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Sustainability — Sustainable Development

- “"Development that meets the needs of the present without compromising the ability of
future generations to meet their own needs” (World Commission on Environment and
Development, 1987)

The Three Pillars of Sustainable Development

Economy Environment

Sustainable Climate
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Health & safety
Skilled workforce
Supporting communities

Society

Source: https://utscisgreen.wordpress.com/about/pillars-of-
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Sustainable development
-Eco-Efficiency - Pollution Prevention

ty

Concepts
» Green chemistry

» Cleaner production

« Total Quality Management
» Life-Cycle Thinking

» Design of Environment

« Industrial Ecology

ty
Political Instruments and standards
t H
Analytical Tools Procedural Tools

Cost-Benefit and Effectiveness Analysis « Environmental Impact Assessment
Life Cycle Assessment « Environmental Management Systems
Environmental Risk Assessment »  Eco-labelling
Impact Pathway Analysis
Process Simulation and Eco-design Guidebooks
Accident Prevention
Material Flow Accounting
Substance Flow Analysis

ty ty

Technical Elements Source: Sonnemann et al. 2004.
ty
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Introduction to Life Cycle Assessment (LCA)

ANsUsTiuNansTNURILIARaNARAATNANTTIG

Which way are the best for
Environment?

. . ' How can they be translated from
Which decision are the environmental concepts into
best ones? implementation?

@ © 2023 BSI. All rights reserved. 4



What is Life Cycle
Assessment (LCA) ?

« LCA 2m9nansau2inanis
Ussifiunansenuaadwiaaauii
ARAdUAARNIIATTIN Gaue
HUAYAIS LN AAYIn QAL
aunsziivnAsAIIRaNA

Source: http://www.solidworks.com/sustainability/design

Goal and Scope
(ISO 14041)

I

Inventory Analysis
(ISO 14041)

I

Impact Assessment
(ISO 14042)

(ev0ovT OSI) uonejaisdiajul

Available at : www. Afnor.fr
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Packaging and Life Cycle Assessment

ussadaad nuade ndnfaeinlddniunisussy nsilasdu A153RNTs ASLALSARN NISRINAL NITAURY WALNIS
Utduadua avusingaulidaudeduanilssd annpraadsglarIarud1na s3ud9KLs5d KIadInaIvaY 9

Less is better

Is that always true?

E © 2023 BSI. All rights reserved.



Packaging and Life Cycle Assessment

LCA lumdavfiaddgylunisiiu
ﬂ'suawﬁmwmuaaLLmaamaansﬂﬂmm
LCA mmsa‘tmﬂumsaauawaanaﬂwﬁms
aanuuundndaaei tialvigufidouirla
°1|amlaLamlaamsaammnusaﬂmanmmvm
fuladaullszdnanweuioasaanianin
LCA snunsahalseidiunasidsauiay
UsERNEANNAURILIARDNTZUININNG
2ANLUUUTTINUYN T&A WRLsTUY 12U N5ty
afaLdenAunsiduuaznislaan |

LCA Lﬂumsauammﬂ“lmqmamﬁmmsam
nansEnusnunine liliuassivan
NANTENUNTIANNANTAAALLUUTIINUYINID
syuuTn
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Packaging and Life Cycle Assessment

vinlussiasfiussasaad Saadssavdndnuaussadoad da wadnilasudasaeinnaly

UDNNUU ANULANEIIAUT TLARINNTZULWIANITAAAULUUITIAUY 6iadFTiva e

ANIFULRENARAUYInRAAINITTIANAASUY (11U N1TUTIY ATTRF MU
nsanaldn ANTUT1AA “x°1) |
AstlasundasgasiiAavinlidandusasiinisidfaunilasussasaad (1afu
ANULNAUaIRI A WanBRIRINA T LTI AU TiITivuaLanaY)
LUINIIAITATTANLRUA LeiLA: o
- AsulRaudaiiviuatasussydaridunaauazsnu
- astlRaunldasanunuiniuaasnIsuITIfUTiLaziannualunIg
UURY
- astlRaundasidnisaadiniieg (Lau True [auugiaa]
gnnaaan [udifiudivasngiivias])

@ © 2023 BSI. All rights reserved. 8



nsdsziuinginsdia
g1usUaaANUNITULITIAUN
(LCA for packaging)

s ey

* AAGUNU TALNATATRUALUINIIN
ANEIAIAILLANITAANLLUNIA U

e HNANUNUNLTAdA: Taan15UNI BN
Hunesgrunnldmnanannnssu
aTliAansdsaunauLazalIu

1591

* 2halunisaagulaluauraan: atfivnls
AT LALUTLIIRANARND AU
RILIARDUNA
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Step 1: Goal

and Scope
definition



asavihuunauazaamannisisysivu (Goal and Scope definition)

Purpose of the LCA study

lfl> wuanaf LCA 1asun1swaiun — alsAviualiatndaiaudowsdusy tlavanniidnanaatvunnsatunausaly

