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Gl obal | ya tnmoevreemeinst t o mi ti gwade plhaes tniecesd dsorw
utilization ofwhpe&latadiiapetmaornesr iaarlas | abl e. Thi s
comes i n response to tkhemexseéensitteer hdeeddmigyv
environment al i mpact that plastics pose to

A significant contri butuispplpastcte®ri s ot hdepamak
This studyprieospeei fi calpl g spbanccktahgai nsghmogvfi ensgt s e
consumer goods WHiMChG)armerwkeeap tlbotsthlre nkt oget
supplied into itchke GmadRla&hsec&leras P

South Africa is facing two main challenges
constrained supplyeobnemecgprasdutrlket®ocieduc
i mpact caused by wunrecycl ed pdcokaign wmegs twagsatt ee
energy requirements arpdc&racgo miginge maathil admmp ad e
shrwné&ap palnadstciacr dbowae dp @eak dogpamsfgi g urhaatti duntsi | i z
onlcyar dbowarrtdoonsascertain wkigdle dptwiesnt Pproswii d |

requi rramdnesvironment al i mpact

Thi s steuddy ax ewruatkey eaalviefyecl e assessment (LCA
di fferent packadgiyngtcdmnizi g@grodthiedn® rmaCPAr owa s
executed with respect to one reference prod
yeaound known as PRreawass$hh PRroamo.i s a | aundry g
in the r emolvhael fofr sstt aoifnst he two packawasng c ol
the traditional packaging configuratTlhinsof P
packaging confeidgfur it x obweotpdness sé¢that nt o two se
using rubber bandswerMdéhent whappts omtobhregr o
Two siwriaplpedwesi tden placedwasteal ad bogsi ndrap
packaging tape or sellotape. The seconmd pack
the use of shrink wrap p(lelsasdtcitcah nbda nadess)o sie & to
packaging confeidgft wathiven | @ n il sabcxe dtwmaakth en t h e

sealed using packaging tape.

The main objlL&€aatswe acsfc etritias n t heophicgtalgainigo ma

washe mosegygyiemd environmentally responsi bl
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FMCG matmThes. LCAo ndauscttieldi ze ngat a pertaining t¢
and fturecti onal uni t of t his patckkdaygi w@s ucred Y
production of PRreewass$hh PRroaomno .was choseans tas t he
does not de mo rosgteroagtrea pshe acsaccmagglidwep eai i abl e op
for the change i n packaging configuration.

A significant fdd dhteori mphat iowd $tLCG=An araesstuel tssc e n
associated with the use of different materi a
t haweer recycled versus sent to | andfi Iflogy dduls
reason that the publ i shegatifeosd ustthrey wsatdan dal:
kndwdge of soci wercenoomefdo rhnaubliattsd wasssgmmeidons
t hatmitnhoer materials included in the packagi n
and el asctoincfeodvam chs soci adli dbabekbi Bntd awmeyntr ecyc
directlyTheetignnght el of corrugated board for t
t o 6ble 4% andi mrigpaet er eocfy cpll asti c for the year 2
(Mpact Recycl iTrhhge,se20le8ear)cLei Iriazed ptac kmgdalg t
configurations to facil it althee tvhael icdoimpya rainsdo ni |
t hese aswammgstsiesmssed by means a@ff t@®rsdrmsei tmavint

wa executed

Thecoi Bvamt abase | ibrary avai(lvelbrlsa omi 200.24h 0 . &
and t he ReCi Pe Mied msiemlt t me tehxoedc uw e t he i mp
calcul ations. @&hies grhd telead t c ctalt aetg padsilseessismp a c t
of each of the packaging mat erdtaol sh uwmatnh hreeasl pt
bi odi vendséddogurceTleatoli tyeighteen cawagory i
condensed into five f baugetahteardoscamigcdixtt 8 evce o
angleographi odl tlhcec asttiudin ccuastheegsoer ifeisvewer e : gl o
stratospheric ozone depl etiaqgn,rfeishevapart iecuw
and wat er cTohnessuempftii vome e a tc dbgeacreeinesse t hey pr ovi
overview of the |1 mpact in a summarized for
environment al decl ine, changing weather con

i mpact of freshwater resources.

The LCA was fiash paekagedgmoos®il @urn atnd am as

i mpact contributions of each of the i ndividt

Y,
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packagupfheseaéanal ysis of each packaging conf
highlighting maj or contributing factors t o
mitigating Thesussbtgadimeght ed the drastic i m

t he use ofdoenl etchtersiccooptayctthha@ hveraap sphirasntki ¢ conf i

The full LCA wa onmphaerni serecut ed t o compar e
configulrmt eaaobl. of it meadtt e gtonféoemaosr rugated bo.
packaging configuration aactltioBedee d ocawe re ntvh ano ntni
shrwnap plastic pac.kalghriress td an fdii o U rearteinocre was

79. 6% when ekelmdempgsbébaogs.

Upon the concl woinprraft itvlee alsGAssment the va
assumptions for corrwrgapg epl dotaird \vaenrdie nsghs § enk
sensitiwvisty Thraleyanal ys ecsondcd tuesrinoinn eadc hti heavte dt h
the LCA com@magenasiomed valid i riregapeectoifv ec oorfr utg

board owr amrplinksti c.

e fobpa&lcti ve iinnvtehsitsi gattieddly was the wuncert ai

curacy and reliabiltihtey Li@ffe. tuhnec edrattaavasu tyi |ainze

h
c
xecuted in the SimaPro software by wutilizi/
016 midpoint (H) metOhOoOd fw hxiecdh rcuonnss iwsittend ao fc
f

95 %. An uncewa agengr dtaed cthraatt di spl ays tl

Q

ch of the eight ddr umpgact as§ alfod gemanbiaa g/isn g
onfi guredteiromaed thlaobahewadamiangoporstratosphe

- O ® O N O o -

ine particul ate matter f odrenmaotnisotnr aatneddnh & roews hew
aboard only configuration exhibited very 1|l o
pposed to the plastic packaging configurat:.i
14W%Whe water consumption data in cobotrr &9t he X

onfi guwWmuaetitens he di®&®fFycdétgr mhnndefiactur ate

o O N O O

ata for such eWdttwmsi weili ztedcegrgtenssively i
stages of eacliforesheymapapeal ppulsgpi ecnapaf pme |
and plastic shr iamnlkx ma dsu fganc tfurciamg ) ov aurmea ta fon
consumgpuwe ono high degrees of wvariation in pl

age
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The cul mination of the resxétsoed| eded toliatt
corrugated boardienltyhec prmfcikg@ur aatgi ocnonf i gur at

environmental leyneferiadyepdiickagangd optilbat owerteh e

considered.
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This resedroch naviemti gate the environment al

mat ecdorafli gurnaddthieoms associ ated manufacturing p
wad placed on car dboenarradp cparatsotnisc aansd ssehlrliinnkg wut
The i nwasntioomoll ow the manufacturing path of
way upstream from Sasowermghedeceteaplasbypr o
petroleum industry and SappiprorduMcenddif rwhme rva 1
and recycled paper and car dhbvasarpdl.a cHodweovne rt, h et
that encompasses FMCG prwawitder enatnlud asguottiumeafrmyg
this radedrtch w

Gl obally the use of pl asgoifc cpoancskuang inmgg ap dd end t
gl obal |l ow recycling rates and high <carbon
utilizes a renewabskrecyawi mgt eaitak, 6exhimieist hi
of fers carbon emissions t hat( Martet hl eevd,  e2sOe2a3n) a
three factors support t he -ugsleo bpalla sntoivcesmeanntd auw

packaging.

This rwaefrepecific interest to the South A
under significant strain; guantifying the er
options will indicate the energy requirement

though to the recycwaelgo gam caeseadtto Whit ghaltdiogh to n
choicelsd ol ve to reduce environment al i mpact
the | oad on the already overl oaded Stohuath Af

focuses primarily on the economic costs and
for singul ar businesses indtibeol ampaat ohi i
packaging options in its entirety, from con

mul titude of comp@demibg £ cittnhy sls@e®akBdédi cmonduct a
environment al |l ife cycle assessment to qua
packagi ngcomdtigruinaalt udnng transportyctosgscosh

and producTthieonaicnmo sotfs wahi soresesedeaceht he enviro
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and energy consumption by i1 nvestidgéatei Mg welsd

i mpact i n each sector.

MAHNR 6t SY {GF0SYSyl

South Africa is facing two wmaivh nghalolnsnugnes g
( FMCG) mar ket : namely the constr aicroendomsueppl
pressure to reduce the environment al i mpact

resarchedtad mi nvestigate the energy requiremen
packacgomfgi g urhatti cadmdci-wrlé&ep palnads tciacr dbowerds car t ¢

p ac k acga mfgi g urhaatti duntsildy rzdebcoaarrtdoonsascertain whi c

provditchee | owest possibl,andnemyy r oegenTIlime ntm
anal yseednf aches stage in the I|ifecyclwe evher e
utilized to package commodities.The bmcsessppl
pl aced on this swacwhiecesthge gasatass | mpac

packagi ngasoptiadtmnmzed.
M@oS aSlk NDXKh o §&O00 8S a

This study aimed to executeomfi dulrBaetdifoinpa ¢t k &
packaging of FMC&®rmanrlkdt Bproendepteciddoat hg f o
LCA of plastic shrink wrap and corrugated bc

l40dddan@dbndernati onal Organization for Stand

The goal of this study was ptaoc kaasgsi ensgs caonmdf i agau
t hat ismclimke waapg pglaswmuigated board cartons Vs
t hat onlcyruouught pd boaared wa asret kmso,wn as car dbc

study specifically aimed to achieve the foll

1 .To pr obvasdies au psotna knehhioclhder s can make educat e

to the type of packaging materials wused

commodities in the FMCG mar ket.
a.To identife thel e ddgdthaegegpr etalbaetst haaontr
environment al i mpact .

b.To provide viable alternatives for hic¢

or processes.
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c.To critically exami ndd oprpaomed searss tumad tq uce

by the South African economy.

d.To provide consolidated information fo
2. To critically compartehehtvwment!l packldagt hg I
configutrmtasasertain the most environment e

efficient choi ce.

The main objectwwe tmf atsities trae sne d cheh fpiagckraagti ing
t ha#s t heeneoesdty iacenndd environmentally responsi bl
FMCG maimket mai n wadrakernwvedown into the foll

objectives.

a.Toanaltyhzee resource requirementsthé¢esleraignyk w:
pl apaac&agi ng cvodntickagrudrbaotairgdn packagi nfgorconf i
thetage the dUp feaycl ekinltbpevn stasget he FMCG p

manufacturing stage

b.Todi sadsd he packaging qoadt tatnpdn sp a(askeal gl iinngg
glue) in theobM@Gamgmulsdetedd changed to redu

i mpact (waste, fuel consumption and carbor
c.To analyze the recycling processes of eacl
the environmental i mpact each of these mat

of the wadeaoy all esd.

The intended audvmshtepaftibkbssi savodyed in the

plastic and/ or corr udgaaltle dt hboosaer di. n vTohlivse di nicnl ut

virgin plastic and paper; the wutilization &
recyclingdanhe emndcesses. The t anmndatsi aedsenc
involved in the manufacturing and packaging

aiemt o pr olvagiess avhi ch stakehol ders maywyumake |

packaging materi al s.
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MAEni NI E daVES 5A3aaSNIOF a2y
Chaptlemt rloducti on

The introduction to this dissertati ameprsawidg

probl em st ataimesntanadn do btjheect dtve sa d thieewsda .udy st

Chaptleirt rature Revi ew

The Iliterature reviewddmwrdietphihs axdfiadtylesa ts@amn o @ unc
and mat eweéea lbse itnlga tatstsee srseeady c | i m@gt sciealas i mesn oIf
the | ocal and i nt erdraetgi aorndail naynmeatrikeeste iamnfd uprmnad
wel | adse pamhail y si s ecfy cwhea ta sas elsisfnreent i s and wh

Chapt®@aal3 and Scope of the Study

The goal odfe fti mee ss twhdayte dt & e a catnudel wtehaei ni ar get a|
The scope of thoeestedydetradvlii desto the repre
analysis sample with respect to the popul at]
fl oavs weddfianses the system bouedtaor i @éesf i nfehet |
omi ssions and excl usi admg,a ausad s smge nrte qauri irteemrei

comparisons that wil/ be executed in the stu

Chaptlirfed Cycle I nventory

This cheapmltoerpradavin de a detailed description ¢
main data sources anduthd Ccal theamanagementd

for this study.

ChaptRes bl ts and I nterpretation

Thi s crragpgdamtd adaltyhzee r esul t sthdiffcethlee sitmpayc t
assessment eashl ob$ the packaging configurat.
results between the two packaging configura
scenarios of each packaging configfuraheée odata

used i n the main comparison.
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Chapt@and&l usi ons

Thi s chapter contai ns al | concl uwsCAonanddr av

correspondi ng caonnacllyussei so na nodf tthhee comparati ve

ChaptRecdmmendati ons

This chapter reaeicnesnmendat gh@geasy eamaelnt s t hat coul

made to this study and future studies in thi
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HPLEOW! ¢ w9 wOxL 92
HOmMMP RdzOGa ! yRSNI { (idzR@
HOMOPRANNIZAF G§SR . 2 NR

Corrugated board is defined as the structur
fl uderdrugati ng medium to one .©Qor mug &t ¢ d alh o d ra
be structured in multiple different formats
board and f(IChatregd. 2MEler/thescri bed in Figure 1,
consiastmudft i tude of combinations of fluted a

strength and thickness.

BOARD STYLES

FLUTE TYPES

132" [

SINGLEFACE F FLUTE

1/16" [

E FLUTE

SINGLE WALL

l1/64'[

LINERBOARD
C FLUTE FLUTED MEDIUM

DOUBLE WALL

|

1/8" I:

B FLUTE

o

TRIPLE WALL A FLUTE

Figur®i fferent typecutofercmrChigmpgiean bbraay,

(0]
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For this st ufdayc eodn | oyr dso unbgul gea tweadls | boocarwdh del e d
consists of two |iner boards that EingclRroese on

LINER 1

>

FLUTING
>

LINER 2

Figaire The struct u(rB® refic,za®0r2@2gated boart

HOMBDBF (G K KNRYQ I 200

The seconidn wea sotdiggcastherdi nka pl astic film. Heat s
t hahri nks when .ehxBpionske dwrtaop hiesatt ypi cal ly made
mat erpod lyvchdylr i depo( RVWC)e ,fpé Iny eatnhdyRloearkee ,. IO E6)
choice of materi al is primarily based on the
force it needs to withstand.

PVC was the shrink wrap material of choice f
sector. Prior to heating PVC shrink wrap is
but when heated it becomes rigid and mhamsd.
very | ow shrink temperature requirements to

chl orine gas which creates a hazardous wor
ventilation previsions in pla¢®Rkotaemi iOg&?d e
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Polyolefin is a term used to describe polyet
the conventional choice of PVC, polyolefin d

becauslee opresence ofitchi ®erbsoet alhse sbabhaugse

packaging of food. Polyolefin also does not
PVC packaging does thus making i1t more wuser
shelf stabilitryalt hRWC tdhter icrok(vReareakpegp azkla@)i ng

Il n contrast to the fir sotpttiymdsheradp ylhen e ki swr

used in the packaging of heavier commodities
the most common type of plastic in the worl.
strengt hs, shrink rataomsthhendr ed uwirrid merst sd eipte

(Design Packaging Bodyprapeyl,emed1l@Bl)astic i s
shrink wrapping of products in the FMCG mar
puncture (rRocsaksee,anP@l§@propyl ene also offers
branding on the shrink of prodypotogdaumpi&alnign ¢ h
and eye catching to the target market of the

focused on the use of polypropylene heat shr

®a/ D WSTSNBYyOS t NRRdzO{

This snaldywe main packaging materiaiwvsapcorr
pl astiinwveBhwasate xoenc ut-ccadp tbty dmal ysai s of t he peze
and alternatives used in the packaging of al
Pr onfdg W) e
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PRE WASH

R COLLARS, CUFFS
& sIUbuoRN

S

Figlir@rewash Promo product i mage
Prewash Promo itsaiareméeédpacpose 8l ages and
cl ot hes, schoolatuniirfeor mesnd f®anad | wear . Pr e
demonstr atuesesenaosson s it influenced(Epncbr hat

Group,. 2023)

Prewash pr@mfe doltd!| @88 in the yedrnb20fcaz@z2 WH
product is currently sh(FnRguaweda pp egdhriint kos paar
packaged (hgw) @l bokerms of Prewash Promo, a
t hat ¢ ontpaicrks sth@annéosr d Group, 2023)
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Figaar &hrink wrapped Prewash Promo

Fi ghaar &rewash Promo cardboard cartor

10
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The boxes, otherwise known as cardboard cart
cont afaritngdi vi dual cases ofwdPpawasth Wr ampe dv
shipped out to centr al di stri gt igoumefaci liti

. m

=

Fig@&ar rewash Promo pall et
This research aimed to Iipasekbgpagechbecempard
alternatives. I n3tRecpsas of PO2NaGhhgProoimo e

cardboakd, oL 91shrink wrap p &klgy pacfopphehkhagipnm
(Polyvinyl kghloériedapti T9O9bands (synt M&hi c rub
of electricity to run the shrink wrap tunnel

This studwena@nabdpipheer ecur r ent packaging conf i
shrink wrappaedpadlasdiicg wnalonhi gaeagt nebr hehkt
wrap pl &htei el ow sections clearly define th

corrugated board and heat shrink wrap plast.i

11
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H WSO & Of Ay 3
HOH®KS t NBEGIFHf SyoS 2F wSOeof Ay3

Cardboard

According to The Paper Recycling Associati on
paper andweanmclgardnefdlJaseph 20d7T7het penr c20OUJY
of paper recycling increasegd vtecdh h23% nicme a6 & (
recycling facilities and separate bins i mple
of benefits that include reducing waste in |
greenhouse gases,; reduciwgtameg tregaeasreaedt ci

multitude of job opportuniithitesnsaveracydclviing
st ag®ls Recycl i RgcyRclDi2Bg one tordmWs8 ofi tpaepernofc

1438 | itres of oilPofAndangpMpikd snpReeéyc 3Tmg, 2
advantage of recycling paper and cardboard
can be recycled together I nc otahtee ds acnaer dbro@a as
requires additional processing to bera&l ssown
provide an indefinite opportunity to recycle
gr ap(Ri gd)r et he chain of cardboard use is a <c

continue (NMdettnReeVydlti ng, hdDWeAke)y I mportant
although cardboard affords the opportunity f
|l ife cycle of cardboard also includes dispo

circular economy concept.

