G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

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

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


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

Technological Information Package

Energy Conservation and Management
in Geranics

Compiled b»y: J, Miller

93




FREPACE

Ceramios and building materials industries are smong
mjor consumers of energy because of heat processes necessary
to dbuild up products.

Sc, in average 86 per cent of total energy consumption in the
ceramics production is teken up by direct technological con-
sumption on drying and firing while the left 14 per ocent is
spont on driving machinery and overheads,

In ochicidence with soaring prices of fuels considerable
research and managerial effoxrthas been put to solving the pro-
blems of energy in ceramics, New technological processes, raw
materials and production equipemnt have been introduced which
have resulted into lowering the physical consumption of fuels
per unit of output, At the same time new methods of energy
management and audit have been applied which have brought
futher energy conservation by redwoing idle consumptions,

Por exapple the introduction of methods of rapid single firing
in the production of ceramic tiles, expsciallly flooxr tiles
meant an important reduotion of fuel consumption, However,

this technology can be used only in case of & mew plant or it
requires a complete reconstruction. Important energy conservat-
ions can also be attained by using raw materials requiring
lower firing temperatures, by moderniszing firing equipment,

by utilisation of waste heat, inter alia, which are all measu-
res that do not require a larger capiiul outlay.

All these measures to reduce energy consumptions of existing
ceramic industries are subject to permanent concern of msna-
gers and technicians managing these industries in developing
countriss who also often apply to UNIDO for relovant inquiries,
In order to respuond to this concern this information package
was compiled which drings a concise preliminary information

on the subject, The package is based on four pudlications edit~
af by tha. TININC-Crnahos) mrakisa Joint Progremme for Ivtecrw?y -
nal Co~operation in the Field of Ceramics, Building Materials
and Non-metalliioc Minerals Based Industriss in Pilsen, Cgecho-
slovakia which were its response to the requirements from de-
veloping countries in the course of several past years,




I$ contains a brief description of principles of energy mana-=
gement in ceramics, a main part is devoted to the energy audit-
ing in ceramics and equipemmt nesessary to oonduct successful
energy diagnostios in the plants producing ceraniocs, glass and
duilding materials,

The information contained in this package is by no means ex-
haustive nor should it be considered & replacement of techno-
logy profiles. Any coatribution from our readers for updating
of, or inclusion in the package would, of course, be welocome,

Por further information please contact:

UNIDO

Industrial Information Section
Vienna Intermational Centre

P, 0, Box 300

A = 1400 Vienna

Austria
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I. BNL‘RGY COSERVATION AND mAGl_imT SYSTEM IN CERAMICS
(Reference 1)

Energy Management represents a wide, organisation- and
control-demanding complex of activities bdased om the detailed
analyses of ectual conditions, studies on technically feasibdle

targets and determination of gradual steps for their realisa ~
tion.

Energy Management in the Ceramic industry is charesisris-
ed by the following fields of activities:

-traditiorial technologies with lowered energy deganpd

The application of low fluxing raw materials or of fluxes
as such lowers the firing temperature, The technology can be
simplified, raw meterials requirements can be reduced and pro-
gresive operations applied,

2. Thermal process optimization

T¢ reach the optimm heat consumption during the firing
process, two factors are to be analysed:

a) Liniting Liring scpditions of the products, which depend
on diZferent structural cha nges of the blend duriky their

heat treatment, such as loss of chexical water, decomposit-
ion of kaolinite, erystallographic changes of silica modi-

fisation, changes of alumina siructure, etc, Nany of those

changes must be raspected during drying and firing to avoid
any damage to the grc 'n products,

b) Eilp_output It is obvious that the specific heat consumption
grows if the kiln is cnly partly loaded with dry products,
Bach kiln’s output shows an optimm of energy consumption
since overloading of the kilns will waste the energy again,

3. ost o880

The objective data of the actual stay of the kiln or
driex .o necessary as the dasis for {he smprovement of pro-
cessing, To obtain these data, the disgnostic measurements
are performed by a Mobile Diagnostic Unit, which is equipped
with instruments, recorders and evaluating units emadling to
perform the analyses of thermal processes &s well as the heat
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balance of production units, The main contrivution of diag-
nostic measurements in ceramics and refractories are

a) energy conservation,
®) output inorease,

¢) reduction of rejeots,
d) quality improvemsnt

4, Thermal equipment modernjsatiop means the step in which a
capital input is already necessary, Therefore, the moderai-

gation is to be considered in two different levels:

a) Partisl_ _modernisstiocp whiok is usually realised according
to a feasibility study. It covers, for example the change

of burners, inoreasing the cooling capacity, installation
of mixing fans to the preheating sone, etc, The increased
efficiency of the kilm will cover the costs spent on the
partial modernigation,

») Cowplez_iunovatiog of the wnit.whioh requires high invest-
ments and, therefore, this step is applied when the increas-

ed output is requested and it must bde bdased on a feasidili-~
ty study. The traditional lining is replaced by new insulat-
irg materials, the kiln can be extended, the automated re-
gulation applied, estec,

5. Yaste heat utilisation

Vaste heat is the heat rujected from the tjermal process
at the temperature high enocugh above the ambient temperature
to permit the extrastion and utilisation of additiomal value
Zrou it, Usual sources of waste heat in the ceramic and re-
fractory industries are combhustion gases, the air from the
cooling sones of kilns and &riers outlet, Such heat is utilis-
ed either directly »r indirectly, transferred in a heat ex-

changer.

