on the basis of aluminate cements are suppliesd as dry

mixtures.

By producing these re¥ractory mass2s the so far supplisd
fired refractory clays and other fired types of materials
are practically completely replaced,

ickware

There exists practically no possibility to reducz snergy
consumption in the technolagy of the brickware manufacture.
The raw materials of the individual plants are given by tne
nature of the clays being used as well as by tne grog added
in the form of sand, clinker, asnes, coal etc. The raw
materials are usually optimized to achieve the required
properties., The only possibility lays in reducing the moisture
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in the oody but the result is insignificant.

As aforesaid, in the majarity »f ceramic products thare
exist considerable chancss t2 reach esnergy conservation
through changes 1n the traditional compoasition of opodiss or
in the technology of tne firing process. It G228 without
saying that these changes must e completaly verifizd by
research and thne resgective aroduction canditions adjusted
accordingly before implementing tnem 1intd the production

process.

3.3 Thermal Dracesses

The foregoing chapter has shown the Dases and poassibilities
»f tzchnological changes in the composition of raw materials
for the ceramic products aiming at the reduction in energy
consumption, The indispensable researcn in this direction
must result in an optimum raw material composition wnile
achieving tne lowest possible firing temperature and respecting
the raw material localities, accessibility, efficiency of
winning and an overall economy. It 1S a unconditional for
the technological resaarch to adcomplish a product of the
required properties. In this stage the time curve of tne
temperatures during the firing is n>t decisive but only the

height of the firing temperature and 1i%s dwell are importante

The temperature curve in heating, firing and caaling
processes in many 3 thermal unit being in operation ias peen
derived from long-years oroduction experiznce that suited
bath the type of unit and the quality of the fired goods.
Thegs so called technological thermal curves of the firing
process, noweser, do nat correspond any longer to the adst
cases of tecnnology that enable to make products 2f tha re=
quired quality. Structural changes accompanied witn tn2
forming of internal stress in the ceramic body proper tax?2

olace in the heating and coaling zones ~f the firing processe.




Thay depend first of all on tha spesed of heating and c3ol

rance, on the time cnanges in temperatures, The knowledos
the maximum conditions of the heating and coclinc, i.2. 2
th2 limit temperature curves is of utmost significance t3
enable an intensification of the procase,ie. 8f sn
of its time, Such a process can be snortenad and ap

2ld thermal units such as in tunnel kilns by accelarating
the cars passage and sy modifying thz heating systam as well
as in case 3f new kilng having alrz2ady be2n constructed in

compliance with a new temperature curve,

Limit temperature curve means maximum rise in tempsratgre
during the heating and cooling processcs witnout affecting
adversely the quality of the product being so firesd. This
curve should be determined first in a laboratory with the
use of a product o7 aptimum raw mat=arial composition. Such
a product should be exposed to an intensive heating in the
kiln space under the condition of heat transfer from all sides.
The time consuming tests result then in a limit firing curve '

cet for the particular material,

The experiance we have had so far has snown that there 1is
guite a consideraple difference between the limit curves and
the so called experience-proven technological curves chiefly
in the time stages of tne nheating and cooling processas., Hence,
the limit curves establish an important document for the fol-
lowing intensifigation of the thermal processes.
Intensification of the firing process

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 orocess, however, can anly be
applied ir new types of kilns witn a single-layer arrangemaent
of products in the firing 2one. Older types of firing kilns
for instance the high-capacity tunnel kilns have tne material
loaded very much densely on the tunnel cars that does not allow




to achieve temperature changes given Dy tne limit., The
considerable thickness 2f columns of tnhe wall tiles ar iloor
tilses t2 be fired causes shading of the inner sarts 2f the
l1oad, their slower rise in temperature wnereby alsy dif-

ference in temperatures along the cross section of the kiln,

“hile speaking of intensification it may 2vike 2a2rron2sus
9pinion that it will result in high Consumption of energy,
However, the time factor must nat pe forgotten ~ it changss,
For instance, t> acnieve a rise in temperature of goods under
the former technology the thermal input required is
the period of Tl‘ for the intensifisd ors

