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A dOCIlIIICllt has beell drml'll III' settillgOllt Best Araiiablc Teclllli'llles (BAT) ill ceramic tile
manujacturc, based011 Directirc 96/61/C£. The content (~f tile document is applicable toglazed and
unglazed, redtrare alld whitl'lmre floor and 1m ll tile manufacturing processes, iurolring. H'et ami
dry raw materials preparat ion methods, IIsillg I'ressillg alldextm sioll as formillg tec/lIl i'llles, alld
surfacefillislles trith or unthoul machining,

TIl<' ceramic tile Ilwll llfactllril lg processes referred to ill tile presen! document ollly consider
sillgle or twice firillg of ceramic tiles , but always by IISillg sillgle-deck roller kiln» or similar
tcchniqlies.

The limitillg ralues for emissions, ellergy ami im ter COIISIII Ill'ticJII, etc. are at least tllOse set
out ill tile Enoironmcnial Recommelldatioll of tile £lIr0l'eall Ceramic Tile fvlal ll/factllrers'
Federation (C£T).

To establish tile Iwtllreand concentration of tile substancc« present ill eachstream, theorigill
of caclt substance lias beell alwlysed ill detail, and the substancc« thul may be[aulid Iw"e /Jeell
identified; after identification, tile corresponding analuei« methods ha"e beell estaMislled ami
adi usted.

The dOCllmellt includes Best Araitabte Techniques (BAT) for cleaning gas emissiolls, Best
Arailablc Techniquesfor reducing COlIsllml'tioll, preventing ami reducing l'missiolls, trcatntcn! <if
tile wash'lm ter arisillg ill tileprocess, allli Best Arailabl« Teelllli'llles for tile pre"elltioll, reduct ion
ami trea tment of the ll'aste arisillg ill ceramic tile monufacturc.

1. INTRODUCTI O N

Based on the guidelines set out in Directive 96/61I C E, a document has been drawn
up of Best Available Techniques (BAT) in ceramic tile manufacture. The objective of the
presen t paper is to provide the ceramic techn ician with practica l information on the
cleaning systems that can be used in gas emissions, discharges and wastes arising in the
ceramic tile ma nufacturing process"!

A current issue of concern in the ceramic ind ustr ial branch, and matter of
considerable economic importance, is the possible industrial interaction with the
environment, especially if the hig h concent ra tion of companies and grow ing demands of
the inte rna tiona l mar ket are taken in to acco u nt.

Direct ive 96 /61CE of the EU Co mmission issued on 24 September 1996 conce rn ing
integrated pollution prevention an d control (DO no. L257, of 10 October 1997), rep resen ts
the firs t in itiat ive at EU level to establish measures for p reven ting or, whenever th is is no t
poss ible, reducing emissions into the air, water or land, and therefore also includes
wastes.

Directive 96 /61CE indicates that all the industrial facil ities covered bv the Directive
need to ha ve a permit for running the industrial facility under certa in conditions,
ensuring compliance with the Directive. Moreover the Directive defines Best Available
Techniques (BAT) as the mo st efficient and advanced stag e (sta te of the ar t), for
cond ucting the activities and process modes, which in princip le have demonstrated their
tech nical capacity to constitute a basis for emission limits, in order to prevent, or
whenever this is not possib le, to ge nera lly reduce emissions and the ir impact on the
whole env iro nment.

Ii I· Direcmv 9t.'/6//CE. D<) CE n" L257, of 10 October 149i.
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In Annex IV, the Directive sets out the aspects to be ta ken into account of a ge nera l
nature, or in a specific case w he n Best Availab le Techniques (BAT) are determined,
defi ned in Point 11 of Art icle 2, taking into account the costs and profits possibly
stem ming from an act ion, and the pri nciples of precau tion and p revention.

Use of minimum wa ste producing techniques.

Use of least hazardous subs tances.

Development of recovery and recycling techniques of substances produced or used
in the process, and of arising waste should this be the case.

Co mparable processes, facilities or ope ra ting methods that have yie lded sa tisfactory
results on an industrial sca le.

Technical advances and evolution of scientific know ledge.

Nature, effec ts and vo lume of the emissions involved .

Starting up da tes of new or exis ting facilities.

Term requ ired for implemen ting the best av ailable technique.

Co ns u m ption and nature of the raw materials (inclu d ing water) used in efficient
ene rgy methods.

Need to prevent or minimise the overall impact of the emission s and risks to the
env i ronment.

eed to p revent any risk of acc ident occu rring or minimising the ir consequence s for
the environment.

In form ation published by the Commission, in virtue of Section 2 of article 16, or by
internat ional organisations.

Taking into accou nt the above Directive, and es pec ially the contents referred to
above, the p resen t document has been drawn up to p rovide the cera mic tile ind ustry w ith
infor mation conce rn ing best availabl e techniques, whose exchange a mo ngst Member
Sta tes and the relevant industrial branches is to be organised by the Com mission in
ob servance of the provision s set out in Section 2 of Article 16.

The content of the d ocument is ap plicable to g lazed and un glazed, red w are and
wh iteware tloor and wall tile manu facturing processes, involving we t an d d ry raw
materi als prepa ra tion methods, using press ing and ext rusion as form ing techn iqu es, and
su rface finishes wit h or w itho ut machining.

The ceramic tile manu factu ring processes refe rred to in the present d ocu ment only
cons ider single or tw ice firing of ceramic tiles, but always by using single-d eck ro ller kilns
or simila r techniques.

The techniqu es put forward in this d ocument meet the following requi rements:

- Effect ively avai labl e for development on a sca le allowing applicati on in the
cerami c tile bran ch und er economically an d technically feasibl e conditions,
taking into account resultin g costs and benefits, and possibilities of access under
reaso na ble cond itions .
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Being the best techniques, in the sense of most effective for achieving a high
overall degree of gene ral en vironmental p rotection .

The limiting values on emissions, energy consumption, water consumption, etc ., are
at least those contemplated in the Environm en tal Recommend ation of the European
Ce ramic Tile Manufacturers' Federat ion (CET), he reinafter te rm ed CET
Recommen dat ion'"!".

A study of any system of prevention, red uction and treatment of emissio ns,
d ischarges and industria l waste requi res:

Determining the subs tances contained in the various streams, with their
concentra tions and the characteristics of the stream.

Starting out, at least initi ally, from set lim it values. In thi s paper, the limit va lues for
emissions, water and energy consumption etc. se t in the Env ironme nta l Recommendation
of the European Ceramic Tile Manufacturers' Fed eration (CET) (Annex 1)1 '1were used as
starting limit values.

Identificat ion of Best Available Techniques, indicating wh erever convenient, the
most suitable ones for each given situation.

2. BEST AVAILABLE TECHNIQU ES FOR CLEANING GAS EMISSIONS ARISING
IN CERAMIC TILE MANUFACTURE.

To establish the nature and concentra tions of the substances present in each stream,
the origin of each has been analysed in detail, identi fying the substances that might be
present; afte r identifying these, the correspond ing ana lysis method s were es tablished and
adjustcd'<!"!".

Once the pollutants to be treated and their initia l and end con centrat ions had been
determined , it was necessary to es tablish the characteri stics of the stream. The bett e r the
stream to be trea ted is known, the greater wi ll the possibilities of success be on choosing
the cleaning system; for each stream the following da ta must at least be deter mined: flow
rate, temperature, moisture content, presence of problem compo unds (acids, me lted or
corrosive materials, etc.), and in the em iss ions from a combustion process, the oxygen
percentage.

2.1. GA S EMISSIONS IN THE RAW MATERIALS PREPARATION STAGE

2.1.1. CONC ENTRATION OF SUBSTANCES PRESENT AND CH ARACTERISTICS
OF THE GA S STREAM

The arisin g emission in this stage involves particulates from the raw materials used

121. Ent-inmmentnl Rl·q ll irt·m ,·" t~ of tilt, £ 14r0I'('(l1/ Ceramic Tile Afan ufact ll rt'r~ . (CIT). Bru sse ls, November 1940 .
131. P ROBST, R.; Enoironmentai Requirement... Recommendation af the EllY(1IWI1I Ceramic Tilt' M m lll.!ilt'f ll rt'r s . V w orl d Cong ress o n

Ceramic Till- Qua lity. Qualiccr, Castellon, March Il.148.
HI. ASSICE RArvl . f llq ll i ll /l/IJt'/l tOdaf umi Ild /' i ll dw;tril1 ceramica. Ceramica lnfor ma zion e. 133. -107 - -1 15. 1977.
151. Bt .Asco . A.; ESc,\IWI,'O, A.; Busxrct l, G ; ~10MORI . E.; Tmtamiento dt' em...ione... snSeO&I.", t1l/ jill/ lt·... lJill .i, I( I~ and rt~idIW:' ,It' ta

ind ustria crrdmica. Ed. AICE-rrc. ISBN:84--604· 111 4· t. Ca stellon (Spa in ), 1~2 .

161. B LSA ..... I. G.; P..\LMON A RI. Cc TI:\lfLLI :'>lI. G., Piastreile cemmiche & Ambiente. Sass uolo (It a ly). Edi.cc r; S.p.a . 1995.
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in prepa ring the bod ies . The cons titue nts involved are ma inl y clay particles, qua rtz,
feldspar and carbona tes and the cha racterist ics of the part iculat e or dust emiss ions are the
sa me as those of the raw materials used'",

In dry millin g, the emission no w rate is abo ut 6Nm ' ai r /kg , and particu late
concentra tion lies at about 50g d ust /kg processed raw material s.

