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1. ABSTRACT

Tile techno-scientific kllowlf<Ise (~f the ceramic tile production process, stud ied jrom all
cntnnn nnental poilll ojoieu: call reduce the amount of waste 10 Ierel« bclou:current olles. Besides,
il allows the re-llse of waleI', all optimized lise of ellergy and of raw materials, decreasing l1'asle
rolumes, and conscqucntiv lotocring costs , The routes that lead 10 tilt' cninronmcntal adjustment
are 1101 in trinsicnllu complicated, It requires plll/1IIillg 111ld orgnnizat ion of procedures .
establishment offcasi/lle goals, ident ification of the callses . III thi-. Willi the simplest prolJlcms are
solrcd firs I, fi.JlIowed /ly IllOre complex Olles, implementing corrective actions. Tile "Fir« Sleps
,'vfelhod" l1'as dcrclopcd and applied, /lased all methodically orgalli:ill g actions 10 achicrc tile
cnrironmcntal adjuetment, A seqllt'llce of procedllres, divided into f ive step», applied 10 a specifiC
indus tria! establishment , alloircd the defini tion of piioritics regordillg the point» that Ileeded 10 be
worked 0111, alice Ihey had /leell identified, through a grill'ily X f reqllt'l lcy nuurix. Two critical
point» were idcniijicd. 111'0 siSllijlca ll1 points, /1['0 point» u-ith "reduced effect", and 111'0 point«
tvitl: ntarginn! "effect: ", Tile critical point» were detected ill the glaze prepn rtitiou and drcorution
section and ill the decoration line. The "sigllificll/I I" point» weredetected ill th« kiln section and air
fil ler sys lem. For eaell of the-e points correction actions ll/Id controls lcere sllggesled and applied
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to decrease tire gelleratioll or solid wastes. TIle qual itatire and quantitatitc data ohtaincd H'ere
registered OIl forms specitrcally dere lcped for each or tirefire steps, guiding tire intplcmcniation of
correctirc actions. III thi« way, tire cnoironmentai aspects or tire production process ll'ere
documented. sllpplyillg a realistic positioll or tire studied illdllstry ill relation to tire elli'inJllmellt.
Tire "Fire Steps Metlrod" is a mallagemell t tool for colltillllOllS imprOl'emellt, Sllppl!lillg
information c1Ild gllidillg tire applicution of corrcctite measures.

2. INTROD UCT IO N

O ne of the strongest demands in an enterprise, in order to face a competitive market
and worried with the en vironmental as pects, is its environmental adjustmen t. To reach
this target planning and organization of procedures are needed, setting feas ible goa ls,
identifying the causes, at first looking to solve the simplest problems and im plement
corrective actions.

To accom plish the evaluation of environmental impacts of an enterprise it is important
to know the prod uction process and its peculiarities, so that the evaluation criteria to be
specified are compa tible with the risks and complexity of the appraised facilities. Thi s
knowledge can be acquired by means of detai led surveying of the p roduction sequence,
so that no in formation is left w itho ut being cons idered (FERRARI, 2000). This procedu re
is the sa me ado pted in an environme ntal audit for evalua tion of the series of Sta ndards
ISO 14.000 (BATALAS, 1996).

In this context, the methodology of the Five Steps was devel oped for environmental
adjustment, applied here in the evaluation of the ceramic tile producti on process, though
it cou ld equally be applied to an y other sector, after taking into account the specific
characters of each.

Thi s method is not en ough to ach ieve the en vironmental certification for the enterprise;
even so it preced es it. It constitu tes a management tool and gu ide toward con tinuous
improvement, because it records and organizes the da ta obtained on appropriate data
sheets for each step . The Five Steps Method will indicate an up to date position of the
enterp rise in relation to the environment, supplyin g da ta to map the production process,
from an env iro nmen tal po int of view. It will enable hierarch izing the prob lems related to
the wastes ge ne ra ted in the d ifferent stages rela tive to its po llutant effects . This
information will form the basis for the proposals of specific corrective actions for each
observed nonconformity, besides the follow-up of its efficiency, by means of the
comparison of the data obtained in the rou tine evaluations . The Five Steps Method for
environmental adaptation allows the company to accomplish the identification of the
env ironme nta l aspects, based on the applicable lega l requ irements, esta blish ing practic es
and procedures keeping in mind ceo -management an d pollution prevention.

