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I ABSTRACT

The assignment on consultancy in Kiln Design and Fuel Engineering, post code

US/SRL/78/207/11-54/32.1.B,was accom-.lished as o part:of the project
"Establishment of o Ceramic Research and Development Laboratory”

US/SRL/78/207. The assignment for three months aimed in the assistance

to the Ceylon Ceramics Corporation with the setting up and effective use

of the labaratory w:thir the field of energy conservation. The main activities
covered the assessment of the efficiency of the Kilns and Driers of the

Ceylon Ceramics Corporation,elaboration of proposals for the improvement

of their operotion ond designs ond demonstration as to how the laboratory

con con*ribute to the progromme of energy conservation. By o series of

lectures ond on-the-job training the local staff was prepared to continue

in the work, initioted during the assignment. The additional equipment

for systemotic energy cudits was defined ond ordered. The activities

performed during the period ond resblts'rooched_thfough the application of
elaborated proposgls proved the potentiality of the laboratory to recch
significant energy savings in production plants, in close co-operation

with the technical staff from these plonts ond with the support from :he
Manogement of the Corporotion. The Centrol Research Laborotory represents

¢ copable body for extensive Ceramic Reseorch. Though the equipment instoll-

ed is only ot th: beginning of full service, its complex iorms a condition
for successful work in the future. The stoff of the laboratory consists of
young interested people with the necessaory theoreticol knowledge. Under the
leodership of experienced experts, this stoff con grow into o strong research
team. The co-operatior with similicr reseorch organisations abrood and exchange
of informotion cnd experience, including troining of Resecrch Officers, will be
useful. The loborstory shkould contribute to energy savings especiolly through
the reseorch of new body compositions & energy diognostic audits in the production

plants.
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INTRODUCTION

The Ceylon Ceromics Corporation has undergone a rapid development since its
establishment in 1935. It comprises a wide range of monufacturing olants

with various products, such as Chino clay refining, earthenwcre and porcelain
tableware , wall tiles, mosaic tiles, bricks, roofing tiles aond lime. The
annual production reaches o value of opproximaiely US $ 15 million. Nevertheless,
the lack of specialised research facilities made the Corporation dependant

o1 foreign laboratories for specialised development work. Therefore the monage-
ment of the Corporation has decided on the establishment of a Ceromic Research

Laboratory.

The project " Estoblishment of a éeromic Research and Developwent Laboratory”,
US/SRL/78/207 was initioted to increase local self-sufficiency in ceramic
research ond development work through the assistonce in-;he setting up of

the Ceromic Pesearch Lasoratory of the Ceylon Ceromics Corporcticn. The mission
on consultoncy in kiln design ond fuel engineering was materialised as o part
of the project. The field activities started on September 27th ond terminated
on December 18th, 1984, the ;est of the three months of the cssignment being
spent on briefing, debriefing ond travel. The aoctivities of the mission oimed

in the assistance to the laborotory within the field of energy conservotion;

In close co-operation with the local counterpart staff from the laboratory &
monufacturing plonts the efficiency of different kilns wos assessed by the

consultant ond proposals for the improvement of the operntion elaborated. Volucbility
of these proposols was verified on the muffled tunnel kiln in Piliyondolo.
Realisotion of proposals on this kiln resulted in increased production aond

rediced specific energy consumption. Moreover, conditions were created for

further production intensificaotion which will encble to close the semimuffled

kiln used in firing of sonitorywore, for repoir. This measure will reduce the

energy consumption shorply. Additional equipment for porformance of systemotic

energy oudits by the loboratory is needed. The list of this equipment was
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discussed with the management of the Corporation and the order was placed.By
extensive on-the-job training and by a series of lectures, the local stoff from
the laboratory ond production plonis was prepared to continue in the activities,
initioted during the assignment and thus contribute to the programme of energy

conservagtion.