A51vd envi hotspot s Tluuwun AN AUNANTENURIUIARDNIEUIN
a Qs - o 4 s a
nivn1ssuilseluavian wanAuvNalaidunuInvlunisaaldula

Environmental Impact

C. Ingrao et al. / ournal of Cleaner Production 150 (2017) 93-103

@ © 2023 BSI. All rights reserved. 11




nsAmuuatihvunanasaauann1sdseiiau
Anuninailssavaaasnisdnin

- TmaWa vn"l,ms'\mmaomsﬂsumu LCA 12fu isziiuiiiaciagn sl auniiaunanssnussuineWansated
usaﬂsummwamﬂ Envi Hotspot 21292933196 113an52UUNNTHARN

Avuauueviau (Functional Unit)

- Used as a basis for calculation and a basis for comparison btw different systems

Uszianaassruu suuuun1silseiidu AV FI[SV AT Uszianuvratnay

nstinELATasdnNT 5 kg wavsnidin Input
nsNAANRINU TN 1 kWh 229 Wi 7in&e Output

n13laivuszuu RUTTOULUDINTLUIUNTNAA 100m3/h Capacity
AR IARU

ANSU5AS FEALNIIAURKIRUA 100 tkm a9nsUURIRUAT 1 17ien Transportation

© 2023 BSI. All rights reserved. 12



Functional unit for a packaging LCA

W, & [-% o/ a Qs o a 1 1 Qs a o a o < -9
wudne dnilay uarussy [wAaAaiaIng] 1 [Bunes wa wiha] uandawlildy [Mieengiaaas] uastnusne
TiRuninagldeu TaadjiifarunguuaniianiadinsianIsannitaya”

dayanvwmaiiasalldl drat1e dArdrdannuzay ‘luﬂszﬁﬁ‘l?j’uuqﬂﬂjsmmu (cradle-to-grave LCA) siavsu

nuanNsviuLRsdanAdadnus a9 Uty EPD: dayaca ludwaiuanuagiunsalunsilaunauaie:

« Base material of packaging product (e.g. o AU LAUITINUTiLuUlde lanaanargni1staIu
polymer, wood, etc.) . AnTAUTINNFIFANRaAAILNISILEY

o AUAMAEAUDNUDINAAN UL UTTINUN (U.)
o Fasaalunadndnnausiussanouat (8a9)

o ninuAafuviussInuad (nn.)

@ © 2023 BSI. All rights reserved. 13



AsAvunaaann1silssiiiu — System boundaries

vauwanisus:ldulndnssda

nislduivav AIsvudv AS:UDUNIS AIsvudv . ai1smdavin/
- - _ . n1sidvau =
Saadu Jaadu WaQ duAn sls1Aa
/ ATLE I
w o AL rou
ukdofuda Us=qh 1 Us:qA 2 Us:qA 3 Us:qf 4 duaaspns
(Cradle) (Gate ) (Gate 1) (Gate I11) (Gate IV) (Grave)
Cradle to Gate
Gate to Gate
P e e ———————— — — ———— =0
Gate to Grave
P e e e e e e e e e e e Lo

Cradle to Grave

© 2023 BSI. All rights reserved.
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Example of food packaging lifecycle

Cradle

Raw material A2 Refining / producing Packaging "__|3
extraction packaging materials production

Packfill

%

Post consumer recycled
content materials

Energy from Discarded /
waste / Landfill End of life

Grave

@ Source: United Nations Environment Programme (UNEP), 2013



Boundary of packaging LCA

nszLNUNTIInsdinvianuaazsassInatlu
LCA wavussyfiaui Luusazfigarunisaliniu
Nnawsaasiaiunangruiazmgauls

Breakdown of lifecycle stages, adapted from
EPD Packaging PCR (2020)

A1) Raw material supply

A2) Transport
A3) Manufacturing

—D | Product stage: Al) - A3) \

Downstream

A4) Transport to forming or filling
AS5) Forming

B1) Filling operation

B2) Distribution of filled packaging
B3) Transport to reconditioning

B4) Reconditioning

B5) Transport to re-filling

C1) Disassembling / sorting

C2) Transport to recovery / disposal
C3) Final disposal

—D | Forming stage: A4) - A5)
—D | Use stage: B1) - B5)
—DP> | End of life stage: C1) - C3)




Boundary of packaging LCA

nszLnUNTIInstinussadasiannisuazdudiallnausinaisdey

N7 LENUITNOAU
(Raw material acquisition)

ANTHNRG
(Manufacturing)

ANTUTTALRZNITLANTN
(Filling/packing and sealing)

ANTAAANNUILFUAN
(Distribution)