3. METHO DO LOGY

The Five Steps Method for env ironm ental adjustment is a set of actio ns tha t facilita tes
the iden tification of the env iro nme ntal problems of an ind ustry. Following each one of the
steps it is possible to estab lish how the indust ry is po lluting, and ob tain information on
which places in the production p rocess are genera ting wastes. It allows iden tifying wh ich
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of these ge ne rate d an gerous w astes, th e amoun t of generat ed waste and, mainly, helps in
taking decisions to contro l an d decrease the env ironmental impacts of the enterp rise.
Figure I d isplays the organization of the meth od applied to an industry.

PLA'i:"l Ii\'G
DEF INITION OF THE GENERAL OBJECTIVE..

FIRST STEP
USING THE RECORD OF OCCURR ENCE SHEET. ALL THE PROBLEMS NOTICED IN THE STAGES OF

THE PRODUCTION PRO CESS WERE OBSERVED AN D SCORED. THE FREQUENCY OF THE PROBLEMS
OCCURRING AS WELL AS THEIR GRAVITY WER E ALSO RECORD ED..

SECO'l;D STEP
ORGANIZATION OF TH E PROBL EMS WRITIEN DOWN IN THE RECORDS OF OCCURRENCES SHEET.
THE SQUANDERING OF RAW MATERIALS WAS VERif IED. SAMPLING AND ANALYTIC ASSAYS OF

THE WAST ES WER E PLANNED. THE RESULTS OF EACH ASSAY IN THE ANALYTIC RECORDS SHE ET
FOR EA CH STAG E OF THE PROCESS WERE WR ITIEN DOWN AND , BASED ON TH ESE RESULTS, THE

GRAVITY OF THE PROBLE MS WAS DEFINED .

THI RD STEP
THE ENVIRONMENTAL IMPACT EVALUATION MATRIX WAS SET UP, BY WRITING DOWN THE

PRODUCT OF THE VALU ES OF FREQUENCY X THE VALUES OF GRAVITY FOR EACH STAGE OF THE
PRODUCTION PROCESS , ALLOWING THE CLAS SIFICATION OF THE POINTS OF GENERATION OF

WAS TES AS CRITICAL SIGNI FICANT REDUC ED OR MARGIN AL.

*
FOC RTI I STEP

BASED ON THE CLASSIFICATION OF THE POINT S OF GENERATION OF WAST ES (C RITICAL,
SIGNIFICANT, REDUC ED OR MARGINAL ) CORRECTive ACT IONS WERE DEFINED AND REGISTERED

ON THE CORRECTIVE ACTIONS SHEET FOR EACH STAGE.

,j,

FWfHSTEP
AFTER ONE MONTH OF CORRECTIVE ACT IONS HAD BEEN IMPLEMENTED A NEW EVALUATION

TOOK PLACE ALLOWING MEASU REMENT OF THE EFFICIENCY.

4. APPLICATION OF THE METHOD

-1 .1. PLA:-'::-': I:-':C

In order to achieve the enviro nmenta l ada pta tion of the indust ry the following ge neral
object ive was set : " to establ ish the upda ted position of the enterprise in rela tion to the
env iro nmen t." With the purpose of reaching it, ac tions were defined, organized in the five
steps establishing, for ea ch one , intermedia te objectives and targets.

Step 1: Id entifica tion of the po ints of genera tion of wast es
Step 2: Characteri zation of the w ast es

Step 3: Iden tifica tion of the pollution effect of each point
Step 4: Establishment of correc tive actions
Step 5: Follow-up

I'. GI - W;"
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With this, it was possib le to o rg anize the information and, a t the same time, to
document th e enviro nmental as p ec ts of each stage of th e p rodu ction p ro cess, back ing
up th e environ menta l co ntro l of the process for its continuous enviro n men ta l
impro vement.

4,2 FIRST STE P : ID EN TIF IC ATI O N OF THE PO INTS OF GENERATION OF WASTES

The objective of the first step was to id entifying the wastes ge nerated in ea ch s tage of
the p roduction p rocess, to surve y the enviro nmenta l aspects of the production process.
The observa tio ns were w ritte n down on the Records of Occurrence Sheet exemplified by
the figure 2.

RECORDS OF OCCURRENCE SHEET :-;" 08

CO~IPA~Y, 0 1-25/01
ADDRESS, XX XXXX

RESPOSSIBLEFOR THE EVALUATIO~: Paulo Miranda ISigna ture: ~ I
DATE, 03-07-2001 IHO UR, 1:45p m

SECTIO~, Silkscreen
STAGE: Decoration line I
SEmON S ENCHARGED, XXXXX
PROD UCT I~AME OR CODE), XXXXXX

TYPE OF GENERATED RESIDt: E IX ) S lID II I X l lIQUID I I ) GASEO US

DESCRIPTIO~ OF OBSERVED OCCURRENCES

• It was noticed, over the whole extens ion of the decoration line,
misalignments and differences among adjacent
segments of belts . The accentuated differences, with di fferent speeds
among aside segments, occasionally causes fall of pieces, especially in
the curves.