The objectives of the mission were successfully attained thanks to the well
conducted preparatory work cf UNIDO Vienna, wide support of UNDP and UNIDO office
in Colombo, broad understanding and help handed over by the management of the
Ceylon Ceromics Corporation, fruitful co-operation within the international team

of experts and active work of lahoratory and plants counterpart staf®.

Personal thanks are due mainly to :-

Mr. N. Biering, UNIDO Headquarters Vienna

Mr. T. Schroll, SIDFA,UNDP Colombo

Mr. I. Mottsson, JPO,UNDP Colombo

Mr. M.D.J.A. Sebastian, Choirman, Ceylon Ceromizs Corroraoticn

Mr. C.T.S.B. Perera, Genercl Manager, Ceylon Ceromics Corporation

Mr. Y. Kuto, Chief Technical Adviser
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RECOMMENDAT IONS

The instrumentation installed in the laboratory ond young staff of
cucliied ond interested people represent a good condition for successful
research acti/ities in the years to come. With regard to the limited
experience of the laborato y stoff in research work, the assistance of

experienced experts in the next 12-24 months is necessary.

The co-operotion with similar research institutions obroad in the field
of technical information exchange and research officers training will

be very usa2ful.

In the field of energy conservation and management the main octivities
of the laboratory should be focussed on the research of news body composit-
ions with lowered energy demands from local raw materials ond on dicgnostic

audits of the energy consuming equipment in production plants.

As far as the research of new body compositions with low energy demands

is concerned, this is an activity for which lqrge experience in the matter
is indispensable. FTherefore, the assistance of an expert - ceramic
technologist with experience in energy conservation - is recommended

for the near future.

The diagnosti: cudits should comprise cf the following bosic steos:-
o) colibration of measuring instruments which ore instolled on the

equipment to be tested.

b) collection of projected dato ond factuol operotioncl doto about
the equipment through the diaognostic measurements.

c) anclysis of the current situation on the basis of the doto
obtocined as faor as thermol treastment of products and hect holance

of the equipment ure concerned; eventucl laboratory Firings.

o e ——
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d) working out proposals ond recommendations for the improvement of
energy conservation and for thermal treatment in a technical report,
which should also comprehend projected, measured and calculated

values and description of measurements and calculations.

e) realisation of the proposals and recommendations ci the respective
equipment step by step to be able to recognise and record the react-

ion of the equipment on o new adjustment.

The proposals and recommendations should be concentrated expeciclly on:-

a) energy conservation achieved through better adjustment cf the
equipment.

b) improvement of thermal treatment cf products and hence the vinal
product quality.

c) woste heat utilisation.

»

d)} possible improvement cf the equipment desio:y and modernisation.

The diagnostic oudits ond especially realisation of groposals and .
recommendations must be done in close co-operation with the manojement

ond techrical staff in the production plants.

The laboratory should prepore an operctional monuol for the particulor
equipment on which the diagnostic measurements were completad.Such a
monual will assist the monagers ond operators in foctories to run the
squipment in optimol production mode, thus achieving energy sovings

ond appropriote oroduct quality.

The executicn of o complate diognostic measurement necessitate o
specicl instrumentation. The liet of instruments requi-ed wcs dis-
cussed by tne consultont with the monagement of the Ceylon Ceramics
Corporation and the order has clrnady been slaced. Construction of

o mobile dicgnostic unit( such as that developed by the Research




10.

1.

12.

page 7

Institute for Ceramics, Refractories and Row Materials in Pilsen,
Czechoslovakia) equipped with these instruments is recommended as a follow-up
of the first series of diagnostic audits. This mobile diognostic unit

will increose the copability of the laboratory in equipment testing

significantly.

Considerable improvement was achievzd in Sri Lanka during the last period

in utilisation of local raw materials. Nevertheless, still about 16% by
volume but almest 40% by volue of row materials cre being imported. Research
progromme of the laboratory was already established, comprising the .esearch
of new body compositions and energy conservation studies. Attention should
be poid within research both to increase self-sufficiency ow moterials

ond to lower energy demands of new body mixtures.

