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Cast 1.

Papier
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SUROVINA PRE VYROBU PAPIERA Bio " e

PACK | BIOCOMPACK-CE

PAPIER,= BUNICINA (TECHNICKA

CELULOZA)+ ADITIVA
BUNICINA sa pripravuje z lignocelul6zovych prirodnych

zdrojov: hlavne z dreva alebo jednorocnych rastlin

drevo sa sklada z troch zakladnych polymérov:

¥ Celuldza (homo-polysacharid)

¥ Hemicelulézy (hetero-polysacharidy)

¥ Lignin (aromaticky polymér- fenylpropanové jednotky)
Ich obsah v papieri sa liSi v zavislosti od sposobu ziskavania
celulozy z dreva

— PAPERBIOPACK.EU 1




BUNICINA PRE VYROBU PAPIERA T B

PACK BIOCOMPACK-CE

v CERSTVA BUNICINA ziskand z dreva alebo
jednorocnych rastlin

¥ Mechanickéa bunicina
¥ Chemicka bunicina
¥ BUNICINA Z RECYCLOVANEHO PAPIERA ziskand zo
zberového papiera
¥ Domaci zber
Y Priemyselny zber

— PAPERBIOPACK.EU 5




MECHANICKA BUNICINA = | lnteregm

BIOCOMPACK-CE

Mechanické spracovanie vedie k vysokym vytazkom
buniciny; v procese sa uvolni len malé mnozstvo ligninu a

hemiceluloz

SWG Bunicina z kamenom drvenej > 98
drevoviny

RMP Rafinovana mechanicka bunicina > 97

T™MP Termo - mechanicka bunicina

CMP Chemo - mechanicka bunicina 80-

90

CTMP Chemo - termo - mechanicka >90

bunicina

— PAPERBIOPACK.EU 6




CHEMICKA BUNICINA Z DREVA paper | nierreg

PACK BIOCOMPACK-CE

Chemicke spracovanie

v Sulfitovy proces (slabo kysly): reagent
SO2

v Sulfatovy proces (silne alkalicky) > 80%
svetovej vyroby - reagenty: NaOH a Na,S

(+Kyslik)
Nebielena sulfatovd bunicina (Unbleached Kraft

Pipcaasbielenia

¥ Oxid chloricity

¥ Peroxid

Y 0zon

Bielena sulfatova bunicina (Bleached Kraft Pulp),
BKP

V}I/‘t'aiOk: 50-60%, vacsina ligninu a hemiceluléz je pocas
spracovania rozpustena —_
— PAPERBIOPACK.EU R 7




VLASTNOSTI BUNICINY g | lnterregm

BIOCOMPACK-CE

Chemicka bunicina HIGH BULK
OPACITY AND
STIFFNESS
100 -
C v 90 -
* Mechanicka bunicina
HIGH STRENGTH
80 - FLEXIBILITY AND
" DENSITY
g 1
w
>
60 -
Vlakna chemickej buniciny su flexibilné a pevné
, L . . , . , 50 -
Vlakna mechanickej buniciny st tuhé a objemné
. - 40 -
MECHANICKE VLASTNOSTI PAPERA ZAVISIA OD o 8 o < &
POUZITEJ BUNICINY PRI VYROBE PAPIERA $o° & &6 & &
& ¥ &>
S O
&

T PAPERBIOPACK.EU 8




DEFINiC’I A PAPIERA ARO Tl P
MATERIALU [ | sisis=

PAPIER je siet celulozovych vlakien spojenych vodikovymi
vazbami

Douglas

100 pm b
T Y )

=== List papiera %
-i .-;-’.-_.‘—I-‘.:-

Cellobiosio

1

- PAPERBIOPACK.EU 9




ZAKLADNE ADITIVA PRI VYROBE PAPIERA [ | isu=s®

PACK BIOCOMPACK-CE

- Pomocneé latky
Retencné pomocné latky
Skrob
Biocidy

- Plniva
Uhlicitan vapenaty/horecCnaty
Silikaty

- Pridavne latky
- Spevnujuce vodné zivice(napr. epichlorhidrin, ASA, AKD)
Mazadla
Skrob
Bielkoviny

— PAPERBIOPACK.EU 10



BIOCOMPACK-CE

> A PAPER witerrey

Z1.OZENIE MATERIALU | | e

v" Papier sa sklada hlavne z celulézovych vlakien (pévodnych
alebo recyklovanych)

v Anorganické plniva reprezentuju znacné mnozstvo materialu v
niekolkych triedach papiera pre povrchova upravu papiera
v’ Plnivd sa v znacnej miere recykluju spdt do papierovych vyrobkov
v procese recykldcie.

AVERAGE PAPER COMPOSITION

16

35 = VIRGIN PAPER

B RECYCLED PAPER

m ADDITIVES (NON
FIBROUS)

49

Zdroj: Assocarta

1
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PAPIER VS. NATIERANY PAPIER T Rl

PACK BIOCOMPACK-CE

x - : S SEM HV: 15.0 kV SEM MAG: 92 x I ]| MIRA3 TESCAN
SEM HV: 15.0 kV SEM MAG: 119 x MIRA3 TESCAN

View field: 3.02 mm Det: SE 500 pm

View field: 2.33 mm Det: SE 500 pm " :
WD: 14.18 mm Date(m/d/y): 05/29/15 Stazione Sperimentale per la Seta

WD: 15.34 mm Date(m/d/y): 05/20/15 Stazione Sperimentale per la Seta
Prirodny papier Natierany

. - . ., ./Jbapler .
Natieranie zvysuje funkcnost znizovanim velkosti

porov a obmedzuje difuziu kvapalin a plynov

— PAPERBIOPACK.EU 12




PROCES VYROBY PAPIERA

PAPER witerreg
BIO CENTRAL EUROPE
PACK BIOCOMPACK-CE

ZASOBNIK

PAPIERENSK VA

)¢

ISTIACI KROK

.
.
-

ROZVAKNOVA

[ S S

L SUSIACE
PRITLACNE VALCE

NATIERACIA

Jeloleoleiok

DOSUSANIE NAVIiJANIE

JEDNOTKA

"G

Jeloleio)