In wet mi llin g, pa rticu late em issions d rop sign ificantly compa red to the dry
meth od , since the mi lled p roduct appears as a slip . The emission now ra te is similar to
the previous one, lying at about 6Nm ' air /kg, wi th a particu late concentra tion of arou nd
I5g / kg'•I

) .

2.1.2. BEST AVA ILABLE TECHN IQUES (BAT) FOR T REATI G GAS EM ISSIO NS IN
T HE RAW MAT ERIALS PREPARAT ION STAGE

Based on the foregoing d at a, bag filters are the most su itable clea n ing systems for
reducing pa rticula te conce ntra tions from em issions arising in raw materials p repa rat ion
to the lim its set in the CET Recommend ation

Wet clean ing sys tems of a Ventu ri type a re not reco m mendable, since to obtain
sat isfactory yields, these must ope rate a t h igh speeds (50-100 m / s), en tailing very high
cha rge losses and w ater consum ption.

Dry em ission cleaning systems hav e th e advantage of obta ining the wa ste in a so lid
form, faci lita ting recovery and handli ng. These are therefore the mo st su itable trea tm ent
p rocedures in facilit ies whe re bodies are p repa red by the dry method , and in those in
which spray- dried powder is used which comes from exte rnal facilities via we t m illing
(spray d rye rs).

As bo th cases inv olve emissions of pa rticu la te matter with a low moistu re con tent,
the best techn ique is a local suc tion system w ith filte r bag clea ning.

If this equ ip ment is correctly sized, they ru n at " filtra tion ra tes" of less than 2
m / min (air now rate / filte ring surface area ra tio ), and if filters of su itable material are
used , very high yields are prod uced (98-99.8%).

With a view to lim iting the spread of dust insi de the workplace, a suct ion system
nee ds to be ins talled to ensu re an approp riate pa rticulate capture rate at eve ry point.

2.2. GAS EM ISSIONS IN SPRAY-D RYING T HE BODY SLIP

2.2.1. CO NCENT RATI O N O F SU BSTANCES PR ESENT

The following substa nces we re de te rmined : pa rti cu la tes (P.), ni trogen oxid es
(NO,), su lphur d ioxid e (50 ,), ca rbo n monoxid e (CO), ca rbon d io xide (CO,) and
oxygen (0,). In th e e miss ions arising on d ry ing slips to w h ich aqueous suspensi ons
were ad ded conta in ing ce ramic mate rial s from cleaning opera tions run in the glaz ing
se ction, the fo llowing e lements we re a lso d ete rm ined : boron (B), ch lorine (Cl) and lead

15). BI "sen, A.; E"'C:\ RD1"\'ll, A.; B e s " ' 11. C.; \111~ 1 (1IU , E.; Tratanuvuto til ' l'm ..iones ,\:11"1'(1.'-11<; , tPIlt' 1/ ft'~ Jr'q /lid(l~ and r('~ iil /l l l ~ de III

ind ustria cvninuca. Ed. AI CE-ITC. ISB~ :8--I -nO"'·1 11"'·I . Castellon (Sp,l in ), 1(}92.
[hI. BU~A!'\' I , G ; p,\ t." O,\ .\ RI, c.;T I\ l r:LU.'\J, G., Pil1 ,~trl'l1t' cvrannche {.. Ambiente. Sassuolo (It aly ), Edi.cer. S.p .a. 144 :;.
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(Pb )!". Tabl e 1 presents the va riation ran ge s of the concen tra tio ns obta ined for these
subs tances.

Substance Variatiou range Substance Variation range

P, (mg/N rrr') 150 - 1500 B (mg/Nrrr ') < 0.3

NO, (ppm) 3 - 15 CI (mg/Nrrr ') 1 - 5

CO (ppm) I - 15 Pb (rng/N m') < 0. 15

CO, (%) 1.5 - 4

Table 1. COll cent rat iOlI oj the substances present.

The pa rticulates found in spray-d ryer emissions come from the d ust and finest
sp ray-dried granules being dragged along by the gases. Boron, chlorine and lead come
from the water used in cleaning the glaze application sec tions. Most of these
compounds are held in the spray-d ried granules, and the remainder, which are
detected in the emissions , are drawn along with the water th at evapora tes in spray
drying"!

With regard to carbon monoxide, a subs tance a rising in combus tion, the values
found are low as the fuel used is natural gas

Boron and lead concentrations are low, becau se the concen trations of these
elements in the cleaning wate r used in slip preparation is low, since their presence is d ue
to the di ssolution of these elements in the waste glaze contained in the cleaning water.
The chlorine concentra tion is the highest, as its content in the cleaning wa ter is the
largest.

On compa ring the concentrations of the substances detailed in Table 1 with the
concentra tion limits set in the CET Recommendation, it can be observe d that the only
substance that need s cleaning is parti culate matter.

2.2.2. CHARACTERISTICS OF THE GAS STREAM

The param eters that we re determined to cha racterise the gas strea ms in the spray
d ryer stack we re: flow rate (Q), temperature (T), moisture (H) and oxygen content (0, )1' 1.
Table 2 shows the variation ranges found in dif ferent facilities for these param eters.

'anmeter VartalioD raDge Parameter Variation range

o(Nrrr'zh} 15000 - 125000 H (m' water/rr r' total ) 0.13 - 0.20

T ("C) 90 - 115 0 , (%) 16 - 20

Table 2. Characterist ics of the gas stream.

The variation range of the flow rates is very wide, as the eva poration capabilities of
spray dryers ran ge from 4000 l/h for a spray-dried powder production of 10 t /h, to 15000
I/h for a 39 t/h production.

(5 J. BLASCO. A.; ESCARDL,<O, A .; B L-5,\ ~II , G .; M O"lf{) RT, E.; Tratamiento de emeionee gast'(I~{b, t:f1 r lt'll tt'~ / rlluid(l~ and residll o"i de fa
industria ccramica. Ed. AICE·rrc. ISB:\':84-6W-1l14- 1. Castellon (Spain), 1992.

16]. B U5A!\I, G.; PA L\lO~AR I , Cc T I.\ IELLl f\ J, G., Piaetrelle ceramicne & Ambiente. Sassuolo (Italy ), Edi.cer, S.p .a. 199 5.
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Tem peratu re and moisture content in the stream are critical paramete rs, wh ich need
to be carefull y taken in to account w he n it comes to selecting a cleani ng sys tem . The
va lues of these two paramete rs will produce wa ter condensa tion w hen the tem pe rature
d rops be low the dew point.

2.2.3. BEST AVAILABLE TECHNIQUES (BAT) FOR CLEAN ING GAS EMISS IONS
IN S PRAY D RYING T HE SLIP BODY

Based o n th e d a ta fro m the above sect io ns, ba g fi lt ers a n d wet cle a n ing
s ys te m s a re the m ost s u ita b le t rea tm en t sys te m s for lo w erin g part ic ul ate
concen trat io ns in the e m iss io ns fr om th e s pray-dry ing stage to the lim its se t in
the C ET Re co m m e n d a t io n . Thi s se ct io n d e sc ribe s th e spe cif ic te ch n ica l
ch a racte r is t ics re qui re d for each o f th ese sys te ms to a llow us ing them in th is
s ta ge . A ll the se pa rameters have been defined fo r di ffe rent e mission so u rce flow
fat es .

2.2.3.1. BAG FILTERS

Bag filter design for th is emission source shou ld ta ke into account the a rising water
condensa tion w he n the temperatu re d rops below dew poin t. If th is condensation is not
avoid ed, the material wi ll s tick to the materi al a t the ou ter su rface of the bag and p roduce
clogging . To avoid suc h condensation, ba g filte rs are thermally insulated and fitted wi th
a hea tin g sys tem so that on sta rting up the equ ipme nt, the y ha ve a temperat ure exceed ing
120°C, before the st ream to be treated is fed in. Moreover, these systems need to be
equ ipped with a con trol sy stem to ensu re that when the gases at filte r entrance have a
temperatu re be low 120c C, these gas will be released w ithou t going through th e clea ning
systern'",

Th e pa rameters to be def ined in bag design are: ty pe of bag fabric, mat erial used to
build the filte r and bag holder, and filt ra tion ra te.

Bag fabr ic is condi tioned by strea m temperature and moistu re conten t. Th e fab ric
ma y be polyester, w hose dust intake face is p repared to facilita te peeling of the retained
cake, or ma y be acry lic (Dralo n T) or teflon ed nornex.

The material used to build the filte r and bag holders need s to be corrosion-p roof ,
and to wi thst and possible w ater condensa tion. The filt ra tion ra te used in designing these
systems ranges from 1.2 to 1.5 m ' /m' /min.

These systems yield particula te concentra tions in the treated strea m of less th an 30
mg /i\'m ' .

2.2.3.2. VENTURI-TYPE WET SC RU BBERS

In Ven tu ri-type scru bbe rs, afte r the gases have entered into con tact wi th the wate r,
they enter an expansion cha mbe r where pa rt of the wate r drops are se pa rated from the
ga s stream .

16 1. B LS..\'\,I , G.; P \ I \ IP ,\ \ RI, c.; T I\ lF1 Il '\ I, C ., rill~trt'1k n'mll1icJlL 'I:"" Am/lit'Ilft' , Sassuolo (Ita ly ), Edi.c c r; S.!,.,!. 11l4 5 .
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In such sys tems, the key param eter contro lling pa rticulate rem oval is the ratio
between the gas rate an d water d roplet rate s in the Venturi th roat .

If a spray dryer is available, the use of wet gas scrubbers is feasible, as the water
used in treatment can be reused in slip preparation.