Cess it is 52
the period of T2. The produci of input and time is dscisive
Tor the consumption of eanergy since T, is lower tnen Ty in
Case of tne intensified process the nigner thermal input can
thus be applied for a shorter perisd. And now thres Dasic
cases of solution may happen. At first tne intensificatiasn wiould

=2

oe performed at a higher consumption of 2nergy where 2., o T
. This case, however, is undesi
3 e

would be hicher than 1 « T3
from the energy point of view. The intensification in tna
second case would 8e take place at an identical 2naroy corsumd-
tion , i.e. Z; . T, wiil pbe equal 3, .
input can b2 derived
consumption in tre t!

1

anc tn2 nracess cou

Tne first ard second :zxamples arz unintzrstine far us
Secause thev 4o not rasult in enargy savin? nat even 2pzosita
- 1n its rise, Therzfsre 5nly such intzansificatiosn pay h2
interesting at which the Snergy consuapgtion is lowsr in its
individual stages, the hesating will take Place at a hig
mal input but for a shortar tine.

The aforassaid consida2ration is fully applicable for thz if-
tensification of the procz23s2s irn tho 2xisting kilns sut

it alsao is decisive for the construction of nzw kilns,




shat level of intansifics
5t is th2 gquestion 2 juaging
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The intensified firing process witnin 2 shorter tine and
with a higher input €.Ce. in tunnel kilns do2s not antail any
longitudinal changes, just an accelarated aovaaent of cars

will suffice.

The first condition 1is 23 exnlorz tne foasibility of an in-
crzased tnermal input, That may D@ arrang2d for 2ithar by 30 ==
xisting reserve 1in the input of the burners or raplacing thsa
for those of higher input Oof by chranging a fuel for a higner grade
one. Mostly, howaver, the input can De arranged ©or without any

sub¥antial modifications.

The second condition is an improvenent 5% tihe function
of burners. The existing types 5f burners ensure the transier
of heat into the material mostly by radiation into the lateral
layers, another transfer is by heat conguction tnrough mutual
contact of the loaded products. The jntensification, howsver,
needs more perfect heat transfer wnicn can only be ensured oy
convection of heat within the kiin space. Tnis can only be
ernabled by burners with nigh outlet velocity of combustion
products which, by flowing round the proaducts, transfer their
neat substantially faster and more uniformly.

The third condition 1s 2 sutable loading of the oroducts
in tnhe kiln space or on the cars. Tne 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
distrubuted gaps tdo allow proper flow of the combustion
oraducts. It goes without saying that by looser loading
the weight per 1 sq.m. of tne kiln or car ares is thus
reduced., That cannaot influence the total productian caga-
city of the unit bacauss2 the whaole firing cycle nas be=2n
thus shortaned.

5imilarly, as we speak about accelarating the firing
procass the cooling process can also be shortened and
intensified. It ensues from tne experiance in limit curves
that ceramic materials can be cooled down much fastar than

it nas been done so far.

sinen we sum up the aforesaid conditions for tn2 intan-
sified firing and when we specify the sttainables velu2s 35nd
wnan we judge trem mutually we abtain the determinating
factors for an optimum thsrimal process. The difficult woric do2s
no2t rest in thé materialization part proper €2 much ac Tirst
»f all in the research part in wnich tne lizit conditions
>f thz2 firing process, intensification concditions and,
finally, the optimum of ths givan thermal process should 52

derived.

The system of 2nergy managment enables
tos solve ths intensification of tharmal procazsses that ra3ults
not only in significant savings of energy b leo a moder-
nizaticn of the tharmal equipment without extensive modifica-

: L 4
t1drs.

3.4 Thermal eguipment

The tecnnical levzl of thermal cquipmart plays tne aost
important rols in the system 2f the 2nsrgy consarvation
aanagament in the caramic nroduction crancne. The ceranic
ilng and driars cannot be all of peak leval in all countrizs
since it dapends on the level of industrial development
and on the int2nsity of modernization the zquipment 1is.