@

Q/

%

95718 9n15120%in msmu WAVIU LALIFA LATNITUURY
amamniﬂﬂoamumwammsaﬂmm

ANTHRAUTIANUYVITEAUUFUNN NAaNN uasafanNl uayng
ANYauILRE

ATuuRIUITIAae lildvda uriussy/uaslianiin (675) uas
ANTUBUNUIIIAUN TIUHIUN JI1TLATT WAVIIU LRLTRALETY
a9 Aduflu

suden1sAirdnvadiaviovuaiiiady — ndadoaf ussa
AUTIURN LAUTIINUYITa/ARaNT — Az6adsINAaLGIE

mumaumsmumLLaumsamnumuummmesfussa/ms
wiaAelUf9riuuasEus AR TIUAIENUNINUSURY L?jamao
g1svinanufy (vndndu) wazuaaiale q MAadu i
TudvAuLnseNaFUA LR L2 A1U&N



Boundary of packaging LCA

nszLnUNTIInstinussadasiannisuazdudiallnausinaisdey

A5 TAvIUKU TAR
(Consumer use)

ANSANANLNA
(End-of-life)

AsUINAUNN TA T
(Reuse)

@

Q/

%

ﬁanssuu,azwﬁmﬁ’msﬁﬁmmﬁﬁ'\Lﬂulums??j"wﬁmﬁ’msm‘ aeind ' lsAn N
Tisaaiannndadaugilazussadusiniiaannanuiianiea/ng
LNLREGIE

URRHTALANINNATLLIUATUURY ATTLIUATAALEN A151NTTR LAY
NN5ANAR AaYANNTUNTINALIAIL

“msmLﬁumsﬁﬁmaﬁuussqﬁmsﬁn%aw’lﬁaﬁ’mqﬂszaamﬁmﬁ’uﬁ’n
N la'ld Taadindalufinnssasiundanaugitgauniag luaaia vinlu
gusatfuussnauailea” (EPD, 2021)

gouni1sain1sldenayn1stinsadsINAINITLATANALALI2ADIN
dugrnsunisinndunn 12T 1y n1sefn ATauuy wagns
AU



Step 2: Life

Cycle
Inventory
Analysis



A9 tAscviiauds1ans (Life

Cycle Inventory)

 Data collection

Paper 0.00475 kg
PE film 0.00025 g

CO2
S02
PM10
Etc.

»

Liquid packaging board
container production 0.005 kg

\ 4

@

\ 4

Process

Electronic database
Literature data

Unreported data

Measurements
and/or
computations

Paper cup 1 item

n

Waste

»

Software databases, and
internet sources on LCA

Scientific papers, public reports
and existing LCA studies

Provided by companies,
laboratories, authorities and
correlated source

Calculated or estimated where
data are nonexistent or should
be improved

Adapted from : Hauschild and Wenzel (1998)



n133tAszulieuds1ean1s (Life Cycle Inventory)

S.No. Stage Process Details Unit| Quantity Reference
solid bleached and unbleached board carton production | solid bleached and unbleached g 0.00475 Ecoinvent v3.8
1 Paper production board carton | Cutoff, U -RER
5 PE production packaging film production, low density polyethylene | packaging film, low density g 0.00025( Ecoinvent v3.8
polyethylene | Cutoff, U- RER
Inputs
liquid packaging board container production | liquid packaging board container | Cutoff, Kg 0.005 Ecoinvent v3.8
U -RER (modifed)
3 Cup production Aluminium kg 0
Outputs
Paper cup Item 1
4 | Transportation (for waste collection) transport, freight, lorry 7.5-16 metric ton, EURO6 | Cutoff, U KgKm 0.05 Assumed
Incineration 77.1%
Inputs Vercalsteren et al.,
Electricity, medium kWh 0.000425 2006
voltage, IE
Heavy fuel oil MJ 0.000845
Outputs
Electricity kWh 0.00391
Arsenic kg 1.87E-11
Carbon dioxide kg 0.00725
5 EOL Chro.mium kg 1.31E-09
Dioxins, measured as kg 9E-15
2,3,7,8-tetrachlorodibenzo-
\ p-dioxin
‘ Lead kg 3.70E-09
Mercury kg 9.9E-10
Nickel kg 8.45E-09
Particulates, < 10 um kg 6.00E-07
Sulfur dioxide, SE kg 1.35E-07
treatment of waste paperboard, sanitary landfill | waste paperboard | Cutoff, U- ROW 22.9%| Ecoinvent v3.8

w Source: Anand, K., Arce, A. M., Bishop, G., Styles, D., & Fitzpatrick, C. (2024). A tasty solution to packaging waste? Life cycle
assessment of edible coffee cups. Resources, Conservation and Recycling, 201, 107320. © 2023 BSL All rights reserved. 21



Allocation

Allocation in Standards and Technical Rules winlgiialunisiusiu \

. d‘.; [ < (%4 a ai 1
° aa - . Fuaausnaitiluldlamrsnantaaynrstiugiu !
LM NAT AN TATUAITRINITUINTHURIUAY

a19avau EN ISO 14044:2006 ® Jnn'lilaliansannisiiugiuwuy physical

. & X ~ v o relationshi
® Jsznaudla 2 wuInie Nelinsidanldduasiu P

gaunsailunisuszidiu LCA uaasnsel ® JrnA1TRAITALLIY physical relationship "4

Wagwaiazdaanumunaignaadlsd 1viRatsan

\\ / Kmsﬂushuuuuﬁ'u 124 Economic value /




A8 n1stlusihrunuuludyaziiuncssEu

4 N

When Physical Allocation Needed?