These systems yield particulate concentra tions in the treated stream of betw een 50
and 75 mg / Nrn '. depending on Venturi charge loss.

2.3. GAS EMISSIONS IN THE TILE FORMING STAGE

2.3.1. CONCENTRATION OF SUBSTANCES PRESENT AND GAS STREAM
CHARACTERISTICS

In forming the tiles by press ing, the moi sture content of the ceramic powder body
lies at around 5-6%, which is sufficiently dry to reduce sticking and facilita te dispersion,
especially in the finer fractions or those with a lower moisture content.

Dust dispersion in the environment is attributable to:

Raw materials transport from the bins to the press hoppers.

Pressin g opera tion (slid ing filler feed, die filling, etc.),

Scraping or machining the compact.

Suction sys tems should be installed to ensure suitable particula te capture.

The chemical cha racteristics of the collected powder are those of the raw mater ials
used, since no typ e of transformation has occurred.

In forming the pieces by pressing, the emi ssion flow rate is around 5N m' air /kg,
and particulate concentration lies at about 7g / kg.

In extrusion processes, as mixing takes place wi th water prior to extrus ion, this
stage yields no pa rticu late emissions.

2.3.2. BEST AVAILABLE TECHNIQUES (BAT) FOR CLEANING GAS EMISSIONS
IN THE FORMING STAGE

In this case, as in the raw materials preparation, bag filte rs are the most sui table
cleani ng system for red ucing particulate concentrations in the emiss ions during raw
materials prepa ration to the limits set in the CET Recommend ation.

2.4. GAS EMISSIONS IN DRYING GREEN CERAMIC BODIES

The drying of green tile bodies has traditionally and still does take place in vertical
dryers, thou gh the use of hori zonta l d ryers is becoming quite wide spread. The data
correspo nding to the substances present and stream characteristics correspond to vertical
and horizon tal d ryers.

2.4.1. CONCENTRATION OF SUBSTANCES PRESENT

The following substances we re determined : sus pe nded dust (P,), ca rbo n d ioxide
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(CO,) and oxygen (OJiol. Tabl e 3 shows the varia tion ranges of th e concentra tions
found .

Substance VARIAnON RANGE

P, (mg/Nrrr ') 5 -25

CO, (%) 1 - 3

0 , (%) 16-20

Table 3. Concentration of :.' u b-..; ta llcl'~ prc-ent .

The particul ate matter fo und in dryer em iss ion s is the resul t of dust particles
s tuck to th e body and d ust ari sin g from brea king tiles in the dryers being drawn
a long by co mb us tio n gases. Particulate concentrati ons in thi s gas st rea m a re
moderate .

The CO con centration is very low, owing to the high excess air used in these
facilities with fuell ing by natu ral ga s. The Widesp read use of natu ral gas in this process
stage has lowered po tent ially polluti ng substances cons iderably in thi s emission sou rce.
The low temperatures usu ally em ployed in these facilities « 300 CC ) im pede nitrogen
oxide (NO,) formation in thi s process stage.

Compa ring the conce ntrations detailed in Table 3 wi th the limit s set in the C ET
Recommendation revea ls th at no clea ning system is requ ired for thi s stream.

2.4.2. CHARACTERISTICS OF T HE GAS STREA M

The following parameters were determined to characterise gas streams : How rate
(Q), temperature (T), moisture content (H ) and oxygen content (0 ,).

Parameter Variation range Parameter Variation range

Qd~ (N m'rh) 2000 - 7000 H (m' watcr/m' to tal) 0.04 - 0.\ I

T ("C) 50 - 190 0 , (% ) 17 - 20

Tab le -I. Chnmctcrietics of thv stream,

The ga s stream a rising in drying green ceramic ma terials is characterised as be ing a
stream wi th a lower How rate than that of o ther manu facturing process stages, especially
com pared to sp ray drying.

2.4.3. GOOD PRACTICE FOR M IN IMI SING PARTI CULATE EM ISS IONS IN T HE
DRYING STAGE OF G REEN CE RAMIC BODI ES

Good ma na gement of a d ryer, keep ing particu la te emissions in the ex haus t
s tream to a min imu m, is suffi cie nt to render im p leme nting a cle aning syste m
unnecessary_

[hI . BL<"..\.'\ 1, G .; P:\L~ 'O' -\ RI, c.; Tl~ I J::: LL I'''I. G , Pirl." /rl'l ll ' cvra.nicne & A mbiente. Sassuolo (Italy), Fdi.ccr, S.p .•r. 1445.

Con - 97



ill QUAUCQ./G 98 CASTELL6 :-.; (SPA l l\: )

Particu late emiss ions can be minim ised basically by the follow ing good practice:

- Period ically cleaning the dryer to rem ove possible scrap inside.

- Keeping the cleanin g equipment at the dryer entrance in good cond ition.

- Periodical revision of tile handling sys tems in the d ryer, to avoid breakage.

- Minimising gas flow rate, etc.

2.5. GAS EMISSIONS IN THE GLAZING AND GLAZE PREPAR ATION STAGES

The characteristics of the emissions in these stages will de pend on the gla ze
application techniqu e used.

2.5.1. CONCENTRATION OF SUBSTANCES PRESENT AND CHARACTERISTICS
OF THE GAS STREAM

During the glazing and glaze preparation process, particulates are released in the
following ope rations:

- Milling or mixing of the materia ls making up the glaz e fo rmu lation. The
finest mater ials tend to sprea d out in th e surround ings d uring th e mi ll
load ing step .

- Machi ning of stick-ups on the body an d sc rap ing of u nfired glaze fro m the
tile edges. This prod uces dry or se mi-d ry d ust, as most of th e wate r
contained in the g laze slip has been removed by absorp tion in the body y / or
evapora tion.

- Glaze applicat ion in disking or airbrush ing booths that produce a more or less
intense haze from the slip, in the former case by centrifuga tion and in the latter
by spraying with compressed air. In both cases, the glaze tends to hang in the a ir
as droplets or a fine mist.

- Dry glaze ap plication as granulars or in powdered form. As they are d irectly
applied to the bod ies, dust is produced in the surround ings; the fine r the material
involved the greater the dust.

The physico-che mical cha racteristics of these emissions are highl y variable as a
result of the great diversity in glazes used. In th is case, the emission flow rate is around
5, m' air/kg and particulate concentra tion is about O.5g dust /kg processed glaze'".

The dust a rising in glazing and gla ze preparat ion is characterised by the presen ce
of compounds exhibiting network forming cations (silicon, boron, zirconium, etc.),
compo unds exhibiting network modifyin g cations (sod ium, potassium, lead, lith ium ,
barium, calcium, magnesium, zinc, etc.) and com pounds exhibiting intermediate cations
(aluminium, etc.).

161. B US.\ t\.I, G.; PAI.\tl )!'\AR1, c.;T I\lF.I UI'\I, G., Pia~tn'Il(' ceramicue& A m/1 ielltt'. Sassuol o (It aly) , Edi.ce r, S.p .•l . 1945.
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Thus the arising dust relea sed in glazing is in trins ically much more to xic than the
particu lates released in p receding production stages .

2.5.2. BEST AVAILABLE TECHNIQUES (BAT) FOR CLEANI NG GAS EM ISS IONS
FROM THE GLAZING AND GLAZE PREPARATION STAGES

Based on the data set out above, the most su itab le clea ning systems for reduc ing
particu late concentrations in the em issions arising in the glazing and glaze preparat ion
stage s to the limi ts set in the CET Recommendat ion are wet clean ing systems , mainly of
the Venturi type.

Wet system s a re th e most widely used sys tems as the particulate matter to
be trea ted generall y co ntains a p preciable q uantities of water at roo m
tempe rature . As ve ry fine par t icu lates are to be ca p tu red , sys te m s th a t p roduce
drople ts o f w a te r or la rge air bubb les, an d l or do n ot ac hieve the necessary
turb ul ence to b r in g the liqu id phase and the solid pha se in to contact, will not
prod uce good y ie lds .

To ensure tha t these conditions are met, in Venturi-type scrubbers th is reqUires
reaching h igh rates in the Venturi throat (50-100 m / s).

The water produced in cleaning these gases usua lly Jams the water from the
w ashing operations of the glazing and glaze preparation facilities , and bo th st reams
undergo the same treatment.

2.6. GAS EMISS IO NS IN THE FIRI NG STAGE

Firing ceramic tile usually takes p lace in single-deck roller kilns .

These kilns exhibit two potential pollu tant emission foci; the flue gas exhaust stack
and the cooling air in take stack.

The gases arising in the tile heating zone exit the exhaust stack. Th ese gases
mainly consis t of gases produced in the combustion of nat ural gas, as well as gases
released in th e chem ical d ecom positi on tha t occurs in the body du ring heat
treatment.

The ho t gases produced in coo ling the tiles from peak tempe ratu re down to kiln exit
temperature (usually higher th an room temperatu re) leave via the coo ling stack. As no
chemical breakdown takes place during cooling, and the ga s used for coo ling is air, the
stream arising in thi s stack consists of hot air. Therefore, the conce ntrations of poten tial
pollutant s in the emissions from the cooling stack are very low and no cleaning treatment
is required.

The data on the na ture and concentrations of the substa nces present, as well as
stream characteristics, on ly refer to the exhaust s tack emissions in wh ich pollutant s may
need to be cleaned .

The re is a grea t variety in firing facilities, each of which h as its own peculiarities
with regard to productio n, type of p rod u ct, heat-treatment cycle, w id th an d d esign of the
kiln, etc. The p rin cipal d ifferences in these emission foci concerning the p resence and
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concentration of substances are basica lly due to the composition of the body and size of
the pieces being fired.