12
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-] THIS IS YOU
= f

‘# Cereal | )
,‘- [ 8
~ |
: - =
o =

RETAIL _“_7_“1
I Zrn §/ # @,:',@ \

COLLECTION OF
Tt RECYCLABLE WASTE

L)
(0 un(0)
COLLECTION v
___________________ TRUCK
PACKAGING MANUFACTURER %
e
9 =S=E== =——
‘D ©
20 September 2019 CENTRES/DEALERS

RECYCLING MILL { /
. -

RECYCLING OPERATION

FigirMpact | ifecycl(eMpafctc Rrecclhyadridc ggn ® Ople

The South African walagtrioxi madyydlyi mdep . 7&t eas o0

more than half was the packaging. Aside from
plastic recycling industry contributes 2. 3%
manufacturing GDP {({BAPR®Oh. ROR 1T s east omat ed
6MO0DMO0 waste pickers gain income (ohpppaocrtt uni

Recycling,FRro1®&béry tonne o&df pllamsdfiicl Irecyad e
( SAPRO,. 210 1t)er ms of recycling shrink plast:i
in mass recycling faciAlsi tai esesausl ti tofc anrhej ahm gnl
mac hitnhees amount of pl astiisc dfrialsn itcdesl tliyt s peaddmie:
additional <challenges for recycling facilit.i
many facilities do (nAorern e@aynclChemli agtriyc Cfoiulnr

13
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ot her fdcsornafs glihgesetsi c that need to be re

proxifmdtteyley scef tpylpaesst i ¢ cl assified into sev
these classes determines what resin the fj
teri al c a(nHabred irne,c y2cB2¢Id)er i f i es what each of

dles

Polyethylene Polyvinyl Polyethylene | Polypropylene Polystyrene
terephthalate i chloride (low density) and others

PET PEHD PVC  PELD

Bisphenol A

PET is commonly used in HDPE is commonly used PVC can be flexible or LDPE is used for dry PP is used 10 make PS, also popularly known  Any plastic item not made
commercially sold water in milk and juice bottles, rigid, and is used for cleaning bags, bread yogurt deli as Styrof , is used for from the above six
bottles, soft drink bottles, detergent bottles, plumbing pipes, clear bags, newspaper bags, food containers, fumiture, cups, plates, take-out plastics is lumped
sports drink bottles, and shampoo bottles, grocery  food packaging, shrink produce bags, and luggage and winter containers, supermarket  together as a #7 plastic.
condiment bottles. bags, and cereal box wrap, plastic children's garbage bags, aswellas  clothing insulation. meat trays, and packing things like CD's baby
liners. toys, tablecloths, vinyl “paper” milk cartons and peanuts. bottles and headlight
flooring, children’s play hovcold beverage cups. lens

of
p o
be
co
ch
ra
ma
of
us

us

®H

mats, and blister packs
(such as for medicines).

Fig&irdhe seven di f(fGgreemtP ealcaes s 9D 2df) p

these seven cl asses, only code one, PET,
tenti al | (yMibtet & ,e €pldele)d wo and four have rece
coming more recyclable but are heavhlky deyg
ntainers were commissioned to hol d. Thi s
emicals i mpregnating the materi al maki ng i
te of recycling of pl astmoa nma myf willalstarcg u
nufactured owing to the | ow recycling rate
plastic accumulating in | andf ihlelmscr elTahseack
e of reusable connsai he ehimenatkRanhsi pgkes:s
e plastics into the (rMictytcd,e 22l )n and into

G§SNJ wSIjdzANBYSyYy(a

rdboard

Ca
Th

pr

e production of cardboard fr om*ofecweatl eerd tpa

oduce one tonne of nmftapepr cbhumparemne ttoon he d

14
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The recycled paper production process uses a
t hat producéeRewgeg, n2Ppaper

Shrink Plastic
Thmain difference between the water usage 1in
is the requirement for water in cleaning of

Al t hough soiled paedéhallde mgespaiprert he recyc

chall emgeds gasit ead | recycled paper and cardboa
that iIis cleaned. Whereas with plastic, the n
the recycling process as corttiaigiwma rotf s tvaiel Ipli
to be reconstituted. The volumes of water ar
mi ni mal as it requires extensive decontamina
@y SNHe wSIljdzZANBYSyla

Cardboard

The main energy requirement in the paper anc
in the drying and curing processes. I n paper
form paper and in the cardboard pr acduagtliuen
that seals the | ayers together. Recycling ce:¢

compared to the pr odu(ckKuikorne joaf, TVREr2glimm | eame b a &

remuneration for collecting recyclable mater
drop off recyclable compounds increases t hi
environmerdt aelcloynomi cally friendly manner. Th
excessive recgrdiapdien mhaedi al ssramedslitterin

Shrphkhstic
According to a study undertaken by Franklin

Recyc(lFerrasn k|l i n Assowcsiangst ecydlled plastics r

materi al reduces the total ehemgiyt wyomasluyngt
(HDPE) pl astics, 79 &r e phrt( PRETIRY ep hyd eines and
Polypropylene (PP) pl astics. As a resul t, t

HDPE plastics, 67% for PET(Ptaskiices Asdo€il &t

It must however be considered that although

15
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plastics are high, the prevalence of recycl:i
to other c¢classes of plastics.

Hdloydi SNY a2yt al NJ S

The 1 mpact of the international mar ket on | o
is influenced by two main factors: costing a
Cardboard

The South African paper and pulp industry i :¢
| ocal and international mar kets as'taoregdstte
paper producers in the world. Al t hough the
growth in demand for paper as of 2013 showed
has however shifted in recent cyeadansn aoawicwmg in
production of paper . Sappi i noveslslit weldo s$3 80r omi
Mpumal anga to meet the gl obal demand for a
cotton to chemical <cellulose has benefitted
of paper and chemical cel llud masle ddeamandncfreras
alter(nRitdrvee Processing and Manufacturing SecHt
and 1 Q Business, 2014)

Pl astic shrink

Pl astdecifwreodn a pol ymer -pproaddicecedfads hae by I and
industry. As such the availability of polyme
fuel . Similarly, the cost of the polymer f1
(Mitte., RO&®h)a South African perspective th
requirement for polymer as the fuel price 1is
such the ©pricing of fuel and pol ymer i's in
negetiyvi mpacts the | ocal market owing to the
to the US Dol l ar. An addgi aipotl ylmeraesorf | uaot c
towards | ower prices it i s cheaper to produ
may be economically positive as it poses | o
poll ution as plastics (Wiltlt enot20Rel)recycl ed a

16
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Hdfn2aOF £ al NJ S

The | ocal mar ket for plastic and cardboard i
and constraints on energy supply. The | oca
the international mar k ett htahtr oduegthe rimmpnoer tlso caanl
available supply.

Cardboard

The growth of the paper and pulp manufactur.i
that of the international mar ket growth. Roc
i nnovationtpapmer foaogemsdmy equates to 0.6% of
domestic product (GDP) , wor (Fi mper @xomassiy
Manufacturing Sector Education and .Thareing
are five major producers of paper and pulop
Mpact, Nampak -Glnadr kKi nmibheersley pl ants are typic

KwaZul u Natal, Mpumal anga and the Western Ca

The Paper Manufacturers Association &kySouth

rotkeat the paper and pul p i ndbuassterdy ehnaesr g yn nbah

The industry has successfully mitigated the

drastically reducing the carbon emi ginons a
Mondi and Sappi have placed a specific focus
have, as a result, mitigated the production
di oxide emissions. I n addition tsdhatslteed reeccu ge

production can {£0t%e moiral Ivyal ywieelfd oI5t he f or e
Mpumal anga and KWwAMSAuU. NGBRBY alternative sotu
vital owing to the highly constrained ener g
generating power facilitates the process op
(PAMSA,. 2016)

Similarly, to the constrained energy grid,
water is conserved as far as possible by red
recycling of water . Al t hough the prsodwecgti ol

17
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producing paper from recycled maateer(iRaalg euses
2021)

Shrphkhstic
The |l ocal plastic market is dominated pri mar

features the construction (13%) and agricult
The sector divisions within tFhewWpd@haasiccmalSkK
2021)

Furniture; 2%

Domestic- and

Rigid packaging
29% Houseware; 4%
Mining and
) Engineering; 4%
_ Other; 5%
Flexible packaging

Electric / Electronic; 6%

Automotive &
Transport; 6%

Building and
Construction

Agriculture; 8%
13% 8 °

Figuurdhe sector SaoiutihsiAdms cwirtl hpilsra stchise Shar 2 ¢

I n 2018, the plastic industry contributed mc
21.8% to the manufact ur i n80 0GDcPo mpWiintihe sa pnpartoixo
industry empl oysO0QOppwo(xRepaskbkelliyc 6df Sout h Af
Departmentl nndfusftrragdeand CompEBhetliooaal 2pn&8sdic
i ndustry does not meet the r elgi {1RREDeans &FE t
HDhowever it exceeds the | ocal demand for PF
PE is imported to meet the industry requiren
the exports creating a trade deficrnketofwaRsl 8.
worth an esti madtaed eR8 4£.i 4 RimipulRilo. 6 %0f Sout h A

18
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Department of Trade | ndusTthrey tarnadd eCodrepfeitaitti ok
years of 2009 and 20H 8 urfeRepiudbd alcl pfd&Smpiud the @

Department of Trade I ndustry and Competition

R 40 000
R 35000
R 30000
R 25000 -
R 20 000
R 15 000
R 10 000 -
R5000 -
RO -
(R5000) -
(R 10 000)
(R 15 000)
(R 20 000)
(R 25 000) -
( )
( )
( )

. Exports
Products

[ Exports Raw
materials

[ Imports
Products

[ JImports Raw
materials

$(R18 280)

=C==Trade deficit

Customs Value - Millions of Rands

R 30000
R 35000
R 40 000

2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

Fi g0 eThe South African plastic indRBspulbl itca

of South Africa | The Department of Trad
Aside from the trade deficit, the | ocal pl a-
hi gh cost of primary plastics, shortage of

el ectri(cCdryr acbise,s 2018)

HApAFS OeOfS aasSaayvySyid o[/ !0
HPpdMBSE 2F GKS [/ !

A life cycle asstlssmensgt e matdied i amreal yasi s of |
i mpacts of products or services for the dur:
grave approach that includes all the wupstre:
al |l the asswch aae®dl amgpguasdsresources as wel |l
the air, w@bpepher adsd Bdi td.orThd ITretaem, n &2t0i2dn a l

for Standardization (I SO) offers requirement
Assessment as per I SO (114n0t4e0r na b d o NaSlO QAr4g0adn
Standardi zation, 2006)
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The LCA consists of four main stages:

Goal & Scope
Definition

Direct Applications
* Product development
& Improvement
Interpretation <> Strategic planning
Public policy making
Marketing
Benchmarking

EcolLabels & product declarations

e o o o o

Fi g eLCA st égedsegCagphiec Association of N

Goal & Scope Definition

This stage aims to define the product or ser

of comparison and the | evel of detail of the
t hat i ncludes the objtéeaédaigel! spaudipephceat Denmn)
determi nes whet her t he study ai ms t o cond
i mprovement, or a strength and weakness anal
determined the | evel (diearadilngofT BtOhleh piand v easntdi ¢
definition determines the time frame in whioc
of the | ife cyede that is to be analy

l nventory Analysis

The primary objective of this stage is to c¢
The inputs and zduttpot asaert aainnaltyhe resourc
environment and the emissions into the envir
assessment of the mass and energy flows int

20
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(Sph

i nve

erads EditorigdhaliTeame RO266Mhtory anal ysi :

ntory table that summari zes the mass and

defined(BHBgsdemg, 2011)

| mpact Assessment

The i mpact assessment wutilizes all the mass
to convert it into a manage@bBdrdinugnbe20bfpgee
dat abase of information collated in the 1invi
number of representative values relative to
of i nformation is executed emi Zatrieen/sncrpmal i
and valuation. Classification defines the mt
environment al probl em. Characterization or
weighting based on the r gloatyi.v el hiempwved tg htt a ntgh
typically given in terms of a specific chem
relevant component. This valwue i s tshceoorfeus ed

t hat category. The valuation is the accumul
normalization step ¢$ooye hihev ea dtdh a ifoinn alf @A ¢
respect to defined weightings in terms of

exec
i nve
wi t h
t hen
of t
envi
(Env

uting this <concuesnet raand oemi ¢ dhieo nrse spaim erea
ntory analysis are classified according
respect to a | imitéeHandimbeg rTmPddd mpalcue s

assessed based on their relTahd vebji emptoirv
he LCA is to translate emissions and res
ronment al I mpact scores according t o t
ironment, 2018)

|l nterpretation

The
rel e
eval
pl ac
2020

pres

results obtained i ansl gggedt hespeantetadi sa
vance, contributions, robustness, and | i
uated for possibilities to reduce negat
ed on avoiding bumgeinmE&ptidri andgs wkdaint orreid
)i nt er pret atoiudati sof dee eulmi #e data sensit|

entation of the resul ts.
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H PplOHEPS & L ¥ & M NISSIXK 2IRAER

SimaPro provides access to five main data |

1 Agfioot print (economic allocation)

T Ecoinvent (affodbyticdmssacidt cati on)

T EU amadni sh | nput Out put

T I'ndustry9Yy(idatlhudRes data from Plastics Eur
Il nternational Molybdenum Association and
the Environment)

T US Life Cycle Inventory database

Ther e araed dsietvieornaal l data | ibraries availabl e

externally sourced for downloads on the Si ma

This utdA i zes one main data | ibrary stored ol

i s knnaosw t he ntEc 8i nivilehe arEyc.oi nvent A s sporcoifaitti on

organi zation based. i Pph&Z&uasshci Stwiianz&s | maidn o

higomal i tfyordagdwmstainability and (OGQA &6 NyvmEO

Associ at iWwint,h 2@D2e3r)ear s of ex@iemrvemtcedattabease

contai nD0dvdyicflzZ8dl i nventory data sets which a

the most accurate an@Thel Eabi evedat aAssoavail

ThEcoi nvenlti Bwamy@ahosen for t hciusr rsetnutd y rbea si eadb

whi

ass

Aft

nee

= =/ =2 =4 -4 -2

ch it of fers with the objectciuvagienmptacachi e

essment of the packaging configurations b

er selecting trmet WMad adfascall d bilramiydg m ¢ ahred Aa
ds to .$emskPl e@eciterdl udes si x categories of

European (methods that are European dat a
Gl obal (methods developed with a gl obal S
Northern American (methods for the North
Single Issue (methods that focus on a sin
Water footprint (methods to assess only w

Superseded (outdated or no | onger support
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Based on thlgeogoapeddatmdon of this study, the
was selected as this group of methods provi
conditions in South Africa. There are three
Worl d+,mpaCct ae@d2®Re€&€i P

The | MPACT Worl d+ met hod exhibits results on

however it examines only with respect to the
does not consider the i mpact to areas of CC
emi ssi ons. Due to the importance of carbon e

study, this met haedkewad en(dBhuastdd@Rdt1e9d

The -ILn@pact met hod wutilizes only the endpoin
nor mali zati on. These characteristics place
reasons this methvdr eviasah®20)sel ect ed

For gthutthe ReCi PemeMihdomso i inttiTThiez eRle Ci Pe met hod
coll aboratively devel oped Nibjermevi@aom Naioaal b o u d l
Institute for Public Health and the Environment Lei démi ver si ty and
Sustai nabDUOB¥Y main objecti we nafentstei & hme tvhacc
|l ife cycle inventory results i nnmel aat ilviemittoe d

varying environmentRa® Sunsptaacitn asbeivieirtiyt,y 202 3)

The ReCi Pewametersadbl i shed onwhtivwch icrmodhisd asttcerd
mi dpoinmlt c ateonrdsp oonrd i 3c(aHuoirjsbt e g@® BFlo7r) bot h i ndic
|l evel s the factors can be divided inta thre
series of decisions regarding ti me, proper
mi ti gatenviurtaunrme nt( PIR®d Smaddeai nalblihleistey ,t h2(®23)c
per specst ipeags t he description arreocvided by PR®

T Individualist : short term model which relies on the development and
progression of technology to mitigate futurgroblems

1 Hierarchism: considered to be the defaulinodel, it is common in scientific
modelsand is otherwise known as theonsensus model

1 Egalitarian: long term model which is based on precautionary principle

thinking.
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Th&keCi Pe midpowat umekt hnpedd as opposed to ot
met hods becadushee iwiadpegsev o tl ei mpvahd te hé ditinzppamlar ti e s
mechani sane tldtevant oawnda ugnllobkael ostchaelre met ho
i nclpwdenti al i mpacts from future extracti on:¢
included i n thel PR® eSutsotrayi naanbai llyistiys, 202 3)