® Precondition to use physical values for
allocation is that the physical values reflect the
main characteristics of a product

® Usually corresponding to multi-output, co-
products with different revenue — such physical
values are not available.

\ /
Q@

When Economic Allocation Needed?

® Mass or volume is in most cases not an
appropriate figure to describe the technical
value of a product

® Lack of appropriate physical data, market prices
are a possibility to value the products.

4




Allocation

-

® Industrial process normally manufacture more

than one product on a single production line

® “How the environmental impact should be

N

allocated in each of product”

N (@ )

Allocation methods
® Physical allocation

® Economic allocation

J v

Energy 3 x 10° MJ Water 600 m>

l

Raw material 1,600 kg

-_—

@ 30 kg
atmospheric emissions

l 1,000 kg of Product A

»
>

Transportation

=

500 kg of Product B

100 kg 10 kg

solid waste  waterborne wastes



Physical allocation

Allocation for product A

Fasiu uu. uad A = fadIu U, ua9 B =
1000/1500 500/1500
| Energy 1 x 10° MJ Water 200 m?
Energy 2 x 10° MJ Water 400 m* l l
l l 1,000 kg of Product A Raw material

Raw material 1,067 kg

|
" 500 kg of Product B
4# Transportation seoly ) 2 —

< Transportation
| ! ! | | |
20 kg 67 kg 7kg

atmospheric emissions solid waste  waterborne wastes 10 kg 33 kg 3 ke

atmospheric emissionssolid wastewaterborne wastes

@



Economic allocation

-

Allocation for product A :
price A 2000 baht [ dadiu 57A1 229 A ] dadu 57A1 229 B

= 2000/5000 = 3000/5000

Energy 1.2x 10°MJ  Water 240 m’ Energy 1.8 x 10°MJ  Water 360 m?
Raw material 640 ke l 1 ‘ 1,000 kg of Prodgct A Raw material 960 kg Y’ ﬂ.
o Transportation
Transportation ‘ — >
€ 4 < 1 l > 500 kg of Product B
| | 1 !
12 ke 40 kg 4 kg kg 60 kg 6 kg
atmospheric emissions  solid waste waterborne wastes

atmospheric emissions  solid waste  waterborne wastes

@



Step 3: Life Cycle
Impact
Assessment



LCIA framework (ISO 14042, 2002)

A20819

NANTUTELIUUYIIUNTS « = = kgNO,, Pb, SO,, CH,, CO, , Buq

« - = | llunsa (Acidification)

NANSZNU o5 oy Y
- - — - DuaenuaWEdMANIEIV|  NO,, SO,, etc.

NAANSURYI18Nsaenaludangy NAUNANTENY

ﬂ&imﬁqﬂaﬁmaﬁam&\ﬁam - ——— - —— - > Proton release (H*)

nauNanITNUIUYaNY ————————- > Unldl, flwiug, gunimaiyed, Suq

@ (FauUasann ISO 14042, 2002)

Source: (ISO 14042, 2002) available at www.afnor.fr



A1sA1vuaunuIn (Characterization)

al

udusaulunnindayalsuiasssieg ldannnstiad

TanseURILIadaNNNlsEiiuNansEnuLivlznaau
ARNKNANTZNURILIANAN

AsUsziiuvinlalaansudasamasiaasailungu
nansenutaenAulaglusddiau

lilagangsuaazaidnaniniunisnaliiianansgnu

RILIARAULLAAGIIAU FvsiavinutAauaIIdIAUaS
NWUFIU

11im1 Characterization factor Tunisaauiwatlaauann
Usuainnidnifus 1t duansgny wazsINAININaUa9
LEARTHANTZNL

Inventory results Midpoint Endpoint Area of protection

Climate change T
Ozone depletion S - Bl manteali

Human toxicity
Respiratory inorganics
lonising radiation
Noise

Natural
Environment

—— — Accidents

“~__ Photochemical ozone
formation

Acidification

Elementary flows

Eutrophication

Natural
resources

Ecotoxicity
Land use

\\ Resource depletion

\

Desiceation, salination

Figure 1-1 Framework of impact categories for characterisation modelling at midpoint and
endpoint (Area of Protection) levels.