There are 2varywhere kilns and driers of different y2ar

57 canstruction, nence, kilns may pe modern, medium tzcnnical
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standard and zven kilns abzolete. £
gaint of view the latt re in rtne focus point of
int2rest b2causa, undsr the prasent congitions, they do nst
work 2conomically any longer and they nave t

U3 sdme cartain extant, Onlu

A detail analysis of the present condition »of all pizcgas
of thermal eguipment and snecifieation of an2rgy dznards for
thneir operation form an essantial input part of further ac-

tivity within the enerqg cinsumpition managemnant systen,
y gy F g

in order to make an expert measuramen: 5f 3 tharaal
gquipment a set of measuring instruments and a team of trainsd
specialists in the field of measuring and tasrmal 2quipment
are required. A mobile unit outfitted with tha n<cessary in-
struments, data collecting centrz and evaluasting computer that
can be moved in the vicinity of the equipgment t3 be measured
i3 an optimum arrangement. 3y direcct connectiosn between the
Sensors at the measured points and the instrumsnts 2f thaz no-
bile unit the measured values can be watched centrally and
their evaluation can be done quickly. The Diagnostic Mobila
Unit of the Ceramic Research Institute at Pilsen is a suitaole
type for this purpose. Its service activity in the enter=-
“rices wirthin the Czechoslovak Ceramic Works has already

brought about results in the energy conservation,

From the point of view of energy management centrz the
activity of such a diagnostic unit must first of all be azimed
at specifying the anecgy balance >f an equipment, i.e, to
find out the input as well as the cutput energy. A techno-
logical diagnostics is also important - it verifies the
temperature time curves of the entire technological process.
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while specifying the energy bslance by s measurement
€.gs in case of a kiln the fosllowing basic datz are 2 be

found ocut:

thermal input-- it is derived from ths corzumption of
fuel and its calorific value

thermal losses ~ in a chimney ba draugnting the comocustion

[{H

praducts into cpen air

- by accumulated heat in the goods and
ints the lining

- by leakage througn the kiln walls int»>
the open air

- by leskage into tne kiln foundations

- technological for physical and chenical
transformations of material

- by cooling air in the cooling zorns of

the cycle

auxiliary wvalues - stechiometry zf combustion
- presgsure c¢onditions inside the kiln
= regulation of the drought conditiong

- kiln performancs in teras 2f k3 of

material per nour.

4hen the time curve of the tzmparatures of thz whol2
cycle is to be verified for the control of tas firing techno=

logical curve & suitably positiosned thermocouplzs arz used
inside the chamber furnacz or in tnh2 goods loaded on th2 car
of the tunnel kiln., The tharmccouslss are connected oy means
of a compensation lead with the regéstration instrument and
the whole time curve of the temperaturzs 1is thus recorded.

It serves for the derivation of the tharmal differancs betwazn
the individual measuring points as well as the deviatisns of

tne measured curve from the preccribed one.

After some time of operation every thermal z2quipmant is
"datuned" to certain extent,j.e, it does noat operats under

optimum conditions, It is causad mainly by some irracularities




in the asgeration, imperfsct 2perators, =tc. it iz the first
task of the diagnostic unit and team to reccify tness

discrepancies, It means that the initial measurgment cf tne
kiln or drisr may be considersd as controlling one its pur=-
pose being to detect ansd rectify all shortcsmings nempering

the optimum operation.

In this stage nc changes or modificaticns are mzce 1in
the equipment construction but only its curners ang fzns 3r=
adjusted, the draught of the combustion producte is tunad up
and other regulation devices set up. Trat all can be reliadly
performed at the time of reading it on the measuring instru-

mentse.

8y control measuremsnt and simultaneous adjustment we
can get a document of the economy of the equipmenc deing

measured summed up practically into single valugs =
specific neat consumgtion

relatzd in kcal per kg of heat treated procuct, By tnat we
aleo will know now the individual types of energy loss are

distributed and the complete control of all temperatures.

The values having so been dbtained they will show the
energy cum technical condition of the equipment and will thus
enable to compare it with other similar preces of equipment

and to classify so its overall economy.