Since the ReCi Pe method thas beersewddvahdpegpc
annu,alrmgst recently under the (SRRP®rSusstiainn alfi
2023)The most recent update is ReE@veRéopedobw

t he Dutch National Il nstitute for Public Hea
University oTecShcnoeelned®ywy afudst ai nability, and
Ni j mggPeR® Sustainability, 2023)

HOpabdYP(i S / FNI 2 !yltéanra

The ©MCratrmet hod i s a method of assessosrng th
measuremens s meakesd samples from input di st
sel ect etdo salmpaien t he derived results and sum
demonstrate the uncertaifttapymasgoainat &dHiwg t I2
met hod of wuncertaintuwseafnuall yass si ti si spaadd wrud tae
nonlinear dat aantdr ains f oir gnat y oe$ f eotmpv e xf drat &
out puts such (aPsapla@m proard wist sa n dT hYee uuntgi, | i2z0a0t 1 )o
met hod i s however | imiteaxtocsimpeai esgthasoban
t he anal yhsiigshl 'y computTahte oMadtl® GCartlecnsumweer t
met hod i s specifically wuseful in the asses
assessment of | arge and s madnaluynzcee ra amammlte xe sd

such as those which araaL@QAnerated when execu

The use of the Sinddhreousef towartdef Moink ® €ael o
tool that is built into the wafywbhasedTbde uh
but for this study the uncertainnypr aalalysi
di stributed graphs which gavestaandaxd ataita ro,n
coef fafcaringChapgnnd t he estraond HrSdEMe ahe mean bein
average of the daniaddaned vtahleu emeodfi anh et hdeat a s et
in rel aeamnt heoa nognidvu esat ideergrefe tofe di stri butio

well as the d&gmnedaofl devumacyn i s a measure
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of the dataset relative to the mean. The hig
di spersion of ddtHar gbawut , K TthB® 2cBopeafnf | cii®ené of
measure of the disperditon sofa datta ocamdutt htehe't
t he mean and i s a uWdefpelrst mnl oif s on@imhalygaet sarsge t
2023)The standarics ernr arnddfcamadaaom of the amoun
by the dataset compared to the ttresd i nagl sea mefl
Thus it is preferable to have a SEM as | ow &

datasislose to that of the (tKrewme omop 2lI02t3i)on v

HOpMAP gAGTKAY GKS tFO1F3IAy3a FyYyR Cca/D {8§0G2Nxn

No plticbyecl e i mpact assessment cwmaprpkassti be
corrugated boar d i n theobkMEeHomervkat, duwldd
alternatives-wfap peastishr haikne abceceonr deaxneccu tveic
worl dwi de movement away Jfamnomes$s,iarfRgdi2e3e)us e udiy a

conseddeur al ternbundkesng of products such as

mar ket. The four materials under analysis we
T Lowensity poeshyiehhkml ene
T Recycl-ddnbsowy pol yfeitlhml ene shrink
T Ecogrip (ebaskdmdl o apaeakagi ng)
T Ecobundlcer f wegw tbeads ebdo abrudn dl e packagi ng)

Thehrbauengplae kagi ngi ar @& hgadrdew n
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(b)

Fi gu2 eGr aphicwiodp tmleasthire nkase :audRlemw ¢ lee ah a
density polyethp) empaepdrc omgrka p:i lamd (c) The I
b oarudndJ &n neets,,a2rR.2 3)

Fi gdrea) depicts deasregyploédet owl ehZ b3hrinl
depicts twhae cthcagriepxi sting paper aFitgeur@deati ve
(c) depicts the Ecobundl e whhascehd ibsuntdhlee npeaw
(Jannes, aR023)

The study concluded pa@EHdastelde praew alg§éc oalgu rod If e r

LCA i mspcactrfleannes; Vanhauwer mei.ren; Slaets; Ju

26



Stephanie Anne Rivett
A Life Cycl ePlAasssteiscs nvesn tCaorfd b o aModv i Phagc kCaogni snugmeirn QG ohoed sF &

oDh!I[b5 {h@&tU®¢'S
odmid! [ hC ¢19 {¢!5

5

5

The goal of this LCA was to study the i mpac:
used in the . FNGGsmantkaelty was conducted with 1
as Prewasihi ch is supplyeaoumdToh et hdeh htar afydeea m

2022 wasasusseesds t he annual @fac kBMLCGogd wcetq.ui r e my

The asswasmexéecuted from the conception of v
to the disposal ehdsafdt mat EMC&l sommdtdhsy pa
LCA did not mpasess asseci ated with the proce
packagi ng/ man uBeaycotnudr itnbgn bsytsatgheg e di s pgoismagg of t |
rel ewhnwd accountaendalfhogre daonndd e tsii n g wesotny t dareal y
i mpact t hat the extend of ascgolithmhg LLAend

conf iigwur at

The target audi wasaél| ot akhelsolsdeurdsy i nvol ved
commodi ties that are suHplwieegtéhagurdti @ ntckek xeoMC G
exteondall parti es euspnsvtorlevaend a nnd pdMEGesst arcekaang ionfg
stade. choi kagg ngf mmaaceri al at t hivel gtmeagteefrwiall

required from upstream process and the ext.
procelsteesi.nf ormati on and concl coiud s bree allsiezde
reeval uate packaging <choices btyo indiemitmifzye negr
i mpact materials and their associated proces

0o®dH/Pht 9 hC ¢19 {¢!5

5

This seetioomesicmi be t he getheradhisecwe et lod & hc
goal . This deddhedenwoiuttil ¢ mtei on of tthefdpgmeeduct s
b o u ni deasrf thes sgptdemnedstadl| famcti onal uni t s a
requiremeanal ¥y ®irs.t h
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OPHWRLINSASY (I a@dSySaa
Repr esentiat iame messsse s s nideentte rtnhiantedagme et 6o whi c
under analysis reflects (tClaeg yt.rn B 1o su lsattuidoyn,

popul ati onwaafl | i mtoenpeaxnti es and stakehol ders i

and packaging of commodities that are suppl:i

Thkeaundry pmpetod@xewash,wRirsomohosen ahoavepagse
FMCG macadknmno disteyv &f mals on s :

a.The product-roandseaeddydaes not demonstra
ensures that tdlkewead abtuesrktadd ians tniomes of t h
b.The 750ml bottle size i s aofgomrdo dweotrxe stem:
packaged wusing heat shri ntkhawr apr iamadr i d ar
bet we aeama ns5db0dt t | es.

c.The product is not geogcroaupnhtircyawildye sapcercoisfsi
climates and weather conditions.
d.Prewash iPBroanovi able option to <change f
configuration that includes heat @&hrink

configuonatyonaofilboard cartons
Assessing the validity oér mel et i hpggrecPdupcwass h

produced and sold into, Tabécketr aidles byowWwoRcewas

performs r el attwevieo pt op etrhfeo romtihnegr pr oduct s
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Tabli eProduct choice rationalisati on
Product Numbersool%of total % of tu
Product 19%5 2 3. 18.
Product 1726 20. 18.
Product 1285 15. 13.
Prewash 981 11. 12.
Product 6 DO 8. ] 6. 1
Product 6 4 2 7 . € 11.
Product 285 3. 4 5. ¢
Product 2D5 2. 4
Product 2017 2. 4 2.
Product 135 1. ¢ 2. 4
Product 1387 1.4 1. 4
Product 1 B4 1. 3 1. ¢
Product 840 1. ( 1. 1

The deflTabldemaonstrate that Prewpsbas ®ntoaboi ors
FMCG commodi ty itrmotphierpmesedwufcttsheroduced by Co
PrewashaPcomot. & fodr t hZ2 turnovert hgaptiecoednt etds by
and 11.65% of tWPe ewatsal Ruowimbasbil olcthe®pmes e nt
average FMCG nmemg kiett ipsg owliutchi n t he upper fram
sold bubhei piggest vol umedadfa parnocad wWetre ade istbhoevrte.e

a good iatwvermgeof t he pdatdascac pepuillaltd .otho e x e«

Theo@ercentage distributyeg@p0@fs tddtsatllhmiymeidc & as o |
(Figurwehi t®) support sPrtevea sl aPirno mtoh adte monstr at

portion of the total units sol d.
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163 1.59 1.35
250 243

s

11.65

1.00

= Product A
= Product B
= Product C
Prewash Promo

= Product D
= Product E
= Product F
= Product G
= Product H
= Product |

= Product J
= Product K

Fi glu3 ePi e chamrdt safrafipattaleomd maigte hsi ap reesel mocft st hien t2

Si mi lFargluyjségnows t he rel ationship bepewecen ttahgee t
of turnover each of the products represents.

economic I mpacwvolt e@hsealioeise. t o t he

242 145 191 _1.35
2.37 \ | '9 - = Product A
= Product B
= Product C

Prewash Promo
= Product D
= Product E
= Product F

N
4.11 \
® Product G
= Product H
= Product |
® Product J
® Product K
Fi g4 eA pi e ¢thhaer tp esrhcoewnitnagge di s ttrhiibpurta eoonc tosf w

in 2022

12.10
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@©dzy Oa 2y > CdzyOe2ylf ! YAl YR wSTFSNBYyOS Cf2sa

The function ofwathe prfodwace psaycsktaeggned FMCG mar
t hat ar e ei tshherrwnpliapcpkiangge danidn a cardboard box
boXhe functional wamiomneofyetahidbs @rodwyct ibon of
with reference flows being all i nputs and ou
The goal of this study was to determine whic
environmentald empagt .cldires umepttriiocn o f one yea
packaggiwahe® most mppsopeiaseit facilitated an
and benefits. Companies primarily do growth
basTlke annual assess mebnetc anuester iicn waasse \ecishdoaseennt

greateratdReenr ht han one month in isolation.

PdaiSyY ASadzy RIFNJ

WOSNIBASSG 2F (KS t NPRdzOO {eaidSvya

The packaging of FMCG products system has ma
stage that involve the manufacturing of the
the final packaging configuratiowamodéa@é& syst
to demonst ftagtreavae @rraodcclees s . It must be noted
of FMCG Product Packaging stage t heodpiafc&kagi
processes thus tthoger anvoed edwgorf b Bae hclr eaadtl ieotehpep € s e n

|l ife cycle of the process.

The system boundaries ar eFi deéSearnids.eldT hien ftiwos
graphic depicts the system and correspondin
board and the second graphic represents th
associated wimwrhmaphedthes bBrisrykst ems are depict
di fferenti at e bgeutrwaeteino ntsh eu ntdweor cdomailiyds ion | y an

with shapnkl astic

The corrugatedvaBloandedr o mée¢os seven | ife cycl
paper/ board manufacturer 3) corrugated bo
manufacturer 5) FMCG product manufacturing/p

ret ai l outl et .
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1. Forestry

This stadtenei pralmaeay acqui sition of wood

This stage contributed towards the use of
cost s.

2.Paper/ board manufacturer

The paper manuf acdtuhe nr cd eagee detstcati bec c
wood from the forestry process into the
processed into boardtowardspthbheessecahtr
of electricity, fuel, chemicals, water,

3.Corrugated board manufacturer

The corrugated bwamde smansef &¢ e urfeorr conyv
supplied by the | ikes of Sappi or Mondi
corrugated board. These facilities recei
bet ween 1lnend@hi2ch oamare then combined in

achieve t he desiresdugyhwoducctonvieeods hearhi &n
devel opment of a doubl e sheeted board wi
This stagesicpmitfriidairt-tey ¢lse ovehal |l i isee of

generate heat as well as chemical uses i
together. This st agaet ohotwreavresp oarlts oc ocsotnst,r i
usage.

4 . Box/ s hcopmpvweerter.

Similarly, to that of the corrugated boal
primari | ydt oowratrrdisbuthe el ectricity consump
the requirement forsdmd gshbmehonreugyattdadt
into recogni zable shapes and sizes to uUSs
product packaging. Tdhiosvastdagd hal cd emmo ctad
t hleit feasycteutilizes glues to construct v
finished product.
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5.FMCG product manufacturing/ packaging

This waavpere t he pri mary di fference be
configurasatrieoanlsi zed. I n terms of the corru
contributed very I|little to the environme
any pr occeosnst rdintegtag i vely to the environm
cardboard dastper atheveransport costs ac
bowa wused ¢écoommaoccdketgd es he f i nwasshoerdp | pertoed u clt
must however be accounted for twhsatu speadc k a
to close twa boxowhti el -cfycrl ei rsttalgies alsi fi @
for the use of this pwekaddieng rmanaeryi alo.c
study wsas hbei stage where the greatest d

confi guwasatrieoanlsi zed.

.Central distribution

Centr al di stribution in terms of Concord
facility in Johannesburg that then distr
direct distribution facilities of each o
t hesei Ifities in terms of packaging 1 s the
or breaking into smaller selling units.

.Retail outl et

Similar to that of stage 6, retail outl ef

packaging matewaalewhetebdyorf di sposed of
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CORRUGATED
Energy/
BOARD [ ] [ ] Electricity [ }
“SystemBoundary for Corrugated Box Production R

1
1
Paper/Board co'::f::ed Box/Shipper | FMCG Product Central
1
1
1

Forestry

Manufacturer Manufacturer Converter Manufacturer Distribution

Y

I System Boundary for Complete Life Cycle End-of-Life Landfill

\for Corrugated Box Production Recycling

e o e = = - ——

Incineration ’

Fi g eCorrugated board system boundary diagram
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Thbheat

whapnk!|l astic pr ocefsisvecasn aBjeeasslt ivic dpd |

manufacturer, 2) Shrink pladiadctc mamuf act wren
4) Centr al di st rauwtultdatoon, and 5) Ret ail

1.PI

Th
t h

fu

2.Sh

Th
cCo
pr
c h

astic polymer manufacturer

I's st adteh el npvporlmvaeup Pl ast i ¢ popymduchasoh
e petrol.eumhiimmdutsageg contri buted towar:

el s, water, and transport cost s.
rinkmphasacturer.

shrink mphasticturi ngdtshtea gper odceesscsreisb et hat
nverwtl ashe cbywyoloyymet hfrdemtto whapnlkl aditiisc
ocess cbowar bste he overall consumpt i

emicals, water, and transport costs.

3.FMCG product manufacturer/ packager

Th
cCo
s h
pr
w a
wr
w h
se
re
t u
pr
be

4 Ce

Ce

is w#&sagwehere the pri mary di fference b
nfi guwamt reafheegackaging confdbeattion
rwnap pwWwa stphaec kagi ng s e teuopf tshiharta pckoends i s
oducts conftai ddaawtdiFoirn Pek ewash Pr omo,

s grouped into sets ofgert hpredupvhe-h soi
apped into pachksckée ssiexalandd itnwoo sai xc ar o
iwss seal ed withThe ckraifniaergye hcaipe bet ween

t wmst he presence of additional raw m;
qguiremenwr dprtnsahardddndk t o package the pro
nnels are highly energy.Thnsemwsiawereand
i mary focus oWwat hHihse sttuadyye avhetrkei &€ he ¢

t ween the twos coemdliigauuiedti ons

ntral di stribution
ntr al distribution in terms of Concord
cility in Johannesburg that then distr
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direct distribution facilities of each o
these facilities wiart hteerdmss pofsapadlkagiengf
damage or breaking into smaller selling
.Ret ai |l outl et

Li Kehat of stage 6, retail outl ets accou

packaging matewaalewhetebdyorf disposed of
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HEAT-SHRINK Energy/
PLASTIC Electricity

/

-

Plastic
Polymer

Manufacturer
Manufacturer

1
]

Shrink Plastic : FMCG Product Central Retail
: Manufacturer Distribution Outlet
]

End-of-Life Landfilt

Incineration

Recycling

T o e e e e e e o e o e = = = = —

/
AN System Boundary for Complete Life Cycle for Shrink Plastic _~

-

Fi gug eHeatwralpripnlasti c system boundary diagram
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AAIDYA 2 AA2FBDf HaEIR2YE FNRY G(GKS t NBRdz2OU {e&aiGsSvya
T Humaacti viheses 1inputs were exwl mdje d of rtohne
considerfabadmetiengui red taspgpaetheofaeshe on
This time frame exceeded the allotted ti
of a soci aflalLICA avinti xihde t he scope of thi:c
T Capital equi pmentThe dc araii tmal le ma w thlleaonedr, y |,
buil dindgspl ant wesq wixpcrheurdted from this stud
mo s t of the capital goods exscdenegdse 5 eywea a
analysis fdhetlassostatdgd consmdehaheons
mai ntenasce aedquit hements for pl awneer | ay o
di scussed ahdteonsndéehed study but do no

analoisCA cal cul ati ons.

The factors excluded or omittad pPpopemi bhesas:
fur@amer i mprovet hdhteuidhye pthle dfut ur e.

AAD®2IANI LIKAO . 2dzy REFNBEZ ¢SYLRNIXf . 2dzy RFNE FyR {
The geographical boundar dear iod u$ htahseg eaOthas| sy dui ds
given that:

T The resources used in prmduccoget heomadkfEt
areas of the country and in terms of the
may be model |l edwa naveirmabloé ahdtthe cl os:¢

Sout h MAfarikedn

T The infrattbast wasdenvi tgsinfluenced by t
which tvwe omad&l Imé dtaor Ityh,at of resources, |
dawa | imited by the avail &bmefea adsa traubca suerse
anal ysisd tirmalspgpettemsctricity producti on

management ; walel roefgiwdm agshiweaiyf igo eatl y fror
to the next.