Source: (JRC, 2010. ) available at www. https://eplca.jrc.ec.europa.eu/

EP = ) (@) % EFy)

EP, (environmental impact potential) fia ArdnenmvBImansznundaiisdaudviunansenu

Usziam j laq (ke substance equivalent)

Q (Quantity of substance) ABUIuUNANTITAT j NUdebBONI (kg substance j)
EF, (Equivalency factor) Aa ALfigulvinueeans i fvirldiinnansevuniedauindon j kg

substance equivalent/kg substance j)

@




@

++1 naazisnisanaiinn Characterization factor

Auaneneiu ++11

LCIA methodologies

Table 2 Analysed LCIA methodologies
Methodology Developed by Country of origin
CML2002 CML Netherlands
Eco-indicator 99 PRé Netherlands

~ EDIP97 — EDIP2003 DTU Denmark
EPS 2000 VL Sweden

| Impact 2002+ EPFL Switzerland
LIME AIST Japan
LUCAS CIRAIG Canada
ReCiPe RUN + PRé + CML + RIVM Netherlands
Swiss Ecoscarcity 07 E2+ ESU-services Switzerland
TRACI US EPA ET
MEEuP VhK Netherlands

Source: https://eplca.jrc.ec.europa.eu/uploads/ILCD-Recommendation-of-methods-for-LCIA-def.pdf



ANSANNJANNANSTTNL

ANSANNFUNANTENLSINITAGA I HUANS LA 2 suuu :

Input — environmental impacts associated with material and energy input to the system

Output — corresponding to damages due to emissions or pollutants, vibrations, or radiation

Global
Climate change " Stratospheric ozone depletion
Extraction of abiotic resources Extraction of biotic resources
Acidification Nutrification
Human toxicity Ecotoxicity
Photo-oxidant formation | Land use
Local

Source: (UNEPDTIE, 2003)



Impact for packaging LCA

w

N o g A

10
11
12
13

Climate change/ Global warming potential (GWP)
Ozone depletion potential

Particulate Matter

Ionising radiation

Photochemical ozone formation

Acidification

Eutrophication potential (terrestrial)
Eutrophication potential (freshwater & marine)
Ecotoxicity, freshwater

Human toxicity, cancer and non-cancer

Land use

Water use

Resource use, fossil fuel

Resource use, ultimate reserves (minerals and metals)

kgCO.,eq
kg CFC-11eq

Disease
incidences

kBq Uyss5 eq
kg NMVOC eq
mol H* eq
mol N eq
kg P eq
CTUe
CTUh
m2*year
m3
MJ]
kg Sb eq

a19avau Best practice guide, Food and Consumer Goods Packaging: Life Cycle

Intergovernmental Panel on Climate Change (IPCC)

WMO model
Fantke et al., 2016 in UNEP 2016

ReCiPe 2016 (H)
ReCiPe 2016
EDIP

EDIP

ReCiPe 2016
USEtox2.1
USEtox2.1
ReCiPe 2016
AWARE model
CML v6.1 (2016)

CML 6.1 (2016) ‘

Assessments (LCAs) (IGD, 2022)



Midpoint and Endpoint Indicator

N N

__— Procedure with
, endpoint approach

~—

<

N+ —0O0 T Q —

Source: Sonnemann et al. 2004.



Steps in Life Cycle Impact Assessment

Classification Characterization Normalization

Required for ISO study Optional for ISO study



Case study

K
¢ MADE !

TOBE |
f1ANDLED.
i

200ml 450ml
8. END OF LIFE + % AﬁAEH + 1. LESS RAW MATERIAL USED

ASADOD
NS

7. USE + 2\“/\/}\ + 2. DEVELOPMENT

~ -~ =
— = ecolear
6. RETAIL + @ N =S99 | + 3. PRODUCTION

e 1] il
5. SECURE FILLING AND DISTRIBUTION + |CJ/0) ' :[_l + 4. LIGHTER TRANSPORTS
OO0—O0

X X

@

Source: https://api.environdec.com/api/v1/EPDLibrary/Files/e01039d6-2e98-479a-eae0-08db673344ea/Data