Pri recyklacii sa vyZzaduje
dodatocné cistenie v prvych
krokoch procesu

PAPERBIOPACK.EU | 13



PAPIEROVA SI'UCKA e | oteneg

BIOCOMPACK-CE

jc‘\ | CELULOZKA | | VYROBKY
l LES | F ‘

agﬂg q
= =002 e (/> ’

rd
/
\J
-
-
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-’
-
Au\u
e}
Qa
[a{a)
e

00Y% o Domaci zber
Apie A I'e : e Mali dodavatelia

Vel’ki dodavatelia
Priemyselny odpad

— PAPERBIOPACK.EU 14




PAPIER PRE RECYKLACIU 0| ltenegm

BIOCOMPACK-CE
v Papier urc¢eny na recyklaciu predstavuje globalne hlavnu
surovinu pre papierensky priemysel.
v Eurépa vykazuje najvyssi recyklacny progres vo svete
Million Tonnes Recycling Rate (%)
80 Co o 80
71.9% 72.0%
—
70— —_— . .. 70
71.7%
61.8% 68.5%
60 60
50 46, 6% 50
40 3%
40 40
30 30
20 20
10 10
-10 -10
‘91 '92 ‘93 '94 '95 96 ‘97 98 99 2000 ‘01 ‘02 '03 ‘04 '05 ‘06 ‘07 08 ‘09 10 11 12 113 14 15 16 17 18 19
Net Trade of Paper for Recycling @ Utilisation of Paper for Recycling == == Recycling Rate —
___T _.ulq

PAPERBIOPACK.EU = @ 15
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STUPEN VYUZITIA PAPIERA Z DANEHO |§| iiterreg
SEKTORA NA RECYKLACIU 2019 PACK CENTRAL EUROPE &

BIOCOMPACK-CE

Utilisation Rate (%)

100 Newsprint Case Materials
90 |

80 !
70 &

60

Wrappings, Other Paper
and Board for Packaging

50

Household and sanitary
Other Paper and Board

Carton Board

40 |
30

20 Other Graphic Papers

10 |

0
0 10 20 30 40 50 60 70 80 90 100

Share of Total Paper and Board Production (%)

@® Mixed Grades ® Corrugated and Kraft Newspapers and Magazines Other Grades

: — PAPERBIOPACK.EU = | 16
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VYUZITIE RECYKLOVANEHO PAPIERA V z—l Interreg il

CENTRAL EUROPE

EUROPE V ROKU 2019 e sl

Rest of Cepi
Countries 11.4%

Poland 5.0%

Netherlands 5.3% e

Germany 35.1%

Austria 5.3% o 48.9

Million Tonnes

United Kingdom 6.4% e

ltaly 10.4% @ France 10.7%

® Spain 10.5%

-
- PAPERBIOPACK.EU Rl 7

Zdroj: Key statistics CEPI 2020



MATERIALY h

Cast 2.

Plasty a
Bioplasty
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MATERIALY - PLASTY gl

BIOCOMPACK-CE

Polymer -
makromolekula zlozena
z mnozstva opakujucich
sa jednotiek.

Zjednodusena analdgia polymeéru je
naramok z peral zlozeny z
jednotlivych peral (ako monomeéry)
linearne zoradenych.

1

PAPERBIOPACK.EU | AUEY




MATERIALY - PLASTY saen | interreg

PACK BIOCOMPACK-CE

Polymeéry (poly-mér z Gréctiny: poly - vela, meros - cCasti)
mozu obsahovat tisice opakujucich sa jednotiek (monomérov)
usporiadanych linearne alebo vetvenych.

Polymeéry sa nachadzaju v prirode alebo su vyrabané (umelé,
syntetlcke)
Prirodné polymeéry (= biopolyméry) su Specifické a
nevyhnutné zlozky zivych organizmov.
Syntetické polymeéry predstavuji velki a rbéznorodu
skupinu latok nevyskytujucich sa v prirode. Su
syntetizované chemickymi alebo biochemickymi postupmi.
Celkova rocna produkcia syntetickych polymérov bola 230
milién ton v roku 2009 (Plastics - The Facts 2010).

Hlavné pouzitie syntetickych polymérov je vo vyrobe plastov.

PAPERBIOPACK.EU 20



MATERIALY - PLASTY e | loterregmm

BIOCOMPACK-CE

Plasty - material zalozeny
na polyméroch, ktory je
charakteristicky svojou

plasticitou.

Hlavna zlozka plastov (z Gréctiny:
plastikos - vhodny pre tvarovanie,
plastos - tvarovatelny) je polymeér,
ktory je “modifikovany” pridanim

aditiv. a plniv  aby sa ziskal
technologicky material - plasty. Plast
je definovany jeho plasticitou -
stavom viskdznej taveniny pocas
procesu spracovania.

PAPERBIOPACK.EU | 21




MATERIALY - PLASTY e | lotenegm

Polymer # Plast

Plast = Polymer +
Aditiva

PAPERBIOPACK.EU 22




MATERIALY - PLASTY T e

Polymery mozno klasifikovat podla:

* fyzikalno-chemickych vlastnosti
" povodu
* povodu suroviny

* citlivostou na aktivitu enzymov
mikroorganizmov

* a vela inych..

PAPERBIOPACK.EU 23




MATERIALY - PLASTY = | lnteregm

BIOCOMPACK-CE

FYZIKALNOCHEMICKE VLASTNOSTI

* Termoplasty - maknu vplyvom tepla, a tvrdnu
po poklese teploty.