T Theegimay exhibisensiaryvingies to certain
ot herswa Tprsmansigdyered when | ooking at

coastbcatei ons.
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The tempor alf molwrCAarnywcl udes the period assoc
considering the periods of -p¥fbobtacmag&@ehesntrr
201F7m this study the pfeurnicotd oangasl d duima tyeedh r wi2tOR :
activities and resources associatedalwentdat he
yearere therefore included in thé&éhd edpbaneétd
emi ssions associated with the disposal of ce
year were accounbegdi holfoamdghmm hemals@Al oommp ar i n ¢

when they are accounted for and when they ar
odolaasSaaySyid / NAROGSNRI

The Simapr@Overdf.itdhwedr2@22d to conducti zhe HCAT

calcul atibasmesbhotlbhe i mpact of prRedQicPses asyst

LCA i mpact asstbhamentamst hbds emissions and

' i mited number of cavegodohmeREeELI Pée mpaptct a

met hod can be defined into t wo mai n strean
(Environmenihe 2Rd8))®kecmebahesd: c

T 18 midpoint indicators

T 3 endpoint indicators
ReCi Pe midpoint indicators focus on individtl
depletion and. gRelCalPeweamnucipog nt indicators
i mpact in terms ofmptalte tchantegohmi glse( DAL,YE)f f ect

2) biodiver si sy aa(oEntvgi)r ornenseGuta,g le2d clagd )l y repr es
relationship between the 18 categories of th
the end point meRihgotd(eslaai lbbe 23@22) i n
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A Life

MIDPOINT CATEGORIES ENDPOINT DAMAGE CATEGORIES

4 Ozone depletion {
14 Human toxicity RN

[l Human health
(DALY)

.‘ Particulate matter formation // l
I/ |

/ “"‘ lTonizing radiation . NN *

4 Photochemical oxidant formation —

"' Climate change < \
Terrestrial acidification “\\ :

N Terrestrial ecotoxicity N W\ ,

Fresh water eatrophication O\ \
NN \

LCI result | - Ecosystems quality i

(Species.yr)

Fresh water ecotoxicity TR i

Natural land transformation

Single score

Marine ecotoxicity / / // |

Marine eutrophication
|\ Agricultural land occupation

\\¥ Urban land occupation |

\ l\I' Fossil fuel depletion
\\ r letion |
\’ e = Resou c:st)lep etio

| Freshwater depletion

Fi guif eRelCCMRet hod | mp@Shaiclkat ez®@2 2 )

Both the endpoint and midpoint methods wil/|

product however theidégwveae yof Ownagr tt i nthye s
the endpoint method there aré¢étgisafer vvaeisat
the ReCi Pe midpwosntus2@l 6 ometfleomrdl tt ehitsh e t @A .

Thi s fsdauwusyeidmari |l y onofige: main categ
1.Gl obal warming
2.Stratospheric ozone depletion
3. Fine particulate matter formati on
4 Fr es hwattoexri ceictoy
5.Water consumption
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ese fivweweeatcdbhgexmainuesse t hey provide the best
sumedd omir m compared ghoatemgof vl BEsbasmaar mi n
ratospheric ozone depletiomweandalfli nceongartb
ctors to our envehamgeni al weacthiene condi t i
duction i@mhaifi malal tvp. categori es: fresh
nsumpemon gttrhaet ei mpact on our water source
eshwater supplies owing twodytihneg gbeeo garga pi hni cta
ahdcked Johannesburg.

ese five focus categories were also chosen
these categories are relatable to all par
ese five categories were also selected as

terest but also demonstrate a good repres:

Ci Pe method assessment of each @afnatllyegepac
¢ i Yecus | mpacconcea dleagey piiceosnltout i ng factors

vironment al i mp,adtr: pwdterntgpoluhdTheoht art g ®tn
di ehce hivwassttaukdeyh ol dercg utdieati smalke e thhbat | mp ;

ch a compacynthedy bwinealsy t hesEhd he efei Tacd atr e
so adequately summahicledt hdet mageat aaedise n o
eat est ef feecitmpawitsg atss otch at ed with the ac
CGranufacturdiwag ¢mapionmtannddmaddphet cfat egor
cused on t hedd otwhmage sitrmagkadhtod der s wi th | i mi

knowl ed¢g éred s wimt sn @lnwsi ons

f 20l 092y 5/Ki2A 08z t IAYiR wSIljdzZANBYSY (a4

20l a2y [/ K2A0Sa

e use ofwrhemtplsdhgtiink and corrugated board
d are unafbhpwectoeddchy athehme pri RMCYEG 9tr adec:
nufacturingfTpackagitomgs are custom made f ol
d t hevrxalps pieski fi cally designedltomusseabsol

ted that the data rel anhamgl yt owdihglstes t afo

ckaging raw materials remains constant.
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Secondhley ,el ectricity requirements of the pac
shrwnéap plastic wetrlke aprcactiac aledamaloynsi s and
a shwriaak tunnel that i s sesupstdrtBeppré&ldgPt

in isolation and does not include the packag

0 dnEPHDE wEHjfdMINS YSy i a
This st udlyatat iflrioazne t he yearcromPpBhet bwanphygkag
confi gwmateironsivesti gat dprni.malrhy sd atta dfyr awh i tl h ez
and pgrhecti cal data concerning the weight o f
packaging c.OVMhfeirgumpat maayawaitlaabl e the data a
Si maPr o dvaatsabadsessaprirmasi ly utilized for th
stages before the FMCG manufacturing/ packagi
on a pri rmar ynubsasihsowever be noted that where
pertaining tios Swuded tAdrbesat mo d el the syste
specifically for the FMCGe ma onoé sec tawrcium g/t pa ok
't i s also vitadsedadmafabromehmairsymaldat asi shi s wi |
| ifyecl e stage that wildiftiemenstahtbeettveebi g0
configurations.

odp/ 2YLI NRA&az2y o06SGs6SSy {eailiSvra
Il n this study, dred wmainn t omoanspeanrsiusearmehde | mpact
the packaging configur awi ap pamals tcioer a luwgdd £ dh e

cartaommm, t he packaging configuration that uti/l

It must naltsead Kteheacto mpual riwispaleh s 0 conducted to a:
i mpact that varying |l evels of recycling has

't is important ®s8o0oO0Ohbee than ahk cvaangkl eén p
hel d const asnhtr.i nkheplhaesdati ¢ pac k agadanrgd bcooanrfdi gaunr
shrwnap plastic amdt earlndpesscaessidaeedcar dboard
packaging conf i guruat ieoxnc | wadsehdi -wtrehiogt i hodasghts t 1 ¢ an
requpreadesses for the use of that materi al

4 2



Stephanie Anne Rivett
A Life Cycl ePlAasssteiscs nvesn tCaorfd b o aModv i Phagc kCaogni snugmeirn QG ohoed sF &

n®LCY9 / .,/ [9 Lbx9b¢hw,

nove FGF 7/ 2ff SOb gdRl X WR DISRIIZNESHIZND S
Thi s seocoteihasn procedures executed to collect
secondary processes dadfnvtohev etdwao ns ytshtee msi fuen dceyrc
processes are stages i n t hwerdellflee cctyecd .ea nwdh eut
Secondary processes are stages wenrud ihlei 2aed e cC
terms of the two systems wemeeed afmad ysihe, Fp
manufacturi ng/spaicnk abgoitnhg Isitfaegec ywé ms eand os e ad
stagepsand down str®aaaormndawgruega tidkyagee.ans of t
dat abases contained within the SimaPro softw

novm®mMdlr / 2ttt S002y t NPOSRAZNBY t NAYINE t NPOSaasSa
The primary data requi madufaocmutr hegFWEGK@Igo o

coll astédl | ows:

T The packaging materials involvedvere t he
practdetadrimi nedt hteo bienlcomaddeet aal sdand corr
wei ghts. The wei whtde tcefr Mm@ anceld mant er ipalr c a
of Prewash Bo b mb waocskssk sa f Prewash -Promo
wrapped together and sealbeod n natdodia i coanr dhc
shrwnap plastic materi ali oand oc osrhrrui gnakt ewdr &
bottles need to be grouped into sets of
t he swrraipppk ng, pgpmd kaging tape is utilized
boxThe heat shrink wrap packaging config
detail edand Thel ®doardgainég packaging conf
only the corrugated board and packaging

Tab2l eSummapgclhadgitmg imatenme ad asasefd Prew

Materi al Si maPro mamer i al Mass (¢

Shrwnlkp p/Packaging fil m, I 2 6.
pol yethyl ene

Corrugate Folding boxboard 251.

Packaging Polyvinylchloride 3.

El astic b Synthetic rubber 2 . ¢
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M The tot al number of bottles of Prewash F

Concord Group BFabmst hiegarsmabogisrPerse wahseh tPortoz
werdet er mion8g2Hdot t |l es whi c3h5 2e qcuaasteess otfo Prr
Promo i.hheoga@acahging used in TA®MB2Z i s sumil

Tab3d eSummary of pacpaghagamasat ieal ofis &de

2022
Materi al Si maPro materi al Ma s kg ) (
Shrwnlkp p Packaging film, | 191.
pol yethyl ene
Corrugate Folding boxboard 1 814
Packaging/  Polyvinylchloride 26.
El adsaainds Synthetic rubber 19.

The only preinmadarny nmrwx etslke ialparct ri city reo
shrink wrap tpamkdgiurtg |R rzZEhda s \vé &t & anion e d

bynonit e@diercd r i c atl e ndprearwatt &ule de sworfa pn kt unn e | fr
stamuthi | operati fheteempenadtuuoweas mbasheetdu
every five minutes wuntil it reaclhB€s t he

Thesulet s of this & eparpeesreanttuerde iamn aTl aybslies 4 .
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Tabd eTabl e of the tempegrapt dmuemanalsy |airg

Ti meli fut| Temper ag)u
0 30
S 6 4
10 8 ¢4
15 91
20 10
25 10
30 10
35 11
4 C 11
45 11

Table 4 shows that 't he4b5 uminneult etsa kteos raepapcrh

temperature. This time may vary slightly

The tunnel o pehraasstee spoomert hwmheec h codbests o
curraentoss thewsSBhmeasphagdesa cadsasmphenet emnne
wa started to measudettheéeidnriTaskhlodimme h v
currmentt hen measured agai muomdée gt he mpenma
with all ,eldereanitlse doni M adddeudbnt hdrrleastofcol
Tabbdet ail s gthetuesst emdydr aw across each p

operation
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Tabhl eSummary of the currens$ hduradnp atcurnonsesl |

St aurpt Mi ni mum |Steadywt
Phase :

currentoperatiojcurrent

(Amps) | (El ement

(Amps)

Phase 1 25. 11. 2 4.
Phase 2 18. 8. ( 17.
Phase 3 15. 7. & 14.
| wWwaadssumed sttheaatd ytuhmen a hg deumometriinesat er i ty of
the running time of the ctodnwmeaed s ®tdh uisn tthhee
model |l ing of the electrical draw of the
The shrink wrap tunnel i n questiagn frouns

48 weeks of the year.

Addi ng t hengst herxehed bciurerde acrosscehchl ateshe

i nstantaneous current difhew bDhsthetaheonok

draw of the shrink wrap tunnel is 56.73A

Accounting for the 9,hours of operation
VD WOl ivpam)Y BB ol i

Convetoi kgh,
0an : e e
upiaxt)(,,Q 5 iqcm p T TITIPp P& 0QWQ QR ® w
Calcul ating the annual electricity requi
Quwwi 0 QQ Qi o et
PPRIOC V—— - T P—— . C @UBRTQIFO Qw0

VLQQN "TOQO®I

Converting to MWh/year,
O & & 6AHEQ O OQIANLLIR @ O FTDQDI
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SRAZNBY {SO2yRINE t NPOSaas
The SimaPrwasafttwarzed to model al | processe
primary process: FMCG mRambmlfiadctyuecwadlepd inlvaenit fc
dat alwaesuessed t o model the processes and where
wasgtilized. 't must however be notedww#shat th
very Iltihusg edhen unavaw&dabkedghsbahedatlt aernat

wad utilized as opposed to European-worrl @danad
economisocarmad climate of South Africa.
Lastly, the ecwanuertl Bod&at hbasbe remaining

dat abase required t o execut e t he LCA of t
i nvestigati owa.s skEeado iamsv etnitiss3t chaet arboasste ext ensi ve

datewaneéxtensively reviewed by external spec
The upstreamimpecdaueesd in the two systems are:

Fotrhceor r up@daredl system:

1T Forestry

T Paper/ board manufacturer
T Corrubated manufacturer
1

Box/ shipper manufacturer/ converter

For the hveatp pHraistk ¢ syst em:
T Plastic polymer manufacturer

T Shrphlmanaofacturer.

The downstream processes include:
T Centr al di stribution
T Ret ai l outl et

Thabowmenti seedngmplracgyess stages have aawdadari et
0 ut ptuhtast need to be acclo@Atiesd asoractcou reantseu raes
critical inputs thatnbodweanhepobti ggelsvdadtiemif ¢ iute

and raw materials .Whpec mbidedl i ngf o siSI mawe los
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monitored t o ensur e t hat t he four weei t i cal

adequately incl udetd alnld pprcccoaunsg edt & geas .

The critical outwarndef wamt Blssoewiattiegislse di s p
ofpackaging ma& emioall onlyatrT hee eddiesdp o s al of S p ¢
materi al s occur s primarily in the three st
manuf actur i nogd mptarcala igiaongdt iroetit,eatid. oUhe need f ol
wad either due pac kdaagriangge rteoq utihrei ng r epl acemen
the product or thedpsbd,nadndatshewegpahdeglei n ¢

requiThed-edhidf e s ctemearmat eorfi al s i nvolved in tth
prodwasistrheeayctetdboramtdpelrtentage distributi
t wo -edindf e scenarios cannot be definitively Kk
were execut ed itnd |dueetnecoeinitihee tlnednar i nespl it ngya

i mpact .
noPHSGFAf SR 5Sa0ONALI2Y 2F t NPRdzOG {@adSyYy | yF

This study aimed to compare two packaging cc
heat whapnkl astiexahddedet hBlheise twereomf i gu
included two separwtaepspbasemsc stshetemrantl t|
systefms detai bedgabovecthded in both systems
and secondary processes based on the data u.
pri mar yussetdagpersi mat Yyedaed on site antn eGobnucrogr,d
Sout h .AfTrhniecasecondary stages taad dowihmhddedam
the primary stage were modelled using.the Si
This section aims to el aweadmmatl eadandetxicd uaderdp an

anal ysis of each configuration in executing

ndo | £ OdzZf @2y t NP OSRdzNE &

ThleCAal atui ons were executedvesisngnt e 4SIOm8BPr
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P®WO{'!'[¢{ !'b5 Lb¢Owtw9¢! ¢LhbD

poPM2YLIE SGS [/ ! wSadzZ (4
Il n executitnlge trhet LaCAA by wh iweheedtehcewtkead toés am i
based on the desired results. RASI Besausdpedr

calculations method was used to execute this

When modelling in SimaPro thwereesdwtbe i smeédout
from pri mawy daotld etctaetd or wacoodrarcygd datamtp
avail abl eThhat abaserdary data required for th

ecoinvent 3 database | ibrary.

Aside from the primary data that was i nputt
scenarios for paeteadftdodhkbei mpdéebled as well
avail aRkiclciutryat e primaryedwpctlaimrpefcemtagéeéi abl
(Mpact recyclinmgeayoliienfgMepffaiclOrResc,y tweirnege d 2019
to model the wasftfeurscmeataern osl Ofputhe: corrug
pl astichbanadsgdstpa&ckagiwmag atsaspuemed t hamgatteheofr e
corrugated dotooartdheadhnedduest ry average for the
(Mpact Recycling, 2019a)

Si mi | avisl ya,s siutme d tihnagat ehefrweapl phagnhé&ct hdher
i ndustry ave(rMpgaec tofRedc2y.c8¥en gy al2i0dli9tay)y and i mp
assumed nrgatgs | mmean yzed in | ater sections thr
Last Wy, aistsumed that based onnrgaotcea adf helbda $tsi ¢
and packangaOng tTahpes asss vamhpstoi omade based on th
the modelling daitdhotaviaactiabl eatwdhi mddel | i ng th

these materi al s.
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Tabel eSummary table of recycle rates of t

Materi al Recycl e FERecycl ed NoRecycl e
(kg) Materi al

Corrugated61. 4 1133. 05 712. 30

ShrWnkp PIl42. 8 81.81 109. 34

Executing the b&@Ariecy8iewmaPibe doswre Tuskelde t® mo
each packaffiggrati on I racgicwird wa Inl yt hfei rcsamptom

cont rdit bet gr eat esdc ramofuntthd oi mpact categories

The full sethatsk pp@As emeasxudl ttso provide a brief

LCAhrior to focusing more specifically on t he
pOMBBMB K KNRY G IO AAY I /2y UTdzNTF a2y
This packaging ceodnff i guration consi st

T El astic bands, categorized as synwehetic r
useéd group the products into sets of thre

T Heat swrraipn kg Ihagantoitutpewe boet | es o ft weri oxd wcatc ki n
shrinks

T The corrugat ed bvaa rtdh esnhbiopspdedrt/woo xsi x pack s

T Thepackagi,ogt ¢eq@aei petdyviwlyeémr hihodeldlei ng i n

wat édn usseedalt ot he shipper.