The kilns ond driers operoted in the visited plants of the Ceylon Ceromics
Corporation are with few exceptions in good condition endbling proper ad-
justment ofter the diognostic measurements.. Specific heat consumptions of
these kilns vor; from 8375kJ.Kg"‘ in the semimuffled tunnelvkilnlfpc

bisquit firing of crockery tc 97°°0kJ-K§-] ot the semimuffled tunnel kiln
firing sonitorywore. While the first figure is occeptable, the second volue
is about eight times higher than what the overaoge consurption should be.
Energy conservotion studies mt be therefore focussed on the review

of the existing situation first,, then the onolysis should follow, estaoblish-

ing the priorities for actions to be taken.

fre muffled ond semimuffled kilns in Piliyondale for firing crockery oncd
sanitarywore ore heoted by furnace oil. All these kilns use the some burner
its with electrical preheating of oi. ond monucl adjustment of the output.

TA3ir replocement by outomoted units reguloting the burner’s output in
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dependance on the firing tempercture is feasible for the future. This
system will minimize variations in firing conditiens thus having o

prositive influence toon energy cocnsumption and quality of products.

For the present the regulaor exchonge and maintenance of burners with

on interval of 4 - § daoys is highly recommended to improve the eféiciency
of ofl firing. This system was clready introduced in the sanitcryware
kiln in Piliyandala w1 . positi§e results, especially as far us the

stability of firing tempercture is concerned.

Waste from cooling zones of tunnel kilnsin visited plants for drying

is utilised on o large sccle. Further improvement can be reached by an
introduction of heat exchangers nn exhausts of combustion products in kiins
with exhaust temperature above 250°C. Simple heat exchaonger was suggested

by the consultont for sonitaryware kiln in Filivandala and its instollation:

oclready storted. Heat fron. t'is heot exchanger will be used for drying.

Loading density increase and better filling of the cross-sections of

kilns will reduce specific energy consumption, while temperature eguulisat-
in the cross-section will be better. 1t was verified on tunnel kiln for
glost firing of crockery in Piliyondcla, where higher setting on kiln coes
lowered the temperoture difference between top and bottom deck by cbout 30%

in firing zone.

Subsiitu.iun for currently used classical car linings with high temperature

insulating moterials in combinction with refractory shaped stones os support-
ing ond covering elements w’.ll reduce hect losses by conductiin to inspection
tunnels os well os losses by cccumulated hect in kiln cor linings. WMoreover,

the lifetime of kiln cars ond mointenance interval will be prolonged.
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Possible vtilisation of aclternative energy sources comes into accourt in
smoll and medium size brick & tile producing plants using at presen:
firewood as o fuel. While direct use of solar energy for drying of tiles
brings cbout problems with output variation in deperdance on the itensity

of insolation it can be recommended for the smallest productions only.

Medium level plants such as Brick & tile Factory,Weuda con favourably
utilise combination of clternative energy sources. During sun;y days

the solar energy can be used for drying of agriculturaol wastes, such as
coconut fibre dust or rice husks, which currently enter the factory with
high relative moisture content (obout70%). Being dried to sufficient ex-
tent (obout 10% of water content) by solar energy, these materials can be
briquetted and then fired together with firewood, reducing its consumpt-

ion by 15 to 30%.

Gasification of ogriculturcl wastes in combination with other matericls

such os wood and rubber wastes (e.g.,worn tyres) for increase of gos
calorific value con be used under the condition thot relevant gosifiers

cre availoble. Similarly direct firing of dried agricultural wastes requires

the use of specicl boilers.