* Napr. akrylonitril-butadién-styrén - ABS,
polykarbonat - PC, polyetylée - PE, polyetylén
tereftalat - PET, polyvinylchlorid - PVC,
polymetylmetakrylat) - PMMA, polypropylén - PP,
polystyrén - PS, extrudovand polystyrénova pena -
EPS.

* Reaktoplasty (duroplasty) - po tvarovani
zostanu tvrdé, nezmaknu po zohriati.
Napr. polyepoxid - EP, fenolformaldehydova zZivica
- PF, polyuretan - PUR, polytetrafluéroetylén -
PTFE.

*  Elastoméry - materidly, ktoré mozno natahovat
a stlacat, ktoré podliehaju deformaciam ale
naspat sa vratia do povodného tvaru.

Prirodny kaucuk bol vo vacsine nahradeny

, . ’ , . ~ , Source:
elastomermi. Vela IlOVYCh prlsposobenl bolo http://www.chempage.de/theorie/kunststoffe.ht

objavenych m

PAPERBIOPACK.EU 24



MATERIALY - PLASTY

POVOD

Syntetické polyméry - pévod z
chemickej syntézy (polymerizacia,
kopolymerizacia , polykondenzacia)

Prirodné polyméry - produkované
organizmami

* napr. celuléza, bielkoviny, nukleové

kyseliny

Modifikované polyméry - tie, ktoré
su prirodné polyméry, chemicky
pozmenené pre ziskanie novych
funkcnych vlastnosti

* napr. acetat celulézy, modifikované
bielkoviny, termoplasticky skrob

PAPER witerreg
BIO CENTRAL EUROPE {4
PACK BIOCOMPACK-CE
o small one |arc3e
raolecwles molecule
e @ ®
®e 4
* ¢ o WEEEEEN)
® O
e %o
menomers Pol‘j”‘@‘“

PAPERBIOPACK.EU 25



MATERIALY - PLASTY e | lotenegm
POVOD SUROVINY

Obnovitelne
zdroje

rastliny a
zivocCichy

Neobnovitelné
(fosilne) zdroje

ropa, uhlie

. PAPERBIOPACK.EU 26




MATERIALY - PLASTY i | g
CITLIVOST NA AKTIVITU ENZYMOV
MIKROORGANIZMOV

" Biodegradovatelne
(polylaktid - PLA,
regenerovana
celuloza, skrob)

" Nedegradovatelné
(polyetylén - PE,
polystyrén - PS)

PAPERBIOPACK.EU F 27




MATERIALY - PLASTY 7| | bl

PILASTY - HISTORIA

Prvé plasty boli vyrabanée v druhej polovici 19. a zacCiatkom
20. storocia. Celuloid a celofan boli jedny z prvych a boli na
biologickom zaklade (bio-based).

Po 2. svetovej vojne sa stali plasty velmi popularnymi.
Od 60. do 90. rokov boli vyrabané hlavne z petrochemickych
surovin.

V 80. rokoch bola vyroba plastov vacsia ako vyroba ocele.

V 90. rokoch zacala byt dolezita politika ochrany zivotného
prostredia.

Objavili sa nové technolégie vo vyrobe napr. vyroba plastov
zalozenych na obmnovitelnych zdrojoch; technoldgie vyroby
biodegradovatelnych materialov.

— PAPERBIOPACK.EU | 28




MATERIALY - PLASTY = | lnteregm

BIOCOMPACK-CE

* Univerzalne, pouzivané * Lahkeé vyrobky (kvoli

v rozlicnych oblastiach: nizkej hustote).
* Obaly * Vyborné termoizolacne
= Konstrukcie a elektroizolacne
* Transport vlastnosti.
= Elektrina a electronika " (QOdolné voci korozii.
* Polnohospodarstvo * Priehladné a preto
" Medicina pouzivané v optickych
" Sport pr]'Q’ﬂj?m‘h

= Dalsie
" Vlastnosti mozno menit
podla poziadaviek

PAPERBIOPACK.EU 29



MATERIALY - PLASTY 1| bl

KONVENCNE -
PETROCHEMICKE PLASTY

konvencne plasty sa vyrabaju z
fosilnych zdrojov a nachadzaju
pouzitie v mnohych oblastiach zivota.

PAPERBIOPACK.EU
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MATERIALY - PLASTY E

BIOCOMPACK-CE

“Velka patka” plastov s najvacsim podielom na trhu:

* Polyetylén (PE)

* Polypropylén (PP)

* Polyvinylchlorid (PVC)

* Polystyrén (tuhy - PS a penovy - EPS)
« Polyetyléntereftalat (PET)

Vyznamnu ulohu v priemysle maju tiez:
» Akrylonitril butadién styrén (ABS)
* Polykarbonat (PC)
* Polymetylmetakrylat (PMMA) Plexisklo
« Polytetrafludretylén (PTFE) Teflon

PAPERBIOPACK.EU |

31



MATERIALY - PLASTY

E

Food packaging, sweet and snack

wrappers, hinged caps, microwave

containers, pipes, automotive parts,
bank notes, etc.

10%

; = gp’
PVC

Window frames, profiles, floor and
wall covering, pipes, cable insulation,
garden hoses, inflatable pools, etc.

6.4%

PS [ EPS

Food packaging (dairy,
fishery), building
insulation, electrical &
electronic equipment,
inner liner for fridges,
eyeglasses frames, etc.

PAPER witerreg
BIO

CENTRAL EUROPE
PACK BIOCOMPACK-CE

12.2%

PE-LD / PE-LLD
Reusable bags, trays and containers,

agricultural film, food packaging
film, etc.

PE-HD / PE-MD
Toys, milk bottles, shampoo
bottles, pipes, houseware, etc.

7.9%

PUR

Building insulation, pillows and
mattresses, insulating foams
for fridges, etc.

PET

Bottles for water, soft drinks,
juices, cleaners, etc.

Hub caps (ABS); optical fibres (PBT);
eyeglasses lenses, roofing sheets (PC);
touch screens (PMMA); cable coating in
telecommunications (PTFE); and many
others in aerospace, medical implants,
surgical devices, membranes, valves &
seals, protective coatings, etc.