The LCA seteuporacclo@eant ot al mas sabiomenti orfedea
materials as well &abathwaseqalcetaekdcprievibp
al so dnbéudaste treatment scenariTlbe SfmaRrcd

setup is exhibithepdpeinadigxr eat er det ai l I n
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Executing the LCA(Figeoffoll®Bswiothg(afgunlelphsi ze g
available i1)n Appendi x B

m Mixed plastics (waste treatment) {GLO}| recycling of mixed plastics | Cut-off, U
m Core board (waste treatment) {GLO}| recycling of core board | Cut-off, U
m Waste plastic, mixture {ZA}| market for waste plastic, mixture | Cut-off, U
m Waste paperboard {ZA}| market for waste paperboard | Cut-off, U
m Waste polyethylene {ZA}| market for waste polyethylene | Cut-off, U
m Waste polyvinylchloride {ZA}| market for waste polyvinylchloride | Cut-off, U
m Electricity, medium voltage {ZA}| market for | Cut-off, U
m Synthetic rubber {GLO}| market for | Cut-off, U
Packaging film, low density polyethylene {GLO}| market for | Cut-off, U
= Polyvinylchloride, bulk polymerised {GLO}| market for | Cut-off, U
= Folding boxboard carton {RoW}| market for folding boxboard carton | Cut-off, U
m Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)

Fi gu8Ge aph of etihgelctadoeenp & ey £ b €CAR rhiersdeplptesd pac kag

configuration

Figu8eenmonsthate the greatest ceoing hrii doud ¢ tn g f
cat egwarsihees i mpaog feewmubse of el ectgrrigeeintayt ( s h
demonsapatexi matmd gyt 8df% tofe That enggxrti ébs ggest
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wad the folding corrugdtséec wh o a mdhoaocamtgea)t/ iscii
contrdbbetre80% to the overallasdoagppfoxi mateel
to the mineral r esTohuewae aslcsaor sai tnyo t¢i écte cogfoed yp e a |
| iweest e scenari o of dmpakeigbhetyhde ¢ sabwhheneigh
gl obal war mi ng,phfcrad@d modma tmanr i ret reiibh e imphaicdadat i
associated with packagi regdfilfm amad o##hoevceorlr
density postkhewheyiilporme and dar kveree d fiteevanpna ¢ thiev e |
materi al s/ materidehnopiroickelsseson@Aaitbmahe-ats 6br

wrap plastic packaging configuration.

Excluditngr moemgi ssi arp, ctt lee gerhaaphiiggeddt @ ok 8 | i k e
gr apehpi ct ed i(fuFilgsneelyraph available in Ap
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m Mixed plastics (waste treatment) {GLO}| recycling of mixed plastics | Cut-off, U
m Core board (waste treatment) {GLO}| recycling of core board | Cut-off, U
m Waste plastic, mixture {ZA}| market for waste plastic, mixture | Cut-off, U
m Waste paperboard {ZA}| market for waste paperboard | Cut-off, U
m Waste polyethylene {ZA}| market for waste polyethylene | Cut-off, U
m Waste polyvinylchloride {ZA}| market for waste polyvinylchloride | Cut-off, U
E Electricity, medium voltage {ZA}| market for | Cut-off, U
m Synthetic rubber {GLO}| market for | Cut-off, U
Packaging film, low density polyethylene {GLO}| market for | Cut-off, U
= Polyvinylchloride, bulk polymerised {GLO}| market for | Cut-off, U
= Folding boxboard carton {RoW}| market for folding boxboard carton | Cut-off, U
m Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)

Fi g9 eGraph oti ghtadeaqgmoplye tLeCA rwersawplptesd f or

configuratioerexemMudsngnbong

The most noticeabl e di fwaedrleencdr da ot itchei ntcwe ¢
contri buti onatotfr itbhudtvesadmipteaoctt r eat ment of cor r uc¢
mar ieme r op hciact eetgio&rhyt h owuay hndthia cat egiompyomutnaretr

to note the differeheemwhbenseconsasdegsi egcl adg

Anot her noti cwabhsei gdniifffiecraenntcedecr ease i n the
t he waste treat menTthiosf dmdowett byplgeemenpact t ha
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materi al has oobwt hg teiomelhiemeneint whi ch it nat

in |l andfill s

pOPMOPHNNDZI §SR . 2FNR t IOl F3Ay3a [/ 2yU3TdzaNT a2y

This packaging ceodnff:i gurati on consi st

1T The corrugated WbWdoantd hohidppe webwow>x units/ bo
T Thepackagi,ogt &zegw@ei pol yvinylchloride ,when m

seals the shipper.

The LCA seteuporacthhent ot al mass Ii-meoti wrfedea
materials as well as the required electricit
al so dhkbéudaste treatment scenarios of each
setup 1 s exhibi thepdpeinA@igxr eat er det ai l I n

Executing the LCA(FijgeoffoR®swiothg agmamh (f ul I
available i3n: Appendi x B
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m Waste polyvinylchloride {ZA}| market for waste polyvinylchloride | Cut-off, U

m Waste paperboard {ZA}| market for waste paperboard | Cut-off, U

m Core board (waste treatment) {GLO}| recycling of core board | Cut-off, U
Folding boxboard carton {RoW}| market for folding boxboard carton | Cut-off, U

m Polyvinylchloride, bulk polymerised {GLO}| market for | Cut-off, U

m Cardboard Shipper Only (61.4% Cardboard Recycle)

Fi g0 eGraph oti ghhtadeagmoplyetLeCA results for tt

configuration

Fi gkree monsthate t he greatest coinghriidouad ¢ tng f
cat egwastihees | mpact realtihmatdensalas resdl procd¢ess
with the use and manufacturing of tHhHeérisorru:
fol ciomgugated board carton contributed bet we
bet weleln 18 dawead gr oée & da df@net ootri c i vbd teh @ nwpaasctte
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treatment scenari o ofmocsar rnuogtait ceidbd thyonacsodn t & & bt u
toadds the i mpact in the freshwat e elrheawrwdcimar i
reali sed dupatbkaghepgaulsepefyfledatl oresdei n every
except the two eutamidpki tanidomseathde@igeatgwe gn

l1%nd 3% to t hea nowercahl lofi mphaectcat egori es.

Excludi-tngr moemgi ssi adrp, ctt lee gerhaaphiiggedd @ oRO0 | i k e
gr apehpi cted i(huFilgsnee2hraph 4vailable in Ap

m Waste polyvinylchloride {ZA}| market for waste polyvinylchloride | Cut-off, U

m Waste paperboard {ZA}| market for waste paperboard | Cut-off, U

m Core board (waste treatment) {GLO}| recycling of core board | Cut-off, U
Folding boxboard carton {RoW}| market for folding boxboard carton | Cut-off, U

m Polyvinylchloride, bulk polymerised {GLO}| market for | Cut-off, U

m Cardboard Shipper Only (61.4% Cardboard Recycle)

Fi g2 eGr aph oti ghtadeagnmplyetLeCA resul ts for ¢t

configuratioerexemudsngnbong
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Unl i ke the easily noticeabl e dif fweragn gpdsasitn
configuFagl®erand tlhoe) excltuesrn mne mif sdioommgs i n t
corrugated board pawé& @qgilnegs sc omdtiigcueraabtlieo.n T |
demonesdtrthat significant diefrimerednfcceectisn of he hleo |
packaging vs that of cardbotaalkde spamkalgi hgng
decompose naturallgemaoandtamated t®rm@andmplacnsg 4 rl

t hat of whaircdhb oiasr dsuscepti ble to breakdown wh

The only noticeable difference is the signi
waste treat ment fofesheviatt o p hctactaetgidbihgeh decr eas
frampproxi mately 56% to 8%

The above sections have provided @ibQhtetnoy
categorryeslwGA s. The next cerdesebdofocesulbns
analiykesresultsfobieaiched edninsccausesgeodr ipersevi ous |
p PH2RSY wSRdzZ Gay p / K2aSy [/ FGS32NASA
pPHIPHIMDI K KNRIY G 61033 Q@AY 3T /2y UTdzNTF a2y
When focusing more closely on the five chose

wrap plastic¢c toefifoUl &@ivigpmaguagB&phned (full S i
avail &lplp e nBdon)x
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100
90
80
70
60
50
40
30
20
N

%

10

0 s =
Global Stratospheric Fine Freshwater Water
warming ozone particulate  ecotoxicity consumption
depletion matter
formation

m Mixed plastics (waste treatment) {GLO}| recycling of mixed plastics | Cut-off, U
m Core board (waste treatment) {GLO}| recycling of core board | Cut-off, U
m Waste plastic, mixture {ZA}| market for waste plastic, mixture | Cut-off, U
m Waste paperboard {ZA}| market for waste paperboard | Cut-off, U
m Waste polyethylene {ZA}| market for waste polyethylene | Cut-off, U
m Waste polyvinylchloride {ZA}| market for waste polyvinylchloride | Cut-off, U
m Electricity, medium voltage {ZA}| market for | Cut-off, U
m Synthetic rubber {GLO}| market for | Cut-off, U
Packaging film, low density polyethylene {GLO}| market for | Cut-off, U
= Polyvinylchloride, bulk polymerised {GLO}| market for | Cut-off, U
m Folding boxboard carton {RoW?}| market for folding boxboard carton | Cut-off, U
m Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)

Fi g2 eCondemngsreagdohr eshié¢ Wwsapt pslasitmk packagi ng

Across all five ofeltecawa td hgn | azxctpeg drriibeast,i o
bet ween 60t% atntde 9®@Wer al IhTwsmpacttreal i gedmpor
as in the comparison betweewat  hott wo reqmufiirgu
the corrugated boawdngntyg tbaefebumamamamn of

tunnel s.

Theext | argest ovasnttrhieb uitmpnbge tfaandstte@roeaetder i al s
processedhasendnuhacturing of f olQoinntgr i doaurt ri ing
bet ween 10twhiasndf 8@tomr bfoe &8t pae kagi ng configur
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| waisnt eresting to metfa ntimgt falcttloough tthhd s pa
washesehedt -whapplnakdtoide nci ty p)aldyeenomyslvemd e s

smaddntri butions to the i mpact tme easd of f{t
packaging matdéri aillser ewfruaar es hminek which requi
Thusimay be cdarmaltudtehde | mpact of t denel egtr
pol yetvweydé einlee | dnpfdiarcitnogg s f or t his pakc&agi amge c

not required by the corrugated board only <co

Examining the resultstobhaemed £iwderxkstc | ot thed,l o

foll owi i guaepdi2t3ai ned (full sAppengrixpB63gvali
100
90
80
70
60
X 50
40
30
20
10
0 - T T
Global Stratospheric Fine Freshwater Water
warming ozone particulate  ecotoxicity consumption
depletion matter
formation

m Mixed plastics (waste treatment) {GLO}| recycling of mixed plastics | Cut-off, U

m Core board (waste treatment) {GLO}| recycling of core board | Cut-off, U
Waste plastic, mixture {ZA}| market for waste plastic, mixture | Cut-off, U

= Waste paperboard {ZA}| market for waste paperboard | Cut-off, U

= Waste polyethylene {ZA}| market for waste polyethylene | Cut-off, U

m Waste polyvinylchloride {ZA}| market for waste polyvinylchloride | Cut-off, U

m Electricity, medium voltage {ZA}| market for | Cut-off, U

m Synthetic rubber {GLO}| market for | Cut-off, U

= Packaging film, low density polyethylene {GLO}| market for | Cut-off, U

m Polyvinylchloride, bulk polymerised {GLO}| market for | Cut-off, U

m Folding boxboard carton {RoW}| market for folding boxboard carton | Cut-off, U

m Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)

Fi gaa3 eCondemngsreaidohr eshié wsadpt pslasimk packagi ng

excl udtiemrgml| emigssi ons
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polyethyl eadhe B8dbe ctroeaasenegl i gi bl ee asdodufyi tn etdh aotn

the gr

i mpact

wh i

ti meline wwian ewhpased tt o

ch

excl wdeirnmg elnmobnsgsi onshethel dimpgctowomfugat e
Freshwat encedd@toe@x i1300%bontdoi tnfpea evia s fed el nosw t y

aph. eOobhéercetabhe thanges in the Freshw.
contr irbeurtaiionnsn gi f i tvleee draetleagtoirvi eelsy ruenncahi
suggests that thgeaiwmfhgatvitly owrf | ueaslk

Ssupeatrhteri ve towards reducing waste scenar.i

opposed to recmatlarmigal RexgryeeMamtgs unwant ed
t he

en

t hel ipfoelclylichlaemt o fic loms it «

decoimpowsof the mateeidalcesi hhquaesgteidom oan

managemeaot oXxi city at a | ater stage.

p PH/OHNNHZI | § SR . /22 WRI dzMIO§ 2 A A vy 3

Wh e n

boardconfiyguration,

f ocusi

avail appendinx B7) :

%

100 -

S E= = =

90

80
70

60

50
40

30

20

10

0

Global Stratospheric Fine Freshwater Water
warming ozone particulate  ecotoxicity consumption
depletion matter
formation

m Waste polyvinylchloride {ZA}| market for waste polyvinylchloride | Cut-off, U

m Waste paperboard {ZA}| market for waste paperboard | Cut-off, U

m Core board (waste treatment) {GLO}| recycling of core board | Cut-off, U

Folding boxboard carton {RoW}| market for folding boxboard carton | Cut-off, U

m Polyvinylchloride, bulk polymerised {GLO}| market for | Cut-off, U
m Cardboard Shipper Only (61.4% Cardboard Recycle)

Fi gad eCondensed results graph for t
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Anal yzdrmebfsi ve chosen categories, the I mpact
corr ubgoaatredd cartdomecgmnteiatleste 68%Wotrti ghobhl| bavaw
and O&8r% water consumpt i evr.aplpredc gprtarsa gtc tcom ntfh
the folding corrugated board carttom twhat t dfe
el ecttrmiici tcyonfi gurdat somi demohe eihadlt @inng hador r ug
demondar stiechbimanasacd hat of el ecewrrapcpietdy pilna st

configuration.

UnKkei i n tdweappednkl asti cwa omd | &b att omainvtdhdete r e
second highest contributbecawtHokrenadi f et wWast e
scenario of comgmu g a tc @adttbop agcldonbt agla dwa efmd N g g
approxi mandl yr2shwasecedoivt @apipcliox¥%.mat el y

Si mi,tarel wse of packagingonbapdeboweepron| Y%i aryd c
each of t he fTihved eafalt ewgaosrtipe® $sycwinmyll wlolo&€ind & i b L
the same proportions to the fine particul at
ecot oxi ciAlyt tauaghwponteestyie iiompeado 't r i vbeud | sinhael lus e

of packaging t apet haes ctahred bnoaatlredneochd t itooe §syedai mp a
overall envirobompmtc&lacgad migiagcutr adfi o At eammatri vse
sealing options such as gl ue, gtapledsoptian
mitigate theusipaEdktagr @lgie mmaspat. mi ni mal t hus i
concluded that consideri ngosilttiewvellait CAmp bBeta | t

effect would be mini mal .

Examining the resultsteobhaemed €iwderxkst | o thed,l o

foll owi i guaegh?2®Bt ai ned (full ApperdigxaB8) ava
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Global Stratospheric Fine Freshwater Water
warming ozone particulate  ecotoxicity consumption
depletion matter
formation

m Waste polyvinylchloride {ZA}| market for waste polyvinylchloride | Cut-off, U

m Waste paperboard {ZA}| market for waste paperboard | Cut-off, U

m Core board (waste treatment) {GLO}| recycling of core board | Cut-off, U
Folding boxboard carton {RoW}| market for folding boxboard carton | Cut-off, U

m Polyvinylchloride, bulk polymerised {GLO}| market for | Cut-off, U

m Cardboard Shipper Only (61.4% Cardboard Recycle)

Fi gaa5 eCondensed results graph for theecmarrug

emi ssi ons

Excl udi-tnegr moemmgi ssi odlsi tdtelneo ntsot rnaot ec hange i n th
across the fiveFfomushialt wg blcibfheesfpuatne e mat er i
used in the corrugatedobonat de»nddgdc dnmeEdnigtuihaar

scenaritchsusaneher moaefjf ects of these ma&teer i al

i mited.
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pPb2YLI NA&az2y wSadzZ Ga

p Po/dMPLIE SGS my/ DY LSRR NEY wSadzZ (4

After analyzing each of the packmpangsoononbet
the two configurations was executed. Unl i ke
whereby each ahdt hes mavtase edseapiiscetded as a fract
i mpact, t her ecsaunhptasr idseopni ct Omndpyeer a ctadteglor y mwa
segment isncgop &h atmat elrhieslear e e ¢ thlutss di scussed re

respective packaging configuration rather th

Executing the comparison between the two pac
gr a(pfhi guarellpdp@& ndi x B9) :

100. -
90. -
80. -
70. -
60. -
50. -
40. -
30. -
20. -

%

m Cardboard Shipper Only (61.4% Cardboard Recycle)
m Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)

Fi gag eComp lgdtita eergor y comparison result
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The r es uwletpsi cgtreadphc heBr gyr dleméndt aatiec differe
the two packagidnhg Acorfsiujhiesat oobnegated boar c
configuratiada dewmensti mpereyghheewlses ampact cat
The categor ydtthhealtosexhi briegasludndcd dwtse goh g t ha
demonstr atle7’d% odnilfyf e ence phaectkvage mfgi ger & twioon s .
remaining categories demoAAn/s%i mn aMibde raaldi Rd sea wer
Scarc¢d yt egody 95i%Tetrmestri alcaAceighirfyi cati on

Comparing the two conftiegrum aetmiosnssi oenxsc | euxdhi inbgi tl
resul t(sFigguwpdtipp&ndi x B10) :

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

%

m Cardboard Shipper Only (61.4% Cardboard Recycle)
= Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)

Fi gaf eComplgdtitaet eergor y compari sont eremueé miss gir @
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t he t

W (

compari s

he five f ocweasesvciadteengto migheast t itchiehhd ree e
the tweasacenfinlied @€umloeanasc f oaf t he pacl
ncluding and exTalbwei ng | ong