6. Climate oconditions which differ according to the geographi-
cal losatiéms and which, therefore, also influence the heat
comsuxsption 2~f @ plan”. he Cempsraiuze  pressure and relaiive
moisture content of the air must be respected,
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II. NON-TRADITIONAL TECHNOLUGIES WITH LOWERKD ENERGY DEMAND

- uss of non-traditional fluxes

to which albite (l¢2.11203.6 810,), tuffs, tuffites, nephe-
lines, phonolites, basalts, calcites (c.co3). marls, plagio-
clase feldspars, magnesium raw materials, glasses, light
ashes and slags delong. The optimal use of sach type of non-
traditional fluxes must be determined by physico-chemiocal
tests of the flux, The typical examples of applications of
calcite and marls for the compositions of lime-siliceous
non-vitrified earthenware bodies show that in compariscn
with treditional kaolinitic body the disque firing tempera-
ture is reduced by 200 as fer as 300°C, in addition, stable
Gimensions are reached so that further costs in calibration,
material and energy are saved,

simpiification of duoction techpol

is charscterized by single firing, Up to 40% of energy can
be saved by tke application of single firing tiling materi-
als, These technologies are fully applied for the produetion
of sanitary ware, they are typisal for all stonowars products
and they begin %o dominate the production of glased floor
tiles end selected types of wall tiles.

whose share in the total production of refractories amounts
to 30 =~ 40% in the industrialised countries, About 60% of
total energy consumption is daved by the spplication of
non~fired refractories technologies.

- ainimizetion of fired grog share

in body compositions of ceramics. The natural grogs are used
1astead, ¢, g. quarts for the production of fine ceramiocs
and siliceous fireclays. Suitable choioce of dinding compo-
nents influences positively the amount of fired grog im fina.
producis, Some technologies are known, as for example, shale
bond in fireclays which reduces the share of fired greg in
the fireclay products to as far as 20% from total or even
oliminates fired grog at all,




= use of proper insulations

for the construction of heat consuming appliances and their
parts, i, e, proper insulation of drickware of tumnel kilns,
improved constructior of kilm cars, their linings, eto. The
highest improvement can be achieved im periodioc kilns, whe-
re lowered mass or the drickware by the application of suit-
able insulating materials bdrings about energy savings by

20 = 25 per cent and, moreover, due to the reduced heat
accumnlation the firing cycle can usually be shortened.,

I1I. LIMITING DRYING AND FIRING CORDITIOES
(Reference 2)

Vhile elaborating the energy balances, we are primarily con~-
cerned about the heat energy spent on drying and firing.
Purther sort of energy we are concerned about is that of the
electric power spent on driving machines and equipmmt e, g.
mills, presses, different sorss of fans, pumps, stirrers,
blungers etc, It must bde emphasized that first rate objesct
of the interest of a technologist or a power engineer should
be the heat enexgy since we have practiocally no influence
upon power consumption of machines and equipment duilt-in in
& production line,

There are mumerous problems concerning the hegt oonsumption
vhen driers and kilns are projected in the ceramios, But in
case of elaboreting energy balances, a plainer theoretical
apparatus will do, In solving this prodlem we only need to
compare theoretical comsumptiom of the heat, which can de
determined at least by approximate calculation, with the pras-
tical conmumption indicated on appropriate gauges,

In this way we can find loss of heat energy and by its analy-
sis we can take corrective measures,

Heat Oonsumption for Drying
Drying process is nothing but the evaporation of water from

cersmic body at a certain temperature, fheoretical consumpt-
ion of hegt will be the simple sum of the heat spent on

wringing the body to a& temperature of drying, the heat spent




on evaporation of water f>om Seramic body at that drying tem-
perature,

Heat comsumption either theoretical or practical we altays
relate to one kilogram of evaporated water and call as

"Specific Heat Consumption of a Drier",

Consequently, amount of the heat spent on evaporating one kilo~
gram of water at a certain temperature consists of the heat
needed for dringing water to a temperature at which evaporat-
ion bdegins and the evaporating heat of water at a comsidered
temperature., The amount of evapcrating heat depends on the tem~
perature as shown in the following table where the heats spent
on transforming one kilogream water with the initial temperatu-
re of 0°C into vapour at different temperatures of evaporat-
ion can be seen, .

Temperature of evaporation Evaporating heat
% kJ/xg
0 2 ,"8',01
10 2,464 .5
20 2,442,.4
30 2,419,8
40 25397.2
50 2,374.2
60 2,351,2
70 2,327.4
80 2,304,.0
90 2,279.4
100 2,254.7

Theoretical heat consumption during drying is not the really
spent heat, This really spent heat in a drier is only that

heat which is spent on removal of mechanically dound water,
i'he heat storei in dried ware could be regained and utilized
(at least theoretically) for different ends dut it is not done
in practice since the temperature of the dried ware is usually
not high enough, Striotly speaking even the heat accumulated
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in vapour can be utilised after its condensation, Por this
reason the really spent heat in the drier would be only a
fioction and in fact it would de necessary to ascribe it to the
account of the losses. However, with regard to the low tempe~
rature of vapour after drying and to its undesirable contaminat-
ion, this heat is not utili=ed in industrial prasctice,

The amount of heat Q needed for bringing matter weighing = to
& temperature 1‘2 from a temperature 1!1 is derived from the
formula (1)2:

(1) Q = me (T,~1,) where,

Q ccceoccccececces heat (kJ)

B ecoscoscccscosee Whight (kg)

Pi0 Ty ecccoccoce. Temperatures (éeg.2C)
© cocceccscccssces Bpecific heat (J/kgdeg)

Specific heat ¢ as kmown from physic, varies with the tempera-
ture, In case of the energy balance calculation we need aot take
into account these changes and we only consider its average in a
given interval of temperatures, Specific heat of ceramic mate~
rials fluotuates approximately from 0.9 to 1.0 kJ/kgdeg.