• At the stage of glaze application it was verified that the applied
ma terial was d rippi ng over the belts and falling on the fl oor, besides
dirtying the inferior surface of the pieces, facilitating the impregnati on
of the belts and / or becoming att ached to the kiln rolls.

• The liquid eftl uen t generated by the equipment s wash and the solid
residues generated by broken pieces are drained to the same
canal, increasing, this way, the volume of solid residues.

Figure 2: Record of OCc/{J'rcllccs Sheetfor rL'gistratioll (~f environmental irrl'glflarities end t~f other importallt aspects.

Using the Records of Occurrence Sheet (iigure 2) the non-conformities were logged ,
from an en viro nmental point of view, of each stage of the production process, organized
in tabl es 1 and 2.

Thi s informati on, scored in the Records of Occu rrence Shee t, e labora ted for each s tage
of the p roduction process, laid the basis for the definition of the evaluatio n parameters
rel ati ve to the frequency and grav ity of each occurrence . It co n tr ib u ted to the
es tablish men t of criteria to take decisions for the implementati on of co rrec tive actions and
con tro l of losses, as well as in the elaboration of a sampling pl anning for th e
characterization of the was tes.
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~"AGES OF
T ill-:

PROCF~~'i

Pro\ i~ioninl! of
the Silo"

Si lo<;

fklt tn pre«

SIt't'\{' Filter
S~ ..te rn

O BSE RVATlO:,\S

Du ring the discharge ot the ce ramic masv to !> uppl~ the
.il o- . the ge n<" r.)(ion of particulate material in ..ignifi-:ant
amo unts occ urc. larj::d y due to block ages. The cau"L' of
these blod .a g.... c..n be the formation of cru ..ts of raw
mate rials in the inte rnal .... alh uf the {;tn" ~li the- truck and
in the no.." .. tha I go 10 the ..i lo-. due 10 eventual hum idity
incrc.ocs in the rna".

In the internal .... a lb of the ~i l o~ incru- ted material ca n
form. The removal of thl' material trom the imcrna l .... all
uf the ..ilo.. o:..n ccne rate .... a~ le . .... hrch .... ill be discarded in
older o pen pn dol) mine .

Generation 01 \ c~ fmc particulate marena l

The ,),t..:m oi captu re ot the duvt paruclc.. gene rated
during pfl: ~ ", i n ¥ o f the plel'e, i" e tucte nt. tho ugh the
collected mat er ial i-, di scarded In o ld m ining s ites.
toce tber with other materials . not bei na re-used. thu..
gl:-;'eraling rOllUli~n not on l) in co lkl·ting: but also dur ing
tran-portation and ill final dieno..inon

i! QUALI

G RAVITY and FREQ UL" CY

Co nce rmoc gT3\'lI Y. It \\ .h
considered tha t then.' is mod erate
generation of \\ a_Ie"..... hi...h can
be r cc y cl cd . C on c c r n i ng
frequency. it .... a .. observed th 1 u
l~cur .. somenme-, ill rh...cnu r e of
the orocc ....
xt od eratc gene ration 0 1 .... a'h." .
wh ich w ould no t be rc-u-cd .......,
fou nd Th o:' ob-crvcd trcqucncy
.....1' con cide re d to only occur
-omenmes durin a the a.:li\ ill': ' of
the oroducnon N~li,-e~,
With repard 10 gravrtv. duri ng Ih l'>
-tagc it .... a ' verified. that a ..ma ll
generauon of dusr occurv. Wifh
re ga rd to t rcqu c nc v it r -,

considered to happen permanent ly
after minaunc l.ho:' acnvnv.

It was ob cer ve d th..t the re h

moderate go:' no:'r3tion ot wa- tc- .
occurring ~<: , <:r31 l ime .. In tho:
course of the produc tion pnxe".

2002

,
The was te.. of the ..ieve d o.... 10 the pre .....:, arc pic ked up
in a wheelbarrow 311d discarded \\ uh the oth er W3..rev.

The ge ne rat ion of
was con side red
happ en ing severa l
the process

the-e \\ a_I",_
\\ o rt bte s «.

urne-, dur ing

Kiln
Due to mi salipnme nt .11 the hel l> breakage o f unfi red
piece, oc curred, considered ;1, non -tox ic was tes. during
the na n..port .