T a bri

eCondensed

comparati ve

Categor|Cardboard |[Shrink WraDiffef®nce
Name ConfiguratPlastic
Configurat
Stand{Exclud|Stand{Exclud/ Stand{Excl udi
L o nrTge r 71 L onrTger 1 LonrTger m
Emi ssi Emi ssi Emi ssi ¢
Gl obal 18. 18. 10 10 81. 81.
war mi ng
Stratos 10. 10. 10 10 89. 89.
Ozone
Depl et
Fine 11. 10. 10 10 89. 89.
Particu
Matter
For mat i
Freshwa 13. 30. 10 10 8 6. 70.
Ecot oxi
Wat er 32. 32. 10 10 6 7. 6 7.
Consump
Average 8 3. 79.
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Depi ctthersgesul t s i n graph fboaarm gwheaep hfsod tl @obMi insgh
(Figure 28 anfdulFli gvsiee 29y ApbenkBiviai dad!| 6812

respectively):

100
90
80
70
60
X 50
40
30
20
10 - ———— —  —
Global Stratospheric Fine Freshwater Water
warming ozone particulate  ecotoxicity consumption
depletion matter
formation
m Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)
m Cardboard Shipper Only (61.4% Cardboard Recycle)
Fi g2i18 eCondensed comparative
100
90
80
70
60
X 50
40
30 —
20 =
10 - —— ]
Global Stratospheric Fine Freshwater Water
warming ozone particulate  ecotoxicity consumption
depletion matter
formation

= Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)
m Cardboard Shipper Only (61.4% Cardboard Recycle)

resul t

Fi gau9 eCondensed compar at itveer n eesmulstssi ognrsa p
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Tab8lData used i n theheenescyhrmendgpa gpd atsft 5 ics
% Recycl e% NofRecycl eq
100 191, 0. ( 0. 0
80. 152 | 20 38.
6 0. 114, 40 76.
4 2 . 81 57. 10 9%.
40 . 76.| 60 114.
2 0. 38.] 80 152.
0. 0. (10.0( 191.
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m Cardboard Shipper Only (61.4% Cardboard Recycle)

e 0% Plastic Recycle)

e 20% Plastic Recycle)
e 40% Plastic Recycle)

e 42.8% Plastic Recycle)
e 60% Plastic Recycle)
e 80% Plastic Recycle)

e 100% Plastic Recycle)

= Shrink Wrapped (61.4% Cardboard Recyc
= Shrink Wrapped (61.4% Cardboard Recyc
= Shrink Wrapped (61.4% Cardboard Recyc
= Shrink Wrapped (61.4% Cardboard Recyc
m Shrink Wrapped (61.4% Cardboard Recyc
m Shrink Wrapped (61.4% Cardboard Recyc
= Shrink Wrapped (61.4% Cardboard Recyc

r

anal ysi s ~wrrapp hp loaf s ttihce
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FigureédemBdnstrates t hat the variation i n r e
demongtveate l ittle change in the I mpadé&t scor
Steady decr ease wisn etvhed einmp a ot fiseveea edf ctahtee geoir
I n the Freshwatat egvdti gghplliceahoimisa g ae &t € shte v ar i
i mpacidreecr eases approximately 3% for every 2i
It mu s t be noteevde nhoaweverr eachyadlheshat eakofpl a60
configurationdahni | hspcdobrBdm shtirgahtdéee tclmambbar d o

configuration.

The marine eutrophicada othecrad eageorgf deampmaex ir r
the i mpact category for every.Sa O |tisordtryreats eo fi
the freshwater eutrophication category, ever
only confi gur adtaino ni mipeantotn st aante 59 % |looweesrt t h

scoringuralpripnlkastic configuration.

Il n the freshwater and @madeneeaset oki aipppyogat
the i mpact peeavseZ@y deicplastei c 1Mehey aclag drbaotaeg .d
configuratiada dempesapptexi mately 81% | ower

for the weap phasthkc configuration.

The only other cat eagomroyt itcheaatbw eee nvdanesithrtiantaens n c
carcinogenic toxidatyawhathodembnehlgtappr ox
a plastic recycl eCompgeaer @od sSd@OOtYh e hieeoatr ugat e
only conf i gurcaotrie®dn 5Wi tt th e awbreaspt pslharsitninkc conf i
87.6% .higher

Excl uditngr moemgi ssi ons( Fit dewagesd em( dytudadp hsi ze g
avail &ppe nBdlndx) :
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e 0% Plastic Recycle)

e 20% Plastic Recycle)
e 40% Plastic Recycle)

e 42.8% Plastic Recycle)
e 60% Plastic Recycle)
e 80% Plastic Recycle)

e 100% Plastic Recycle)

m Shrink Wrapped (61.4% Cardboard Recyc
= Shrink Wrapped (61.4% Cardboard Recyc
= Shrink Wrapped (61.4% Cardboard Recyc
= Shrink Wrapped (61.4% Cardboard Recyc
m Shrink Wrapped (61.4% Cardboard Recyc
® Shrink Wrapped (61.4% Cardboard Recyc

Shrink Wrapped (61.4% Cardboard Recyc
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to note -tterem o hnopratc t t hat the corrugated boa
ecosystems.

pednHAPYPRSYASR [/ % NS dzffd &Y O KWNSRORIOE S wl G S
Looking mor e closely at t het Heavbeb ac do soennl vy i
configuemaina the bett etri oonfs tihrer etswoe cctao rnvfei goufr
of sdwrapkpHiaggursdao3wxs only the results for the
size gr aphApaveanidli axb IBel 5i)n

100. -
90. -
80. -
70. -
60. -
50.
40. -
30. -
20. -
10. -

0. -

%

Global Stratospheric Fine Freshwater Water
warming ozone particulate  ecotoxicity consumption
depletion matter
formation

m Cardboard Shipper Only (61.4% Cardboard Recycle)

m Shrink Wrapped (61.4% Cardboard Recycle 0% Plastic Recycle)

m Shrink Wrapped (61.4% Cardboard Recycle 20% Plastic Recycle)

= Shrink Wrapped (61.4% Cardboard Recycle 40% Plastic Recycle)

= Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)

m Shrink Wrapped (61.4% Cardboard Recycle 60% Plastic Recycle)

m Shrink Wrapped (61.4% Cardboard Recycle 80% Plastic Recycle)
Shrink Wrapped (61.4% Cardboard Recycle 100% Plastic Recycle)

Fi g2 eCongeasseédvity anal ysi s grwrpahp opfl ashtei cr

The only focus catewaoriyatihdcahe dempasctrateul t
recyclwas rtatee freshwater Wadddt oax i ctii ft fye rceantceeg oa f

bet ween tshcecorfempPp @ ct ecycl e rate vs that for 1C
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cus categomdi bs s emenirtegsapteec t i ve of wahet her

cycled or not. This suggests-wirlagpt ptsaesatsi € c y
vironmentally detriment @lf d$et matt eogfi at he TI
e to the very energy intensive processes r
guiremeeas awd decontaminate the soiled ma
e use of the industry standawrdapo fpuMda@snt8 % r

alysing thisdgrgpbddawmenageabé all possi bl
en consideredhowever evident that i n four
cycle rate had nos ¢ ooffé utehnacte polna stthiec icnopnafcitg
tegories.

en comparing the two packaging configurat
mongslaratere betiweetnhd 0OStlat ospheri can@Qzone
. 6%n the Water C o nbseutnipetri otnh-sdma tMergeppl e & 1 C

ckaging configuration

cludingrmoemi ssi oinrs, Fitduwea prtzei med (f ul | S i
ail a&ppendinx B16) :
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Global Stratospheric Fine Freshwater Water
warming ozone particulate  ecotoxicity consumption
depletion matter
formation
m Cardboard Shipper Only (61.4% Cardboard Recycle)
m Shrink Wrapped (61.4% Cardboard Recycle 0% Plastic Recycle)
m Shrink Wrapped (61.4% Cardboard Recycle 20% Plastic Recycle)
= Shrink Wrapped (61.4% Cardboard Recycle 40% Plastic Recycle)
m Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)
® Shrink Wrapped (61.4% Cardboard Recycle 60% Plastic Recycle)
m Shrink Wrapped (61.4% Cardboard Recycle 80% Plastic Recycle)
= Shrink Wrapped (61.4% Cardboard Recycle 100% Plastic Recycle)
Fi gi3 eCondensed Sensitivity anawWwyapsphbasphec

excl udtimrgm| emigssi ons

The only differenckteemi dmnssivbewawbbel drgl ed
in variation of the i mpact score for the ples
categbdreyl ack of significant varsdiatmoeaemi $si onr
wege includeddeomonsxclateéss t hat the careddboard
| ower i mpact irrespective of the timeline i.

compared
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pPpSyaresgrie !'yrtearay /I NRoz2FINR wSOeOof Ay 3
p Pp/dDt BOMS & dzf GAY / F NRo2FNR wSOeoftS wlas
Theecomrmdhsitivitwaarebwsesd ot aasstsess the valid

the ascameugat eeécpolae bBrU%t i orhef percentage o

car dbvoaarrided in 20% intervals from 0% to 100%
with the indédwrnygs awelrlagasofo the comparatiyv
oheat whapnmltadthieci ndustry average. The dat a
anal ysis i Tabdbiespl ayed in

Ta@ eTabl e of data usddei metcyeerl ea g aatt 2ed W b @

% Recycl el% NoRecycl e
100 1845. 0. 0. 0
80. 1476. 20. 369.
6 1. 1133. 38. 712.
60 . 1107. 40. 738.
40. 738. 6 0. 1107.
2 0. 369. 80. 1476.

0. 0. 0 100 1845.

This data was used to simulate the sensitiuvi
at wvarying recycilne Friagtuersep |3 e ctohrerpuhgart ieed b o ¢
recycl e rate compared t o t he i ndustry st a

configahetat omhapnfiIlfaudtli csi ze gApgppem dawaiBllarhl e
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m Cardboard Shipper Only (0% Recycle 100% Non-Recycle)
m Cardboard Shipper Only (20% Recycle 80% Non-Recycle)
= Cardboard Shipper Only (40% Recycle 60% Non-Recycle)
Cardboard Shipper Only (60% Recycle 40% Non-Recycle)
m Cardboard Shipper Only (61.4% Cardboard Recycle)
m Cardboard Shipper Only (80% Recycle 20% Non-recycle)
Cardboard Shipper Only (100% Recycle 0% Non-Recycle)
m Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)
Fi gid eSensitivity analysis graph of the
The variation in careddoairfdf eceenytcil & riamnet e hii
of t he eightee@ obat e gWari neisn g, Freshwater E
Eutrophichteehwater Ecotoxicity, Mar k ne Ec
Carcindgenccty. The mowa edewaisdeéwt viamitaheé otnwo

categories wliseowaerthheesaiprppr ot dMmaft ed yevery 20% ¢
recycle Thatdarend demonstrwasethai nthbdesempaat

i ncrdevadd decreasing rate of recycle.
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When <comparing the differentompacwytli eer ptaek
configuratiowrap béastsbrieken with the wor s
the cardboard only packagal ogpvempatobgdhatiLamdd
Use category demonstwhtbdathe fthdgemsth entoo e
noticeable i mpact differenc.e ®empvereend tthe tdh &
TerrefAtrdaficati omdawhdicthf eeBxémniched tbét ween t he
cardboard only recycle rate ofhoOWn&@amdpltaetii

configuration.

The complete eighteen category results graph
of the assumption to use the industryf asltlanda
approximately in the dmi dgbload vahvieaha gcke mdn stthreat

rates which widd.l ibtey evi dent in

Excludingr moemi stghhewimm Fi gwae oBS5ained (full
avail appendinx B18) :
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m Cardboard Shipper Only (0% Recycle 100% Non-Recycle)

m Cardboard Shipper Only (20% Recycle 80% Non-Recycle)

= Cardboard Shipper Only (40% Recycle 60% Non-Recycle)
Cardboard Shipper Only (60% Recycle 40% Non-Recycle)

m Cardboard Shipper Only (61.4% Cardboard Recycle)

m Cardboard Shipper Only (80% Recycle 20% Non-recycle)
Cardboard Shipper Only (100% Recycle 0% Non-Recycle)

= Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)

Fi g5 eSensitivity analysis graph oftetrhne r ec

emi ssi ons
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The only significant changeabewedeiret dbatswe «
change i n the Freshwater and Mar i neerEmutr op

emi ssi ons ar e excluding t he Freshhwademe Eut

significantly c¢closer in value for the varyin
variations are heavily influenced the timel!]
Theocus, bewween,t hewe ttwe gmraphs c changes t

i n the mari ne e utQoonpshiidcdaraitnognh ionsest e@dote gao rfyoc u s
to the geographical | ocation of the studying

solated from directwaostatt wmpbrmantnantdi f
ow critical wtshet or etchyec | ceu trcacdndef itnh e hri esc yccalt ee ¢
ardbdaogs bel ow 60s% obkee t hempaatridlbboandkagir
onfigur ae d bsec oerkec € 8 d hweraap sphlra sntki d yc dreft iwglema
4% and &B8f the i1industry standard of 61. 4%
emains the configur agsdomdéloeowwknetinhlee rleogeyecd 1 mp

= O O =

]

drops this conclusion does n&itv ehno ltdhaaft@m Ihtyhsi s
one of the eighteewai ampa evwss eldd wepuairide £ ot ltatn c |

—+

hat the cardboard onldg towersgcuootpemp &8 nedemont

=y

eat -whapnlpl agitnge o@arcfkiague sapé oni ve of t he 1

cardboard.

P Op/OHYOR S[y/aAWSBR dzf (&Y /F NRo2FNR wSO0&a0fs whis

Looking mor e closely at t het e avred bofaao gle no nil
configuration remains the better of the two
ofcorrugat. edl hteoiagrrdeFp lgsuhrcews3 6onl 'y t he results f

categories (full Apperd®xaPBh avail able in
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Global Stratospheric Fine Freshwater Water
warming ozone particulate  ecotoxicity consumption
depletion matter
formation

® Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)

m Cardboard Shipper Only (0% Recycle 100% Non-Recycle)

m Cardboard Shipper Only (20% Recycle 80% Non-Recycle)

= Cardboard Shipper Only (40% Recycle 60% Non-Recycle)
Cardboard Shipper Only (60% Recycle 40% Non-Recycle)

m Cardboard Shipper Only (61.4% Cardboard Recycle)

m Cardboard Shipper Only (80% Recycle 20% Non-recycle)
Cardboard Shipper Only (100% Recycle 0% Non-Recycle)

Fi gig eCondensed sensitivity analysis grapt

The Gl obal Warmnwm ntghe adrelgyorfyocus category tha
variati on b etgavtelehse. ri estpyadcdec r eases appr oxi mat el
20% increase in recycl eVhreamt &€ oonfp acd erdr U @attece
shrwnap plastic pac,katghe gc a&rohf d grud ad ndodn c onf
an | nmepcacdtt2e% | ower even whenw@éeoydhéhde rceas ulbt
emphasi zes the i mportancm ndfmi zecydlei nigmpaartd

war mi ng.

The remaining foed eaat elgiotrtilees veaxrhicaberiseon hien t
cardboai argateswar.iTahde i ndustry isganeaotl 6&cy eol
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2022 dendoan sgamd eaver agienrgahdre st memal gsgsl spec

gl obal warming catwaoevy.l d?vhetr e variati on

Excludingreimmoisgt m& s grnapfhi gwae oB7ained (full
avail appendinx B20) :
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Global Stratospheric Fine Freshwater Water
warming ozone particulate  ecotoxicity consumption
depletion matter
formation

® Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)

m Cardboard Shipper Only (0% Recycle 100% Non-Recycle)

m Cardboard Shipper Only (20% Recycle 80% Non-Recycle)

= Cardboard Shipper Only (40% Recycle 60% Non-Recycle)
Cardboard Shipper Only (60% Recycle 40% Non-Recycle)

m Cardboard Shipper Only (61.4% Cardboard Recycle)

m Cardboard Shipper Only (80% Recycle 20% Non-recycle)
Cardboard Shipper Only (100% Recycle 0% Non-Recycle)

Fi gliit eCondensed Sensitivity analysis graph ¢

| omgr m emi ssi ons

The only noticeabl¢edmfieemiescenss amwdeemg | ud

increase iBcéashe ni mphactFreshwater Ecotoxicity
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approximately a 12% i ncrie@argaet ea3chrioss ss uagl gl e satnsa |
toxicity of the corrugatwasd \‘oberay dt it me fat e sennwd
greaterdiifrhpastngadlailzesdhoirn tkeem rat hepertihadh ov

This may be due to the shorter decomposition

| ws evident that regardless ofwasheeeytéertd t
cardboard only packag@ihng ocwent ici goupeaapti roend etxoh ith

heat -whapngl astic packaging configuration.

p Py OSNIFAYyGe !'yIrfedaaa

The uncertainty of the data wused in the calc
facilitating a shtradnedraredaadevofati e Tonbénutlall da
uncertainwg e@nxa&lcwsiesl in the Si maPMonts® fQqawvralr

analwistils t he ReCi Pe 201@%hmcdpoong 0f@ithegaldnet hdd
with a confidenAe uUunterwvaiwadygbaéderahadtt hat
the error associeatgéhd ewint h mpach «ofattelgeor i es. T
serves as a summary of the complete uncertai

under analysis.