Downstream

TRANSPORT OTHER RAW
PACKAGING MATERIALS
FRODUCTION FRODUCTION

POLYMER
PRODUCTION

TRANSPORT OF RAW MATERIALS

PACKAGING MATERIAL PRODUCTION

PACKAGING FORMING

TRANSPORT TO FILLER

PACKAGE FILLING

DISTRIBUTION OF
FILLED PRCDUCT

TRANSPORT TO DISTRIBUTICON CENTRE

END-OF-LIFE PACKAGING




ENVIRONMENTAL PERFORMANCE - ECOLEAN® AIR THE EUROPEAN MARKET

Case study

Ecolean® Air

INDICATORS Acronyms z::ﬁziral unit Air 200 mil Air 250ml Air450mil
(1 package) Upstream Core Devwnstream Total Upstream Core Downstream Total Upstream Core Drevwnstream Total
Climate Change - total GWP-total kg 0O, eq B.78E-03 1.26E-03 5.95E-03 1.60E-02 973E-03 141E-03 656E-03 1.77E-02 151E-02 21ME03 1.09E-02 281E-02
Climate Change - fossil GWP-fossil kg CO; eq B.70E-03 1.13e-03 5.94E-03 1.58E-02 965E-03 1.26E-03 655E-03 1.75E-02 149E-02 1.89€-03 1.09E-02 276E-02
Climate Change - biogenic GWP-biogenic| kg CO:eq 290E-04 1.26E-04 8.35E-06 4.24E-04 322804 142E-04 924E-06 4.72E-04 4.89E-04 204E-04 1.51E-05 7.0BE-04
Climate Change - land use and land use change | GWP-luluc kg CO: eq 3.36E-08 446E-06 8.43E-06 129605 377E-08 4.96E-06 936E-06 1.44E-05 5.18E-08 809€-06 1.55E-05 23705
Ozone depletion [eln’g kg CFC-11 eq| 304E-13 681E-14 2T4E-15 375E-13 335613 T64E-14 277E-15 4.15E-13 5.32E-13 1.0%E-13 300E-15 6.44E-13
Acidification AP mole H+ eq | 382E-05 S.11E-06 21BE-D& 455E-05 422605 5.72E-06 237E-06 503E-05 6B8E-05 832E-D6 368E-D6 B.0BE-05
Eutrophication aquatic freshwater EP-freshwater | kg P eq 29707 6.20€-08 1.73E-08 3T6E-07 328E-07 6.94E-08 191E-08 4.17E-07 5.2ME-07 99E-08 321E-08 653607
Eutrophication aquatic marine EP-marine kg N egq 6.58E-06 1.62E-06 &31E-07 S84E-06 T3E0s 1.82E-06 E86E-07 981E-08 1.13E-05 2565E-06 1.06E-05 1.50E-05
Eutrophication terrestrial EP-terrestrial | mole M eq TO1E-05 1.13E-05 8.72E-08 9.01E-05 7.78E-05 1.26E-05 953606 1.00E-04 1.21E-04 1.87E-05 1.50E-05 1.54E-04
Photochemical ozone formation POCP kg NMVOC eq | 348E-05 1.14E-05 1.63E-06 4 T9E-05 3BBE-05 1.30E-05 1.77E-06 5.35E-05 5.85E-05 1.81E-05 2T1E-D6 793E-05
Depletion of ahiotic resources ADP-minerals o o, g 746000 242609 919E-11 998E-09 814609 27309 101E-10 1.106-08 1 48E-08 389608 1.58E-10 1 88E-08
- minerals and metals & metals
250ml 450ml Depletion of abiotic resources - fossil fuels ADP-fossil M) 1.19E-02 S.80€-03 1.85E-02 363E02 1.33E-02 6A45E-03 1.98E-02 395E-02 200E-02 1.04E-02 2B2E-02 5.86E-02
WWater scarcity WDP m’ world eq | 9.44E-05 1.70E-04 6.34E-04 B.9BE-04 1.07E-04 1.86E-04 AB3E-04 9.75E-04 1.32E-04 294E-04 1.03E-03 1.46E-03

Use of renewable primary energy escluding
renewable primary energy resources used as PERE M 3B1E-03 235602 202E-03 293E-02 422603 258E-02 216E-03 322E-02 &6.60E-03 395602 310E-03 4.52E-02
raw materials

Use of renewable primary ENErgy Mesources

used as raw materials PERM M)

Total use of renewable primary energy
resources (primary energy and primary energy | PERT ™| 381E-03 235602 202E-03 293E02 423603 258E-02 21&6E-03 323602 &60E-03 395E-02 310E-03 45202

resources used as raw materials)

Use of non-renewable primary energy excluding
non-renewable primary energy resources used | PEMRE M| 1.37E-01 1.94E-02 1.85E-02 1.75E-01 1.52E-01 21TE-02 1.98E-02 193E-01 235E-01 INE02 28202 296E-01
as raw materials

Use of nan-renewable primary energy resources | oo o M) 191601 191601 212E01 2.12E-01 3.26E-01 326E-0
used as raw materials

Total use of non-renewable primary energy
respurces (primary energy and primary energy | PEMRT ™) 3328E-M 204E-02 1.85E-02 367E-01 364E-01 23TE-02 1.98E-02 407E-01 561E-01 336E-02 282E-02 823601
resgurces used as raw materizls)

