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Introduction

T &I

FEE AL TEmAt#ES (ICCA) 13, 74 7 A4 271 TwZx A+ (LCA) Hikimh g icB+ 23
MREZITI) O DN ML 702 XL oKWY AT E T, HROAFESIX, H L W EHY 78
mn AT DBfFE %@ U T JEERFEE DER I S Frg rTREME O BEICH Y M T L CoEE R RE 2 R
LCWwE T, LCA I, BRE~DHESLHAMNAMHERICEL T, b /) = a3 VIRAENICHLE
THDILEERT D720 DMHEDTFETT,

ICCA 13, BEIEED LCA DHEHICOWT X W ESHMTE 2 X )i, {LFERPIRME T 280
Bffiic X o TR N2 \BEE A R (GHG) HEHEOHIJKICOWT, 74 794 7 voflbicoER
fLiconwCo—#HOREFMTEE R ML TZ T L7,

COXEIZ EBRMYY) 2 —va VIcEET 2 LCA T Fu—F & HiEHRMPICCA & FD A voN—1p
EDFHIFHN %R LIZNICCATERB Y 27 LN T 274 794 707w R A v b (HARGERD (2021) |
ke W TIERLL £ L 72,

ICCA 13 Quantis #:icH L. A v _UTA ALy Yy FYREY 24 Y THIC X 2 75 2F v 7 @k
WD LCAICEET 2 730z E (AP [T A Y TLE—1F ] ic2nwC, LCA DJFEH|Z8H L.
[Q&A (HEHE)) WRICk 2MEt - L Lo s EMmT 2 LOKELT LA,

ZOXETIE, EBEOERETATH 2P 4 27 — 2% LCA k% v CiHli 217 5 B & E+
NREFEELEICOWTHS L 3,

BARIICIE, v oAV T 4 vV TARL vy a v Py CEMI N A#E R Ic sv»wC, LCA
HERPEIEIEARRMCED LY ICHEH I N T 2223 L £d, ICCA 3, ZOXET, [Vt
Y7 LHR—1+ ] Z5HL. LCA OfHfli% Fit & B Ic S B 2 HaBFHIHIC 2w ¢, EMICRIE 3 2 B catid
LEd, CNOLOEMICEZ 272008 LT, BB, BRAOF v 7 )R FROCERIESH
LCA DfHfiz FHUPRICHBE T N Efmm 2L £ 3, ICCA Tld. 2o ELEL T, Hfiil 0%
R EICITECRPHIg S IE L CHIiEn 3 X 5 ic, LCA DFFHlifE 2 mARICIEH T2 720 DK% 7
HL7-nweEZLT T,

1 Voulvoulis, Nikolaos & Kirkman, Richard & Giakoumis, Theodoros & Metivier, Pauline & Kyle, Charlotte & Vicky,
Midgley. (2020). Veolia Plastic White paper. 10.13140/RG.2.2.12793.70241.
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AR 77X F v IBA bV E ZDMOMB ZER L 7-H FILOREA

)7 Eufil

[V ) TLHE—}] Cld, 772F v 78RR LCA KT 3 T3 o ABEREZID Lo,
HBIAR, RF—NE, TAI=TLE, FIRD 4 2oL HBEL T, 9 2F v 7 BBROBREY
BB 2 MRS EEH L CwE T, & LCA HEICEIL 7= EEEE (specific context) %L
=, FEELIIINSDEHEHEIC, 5 208K 6EL 7 500 ml DAL BiE T 2 BROBERFRA A
PEHE O FEHEZERL T E T,

ZOHIOERZHAT 272010, FEHFE 500 ml <y FFE %D B RBEMEclLE L 25E.
2016 fFICFAEL 72 TH S 5 HALARFEHHEZHEL L CwE I 1], CofiRcid, 7725 v 78l
R id, BB L 2o = v MElo R v X ) gL EPEHE (carbon footprint) 28475 <
B LERLTHET 2 2016 X, 500ml D=y F R P ADEREIC 25 {7 tCO2eq ZHEH L 72
EHEE I LTV E T, S, B L U I REE X X 72 L IROE L -G A o EE B IEIA R (25.5
BH/tCO2eq), AF—nA1 A37FHTtCO2eq). THAI=vLE (1059 HT tCO2eq). #T7 AR
Fv (1124 EHTEtCO2eq) LD DALY ET,

[T2AVTLER= ], B, 77RF v 7V HA 7 NVOEEESHLLICLTET, 500
MEFC O BRI 13 A AR D FE R RS (EAM TR & T T A [T =24 ) 7L HR— | Tli,
VA7 NDREE R TEBOMAN D LCAZFIHL T 3. &5H S ARBMEhc) 0 B 2720 |
IR I N TR WHETZF o0 Tidl, [HGKEAINEZT T Z2F v 7 Rés% B (remove).
HIRL. FRIH. £330 34 70325 2 L, FiEET2HETH L] LifmmftidcnEd,

