Jindal

Nylon Films

SUSTAINABLE

Reducing our carbon Reusing efficiently Paﬂnering for creating Promote the use of recycled
footprints the used nylon film integrated eco-systems and biobased plastics
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Product Carbon Footprint REDUCTION program

kg CO,-eq/kg film BOPA o2.2
Biomass - 55%
Balance*

CPA 2,2
-54%

BOPA 3,2
-35%

2018

Chemical
recycled*

2023

CPA 3,2
2025 - 339%

100% fossil origin

BOPA 4,0

100% new sustainable origin - 18%

Low PCF*
CPA 4,1

-14%
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*ISCC PLUS Certified / Raw material data made according to ISO 14067:2008
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= RECYCLABILITY:
o Recycled RM: chemical and mechanical PIR/PCR

o Circularity project: our waste to be regenerated into mechanical Recycled RM

o Improved FILM recyclability through special resin grade’s formulation (with compatibilizers)

= BIO-SOLUTIONS
o Bio-based raw material

o Biomass Balance solutions

= MINIMIZATION - D4R
o Advanced packaging structures (New properties: High barriers, AF...)

o Downgauging solutions
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COLLECTION Packaging containing PA can be collected and sorted as PE film

& SORTING Multiple trials by the NTPC institute, to evaluate the sorting efficiency of the packaging,
have demonstrated that the current industrial optical sorter can sort packaging
containing PA similarly to PE

RECYCLING Recyclability studies and Protocols

Numerous studies and certifications from Cyclos HTP, APR, RecyClass and COTREP have
scientifically confirmed that PA layers in flexible multilayer packaging can be recycled

The tested PE/PA structures are compatible with the PE recycling stream having a neutral
(or even beneficial) effect on the final recyclate product quality.

All coextruded films (PE/PA as well as PE/PA/EVOH) with a tie layer ratio of > 0,5 g tie layer/g PA are compatible with recycling in the
PE film waste stream.

For coextruded films, the properties of the recyclates with higher PA concentrations can be further improved by adding a
compatibilizer, enabling up to 100% recyclability.

Laminated films with PA and a PE-g-MAH compatibilizer can also be considered recycling-compatible, achieving 100% recyclability
with specific percentages for PA content and adhesive.
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Is pyrolysis an energy-efficient
technology?

Pyrolysis is a highly efficient thermochemical process carned out at
temperatures between 300-700 °C.

BASF’s ChemCycling® business

In ChemCycling®, BASF uses feedstock from chemical recycling of plas-
tic waste for its broad Ccycled® product portfolio. The recycled feadstock
Is attributed to the certified Ccycled® products through a mass

balance approach.

of the plastic waste can be

converted into secondary raw materials.

Consumers use and Waste companies

dispose plastic products collect and sort the waste and RO LI B of 196 Thow Sy Feman e LINEOINTY, Ao Eymun Food F"Eml'.alging
(eg. packaging, tires) 01 supply BASF's technology "
ﬂﬁ ﬁ partners with it Sidpack
I -02 R Through further Mozzarella and saussge packaging with Ultramid® Ceycled

Our customers use 06 Our partners convert @ g(?nce‘zsg?gr": rcl))fund Wartdal / Ekomes
these chemicals to BASF's the plastic waste into plastic waste will Fizh bos with St
make their own ChemCycling* pyrolysis oil through a yield 1 metric ton of -
products project thermochemical process new plastic. STEPAC _

05 Fresh produce packaging with Ultramid® Coycled
A ot i pysis oil s Imballagi Alimentari )
recycled feedstock to all 04 purified to be used as feeds- Remaxigel ice-cream boxes made of por Loycled
chemicals produced in tock at the beginning of

this Verbund via a cestified
mass balance approach

BASF's Verbund production

BASF customers have successfully introduced Cecycled® products in various
industries like food or medical packaging, sports and lifestyle as well as

automotive. They value the circularity contribution of chemical recycling.

Pyrolysis is also self-sufficient.

How so?

The part of the waste that cannot be turned into oll is pyrolyzed into gas

which is used to generate the energy required for the process.

<
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SCIENCE-BASED STUDIES ON STANDARD FILMS IN THE MARKET J'ﬂdﬁl

Coextruded barrier Coextruded high barrier Laminated barrier packaging
packaging (with tie layer) packaging (with tie layer) with adhesives
PE/tie/PA PE/tie/PA/EVOH BOPA//PE with PE-g-MAH

(BOPA = biaxially oriented PA laminated on PE Film)

= PA

Tie layer 11 PA
: Tie layer
PE PE
Tiel Tie layer PE —with PE-g-MAH
o e A EvOH
i | Tie layer Tie layer
- PA i
Tie layer PE e | Adhesive
PE BOPA
4 50xRNm 7 50z4RNm
Certified: Certified: Certified:
up to 30% PAG / PAB/66 with PE-g-MAH: up to 30% PAG and 5% EVOH with PE-g-MAH: up to 23% PAB6/2% adhesive/3,5% PE-g-MAH:
recycling compatible recycling compatible recycling compatible
With additional PE-g-MAH (compatibilizer): With additional PE-g-MAH (compatibilizer):
100% recyclable 100%(-%EVOH) recyclable

Color code of confocal microscopy: PE/tie layer/ unpolar polymere,

Already accepted in German minimum standard on recyclability WI:I-tBemSE
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SCIENCE-BASED STUDIES ON STANDARD FILMS IN THE MARKET