In thi s vtage. it W;1 ;; noticed tha i
there is mo de ra te gene rat ion of
wastes. With regurd to frequency.
it wa .. not iced Ihal it hap pened
several limes in the cour..c 01 the
nroc css.

T abivL : OrSlllli: l1tioll l~f tilt' ob~L'r..'atiOlI~ /[(l ted ill the rt'(ord~ l~f O(ClIrrc"Ct'~ elaboratedIll/" cad; :,taSi' (~f tIlt' p 'OCt':<:< (~r

call1l/ ic tilt' I'roducthm.

STAG ES O F
THE

PROCE..";S

Pn-paration of
inl..~ ,m d ldaL t'~

Un ·o..at ion line

O BSE RVATIOSS

f he .....h hing 01 the mil)" h.J.ppcn.. ilfter ea..-h
l:han~", of co lo ur of the dccor<lt ion ma~ ...
gencr.J.ting 1i4uid d tlucnl;; and ~olid wa'IC, with
pre.....nce,ot to "il' 01,,' 1;.1 ].,. .
The prm i;;io ning 0 1 Ihe dee or al it.>n line S w ilh
pa~lc , and \·n:;:ob<:' i, m ade h) ' -eS' el , with
a~iw.liun equi pment _The' tran;;portalion 01 thc-.e
'I:~,d, ,,·au'e· <,, \enilla! ~r>i ! 1<..

Tha e .... ere n.l!lced. In thc v.hole e:\ten~ ion uf
(he d":C'lf;ltio n hni.". hei ght dJikrcn..:c, <lmon~ Ihl:
hell;; .>nd m i~alignment amo ng the sq:m..-nl~ of
adj...:ent he lh. The a,x entu ated differences. \\ ith
J ifkrl:nl ~re",d~ am on£: Ihe ~egmcms cau ~ed

P'c,' ,:, It) fall. e ' pt'..- iall) in Ihe ("unes.
In the e:lgolle .lpplic.:it ion ,tage. it \\a~ 'erifi..-J
Ihat lhe applied mat eri a l v. a~ dnppmg: o'er Ihl:
be lh. ta ilin g on the Iloor. bo:..idc, di rt~ in~ th.:
bo ttom part 01 th..- p : o: ":c~ . '0 th..t it l:llll lJ
impregnat..- tho:b.:lh and the I.. iln rulk n
Th.: liqu id eilluenl and the -.oliJ .... a.te~ gcn..-r.J.t..-d
b) tne wa, hing 01 til'" equipmem are ca ptured
b) Ih...d r3ina ge ca nal. C0nlamin.:l ling brok o:' n
pi.:.:.:, tnu.. in.:rl:.J...ing tn", \ o lume (If w3ste~ .

Th..-re i ~ n.)[ a ;;Y"lem to collect the ;; p l a ~he .. o \ er
th..: .... huk l' 'lten, ion I,f Ihe transporta tIon bel t
Ih..1 nth , the J.pr licat inn cabin. nor a prouct ion
,) , lem on drain.lge ca nal.. h1 a\ll ld Ihc cmran..:e
lu Ih..: ..) ..t<-,In l)f Irt'allnent of liqUid efl1uems 01
bro k.:n d.:.:or<lfed pll:"'c"
It was sti ll ob~"-f\cd tha t the \,,:....... 1'> with I:ngnhe
.md p<l..tcs fLlr pru\ i~ iunin~ th\' den 'ratinn line
b.:camc o\'crli Jlcd. rad li l a t i n~ mal.:ria l ..pill".

G RAVITY is f REQl"ES C Y

The ob....:n eJ gra" it) v.a.. th ai
Ihere i.. ~qu a lllkrin g {.f rav.
maurial. happening -.e\er aJ lim""
in th o:' ....oul"e or the proco:ss.

In e3c h one of the"e oll..en'illlon ,
there i" ra.... material ..quandc-ring
Con;;i do:'ring thai the dc-eo ral ion
line IS a <: llm lnu ous a.:lI\ It). II
\\ a.. .:onsid..-rcd th..t Ihe llll..en c-d
n on -c o nform i l i.:, happe n
p..-rmanentl) ..h cr ",t<l rl m ;: Ihe
produ ct ion al:tl \ itics.

