
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/




III 10 ш и u
111= = 'z m

11
A | 2 . 0

1 • 1
III 1.8

MIOROOOF’Y RESOLUTION TEST CHART
NA Г lO N A l Fit IMF A l l  Of ', Î ЛМ( )AMf )' 

' . T A N D A F U ' Hf F? Mf Г4Г;Р MATFFtlAi  1ШП.1 
iArj',1 , i f u |  l',r> T f  Г Г . Н Л М Г  N n  ; >■



4
4

— ? ( W i L Î W - J
Distr.
LIM ITED

U N ID Q  Chechoslovakia joint Programme 
for Inteiv.iiuonal Co-operation in the Field of Ceramics, 
Building l'iaierials and Non-metallic Minerals Based industries 
Pi I sen, Czechoslovakia

JP/7/7‘3 
July 1375
O R IG IN A L: English

THE PAST-, PRE3EÜT-, FUTURE TREND OF 

I ENERGY - SAVINGS

IN THE NON-LIETALLIC MINERALS BASED INDUSTRY

by

Lubomir Kuna T 
Milan Grotte

with assistance of 
Special Consultants;

Z. A, Engelthaler 
G. C. Verjcerk ++

H Research Institute for Ceramics, Refractories and Non-mexalli 
Rav/ Materials, ¡Iorni Briza, Czechoslovakia

+r UNIDO Headquarters, Vienna, Austria
The views and opinions expressed in this paper are those of the author and do not neccssar<> "'fleet the 
views of the secretariat of UNIDO. This document has been reproduced without formal eui.my.



no tation

In this paper the mutual relatione between energy consumption 
and ceramics ir. two different fields arc examined in an 
analytic form of 'o-clay sources and prospective conception.

Tiie first one is the field of the Ceramic, Building Materials 
and the feasibility of .energy cavings which can be obtained 
in their production. The other fields are the refractories 
and refractory insulating materials for the lining of thermal 
equipment and the wide range possibilities of heat preservation 
through the development and use of new types of light weight 
materials with high insulation properties and their influence 
in the designs of kilns, furnaces and other thermal equipment.

Tho present possibilities ai'e examined and the future trend 
considered in view of achieving optimal results and thereby 
mako a vast contribution in energy-savings, a present world»s 
priority



From tin: modern aesthetic :azd artistic point of viev:, the ceramic
matoviai:; ouch as wall-, floor, facade tile, contribute to the
social and cultural environment in which the people live. The use
of these products have found and find an ever broader and more
significant applicability. Besides,- the non-metal lie mineral based»**
ceramics industry finds, however, many other effective utilities 
in other important products r.dch as:

- refractories for the heat treating industry in many 
various types and qualities;

- insulating materials for heat insulation in nearly 
every energy based industry for example, steel-, 
oil-refinery, food industries.

The complexity in these kind Of industries and their used technologies 
have a common denomenator, energy, as an important part of the used 
production processes. Energy^, in ftie form of gaseous,:- solid,-* liquid,- 
fuels and electric power, site by sitc^as a major cost component 
of the production. It is, therefore, understandable that long before

e-a confrontation in energy-crisises-were at state, their industries? 
have used a major part of their research and development in energy 
saving devices, equipment, machinery and heat treating processes.

It i6 a wellknown established principle that by cutting production cost 
the energy consumption was one of the major predoiniiant -.issues for 
cost redaction. It is therefore, not a sheer accidenlal approach 
when the ceramics and energy arc sited closely together and a groat 
attention is paid nowadays to the main scope aiming to a common 
objective - to save energy.

Solution indontified to solve the energy problem

Pirct of all it is tho fioid of energy consumption used 1a operate 
the ceramic machinery, which mentioned before, as a whole is 
aiming to cut down the specific cncrjjy concumpli.cn in tho production 
of individual typos of products. It is here, where tho economy of 
the producers is focussed and closely connected at a vast i-escarch 
of optima'.l.i cation of heat transfer into tho production of heat 
transit' i-rcC into the <.ora:iii; products.



a.i this context a development of ever new, ¡.ore effective and 
ii.ore economically operated heating device:;, r.i'c!: as driers, kilns 
arid furnaces for high temperatures in the ceramic industry are 
sliuulatca along with the rer.er.rch and development of new kinds 
of raw materials to compose ceramic products which- are fired 
at ever lower firing cycle, A firing cycle is a system 
related to temperature and time. It will he easy to understand 
that either through cutting time and/or energy, sizable savings 
in energy are obtained.