The accurate amount of the speciric heat and its dependance

on temperatures must % assessed iIn concrete cases experimen-
tally, However it is possible to say that influence of micro-
structure on the specific heat is negligidle dut influence

of polymorphic transformations is greatsr,

Heat Consumption st Piring

The above mentioned formula (1) used for caloulation of heat
consumption in case of drying is valid for firing as well,
The amount of the spent heat which is caloulsted aceording to
this formula must Ve added to the amowmt of the heat spent on
resoval of chemically bound water end on possidle decomposit~
ion of limestone or on other chemical reactions. Here is to
say that for practical calculation only the heat spent on
removel of chemically bound water and decomposition of lime~
stone is taken into oomsideration, Since we lack socurate date
for determining the amount of heat spent on other chemical




reactions and since this amount of heat compared with that of
the above-mentioned (1. e, on removal of chemically bound water
and decomposition of limestone) is negligidle, we do not comsid-
ex it at caloulation,

This calculated heat, i, e, heat according to the formula (1)
plus heat spent on removal of chemically bound water and on
limestone decomposition, is called theoretjcal heat oonsumption
at firing. At the end of firing all chemical reactions and
removal of water are finished but the produoct contains the heat
which was spent omn bringing this product to the temperature
of firing, This accumulated heat is not really spemnt since we
can regain it by cooling the product to its initial tempereture,
¢. g« by means of air, The really spent heat is only that heat
spent on the removal of chemically and mechanically bound water
and on the accomplishment of all the chemical reactions. A part
of the heat accumulated in products and kiln furniture or kiln
cars can be really used for drying, etc, Some 20% of heat drought
to the kiln could de usually utilized in thia way.

Heat l.osges

There are heat losses in kilns, driers and other thLermal equip-
ments, They equals to the difference between the amount of the
heat put in a thermal equipment and the amount of the really
spent heat (both for chemical reactions and physical processes).
Heat losses usually climb over 50%, Bven if we made use of
residual heat from kilns (e, g. in driers), the effect will be
scarcely essentially better,
The principel kinds of heat losses in ceramice are as follows:

« the flue loss

« the heat contained in goods and kiln furniture

« the heat contained in linings of kiln cars

« the heat passing through walls and ceiling of the heat

equipments,

Buels

The source of heat energy in ceramic industry are different
kinds of fuel, either gasseous, liquid or solid, A sort of fuel
is chosen in the preparatory phase of an investment decision
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accoxrding to local conditions., Heat equipments and their parts
(e, go driers, kilns, burners eto.) correspond to that choice.
Por the computation of an energy balance, the matter of para-
mount importance is the calorific value of fuel, The values o
toth the calorific value and those of the combustion :heat are
given in Tables. The combustion heat is that heat which is
yielded by burning up fuel to gasseous carbon dioxide, nitrogen,
sulphur dioxide and liquid water respectively, on the other hand
the calorific value is the heat released dy buming up fuel to
gasseous carbon dioxide, sulphur dioxide, nitrogen and water
vapour, As liquid water has never been generated in industrial
buwrning, we can cinsider only the calorific valus when we cal-
culate an energy dbalance, Both the calorific value and the com~
bustion heat are given in KJ/kg or kJ/Mm’ sccording to physical
states of considered fuel -~ either liquid, solid or gasseous
one, The calorific value depend on the content and composition
of flamuable parts and frequently is not fixed within the same
kind of fuel, therefore, it must be periodically ohecked.

IV. EFERGY DIAGNOSTICS OF HEAT PROCESSES (Reference 3)

There are two types cf diagnostic measurements, either focused
on the technological process optimization or on the energy con-
servation, Nevertheless, the complex measurements, e, g. com—
bination of the technological and energetical types of measure-
ments, are the moat advisadle for the purpcse of energy mana~-
gmnt.

Regardless of the type of measurements (energetical or
technological) the activities performed during the measure-~
ments comprise three fundamental stages:

= statement of thermal unit operation conditions, pexformance
of objective tests and functional measurements,

= gvaluation of tests and measurements,

= working out proposals for technical, energetical and operat-
ional and crganization arsangements or recommendstions on
heat balance or reconstruction purposes,
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Technological Measurements

The technological type of measurement after its evaluation
forms the essential basis for working out proposals of arrsnge-
aents in the field of thermal technological process optimisat-
ion. The essential information in this case is the course of
thermal treatment of the ware and the temperature distridution
in the oross—-section of the unit. These data are expressed
graphically by firing ocurves, measured in several points in the
cross-section, The measuring points must be located so that the
measured temperatures give the suffiecient informatiom about the
temperature distribution in the cross-section of the unit. The
measurensnt must inform about the temperature differences in
the horizontal as well as in vertical directions and about the
¢ifferences between the inner part and surface of the setting,