Tile size affects the concen tra tion of the subs tances present in the exhaus t stack,
because tile th ickness is gene rally associated wi th tile size. As the gas flow rate in the
kiln does not change significantly with size, and the absolute quantity of brok en-down
matter rises owing to increased tile ma ss, rai sing tile size rai ses pollutant
con centrations.

2.6.1. CO NCENTRATION OF SUBSTANCES PRESENT

The follow ing substances we re determined: particulates (P,), fluorine (F), boron (B),
chlori ne (Cl), lead (Pb), nitrogen oxides (NOJ , sulphur dioxide (SO,), carbo n mon oxide
(CO), carbon dioxide (CO,) and oxygen (0 ,)'0'.

The sus pende d dust in the kiln exhaust stack is drawn along by the gases ins ide the
kiln, and comes from par ticulates deposited on the tiles (granulars. di rt or g rit, etc.)
and / or scrap from the first areas in the kiln. As the quantities of such particulates and
scrap are not very high, the sus pended dust concentra tion in the exha ust stack stream is
usu ally low.

Substance Variation raDlle Substance Variation nap

P, (mg/Nm') 5-50 Pb (rng/Nm' ) < 0.15

F (rng/Nm' ) 5-40 NO, (ppm) 15 - 60

B (mg/Nrrr') < 0.5 S0, (rng/Nrrr' ) < 10

CI (rng/Nrn' ) 20-90 CO (ppm) 1-1 5

CO, (%) 1.5 - 4

Table 5. Concentration ofsubstQllees ill the exhaus t Mack.

The fluorine detected in the gas stream comes from the decomposition of the clay
minerals contained in the raw materials of the bod y'S'. The emission of fluor ine depends
on the firing cycle and character istics of the raw materials used'", In general, when faster
firing schedules are used and when clays containing considerable prop ortion s of calcium
compo unds are involved, the fluorine emissions are reduced as a result of stable calcium
fluo ride forma tion. The fluorine concentra tion in the clavs used as ce ramic raw materials
ranges from 500 to 800 ppm (mg / kg). -

The boron and chlorine present in the em iss ions mainly co me fro m the water
co nta ine d in the tile when it en te rs the kiln, which is subsequently evaporated in
the first firing stages. Th e w ater in vo lved has remained in the tile afte r d rying th e
bod y or wa s incorporated in to the body and / o r g laze d uring th e g laz ing
opera tion.

(6). BUS"~ I , G.; rA LMo~AR r, c ; TI~l EU.l I\. I, G., Piastrclle ceramicue& Amoiente. Sassu olo (Italy ). Edt.cer, S.p.a . 1Y95.
(7). Bus,\ :-.J r, G.; LAI\.CEUn ITI, E; T IM ELLI....I, G.; PJt\ llA F.; II comrollo delle emiseioni dagli imJ,iallti cennnici. Mod ena (Italy ). Ed i.cer;

S.p.a . 19S7.
(R]. G M LU .A, ~1.F. ; G O\IEZ, P.; C..I"BRERA, ~1.J . ; M OM O KI, E.; Determ inacion de fl uor t' II las orcilla« IItili: dadns cu la [abricaciou de

1II/Ido~",lS ccrdmicae. Tecnica Cera mica. 2-+3, 298-302, 1996.
(91. M ,-\7ZAU , P.; FOGU.-\ ~ l G.; O Rl.ANDI, L ; BUS.\1\I, G .; EIIl'tto della temperatl4re c 1M COII!t' /I14 /(I di calcic e 1III1XIlt':,io :' lllla ceesionedi

flu orll ltd /a cott um delle piastreiie ceramiche. La Cere rnica, 33(2), 1 (1980).
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Boron concentrations are low as the boron concentra tion in the cleaning water is
low. With regard to chlorine, the concentration depends on the type of wa ter used .

The stream's lead content is qu ite sm all an d basica lly comes from va porisation of
the qui te m inor grou p of glazes cont aining th is element.

2.6.2. CHARACTERISTICS OF THE GAS STREAM

The pa ra meters tha t were determined in order to ch aracterise the gas stream, and
which are needed for designing a su itable cleaning sy ste m are: flow rate (Q), temperature
(T) and moisture content (H) . Tabl e 6 sets out their variation ran ges.

Parameter Variation range Parameter Variation range

Qd~' (:"mJ/hl 5000 -15000 H (ru' water/m ' total) 0.05-0.10

T (0C) 130 - 300

Table 6. Characteris tics of the 5lream.

The st rea m of gases exiting the kiln via the exhaust stack as a resul t of the firing
process is a stream w ith a low flow rat e, especially on comparing it to other production
p rocess stages like spray drying. The measured flow rat es at the different facil ities were
fou nd to lie w ith in a relatively narrow range, although p roduction in the different
facilities differed cons iderably.

The temperature values measured were va riable and mainly depended on the ty pe
of p roduct be ing fired and firing cu rve design in each case.

Th e moist ure content of th e gases w as lower th an th e value fou nd in the spray
d ryer emissions and came main ly from th e w ater that for med during combustion, and
fro m the moisture removed from the body and th e glaze in th e first stages of th e fir ing
process.

2.6.3. BEST AVAILAB LE TECHNIQUES (BAT) FO R CLEANING THE GAS
EMISSIONS ARISING IN FIR ING CERAMIC TILE

The clea n ing system to be implemented in a tile firing kiln needs to fulfi l a d ouble
task: cap tu ring the tluorine in the gas phase and separa ting the particu late matter
suspended the gases, thus cleaning the gases .

Taking into accou nt the dat a set ou t in the foregoing sec tions, the most sui table
clea ning systems for cu tting ba ck particulate concen tra tions in firing stage em iss ions are
bag filte rs, elec trostatic preci pita to rs and wet filters.

This sec tion describes the specific technical characteris tics requi red by each of these
types of cleaning systems to allow using them in th is stage.

2.6.3.1. DRY KIL N GAS CLEANING SYSTEMS

In these sy stems, to capture the tlu orine p resent in th e gas phase as hydroflu ori c
acid, thi s is made to react w ith a so lid reagent. After the reactio n between the tluorine
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present in the gas phase and the reagent, the reaction is usually sepa ra ted from the gas
stream by a sys tem that sepa rates sus pended pa rticu lates .

The efficiency of the d ifferen t reagents used for cap tu ring fluorine in the gas strea m
depends on man y factors. The followi ng are par ticul arl y to be high lighted :

- Starting fluo rine concentration in the gas st ream

- Contact time between gases and reagen t

Gas tem perature

- Specific surface area of the reagent used

- Level of tu rbulence reached in the reaction region, etc.

The reagents norma lly used to capture fluorine are calcium hydroxide (Ca(OH),)
and so d ium bica rbonate (N aHCO,), which form calciu m and sodi u m fluoride
respectively. Ca lcium fluoride is a floccu lating salt, so that minor add itions to the clay slip
raise slip viscos ity. This then requires increasing the deflocculant add ition to be added to
the slip, in turn lowering slip solids content. On the other hand, sod ium fluo ride has a
very slight floccu lating effect on the slip's rheological behaviour, so that it can be added
in small pro portions.

If calcium hydroxide is used as a reage nt to retain fluorine the following chemical
react ion arises :

Ca(OH), + 2 HF - CaF, + 2 H,O

Acco rding to the literature'", for a HF concentration in the gas stream of a sing le
deck rolle r kiln (4-40 mg / Nm '), the qua ntity of calcium hyd roxide to be used is 6.48g
Ca(OH), / g FH. The fina l amount of substance thus prod uced is the sum of the excess
calcium hyd roxide and the calcium fluo ride that is prod uced .

If sodium bica rbo nate is used to retain fluorine the following che mica l reaction
ari ses:

aHCO, + HF - Na F + H,CO,

The product that really reacts with HF is sod ium carbonate, which form s when the
sodiu m bicarbon ate loses a wa ter molecule above 180°C (10). The sodi um carbonate tha t
is thus formed has a high speci fic su rface area and therefore great efficiency in fluorine
retention.

The quanti ty of substance that is thus u ltima tely produced is the slim of the excess

19). ~1",z,\u . P ; F('lG U A \l 1 G. ; ORLA \; DI , L.; BCS.~ \lI . G.; EJfl'fto della tempe ratu re e del contenu to .Ii cll fe ill t ' m(/glll'~ io <ulla Ct":':;, itJllt',ii

j hl'JrtJ nella(ott um dell!' , l;m;lrclh' ceramic/It" La Ceramica. 33(2), 1 (I LJ80 ).
[I ll). ~EUTREK Process. E.r. 0603218 (29! 1/9i).
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sod ium bicarbonate and the sod ium fluo ride that forms, the refore being -!.20g aHCO,
/ g HF'"I.

2.6.3.1.1. BAG FILTERS

Bag filter design for th is emi ssion source must especially take in to acco unt the high
temperatures of the gases to be treated . The fact will mainly affect bag filte r opera tion and
the type of bag to be used.

The flue gases from the single-deck rolle r kiln are drawn to the bag filter, as shown
in Figure 1. In flue gas tra vel to the bag filter, the so lid reagent (Ca(O H), or Na HCO,l is
injected into the st ream to retain fluorine. This powd ered reagent is injected into the flues
by a pneuma tic sp raying system. It is impo rtant to add the reag ent as far away as possible
from the bag filter, to obtain the longest con tact time between the gas phase an d the so lid
ph ase.

The bag filter is designed to work at a given temperature, normally below kiln gas
exiti ng temperature. Ii necessary, these hot gases need to be cooled by bleeding in air at
ambient temperature or by us ing an air-air hea t exchanger.