Theet aunceedrt ai nty analysis was execufFed entth
of the five categoriewasageroemat edidcguwalaibtay r dfa

the i mpact data generated for that category
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pPC!OWS NI Ay ed KNEkY P azaBNLII St HasO

ShrWnlkp Plastic Configuration Uncertainty Ba

Thencertainty analysis executed in SimaPro vy

(Table 10 and Figure 38)

TabllDe He atwrShpr ipokafsit gwrcetrégmnmenrt yval ues

Shrink Wrapyg
Label Cardboard RqLow Hi gh
42.8% Pl ast.i
Gl obal war mi ng 10 232 323
Stratospheric o 10 467 138.
Fine particul at 10 16. 19.
Freshwater ecot 10 46. 214.
Water consumpt. 10| 1433 1318
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Fi g8 eUncertainty analysis bar chart for th

Focusing specificabt ggtome edrer dri viearcsh oes>emi bi t
five of tWweea craetleagto.rvidehsg ¢ mal err or boundary wq
46% and the wupper error boundarmrlyi kvesast ebbet we
consumpti onwhcaethbgdr wery | awgeéhetehrerbcbroawdar y
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ofappr oxi MadtOed yanldd eanr awurppboufBd8fpFulbblf 4i ze gr
available in Appendix B21).

Tkl ar ge erarl e ahh eewede ntvati @rmmtshenpt i omwe cdauteegor y
to the uncertainty of d&cdcaowaeha tlalTbheed whhiigchh dtehger
of uncerdaeatwyowhaismeaetvieamm |Dlifeaclitiores cycl e t hat
consists of mul tiple stag@asvi demdsstt ageat eémn
varying drilhagnetnietriaetsi,.on arfd ermaerufractiuryi ng of
mat eexlailbi ted the highest water consumpti on

TheBi gh degree of wuncertainty in thwarei ettygiers
agef the processes used and as well as that
pl ant equipment by virtue of | ength of wuse
ef fici eemeiwes tmoa e advanced equi pment. Lower

vol umes of rechiuevce st s etdant geta outepate DI ser

significantly | ess water conscious. owing to
Similarly, rdedneolrianigat ®f back into the proce
determined as 1t wil/ vary f rTchne arme ep rodd ucetci
water back into the process wildl al so be

production plants owing to the wagmilfaiceantoln

environment al conservation in more modern f a

Considering atlot Bteh ehi aglho vdee gfraece of wuncertaint
consumption category was due to the vast var
the same product which exhibit high degrees
to the agete efutit pbmept aaamh ep rdecfeismsiersg f eat ur es
such as recycanedartetre < onfs ewavtad.ri on consi der at.i

The uncertainty of each of the five focus <ca

sections to foll ow
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Gl obal War ming
The uncertainty analysis ofedheoglmabaldi wamrm
graph (Figure 39 and Appendix B22). The me
calcul ated@O00®oktpgC@d t he median (solid red
36@00 k,@ggqlCHDe standard devi at i0dtr0 &fg qtChHainsd dtahtea
coefficient of wvariation was 13.7%. The dat a
159 k,ggqgCOThe upper aredtliteawdn % ed nilfiidesice i nt
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Fi g9 eHe atwr sphhraisntki ¢ gl obal war ming nor mal di
graph
The -bredpe of ntdhlesei gmidgdhr methgen anddemadn@inhhat e
t he wiat avaeindtyr.i bluhteedl ow coef Showsht édavieatvar i at
accurate and evérmley | diws tsrtialnudtaed er readrheof t h
claim t haits tahcec udaattee and. evenly distributed
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Stratospheric Ozone Depletion

Thencertainty samaltysiph eafi ct mpaomtee dixelpidleimta o hy
di stributed gradhfFigurewdd tam dt A pleenfdti x B2 3) .
wad calculated to be 0.024wa3 k. CFZX1HlgeGF@nhd
standard devi atwiaon0 .o0f1 7hiksg d&RG1 1seetq and t he
wad 43. 3% Theedatsd amnadtarax leirlriotr of t he mean ¢
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Fi g0 eHeatwralpripnlstic straocoomphedi £t oizbwti dr

analysis graph

The -blredpe of, thkt goaglih s kamwdk &ti e loHh ét thyee fnie an
and medi an ddemaansttvirssatdeatal v distghebofedi efbhe
vari ahowbBat the dataevbhsobh Higphersi omeray ouno
|l ow standard error of the me&an ascwpp arttes atnide
di str.iTheseddi fferendes geeac ceumtorf dorart hoen t he
depletion value on t hkei guBBeesr tcaoimptayr eliler gd ldr

war mdaga that exail bietr error.
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Fine Particulate Matter For mati on

The uncertainty analysis of t he finedapartic
normally distributed graph (Figure 4s and A
calcul ated to be 95 kguaPM24..5 e&q aPnMR .t5h ee gme d
deviation owa&8.his khintRRMXZ.ed eq and whke 9Cmef f i
The dat a esbetsteaxnhdabridd error of the mean of 0.
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Fi g4 eHeatwralpripnlkastic fine particul ate mat

uncertainty analysis graph

The -dlredpe of t hesigmidgdhr itathyal mehaeen and diehdatan d«
the watavenly distributed. Tshheo wisd W dhcatiamft fai ci e
accurate and eVbel Yodi stanbardderror of the

claim t haits talhcec udaattee and. evenly distributed
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Freshwater Ecotoxicity

The wuncertainty analysis of t h e daf rreocsrhmvaalt leyr
di stributed graph screwed to the | eft (Figur
wad calcul &a26&d kipoBLhaEnd t hwes mBebdI-EACEB . 1 The st and:
deviation owast®d4 2-DiC@t andlet he coefwa cb62n® %of
The dat a esbetsteaxnrhdabridt error ofbCtBhe mean of 20
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Fi g2 eHeatwralpripnlastic freshwater ecotoxicity
graph

The -bredpe of the graph, al t hesuagh lodgk et thged nteca nt
and medi an ddenaan sttvwrssatdeatal v di stri buted. The
var i ahtoowshas the data has a higher | evel of ¢
standard error of t he mean wsu papcocrutrsa tteh ea nal a
di str.iTheseddi fferences accounftr efsohrwattheer |eacrogte
val ue on the unceH tgaiBmtsy3 cloanmp ac le dle & pi etvhieo u s

cat egdoartiae st hatd max hishbi ©€rr or
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Water Consumption

The uncertainty anal ysi s of t eeda wab e malcloyn :
di stributed graph (Figure 43 amwds Acpaplecnudliaxt eBd2
be 1%Mmdnt hewame@iZ8nTmhe standard dewmsatli 8B 0of
mland the coeff iwasi elnt0 100f%.v aTrhiextdi aosnh asdar é x@i b

the mean?i3of 49.8 m
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Fi g3 eHeatwrsalpripnlkstic water consumption nor |

graph

The -dlredpe of t hesigmidgdhr itathya mehaend eanmodn sntehdai taend
the wWatavenly diwdrryl blwmiededi. c iTéres h @otvls avta rti haa | dbant
exhedti thi gh degreendédsinadcvenhbdhbi ggth andard
error of theesmemadtupboebltythe clwad madcdbhart attd ea

evenly distributed.

This data supports t hwes wvdersy Faagr@8ecoianr r oe Wat e
consumption i mpact dwssaduBhit® Ydry unzrege ae mrtt
definitively determining the exact water req

t he sithagtehse | i fe cycle of this packaging col
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regar di ng stuhgeg ensattse rt hcaotn stuhmep

A Life
uncertainty dat a
possi ble not be as accurate as other a@asmpact
it may significantly influence the model I ng
pPPCHHE@SNIFAYyGe 'yl fearay /[ 2NNYAl SR 2 I NR
The uncertainty analysis executed in SimaPro
(Tabbed F4Hhure
Tabllle Corrugated board coenrfriogratbaagerson unce
Cardboard
Only (61. 4
Label Cardboard Low Hi gh
Gl obal war mi ng 10 103 13.
Stratospheric o 10 10. 132
Fine particul at 10 8 .61 12.
Freshwater ecot 10 35. 6 1.
Water consumpti 10/, 5321 4063
Corrugaté@dnBiogaudati on Uncertainty Bar Chart
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Focusing specifically osani nmihlearfliyv et oewhtohspe nh ecas
pl astic conftihgureatrioon baatsa,exhi bited for four
versyhyaThe | ow error boundar¥5%asn db ett hmee ennp p8e r6
boundary wa% s&dRHWEEtnNnwds interesting to note
values evident for the cardboard only-conf i
wr god asonti gwnht kleint e f oat epmpaée®mstuhmptw on

categorgdhewlkrirlyi tt arwgd hertrheer Imawr error boundar
53292 and an wupper A0 6. IThbolwnddrey adfegree of

cardboard onlwasc oenvffiidgeunrtatoiwoinng t o t he high cc
in the paper and pulp industry as .Oppllsedsi 2@
graph avAapp adBdi&x) i n

Similarly to thwtapfplthasthelheobhrgakatrron, bt
t hat wer e emait doennstu mpnt itome category were due t
data on which the i mpact score was model |l ed.
a combi nagvemaloffThet dind e cycle that was ana
stages in which water consumption was evi den

forestry and paper and pulp mawatactwaon ssgmpet |

and the highest associated uncertainty. The
primarily be attributed to the variety in af
the plant equipment. Ol det byocesstes ahdl ephg
progression of technol ogy exhibit | ower e f
equi pment . Lower efficiencies result in higl
target output. Ol der plaintanthy bessewatsr ac
to the era in which they were developed.
Similarly, the rate of recycling of water
determined as i1t wil/l vary from one product.i
water back into the process wildl al so be

production plants owing to the significant/

environment al conservation in more modern f a

Il n addition to the contribution that pl ant
geographical vhocausosathgethéeée cycle al so con

water consumpti on. Specifically for the fore
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wi || play a significant role in the requirer
requirement for supplemental water is drast.i
The geographical | ocation of wherse troestblue c
uncertainty of the data wused. Owing to the

resources the degree of uncertainty of consu

number of possible suppliers.

Considering al/|l the above factors the high
consumption category was due to the wvast var
t he same product which exhibit hi gva tdeerg rdeuwees
to the age of the plant equipment and proces
as recycle rates of water and water consery
|l ocation of resources which i s chnfsligended at

influences the requirement for additional wa

The uncertainty of each of the five focus ca

sections to foll ow.
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Gl obal War ming

The wuncertainty analysisfof the gbobalgatwadn
packagi ng ceoxnhfeitsgiutraart maolnl y di stri buted graph
B28) . The meamds ofaltchud a@tl®Adakigpqh@n d t lwes medi a
6650 kyxpqCO The standard dewa addtDOnkgf @0OMdi ¢ hea
coefficienwaob. tLabi ail hemdia tsa asnedta redx heirbriotr o f
14.5 %q@m.CO

0.07

0.06

0.05

0.04

0.03

Probability

0.02

0.01

<
9]
<
N~

O S O AN O O T 0N © O I 0N © O 0O N © O I 0o N
MO OO M < T O WHLW O ONININOWOW O OO O d d +d N
0 O O d N M T LW O~ 00 O 1 N ™M IO~ 00 O O d N
W0 O O© O© O© © O© © O© O© O©N~MN~DMN~IDMS N~ DN~ D 00 00

kg CO,eq
Fi g eCorrugated board only global warming n

The -dlredpe of t hesigmidgdhr itathyal mehaeen and diehdatan d«
the waatavenly distributed. Tsheibaw dwuwaf fdiadiae
accurate and eVbel Yodi stanbardderror of the

claim t haits talhcec udaattee and. evenly distributed
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Stratospheric Ozone Depletion

The uncertainty analysis of t hfeorsttrhaet ocsqrhreug
board only packeagihedhi dioormrfmad dryatdiicsn ri buted gr
Appendi x B29). Tliwes nteaanc uolfattehde tdoatbhae 0. 00247
mediwan 0. 00247 kg CFCl1ll eq. The wHsamda®dONd lddyv
kg CFC11 eq and thewsoé&f 2i7¢&i e T h e eihavsa ramaltair en
error of the mean of 0.00000548 kg CFC11 eq.
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Fi g eCorrugated board omloy matlr aticd ph druitd om:

analysis graph

The -blredpe of t hea dgernaamhc aadrsd otf hd h e dneereom sa rrda t nee
that twapanffact!| y gy mmeti rbiudaeldly The | ow coef
showshat twae datar at e and.Tehveeentlpyw dsitsatnrd abrudt eedr
the mean al so supporwas abeucatemantaéeveéehkeydd
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Fine Particulate Matter For mati on

The uncertainty analysi s fodr tthhee pcaartri wcgid tad ce
packagi ng ceoxnhfeitsgiutraart maolnl y di stri buted graph
B30). The mewnsafctuheaet edddttao be 10.5 Wway PM2.:
10.4 kg PM2.5 eq. The st aved al.d5 dlevkgptR MM Sofe
coefficienwaob. &R~ all hemdia tsa asnedta redx heirbriotr o f
0.0191 kg PM2.5 eq.
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anal ysis graph
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t he wamevaedli gt ri buted. The | owhacwstfltfd avdissetnat o f
accurate and evenly distributed. The very | o

claim t haits talhcecudaattee and evenly distributed.
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Freshwater Ecotoxicity

The uncert aifnttyheanfaleysshivsat er ecotoxi city 1 mpa
packaging confeidgunmmoartmaolnl ye xdhiisbtirti but ed graph
48 and Appendix B3l)wa Tbal cnmelaat od -DiCiBe neh @l a 4
t he mweeai dB0-DCB.1,The standard devasi a3thi.odn kogf 1t,
DCB and the coefwaciénb%of Tharenha tsatoasnedta redx heirl
of the mean-DLCB.1.25 kg 1, 4
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Fi gu8Cerrugated board only freshwater ecot ox

graph

The -blredpe of the graph, al t hesuagh lodgk e thged nteca nt
and meddmansdtrlndte tWwas ecataly di modebédt ghy Th
coefficienshotvsatarti edanddtedhelgeat edi sper si on ar
mean.vdhew standard ehrorwoery epfpotries méraen cl ai m t
wa accurate and.Thweerel ydi dif ®trreinbswets ejdatr tgggewr n te rfr ool
bar on the freshwater ecotoxicittFkyguidse on

compared to the three preedmakbl entegpbpoires da
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Water Consumption

Thencertainty analysis of the water consumpt
packaging confeidg urroartmaol nl ye xdhiisbtirti but ed graph
49 and Appendi x B32was Thhd cmd-2aft .etdfnnotoht eh ed artead i a
waS83.8 mhe standard dewimaB6amdfthbi sodatfhc
vari wwsibolB10%. The det ataeatdaexdhiebirtor 20f the |

N
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Fi giug eCorrugated board only water consumpt.

graph

The -blredpe of, tdlet gowgph s keawd ditotdee rtalt es brgi gvhatl ,u e
of the mean and diehdaita ntweee rmloargsatl yatde st ri but ed.
coefficient of variation dowsaooturauepantd e¢
di stributed as this valdae JWempeggbghbhtdespehsat c
around the mean. The high standard error of

that twa a@adcwar ate and. evenly distributed

This data supports t hwes wversy Fiag/ddglleoirmnr r loe WwWat e
consumption i mpact da&ali Kbiy deeytlbatbhe anc
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with definitively determining the exact wate
all the stages in the Iife cycle of this pac
uncertainty data regarding thetwaternr heondsaump
possible not be as accurate as other | mpact

it may significantly influence the modelling
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p Pc!dO@S NI I A y{idY Y IyYNE e@®IA@iYS

Tabll2e Uncertainty analysis summary tabl e

St andar ( Coef fici 6 Standar d
Devi ati g Vari ati ol of the m

He at He at He at He at
Shrin n OShrirgﬁ{dbo Shringﬁ[dbo Shringﬁ[dbo
P Pl ast y Pl ast y Pl ast y

Me an Medi an

Packagi
Confi gu

Gl obal

Warmin| ;e6q0 669 36@0 665 504 40 13, 6. |

—~ >

15 14.
( kg 2eC0)

Strato
Ozone
Depl et 0. 01 0.00 0.0 0. 00| 0. 01 0. 00 ( 4 3 | 6.10.00¢ 000000

(kg CFC]
Fine

Partic
Matter
For mat

9 5 10. 94, 10. 8. ¢ 0.5 9 5. ] 0. 1 0.0

(kg PM2
Freshw

Ecotox| 445 13 8 6 13 64 35] 62, 26 .

20 . 1. 1
( kg-DLCBZ
Wat er

consum
n 15 20 . 22 53, 158 12 8 101 631 49 . 45,

(1
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This study compared two FMCG prAduocomppebéng
LCA was executed ¢onf ibpurhatpiaccrksagiimgi sol ati o
comparatively assessed t o ascertain t he Cc
environment aA deaenmpsictti vity analysis and uncer
executamdl yae and assess the validity of the
the stuaywselBd docuracy and reliability of ¢t
executhed . main conclusions dr awawmnceify ouns =ad hb elf o

cOM 2YLIE GRS/ 2 REGEDAERI OG0 '&asSaavySyld
The LCA was first executed for each of t he
determinetthlae ractudéte®d in the greabmemesatchcontr
of the i mpalchhe cla@fe doris¢esekectitked €bghteen ca
set to ascertt@aheaean gieampeuascle dt roenndfsi ve mai n i mpa

are selected based on the agelodhaphiecsalarlicdic atk

The LA the hwrap smraski ¢c packaging confi gui
greatest conwad btuhe nigmgactt odue to the -use of
wr ap t,umterlisbuting approxi mately 80%Thtto mos
inclusion of electricity in this packaging ¢
the two packagingtcaomfsi qurspt meott ;ead mawests itahle
the defining factor of this pacHKaagmimgahdonf i g
the ignmpeadawevecont hi buti on of-depackaygi pol fyielk m
in i swkBanhi omaccurate representation as the

wrap tisunanedriti cal requirement of this packa

The LCA of the corrugated boaodclondgd ptalt&ta
greatest contri butsicroignefalclt ogi d¢lot ¢ dare o fmptalcd |
t hceorrugat ed Thiag df atdtredro mpact associ ated wi't
boawdg, present i ncbof hg pha@vwkeawgenrn gi n t-hkreapeat
pl astic configur atbeotnweietn olml% acnodn t3r0i % utte dmo
categorCioanpared to the corrugatetdhboagdtedly
board i mpeatcwe evira s4 0.% Ginvde n9 5t%matd tmae emasad | nput

resource are identical for both configuratic
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ontrivatibat electricity geadnroat eshet chveaartd ss

wrap plastic configuration.