Source: PlasticsEurope
2019

il

-
PAPERBIOPACK.EU ¥ 32



MATERIALY - PLASTY 7| sl

ZIJEME V ,,DOBE PLASTOVE]“

* Vysoka odolnost polymérnych
materialov, tieZ odolnost vocCi degradacii
v prirode => kriza skladkovania!

* Tepelna premena plastov? Tvorba
toxinov

* Sklenikoveé plyny
* Cena vztahovana priamo k cene ropy

PAPERBIOPACK.EU | 33




MATERIALY - PLASTY F | el

BIOCOMPACK-CE

VYROBA KLASICKYCH PETROCHEMICKYCH PLASTOV

Europe (EU28+NO/CH)
08 61.8

million tonnes

207 64.4

million tonnes

.
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World
2018 3 59

million tonnes

207 348

million tonnes

Source: PlasticsEurope
2019
-
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BIOCOMPACK-CE

VYROBA KLASICKYCH PETROCHEMICKYCH PLASTOV

3%

Middle East, h
Africa

7%

<'30% China".
4% Japan .
", 17% Rest ofAsia_.'

Latin
America

4%
Source: PlasticsEurope
2019

——F sl
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MATERIALY - PLASTY e | lnterreom

BIOCOMPACK-CE

VYROBA KLASICKYCH PETROCHEMICKYCH
PILASTOV

6.2%
ELECTRICAL
& ELECTRONIC
0 9.9 % 19 8 %
3.4 % o_ | Aromorive BUILDING &
AGRICULTURE CONSTRUCTION
r:.

!

4.1 % O—
HOUSEHOLD,
LEISURE
& SPORTS

16.7 % O———

OTHERS

Others includes

ppliances, mechanical

ngineering, furniture,

medical etc.

39.9% o—— o7
PACKAGING A g
| . 1% a
51.2 Mt
Total European plastics
converters demand
Source: PlasticsEurope

2019
-
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MATERIALY - PLASTY

POLYMER
TYPES

PE-LD / PE-LLD

PE-HD / PE-MD

PP

PS

EPS

PVC

PET

ABS / SAN

PMMA

PA

PC

Other
thermoplastics

PUR |

Other plastics

Packaging Building & Automotive Electrical

v

| @Y

pr—
@»: co-

Agriculture Household, Others

Leisure
& Sports

' > D
» >

gg..b-

> > o
—@
e
> »
» ?

3.4% 4.1% 16.7%

PAPERBIOPACK.EU" P Ay

witerreg

CENTRAL EUROPE

Source: Plastif‘éfrlrope
2019
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MATERIALY - BIOPLASTY

BIOPLASTY

Bioplasty su plasty zalozené na
obnovitelnych zdrojoch a/alebo
biodegradovatelne plasty.

Driving the evolution of plastics

PAPERBIOPACK.EU 38
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Bio-based a
biodegradegradovatelne
plasty

PAPERBIOPACK.EU 39




MATERIALY - BIOPLASTY g | enesm

BIOCOMPACK-CE

biodegradable

i According to European Bioplastics’ definition,
i bioplastics are biobased, biodegradable, or both.

1

PAPERBIOPACK.EU 40




MATERIALY - BIOPLASTY e | nterregm

BIOCOMPACK-CE

DEGRADOVATELNOST

BIODEGRADOVATELNE

BIODEGRADOVATELNE

BIODEGRADOVATELNE

NEBIODEGRADOVATELNE

BIODEGRADOVATELNE

NEBIODEGRADOVATE LNE|
it

—
PAPERBIOPACK.EU Bl




MATERIALY - BIOPLASTY e | loerregm

Biobased

Bioplastics AR
: e.g. PLA, PHA,
&8 bioogaBE PBS, Starch blends
PET, PA, PTT
Non .
biodegradable.........................................E ..... B|0degradab|e

Conventional Bioplastics
plastics :

e.g. PBAT, PCL
e.g. PE, PP, PET

Graph: Material coordinate system of bioplastics ;i
¥ : e Fossil-based ; l

i

_e PAPERBIOPACK.EU | | 42‘1



MATERIALY - BIOPLASTY Tl R

PACK BIOCOMPACK-CE

ROZDIEL MEDZI PLASTAMI A
BIOPLASTAMI

Termin bioplasty znaci celil skupinu materialov, ktoré su bio-based
(z obnovitelnych zdrojov), biodegradovatelné, alebo oboje.

Biozalozené znamenda, Ze material alebo vyrobok je (CiastoCne)

odvodeny z biomasy (rastlin). Biomasa pouzivana k vyrobe bioplastov
je ziskavana napr. z kukurice, cukrovej trstiny alebo celulozy.

Termin biodegradovatelny predstavuje chemicky proces, pocas
ktorého mikroorganizmy, ktoré sa nachadzaji v enviromente,

premienaju materialy na prirodné latky ako voda, oxid uhlic¢ity a
kompost (umelé aditiva nie su potrebné). Proces biodegradacie zavisi

od podmienok prostredia (napr. lokalita alebo teplota), od materialu a
od aplikacie.

Samozrejme, materialy a vyrobky mozu mat obe vlastnosti. Potom
pondkajnsetly uvedensszhedy a dalSie moznosti.

PAPERBIOPACK.EU 43




MATERIALY - BIOPLASTY Tl R

PACK BIOCOMPACK-CE

Vyskum novych materialov a ich technoldgie

vyroby su Uzko spojené s:

* Vyvojom poznatkov v environmentalnych
vedach, ktore vykazuju negativny vplyv plastov v
celom ich zivotnom cykle

Zlepsovanie metod hodnotenia vplyvu plastov
na zivotneé prostredie, zvlast pomocou LCA

* Pouzivanie politiky trvalo udrzatelného rozvoja,
co vo vyrobnej a obchodnej praxi znamena, ze
environmentalne aspekty su rovnocenné so
socialnymi a ekonomickymi aspektmi

PAPERBIOPACK.EU | 44
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BIOCOMPACK-CE

BIODEGRADOVATELNE PLASTY

Plasty podliehajuce
biodegradacii

ZAKILADNE TERMINY

Mikroorganizmy rozoznavaju
biodegradovatelné plasty ako
potravu a konzumuju ich.