Use of secondary materizl SM kg
Use of renewable secondary fuels RSF ™)
Use of non renewable secondary fuels MRSF M
Met use of fresh water 2% m’ 240E-05 451E-05 1.67E-05 8.58E-05 243605 493E-05 1.80E-05 936E-05 467E-05 TEYEDS 249E-05 1.50E-04
Hazardous waste disposed HWD kg 441E-13 325613 1.22E12 1.98E-12 S503E-13 361E-13 128E-12 215612 £23E-13 S591E-13 1.73E12 294E-12
Mon-hazardous waste disposed MNHWD kg 144E-05 776E-0E 86TE-04 S89E-04 144E-05 B.58E-06 961E-04 QBEE-04 204E-05 1.33E05 1.63E-03 1.67E-03
Radioactive waste disposad RWD kg 1.25E-08 1.80E-08 899E07 930E-07 142608 201E-08 Q0SE-07 940E-07 177E-08 320608 943607 9.93E-07
Components for re-use CRU kg
Materials for recycling MFR kg 355603 355603 39&E-03 396E-03 623E-03 &23E-03
Material for energy recovery MER kg 366E-05 3.646E-05 4.01E-05 401E-05 SE4E-05 5.84E-05
Exported electrical energy EEE M|
Exported thermal energy EET |

. i . ) ) ) ) ) _ 3 _
Source: https://api.environdec.com/api/v1/EPDLibrary/Files/e01039d6-2e98-479%-eae0-08db673344ea/Data All results In the EPD) are written In logarithmic base of ten. Reading example: 5.2E-00 = 5.2¥107 =0.0052



ENVIRONMENTAL PERFORMANCE - ECOLEAN® AIR THE EUROPEAN MARKET

Unit per Ecolean®™ Air
INDICATORS ACronyms functional unit Air 200ml Ajr 250mil Air 450ml

(1 packags) Upstream Core Duovwristream Total Upstream Core Dicpaeristream Total Upstream Core Downstream Total
Climate Change - total GWWP-total kg CO; eq B.78E-03 1.26E03 595E-03 1.60E02 973E-03 141E-03 656E-03 1.77E-02 1.51E-02 T11E03 1.09E-02 281E02
Climate Change - fossi GWP-fossil kg CO; eq B.70E-03 1.13E03 594E-03 1.58E-02 9565E-03 1.26E-03 &55E-03 1.75E-02 1.49E-02 1.89E-03 1.09E-02 276E-02
Climate Change - biogenic GWIP-biogenic| kg CO:eq 290E-04 1.26E-04 B835E-06 4 24E-04 322E-04 142E-04 9 IE-06 4 7IE-04 4.89E-04 J04E-04 1.51E-05 FOBE-04
Climate Change - land use and land use change | GWP-luluc kg CO: eq 3.36E-08 4 A6E-06 B843E-06 139E05 377E-08 4. 96E-06 936E-06 1.44E-05 5.18E-08 S09E-06 1.55E-05 237E05
Ozone depletion QDP kg CFC-11 eq | 3.04E-13 EH1E-14 274E15 375E13 335E13 7.64E-14 ITFTES 415613 532E-13 1.0%-13 300E15 a.44E-13
Acidification AP mole H+ eq | 382E-05 5 11EDe 218E-05 4 55E05 4 22E-05 5.72E-06 TI7E-06 S03E-05 &HEE-05 B 32E06 36EE-05 B.OBE-05
Eutrophication aquatic freshwater EP-freshwater | kg P eq 297E-07 EE-DE 1.73E-08 37eE0T 328E-07 &.94E-08 191E-08 4.17E-OF 5.1EO7 SOUEDE 321E-08 65307
Eutrophication aguatic marine EP-marine kg M eq 6.58E-06 1.62E-06 &.31E-07 BE4E-06 T31E0s 1.82E-06 G86E-OF 981E-05 1.13E-05 285606 1.06E-05 1.50E-05
Eutrophication terrestrial EP-terrestrial | maole M eg 701E-05 1.13E05 8.7IE-D5 901E-05 7.THE-05 1.26E-05 953E-06 1.00E-04 1.21E-04 1.87E-05 1.50E-05 1.54E-04
Photochemical ozone formation BOLCP kg NMVOC eq | 348E-05 1.14E-05 1.63E-05 4 79E05 3BHE-05 1.30E-05 1.77E-06 5.35E-05 5.85E-05 1.81E05 271E-08 793E05
Depletion of abitic resources ADP-minersks | |0 S oq 7A6E09 242609 919E-11 998E09 | B14E09 272609 101E-10 1.10E-08 1.48E-08 1B9E09 1.58E-10 1.88E-08
- minerals and metals & metals
Dreplation of abiotic resources - fossil fuels ADP-fossil M) 1.19E-02 S.80E-03 1.85E-02 383E02 1.33E-02 6A5E-03 158E-02 395602 200E-02 1.04E-02 2HIE-02 5.86E-02
Water scarcity whDP m’ world eq | S44E-05 1.70E-04 6.34E-04 B.9BE-04 1.07E-04 1.86E-04 &83E-04 975E-04 1.32E-04 J94E04 1.03E-03 1.46E-03