Simple solar collectors using oir os o drying medium can be introduced

using black painted corrugoted steel insulated from bottom side and

covered with gloss with 3 to Scm airspace inbetween., Heoted air from

thot space is sucked by o fon and blown to the drier of tiles or

agricultural wostes. In temperoture ronge 40-60°C, relotively high efficiency
od collectors con be reached with aon output 0.5-0.7kW per squore meter of
collectors during sunny hours. For exomple the roof of the Brick&Tile Factory
Weudo being of corrugoted steel can be successfully used os o solar collector

if insulated from the bottom side,painted black and covered by sheet glass.
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III. CONSULTANCY IN KILN DESIGN
AND FUEL ENGINEERING

A. Activities ond Output

The consultant was attached to the Ceylon Ceramics Corporation to assist

in the setting up of its Ceramic Pesearch Laboratory and to advise or the
effective use of the loboratory within the field of energy conservation, He

acted in close co-operation with the local counterpart stoff from the laboratory
ond from production plants.(list of the counterpart staff is presented in Annex A)
The main duties were as tollows:-

- to assess the present level of efficiency of the different kilns and
driers of the Corporation ond identify sccpe for possible improvement.

- to elabcrate proposals for the improvement of the cperaticn and designs
of kilns & driers with the aim to increase fuel efficiency without im-
pairing product quality.

- to identify potenticl alternative sources of energy e.g.agricultural
wastes and solar radiation f&r possible firing aond drying, respectively,
of structural clay products.

- to demonstrate how the loborctory can contribute to the energy conservat-
ion programme ond initiate appropriote activities.

- to define tne need for odditioncl equipment required by the laborotory
to allow for systematic energy oudits in monufacturing plants.

- to prepare the local stoff to continue the work initicted through

on-the-job training.

The counterpart stoff from the laboraotory ond manufocturing plaonts were
instructed by the series of lectures decling moinly with energy mancgement in
the ceramic incustry. List of delivered lectures is presented in Annex B.
During the lectures specicl ottention wos poid as to the possible contribution
that the laborousry could moke to the energy conssrvation srogramme, especiollly

in the field of new body compositions ond energy oudits within the ceraomic industry.

The research progromme of the laborotory wos discussed with the monocgement of

the Corporation and internctionsl team of experts. This programme comprehends
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both the resecr-h of new body compositions and ea2rgy conservation studies.
The energy audits were initiated during the assignment though with regard to
the incomplete necessory instrumentation, the measurements were not complex.
The necessary additional instrumentation for complex diagnostic measurements
was ordered by the management of the Corporation ofte- negotictians with the
consultant. Mevertheless, the loboratory contributed to the improvement of
kiln operations significontly, especially by -

- calibration of installed instruments (~ecorders) in manufacturing plerts.

These instruments were then used for measurements
- combustion gas anclyses verifying the proper cdjustment of burning
conditions in kilns.
- Labaratory firings. which: enabled udjustments..of firing condition im

production kilr in dependance on the results of these firings.

The counterpart staff was trained through on-the-job training in diagnostic
measurenents and working out proposals for improved operation. These proposols
were prepared in collaboration between the consultont, loboratory steff ond

kiln managers in monufccturing plonts.Advantagas and disodvantages of different
suggestions were anolysed ond optimal strotegy of' relevont action was chosan.
St~ess was laid on applicotion of recommendations on the equipment step by step
to determine its reactions on individual measures token. Attention was paid to
gradual increase of octivity ond self-sufficiency of local stoff in the onclyses

of dota obtcined ond in preparation of proposals and recommendations.

Six production plonts of the Ceylon Ceramics Corporation wer2 visited by the
consultant with the aim to ossess the efficiency of kilns ond driers operated
in these plonts ond identify the scope of possible improvements.Detoils of
these octivities ond proposals for the improvement alaborcted are presented in

Annex C.