Another direction which ha3 for a long time been a priority
to energy savings is the combined energy consumption in the
use of refractory materials used for, for instance, a large variety of
kiln or furnace linings for the different industrial branches.
Ill-applied refractories will result in a wasteful escape of
energy from the kiln or furnace due to good or bad type of quality
of the insulating peopertics of the refractories U3ed,

A very important energy saving can be found by the research 
and development of refractory products used its supporting 
materials for the production of ceramics such as setters, 
plates, footings saggers etc, with better heat-absorption equalities 
and less mass to use less energy to acquire the temperature needed 
for the production of ceramics. The contemporary development 
in this field aims to highly insulating, light-weight materials 
and better quality of insulation that can resist to high . 
temperature.

In this respect, therefore, now ceramic materials are of paramount 
importance to enable to reduce c n c r i t f losses in many different 
applications of furnaccG, kilns and other thermal equipment 
employed in a large part of industry.

Vie will, hOliver, como bade to the field of energy consumption 
where cnc17y-ur.es can be reduced, namely in the composition of 
cci'umic materials composed out of different non-mctall j c minerals, 
such a3 clay, kaolin, felspar, silica, pegmatites etc. etc.
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The question arises hov/ ono can reduce iiie energy consumption.
Vie have to go back tc the time that for firing different types 
of kilns, originally designed for the production process were 
constructed prevailingly for low quality fuels, mainly peat, 
different types of coal, brown-gas, waste-heat from bad 
insulation furnace or lriln walls was used for drying materials 
along the Bides of the furnace or kiln where the intensity of lost 
heat was the highest.

The characteristic feature of these kilns either round, chamber 
or tunnel types was their robust structure and the materials 
used to. build them were mostly of compact refractory bricks 
and red-brick rnassendry The considerable weight of these kilns 
witli a low effective utilization of the supplied energy for 
firing v/ere and sometimes stil are, the cause of high consumption 
of Gnergy for heating and at the same time time consuming thermal 
cycles and resulting with a low productivity rate for such kilns.

Few types of kilns and furnaces development were stimulatedd 
with the main objectives to;

(i) reduce the cost in the production of used energy by;

a) Increase the capacities;
b) Better product quality;
c) Quick changes for loading and inloading of kilns 

and furnaces;
d) Diversification of the to bo fired products

(ii) Hand in hand with the above to require better quality 
of energy electic power, natural gas, pipeline supply, 
mineral oil.

It becomes apparent that in the present it becomes indispensable 
to cut the present specific energy consumption which, under 
tho contemporary critical energy situation in tho world has 
grown into a need of fist priority.

Few dcsjgnn of kiln and furnace types vary considerably form the 
conventional ones mainly in tho field of ceramic firing prococu.



fi..j so-called terminal kiln ns a continpous kiln of the type 
in v.'hich ware passes through a stationary firing zone wan the 
centre of kiln. In the most common type of kiln the ware is placed 
on the ref rntory—lined’ deck of a car, a con tine our; eerier, of 
loaded care being slowly pushed, through a long straight tunnel.

. .if*/The tunnel kiln,so far make: place for a single story kiln, 
multiple story, roller lciln, rotary-hearth kilns or bee-hive 
kilns, double firing prooess cf bisque firing and glaze (glost) 
firing of ceramic products in two cycler, is replaced by a one 
fire process.

Traditional pre-fire drying processes give way to dust spray 
driers (spray dryers) and to roller driers in the production 
process.

The present position of development lias ensued from a detail 
research of heat transfer methods and it goes without saying 
that it will keep its pace hence forward.

Basically, tho properties of ceramic products are predetermined 
first by a choice of initial raw materials and mixtures, secondly 
by significantly suitable thermal firing processes during which 
thermo-chemical reactions take place, whereby the composed 
material structure changes into the final state processing the 
required proportion and characteristics.

The thermal process must meet the technological requirements 
as far a3 the timo and thermal- course in^the structural and 
phase changes in the material composition is concerned. It must 
follow the basic properties as it is established during its 
development and research work on a laboratory scale and adopted 
for its production process.

It is sololy the laboratory testing of the thermal process 
for the firing of a commie compositive material which will 
determine its sequential alternatever;, no called "limited curvos 
for heating and cooling", at tho final research phase.
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The carves show the conditions under which the respective 
changes in the basic compositive material formula will take 
place, in order that the expected product reaches its final 
properties.