PAPERBIOPACK.EU 45




MATERIALY - BIOPLASTY =iy

ROZLICNE TYPY
BIODEGRADOVATEI'NOSTI

* Priemyselnée kompostarne
* Domace kompostovanie

* Biodegradacia v pode

* Biodegradacia vo vode

* Anaerobna biodegradacia

PAPERBIOPACK.EU |
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MATERIALY - BIOPLASTY o | loterregm

WATER

SOIL

odegradable

COMPOSTABLE

INDUSTRIAL xx

HOME

PAPERBIOPACK.EU |
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BIOCOMPACK-CE

CO JE BIODEGRADACIA?

RoOzne paralelné alebo nasledné abioticke a
biotické kroky musia obsahovat krok
biologickej mineralizacie.

Prebieha pomocou biologickych systémov
(organizmov), ktoré vyuzivaju organicky
plastovy material ako zdroj zivin.

44

~
Look after us
and we will

look after your
compostable

crganics!
¥
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BIOCOMPACK-CE

/_ Polymer v ( : .. —-\“"

P
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‘ FRAGMENTATION ),\ AAAAE ff _f'f ; : : r
LIGHT H,0 HEAT i STRESS
° o0y _— —
o ¥} ”
® g° * Biodegradacia
» Fotodegradacia
‘ * Oxidacia
 Termicka degradacia
c T o * Mechanicky iniciovana
degradacia
* Biodegradacia nie je
mo co, nevyhnutne spojena s
Co,

o0, +BIOMASS pﬁv()dom y 4
. . L L 1
w0 obnovitelnych zdrojov

-
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BIOCOMPACK-CE

DEGRADACIA VS. BIODEGRADACIA

Fragmentaci Biodegradac
a ia
Fragmentacia: prvy krok biodegradacie, materidl je rozruSseny na mikroskopicé

fragmenty

Biodegradovatelnost: Uplna mikrobidlna asimildcia fragmentovaného materidlu
ako potravinového zdroja pre mikroorganizmy

Kompostovatelnost: Uplna asimildcia v priebehu 180 dni v prostredi kompeostu
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BIOCOMPACK-CE

N
i
A
i

C
i

CARBON DIOKSIDE WATER BIOMASS

| ANAEROBIC DEGRADATION | | METHANE WATER BIOMASS |

=

-
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BIOCOMPACK-CE

Kompostovanie (organicka recyklacia)

Schopnost bio-odpaJu spracovat kyslik

striktne riadené podmienky
mikroorganizmami, ktoré premienaju
uhlik na oxid uhlic¢ity (mineralizacia).

Produktom tohoto procesu je
organicka hmota nazyvana kompost.

PAPERBIOPACK.EU | 52
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BIOCOMPACK-CE

Kompostovanie je sposob
spracovania organickeho odpadu
za aerobnych podmienok
(pritomnost  kyslika), kde sa
organicky material premiena
prirodzene sa vyskytujucimi
mikroorganizmami. Pocas

priemyselného kompostovania moze

teplota v kompostovej halde

dosiahnut teploty az 70 °C.

Kompostovanie sa vykonava Vo

vlhkych podmienkach.

Jeden cyklus kompostovania trva
__(az 6 mesiacov. PAPERBIOPACK.EU 53
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BIOCOMPACK-CE

KOMPOSTOVATEI'NE PLASTY

Biodegraduju za podmienok a v case cyklu
kompostovania

Biodegradation of a Bioplastic bottle during composting

Biodegradovatelny # Kompostovatelny
Kompostovatelny = Biodegradovatelny

PAPERBIOPACK.EU 54
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LEGISLATIVA
Nariadenie 2008/98/EK

Eurdpskeho Parlamentu a

Rady z 19. novembra o
odpadoch, clanok 4:
Hierarchia odpadov:

(a) Prevencia

(b) Priprava pre
opatovné pouzitie

(c) Recyklacia

(d) Ina nahrada, napr.
energeticka
recyklacia

~ (e) Skladkovanie

iiterreg
CENTRAL EUROPE =

BIOCOMPACK-CE

Prevention/
minimisation :

Recycling

Graph: EU waste hierarchy

-
PAPERBIOPACK.EU

Maximum
conservation of
resources
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BIOCOMPACK-CE

LEGISLATIVA

Nariadenie Europskeho Parlamentu a Rady 94/62/EK z 20.

decembra 1994 o obaloch a odpade z obalov, ¢lanok 3.9 hovori:
"organicka recyklacia" je aerdébne (kompostovanie) alebo anaerdbne
(biometanizacia) nakladanie s biodegradovatelnou c¢astou odpadov z obalov za
riadenych podmienok a vyuzitia mikroorganizmov, ktoré produkuje
stabilizované organické zvysky alebo metan. Skladkovanie nebude povazované
za formu organickej recyklacie;

Clanok 6: Do 31. decembra 2008 sa dosiahnu tieto minimélne ciele
recyklacie materialov obsiahnutych v odpade z obalov:

(iv) 22,5 % hmotnosti plastov, pocCitané vylucne na materidl, ktory sa recykluje
spat do plastov.

Kompostovanie zjavne neznamena ,navrat k plastom". To
znamena, ze kompostovanie obalov je definovane ako
recyklacia, ale tato recyklacia sa nezapocitava do plnenia kvoty
na recyklaciu plastovych obalov. _
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BIOCOMPACK-CE

Kompostovatelné plasty su definované

seriou narodnych a medzinarodnych
noriem napr. EN 13432, ASTM D-6400 a
ine.