The optimation measurement and adjustment of tne equip=-
ment are not the single activity of the me asuring team. Si-
milar measurements have to be carried out when new technologi-~
cal processes are implemented, aft2r the esquipment nas been
reconstructed and even at new kilns and driers within tre

framework of verification of the guaranteed parameters.

The measuring team, on the basis of its expert knowledge,
works out also the main principles for the first two degrees of
modeinization, i.e. operation modifications of the equipment
and reconstruction. The overall judgement >f these suggestions,

however, falls under the competence of the management team.




At the time of the industrial devalopment when the cost
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of energy was not such an important item in the whola 2c¢o
cal bslancz the thermal equipment was constructed first =7 z2ll t2
ensure the technological process, high duraoility and simpii-
city wnile the nhzat losses wer2 an item of a low imoortan
Praducer gas w~as mostly used as fuel, the lirnings wers reavy
tag regson for which was givan that it was i1nciszenmsaole for
maintaing 2 stability at high temperatures.

The problem a¥ ensuring cnergy scurces hés caused a distinct

Change 1in tihc conception that may ve characisrized Dy twd

(J

principlas:
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- agutomation of the thzrmal proces

- ninimizing thes heat lossas.

This tecanical onilosophy 1s the anly coarrect wzy of further
devalogmznt. First of all, it 2liminates the ~uman fsa
ths management of often considerably comnlicated ther
and 2nsures an optimum operation of tne z2cuipment, Minin
of the neat lssses is indisgensaole even 2n tha accou
investment and maintenance costs oecauss, in Ca
energy crisis would grow deeper, thz industrial activity in
various brancn2s will hravs to be rzducad. Uraer
stances tnen only such equipment witih the lowest aneryy con=-

mptaon will be left in opsration far ths longast tina,

ihile speaking about modernization of kilns, it is
nacessary to speak separatzaly about electric resistanca kiins,

champer and tunnel kilns,

A partial switcnover to elactric resistance kilms up to

2 . : . .
12007 C temperature was the accompanyiig 2n2nom2na in tns nouz2r-
nization 2f kilns in ceramics.

The heat radiation methou requirad a singlz-layer arrange-

ment of products so that it has progressivaly doveloped up to
the present types of firing kilns for tiling materials.




The substantially reduced 2nargy consumption was 3 consigarasle
advantage o2f tha 2lsctric kilns becauss tnerc are no chiangy
3

n

@s 3nd tha losses due ¢t
through accumulation ars a sval, The rogulaticn
Y

t 1
stam of the individual zonas also is

()]
}ae
3
o]
—
(M)
0
o]
Q.
T
L
e ]
-t
(&}
O
r
.

The development of chambar kilrms was not so significant.
They can be used for some products only (refractory saaped
bricks, insulator) and asst of these kilns havz anly survived
from the past. Far the above mentioned special cases tnzare
is a switchover to coambined car - chamoer kilns naving mini-

mized weight of lining and new types of burners.

Gas heated tunnel kilns having been the most widely used
nigh capacity kilns so far have notsd the highest dz2gres of
modernizagtion., City gas and natural gasZ are tns fucls today
that enable tu use an automatic heating system. In the new
types of high-speed burners the air - gas ratio is controlled
automatically and as for the output the burners are regulated .
by control sensors with a feedback. All tne automatic and re-
gulation are centralised, New types of burners enadle dettar neat
transfer inside the kiln and remove former auffling. The
lining of these kilns and cars is made of high quality and
insulating materials which minimise the heat lasses, The
methods of regaining a part of the waste heat from the com-
bustion products and from the cooling air have aleo teen con-
siderably improved., Kilns are desigmed to the conditions of
an optimum hdating and to the specified output. Hence, the
development of kilns has passed an extensive research and
expecially the latest types snow extrasrdinarily low specific
heat consumption,

The majority of old k.lns is not in such a condition
lest their economy could be improved by any degrze of moder=- .
nization, Cne of tne main possibilitiss is to replace thne
prcducer gas by city 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




of temperatures at the same time. Another possivility is
an improvement in th2 insulation properties of thz lirin
Dy using an additional insulation layer. A part of hsat
Ce odtained from the outgoing combustisn produsts by using

a heat exchianger. Accumulatioan losses in chambaer kilas can 22

raduced 2y apolying an additioanal lining made of ceramic
f tibre praducts t> its neat sida. Simileriy, tiha weight of
care lining can be reducsd, too.