The fastest heating and/or cooling processes are established 
with a minimal thermal energy consumption per firing cycle 
may be expected from the duration point of view. The proper 
firing process in the production kiln cannot be determined in 
accordance with the knowledge of the limited curves. The limit 
thermal process may incorporate many factors which will cause 
fail-production and losses. Certain factors will have to be 
adhered before a certain firing cycle can be adopted. Simply 
said a way for proper heating or firing over the available 
kiln type cannot be determined by mere laboratory determination 
of firing conditions.

Another feature of research and development takes its turn 
by simulating the thermal process in kilns. It is simulating 
the heat transfer from the heat sources into ceramic compositive 
product under pre-conditioned principles.

While the space in which the products are situated is^able, the 
simulated method of development and research should examine and 
verify the optional dimension of the space, the manner in which 
the to-be-fired materials are place therein, size and ..nape 
of the kiln furniture under which the determined thermal 
firing schedule can be obtained by means of verified both 
thermal inputs and flow of combustion products.

The exigency of the simulating method of development o f  the 
thermal firing process in the kiln has been evolved by efforts 
to minimize the consumption of energy as well as by the 
requirements for the firing process to be uniformly spread



over the entire cross-section of the internal kiln 
dimensions so that the kiln charge of ceramic products 
results in an equal quality of the products leaving the kiln.

A uniform firing process in the kiln can be achieved 
solely by changing the cnaracteristics of heat transfer 
used by flames by radiation and by heat conduction for 
firing utilizing convection of hot combustion products 
for maximal conduction in the heating zone of the kiln.
The simulating method of research for a given kiln volume 
results then in the way how the to-be-fired materials are placed, 
the direction of flow of combustion product, size and place 
as well as setting of the burners.

From the simulating research method the to-day types 
and designs of kilns and furnaces have been derived. The 
main part of the kiln, namely the heating system is equipped 
with new type of burners or suitably situated heating resistor 
elements for electric resistance kilns and furnaces.

Based upon the fore-mentioned trends of development new types 
of kilns and furnaces have been invented. The specific heat 
consumption in them has been decreased to considerable lower 
values than those of classic types of kilns and furnaces due 
to the ever growing concern of lowering the production costs 
since the last 50 years. Such types of kilns used for ceramics 
are; e .g .:

- Improved types of tunnel kilns
- Electric resistance channel kilns.
- Roller-type conveyor kilns
- Wire cassiers operated electric resistance kilns
- Rotary hearth kilns
- Pin-belt conveyor kilns

These new types of kilns, inventions during the period after 
the second World War are designed to reduce the energy 
consumption and to produce ceramic products at



I

higher cpccd and lower tempe rature g, thus better time- 
temperature ratios with the main objective to reduce 
production cost and faster tum-cver of production.

Apart from this intensification of heat transfer at 
the above mentioned kiln developments^ the weight and 
sizes have been minimized which came about through 
intensified approach of'developments for better 
insulating refractories, with the lower weight.

The kiln furniture, such as plates, setter?, saggers 
bricks, peers, etc, waa redesigned and produced with 
lower weight refractories, havo made a considerable 
contribution to the energy savings programmes in the 
industry.

The development of lighter and better temperature resistance 
kiln furniture for a better and more systematic 
placement of ceramic products in the firing space of the kiln 
resulted in a higher production of ceramic ware for energy 
unit. It is easy to understand that the demand for 
energy consumption was and is the common denominator* for 
"saving of energy" whereby we cannot produce brick or 
ceramics as a fudge, hard on the outside but soft 
inside with other words keeping the characteristics and 
quality specifications tho same.

The intensive modernization of kilns and furnaces, aimed 
at a systematic reduction of energy consumption in the 
ceramic industry in the devolopcd countries has resulted 
in reducing the total energy consumption to produce for 
instance 1 square meter of ceramic tile by 3O (thirty) 
to 35 (thirty-five) percent in the recent 10 (ten years).

It is hereby understood that tho programme for cavings 
of energy arc influenced by tho overall extent of using 
more modern production processes ■ and equipment with 
different energy requirements.When for instance electio
onorgy in applied au source for heat consumption tho

(:oii.'sn?i)'l i on o.m bo reduced nr; far w J  '('/,!• (seventy
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Influenced, by the price difference between electric energy
and fuel the following example is worthwilo to mention.
In Czechoslovakia (CSSJt) Mu'Qugh a modernisation of the
original ceramic industry, a 30/» cavings of energy use
was achieved for the production of ceramic floor tile and
a 29i<> caving for the production of ual 1-tile.
This renumerable achievement was the result of an intense»»
research and development for new types of firing kilns 
and process equipment as well as a more uniform quality 
of raw materials.