Thexclusi ohemm émngsi ons demonstgated bdboatd
configuration demonstrated ver yhemar guihm@lnkv ar
plastic cowhfchbudammaoasseirgantiefti acmgds when t he ti
exposure i s adjusted.

ChH /! /| 2YLI NAazy
A comparatwde th€A executed t o directly C O
configurdhienswmprecsesbed for LGA at elgdsnrdei ght
focwass pheawed on the five dhesdnmnli mpagtht eanh:
compari son determined that the corrugated bo
scoirne every <category i rtrersmpeemnii vyei ofs wahred haa
not .
Focusing on the five <chosen categories, t !
demonstr at esdc oanne aivnepriBaBgle |, wiwen -tleemmg emvessi ons
i ncl,uadredd 79. 6% hkeowdlroemm e miweg i oansc | udehde
compar ati vewrhaepatp Isahsrtiinck confi gurati on

cob{ Syary®xe&a Sa
Sensitivity analysis assesses the validity a
the execution of t heTlhle@WA choarbelseeonns itth ev itrteeys ualntas
ascertain the iIimpact of wutilizing the indust
corrugateadn dlomdeer ¥ hlaitt t 1l e vars adwiamsn eivn dteme
becauwear iodbl e rFeocry ctlheeh rhaehakts pl asti c palkk&aging
only focus <cat egdvrayr itahtaito nd e nmo ntshter aitmegpact r es
rate was the freshwater ecotoxicity category
i mpact score of 0% recycle rate vs that fo
categories demmensitmpuacetd stchoer esai rrespective

r

ecycled rorthheotcorFrougat ed board only packarc

warming category was the onldynoftdaxcwesabd &t evcpari

b

etween recycling ratedapfghexii mptaeclty s4£% r feo rd

ncrease in recycle rate of corrugated board
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The i ndustrreyc ysctbainedgaafd 42. 8% f or apackdaegingver
i mpact scoremgetr oesytheereeané¢ gyTzhepdaactk awgi ng f i |
recyclsensate victoymncd natefdes itsh@artrugated board on
achieved a | ower LCA i mpact S cwrraep cpol mapsatri ec

configureaéespacti ve ofhogft hpaolkdaegi md frielcm.cl

The industry standealivd fmecyahbangilfrdmead eadn i d
average i mpact ngebdér eeceaycdegacimdlehhaedh.adbr wugat e
board recycl e rate sensitivity anal ysi s CQ
configuration achieved a | ower LCA -wrmeppa c t S

plastic configuration irrespective of the ra

Both sensitivity analyses concluded that t he
t he popul at iiorf launedn cdei & hreotconcl usi ons dr awn f

anal ysis.

cd! YOSNIIFAy(de lylrfeasSa
Unl i ke senssdtiwhiitcyh amsaleysses the validity a
uncertaisgasysashsedsgata used to execute the LCA
errors or unr elTihaebirleistuy tisn otfha edcaetranianad yt b at
data wutilized npos cdaarlec ufloautre otfh et he ffiowe bcohtohs e
packaging cohfegedaveopnps!| ow wamcwvanlay ndiyst rTihbe
ex hi bvietriynngeowl s of di sperasidolaosdéoletsetnh@at mean
trwelof the population outBhaeomlfy tdhaet eggaoomi
demongalmiagiegree of uncertainty was the water
t hdei fficulty in definitively det esrymitreimsg utnides
anal Vsesuncertainatdgedntahgtsitsheomedul ts and c.
the pyimamparative adakysios | oewmaiemgrealsi of u

i mpact dat a
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TW9/ haa9b5! ¢Lhb{

T PMAEBNNB Y 0 { 0 dzR@&
This study may be -diempprho vaenda ghyye iamoerren niormmaer of
cat egaonrdi esselcromald gre otghe@aphi cal relevance of t he
areas with mari ngiy,antshidse rsattu dy gnraeya theern eafniatl vy
into the significant wuncertainty ascertained
conf i gulrmta osnismi lwarngmamnedarh,e i gni ficant i mpa
t he environmseobafe tmpadbwaap shirasntki c config
uncertainty analysis of theialegpandihnhyg daea

study t o eclonashiideirty of the electricity dat a

This study mawgwnéleynweifing &r gmeater number of
broadempttitens available to the tradetbaded o
requi r.&menttshcebp¢c!l usi ons drawn from this stud
further engagement with the retaipaaclkagMang i
configurations to mitigate environment al I my
tel i mi datuibh@ packaging products whkharhgicnrge at
selligganthea tlyetter fulfil shelves in store t

thus reducing the environmental i mpact reald]

TGD(BdE[]{dZ[NMé
Al t hough the corrugatedasbecamad!| @dkyvh et mafcikguri
configuration that offetswbaoivdr beCRAenmpact a
how this configuration coul d be further [
investabtaeéer ngt iwteisl i zi ng packaging tape suc
strappinimg,erl ocking shippers t hat require n

mechani sm.

When examining -wrhaep hpelaastdter ipnake lomignggt caonhie
significamint r mplaatt oalneacktéer® ct hg LCA woaltd be
beneficial to invesshmgwné&éep at urenmnenla htawemm &loong s
energy efficient. An investigation into alte
manneuch asmapyapaelrso bes benhemagi anli ti gate t he

inefficihwemtp sthurninrek s entirely
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m Mixed plastics (waste treatment) {GLO}| recycling of mixed plastics | Cut-off, U
m Waste plastic, mixture {ZA}| market for waste plastic, mixture | Cut-off, U

m Waste polyethylene {ZA}| market for waste polyethylene | Cut-off, U

m Electricity, medium voltage {ZA}| market for | Cut-off, U

= Packaging film, low density polyethylene {GLO}| market for | Cut-off, U

m Folding boxboard carton {RoW?}| market for folding boxboard carton | Cut-off, U
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m Core board (waste treatment) {GLO}| recycling of core board | Cut-off, U

m Waste paperboard {ZA}| market for waste paperboard | Cut-off, U

m Waste polyvinylchloride {ZA}| market for waste polyvinylchloride | Cut-off, U
m Synthetic rubber {GLO}| market for | Cut-off, U

= Polyvinylchloride, bulk polymerised {GLO}| market for | Cut-off, U

m Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)

111

Pl-dMesviagv€o€BaudhboaGdoRacMagket

n

t

h €



Stephanie Anne Rivett
A Life Cycl ePlAasssteiscs nvesn tCaorfd b o aModv i Pnagc kCaogni snugmeirn Gohoed sF aMsatr k e t

I LILIS Y RAKENRANGE YILIS R/ 2/yAJALdENS (62 ymy /| (G S 32 MBS NiYS a9d¥t Aliasda A2B/Gx dzZRA Yy 3 [ 2y
100 -
90 -
80 -
70 -
60 -
X 50 -
40 -
30 -
20 -
PeE O N
. B EEEE E EEEEEE
. & & & & © & & & . ¢ . >
\‘,QQO _'&\O ;0,0 ’D'\\J -'00 Q;’& "&\O O \,0 \o\ \,@ . \0{’6 @6 . @d 0‘:"’ &0@ ,90\6 "0,0
4@*& & Q“& &&q’ é{;” o 0‘2’ NQOQ’ S & &S Q&b & &S
S RG> S S & S MR N 3 (3 &
> S &8 & KK E & & & & & &
F &P TS S A
IS & & & T Y L > N A
¢ CHN 2 N & PN 9 & & & $
& SR - < S SRS
> J Y > & > © @
& < & < SO
« 2 (S X O S
& & & & A s
@) > S
A <
o
WV
@)
m Mixed plastics (waste treatment) {GLO}| recycling of mixed plastics | Cut-off, U m Core board (waste treatment) {GLO}| recycling of core board | Cut-off, U
m Waste plastic, mixture {ZA}| market for waste plastic, mixture | Cut-off, U m Waste paperboard {ZA}| market for waste paperboard | Cut-off, U
m Waste polyethylene {ZA}| market for waste polyethylene | Cut-off, U m Waste polyvinylchloride {ZA}| market for waste polyvinylchloride | Cut-off, U
m Electricity, medium voltage {ZA}| market for | Cut-off, U m Synthetic rubber {GLO}| market for | Cut-off, U
Packaging film, low density polyethylene {GLO}| market for | Cut-off, U = Polyvinylchloride, bulk polymerised {GLO}| market for | Cut-off, U
m Folding boxboard carton {RoW?}| market for folding boxboard carton | Cut-off, U m Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)
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m Waste polyvinylchloride {ZA}| market for waste polyvinylchloride | Cut-off, U m Waste paperboard {ZA}| market for waste paperboard | Cut-off, U
m Core board (waste treatment) {GLO}| recycling of core board | Cut-off, U Folding boxboard carton {RoW}| market for folding boxboard carton | Cut-off, U
m Polyvinylchloride, bulk polymerised {GLO}| market for | Cut-off, U m Cardboard Shipper Only (61.4% Cardboard Recycle)
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m Waste polyvinylchloride {ZA}| market for waste polyvinylchloride | Cut-off, U
m Core board (waste treatment) {GLO}| recycling of core board | Cut-off, U
u Polyvinylchloride, bulk polymerised {GLO}| market for | Cut-off, U

m Waste paperboard {ZA}| market for waste paperboard | Cut-off, U
= Folding boxboard carton {RoW}| market for folding boxboard carton | Cut-off, U
m Cardboard Shipper Only (61.4% Cardboard Recycle)
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depletion formation
m Mixed plastics (waste treatment) {GLO}| recycling of mixed plastics | Cut-off, U m Core board (waste treatment) {GLO}| recycling of core board | Cut-off, U
m Waste plastic, mixture {ZA}| market for waste plastic, mixture | Cut-off, U m Waste paperboard {ZA}| market for waste paperboard | Cut-off, U
® Waste polyethylene {ZA}| market for waste polyethylene | Cut-off, U ® Waste polyvinylchloride {ZA}| market for waste polyvinylchloride | Cut-off, U
m Electricity, medium voltage {ZA}| market for | Cut-off, U m Synthetic rubber {GLO}| market for | Cut-off, U
= Packaging film, low density polyethylene {GLO}| market for | Cut-off, U = Polyvinylchloride, bulk polymerised {GLO}| market for | Cut-off, U
u Folding boxboard carton {RoW}| market for folding boxboard carton | Cut-off, U m Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)
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%

T

m Mixed plastics (waste treatment) {GLO}| recycling of mixed plastics | Cut-off, U

m Core board (waste treatment) {GLO}| recycling of core board | Cut-off, U
Waste plastic, mixture {ZA}| market for waste plastic, mixture | Cut-off, U

= Waste paperboard {ZA}| market for waste paperboard | Cut-off, U

m Waste polyethylene {ZA}| market for waste polyethylene | Cut-off, U

m Waste polyvinylchloride {ZA}| market for waste polyvinylchloride | Cut-off, U

m Electricity, medium voltage {ZA}| market for | Cut-off, U

m Synthetic rubber {GLO}| market for | Cut-off, U
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m Waste polyvinylchloride {ZA}| market for waste polyvinylchloride | Cut-off, U

m Waste paperboard {ZA}| market for waste paperboard | Cut-off, U

m Core board (waste treatment) {GLO}| recycling of core board | Cut-off, U

i Folding boxboard carton {RoW}| market for folding boxboard carton | Cut-off, U
m Polyvinylchloride, bulk polymerised {GLO}| market for | Cut-off, U

m Cardboard Shipper Only (61.4% Cardboard Recycle)
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m Waste polyvinylchloride {ZA}| market for waste polyvinylchloride | Cut-off, U

m Waste paperboard {ZA}| market for waste paperboard | Cut-off, U

m Core board (waste treatment) {GLO}| recycling of core board | Cut-off, U

i Folding boxboard carton {RoW}| market for folding boxboard carton | Cut-off, U
= Polyvinylchloride, bulk polymerised {GLO}| market for | Cut-off, U

m Cardboard Shipper Only (61.4% Cardboard Recycle)
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m Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)

m Cardboard Shipper Only (61.4% Cardboard Recycle)
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= Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)

m Cardboard Shipper Only (61.4% Cardboard Recycle)
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= Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)  m Cardboard Shipper Only (61.4% Cardboard Recycle)
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= Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle) m Cardboard Shipper Only (61.4% Cardboard Recycle)
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m Cardboard Shipper Only (61.4% Cardboard Recycle) m Shrink Wrapped (61.4% Cardboard Recycle 0% Plastic Recycle)
m Shrink Wrapped (61.4% Cardboard Recycle 20% Plastic Recycle) = Shrink Wrapped (61.4% Cardboard Recycle 40% Plastic Recycle)
= Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle) m Shrink Wrapped (61.4% Cardboard Recycle 60% Plastic Recycle)
m Shrink Wrapped (61.4% Cardboard Recycle 80% Plastic Recycle) = Shrink Wrapped (61.4% Cardboard Recycle 100% Plastic Recycle)
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m Shrink Wrapped (61.4% Cardboard Recycle 0% Plastic Recycle)

m Cardboard Shipper Only (61.4% Cardboard Recycle)

= Shrink Wrapped (61.4% Cardboard Recycle 40% Plastic Recycle)

m Shrink Wrapped (61.4% Cardboard Recycle 20% Plastic Recycle)

Plastic Recycle)

Cardboard Recycle 60%
= Shrink Wrapped (61.4% Cardboard Recycle 100% Plastic Recycle)

m Shrink Wrapped (61.4%

Plastic Recycle)

Cardboard Recycle 42.8%

m Shrink Wrapped (61.4% Cardboard Recycle 80% Plastic Recycle)

= Shrink Wrapped (61.4%
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Global warming Stratospheric ozone Fine particulate matter Freshwater ecotoxicity Water consumption
depletion formation

m Cardboard Shipper Only (61.4% Cardboard Recycle) m Shrink Wrapped (61.4% Cardboard Recycle 0% Plastic Recycle)

m Shrink Wrapped (61.4% Cardboard Recycle 20% Plastic Recycle) = Shrink Wrapped (61.4% Cardboard Recycle 40% Plastic Recycle)
m Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle) ® Shrink Wrapped (61.4% Cardboard Recycle 60% Plastic Recycle)
m Shrink Wrapped (61.4% Cardboard Recycle 80% Plastic Recycle) 1= Shrink Wrapped (61.4% Cardboard Recycle 100% Plastic Recycle)
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Global warming Stratospheric ozone Fine particulate matter Freshwater ecotoxicity Water consumption
depletion formation

m Cardboard Shipper Only (61.4% Cardboard Recycle) m Shrink Wrapped (61.4% Cardboard Recycle 0% Plastic Recycle)

m Shrink Wrapped (61.4% Cardboard Recycle 20% Plastic Recycle) = Shrink Wrapped (61.4% Cardboard Recycle 40% Plastic Recycle)
m Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle) ® Shrink Wrapped (61.4% Cardboard Recycle 60% Plastic Recycle)
m Shrink Wrapped (61.4% Cardboard Recycle 80% Plastic Recycle) = Shrink Wrapped (61.4% Cardboard Recycle 100% Plastic Recycle)
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m Cardboard Shipper Only (0% Recycle 100% Non-Recycle) m Cardboard Shipper Only (20% Recycle 80% Non-Recycle)
= Cardboard Shipper Only (40% Recycle 60% Non-Recycle) Cardboard Shipper Only (60% Recycle 40% Non-Recycle)
m Cardboard Shipper Only (61.4% Cardboard Recycle) m Cardboard Shipper Only (80% Recycle 20% Non-recycle)
Cardboard Shipper Only (100% Recycle 0% Non-Recycle) m Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)
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m Cardboard Shipper Only (0% Recycle 100% Non-Recycle) m Cardboard Shipper Only (20% Recycle 80% Non-Recycle)
= Cardboard Shipper Only (40% Recycle 60% Non-Recycle) Cardboard Shipper Only (60% Recycle 40% Non-Recycle)
m Cardboard Shipper Only (61.4% Cardboard Recycle) m Cardboard Shipper Only (80% Recycle 20% Non-recycle)
Cardboard Shipper Only (100% Recycle 0% Non-Recycle) = Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle)
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Global warming Stratospheric ozone Fine particulate matter Freshwater ecotoxicity Water consumption
depletion formation

= Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle) m Cardboard Shipper Only (0% Recycle 100% Non-Recycle)

m Cardboard Shipper Only (20% Recycle 80% Non-Recycle) = Cardboard Shipper Only (40% Recycle 60% Non-Recycle)
= Cardboard Shipper Only (60% Recycle 40% Non-Recycle) m Cardboard Shipper Only (61.4% Cardboard Recycle)
m Cardboard Shipper Only (80% Recycle 20% Non-recycle) Cardboard Shipper Only (100% Recycle 0% Non-Recycle)
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Global warming Stratospheric ozone Fine particulate matter Freshwater ecotoxicity Water consumption
depletion formation

m Shrink Wrapped (61.4% Cardboard Recycle 42.8% Plastic Recycle) m Cardboard Shipper Only (0% Recycle 100% Non-Recycle)

m Cardboard Shipper Only (20% Recycle 80% Non-Recycle) = Cardboard Shipper Only (40% Recycle 60% Non-Recycle)
= Cardboard Shipper Only (60% Recycle 40% Non-Recycle) m Cardboard Shipper Only (61.4% Cardboard Recycle)
= Cardboard Shipper Only (80% Recycle 20% Non-recycle) Cardboard Shipper Only (100% Recycle 0% Non-Recycle)
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