Reagent
layer

Bag Filter

i~ Fan
\~ ~~c-----
--1+

f-'I~~, ~I ~

I_ _ ~L
+10

.. Waste

I Conveying
without+' heating

I T < 200 °C
,--. - ..-

t
rr> .~

~. ~,-
Emergency [

~ Stack
stack lJ L

~l
t l

Figure 1. Schematic vf the kiln t'xlulIl::.tSIl:' dell/rillX -:-.11':'11.'111 zcith t1 l7t1S fi lta.

The bag fabric is defined by the tempera tu re of the gases to be treated, and may be
of poly tetrafluoride ethylene (Teflon or gorotex), aromatic pol yamide (tefl oned nornex),
po lyester (d raco n), acrylic (d ralon T) or polyamide mater ial.

A bag filter facility allows achieving tluori ne concentra tions in the trea ted stream of

(11 J. \')( 'Er\,T, R.; A R.\ ' CUREt\., J.; :\lo ' FORI, E.; Acid cmi-s ion clt'ml illg :,y:-tt'nt il';t ), -oaiwn bicarbonate for (w amic t ilt' tciln-, V. World
Congress on Ceramic Till' Q uality. Qualicer; Cas tello n, March 1998.
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less than 5 mg / Nm ' and suspe nded dust concentrations of less tha n 20 mg ZNm', The
clea ning efficiency of these sys tems is estimated at 99% for retention of sus pe nded
pa rticulates, and 95% for fluorine retention'v '".

2.6.3.1.2. ELECTROSTATIC PRECIPITATOR

The flue gases from the sing le-deck roller kiln are drawn to the electros tatic
p recip itator, as sho wn in Figure 2. All the aspects relating to the reagen ts and their use are
the same as in cleaning with bag filte rs.

t

Electrostatic
precipitator

Stack

'"Waste

Reagent *
layer

~ I

kiln

Sing le-deckd

Figure 2. Schematic of lilt' kiln exhaw.t ga~ cleaning ~ys tt'm lPi th all elcctroeuuicprecipimtor.

This clea ning sys tem has the advantage of being able to run at high temperatures,
eas ily exceed ing 400°C, so that no cooling of the exhaus t flue gases is required prior to
clean ing, an d ene rgy recovery from the clean gases is facilitated!"!

2.6.3.2. WET CLEANING SYSTEMS OF KILN EXHAUST GASES

Figure 3 presents a schema tic of the wet gas scrubbing facility for kiln exhaus t gases.
In these facilities the following points should be taken into consideration:

The need to work at temperatures of 70-80°C can determine whether to use heat
exchangers, as the gases exit the stack at tempera tures of aro und 200°C.

The equipme nt need s to be built wi th materi als and systems that are corros ion-

151. BL,\sc o , A .; Esc ..\ HOI'\0. A.; BU5'\ ~ 1 1 , G.; t\.10 \l FORT, E.; Tratamiento de t'IT/Sillllt'S ga:>t'o ~ (/s, t:fl ll t' ll l t's liqll idlls Ill/II n'.~ i,/ I/lIs dt' /11
indu-tria ceranuca. Ed. AICE-n e. ISBN:84.o04· 11 14·1. Castellon (Spain), 1992.

161. B L " " \JI. C.; 1',\ J ' ln\I.\ I~ I . c.;T IM EtU \l I, G., Piasrrdit' ceramic/It, {'f Amoiente. Sassuolo (Italy). Edi.c e r, S.p.a . ]l)95.
111J. V« "I-:I\; I, R.; A f( A' <;UREr-.., J.; tvh)"'FORT, E.; Acid emi.....ion ctcaningsy,-,tem with :,odi/l'l/ vicarvollatt' for ceramic tilt' Idlm;. V. Wor ld

Congress ( In Ceramic Till' Q ua lity. Quali cer, Castellon, March 1998.
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proof, as the gas pollutants on ente rin g the liquid phase usually form a co rrosive
medium. To co unte ract thi s effect, in some systems water p H is monitored and rea gent
add itio ns are used to neutra lise and / or enhance the sc rubber ' s y ie ld fo r specific
poll u tan ts.

In pa rticul a te removal, to obtain suitable yields high-speed Venturi systems shou ld
be im plemen ted. O ther ty pes of wet scrubbers us uall y exhibit ver y low yield s.

As in dry ga s cleaning, the system used depends on the reagent emp loyed to
cap ture fluo rine , i.e .. whethe r the substances in the wa te r are sod ium or calciu m
co m pounds.

In th is case, sod ium hydroxid e and sod iu m ca rbonate a re em ployed as so d iu m
compounds, a lthough sodium com po unds of a def loccu la ting na tu re co u ld be u sed fo r
the bo dy slip, such as sod ium metasilica te and sod iu m tripolyphosp hate.

..
Ern erucncv l

st,~ k ~ ··:1
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I I

Heat
exchanger

Venturi

\Vater
recycl ing

IL:-~~- -
•

pH co ntrol 1

Reagent addit ion

Stack

..

... Wastew ater

f igure J. S(} lcmll fic ( ~ftJrt' kif" t'.l,:}uw :-; f gas c1t'1lI1il lR systelll w i th 1/ uvt 5( 1"llbll; lIS V(,Jlfllri- typl'facility.

3. BEST AVAI LABL E TECH N IQUES FOR REDUCI NG CO NS UM PTION,
PR EVENTING AND REDUCING EM ISSIONS, AND TREATI NG WASTEWATER
ARI S IN G IN CERA M IC TILE MANUFACTURE

3.1. CH A RACTE RISTICS OF THE FACILITIES AFFECTI N G WASTEWATER
MANAG EM ENT

There is no sing le so lution in the ceramic tile branch when it co me s to designing an
industri a l w astewater management plan. Thi s depen ds on the spec ific characteristics of
eac h fac ility and type of p roduct involved. The cha racteris tics a ffecting such management
are as follows :

Con - 105



II QUAU JL/? 98 CASTELLON (SI'AII\)

As the solutions adopted in one company cannot be extrapolated to another w ith
apparently similar characteristics, it is impor tant to establish alterna tive management
p rocesses"!1"1. 1121.

3.1.1. TYPE OF BODY PREPARATION PROCESS FOR POWDER PRESSING

In dry body prepara tion, the raw material for the body is dry milled in a
hammer mill or a pend u la r type of mill. The mixture is then wetted to 7-12% on a d ry
weigh t basis. ln th is last case, the g ranu lated mate ria l is dried to a moisture content
o f 6-7%.

In we t body preparation, the raw material of the body is wet milled in a ball mill by
mixing with water to a moistu re content of 42 %on a dry basis. Granulation subsequently
takes place using a spray-d rying process and the granulated ma terial is dried to a
mo isture con tent of 5-6%.

It can be observed tha t when a wet process is used, water consumption is abou t four
times higher than in the dry process. This means that the qua nt ity of wa ter employed,
which can be reu sed in the same bod y prepara tion process, is greater in the we t method
than in the dry meth od .

3.1.2. TYPE OF PLANT

Plant types involve those with a bod y preparation process, i.e., having a fu ll
man ufacturing cycle, and those wi thout a body prepa ration process, i.e., whose spray
d ried powder comes from an outsi de supplier.

In the case of a ceramic tile man ufactu re with a full manu factu ring cycle,
wastewate r manageme nt is easier, as all the arising wastewater can be reused in the body
preparation process.

In the second case, wastewater managem ent is limited. The recommended solution
is returning the wastewater to the milling and spray-d ry ing facility that supplies the
spray-d ried powder.

3.1.3. WO RKING ARRANGEMENTS

In every facto ry the vari ous sections can have different wo rking arrangements. The
sections that produce most wastewate r and whose working arra ngements can the refore
most affect wastewater management design are body preparation and spray drying, and
glaze prepa ration and application.

The working ar range ments of th e bod y preparat io n and sp ray dryi ng
sectio ns in flu ence the desi gn of th e was tewate r sto rage tan k, which must have
su fficien t ca paci ty to s to re a ll th e a ris ing was tewa ter when the sectio n is no t
ru n ning.

[5]. Br.x sc'o, A. ; ESCAIW lr-,O, A .; Bu s A.... rl, G .; M O....I'OIU, E.; Trutamientc de t'1Il:,iOllt'S saSt'l):;fl~ , ~t7l lt' lI1l's lI if ll il/os and res;I/lltlS !I I' /11
industriacvrmnica. Ed. AICE-ITC. ISBN:84-604·11t .J- I. Cas tel lon (Spain ), 1992.

16). BUS,\t\I, G.; PAL \ ll ):'\,ARI, c.; T IMElL.l!\ I, G., Pia~trdlt> ceromiche & Ambiente. Sassu olo (Italy), Ed i.cer; S.p ...l. 1995 .

112). AA.VV. La depu reziane delle acque nell'indu-triaceramica. Edi.ccr, Sassuolo (Italy ). 19!:1i.
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The work ing arra ngeme nts of the glaze preparation and applicati on section can
involve one, two or three daily shi fts. In the first and seco nd case, wastewater p roduction
will be greater becau se at the end of the d ay, all the ap plication systems need to be
cleaned.

3.1.4. SURFACE FINISH AND TYPE OF PRODUCT

Th e a p pe a ra nce o r su rface fin is h of the p rodu ct d eterm ines the ty pe a nd
n umber of g la ze app licat ions. The ap p lications u se d in fl ue nce wastewater
management, as the greate r th eir n umber, the larger w ill the a r is ing amount o f
water be .