For the firing curve investigation in a tumnel kiln, a
measuring kiln car is used. The kiln ocar lining is drilled
through and thermocouples are pushed through the holes and fix-
ed in the messuring positions. Cold junctions of the thermocoup-
les are fixed under the steel boggie of the measuring kiln car,
They are connected with a recorder or a data logger through the
inspection tunnel of the kiln. While the measuring kiln car
proceeds through the kilm, temperatures in the measuring points
are measured and recorded., Thus the firing ocurve and temperatu-
re distridution in the cross—section of the kiln are odbtained,
Besides the firing curve, the pressure of the kiln atmosphere
is measured and combustion gases analyses are done as well,

A drier bdeing tested, the most important data are as
follows:

- course of temperature
= course cf the dew point
= drying medium flow velooity

A probve, measuring the drying mediva dew point, is sent
theowgz va. 2risr together with the dried material to invectu~
gate the drying conditions. This probe consists of a tempera-~
ture resistance sensor and of a dew point sensor, The drying
curve resultates from this measurement, The drying medium flow
velooity is measured either by anemometers of by Pitot ‘s tubes,
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411 the techniocal data gathered by measurements together with
the informatiom~about the location of regulating elements at
the unit, conditions of the heating system, level of comdust-
ion processes, heat transfer in the wnit and the amount and
quality of production are evaluated using e computer,

The real firing (drying) surve obtained by measurements
is then compared with the opiimal ome of the unit at this pha~
se of work., The recosmendations on the adjustment of regulating
elements are worked out to minimise the Adifference detween the
real and optimal firing (drying) curves, Thus the optimal
thermal treatment of fired (dried) material is reached. This
interferencé with the adjustment usually causes the production
intensification and quality izprovement,

Energetjcal NMeasurement

The most important information for energy consumption
minimigsation is the heat balance of the tested equipment. It
includes all items of heat energy entering and leaving the
unit and shows the possibilities of energy comservation.

The most significant items of heat bdalance of a kiln are
as follows:

Heat Inpyt
= i3 determined from the calorific value and amount of the

fuel consumed
Puel,H (XW)

M ... amount of fuel consumed (ks.a'l)
H ... oalorific valus of the fuel (kJ.Xg™1)

To reach a better precision of the heat input determinat-
ion and to cheek the resulis obtained by the direct method,
the indirect method is used very frequently, The heat input is
calculated from the combustion gases analyses and from the
amount of combustion gases drawn from the unit by this method,

A small portion of the heat energy entering the unit is
formed by specific heat of the fuel (usually 1 to 2%),




fiue Joss

= is determined from the volume, tempersture and specific heat
of coxbustion gases

hLaV.t.0 (xN)
VY ceecc. YOlume of combustion gases (’s™1)
t ceces. temperature of combustion gases (K)
© eecee. Specific heat of combustion gases (kJ m~> K1)

The volume of combustion gases is calculated from the flow
velocity and the oross—-sectional area of the duct, The flue
loss is the necessary phenomen of a firing process. It cannot
be lowered under a certaia limit ensuring proper pressure con-
ditions in the kiln,

The flue loss of a tunnel kiln with open fire forms usual-
ly about 25% from the input,

by heat tion of

= for continually operating kilns it can be derived from the
kiln atmosphere temperature, heat ocomductivity of briockwork,
surface area of lining and temperature of the ambient

rz-ko tQS(“)

K +... hoat trensfer coeffiofent (kJ s™1 K"} » %)
t .o temperature difference bdetween
. inner and ambient temperature (K)
# ..co lining ares )

The 1loss by heat conductivity of lining forms usually
about 15% from the input of & continually operating kilns
with the classical type of lining (e, g. combination of fire~
clay and red dricki) and less than 10% from the input of s
kiln insulated by up~to-date insulating materials (e. g.
light=weight refractories and fibres).

oss by heat ac lated kiln ¢

= to ascertain this loss, the average temperature of the kiln
ocar lining and average temperature of iron boggie must be
deternined from several measuremsits, The loss by acocumlated
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heat is than caloulated from the average temperature and speci-
fic heat of material.

M ... mass flow of material (kg = '1)
t ... average temperature of material (x)
& ... specific heat of material (xd xg~1x™})

The loss by heat accumulated in kiln cares forms adbout %
from the input of a kilm with properly adjusted cooling zone,

loss by heat eccummlated in ware

= the process is similar to that of kiln cars, This loss forms
about 5% from the imput,

8 by heat conduct t

= this loss is very difficult tc ascertain due to the compli-~
cated conditioms of heat comduction, The item of heat ocon-
duction of foundations in the heat balance is usually lower
than 5 = 10% from the thermal wnit heat input, Therefore,
this loss is usually comprehended in the so called undeter—-
mninable losses together with the loss by leakage and that
through the inspection tumnel, All these losses form sbout
15% from the thermal unit heat input,

« gomprehends all losses for physical and chemical transformat-
ions in the materisl of ware, It alternates from 3 to about
25% from the thermal unit heat input according to the type
and ocomposition of the fired material, The amount of heat
necessary for endothermic reactions can bde determined by
laboratory tests of a ceramic dody,

doss by heated air drsught from $he cooling zone
= 43 calculated from the amount of heated air mumltiplicated
by its temperature and specific heat

r4-VOt.° (“)

¥V e... amount of heated air (-3 s "1)
t coeo temporuture of air (X)
O oveo Specific heat of air (xJ a"l !"1)
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To determine the amount of heated air, the average air
flow velocity must be multiplicated by the oross-seciional
area of the duot.