TaMe 2: Or~l1Iri:at iolJ l :{ tllt' ()b_~en. 'ati()l1~ rc:;i:,tacd ill fli t' O CCllrrt' HC(' S"cct t'lalJoratcdItlr clIe" ~tagt' ( ~f flit' Frn(t':;;.~ (~r

Ceramic tile:;; pr(ldlictitlli. (Cmtill1w tioll t~f the taMe 1)
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4.3 SECON D STEP: CHA RACTERIZATION OF THE WASTES

The objective of this step was to characterize solid wastes and liquid efflue nts
ge ne rated in di fferent sta ges of the production p roce ss, and compare to the va lues
es tablished bv the legislat ion concern ing the concentration of toxic metals . The obtained
results abov~ the legislat ion (SAO PAULO, 1976; ASSOClAc;:AO BRASlLEIRA DE
NO RMAS TECNICAS, ABNT NBR 1004, 1995) were organized in the Analytic Records
Sheet, accord ing to figure 3. It shows qua ntitative data, the evaluation pa ram eters
conce rn ing the grav ity related to these w astes, complementing the in form at ion of the
occu rrence records.

ANALYfIC RECORD SHEET x -, 01

CO~I PANY: 0 1-23/ 01 DATE, 03-16-2001

Respo nsible for evaluatio n: KMia Ferrari Signature: JJt:r:: Hour: 2:30 pm

TYPE OF ESTABLISHED
STAGE RESIDUE ,

MAXIMU~1 OBSERVATIONS
ASSEY VALUES VALUES

Process

~ scraping FRX 7+11 mg.kg -r 1000 mg.kg' lead:::;
c
<r.

"~ Wash
"

<r.
0 C of the line AA 0,6 mg.L" 0.3 mg .L" lead

.~ s- CI
0 :::;
u

"0 <r.

'"::;<r.
-e
c

Figllre 3: Allalytic Record Sheet for orgenizntion wi d da~5~fjcatioJ1 of tilt' u'a~tc5 according to legislatiol/.

4.4 TH IRD STEP: IDENTIFICATIO N OF TH E PO l l UTA:--.'T EFFECT OF EACH STAGE

The objective of this third step was to establi sh an order of pri ority to the points of
ge ne ration of wastes of each stage of the production process.

The hierarchy of the waste gen eration po ints was found after the definition of the
pollutant effect of each one of these points. The pollutant effect was defined relating the
freque ncy which the problems happen (table 3) with the gravity of these problems (table 4).

welaht Description

5 It happens permanently whe n initiate the ac tivity.

.t It will happen several times in the course of the process.
3 II will sometimes happen in the course of the process.
2 lt is not e x-peeled to happen during the proce ss (although there is so me poss ibility ).

I lt can be assumed that it wo n't happen during the process.

So urce: (FERRARI ct al.. 1999 )

Table 3: Frt'qut'1l cy levels or probability of oceurn' lIce of Ilegatii.'c cnrircvnnentnl innutcts.

P. (; 1 - 110
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I Weight Description I
Co ncentratio ns of toxic metals a great deal abo ve the max imum limits established by
lcuislation / notable squander of Taw mate rials.
Squander of raw materials ! concentratio ns of toxic metals a litt le above the maxim um limits
esta blished bv legislation.
Moderate generation of wastes .I Concentrations of tox ic met als abou t the max imum lim its
establis hed bv the lccislation.
Concentrat ions of tox ic metals below the max im um lim its es tab lished by the legis lation I
negl igible generation of wastes I Re-use of the wastes .

Source : (FERRARI ct al.. 1999\

Table 4: CateSlJr ie::; I..:fgrili-'ify of the Il cg l1t il 't' enrironmcn tnl iHlpl1d~.

Figure 4: R.isk A11lf rix

C ravitv

5

1 : 2 : 3 : 4x

5

4
3

2
1

50urn'-t~IOCRA, 1998)

To define the pollutant effect one
should mu ltiply the weigh t of the
frequency by th e weight o f the
grav ity ca tegory a ttribu ted to th e
sa me waste th at is being evaluated.
The Risk Matri x (MOURA, 1998 )
presented at figure 4 relates the
frequency weights to grav ity
weigh ts.

The prod u ct , obta ined by the
mul tipli cation of th e weight of the
frequency by the w eig h t of the
grav ity, w ill in d ica te one of the four classifications for the pollutant effect:

Critica l effect: equal or superior to 9 points

Significant effect: inferior to 9 and superior to 6 points
Reduced effect: equal or in ferior to 6 and equal or su p erio r to 4 points

Marginal effect: inferior to 4 points

Figure 5: Si11llflatitlll of the usc of the Risk Alatrix .f(Jr olltaillillg tire
polllltent l:(fl'ct ill aoreemcnt 11'ith the llppnlache~ ':;INL1~.6cd for the

