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The re are con si de ra bly high num bers of pro ducts, trans por -
ta tion ve hic les, pac ka ges and wa ste ma te rials re le ased in con -
nec tion with the pro ces ses ta king pla ce in sup ply cha in ma -
na ge ment. The ir back flows must be pro vi ded as far as the
or ga ni za tio nal, in for ma tion, com mu ni ca tion and fi nan cial
aspects are con cer ned, and the ma ni pu la tion, sto ra ge and trans -
por ta tion aspects up to the ir di sman tling, se pa ra tion, re wor -
king with the aim of re sa le, re cyc ling or di spo sal must be se -
cu red as well [1].

The ma in re ason is the con su mers  ́be ha vio ur in the „ad van -
ced” we stern world – the pro ducts ha ve shor ter and shor ter
li fe span or the de si re to be „in” will, for exam ple in ca se of tech -
ni cal in com pa ti bi li ty of com pu ters, for ce the con su mers to put
the pro ducts among use less junk.

That is why the lo gi stics ap pro ach expan ded, in c lu ding the
back flows, and the term re ver se lo gi stics was in tro du ced. The
col lec tion, clas si fi ca tion, di sas sem bly and pro ces sing of the used
pro ducts, com po nents, si de pro ducts, su per flu ous stock and pac -
ka ging ma te rial re pre sent the ma in sco pe of re ver se lo gi stics.
The ma in ob jec ti ve of this me thod is to se cu re the ir new use
or ma te rial ap pre cia tion in a way which wo uld be envi ron ment
frien dly and in te re sting from the eco no mic po int of view [2].

The au thors are in te re sted in the used pro ducts (end of use
re turns). From the po int of view of re ver se lo gi stics pro ces -
ses, the at ten tion is fo cu sed on the ir sor ting and pro ces sing,
in par ti cu lar, on the sug ge sted me tho do lo gy for ana ly sis and
eva lu ation of sor ting and pro ces sing lo gi stics of used pro ducts
in ca se of wa ste pro ces sing com pa nies.

Me tho do lo gy for ana ly sis and eva lu ation of sor ting 
and pro ces sing lo gi stics of used pro ducts

The sug ge sted me tho do lo gy ob jec ti ve is to ana ly se and eva -
lu ate the cur rent sta te of sor ting and pro ces sing pro ces ses with
re gards to used pro ducts from the po int of view of lo gi stics,
to de fi ne the ma in pro blems in this area, and to sug gest the
ba sic me asu res le ading to the ir eli mi na tion, i. e. le ading to in -
cre ased ca pa ci ty of the re se ar ched pro ces ses. 

The me tho do lo gy can be di vi dend in to two sta ges:
1.En try ana ly sis of the sor ting and pro ces sing pro ces ses of used

pro ducts.
2.Eva lu ation of the cur rent sta tus and de fi ni tion of the sug ge -

stions for in cre ase in ca pa ci ty of the re se ar ched pro ces ses.
The fol lo wing ana ly ti cal to ols can be used for the en try ana -

ly sis of sor ting and pro ces sing pro cess of used pro ducts:
● Ana ly sis of used pro ducts fe ed
● Ana ly sis of spa ce ar ran ge ment and lay out of the in di vi du al

work si tes and sor ting and sto ra ge are as

● Ma te rial flow ana ly sis
● Sor ting le vel ana ly sis
● Ana ly sis of sor ting and pro ces sing of the used pro ducts ca -

pa ci ty
● Su rveys of em ploy ee’s wor king days
● Su rveys of ma ni pu la tion tech no lo gy wor king day
● Su rveys of sor ting and pro ces sing of the used pro ducts ope -