Despite of the use of heated air from the cooling sone
in the technological process (e. g. for drying or preheating
of the material), for the purpose of heat dalance of a tunnel
kiln smounis from 20 to 35%,

production of kiln

= the knowledge of this value is necessary for the purpose of
the specific energy consumption determination, The energy
consumed during the measuring period devided by the product-
ion volume Qurig this period form this important index emabl-
ing the comparison of various kilns sutually, from the ope-
ration economy point of view,

The other tests, performed during the sanergeticel measure-
ment:

combustion es es

The samples of the kiln atmosphere for the purrose of the
combustion gases analyses are taken through the sight holes of
the kiln, The economy of cambustion is determined dy these
analyses, The air excess coefficient is calculated from ths
portion of 002 in the combustion products &nd expresses the
excess of burning air adbove the theoretical volume, The fuel
consumption of a kiln can be calculated from the portiomn of (!02
in the combustion products, from the amount of these products
and from the theoretical portion of 002 in the combustion
products,

Stack draught

A sufficient value of the stack draught enadbles the operat-

ion of a kiln in optimal pressure conditions.

The dxier being the odjeot of testing, following values must
be determined:

« heat input
= heat losses - by efficiency of heat exchanger
« flue loss
= by exhausted drying medium from drier




~ by beat comduction of brickwork
= by heat accumulated in dried material
= bty heat accumleted in residual water

=~ production of drier

= gombustion gases analyses

= relative moisture content of exhausted drying medium
= relative moisture content of entering material

= relative moisture content of dried material

The advantageous arrangemsnt of measuring instruments and
of an evaluation centre in a modile diagnistic unit brings
about an effective snd operational utilization of the equip~
mext in different production plents, The partial evaluation
of measurements on the spot minimiges undesirable produotion
conditions. The contribdutions reached by the realisation of
proposed recommendations are direct and indirect omes:

Direct contrivutions
Epergy_couservation
realized by

- adjustment of burning con ditioms (adjusiment of optimal
air excess, adjustment of the outlet temperature of burners,
etec.)

~ adjustment of pressure conditions (redustion of too high
pressure in the firing zone brings about reduced penetrat-
ion of kiln atmospher . to inspection tunnel)

- adjusteent of firing curve (if the temperature in some part
of the kiln is higher then necessary, its reduction bdrings
about lower losses by condustion of briokwork)

- sdjustment of entrance and exit air locks, etc,

Quality isprovement snd rejects decressing

acoomplished usually by

= tiring curve optimisation

- temperature equalizstion in the cross-section (by the use
of mixing fans, by pressure curve adjustmnt, by setting
optimization, etec.)
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Qutpyt _jporesse

can be realiszed bdby:

= optimalization of setting (with optimal heat transfer to and
Zrom the fired material)

= temperature equaliszation in the oross-section of the wmit,

firing curve optimalisation (it enadbles in some cases to
shorten the firimg oycle and thus increase the ocutput)

substitution Lor fusl ueed

Detailed kmowledge of material thermal treatment gained by
the disgnostic measu.emsnt snadles a successful sudbstitution
for the fuel used, together with the secomd measureasnt, serv-
ing for optimal adjustusnt of the unit, firing the new fuel,

Indirect comtribgtions
Besides the direct ocomtridutions, an indirect profit can
also be gained, A detailed technical information about the
heat consuming unit serves as the basis for
= constructional improvements
= decision about the stage of modernisation
- recommendations on waste heat utilisation (utilization of
the heat escaping from the cooling sone, by combustion pro-
ducts, etc.,)

V. MODERHIZATION OF HEAT UNITS (Reference 4)

Cerapic Kilns

The types of kilns originally implemented in the production
cycle were constructed prevailingly for low quality fuels,
mainly coal, producer gas and the spaces aloft the kilns of
higher temperature were used for drying. The characteristio
feature of these kilns either annular or chamber or tumnel
ones was their rodbust structure and the building material used
for them were mostly compact refractory bricks anéd red-bdrick
masonry, Considerable weight of these kilns of a low effective
utilization of the supplied energy were and sometimes still
are the cause of high comsumption of heat energy, time- cone
suming thermal cycles and they are rather long while vhe




relative productivity of such kilns are too low,

The development of new types of kilas in ceramics was
stimulated primarily by an accent given to increase capacities,
» higher quality of products and to make a quick change in
assortment feasible, Hand in hand with this trend a requirement
for better quality of emergy (power, natural gas and gas suppli-
ed by long-distance pipelines) has become more distinct, There-
by it al150 becomes indispensable to cut the present specific
energy oconsumption which, under the contemporary oritical
enexrgy situation in the world, has grown into a need of first
priority,

New designs and types of kilns vary considerably from the
conventional omes chiefly in the field of cermmic duillding
material firing processes, The tunnel kilns used so far make
place step by step to line simgle-story kilns, multiple-story
kilns, roller kilms, rotary-hearth kilms or fakir fwurnaces,
doudble firing process of bisque firing and glase firing im two
cyocles is bdeing replaced by one~firing cycle. Traditional dry-
ing processes give way to dust sprey driers in the preproduct-
ion stages where the bodies are prepared and to roller drier
lines in case of products, etc. The present position of deve-
lopment has ensued from a detail research of heat transfer
method proper and it goes without saying that it will keep
its pace henceforward.