A4) Transport to forming or filling

Upstream

A1) Raw material supply

AS) Forming Forming stage: A4) - A5)
B1) Filling operation
Product stage: A'l) - A3) B2) Distribution of filled packaging
° B3) Transport to reconditioning .
Use stage: B1) - B5)

B4) Reconditioning

B5) Transport to re-filling

C1) Disassembling / sorting

C2) Transport to recovery / disposal
C3) Final disposal

A2) Transport
A3) Manufacturing

vy

End of life stage: C1) - C3)

Source: EPD Packaging PCR (2020)
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Case study
Raw materials extraction Raw materials extraction Upstream

PET/PE/EVOH/PE-MY280* N . .
Raw materials supply Intermediate and secondary packaging

Raw materials supply Post-cons and pre-cons recycled PET

—

LI

I Cast extrusion ]
Blown extrusion _ - _ F'ETﬁlm| Regrinding

e — Thermal lamination ‘

- PET/PE/EVOH/PE peel I'ilrn|

b

.Féee.L v;.ri.nd.ingl; .an.d ;;,-rlirﬁar.y.cﬁttilng |

recovered
Reel winding and primary cutting scraps

‘PRODUCTION SITE SAN DANIELE (UD}, ITALY - - - - - Intermediate packaging Core

Roll Transportation

Secondary cutting

'PRODUCTION SITE AMARO (UD). ITALY ~ Final packaging g

Roll transportation to themoforming site

. : . . Downstream
Dismantling and sorting operations

Transport to final disposal/recovery site

@ Final disposal

Source: https://www.ambpackaging.com/de/wp-content/uploads/2022/09/EPD_Multilayer PET_PE_EVOH_PE_Final.pdf



Case study

PE -
EVOH -
PE -

Environmental Performance

PET/PE/EVOH/PE-MY280*

Thickness

Unit weight

280 pm

320 g/m?

PET -

INDICATORS DESCRIBING POTENTIAL ENVIRONMENTAL IMPACTS

Indicator Units/D.U. Upstream Core Downstream TOTAL
GWP kg CO, eq 3,56E-01 1,62E-01 9,72E-02 6,16E-01
GWP,f kg CO, eq 3,55E-01 1,62E-01 9,69E-02 6,14E-01
GWP.b kg CO, eq 1.12E-03 1,89E-05 3,01E-04 1,44E-03
GWP, luluc kg CO, eq 5,19E-04 5,61E-06 1,88E-06 5,26E-04
AP kgSO, eq 1,14E-03 5,58E-04 1,93E-04 1,89E-03

——
EP kg PO, * eq 2,21E-04 5,77E-05 3,10E-05 3,10E-04
 ——
POCP kg NMVOC eq 9,68E-04 3,98E-04 2,20E-04 1,59E-03
T
ADP-e kg Sbeq 2,42E-05 3,79E-09 4,70E-09 2,42E-05
ADP-f MJ 9,20E+00 2,54E+00 5,39E-01 1,23E+01
WDP m’eq 1,58E-01 1,18E-02 3,88E-03 1,74E-01

Source: https://www.ambpackaging.com/de/wp-content/uploads/2022/09/EPD_Multilayer PET PE EVOH PE Final.pdf

The detailed environmental performance (in terms
of potential environmental impacts, use of resources
and waste generations) are declared per 1 m? of film
and reported for life cycle stage, according to the
PCR, and in aggregated form in the column «Total».

*The results also refer to the product PET/PE/EVOH/PE-MY230

GWP Global warming potential, total
GWPf Global warming potential, fossil
GWP.b Global warming potential, biogenic

GWP.luluc Global warming potential, land use and
land use change

AP Acidification Potential

EP Eutrophication Potential

POCP Photochemical oxidant formation potential
ADP-e Abiotic depletion potential - Elements
ADP-f Abiotic depletion potential - Fossil fuels

WDP Water scarcity potential



Step 4:
Interpretation



Step 4: Interpretation 4 |

« AsulIna tudunaugarvinanasnisdsyiiiuininsdin luduaauigilssifiuassdasulsnan’ldann
Fumaun 3 (LCIA) tWajtasgiiam hotspot wavumazHansznuy niatliautnaunanssnudiwinaau
ninedusenIvndanauai Nedduatnuihnunauazaauiuain langliludunaun 1

o AsudsnamsazaIusalinldgnisAnuanaans tun1sUsuUTINANTENURILIARANUDINRAN U L6

- UanAAUULUTTIAUTAIAMUANADIAAYATYIINTILATIZY LaziadIAREAI99 AWLTENTI9NIT
atfiunisms lainunaddnaluduaauile
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si5u LCA for packaging

Extraction of
Raw Materials

Incineration and

Disposal Recovery
Reuse and
Recycling . Design and
Recycling Materials / P dg ti
Components roduction
Reuse
Use and

Packaging and

Maintenance ‘ Distribution
Source: https://www.anthesisgroup.com/sustainable-

@ packaging/packaging-lca/
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