ra tions
The acqu ired out puts se rve as in for ma tion ba se for the re -

ali za tion of the eva lu ation of the sta ge cur rent sta tus and for
de fi ning the sug ge stions aimed at in cre asing the ca pa ci ty of the
sor ting pro cess and the pro ces sing of the used pro ducts. The
eva lu ation con cept re sults from Le an prin ci ple ori gi na ting in To -
yo ta Pro duc tion Sys tem phi lo so phy (for mo re in for ma tion see
for ex. [3]). This prin ci ple uses ma xi mum ef fort to eli mi na te all
the ac ti vi ties which do not add va lue to the pro ces sed pro ducts
and, at the sa me ti me, it tries to shor ten, as much as po ssi ble,
the re ali za tion ti me of the ac ti vi ties ad ding va lue, thus shor te -
ning the ti me of the en ti re pro duc tion pro cess. The fol lo wing
pro ce du re can be re com men ded for the ac tu al eva lu ation of the
sor ting and pro ces sing of the used pro ducts pro cess:
1.De fi ni tion of the star ting po si tion – iden ti fi ca tion of va lue -

-ad ded ac ti vi ties and ac ti vi ties not ad ding va lue and the de -
fi ni tion of the out puts of re ali zed ana ly sis which are de ci -
si ve for fur ther eva lu ation.

2.De fi ni tion of the po ten tial di sman tling ca pa ci ty – set ting the
the ore tic ca pa ci ty for the mo ni to red pro cess.

3.Iden ti fi ca tion and qu an ti fi ca tion of los ses – de fi ni tion and
ana ly sis of the cur rent los ses and the pro ble ma tic are as.

4.Sug ge stion for eli mi na ting the los ses – a set of pre li mi na -
ry re com men da tions for mi ni mi zing the iden ti fied los ses, in -
c lu ding the tips of the an ti ci pa ted be ne fits and co sts.

5.Sug ge stions for re du cing the re ali za tion ti me of the ac ti vi -
ties ad ding va lue – in si mi lar way as in po int 4.
The sug ge sted me tho do lo gy was ve ri fied and de ve lo ped by

a con cre te wa ste pro ces sing com pa ny using two pro ces ses:
1.Sor ting the bul ky wa ste.
2.Di sas sem bling scrap ped elec tro nic equ ip ment.

The next part in c lu des the ma in ap pli ca tion out puts of the
me tho do lo gy cre ated for ana ly sis and eva lu ation of di sas sem -
bling the scrap ped elec tro nic equ ip ment pro cess.

Di sas sem bling scrap ped elec tro nic equ ip ment
Di sas sem bling, as a first sta ge of the re cyc ling pro cess, ta -

kes pla ce in spe cia li zed si tes, mar ked as di sas sem bling work -
shops. The se work shops most often pro cess the fol lo wing ty -
pes of elec tro nic equ ip ment:
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● Small ho me ap plian ces – va cu um cle aners, irons, fry ers, sca -
les etc. 

● IT and te le com mu ni ca tion equ ip ment – com pu ters, mo ni -
tors, prin ters, pho to co py ing ma chi ne, fa xes, te le pho nes, etc. 

● Con su mer ap plian ces – te le vi sions, ra dio, cam cor ders, vi deo
re cor ders, etc. 
Di sas sem bly of scrap ped elec tro nic equ ip ment with CRT (Ca -

tho de Ray Tu be) scre en, i. e. te le vi sions and mo ni tors, is pre -
va iling, ac cor ding to this enu me ra tion. They ma ke up 80 to 90%
of all di sas sem bled elec tro nic equ ip ment. CRT scre ens, pla stic,
wo od, fer ro us and non -fer ro us me tals in the form of she et links,
ca bles and co ils can be re trie ved by di sman tling the te le vi sions
and com pu ter mo ni tors. CRT scre ens, which be long to ha zar -
do us wa ste, must be fur ther pro ces sed on the scre en re cyc -
ling li ne. The out co me is cle ar front glass and re ar ca tho de -
-ray tu be fun nel glass.

The di sas sem bling pro cess is lar ge ly a ma nu al ac ti vi ty and
on ly sim ple to ols are used in the pro cess – pliers, ham mers,
screw dri vers. The ma ni pu la tion with the elec tro nic equ ip ment
and the com po nents can be car ried out ma nu al ly or by me ans
of ma ni pu la tion ma chi ne ry (co nvey ors and fork -lift trucks).