. z

There 2xist a numter of partial modificationz af the
equipment which can masra ar less contribute t2 ths imarove-
mz2nt of en2rgy conservation, Saveral incovation deg
92 worked out for every case. It is 2 matter of co2

u
it will require different amount of expenses and diffc
.

rent
effects., All such altarnaztives must De well Lasad 94 sraper

docunentation and thsy should ote evaluatad technically ang
sconomically €0 that the managing team zhould have available

reliable decision-making documents of tne gnergy cansumptior,

3.5 Utilization of wastz heat

deat coming out yrom thz combustion sraducts, cooling
air or air from the dricrs constitutes imz2srtant so callad

secondary sources of heat that were not made use »f tili

regarding the utilization of waste heat was nat in n
by endeavour to its sbtaining but, to the contrary, nag
ly by constructing additional gquipmeant, incrzazse in ex
Fenditures etc, The przsent situation in 2nar_ y, nowevaer,

requires 2 maximum utilization of these sources.

The heat $rom tne cooling zone of kilns is becing utilized
to greater extent nowadays. The medium is a clzan or littla
impurified dry air of 100 - 200° ¢ temperature being suitablsz
for direct utilization in drying of a body or of pressings.
Furthermore, it may also be used for heating 2f workshops
either directly or by using a heat exchanger in case the air

is not clean,




Orying 2f goosds in tha ceramic industry is an intagral
part 2f the hest trsatment >f practically all tyoass 5f tnz2 pro-
gucts. .nen the heat of the cdloling air is nst used in the xiln
dérectly as a2 heatad primary air for burners or in the preneat-
ing zone, it is most suitable t> use it for drying 3s a seconda-
ry sources in combination with the ragulatad sourc2, Driarz ond
kilns ars usually s2 situatad that it asstly =2nzolss a cirsct

cannection of ths twd units without any subdstantisl lassss oy
transpgsrtation, The heat 3f tihe cooling systen of & kilnm repre-
sents usually 10 to 30 per cent 27 the ratad input, An 1input

of the current tunnel kilns for the firing o7 e.gs. ~all tils
bisque ranges usually from 0.9 to 1.7 mil, kcal/hr. .hen 50

per cent of neat from tne cooling zcne is utilizsd we may gzin

as much as 250,000 kcal/nr »f thermzl aJutput.

Compustion products from the ceramic kilns are 3 source of
wast2 heat being less utilized. Their temperature is cJaparati=-
vely hign but their chemical composition is not sutable to De
utilized directly, i.e. an icressed proportion of cardon dioxids
(CC,), carbon oxide (CG) and sulphur oxide (S05). wiile cooling
tnhe Comdustion products below their dew point weak acids are
formed which cause a corroasion of the metal equipmant. For this
rzason the tnermal energy of the combustion products by air of-
fers a cartain possibility of their use in burnsrs as combustion
air, The effect, however, is insignificant. Installation of a
heat exchanger in the exhaust of tne combustion praducts is
another possibility as far as the exhaust fan has nignh enough

‘reserve in its ocudut,

The fact that the combustion products can pe coolad down
to the temperatures above the dew point only at tne cost of hign
investments reduces the number of cases of utilization t5 those

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

Oriers of ceramic bodies and products are the third signi-
ficant source of the waste heat. The temperature of the outgoing
air ranges usually between 50 and 160° ¢ temperatura and the
loss by this air mostly amounts to 20 - 50 per cent of the drier
output, Direct utilization of this air #s out of question mostly
due to a high content of impurities and increased




wners2 tn2 20a23unt JrF 1554 tizas conitalinza 10 T2 zir iz
r2sligiols, For tas tzmgarature zoanes 313 o CaErizin ~uantity
af wagts heat, nNezt 2Xchangirs Zesac on clozzd cozraal tisis,
ratary 2xChangars 5r $343 CLoSSical tygs:ss :rz soitstlz,
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2ll poszibilities of utilizztion of w2t2 hzst and ts =2-
tarizlizs them cvarywhere wizre it is advantz>2ous. In th2
sphars of utilizztion o7 w3aste nest it is imzarativa 1or

t32 tachnicians and 2conaaists of ¢he managing t220 o assess
thee2 cases and incoarporgte thzs sragressivaly inos e
comglex rationalization arogranase.