II' ~ 'el5 (~f Frei] II t'II C!llllld (~f Crarit v

2

Gravity

1

x
Co nsidering a stage where ra w

material squ ander occurs (a ttribu ted
gravity wi th weigh t 3), several times
in the cou rs e of the process
(attributed frequency w ith weight
3). App lying these weig hts to the
Risk Ma tri x g ives the
characterization of a pollutant effect
classified as Critical (value 9), as illustrated by the figure 5:

As an exam p le the determination
of the pollu tan t effect is presented,
ba sed on the levels of Frequency and
Gravity using the Risk Matri x:

Applying the es tablished criteria to gravit y and frequency in th e Enviro nm en tal
Impacts Evalu ati on Matrix for the evaluation of the process of production of ceramic
tiles, based on the notes registered on the Occ urrences Sheet and on the Analytic Records
Sheet, y ields th e classification of the stages concerning the pollutant effect, as presented
in the table 5.

P. GI-l 11
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ST,HiES OF
T HE I' ROC ES-I;j

EVALL\T IO:\ ,GRAVITY X FREQUJIrriCn

CASTEU O:\ (SPAI:\)

PRo n UCT C1.ASSIFICAT IO:\

Provtstont ng of
the Silos

Silos

Belt to Pre ss

Sh'ne ril ter
Slsle m

Kilns

Pre pa rati on of
lnks a nd
glazi ngs

Moderate gcnerauon (11' wavte-, (weight 21. that can he

re-used. hap pening -o menmes in the cou rse of tho:'
l\J<: e-,~ I...e i rh t 3 )

Moderate genera tio n of wastes (we ight 2 ). however it is
not expected to occur along the process (although there
is some ooss ibilirvs. twetahr 2 \.
Worth less generation of wastes (vel'}' fine panicles)
(weight I). happening permanently once initiated the
ectivitv twei eht 5 )
Mode rate ge nera tion o f wa stes [weight 2,1. happening
severa l time s in the cou rse of the rrroccsv Cwciu ht -t)
Wort hle" genera tion of ....avtev [w eig ht I). happen ing
-cveraltimcvdun ne the nro,;:c, . ' ....cil!ht -t l
Moo c rarc generation of ....ustcs (weight 2) that happen.
several rimes in the course of the uroc css Iwci ehr -t).
Squander of raw materials. presenting co nce ntrations of
to xic metals a lit tle abo ve the maximum limite
established by legislation. (Weight 3). happen ing
several times in the cou rse o f the erocess Iwei cht -1- l.

, Red uced H fed

• Marginal EtTeC!

5 Red uced Effec t

, Significant Effed

, ~1arg inal Elfe <:!

8 Significant Effect

" Critical Effect

Decor ation line

Squander of raw materi als. presenting concentrations of
toxic metals a litt le abov e the ma xim um limits
establis hed by legislation. rw eighr 3). ha ppening
ocrmanc nu v once ini tia te the activity rwciehr 5 ).

15 Critical Effect

Table 5: Classificatioll {~f the stages of the process of production of ceramic tiles relntitx to the pollutant {'fl eet. I'stal1/islled
accenting to the graI'ity data end obsen 'ed frcqlle//{"y-

Organizing thi s inform ation in the En vironmen tal Im pacts Eva luation Matrix (figure
6) gives the ranking of the point s of generation of was tes . It w ill su pply an environmental
mapping of the production process according to the classification of each stage
cons id ering the degree of contribution of its pollu tant effect: cri tical, significant, reduced
or marginal (FERRARI et al., 1999). In th is way it will provide the basis for specific
correc tive ac tions for each observed nonconfor mity.

E:"JVIRONMENTAL 1:l.-1PACT S EVALUATION :\tATRIX ~"' OO I
I

CO'drA~Y: CT l-25 /0l I

ADDRESS: xxxxxxxxxx
RESPO:\ S18LE FOR TH E E\'ALUATlO~: Pau lo Miranda and Karia Ferr ari Sigo~tu re: ~ J<IL:::... .....
DATE: 03-20-200 1 HOL'R: 3J'O pm

ENVIRONMENTAL RESIDUES II EFFE Cr S
PARAMETERS LIQUID GA SEOU S SO LID CLASSIFICATION

•w
z

,
z • • 0

Q w 0 w a- s: , w• • , • 0 "z - 0 , a •w
~ e 0 w ,• " • " 0 ...•, w : 0 • " C ..• • 0 , w W

a - w " 0 0 U Z
z z 0 "

z

"" • • " ~
w « ::l

STAGES OF THE s 0 0 > 0 0 C '"0 sa ffi • z z W ..
PROCESS 0 0 0 -c • 0

0 • - > 0 0 z '" :l!