3.1.5. NU M BER O F MODELS AND PERIOD OF UNINTERRU PTE D PRODUCTION

The number of models and period of uninterrupted p roduction affect the arising
amount of was tewater to be managed . The quantity of wastewater increases with each
change in model in production , as the glaz ing lines and glaze prepara tion mills need to
be thoroughly cleaned .

3.2. WATER USE AND REQUIREMENTS IN THE C ERAM IC TIL E
MANUFACTURING PROCESS

In all th e ceram ic tile manufacturing process stages, water pla ys a ve ry im portant
role with specific technologica l functions, in which it is used as a raw material or in
auxi lia ry fu nctio ns . Th is th erefore requires an alysing the manufacturing process,
determ in ing the stages in w hich water is used, its required characteri stics, an d whic h
stages p roduce wastewater.

The main uses and qualitative requirements of the water used in the p rocess are:

3.2.1. AS A RAW MATERIAL

Wate r is used for ceramic bod y preparation, glaze preparation and wetting the
bodies">:").

To prep are the body by a wet process, untreated wastewate r can be used, taking the
necessary precauti ons with regard to the risk of slip deflocculat ion p roblems. In dry
processes, wastewa ter can be used , wh ich has bee n treated by a phys ical process
(sett ling), to avoid clogging the nozzles of the wetting eq u ip me nt.

Clean water mu st be used in glaze slip prepar ation. If trea ted water IS used,
p roblems can arise as a resu lt of dissolved elements in the water.

The water used as a raw material does not crea te any wastewater emissions, as it is
evapo rated into the air in the va rious process stages: spray drying, d rying, glaz ing and
fi ring.

/51 · BL.l.SCO, A .; [ S("..\RDI'\\l , A.; B l "S.l.:-'II , G.; \.IO \i f OfO , E.; Tratamiento dt' emsione« gfl~t'(1~b. t'j1 IIt' lI tt'~ /{qllidll ~ and rl' s id lll lS de to
iudu- tria ccrdmica. Ed. Al e E-lYe. ISB0l :84~6(}.l· 1l 1 4 - 1. Caste llon (Spain). 1992.

16j. BLSA_'\I, G .; P.-\l\10'\ ARI, c.; T I\IELLl'\I. G ., Pia:::trt'lh' ceramicne o Ambiente. Sassuolo (Ital y ), Edi.cer; S.p .a. 1945.

Con - 107



ill QUAU 98 CASTEl l 6 1\ (SPAIN)

3.2.2. AS A HEAT EXCHANG E VEHICLE

Wate r pe rfor ms th is funct ion in cool ing press oil and compresso rs, etc. The water
used for this purpose mu st be clean and exhibit low hardness to prevent sca ling in the
heat excha nge rs.

Th e w ater used can recircul ate in closed circu its afte r simple coo ling and l or
clea n ing ope ra tions. Thu s, wa ter consu mptio n co rresponds to the amo unt of
eva porated water, and wastewat er is only produ ced on clea n ing the circu it, which
ca n then be incorp o rat ed in to the w as tewater fo r subseque n t rec ircu la tion or
tre atm en t.

3.2.3. AS A CLEAN ING AG ENT

Water is used to clean the facilities, especially mills and glazing lines, etc. Cleaning
wa ter consumption is quite variable.

This is the ope ration in which most wa ter is used and requires su itable managemen t
to achieve savings in a sca rce commodity and avoid waste. Water consu mption can be
red uced if the water is treated and reused several times in clean ing . Wastewater need s
adequate treatment to avoid smells.

3.2.4. AS PART OF A GAS SCRUBBING SYSTEM

Water is also used in gas scrubbers. In these sys tems wastewa ter can be used, which
has been treated by a simple physical procedure (sett ling with or without prior chem ical
treatmen t), and can be recirculated or trea ted agai n.

3.3. CHARACTERISTICS OF THE WASTEWATER ARIS ING IN THE
MANUFACTURING PROCESS

As set ou t ab ove, most wa stewater ari sing in the process comes from wa shi ng the
glaze preparation and a pplication sections'""! All the wastewater a rising in the
process is usu all y brought togethe r in a basin , thus prod ucing a sing le stream for each
plant.

Ho w eve r th e flo w ra te a nd ch a racte r is t ics of thi s s ing le s t re a m ca n vary
h ighl y ac ross t ime, es pec ia lly o w ing to ma nu al w ashing o pe ra t io ns (of an
in te r m itten t nature ), and th e w ide range of a p p lica tio ns tha t a re typi call y
used.

The arising wastewa ter in the process usu ally exhibits tu rbid ity and colour owi ng
to the very fine sus pended particles of glaze and clay mineral. From a chemical point of
view these are charac terised by the presence of:

Suspe nded solids : clays, frits rests, insolu ble silicates in general.

151. BL\ SCO. A.; ESCARlJIM). A.; Bus.o..I!. G.: \. fOt\ FORT, E.; Tratamicnto dt' l' l1t~ imll':' gll';CO.".l :' , rj7l1t" 'ft ''f. !(qllidos and rt'l' idlllt:' dt' In
indu stria cerdmica. Ed . AICE-ITC. ISBN:84--604-1 11-l-1. Castellon (Spain ), 1992.

161. Bc sA,'\a, G.: PA I.MO~A RI . C; T I \ IH .U ,\;I. G., Piastrelle cer amicue & Ambit'lI ft'. Sassuolo (Italy ), Edi .ce r; S.p .,]. 1995.
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Dissolved anions: sulphates. chlorides, fluorides, etc.

Dissolved or suspended heavy metals, mainly lead and zinc

Boron in more or less variable quantities.

iI QUAU 98

Traces of organic matter: screen-printing vehicles and glues used in glazi ng
operations.

The concentrations of these elements depend on the type and composition of the
g lazes used and of the water flow rat e.

Table 7 details the standa rd compositi on of untreated wastewater ari sing in ceramic
tile ma nufacturing facilit ies.

Substance Variation range Substance Variation range

pH 7-9 Ca lcium (rng/ l) 5-500

Suspended mat ter 1000-20000 Magnesium (rng/l ) 10-100
(rng/l)

Sett leable matter (rng/l) 5-30 Sodium (mgil) 50-SOl)

Chlo rides (mg/l) 100-700 Potassium (mg/l ) I-5 0

Sulphates (mgi l) 100- 1000 Aluminium (mgil) <2

Fluor ides (mg/l) <2 Silicon (mg/l) 5-30

CO D (mg. I) 100-400 Iron (mgl) <0.5

BODS (rng/l} 40-160 Zinc (mgh <2

Boron (mg/l) 1-60 Lead (mg/l ) <5

Ta ble 7. .\ ·k all chemical (lIU1[.II~i~ of untrea ted trustetrater.

3.4. BEST AVA ILA BLE TECHN IQUES (BAT) FOR PROCES S WASTEWATER
A RISING IN CERAM IC TILE MAN UFACTURE

In accordance with the available info rmation o n the typology of the
processes invol ved in ce ramic tile m a nu factu re , a nd characteristics of the
wa stewater arising in these p roce s se s, th e most suita b le systems for
comply ing w ith the limi ts o n water con sumption a n d water compone nt
co nce ntration s set in the CET Reco m m e nda t io n are reuse o f the w a te r
e mploye d in th e p ro cess and wastewa te r tr ea tm e nt, includin g in this la t te r
case a t leas t p hysico -chemica l treat me n t a nd bo ron removal by in ve rse
os m os is or io n e xcha nge" I. '· '· Ii Jl. " '.

(51. BU~o, A. ; ESC,),RDI'.:O, A.; B LSA" I, G ; ~ fO"FORT, E.; Tramniicntc dt' emsiane- ga.<;eo..as, l?{1ue1Ift... 1/;/llidt1" and Yt·..iil l/t l ~ iii' III
indu stria ceramica. Ed. A ICE- rrc. rSB:\':84--6Q.l- l ll-l-1. C<lstell()n (Spain ), 1992.

161. BL'S:\:'>.I, G ; P..... L~ IO' .-\ RI. c.;TI~ IELLI :\ I , G . Piastrt'llt'ceramicue [:r Ambit'/lt.... Sas suolo (I taly), Edi.ccr, S.p.a . 1Y45.
113). BLS....~ I, G.;T I \ l I'U .1 " r. G.; S....tv ....rom. S.; Zou, \ -1.; Ladt'I'IJra:iollt' del bow "elk acouc di -caricoda indu-tric ccranuchc: ,Ialuta: iolll'

tecnico economica I! St'~ t i fl llalt'. Ce r, Acta, 3(4-5 ). 33 (199 1).
[1-1. ). Bl'5....~ I, G.; TI\ IElU :\ r. G.; Boron removal ill ,mf'.!t'1.I'I1!t'" fTwn ceramic till! fac(orit'f'. . Ceram . Eng. & Sci. Proc.. 1-1. ( J-2), -1.57 ( 1993).
(15). B L....~·O, A.; Gr:\F5. E; J....RQLF, J.e.; ~ 10"" FORT. E.; A/fidcHl de ! mlgos rl'cidadils a composicioue-: de pm'imt'llfI1s mid r""t'still/icl/tns

ccrdmico« (fl. Tecruca Cerarnic a. 193. 470-483, (199 1).
[161· BL....5CO, A .; GI:\tS, F.; JARQLE, j .C; iI.IO,\,FORT, E.; A/fichhl de!mIS(l~ recictaaoe a co/llpo::.iciOllt'S de pm'il1lt"' ft1Sand rctvetimicnto«

ccm nuca« t tl ), Tecnica Cerarnica. 196, 578-585 . (199 1).
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3.4.1. OBJECTIVES AND SOLUTIONS

CASTELLO N (SPAIN)

Application of the best available techniques for treating the water ar ising in the
industrial tile manufactu ring process involves lowering wa ter consump tion and
achieving minimum wastewater em iss ion sI5LI15Llh'l.