Basically, the ceramic products properties are predeter-
mined first by a choice of initial raw materials and admix-
tures and, secondly significantly enough by a suitable thermal
process~firing during which thermo-cheaical reactions take
place whereby the mass structure changes into the final state
possessing the required properties. The thermal process must
meet the technological requirements as far as the time and
thermal course in the structural and phase changes in masses
are concerned, It has to follow necesarilly the basic labora-
tory research work, It is solely the laboratory testing of the
thormal process for the firing of a ceramic body which can
determine, in its sequential alternatives, so called "limiting
curves of heating and cooling” at the final research phase,
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The curves show the conditions under which the respective chan-
ges in the basic body will take place so that the product rea-
ches its final properties. The quickest heating and cocoling pro-
cesses are found out at the some time at which a minimum ther—
mal energy consumption per cycle may be expected from the durat-
ion point of view, The firing process proper in the kilns can-
not be determined according to the limiting curves, The limit
thersal process may be too risky since it could cause too

many rejects in the production but the process in the kiln
should only come to the vicinity of this curve and a certain
safety factor must dbe adhered to,

Neither a way of heating proper nor a type of kiln can be
deterzined by mere laboratory determination of firing condit-
ions,.

Another step in the research work takes its turn dy simu-
lating the thermal processes in the kilns, it is simulating the
heat transfer from the heat sources into the ceremic products
under certain conditions,

While the space in which the products are situated is known
the simulating method of research should examine and verify the
optimal dimensions of the space, the way how the products are
placed therein, size and shape of the kiln furniture umder
which the determined thermal schedule can be reached by means
of verified both thermal imput and flow of combustion products.

The exigency of the simmlating method of research of the
thermal processes in the kiln has been evoked b efforts to
minimizse the energy consumption as well as by requirements for
the firing process to be uniformly spread over the entire cross
gsection of the kilns at all the charged products giving them
thus an equal quality. The uniform firing process in the kiln
could have been achieved solely by changing the character of
heat transfer used so far by a flame i. e. by radiation and hy
heat conduction for firing utilizing thus convestion of hot com-
bustion produots for meximum heat conduotion im the kiln space.
The simulating method of research for a given space results
then in the way how the ceramic prod.cts are placed, direction
of combustion products flow, sise and arrangement of burmers,
etec.




Out of she simulating research method the nowaday s
designs and types of kilns and furnaces have been derived,
Their main parts are new types of burners, at gas-fired kilns
or suitabyy situated heating resistor elements at the electrio
resistance kilne,

Based upon the above mentioned trends of development pew
types of kilns have besn invented the specific heat comsumpt~
ion in which has been out down to considerably lower values
than those at the classic ones, Sush types ¢f kilns used for
ceramic tiles are e, g. improved types of tunnel kilns for
the firing of disque proper, electric resistance channel kilus,
roller=type konveyor kilns, electric resistance kilns with
wire carriers, rotary hearth kilns and kilns with carrying
pins at which the bisque firing is partially combirned with
Tiring of glaze,

Apart from intenzificatiom of heat transfer at these kilns
first of all the weights and sises of these kilns have been
minimized owing to the use of new highly insulating refrecto-
ries, the considerable weight of kiln furniture has been cut
dom, The kiln furniture is essential for a systematic place~
ment of products into the firing space. A reduced demand for
energy was the common denominator of all these changes,

The intensive modernization of kilns and furnaces syste~
matically aimed at a reduction of energy consumption in the
ceramic industry in industrially developed countries has result-
ed in reducing the total energy comnsumption per 1 sq, m. of
ceranic tiling materials by 30 to 35 per cent in the recent
10 years,

It 1s a matter of course that the energy savings are in-
fluenced by the overall extent to which the plants have deen
modernized and what aort of energy is required., Whem el¢stri-
city is appiied the heat consumption cam be reduced as much as
by 75 per cent but another question arises i, e, the price
difference between eleotricity and fuel, In CSSR e, g. by
modernizing the original ceramic works about 30 per ocent of
snergy savings have been achieved at floor tiles produotion
while the present consumption per 1 sq. m., amounts to 100.103
kJ.and at the wall tile production 29 per cen? of energy con-
sumption in the present production of 83.4x1 0> xJ. The plants
newly reconstructed have cut down the qontu:ptiop of implement~
ing new types of kilns and new techmolegical
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processes as down as to 22,7‘5.103 kJ/sq. m.

Smaller modifications have been applied also for kilns in
whioch refractories and insulating producte are fired, the con-
temporary tunnel kilns which are rather satisfactory chiefly
due to their capacity bave their process rather accelerated
both in the stage of heatiag by convection of combustion pro-
duocts from the high-speed burners and dy quick circulating
cooling, Besides, car~hearth chamber kilns and hood-type kilns
begin to be used in case of special, demanding heavy-duty re-
fractory materials.