Ana ly sis and eva lu ation of scrap ped elec tro nic 
equ ip ment di sman tling lo gi stics

Two di sman tling work shops are cur ren tly used for the di sas -
sem bly pro cess. Em ploy ees with chan ged ca pa ci ty of work are
em ploy ed in the work shops. Both work shops are si tu ated in two
se pa ra te pla ces. The scrap ped elec tro nic equ ip ment fe ed is re -
ali zed in con ta iners. The di sman tling, in c lu ding the ma ni pu la tion
of the scrap ped elec tro nic equ ip ment and its com po nents, is car -
ried out pu re ly ma nu al ly. The em ploy ees put the di sman tled parts
in ba skets which, when they are full, are ta ken away by fork -lift
trucks. De spi te the fact that the te le vi sion and com pu ter mo ni -
tors re pre sent 90% of the di sas sem bled elec tro nic equ ip ment,
the work shops do not ha ve a li ne for pro ces sing CRT scre ens.
This ac ti vi ty is pro vi ded by exter nal com pa nies.

With re gards to the per ma nent in cre ase in vo lu me of the pro -
ces sed elec tro nic equ ip ment, it was ne ces sa ry to chan ge the
exi sting di sman tling me thod, cha rac te ri sed by low pro ces sing
ef fi cien cy, de man ding ma nu al han dling and unsu ita ble wor -
king con di tions. The fol lo wing ac ti vi ties ha ve be en re ali zed wi -
thin the fra me of the en try ana ly sis: 
● Ana ly sis of scrap ped elec tro nic equ ip ment fe ed
● Ana ly sis of spa ce lay out and di slo ca tion of the in di vi du al work -

pla ces, sor ting and sto ra ge are as in di sman tling work shops
● Ana ly sis of ma te rial flows of scrap ped elec tro nic equ ip ment

and its com po nents.
● Ana ly sis of the cur rent ca pa ci ty of di sman tling work shops
● Ti me stu dy of the wor king day of the em ploy ees di sman tling

the scrap ped elec tro nic equ ip ment
● Ti me stu dy of the di sman tling ope ra tions of scrap ped

elec tro nic equ ip ment.
The ma in out co mes of the eva lu ation of the scrap ped elec -

tro nic equ ip ment di sman tling lo gi stics cur rent sta tus can be
sum ma ri zed in the fol lo wing man ner:

DE FI NI TION OF THE STAR TING PO SI TION. The iden ti fi ca tion of the
ac ti vi ties which add va lue and the re ma ining ac ti vi ties which
bring on ly los ses was car ried out first:

● Ac ti vi ties ad ding va lue – the on ly ac ti vi ty ad ding va lue is the
di sman tling of the scrap ped elec tro nic equ ip ment

● Ac ti vi ties which do not add any va lue – they are mo stly ma -
ni pu la tion with elec tro nic equ ip ment and its com po nents,
we igh ting, bar co de re ading, unlo ading the elec tro nic equ -
ip ment from the con ta iner.
As a re sult of the first ana ly ti cal sta ge, the fol lo wing

aspects we re de ter mi ned for the eva lu ation and qu an ti fi ca tion
of los ses:
● Em ploy ees in ten ded for di sman tling and the ir ava ila ble la -

bo ur fund
● Pro ces sed vo lu me and di sas sem bly ca pa ci ty
● Du ra tion of all the per for med ac ti vi ties.

DE FI NI TION OF THE PO TEN TIAL DI SMAN TLING CA PA CI TY. The po ten tial
di sman tling ca pa ci ty expres ses the the ore tic amo unt of
scrap ped M/TV which co uld be pro ces sed pro vi ded that the
who le ava ila ble la bo ur fund wo uld be fo cu sed on ly on the di -
sas sem bly (i. e. on ly to ac ti vi ty ad ding va lue).

If we com pa re it with re ali ty, the re is a po ten tial di sman tling
ca pa ci ty in cre ase by 71 % in the mo ni to red di sas sem bly work -
shops.