The present trend in the manufacture of ever more perfected 
kilns and furnaces as vie 11 as driers will go on with the energy 
crisis, as we experience to-day. It may be expected that 
in the preparation of raw materials a switch-over to hover 
firing of particles to reduce the heat transfer and firing 
cycles in the ceramic industry would be cut whereby a 
reasonable expectation can bo achieved in improving 
kiln-designs and in particular applied lower temperatures 
and heat losses.

In the ceramic industry, it may be expected that in the preparation 
of raw materials, a switch-over to nover firing of particles to reduce 
the heat transfer and firing cycles in the ceramic industry can be 
obtained and achieved with reasonable expectation improved kiln 
design with, in particular, lower temperature application and 
reduction of heat losses.

In tho following table the average firing-temperatures of( ' *
double fired wall tiles during the last 30 yearn is expressed 
whereby one can obsorve the downwards trend in firing temperaturos.

Bisque firing 
temperature

Clazc firing 
temperature

After WarId War II 1 200-1 300 1180
Beginning 60»u 1120-1?00 1000-1120

At present 10/(0-1060 960-1020

Prospect» by the 
year 2000

lower Ilian 
1000

9OO-96O



In the future trend of development in the COSH there have 
already been considrab.lc results verified in new typer; of 
raw materials compositions and surface coverage in the form 
of glazes for wall-tile v/hereby Lite bisque and glaze (glost) 
fire can be combined in a one-fire method at much lower .%
temperatures and short firing cycles.

Very good results in semi-production processes were 
obtained in the production of floor-tile end the achievements 
with single firing process on temperatures of 1050°C and firing 
cycles reduced to 60 minutes and even lower.

The achievements have enabled the industry to create new types 
of kilns with considerable smaller sizes than before and let to 
a significant reduction of energy consump t i on, j.r respectable of any 
cost price savings up to 4556 of applied energy. The average 
reduction of double firing cycles expressed by time (unit of hours) 
can be expressed for the last 30 years in the following tabic:

Average reduction in firing cycle expressed in hours for double
fired wall tile

Bisque firing Glaze (glost) fire
in hours in hours

After Wrrld Vlar II 60-120 24-48

At the beginning 
of 60»s

24-48 3-24

At present 1-24 95-24

ProsDcctn by the 
year ?C00

O-5 lower than 0.5

Along this projected trend.research and development cf new types 
of ceramic raw .materials for ceramics will go forward and with 
tho new properties, they will facilitate further reductions in 
thermal processing, thus energy savings.
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Let us have a look and pay attention to another relation of 
special types based on non-metallic minerals, i.e. refractories 
and ceramic insulating materials used as linings for all types 
of heat producing and heat using equipment in the industry.

The significance of this field dominates rather unambiguously 
from the energy point of view which will find its consequences 
in qualitative changes of the lining materials for kilns, 
furnaces and other heating devices of the entire industry 
beyond the ceramic industry, i.e. other large consumer of energy.

The general opinion on the quality of linings which requires 
a maximum durability and insulating capacity properties has 
been gradually uprooted from the conception of heavy ir. 
weight refractory blocks and red-brick masonry.

The development of light weight refractories for temperatures o
up to 1000 C and other typos based on perlite, vermiculite and 
refractory concrete materials has resulted into a gradual 
reduction of kiln or furnace linings in thickness and weight, 
simultaneously retiucting heat losses to the ambient atmosphere.

It is necessary and indispensable to improve the insulating 
properties even more. This affects the insulating part made 
of heavy weight materials with a resistance up to 1500°C.

Highly insulating fibre mats and boards for insulation layers
or sandwich layers are used instead. A broad variety of
these products has been recently supplemented with incorporation
or supplementation of fibre-based products for temperature

o oresistance of 1100 C to 1600 C. The present kilns and furnace 
linings, therefore, are completely different from the ones



11

of 10 - 20 years ago. Their total thickness is reduced to 
a 1/4 of their original one and as much as 1/5 of their 
weight 30 years ago. It goes without saying that energy 
can be saved.