The present trend in the manufacture of ever more perfect
kilns and driers will go on necessitated by the enexrgy orisis,

In case of double=fired tiling saterials the original va-
lue of bisque firing temperature is shown in the following
tables

Aversge firing temperature of doyble=fired wail tiles

bisque firing.. lage firing

tenperatur:n‘ genporature °c
after the World War II| 1280 - 1300 1180
ginning of 60°s 1120 = 1200 1080 = 1120
at present 1040 - 1060 960 - 1020
prospects by the lower than

year 2000 1000 900 = 960

Under this trend of development in the C.S.S.R there
have already been verified new types of bodies and glases for
wall tiles at which the two present thexmal cycles -~ disque
firing and glaze firing can be substituted by a single fire
at lower temperatures and during a very short time interval,
Top level results are achieved in the glazed floor tiles
manufacture realized by a single firing technology with the
firing temperature of 1050°C and with the kiln oycle of 60
minutes, These results of research have enabled erection of
new types of kilns of consideradly sméller sises than before
and have led to a significantly reduced energy consumpt ion




because the firing witkout bdisque represents about 55 per cent
of total energy consumption in the doudble firing wall tiles
produoction.

Average reducing of firing oycle st double fired wall tiles

bisque firing glaze firing

hrs, hrs.
after the World War II 60 - 120 24 - 48
at thg deginning
of 60 s 24 - 48 3=-24
at present 1=-24 0,5 = 24
prospects by the lowexr than
year 2000 0,5 0,5

Along with this trend a research of new types of bodies
and glazes for building ceramios will go forward which, due to

their new properties, will facilitate further reduction in ther-
mal processing demands and, theredy, further energy savings,

efractories a lat materials

The general opinion on the quality of linings which requi-
re a maxismmm durability and insulating capacity has deen gradu-
ally uprooted from the conception of heavy refractory bdlocks
and red-masonry owing to the evolution and has passed through
two development stages.

The first stage has affected jpsulating layers proper in
the other one the svolution has drought light-weight re~

fractories up to 1000°C and other types of perlite, vermiculite
and refractory concrete materials, Due to this development the
linings have been gradually redused in thickmess and weight-
while heat losses due to heat passage to amdient atmosphere
have been reduced simultaneously,

Even these linings, however, did not meet fully the new
requirements because their weight and the necessary heat accu-
mulation 41id not facilitate the thermal flexibility of kilms,

i, e, fast tempersture changes during heating as well as during
oooling as required by the new tecimological processes in the




kilns,

The indispensability of further improvement of the insu-
lating properties has affected even the first insulating lay-
ers made of heavy materials for temperatures up to 1500°¢C
while their volume weight has been up to 1 kg/cu, dm,, light
weight refractories at volume weight 0,5 kg/cu. dm. for tem—
peratures up to 1300°C and highly insulating fibre mats and
boards for the insulating layers. A wide variety ot tnese pro-
ducts has been recently suppliemented with fibre products for
the temperatures of 1100 to 1600°C.

The present kiln and furnace linings therefore are com~
pletely different from the original ones their total thick-

ness are cut dom to a quarter and their weights as much as to
1/5 of the weights of the original classical linings, It re-
sults in an effective considerable saving of energy,

The difference in opinion on the really classical and
up~to-date kiln lining under similar conditions, i. e. similar
inner and ambient temperatures end similar heat losses to am~
bient atmosphere 18 aemonstrated by the reduction of
linings, A classical lining of
0,625 m total thickness made of a 0,5 m fireclay layer and
0,125 m distomite layer is thermally equal to an up~to-date
lining made of ceramic fibre pats of 0,175 m total thickmess
layer,

Apart from a distinct difference in total thickmesses
i, e, 0,625 m and 0,125 m a similarly distinot is the diffe-
rence between weights which e, g. for 1 sq, m, of classical
1ining is 1080 kg and 23 kg per sq, m, of the up-to~dsate one,
Hence, the difference totals 1057 kg. The weight is being cut
down as low as to 1/50 of the original weight.

Purther trend will tend towards an optimal utilization
of refractory insulating materials in linings first of all to
their technélogical cum erection and repairs should minimize
the kiln fall-outs,

Plastic green ramming masses, gunning magses and refrac-
$ory coneretes represent an entirely special group of refrsc~
tories which all contribute to energy saving by their use in
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the linings since they do not require emergy for firing at the
producer while the tize required at the consumer for their
application is reduced considerably and the life of such lin-
ings is 2 to 3 times longer in average.

These masses intended prevailingly for furnace linings in
a metallurgical industry for temperatures up to 1600°C in fur—
ther development will be supplemented with new types at which,
too, efforts to cut their weight and to ipprove their insulat-
ing properties will be seen, first of all by using light-
weight types of refractory fillers for high temperatures.

The significance of refractory ramming masses grows ever
more and in the world production rete of refractories these
masses represent about 20 per cent nowadays.