O n ta ckl in g the problem o f tre atin g th e wa s te w ater a ri Sing in th e
manufacturing process, min imi sin g con sumpt ion is fun d am ental. To ach ieve
this redu cti on , the foll o win g pra cti cal co u rse s o f ac t io n can b e
im plemented :

Acting on the water circu it, install ing autom at ic valves that prevent leaks whe n
wa ter is no longer needed .

Insta llation of a high -pressu re sys tem in the plant for cleaning purposes.

Switch ing from cu rre nt we t cleani ng systems to a lte rnative, non- wa te r
consuming sys tems (cleaning by air suction, d ry gas cleaning, etc.)

Installation of "in situ" waste glaze collection sys tems.

Insta llation of slip piping sys tems .

Repeated reuse of the cleani ng wate r from the glaze sections afte r su itab le
treatment.

The optimum solu tion involves reusIng the anSIng wastewater In the same
producti on process!"! "!"'.

To determ ine the maximum am ou nt of reusab le wastewater in the plant, and design
such use, a wa ter balance mu st be drawn up setting ou t all the possible uses of
wastewater ".

Thu s, if the wastewat er is to be used in the body preparati on process, no
trea tmen t w ill in principle be required. A hom ogeni sing tank w ill just need to be
bu ilt to ens ure kee pi ng th e most cons iste n t poss ib le cha racte risti cs . If wa ter is to be
employed in clea ni ng th e fac ilit ies, wa ter qu ality w ill need to be h ig he r, so tha t
sett ling is need ed followed by ae ra ting, w ith o r w ithou t subsequen t chemica l
tr eatment to remo ve smells. Wh en all the possi b il iti es of reu se have been
exha us ted, excess wastewa te r sha ll be chem ica lly tr eated to co m p ly wi th legal
emission lim its.

Figu re 4 depicts a schematic of wastewater reuse in the we t body prepara tion
process.

[5). B LASCO, A. ; E SC AlW H\ O, A.; Bus'\ ~ l l, G.; t\ 10 '\l H ) Kl , E.; Tratamiento tit' ('m~iOlI('S gaSl'ostl :> . t'fl 11 t '1/ fl' s l1i / llhi(~ and ree id uo.. dt' III
i" dllstria cerdmica. Ed . AICE-lTC. lSB:\' :H4-6O-l·1114-1. Cas tellon (Spa in), 1992.

[151. BL \ SCO, A.; Crvrs. E; JARQl"E. J.e.; MO:-'< FORT. E.; Adicio n de Fmgos recictado« a ctlmposiciollt' s lit' 1'll l' i lll t'lI tos milt rt'l't'stimim tos
ceramicoe (I) . Tccnica Ccramica. 195. 47D-41i3. (199 1).

(161. BL \ SCO, A ; G I:\lt s, E ; ].o\RQ L'E. J.e.; .\·IO....FORT. E.; Adicicn de Fmgos rf cifll/l to.; If compoeicionc« de 1 1t1t ' imt'1lt(l~ and rl!7. 'r.' tim it'lll ll";
cerdmicoe f m . Tccnl ca Ccrdmica. 196, 578· 585, (199 1).
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3.4.2. SYSTEMS OF PROCESS WAST EWATER TR EATM ENT

Th e ma in wa stewater treatment systems in the cera mic tile man ufacturi ng process
are as follows:

Homogeni sation. Ho mogenisa tion tan ks a re used to obta in a cons istent
composition in the w ater to be trea ted, and sup press as far as possible problem s rela ting
to variations in the cons tituents . Using such tan ks y ields improvemen t in all subsequent
trea tments, as the res ulti ng ho moge ne ity facilitates cont rol of p roduct ad d itions an d
cons istency in the operat ing fac ilities .

Aeration. This is a physi ca l process th at is freq uen tly used in wa te r t reatme nt
for d iffe ren t p urposes, su ch as oxid at io n of the ma te ria ls to facili ta te su bseq ue n t
floccul a t ion, o xygena tion o f th e orga nic compou nd s prese nt in the was te wate r,
e lim ina ti ng sme lls, e tc. Ae rati ng eq u ip ment may in vo lve s u rfa ce s t ir re rs or
turbi nes.

Settli ng. This is the partia l separation of so lid particles in a liquid by g ravity. Th e re
are va rious types of se ttle rs: these may be rectan gu lar, roun d or la me llar.

Filt ra tion. Filtration involves the separa tion of suspended solids in a liqu id , by
putting the sus pe nsion th rough a porou s med iu m that retai ns the solid s an d allows the
liquid through. Th e types used in the cera mic ind ust ry a re in-depth filte rs, tilte rpresses,
and rota ting filte rs.

Active carbon absorption. Th is is based on car bo n's abil ity to fix organic molecu les

It'l l. Bl '"" I, G.; P-' I \1(" \RI, c.; T I\ l FU I \. I, G., PII/'o t rd/e (W I/ m id I<' [ .,. Ambi l" ,I ,'. Sassuolo (It<l ly ), Ed t.ccr , S.p .•l. IQ<.J5.
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at its su rface in water. This is a very suitable system for separating out non-biod egradable
organic subs tances.

Chemical precipitation. Thi s is a process for elimina ting different di ssolved
elements by preci p itation as inso luble compounds.

Coagulation and flocculation. The purpose of this treatm ent is to break up colloida l
suspens ions and produce pa rticle agg lome ration.

Ion exchange and inverse osmosis. These processes serve to remove boron from the
cleaning water coming from the glaze p repa ration and application sec tions .

4. BEST AVA ILABLE TECHNIQ UES FOR THE PREVENTION, REDUCTION AND
CLEANING O F WASTE ARISIN G IN CERAMIC TILE MANUFACTURE

4.1. POTENTI AL WASTES IN TH E CERAMIC TI LE MANUFACTURI NG INDUSTRY

In the ceramic tile manu facturing process ind ustrial wastes exh ibiting different
characteristics can be p roduced , depe nd ing on the p rocess stages involved, the
technolog y used and products madel' I.I'LI"I.

Poten tia l wastes are:

- Waste that can be incorporated in urban refuse (used o ffice materi als, refuse or
rubbish from compa ny kitchens and canteens, etc.).

- Packing and w rappi ng materi als, subject to the relevant lega l requ irements for
this type of waste.

- Ind ust rial wa ste common to many industrial processes (hea ting or hydrauli c oils,
etc.), whose d isposal is the ge neral one for this type of waste .

- Wastes arising in the cera mic tile productio n process, which are subject to special
examinat ion below.

4.2. WASTE SP ECIFICALLY ARISIN G IN THE CERAM IC TILE MANUFACTURING
PROCESS

4.2.1. UNFIRED WASTE (G REEN SC RAP)

Thi s waste arises in the stages prior to firing, i.e., non-processed raw materials,
or g reen materi als that were bro ken during or after forming, o r th at a re d efective.
These material s exh ibit the sa me composition as the bod y with variable am ounts of
g laze .

[51. BI..,\' ,(o , A .; ES(' .\ HPI \, U, A .; rlL:S.",\ I!. C. ; MO,\/FORI, E.; Trotanucnto tit' t'JII ~ i(l llt~ ~17.-;t't'''I1'' , (fIII I 'IIft',.. /ti/lIido... and rt"" ld l j l l~ de III
industriaccrdnnca. Ed. AICE-ITC. ISlt'\! :H-t-oO-t- l 11-1-1. Castellon {Spai n ), 1442.

161. Bv ;,.\ 'I, C.; PA I .\ll 1'\ -\ HI, c.;T IM F1.l J '\ 1, (; ., Pi ll :,tn '(k ceramichc [~ AIIINI'III t'. Sossuo lo (Italy ), Ed t.cer, S.p.a. 1445.
[171. .\ 10 ' I'O RI. E.; Ev urou r, J,E.; C; ·\ZL LL,\, \.LE; Br.x-co . A. ; Caraaeriiacion dt' r('",ilil/o" dt' III ind u-trui 1I:1./(';t'rIl. Tec n icn Cc-rdmica.

22·1.. 395-403 , (I 94·H
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These m ate ri a ls can u sua lly be easily reused in th e sa me p rod uc t ion p ro cess,
by incorp o rating them in the body compos itio n, so disposa l is gene rally no t
requi red .

4.2 .2. FIRED WASTE (FIRED SCRAP)

This wa ste ar ises after firing, e ithe r as a resul t of breakage, or because of reject ion
on not co mplying with specificatio n requ irements. Reuse is cu rre nt ly concen tra ted in
ce rta in bui lding products .

Th ese material s are gene ra lly inert but th eir use in the sa me production process is
relatively di fficult and not alway s sat isfacto ry, usuall y requiring at least one preliminary
milling. Possible uses a re as ine rt m aterials in p roducin g certa in bu ild ing prod ucts o r
di sposa l without any treatment.

4.2.3. WAST E FROl\1 GAS CLEAN ING

These wastes arc o bta ined in the va r io u s gas cl e ani ng sys te ms . Accord in g
to w h e the r the syste m in vo lve d is a wet o r dry on e, subsequent treatme nt w ill
be q ui te different , i. e . either direc t ly a s a dry so lid o r as a n aqu eou s
su SpenS I()I1 .