PROVISIONING OF THE SILOS 6 6 X

SILOS • • X

BELTS TOTHE PRESSES 5 5 X

SLEEVE FILTER PRESSES 8 8

PRESSES • X

STOVES 8

PREPARATIONOF COLORS AN
12 12GLAZES

oeCORATION UN E 15 15

Figu re 6: Ennronmenmt lmpact« Etaluation .'\:fafr ix .
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L i FO URTH STEP: ESTABLISHME", T OF CO RRECTIVE ACTIO",S

In the fourth step, the objec tive was establishing corrective act ions to a ttenuate the
pollu tant e ffect identified in each sta ge of the prod ucti on process, to decrease the
squander of raw materi als . Figure 7 presents the proposed Corrective Actions Sheet.

In this Sheet the observed en vironmenta l problems and the ind ication of the cor rectives
actions were described so they cou ld be implemented in the p roduction process. These
actions were based on the information acquired in ea ch one of the p revio us steps, mainly,
the information on the hierarchy an d the classification of the pollutant effects of each stage.

CORRECTIVE ACTIONS SHEET

I O -H E OVl "Illl.ll- -
Rnpon~ib l , for th ..ulu.ltion: Paulo ~tirand .:l and Kdtia Perre n ISign.lturr.~ Il . Ho ur. 4:11(1 a m

STACE O BSER\'ED PR0 8 LEMS ,\~ (J THE CORRECTIYE .o\CTIO'S

1. Correct dif ferences and mtsaltenments and adiust the soeed ..
among me -camcm-, ot t tw reus ( It me w o e procucnu n mt';

2. Adiust theflow of pro visioning of the en zobe :
1. Create 01 pro tection tor 1111' d rama ' 10' canals to avoid entrance III

dec ora ted nrcxen pieces

. Define and monrtora maximum len ' [ tor the provts tor ung ot the

Decoration line
vessels. in way to avo! materia l spill;

:'J. Articu a te wrlh trw ~ .lI.l' enc In k. su pp icrs tne prod uction III m.nc n.i ..
W HO lO W teau grdUl'S- - -- - - -

I"ISlfrt' i: Clrrcdii:'t' .4" /;011:' Sllt'( 't for dt'.;,cr ip till1l l~r the lJl':,t'rt ,t'd t'1H'irollmt'll tal problem.:. lllll i tJz t' indication ( ~f the
((lrrcef;;:'!' .1(/;(1/1';'.

Table 6 presents a sy n thesis of the corrective actions suggested for the stages of the
production p rocess wi th the respective ef fect clas sification: critica l, significant and
reduced .

P()LLUT"~"

EFn:cr CO R NU ,IIVE ACTIO:'\S

' .
t.rtncal l.'ITN:h

I. ln- rallauon of an au tom...tic clo -c-d circu u '~ ..tern lor the su pply of th.. d....:llrJliun 110"-,
Definition. for each mill . 01 01 ~ 1 ..,..• IUII",·m . .... uh the addi tion of cok.urin!! m...nc r..... 11c·r
mi lling. d tn:..:tly in the rcdric-nr-, th.u prov r-son Ih.. lm .....limin.iling the " OI ..hmg of thc
mi ll,

t . Correct d iffe re nee ' ..nd rru-,...lignn"·n,, .lIId adju..t the 'P<"..d .. among th..' .....!=ffi<."nl.. uf
th.... belt-, of the w ho le prt lllud tl.n ltnc ,

-I Adjucrth.... [Iow o f pmv r..i. 'nJTl~ ot th..• engobc:
In..tall ation of "big bog-," under th..· .....bm-, 01 application of enamel- , lur ing II'> ....;l,h 10
order to catch the so lid .... .1. , 1c·,
Dcfin...· and monnor a 1lI00\lmWn leve l fo r the provi-ioning o f Ih c 'e"...·h. 10 .... a~ til

avoid ma tenul ;,pill:
7. Artic ulate wilh rh.. gl aze OI n..1 ink ,uppllcr'> the productio n o f m.ucnal-, .... uh luw I..·ad

e rade
I.

Si~nificanl

(' ITl.'CI..

Im pl•.m f a n:co\CI) "~'lem " I rh..· "'f) 11Il.. mate ria l capt ur..d h~ the ,k~'''~' lilt..-r-, ttl hl'
incorporate 1Tl the ccrurmc Ill,.....:

_ . ,\ dJU..1 the mis<l]jgnmen l' .11 thc· 1x·1t, an J fa ble a fte r the kil n. Incorp or.uc tn the
ccr.muc rna",. the uen..rat....1 .... OI,t.· re vuha nt o f the Ialhnc o f nieces.