Possible utilisotion of olteractive ensrgy sources wos token inio consideration
during factory visits too. These are opplicoble in smoller brick ond tile

production plants which currently use firewood for drying ond firing of products,
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8. Utilisation of Results of Activities

The recommendations eloboroted in closz zsllaoboration between the staff

from laboratory (kiln room) and kiln mongers from production plonts with the
assistance of the consultant on the basis of diugnostic measurements and data
collected were verified on the tunnel kiln of the Ceylon Ceramics Corporation

in Piliyandalo.This kiln wos recommended by the management of the Corporation.
The diagnostic oudits or this muffled tunnel kiln in the sanitaryware plont
Started on. October 3rd,1984. The odjustment of burning conditirns ond pressure
curves in burning chambers enabled to reduce the oil consumption by 30% in the
first phase, while production was increased by 14%. Specific energy consumpt-

ion was reduced by 39%. The conditions were crected for further production in-
crease by 20% in the second phase. [t will enable to incorpor..e Fhe product-

ion of bisquit semimuffled tiu wnel kiln in crockery producing plont in Piliyondcla,
firing sonitaryware. A total energy conservation of obout 40,000 1 of furnace oil
representing Rs. 240,000/~ ( US $ $170 }, per month caon be expected after this
measure is reclised. Also reduced domages due to hondling ond tronsport of

green ware from sonitaryware plant to crockery plant can be expected. Morecver,
the simple heat exchonger was suggested to be instoclled on the exhaust of
combustion produ ts from sonitarywore kiln, utilising portly their heat.

Instollatin of the heot exchaonger has alreody started.

The follow-up of the work initioted during the assignment is to be ensured by
the Ceromic Reseorch Loborotory in co-operation with kiln manogers of the
production plonts. This octivity will be even more effective after the
delivery of the instrumnetotion ordered. In the meantime some improvements

can be done following the proposals presented in Annex C.
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C. Conclusions

The activities performed during the assignment proved the copability of

the local staff from the laboratory as well as from production plants to

solve the energy consarvation problems from the technical point of view

in mutual co-operation. With the support from the management of the

Corporation in organisational matters they will be able to contribute considerabliy
to the energy conservation progromme both within the Corporation ond in other
ceramic enterprises especially after they have - got. =~ more practical ex-
perience with the adjustment of different types of kilns and with the research

of new body ond glaze compositions. Pilot firings done in the loboratory kilns
are very beneficial not only for experiments with new body and glaoze mixtures;
but for research of limiting firing conditions leading to the adjustment of
optimal firing curves in production kilns os well. To improve the practicol

e perience ond knowledge of the technical staff the management of the Ceylon
ceraomics Corporation decided andnegoticted with UNDP Colombo to send o technicion

fro individual training on energy conservation and monogement to Czechoslo akia.

Good conditions of most kilns in visited plants guarontee the possibility of
proper adjustment after the completiun of diognostic measurements. The scope of
possible improvements on these kilns ranges from on adjustment of burning
conditions ard firing curves to waste heot utilisation in o technological
process. At present the heot from the cooling zones of the kilrs is used to
sufficient extent, especiclly for drying, while the vtrlisacion of wuste heot
from combustion products is rore.. Increasing of the looding dersity on kiln cors
ond better filling of tihe kiln cross sectiun are onother fields cf possible

reduction of specific heat zonsunption ond production increcse.

verificction of elaboroted proposcls on sonitarywore kiln ond coentributions
reached showed ths significonce of energy monugement in ceramic industry ond
large scvings, which can be achieved by octi-ities of ¢he Cercmic Resaarch

Leboratory in th:s field.
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Mr. U.J. Udowatta, Kiln Manage~, Piliyandala
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Mr. M. Jayarotna, Assistant Factory Manoger, Negombo




ANNEX B

List of Delivered lLectures

System of Energy Monogement in Ceromic Industry

Reduced Energy Demonds of Ceramic Production through the

Application of New Body Mixtures

Modernisation of Heat Consuming Equipment in Ceramic

Production Plants
Woste Heat Utilisotion

Information obout the UNIDO -Czechoslovekia Joint Progromme

Activities

Diognostic Mobile Unit ond Diagnostic Meosurements

in Ceramic Production Plant
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ANNEX C

Plant Visits and Proposals for the Improvement on Ki lns and Driers

1.

a.