Tt may be envisaged that the production of these types
of refractory masses will go on growing and will exceed 50
per cent by the year 2000,

VI. EQUIPMENT OF ENERGY DIAGNOSTICS (Reference 3)

A Temperature Measurements

Apparatus_=_sepsor range

Resistance Pt thermocouples up to 600°C

Mercury thermocouples up to 450°C

Ni-NiCr thermocouples in protective o

ceramic tudes up to 1200°C

Ni-NiCr flexible jacketted o

thermocouples up to 1200°C

Pt=PtRh thermocouples up to 1400°C permanept-
) 1y, peaks up to 1600°C

PtRh6~-PtRh30 thermr-~ouples up to 1600°C permanent-~

1y peaks up to 1800°C

Digital thermometer Ni-NiCr for both
atmospheric and surface temperature

contact measurements up to 1200°C
Radiometer Thermopoint for surface "
temperature measurements =30 = 1100°C

Total radisting pyrometers 150 - 2000°C




B Gas Flow Measurements

Apparatus renge plece
Mechanical snemometer 0-15m, 8.} 2
Mechanical=electrical -1
anemometer 0O = 15 m.s 2
Mechanical=-electrical -1
anemometer with two ranges 0~-5mn.n

0 - 30 m.s™" 2

Set of Pitot s tubes with

direct indication of gas

flow velocity length from
0,5to2m 4

C Pressure Neasurements

Apperetug range Riece
Digital micromanometer with 0-120 Pa_,
additional direct indication of 0-14 n.s
gas flow velocity with 3 ranges 0-500 Pa_1 1

0-~28 m,8

0=2500 Pa
Micromanometer with changeable
sensitivity paximum

0=2450 Pa 2
Set of precise manometers «~100 kPa -

0,5 MPa 5
Angular balance with recorder maximum
and changeable sensitivity - 200 = 200 Pa 1

D Dew Point Measurements

Apparatus range plece
Digital relative humidity

measuring instrument with 5-98%

temperature indication 501.70 N 3

Dew point msasuring set

"Peutron” consisting of

three probes and ome plotting

recorder, each probe measures

the temperature of dry thermo~ 0=~100%

meter and the temperature of wet rel, hug,.
thermometer | 0=~ 150"C 2
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B Combustion Gases Analyses

Apparetus

range Riece

Transportable analyzer "Infralyt”

with two ranges

for Coacontent 0 - 10%
0 - 20% 2
for Co content 0 - 2,5%
0 - 5% 1
for SO, content 0 - 0,5%
0 - 1,08 1
Analyser "Permolyt®™ for
02 cantent 0 - 10%
0 = 25% 1
P Gas Quality Measurements
Apperatus renee Riece

Wobbe ‘s number meter with
dbuilt=in recorder

Wobbe ‘s number
of generator geas
town gas, natura

gas and propan 1
G Recoprding and Bvaiuation
Apperatug Toues Risce
Digital data logger with 6 inputs for
built-4in printer and Ni-NiCr
automatic timing thermocovples

6 inputs for

Pt-PtRh

thermocouples

6 mV inputs 1
Compensation recorder,
writing width 250 mm 12 hgutl for

Ni-NiCr thermo-

couples oxr Pt=-PtRh
thermocouples or

sV changeable bdY

range modules 3

Small computer with built-in

thermal printer for 21 digits

and 16 digitltdupm,13;:u$
gramme system W steps
main routine and two levels of

gubroutines of the capacity 1024

steps sach, External storage of

the progrezme on magnetic cards,
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H Accesories

Filters for gas cleaning

Calibrating gas for asalysers and Wobbe s number meter

Cables

Compensating lead wires
PVC pipes

Set of tools

Protective alds

Commmication set—=three pieces of short-wave transceivers

VII, SELECTED WORLD SUPPLIERS CF ENERGY DIACNOSTICS EQUIPMENT

AMR Holsgkirshen FRG

ATIRFLOW Rheinbach, PRG

AGA Infrared Systems,
Danderyd, Sweden

Ari Industries, Farnborough,
Great Britain

BBC Brown Boveri, PRG

Comark Bleotronics Ltd,
Rust Lon,
Great tain

Hewlett Packard,
Palo Alto, US4

Honeywell Inc,

Phoenix, Arizona, USA
Keithley Instruments, Inc,
Cleveland, Ohio, USA

Neotronics Ltd,, Takeley,
Groat Britain

temperature measureasnts,
relative hmidity measurements,
losses through the briockwork,
gas flow velocity,

recorders,

data loggers

gas flow velocity,
pressure measurements,

relative humidity measurements,
tenmperature measurements,

temperature measurements,
thermovision systems

thermocouples, resistance
thermometers

electric multimeters,
recorders

temperature data loggers,

data loggers, computers

recorders, multichannel recorders,

flow measurements
digital thermometers

electronic digital micromano-

meters, combustion gases apalysers
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Philips Eindhoven,
the Netherlands

Servomex Ltd.,
Crowborough Sussex,
Great Britain

Pestoterm KG
Lenskirch, Pﬁ

Takeda Riken Co., Ltd.
Tokyo 176, Japan

Great Brita

Ultrakust, Ruhmannsfelden,
FRG

VDO Mess~ und Regeltechnik
GmbE, Hannover, FRG

VEB Junkalor Dessau, GDR
VEB Thermometerwerk,
Geraberg, GDR

Wilhelm Lambrecht, GmbH,
Gottingen FRG

temperature measurements,
humidity measurements,
gas analyzers,

recorders

02 analysers

temperature measurements,

gas flow velocity, humidity
measureaents, pressure
measurements, flue gasses analyzers

data loggers, recorders,
computing data loggers

analyzers

temperature measurements,

gas flow velocity,

recorders and data loggers,
relative humidity measubements
recorders

gas analyzers, presgure
measurements, Wobbe s number
thermocouples

gas flow velocity
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