IDEN TI FI CA TION AND QU AN TI FI CA TION OF LOS SES. The ma in re asons
for not re aching the the ore ti cal di sas sem bly ca pa ci ty can be
se en in the se are as:
● Li mi ted out put of the em ploy ees due to the ir re du ced ca -

pa ci ty of work – in re ali ty, this fact is ta ken in to ac co unt and
the da ily ava ila ble ti me of the em ploy ees is lo we red by ap -
prox. 2 ho urs, which re pre sents 64% of to tal los ses (pro vi -
ded that this ti me do es not in c lu de ac ti vi ties which do not
add va lue)

● Per for ming ac ti vi ties which do not add va lue – the iden ti -
fied ac ti vi ties we re di vi ded in to two gro ups which re pre -
sent 36 % of the to tal los ses: ma ni pu la tion re la ted to each
M/TV (13 %) and other ac ti vi ties not ad ding va lue (23 %).
SUG GE STIONS HOW TO ELI MI NA TE THE LOS SES. The spe ci fied los ses

ma de it po ssi ble to de fi ne the pre li mi na ry sug ge stions for the -
ir eli mi na tion in the fol lo wing man ner:
● Eli mi na tion of ca pa ci ty li mi ta tions – in cre ase of the em ploy -

ees” ava ila ble wor king ti me by 2 ho urs or an ade qu ate in -
cre ase in the num ber of em ploy ees le ads to a 33% in cre ase
in di sman tling ca pa ci ty. Ho we ver, this me asu re will re sult
in per son nel cost in cre ase

● Eli mi na tion of se lec ted ac ti vi ties not ad ding va lue – mer ger
of the exi sting two di sas sem bly work shops in or der to use
the ad van ta ges re sul ting from the cen tra li sa tion of the ma -
ni pu la tion units and the ma chi ne ry and eli mi na tion of de -
man ding ma nu al ma ni pu la tion by in tro du cing the ir au to ma -
ti za tion. In ge ne ral, an ap pro ach ba sed on di sas sem bly li nes,
cel lu lar di sas sem bly or a com bi na tion of both me thods can
be used to se rve this pur po se. In ca se of di sas sem bly li nes,
the di sas sem bly is di vi ded in to sub -ope ra tions just li ke the
as sem bly li ne, and it is car ried out by wor kers in the in di -
vi du al work pla ces di slo ca ted aro und the li ne. The di sas sem -
bled com po nents are sto red in cra tes lo ca ted by the di sas -
sem bly work are as. The di sas sem bly of the who le elec tro nic
equ ip ment is re ali zed in each di sas sem bly work pla ce on the
di sas sem bly li nes. The di sas sem bled com po nents are sto red
in cra tes or on a co nvey or belt and they are sor ted be hin -
dhand. If we com pa re the di sas sem bly li nes with the cel lu -
lar di sas sem bly, the di sas sem bly li ne is no ted for a hi gher
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ca pa ci ty – the li ne ena bles to in flu en ce the di sas sem bly spe -
ed by for ced mo ve ment of the belt and it in cre ases the spe -
ed of the di sas sem bly ope ra tions thanks to the ir con ti nu ous
re pe ti tion. On the other hand, it re qu ires syn chro ni sa tion
of the em ploy ees and ope ra tions and con stant pre sen ce of
all di sas sem bly wor kers. The re gu lar flow of lar ge amo unt
of pro ces sed elec tro nic equ ip ment must be pro vi ded as a ne -
ces sa ry con di tion. It must be po ssi ble to di vi de the equ ip -
ment in to ho mo ge no us gro ups and to cre ate spe cia li zed di -
sas sem bly li nes. The sug ge sted so lu tion le ads to a 25%
ca pa ci ty in cre ase whi le ke eping the ava ila ble wor king ti me.
This me asu re re qu ires an in ve st ment in or der to pur cha se
and in stall the ma ni pu la tion tech no lo gy and the ope ra tio -
nal co sts and the co sts of trans fer ring the work shops in to
com mon ro om and its ada pta tion are to be in c lu ded as well.
SUG GE STIONS TO SHOR TEN THE RE ALI ZA TION TI ME OF AC TI VI TIES AD DING