Nl'd UH'd
dr{,l·t~

1.

,'.

Improve the ma intenance III the h."..·, 01 pro vi sio ning o f the ,i lo - to i ...l ": llI i f~ and to
eliminate the kJ J... po int ..:

Projec t a co nfine ment 'y ..tc lll lor till' ht:1t.. that k ..d the pn: ...... ' .
Proj ~· C! ..y..t...m of r"'~'tl \ ' ..· r~ ' 0 / till' \'t"f~ (lil t" ffiotter ial <:olk<: led in th • , kn ..·, . ill th<.'
pr m i_ill ning o f th .. , illl" ;ulll in th.· I'oclt .. of pro\ i..io nin g o f the pre · ' . til 01 11,, \\ th,.t
the 1I.·..:o \'ef...d mat ..ria l c an he inl'IlTJ"lr' lk'd tlllh..:m il lin!" system. o r o ff..rc.! f" r ...tlc

"{l ,/Iit' 6: Sylltflt':.- i:.- (~r flte (( Irl't'cth:'c IIcfillll:' sl/SSt':,tcd ./(' " l'ach .:. fase l ~f the produ ct io ll I'nl (( '~~ il'itli If/ t ' 11\ '// lI fll llt t:(fi:cf
d ll.;, .;,Uicllfil1l1: Cr itiOl f. Si.~ II UICl7ll f /l lld Reduced.
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The first corrective actions implem en ted looked for to so lve the simplest and low cos t
problems, this way ach ieving improvement result s and contributin g to decrease some of
the effects ini tially classified, as significant or critical.

4.6 FIFrH STEP: FOLLOW-UP

In sea rch of the continuous improvement of the enviro nmental quality of the
production process the last step had as objective to verify the efficiency of the actions
implemen ted . It is aimed to reach continuous improvement of the environmental qual ity
of the production process and keep actualized the position of the en terpri se in relation to
the environment. The follow-up was accomplished by comparing the data scored in the
firs t eva lua tion with the data obtained by the seco nd ev aluation, performed one month
af ter the proposed actions implantation. Table 7 presents the results of the correct ive
ac tions applied to the sta ges classified as crit ical.

STAGES OF
CORRECTI VE ACT IONS IMP LEM ENTED RESULT

TilE PRO CESS

Preparat io n of · Definit ion. for each mil l. of a gla.lc pauc m. with add ition Average reduction of 50 <:;

inks und gta zin gs
of colouring matter s after milling dirl'c ily in the vessels of the ..ol id wa st e ...
thai supplv the line, elimi nutin u ..orne wash ifll!: of the mills cenerated in thi.... lace

· Definit ion an d moni tor ing a ma ximum leve l fo r l hl"

pro visionin g uf the vesse l... avo iding mate rial spillin g :

· Adjustment of the glaze application flow and adaptation of
eq u ipment to co llect the exces-, o f glu ze. avo id ing Av e ra ge 90 k g/ d ay

Dcconuion line
-q uandcr. recovery and re -use o f

· In..tallation of "big bag" under the cab in-, of application of synthet ic raw rnutc ria l
enamels durin g its wash: (g lazes and in!.. ,)

· Correc tion of heigh t differences and micalig nme nt-, o f
hclt, and adju stmen t of the bel t-, - pced- of coeriguo u-,
bclt-, -cerrcru..over the whole product ion line.

-rIlNe 7: Results of t1:(' corrccmv Ildil1ll5 applied ill f lI t' Mages cJtl5s~fied tlS critical ptllllltmlt li feet, j'erified after 01/ t' mOiltit
I~ftt'r implementation of ilctitms.

The resu lts of the correct ive actions in these stages were reflected in a 70% d ecrease of
the total solid waste genera ted by the production process in the first month of follow-up,
tending to increase the performance as other acti ons, now under planning stud ies, are
implemented .

5. FINAL CO NSIDERATIONS

The Five Steps Method, developed and appl ied for the ceramic ind ust ry, by mean s of
its data sheets, de monstrated to be a me thod of easy ap plication, w ithout need of high
inv estments.

This method promotes a complete and integrated evaluation of the prod uct ion process,
facilitating the es tablishment of corrective actions for the env iro nmen tal adapta tion,
followed by the verification of the efficie ncv of these actions bv mean s of a continuous
follow-up. 'besides p romoting cha nges in the p roduction process. correcting losses and
avo idi ng squa nde r, consequently, REDUCING COSTS.

These measures will make the enterp rise more compe titive, becau se they have in m ind
the conce pt of pollu tion prevent ion.
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