Viac o tomto v Tréningovom baliku o Certifikacii
a konci zivotnosti.
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BIOCOMPACK-CE

COLLECTION

Consumer discards product and decides on its fate

Plastics and packaging Biowaste collection

waste collection

Sorting

Mixed plastic

== stream split into
homogenous
fractions

Sorting
Not applicable

Processing
Remelting or
granulation

Processing
Organic recycling

Residues

Biobased refuse Recycled plastics Compost as Biogas as
derived fuels for in different valuable soil renewable
renewable energy qualities improver energy

Graph: Post-consumer waste collection options for bioplastics

Source: PlasticsEurope
2019

il

-
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BIOCOMPACK-CE

NONRENEWABLE
RESOURCE
. BIODEGRADABLE
*’7 PLASTIC \
RENEWABLE
USER § RESOURCE
CONTAINER
FOR ORGANIC i
+ biomass

WASTE
w,

COMPOSTING o
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.~ BIOCOMPACK-CE

Biodegradovatelneé plasty mozno rozdelit do
dvoch skupin:

1. Biodegradovatelné plasty z
obnovitelnych zdrojov

2. Biodegradovatelne plasty z fosilnych
zdrojov |

5 |
by
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BIOCOMPACK-CE

BIODEGRADOYATEL’NE PLASTY Z
OBNOVITELNYCH ZDROJOV

¥ Termoplasticky skrob (TPS)

¥ Polyhydroxyalkanoaty;
PHAs (vyrobené pomocou
mikroorganizmov) PHBY,
P3HB, PAHB, PHV

¥ Polylactid (polymliecna
kyselina, PLA)

B Plasty na baze celulozy

Tieto polymeéry sa casto objavuju
v zmesiach

PAPERBIOPACK.EU 61
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BIOCOMPACK-CE

BIODEGRADOVATEINE PLASTY Z

FOSILNYCH ZDROJOV

Polyestery vyrobené z fosilnych

zdrojov zahrnujuce:

- Syntetické alifatické polyestery -
polykaprolakton (PCL);

- Syntetické a pol-syntetické
alifatické kopolyméry (AC) a
polyestery (AP);

- Syntetické alifatické-aromatické
kopolyméry (ACC);

- Polyméry rozpustné vo vode -
polyvinylalkohol) (PVOH)

— PAPERBIOPACK.EU 62
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BIOCOMPACK-CE

VYROBKY Z BIODEGRADOVATEI'NYCH
PLASTOY

e
33% ext fre _
iles for tia,rice®@
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Biodegradovatelné plasty nie su
konstruované na skladkovanie v
prirode!!!

Biodegradovtelnost nie je
funkciou povodu suroviny, ale
vztahuje sa iba ku strukture!

-
- PAPERBIOPACK.EU 1 64




MATERIALY - BIOPLASTY e | loieregm

BIOCOMPACK-CE

‘OXO-DEGRADOVATELNE’ PLASTY

Agresivne podporované materialy, dostupné

na trhu
totalMegradable
] 4 ¢ g A A O This bag is rgg#e from degradable polythene
Kaﬁa/lyzator, ktory urychluJ’e 9X1da01u sa B L0 deince sher 1824 e
pridava do nedegradovatelnych plastov of being buried in the ground

B Termicky a/alebo foto aktivovana katalyza

Fragmentacia je nepostacujuca.
Biodegradacia t.j. mineralizacia neprebieha.

NIE biodegradovatelné, NIE
kompostovatelné, dostupné na trhu -
zavadzajuci trh - FALOSNA
EKOPROPAGANDA (GREENWASHING)
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BIOCOMPACK-CE

BIO-BASED PLASTY

Biozalozené - odvodené z biomasy,
vyrobené z obnovitelnych zdrojov

B Plasty mozu byt celkom alebo cCiasto¢ne zalozené
na biomase (= obnovitelnych zdrojoch). Pouzitie
obnovitelnych zdrojov vedie k vyssej udrzatelnosti
plastov vdaka nizkej uhlikovej stope.

B Hoci fosilne zdroje st prirodné nie st obnovitelné
a nemozno ich povazovat za zaklad pre bio-based
plasty.

PAPERBIOPACK.EU |
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BIOCOMPACK-CE

CYKLUS UHLIKA

CO, P> BIOMASS

FEW DECADES

A A
. w & 2
= 2|M5 = s
< E o)
H| EE 2
| EE 5
SE|ls S .
= S 3
e u B
FEW YEARS
PLASTIC FOSSIL
PRODUCTS RESOURCE

Source: R. Narayan
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Bio-based plastics are made from a wide range

of renewable BIO-BASED feedstocks.

Agro-based feedstocks —
plants that are rich in carbohydrate,
such as corn or sugar cane.

g

—~Q PN

— T
S8

o

Ligno-cellulosic

feedstocks — plants that
are not eligible for food
or feed production.

Organic waste
feedstocks

© European Bioplastics

-
-y L =
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Plast, vyrobeny z etanolu, ktory sa
vyraba z cukrovej trstiny.