CERTIFICATE

Recyclabi!ity of Packaging Material Group

BASF SE
Carf-BOsch-Strasse 38
D-67056 Ludwigshafen am Rhein, Germany

. The company receives tha cedificaton
of ili
Blown Film Designation "ecyclablity fo the folowing packaging matoriks
Polyamide 6 (PA 6) with adhesive LA 7825 f'LA 6230

Laminated PE//PA Film Recyclability g

Reference
Recyclate

Y %
- W8] Extrusion Recycling s f
T Grinding Flakes = i i 2343":.':?::' layer n ""*lﬂledpsﬁmbasedml’no
- .- Compounding il Compounds [N Ie il e o o o i, A0t
‘ |njeCtI0n Tmonmmﬂm“"mmnm-%mnﬁe
1 L \
3 ; Test result
Evaluation of Test of Moulding \
recyclate STENNVAPEN:  Path : Pastic fims 1 Lope
According to the CHj standard the plasy

in the above-mentioned material """“"“"g::mniamnim:snumem appiications ong

separable

*
I PE
components properties
: Recycling Compatible for PE Film Recycling

e 9308 of e cycios HTP |
SN iarance processes, matwriats nd applications am takan ingy
eonsidecation within the certics;
tion

* Doowoton s et PE caciagg " ak-ch 1.8 criing e
T ecroate e b acion meukden i pace 7 o
mauking 551
° TS oriarun b o £ et g CHCHPEF-AA. 1wt 1 use ol PO
. % 0 0l PCH Sa30 LOPE recpoins a efpncn
7 DIN EN 13430 mith regacs 0 maser s " privyey
N G 0 ateria racycatilly i e postuse chase: 3o nisgrateg
3

Results

This centificate (No. 21g7. 123-003787) is vakd unti 110912024 (1 year e
e (! 87-2023-003787) ig until 31/09:2024 (1 ye upan is:
his centificate will ose validity in case of qualitative or quantitative changes of material components,

CHI 5: all properties (mechanical, optical, processing) m

III| above or not significantly below recyclable reference:
The components PA can be considered as Compatible for Recycling

It requires the presence of at least 3.43% compatibilizer. 2
:m_:-,fil?if;..m.-, ) /. CHI| eyclos-HTP Institute

e = ey ()

e I (\L)

CHI30: all properties (mechanical, optical, processing) below recyclable reference :
I Il The tested film structures without compatibilizer cannot be considered as recyclable.

The addition of compatibilizer (= 3.43%) into the structure has a positive effect on the

compatibility of PA, especially in injection moulding - Recyclability up to 23 % PA

O-BASF

We create chemistry

* 1 —laminated with PU adhesive
2 - laminated with PU adhesive with 0.15 g PE g MAH!/ gr film
December 2024
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01 PACKAGING
FROZEN SALMON
MINIMISATION
» CURRENTSTRUCTURE » PROBLEMSTO SOLVE
45 um of PE
>  HFFS Vacuum pack > Reduce brakeage ratio
> Afttractive product due to >  Direct printing to avoid label
transparent and bright film.
PE
> Main functionality is a
prevention of contamination.
» PROPOSAL BENEFITS
25 um PERFORMANCE SCI15
Improved sealing
'I'I-IICKNESSi,'mm]
_ - Increased puncture resistance
El PA Tie PE MAXIMUM LOAD (N) IS0 527-3 9 E]
PUNCTURE ENERGY LUME-EN 378 58 - e
) 14477 Satisfactory direct printing result
ASTM D3420 270 1000
SPENCER ENERGY (mJ) Structure approved by APR and
Recyclass
G#@ December 2024
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P CURRENTSTRUCTURE > PROBLEMSTO SOLVE
12 um of BOPET laminated
with 90 um of PE

> Vertical flow pack > Reduce complexity
BN PET PE > Printable surface > Recyclability
> Main functionality is a

prevention of
contamination

» PROPOSAL » BENEFITS
50 um PERFORMANCE SCI15

PERFORMANCE
m REFERENCE » - Increase strength at break

> - Increased puncture resistance

> Thickness reduction
CTRENGTH AT S0 527-3 32 36 -
BREAK [MPa) >  Structure approved by APR and
UMNE-EN 45 :
14477 Recyclass
- ASTM 120 200
OTR [co/m2*day) 03985

@
10 December 2024
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» CURRENTSTRUCTURE » PROBLEMSTO SOLVE
12 um of BOPET laminated
with 90 um of PE/EVOH

Jindal

Nylon Films

(

> Vertical flow pack > Reduce complexity

Bl PET PE @ EVOH TIE »  Printable surface >  Recyclability

> Main functionality is barrier
to moisture and oxygen

» PROPOSAL » BENEFITS
75 um MDO-PERFORMANCE 5CI15

PERFORMANCE
R e o R oo senotn atbreakin v
102 75

> - Increased puncture resistance

m P Tie PE STRENGTH AT ISQ 527-3 2532 120/30 > - Thickness reduction

BREAK (MPa)

UNCTURE UNE-EN 7 g >  Structure approved by APR and Recyclass
EMERGY (m) 16477

ACTHA / i
om ey [SS e -
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THANK YOU FOR YOUR ATTENTION

Alberto Manservigi
Sustainability & NBD Direction mgr

= Jindal Nylon Films S.r.l. Member of CISQ Federation
In a C.F.eP.IvaIT 13444130150
: Via G. Marconato, 8 - 20811 Cesano Maderno (MB) {
N Fil l s
ylon FIlms | o e : (+39) 0362 1784 100 R I H et
alberto.manservigi@jindalnylonfilms.com | www.jindalnylonfilms.com } W

CERTIFIED MANAGEMENT SYSTEM

1SO 9001 - 1SO 14001
1SO 45001
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