New prcojects of tharmal scuipment arz desijned on th:2
basis of detail specifiad aagin paramatars dstarsined accaryiag

to the getail technolocical analysss, Jptin:
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tions and investment cstudies.

These data cover alsdy values specifying the climatic
conditions, first of 31l the temperaturs, numidity 3nd atao-
spneric air pressure and their changes during 2 day &s well

as in the course of the whole year, In the concditions of
minimum changes the calculations af the equipment includsz
their average vslues, It is fully acczptable 2.,g5. under
zuropean conditions where the tnarmal equipmant is operatad

in 2nclosed indoor areas where the ambient temperatures change
very little., However, 2ven these relatively small changes

e.g. in the temperature of outside air play a2 more significant
role in case of drying equipment, This equipment nas to e
oufitted with an automatic control for the optimation of

their operation during the summer and winter seasons.




——

The difference of climatic conditions is =m3rs distimctly
noted at equipment installzd in the developing countriss of
Asia, Africa and Latine America where the daytime teaparatures
are high and their diiference during the day is quitz coansi=-
derable, In these cases it is necessary to take thess climatiz
conditicns into consideration as early as in the gr
of the kilns and driers and to determine their regu
the respective limit values.

The optimation of the thermal equipment operaticn desarvas
in tnis sphere, too, a sensitive attitude towards the solution

in the interest of rationalization in fuels consumption,

3.7. Other consuming units

Thermal inputs of kilns and driers are not thz sole spghere,
of the energy consumption, £ach of these nieces of zquipment
is outfitted with a number of electric motors to drivs fans, .
cars movement, door lifting, rollers movement, osperation
of the measurement and regulation instrumentation, Their
energy consumption is l3aso significant and cannct be neglectsd
in tne overall balance. Therefore, the energy condumption 1is

expressed separately in two items - fuels and slectric oower,

Tne possibility of optimation and economizatiasn in the
sphere of elactric consumers is ratner small, Most of the
electric driving motors are designed in compliance with the
actual requirements and it is then only a question up to
what extent they are suitably timely switcheg on to pravent
losses in their idling.

The present level of technical knowladge in this sphere
has already enabled an application of a numbar of control
and regulation elaments resulting in really ootimum timely

utilization and, thereby, minimizing the energy consumption.

Maverthelesz, it is indispensablz to oxamine all tnhe
2lectric devices neczssary for the operation of the tharmsal




equisnent $2 tiat even tne gslactric powsr conguantiosn s=hiould

0e mirimized in this sphere,

4o CCHZLEX RATICNALIZATICH 2I3033iwMs

It ensures from the data mantioned in the main trznds
tiat the 2xtznt 3f the activities to menag2 tiz 2nitire sphare
of 2nergy consumption rationalization th2 2sta:
the managing tean is indiszensacla. It must alss covar tae
foliow=up activities sf ather groups o

tecnanicians and aroduction workarz. Unde
only the outlinad survey oi all possibil
en2rgy consarvation aay de achiasved, a2valuatz tham znd 2=
laboratz the complctz rationalization progranmz, This gro
me must be worked out in details down to individual actione
showing the extent, time scnedule and economical rasults. The
sumnerized data should specify the total coste in coanmeetion
with the materialization along with tha graduaily gainad ez~
mount of fucls and energy.

The above mentioned managem2nt systzn nay g£rovaoka tisugats
of considerable financial mezanc spent on its imslsmantation.
However, it is to be taken into consideration thnat similar ac-
tivity is carried out nowadays in the local olant conditians
witnout any redation to the problems within a whola Granch.

It is, therefore, a sole way how to solve a pragressivz re-
duction in energy consumption in the industry under present

conditions to a full extent and ud to a realistic nragpact,
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