VA LUE. In the gi ven ca se, the po int is to spe ed up the di sman -
tling ope ra tions:
● Di sman tling stan dar di za tion using „the best prac ti ces” – eli -

mi na tion of dif fe rent me thods used for the in di vi du al ope ra -
tions, in c lu ding dif fe rent or der of the ir re ali za tion or ac cu mu -
la tion in bat ches. This me asu re will re qu ire mi ni mum co sts,
but you can expect ca pa ci ty in cre ase of on ly a few per cent

● Ma chi ne ry for grin ding and se pa ra tion of elec tro nic equ ip -
ment – pur cha se of such equ ip ment will ma ke it po ssi ble to
eli mi na te the most ti me con su ming ope ra tions of M/TV di -
sman tling and ma nu al di sman tling of small ap plian ces. This
me asu re will in cre ase the ca pa ci ty by 88% when ke eping the
exi sting di sman tling sys tem. It is, aga in, ne ces sa ry to co unt
with the in ve st ment to pur cha se, in stall the equ ip ment and
with its ope ra tio nal co sts.

Conc lu sion
The sug ge sted me tho do lo gy se rves as a star ting po int for im pro -

ve ment of sor ting and di sman tling lo gi stics of used pro ducts. The next
step is to pro vi de eco no mic eva lu ation of the sug ge sted so lu tions.

In or der to do so, the pro ce du re men tio ned in [4] can be re com men -
ded. It can be im ple men ted after all the other cri te ria, cru cial for the
se lec tion of the fi nal so lu tion, are ta ken in to con si de ra tion.

Stresz cze nie
Ar ty kuł przed sta wia me to do lo gię do ana li zy i oce ny sta nu bie żą -

ce go pro ce sów sor to wa nia i prze twa rza nia zu ży tych pro duk tów
z punk tu wi dze nia lo gi sty ki, wy zna cze nia głów nych pro ble mów w tym
ob sza rze i za pro po no wa nia pod sta wo wych kie run ków pro wa dzą cych
do ich usu nię cia, to jest do zwięk sze nia wy daj no ści ba da nych pro -
ce sów. Kon cep cja pro po no wa nej me to do lo gii wy wo dzi się z za sto -
so wa nia za sad Le an. Moż li wo ści za sto so wa nia stwo rzo nej me to do -
lo gii po da ne są na przy kła dzie ana li zy i oce ny lo gi sty ki de mon ta żu
zu ży te go sprzę tu elek tro nicz ne go.

Abs tract
The ar tic le pre sents me tho do lo gy for ana ly sis and eva lu ation of cur -

rent si tu ation in sor ting and pro ces sing of used pro ducts from the
po int of view of lo gi stics, de fi ning the ma in pro blems in this area,
and sug ge sting ba sic di rec tions le ading to the eli mi na tions of the pro -
blems, i. e. to in cre ase in ca pa ci ty of the re se ar ched pro ces ses. The
sug ge sted me tho do lo gy con cept re sults from the use of Le an prin -
ci ples. The po ssi ble ap pli ca tions of the cre ated me tho do lo gy are il -
lu stra ted using the exam ple of ana ly sis and eva lu ations of scrap ped
elec tro nic equ ip ment di sman tling lo gi stics. 

RE FE REN CES:

[1] Per ni ca P., Lo gi sti ka (Sup ply Cha in Ma na ge ment) pro 21. sto letí, 1. díl., Pra -
ha: RA DIX, 2005.

[2] Ška pa R., Re verzní lo gi sti ka, Brno: Ma sa ry ko va uni ve rzi ta v Brně, 2005.
[3] Li ker J., The To yo ta Way. McGraw -Hill, 2003.
[4] Le nort R., Eko no mické vy hod no cení in ve stic do zlepšování lo gi -

stických pro cesů. In In ven ce – ino va ce – in ve sti ce: od re ce se k pro spe ritě.
Ostra va: Vy soká ško la báňská – Tech nická uni ve rzi ta Ostra va, 2009,
s. 426-430. ISBN 978-80-248-1977-8.

REKLAMA ● REKLAMA ● REKLAMA ● REKLAMA 

82-84 Nauka NR 5:00-00 Nauka NR 6  10/14/09  1:13 PM  Page 84