B FEkvivalent k tradicnémul PE s

tym istym chemickym , .
zlozenim:-CH,-CH,-CH,,- Cukrfva trsting

B 100 % biozalozeny (ASTM fermentdcia,
6366) destildcia

® NE-biodegradovatelny Etanol

B Braskem 2009, 200.000 t/a, L
Dow 2011, 350,000 t/a dehydratacia

Etylen

GﬁngOﬁ[g} -+ HQO(“ — QCgHg;OHm <+ QGO‘}_‘[Q} -+ HQO{“ + heat

| polymerizqcia

— PAPERBIOPACK.EU 69
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BIOCOMPACK-CE

Green PE

captures » of the atmosphere

Ethanol production Green Ethylene and Green

Polyethylene production

Sugarcane capture €0,

Transformation of the  Customers can choose Green Polyethylene is Lower greenhouse
Green Polyethylene to buy green products 100% recyclable gas emissions
into green products -

il

-
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BIOCOMPACK-CE

BIO-PET / ZELENY PET

Standard PET /\

ad
Terephtalic acid PET
70 %
PET resin ., Zoud
forming
Monothylene

glycol30%

/\

PlantBottie PET

Terephtalic acid
70 %

S PET resin Bottle ?
forming
Plant based Monothylene

Ethanol
material | i glycol 30 %
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Land use estimation for bioplastics 2019 and 2024

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

GLOBAL AGRICULTURAL AREA

Pasture
3.3 billion ha

Food & Feed
1.24 billion ha = 26%*

C o

. Material use***
/106 million ha = 2%*

/. Biofuels , Arable land+
" 53 million ha = 1%* 1.4 billion ha

Bioplastics
2019: 0.79 million ha = 0.016 %*

2024: 1.00 million ha = 0.021 %*

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Source: European Bioplastics (2019), FAO Stats (2017), nova-Institute (2019), and Institute for * In relation to global agricultural area
; . ; , , , s . ** Including approx. 1% fallow land
Bioplastics and Biocomposites (2019). More information: www.european-bioplastics.org sk ( and-use for bioplastics is part of the 2% material use

- | ‘1
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PAPER witerreg

BIO CENTRAL EUROPE

e - miocowpacices

BIOPLASTY DOSTUPNE NA TRHU

Biodegradable /
Compostable

Biodegradable /
Compostable
AND biobased

Biobased

s . b b8 . it 8 A e et b b 8 8 bt i A 4 S b2 285

Synthetic Polyesters
(BASF, Mitsubishi, a.o.)

Polyvinyl alcohol

Polylactide PLA
(NatureWorks,
Purac/Synbra, Futerro)

Starch based materials
{(Novamont, Sphere-Biotec,
Plantic, a.0.)

Cellulose based materials
(Innovia, a.0.)

PLA compounds / blends
(BASF, FKuR, a.0.)

Polyhydroxyalkanoate PHA
(Telles, Kaneka, a.0.)

Bio-PDO based polymers
(DuPont)

PE from Bioethanol
(Braskem, DOW)

PET from Bioethanol
{Coca-Cola)

PVC from Bioethanol
(SolVin, announced)

PP from Bioethanol
(Braskem, announced)

Polyamides PA6.6.9/6.10 /11
(Arkema, BASF, a.0.) ‘ﬁ
73
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Global production capacities of bioplastics

2,339 2,410 2,426
2,5 ) e
2,152 2,172
2,011 2,114
2,000 - 1 - 1,092
§ 1,082
§ 93'8 1,053
o 951
§ 1'500 voo [ « oo oeo . - . - -« S . o - o« S . ... - - - . ... .. . . S . ... .. ... S . ... . .
£
]'000 voo -« - o o o oo o - « o oec o o o S . . - -« « « « S - - - - -« « - AN . . ... - - . - S . . . . - - - - - S . . . . . . -
1,201 1,234 1,286 1,328 1,334
500 .. e =B
0 ... 1—— . .. S N..... ... K....... ... ... ...
2018 2019 2020 2021 2022 2023 2024
® Bio-based/non-biodegradable @ Biodegradable Forecast @ Total capacity

Source: European Bioplastics, nova-Institute (2019)
More information: www.european-bioplastics.org/market and www.bio-based.eu/markets »dl

-4 _,;1
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Global production capacities
of bioplastics in 2019 (by region)

@® Asia
® Europe
@ North America

in % @® South America
Total:

2.11 million
tonnes

Source: European Bioplastics, nova-Institute (2019). More information:
www.european-bioplastics.org/market and www.bio-based.eu/markets ‘-1

75|
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BIOCOMPACK-CE

Global production capacities of bioplastics
in 2019 (by market segment)

-------------------------------------------------------------------------------------------------------------------------------

Packaging (flexible & rigid)
@ Textiles

® Consumer goods

7

Total: ® Agriculture & horticulture
. 2.11 million 53 ® Automotive & transport

tonnes @® Coating & adhesives
in %

® Building & construction
@ Electrics & electronics
Others

-----------------------------------------------------------------------------------------------------------------------

Source: European Bioplastics, nova-Institute (2019). More information:

www.european-bioplastics.org/market and www.bio-based.eu/markets
1
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|
|

Global production capacities of bioplastics 2019

(by material type)

Other 1.1%

(bio-based/
non-biodegradable)
® PE 11.8%
@ PET 08% [
""""""" - Total:
® PA 11.6% o
,,,,,,,,,, o 2.11 million
® PP 0.9% tonnes
PEF* 0.0%
® PTT 9.2%
L X X K X
Bio-based/non-biodegradable
44.5%

*PEF is currently in development and predicted to be available in commercial scale in 2023.

......................................................................................................................................................................

Source: European Bioplastics, nova-Institute (2079)

PAPER n
BIO
PACK
7 13.4% PBAT
"""" 4.3% PBS
13.9% PLA @
1.2% PHA o

! /1.4% Other

(biodegradable)

Biodegradable
55.5%

More information: www.european-bioplastics.org/market and www.bio-based.eu/markets

witerreg
CENTRAL EUROPE
BIOCOMPACK-CE
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'BIOCOMPACK-CE

Biodegradable plastics (by market segment) 2019

-------------------------------------------------------------------------------------------------------------------------------

Flexible packaging

Rigid packaging
Agriculture & horticulture
Coatings & adhesives
Consumer goods

Textiles

Building & construction
Automotive & transport
Others

. W

-----------------------------------------------------------------------------------------------------------------------

Source: European Bioplastics, nova-Institute (2019). More information:

www.european-bioplastics.org/market and www.bio-based.eu /markets ; |
by
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BIOCOMPACK-CE

Bio-based plastics (by market segment) 2019

-------------------------------------------------------------------------------------------------------------------------------

Rigid packaging
Textiles
Flexible packaging

Automotive & transport
Consumer goods
Building & construction
Coatings & adhesives

Electrics & electronics

Others

Source: European Bioplastics, nova-Institute (2019). More information:
www.european-bioplastics.org/market and www.bio-based.eu/markets
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Cast 3.