Piliyandaola

Sanitaryware Kiln

This kiln was adjusted aofter the diagnostic measurements according
+o the worked out proposals. Basic technical data are presented

before and ofter the first stoge of adjustment:

Before After
Adjustment Adjustment
Type: Muffled tunnel kiln, firing furnoce oil
Product: Vitreous China Sanitaryware
Daily Output/Kg/: 1800 2050
£iring temperature/°cy . 1200 1200
Firing cycle /hl: 36 31.5
0il consumption/l/day/: 1852.3 1275.0
Specific energy comsumption
IkJ.kg™l: 39113 23738

The proposcls, leading to the adjustment, comprehended:
- adjustment of firing conditions by the amount of secondary air
for burners.

- odjustment of pressure curves in burning chambers by relevant dampers.

After the application of these proposals one poir of burners was closed
ond production was increosed. It wos decided to stort witn the operotion
of this poir of burners agoin in the second phase of the odjustment. It

will encble further increase of kiln car speed and thus production increase. -

Proposals for further improvements:

- instollotion of o heot exchanger on the exhoust of combustion products
(clready storted) ond the heot obtcined used for drying.

- increcse nf the looding density by o new pottern of loading (two protype
kiln care with increased copacity by cbout ru%are clready in use)

- __higher setting on kilp cars will minim’ze the free spoce between




the setting ond kiln arch, which will lead to better tempercture

equalisation in the cross-section.
modernisation of kiln car linings by application of high temperature
insulating moterials will reduce heat losses by accumulated heat and

losses to inspection tunnel.

b. Bisquit Kiln in Crockery Plant Firing Sanitaryware

Type: Semimuffled tunnel kiln, firing furnace oil

Product: vitreous €hina sanitaryware and once fired crockery items

Daily Output/kg/: 600
Firing temperature/°C/: 1200
Firing cycle/h/: 36
0il consumption[1/day] 1525

Specific energy consimotion
Ikd.kg™ 1 97035

Present situation:

The kiln is operated for below its optimad output.Density of load-
ing is very low ond proportion between the mass of products and that
of kiln furniture is unfovourable as the kiln cars must be partly
covered by refractories to avoid glaze contaminction by combustion
products. Specific energy consumption is therefore too high, four
times higher thon that of sanitarywore kiln firing the some products.
Recommendation:

To increase production of sanitaoryware kiln ond incorporote the
production of bisquit kiln which con be therecfter closed for repcir
ond used for firing crockery bisquit for which it waos originolly

designed.




Daily Output/kg/: 7200
Firing temperature/°Cy. 1150
Firing cycle/h/: 28
0il consumption[l/day]: 1580
Specific energy consumption
IkJ.kg™. 8375
Present situation:
The specific energy consumption of the kiln is the lowest of all tunnel
kilns inspected during foctory visits, but kiln itself is in o bad condition

Bisquit kiln firing crockery
Type: Semimuffled kiln,firing furnace oil
Product: Bisquit of earthenware tabieware

(cracked brickwork in preheating and firing zones, fused dampers in pre-

heating zone). High tempercture in the inspection tunnel (about 350°C) is
partly coused by higher overpressure in the kiln, portly by leckage between

kiln cars.

Recommendotions:
- to mecsure pressure curve of the kiln otmosphere ond improve it by
o new odjustment i.e., with lower overpressure in the main zone.

Nevertheless, it can be difficult with regard to the insufficient draught

in the exhoust of combustion products.

- to improve kiln cor linings with the aim to lower its heat conductivity
ond especially leckage between kiln cars.