The difference of opinion on the real classical and the 
up-to-date kiln or furnace lining under similar conditions, 
i.e. similar inner and ambient temperatures and heat 
transfer losses to the ambient atmosphere is stated and 
shown in the fchart below where it is indicated that a 
classical kiln or furnace lining of 62.5 cm total thickness, 
with a 50 cm layer of fire-clay refractories is in thermal 
terms equal to an up-to-date lining made of ceramic fibre-mat 
of 17.5 cm total thickness layer.

Apart from a distinct difference in total wall thickness of 
62.5 cm and 12.5 cm, a similar distinction are the weight 
differences which for 1 square meter of kiln or furnace 
lining is 1080 kg for the classical type and 23 kg per square 
meter for the modern type.

The difference of 1057 kgs for one square meter of kiln or 
furnace brickwork may indicate that the ceramic industrial 
development has taken the task to save energy very seriously 
during the past 30 years. It should, however, be mentioned that 
the develc. pments in this area were found due t o  the increased 
costs for energy in this sector of industry. The cost of 
energy which one by now has recognized is the major item 
in the ceramic production cost and if cost reduction is to 
be persued in the direction of energy savings, the research 
and development has done a major part towards saving cost of 
applied energy in the different production processes.
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The cricic in the supply of energy for industrial purpocc will 
further accelerate research and development in this section of 
industry.

A. step in this area is the movement to improve the workmanship 
and technical applied media'to minimize breakdowns, stoppages/' 
and necessary repairs of a kiln which is accompanied with 
heavy cneivjy losses, due to cooling and reheating of the kiln, 
whereby the production of the kiln is practically zero.

Ccoinav:* so; cir.-.-. \\n- ■to \ r / c o Id.ln arid iiiv

tv). cio,r:f::lce.l noi;:\od b) to-'labs inot'vod
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In the oxea of ceramic-blonds of raw materials awaiting slumping 
into a definite forir^normally called plaste body by the 
green state ramming, gunning and refractory concretes, represents 
an entire special group of refractories which all contribute^ to 
energy caving in their application of kiln and furnace-linings. 
Since they do not acquire any firing in auxiliary production unitg 
the application time is reduced considerably and the expected 
life of Buch a lining is 2 to 3 times longer than convential 
linings.

These bodies are intended to prevail for furnace linings in 
a metallurgical industry for firing temperatures up to 1600°C. 
Advanced development will be supplemented with new types, 
which have more increased insulating properties and decreasé 
of vieight. Hereby is thought of better use of refractory type 
fillers with high temperature insulating properties. The 
significance of refractory ramming bodies is growing very 
much and to-day the rate of these bodies represents approximately 
3055 of the total refractory production world-wide. The general 
futuro trend indicates, and particular with the energy 
problems to cope with, that the production of these types of 
refractories will continue to grow and will exceed 50$  of 
the demand by the year 2000,

In the concept of technological processes for the production 
of fillers to be incorporated with organic polymers such 
as pclyethilene, polypropylene, etc. Another contribution is 
made to energy savings. Suitable refined and bcncficiated 
kaolin and lime-etonc becoming very valuable non-mctallic 
minerals, as natural resources for the substitution of 
50-60$ of deficient polymers produced by the potro chemical 
Industiy from crude oil.

By filling the polymers with selected and properly dressed non- 
metallic raw materials ono will not only cavo half of the used 
crude oil, but will at the name time increase the value of 
utilization and diversify the production into products used 
in the food industry, now types of paper with unique properties, 
replacements of automobile parts in the manufacture of 
automobiles and various other industrial uses.



Conclusion

- agoing,Mcv»tioncd’considerations regarding the significanc 
of energy producing industry, ceramics and non-mctallic minerals 
arc far from being lully exhaustive as in regard to the 
entire problem of energy saving. It indicates that the 
evolution in this field will go forward and will require, 
due to its complexity, further accelerated intensive 
activities of development and research. This action will bring 
about possible further improvements for energy savings for the 
energy using industry and the ceramic and non-metallic 
minerals based industries.

The UNIDO-CSSR Joint Porgrarome for International Co-operation 
in the Field of Ceramics, Building Materials and Non-Metallie 
Based Industries has taken the demand of energy saving at heart 
and will contribute and support to further share the 
responsibility placed upon the entire world industry and 
has placed this important issue bn the agenda for assisting 
the Developing and Least Developed Countries in their demand 
to save energy as the further increase of energy costs has 
placed their countries in a serious financial condition.
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