Most of the materi als o b ta ined in gas cleaning ca n be re used in bod y
p re para t io n as they gene ra lly co ns is t m ain ly o f matte r having th e sa me co mpositio n
as th e bod v.

In the case of ho t emissions, the widesp rea d usc of natura l gas has virtually do ne
away w ith emissions of sulphur co m pounds, so that o nly dust and fl uorine em iss io ns
have to be taken into accou nt.

Depend ing on th e fluori ne removal p roces s used, and in pa rticul ar the ad d itive
em p loy ed to capture flu orine. th e res ulting fluorine capture co m pou nds can be
incorporated w ith g rea te r or lesse r case in the body preparation stage.

4.2.4 . WAS T ES ARISING IN WAT ER T REATMENT (S LUDGES)

These wastes come fro m th e wastewater treatment facilities of th e wastewa ter
a rising in the process involved in clean ing g laze prepa ra tion and applica tion eq uipmen t.
These wastes will hereinafter be referred to as wastewa ter trea tment sludges or just as
sludges, regard less of their water content.

4.2.4.1. S LUDGE QUANTITY AND CO M PO SIT ION

The qu a n tity an d composition of these slu d ges va ry co ns iderab ly since, beside'S
arisin g in the different produ ction pro ce sses, a g rea t varie ty of raw mate rial s tends to
be used (d iffe re n t g lazes, frits, c tc.) eve n in the sa me facil ity, wh ich produ ce
s ig n ifica nt flu ctuat ions in sl udge composit io n . It is therefore no t possible to define a
s pec ific set of cha rac te ris tics for a ll the ari si ng s lud ge s, although va ria tio n ranges can
be set.
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These sludges are made up of glaze production waste, so that their standa rd
chemica l composition resembles that of a glaze .

Table 8 sets out the typical sludge compos ition vari ation ranges (in oxide percentage
of the corres pond ing element).

Substance Variation range

SiO, 40-60 %

AJ,O, 5-15 %

B,O, 0-10 %

Fc,O, 0.1-5%

eaO 5-15 %

MgO 0.5-3%

NazO 0.5-3%

K,O 0.5-3%

TiO.! 0-7%

ZoO 1-8%

Baa 0.1-3%

PbO 0.1-15%

z-o, 1-15%

Loss on igni tion 1-1 2%

TrIble 8. .\-f t' jllt :-/111(0,:(' chemical compos;th", (.l'tj,,).

4.2.4.2. BEST AVAILABLE TECH NIQUES (BAT) FOR TREATMENT OF THE WASTE
ARISING IN GLAZE PR EPARATION AN D APPLICATI ON IN CERAM IC
TI LE MANUFACTUR E

The recycling options for sludges produced in wastew ater trea tment are as follows:

4.2.4.2.1. RECYCLING IN THE RAW l\IATERIALS PREPARATION PROCESS

Recycling involves sludge reu se in the bodies as is the case wi th aqueous
sus pensions and sl ips containing ceramic materials, as set out in Section 3.4.1.

The qu antity of dry sludge produced in a ceramic tile facility ran ges from 0.09-0.15
kg /m' finished product, which, for a product with a body mass of 15-20 kg /m', involves
0.4-1.0% (kg d ry sludge / kg body).

The add ition of sludges produced in wa stewater treatment relative to the body's
raw materials is therefore around 0.4-1.0% on a dry basis, i.e., all the sludge arising on
treat ing the wastewater produced in the process can be reused in manufacturing glazed
tile.

O n th e ot her h an d , it ha s been fou nd th at 1'f" s lu d ge addition s, together
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wi t h th e wa stewater in th e bodies p repared fo r tile ma nufacture , d o not
ge n e ra l ly a ff e ct th e beh avi our of th e prod u cts duri n g t he produ ction
pro cess.

These sy stems ca n be eas ily implemen ted in fac ilities w ith raw materials
pre pa ra tion by w et mi lli ng, as th e s ludges can be di rectl y used w ithou t need in g any
subsequent t rea tment, or just s im ple physical o r physico- ch emica l tr eatment s, w ith
the ad d itio na l ad van tage of be ing ab le to use th e wa te r th at th ey co nta in as mil lin g
water. If a dry bod y p repara tion p ro cess is in volved, a lthough the slu d ge ad d it ion
is no prob lem , man agement is more com p lica ted as the s ludge needs to be dried
firs t.

Consequ e ntl y, b o th in te rms o f the ma ss balance a n d th e re s ulti ng ch a nge
In beha vi ou r, th e com p le te in corporat io n of s ludges in wet millin g p roce sse s
is te ch nica lly feas ib le and fac il i ta tes th e m ana g em en t of we t m i ll in g
processes, in w h ic h wa te r an d a q ueous s us pe nsio ns fro m cl eanin g o pe rat io ns
in th e g la ze pre para t io n a n d appl ic a tion sect io ns ca n be in co r p ora te d
toget her.

In th e case of we t p rocesses in w h ich the bo d y p reparat ion p la nt is a n
ind epend e nt facility, o r s tands se pa ra te fro m the tile produ ct ion facility, the slud ges
can be tran sported by road ma king sure th at there a re no sp ills; in th ese cases the
il q U COUS suspens io ns and sludges c a ll be transported by tankers or conveyed by
pipeline.

4.2.4.2.2. RECYCLING IN FRIT AND G LAZE M AN UFACT UR E

Th e sludges from wastewater treatment arc made u p of g laze waste from
p roduction, so that thei r reu se as glaze cons tituents would in pri ncipl e seem to be the
most su itable o ption. Moreover, fro m an econo mic poin t of view, it is the most
in te rest ing ce ra mic slud ge reu se option, as thi s allows considerably ra ising the va lue of
the sludge.

Th e use of slud ge in glaze manufacture can be set up by di rec tly reusing the sludge
or after put ting it through a fritt ing p rocess.

The main drawba ck in both processes is the con siderable heterogeneity ac ross time
of the sludge compositions, ow ing to the diversity of glazes usu ally found in produ ction
in most com pan ies, w hich la rgely cond itions the number of glazes that can be produced .
On the o ther ha nd these sludges canno t be the sole glaze const itue nt, but must be
cons idered additi ves.

The refore , altho ugh it ma y be a ve ry good so lu tion in some cases, the use
of these sludges in hit and gla ze m anu fa ctu re cannot be cons idered a gcneril l
so lu t io n .

4.2.4.2.3. SLUDGE REUS E AS AN AD D ITIVE IN OTHER PRODUCTS

Slu dges may be reused in othe r types of indust ries from the branch ge ne ra ting
them, as they 111 ay involve technically interesting or econom ica lly advan tageous
so lutions. In thi s se nse, ve ry sa tisfacto ry results ha ve been ob tai ned by usin g slud ge in
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brickmaking and producing expanded clay.

At present, g iven the rise in refractoriness of the glazes commonly used in cera mic
tloor and wa ll tile manufacture, sludge reu se in producing bu ilding prod uc ts does not
represent any substan tial advan tage.

With rega rd to the contributi on of tluxing consti tuen ts, as these sludges provide
no benefi ts, they find no read y acce ptance in these manu facturing processes. Moreove r,
for this to be a real opt ion, industr ial faci lities must be avai lab le for making these
prod uct s in an area close to ceramic tile manufa cture, which h igh ly con stra ins such
poss ib le reu se.
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ANNEX I

ENV IRONMENTA L RECOMMENDATION OF THE EUROPEAN CERAMIC TILE
MA NUFACTUR ERS' FEDERATI ON (CET)

The requirement limit s se t in the Environme ntal Recommend ation of the European
Ceramic Tile Manufactu rers' Federat ion (CET),) were adopted . in accorda nce wit h best
available techn iques (BAT), as lim its on emissions and waste arising in the ceramic tile
manu facturing process. The CET also recommends usin g EMAS (Environmental Audit
System) as a recogni sed system of Enviro nm ental Man agem ent with a view to improving
company env ironmental performance.

These limit s a re as follow s:

Air emissions

Process stage Poll uti OJ: substance Conce ntration Test method

Milling, Forming. etc. Part iculates ,, 100 mg/m' BS 3405

Spray drying Particulates :5:75 mg/rrr' BS 3405

Glazing Part iculates :$;20 rng/rrr' BS 3405

Firing (Kilns) Particulates :5:25 rng/m ' BS 3405

Firing (Knn, j Fluor ine ,, 10 mg IfFim' ( ' ) VOl guide 2286

'"' relative to 18'Y,. 0 ,
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CASTELLO\: (SrA I ~ )

Di scha rges

i! QUALI 98

Characteristics Concentration Test method

pH 5.5-9.5 NF T 90·008

Suspended solids s I00 rng I pr EN 870

COD $ 150 rngl US 6068 Sect ion 2.34

Boron $5 rngl DIN 38406 Part 22

Lead $0.5 mg/l DIN 38406 Part 22

Cadmium $0.1 mg/! DI:-I 38406 Part 22

Zinc ::;5 mg/l D1:\ 38406 Part n

Specific energy cons um ption:

,,12Gj / t; Total prima ry energy consump tion ((fuel oil, gas and electricity ) relative to
ceramic tile prod uction) divided by tota l prod uction turnover in a year.

Specific wate r cons umption :

,,30 litres of (non-recycled ) wa tc rZm: of prod uced product, over '1 period of a yea r.

Reuse rel ationship:

\Vilter: ~501 ' ; , wastewater recyc ling . over a period of a year.

CE RAMIC WAST E: .,30~~, recyclin g by weigh t (d ust, s ludge, scrap (fired and unfired );
includi ng recycling fired scrap in ot her bu ild ing products), over a period of a ye ar.
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