- for the long run [t will be necessary to close the kiln for repoir, in- .
cluding improvement of drought in the exhaust of combustion products.
It will be possible ofter the bisquit kiln currently firing sonitorywore

will have been repcired while sonitorywore will be fired in the saonitorywore

kiln only.
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Glost kile firing crockery

Type: semimuffled tunnel kiln, firing furnace oil
Product: earthenware tableware

Doily Output/kg/: 6900

Firing temperature/°C/: 1080

Firing cycle/h/: 12

0il consumption[l/day]: 2179.2

Specific energy comsumption

Ikd.kgy. 12054
Present situation:
Output of the kiln is higher by 60% ond speed of kiln cars is double
thon originolly designed. It brings abrut high temperature difference
hetween the top ond bottom of the setting in preheating zone(about 400°C)
ond increcsed specific energy consumption as the kiln is operated above
its optimum output, especially os far as kiln cor speed.is concerned.
Moreover, ti.e lowest part {obout 20cm) of the cross-section can Aot

be used for loading as products would be underfired in this port.

Recommendotions:

- to chonge the loading pottern so as the space between the top of
the setting and kiln orch is minimized.It will increose the temperc-
ture in the lower part of the kiln cross-section, which con then be
olso used for loading. Kiln cor capocity will be increased by
25-50%, enabling proportional reduction of the speed. This measure
will bring cbout reduced energy consumption ond better temperature

equolisction in the kiln cross-section.

- to install o heat exchonger on the exhaust of combustion products

from the kiln (similor os thot on sonitarywore kiln) ond use the
hect obtained for drying. Current temperature of combustion products

obout 380°C con be reduced to 150°C.

-




Bisquit kiln firing crockery

Type: tunnel kiln with open flome firing furnace oil
Product: bisquit of earthenware tableware

Daily Output/kg/: 6400

Firing temperaturel/SC/: 1145

Firing cycle/hi: 36

0il comsumption[l/day] 1500

Specific energy consump‘ion /
kd.kg™'/, 8900

Present situation:

Specific energy consumption of tne kiln reaches relatively
favourable value, especially thanks to proper filling of the kiln
cross-section by fired products. Furnace oil is preheated in o tank
which is installed on the kiln, utilising.thus the heat transfered
through the kiin arch ( beginning of cooling zone ). However, final
temperoture of oil 50°C is not sufficient for proper oil otomizing
by burners. Closing door system on the kiln entronce is missing,
causing the flow of cold air into the kiln ond increasing losses.
Hot cir from cooling zone of the kiln is used in crockery driers

with electricity as cuxiliory heating system.

Recommendations:

- oil preheoting to higher temgerature (80-100°C) will improve its
otomizing ond hence economy of burning aond lower contomination of
products by insufficiently burnt oil porticles. This preheating con

be reslised in odditional prehecter similar to thaot currently
used or onother source of waste heot (e.g. from exhoust of

combustion procucts) con be used.

- closing door ct the kiln entrance will prevent flow of cold air

iata the kila imoroving thus operction economy ond pressure
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conditions in prehecting zone too.

o. Glost kiln firing crockery ond sanitaryware

. Type: muffled tunnel kiln, firing furnace oil
t Produc=: earthenware tableware and sanitarywore (squatting pans )
Daily cutput/kg/: 6400
Firing “emperature/®C/: 1150
Firing cycle/h/: 16
0il consumption [1/day] 1892

Specific energy consump*ion
IkJ.kg™ '/ 11300

Present situation:

The value of specific energy consumption ranges among the lower ones

of the kilns inspected ond is acceptanle for this type of kiln. Filling
of the cross-section by products is satisfactory and kiln output is close
to optimal one..Some muffle plotes in firing zone are broken causing
penetration of combustion products into the kiln ond offecting rrom time
to time (depending on pressure conditions ond cil atomization) the glaze
of products in front of the crocks.Lining of some kiln cars hos been re-

constructed, using for the inner part shaped insulating refroctories.