Biokompozity
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MOZNOSTI KOMBINACIE BIOPLASTOV S
PAPIEROM

* Laminacia
" Extriuzne nanasanie

PAPERBIOPACK.EU 81
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PROCES LAMINACIE

Laminovanie je proces, prostrednictvom
ktoreho su spojene dva flexibilné baliace

materialy pomocou spojovacich cinidiel.
Substraty sa skladaju z filmu a papiera.

VsSeobecne plati, ze lepidlo sa aplikuje na
menej absorpcny substrat, po ktorom je
druhy lisovany proti nemu a vytvara sa

duplexova vrstva.
PAPERBIOPACK.EU 82
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PROCES LAMINACIE

Bezrospustadlové adhezivum
Ked pouzité lepidlo neobsahuje rozpustadlo.
Bezrozpustadlove lepidlo vseobecne
oznacuje specificky typ lepidla zlozeného z
dvoch zloziek, ktoré navzajom reaguju a
zaroven nevyzaduju susenie.

PAPERBIOPACK.EU 83
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APLIKACIE LAMINACIE

Laminacia sa pouziva na zlepsenie vzhladu a
bariéerovych vlastnosti substratov.

Vyber najvhodnejSich  substratov  pre
laminaciu je dany konecnym pouzitim
produktu.

— PAPERBIOPACK.EU 84
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LAMINACIA

Vyvhody:
lahka ovladatelnost
kratke nastavenie
menej odpadu
malé MOQ (Mininum Order Quantity)
menej operatorov(1l osoba)

moze byt pouzita ako pozdiZzne zariadenie

PAPERBIOPACK.EU |
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BIOCOMPACK-CE

LAMINACIA

Nevyhody:
"extra cena pri vyrobe kotuca bioplastu (vyfukovanim)
"extra cena adheziv/lepidla

*adhezivum/lepidlo tiez musi byt nerozpustné a
biodegradovatelnée!

"riziko zlej adhézie (papier moze pohltit lepidlo)
"ukoncovaci cas je dlhy (musi sa vysusit)

"vacsSia hrubka pre zhodnu kvalitu

PAPERBIOPACK.EU | 86
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PACK BIOCOMPACK-CE
(a) Wet Lamination drying tunnel
i
-
combination
nip 2nd web
unwind
lacquer :
; laminate

application, ind

aq. heat seal
coat or primer

adhesive application
1st web unwind

https://www.bobst.com/baen/products/laminating
-flexible-materials/process/

PAPERBIOPACK.EU 87
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(b) Dry Lamination

(j'/

drying
tunnel

=

combination

nip
back-up roll
23‘;?:3;”"* < m:ta
:g:f:;;n 1st web 2nd web

unwand umamnd

https://www.bobst.com/baen/products/laminating
-flexible-materials/process/

PAPERBIOPACK.EU
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EXTRUZNE NANASANIE

Extruzne nanasanie a extruzna laminacia su
konvertujuce procesy, ktore umoznuju
kombinovat substraty, a ziskat jednoduchu
Strukturu. Materialy mozu byt bioplasty,
papier, kartonova doska, alebo hlinikoveé

folie.

— PAPERBIOPACK.EU | 89
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PROCES EXTRUZNEHO NANASANIA

Pri extruznom nanasSani extruder vytlaca roztavenu
termoplastickl zivicu cez horizontalnu Strbinu na
pohyblivi vrstvu substratu. Vysledny produktom je
trvalo potiahnuta struktura. Extrizna laminacia je
podobny proces, kde je zivica extrudovana medzi

dvoma substratmi a posobi ako spojivo.

— PAPERBIOPACK.EU 90
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PROCES EXTRUZNEHO NANASANIA

Vo vnutri extriuznej nanasacej a laminacnej linky
su substraty a tavenina zlisovane v spojovacej
stanci. Ta sa sklada z velkého valca, tlakoveho
valca a protitlakového valca chladeneho vodou.
Kombinacia tlaku medzi valcami a tepoty

umoznuje spravnu uroven prilnavosti.

PAPERBIOPACK.EU 91
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VYUZITIE EXTRUZNEHO NANASANIA

Linky na extrizne nanasSanie a laminovanie su zvycCajne
postavené na zakazku a mozu byt konfigurované pre rozne
aplikacie, vratane flexibilnych obalov, priemyselnych balov.
Zariadenie na extruzne nanaSanie/laminaciu produkuje
kombinovany substrat ktorého zlozky je velmi tazké oddelit.
Kombinovany substrat ma vzhladom k jeho zlozkam znacne

vylepsené fyzikalne vlastnosti a zlepsenu bariérova ochranu.

— PAPERBIOPACK.EU 92
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PACK

POTAHOVANIE EXTRUZIOU

Vyhody:

* Velka kapacita

* Cenovo efektivne

* Konstantna adhézia

* Ziaden ukondovaci ¢as
* Netreba lepidlo

* Nie je potrebna extruzia potahovaného materialu
* Konstantna a mala hrubka

PAPERBIOPACK.EU | 03
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NANASANIE EXTRUZIOU

Nevyhody:

* Extra HR (najmenej 2 ludia)
* Dlhé nastavovanie

* Specidlny suSiaci systém

* Specidlny dizajn zavitovky

* Velke MOQ

PAPERBIOPACK.EU |
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Paperboard Extrusion Coating

Extrudate

Substrate >>>

https://www.slideshare.net/CCareyYangPhD/yang-biopolymer-extrusion-coa
ting-ppt-flexpackcon-2016

https://www.bobst.com/usen/products/extrusion-coating-laminating/proces
s/

1

— PAPERBIOPACK.EU 95
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