Recommendotions: .
An improvement in the sphere of energy conservation cca be ochieved
through the installation of o heat exchanger on the exhaust of combustion

products(current temperature obtout 260°C). The heot obtained con be used

’ for further preheoting of the furnace oil to improve its otomization both
ot glost ond bisquit kilns. Better otomizotion will reduce contanination

of products by smoke gases in both kilns. Improved insulation of kiln:cors

will reduce losses to imspection tunnel and losses by accumulated heat.
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3. Meepe-Lanka Refractories

Kiln Tiring refractories

Type: tunnel kiln with opened flame firing furnoce oil
Product: medium alumina (45%A1,04) refractories

Doily output/kg/: 6850

Firing temperature/oCI: 1420

Firing cycle/h/: 210

Specific energy constption
Ik .kg™ ' /: 9240

P-zsent situation:

The kiln is operating ot 25% of projected copacity (9600t /yeor)

with regord to the limited saability of products. It influences
negotively the specific energy consumption and lifetime of the kiln too.
The measures has been token by the monufacturersto adjust the kiln for
lower .output.Only 10 pairs of burners out of totol number 25 peirs

are in operction at present. Improvements of the brickwork in the firing
zone and instellotion of on exhaust fon with increosed output are planned
to be done in the future to reach highér firing temperature (currently

up to about 1550°C) and increase thus products variety.

Recommendations: .

Before tne planned improvements will toke place the knowledge of
existing firing curve (obtoined by pilot cor) and pressure curve will
be very useful for proper odjustment of the kiln for existing condit-
ions to reduce oil consumption. Nevertheless, the output increase in
the future is the necessory condition for effective operotior not only
of the kiln, but production plont as such too. Current specific energy
consumption will be reduced by about 30-50% (depending on type of
products ond firing temperoture) if the kiln is operoting ot full

capocity. It will reduce expenditures for oil and price of finol products

improving thus their solability.
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4. 3rick and Tile Factory Weuda

Orier of tiles

Type: chamber driers heated by ~adictors by steam
Product: roofing tiles
Daily output: 9600 pieces

Evaporated water
/kg per day/: 4300

Specific energy

consumption
IkJ.kg~! of evap.weter/; 6730

Present situction:

Specific energy consumption of the drier was calculated withcut the
efficiency of the boiler.If this is comprehended, the value increases
3-4 times. The drier as such is in o good operoting condition except
some radiotors blocked by condensate. The boiler firing firewood is old

aond inefficient.

Recomnendations:
- cleaning of melfunctioning rodictors and putting them into operction
will improve drying efficiency.
- - replocement of the boiler by modernised one, favourably constructed
for firing firewood ond agriculturcl wostes (coconut fibre dust,rice husks)
will reduce the consumption of firewood.
- drying of agricultural wostes con be done by solar energy, if the
steel rqcf of the factory is used as o solar collector. It should
be covered by glass with airspoce about 5 c¢cm. The hected oir from
thot spcce will be sucked ond blown by fons co the drier of agriculturcl
wastes. Dried wostes can be then stored under the rcof for briquetting

or direct firing.
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5. 8rick and Tile Factory Mchiyangana

The plant was visited with the aim to consider the possible re-ooening
of originally installed tunnel kiln for firing roofing tiles and bricks.
This kiln hod fired heavy furnace oil originally and was closed with
regard to the high price of energy used for firing. Expenditure for

oil formed one third of the final price of tiles. Currently two chamber
kilns (each of two chambers) are used for firing of tiles, using fire-
wood as a fuel. Kilns consuming 2.5 o of firewood for firing 1000
pieces of tiles, the expenditures for firewood form 7.5% of final

tile price at present. Reopening of the tunnel kilr was tcken into
consideration due to the high demand for roofing tiles in the region.
This reopening is feasible under the condition that specific energy
consumption of tunnel kiln is reduced by more than 50% from its value
before kiln wos closed or an olternotive fuel is usec. Design of firing
sone enables its reconstruction and installation of burning chaombers
for firewnod instead or together with the four o0il burners which were
originaliy used. The beginning of prehecting zone must be repaired

and exhaust of combustion products reconstructed in case the kiln is
put into operation again. The situation requires elaboration of a
feosibility study before ony measures ore token. 3pecific energy
consumption under dOOOkJ.kg-] can be expected aofter reopening of the

kiln is odjusted and ooeroted properly.
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