INETNPRFEOFIEEET 5 73 ho LCA il bando i afsma s s o zoiciz, &%
Bl FE 2 EE IR L, BRI E R 5 2 2 [EEED & % % LCA HHNICAI L 72 FH o FIH (contextual
elements) ZFFET Z2HEAH D L7z, FRELT, KD I2DHEMEI Y, 2D X AiHli o~ %
PRI L £,

2z )7L R—F ] KEHHINTHBEINLDRERICIT, Sy 7 — VHHABRORKISY (FE) OB EInT
WRWILICEELTLEE Y, 204 794 70257 — (BEFEUY) ZHERIGENT 2 &, Hlofkimic ok s A
R B Y 3,
*PEHE R, SME 2 A ToEEHEK e EREFMTE L GIRI ATV E T,
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REHER, 77AF v 78R MLEE, BON—I U HRIOR MILERRL TS

BALRFRPELEN DWW LY £ L7,

F1 :2016 FOFEMZ & D 500ml B2 BLE T 2 BOBESREAS APEHE

Container type Weight Tonnesin 2016 Tonnes CO,-e per Million tonne.s of.CO2 in 201‘6
o s tonne of 500ml from production if all plastic
(500ml bottle Composition per bottle (485 billion -
bottles/cans bottles were replaced by this
orcan) (grams) bottles) o o
produced format and material
FRastibote Plastic (PET) 12.7 6,159,500 4.053 25.0
(baseline)
Plastics (50% PET
closure and 50% 8 3,880,000 3.585
Liquid PE layer)
fiberboard 25.5(+0.5)
packaging Aluminium 1 485,000 12.874
Carton 13 6,305,000 0.844
Steel can Steel 30 14,550,000 3.004 43.7 (+18.7)
p— Plastics (PE layer) 4 1,940,000 3.116
ca‘:“'"'”m 105.9 (+80.9)
Aluminium 16 7,760,000 12.874
Glass bottle Glass 259 125,615,000 0.895 112.4 (+87.4)

https://cdn.ca.emap.com/wp-content/uploads/sites/6/2020/07 /Veolia-Plastic-Whitepaper.pdf

[ 1]« GHG #8132, $E. —x)uE, il IR S~ BEM Ok % 18— 3 7 7 F4D 2019 EHSRER
FALTEHLTwE T,

Ql: LCAZBREISERATRICIEEITNIELI WA ? £/ LCAL LRAIZZERZENTED

7

LCA i3, BEPLH — v ADBRE~DFEL ., KT 24200 NAEY—1ThHY, BRREDIEE L
Y ¥d, LCAIREDSHTHREZITIHAIL. EMEL 728 LCAEHICAIL 7-FEEZEIE (the context of this
specific decision) % L o2V MR T 3 T L BEETT,

MRS R EHIHAD 1 0, KR, B, & X OHANI 21 57 & ORI St & SRR/ St 2 %
L7z LET, COLCARREZREL TWEREINTT, £ 05A, LCAIL, HHsns AL ¥ —
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DR, T 7 0 20K, FHliREFOBERES F ) AR EOHEZIET 2 LEAH Y £3, LCA
FEEREDOHA L2 LTHHAT 2854, 2ho OHiiIZ%S LCA FHNICHI L 72 B 2 S IHEAHER
THLIMERDHY ET, HIZIE, T7I7RAF v 70RGBOGE. [VaA ) 7LEF— ] Tk, [—#o LCA
Tlt, $XCOGEDEI, V34 70, BB TEBEcHEAAINS L iFiRREzH T
o LA L, HEFZTNZEEMTIEI AL, FREOEH/E/ATO Y 4 27 VRIKFT 2 2B I D
DEFT.] CRRLTVET, EE VI I7AERFCFAVYDTIRAFy 78K LD LCA X, 74
THAINREOFEEFEBRKELER D720, VA4 7 VEPMLOEICIE, L b 2 gtk
HLE-ORGIGHEATE THA,

Tz, VR, B oKLY ER T 20D D T3, BEEEOBESIX. Fl XX 2 D0RE
MEHE O HERICEA T % 3, Asalorkie s 13, DELBBOWAEM 2 REFT20IcE L2 [ AN
Y 3CHBT L BNETT, LCATIE, HEX—2 l: lkgdHTRE kgD T I RF v ) TH
BT 20TIERL, 1 208FHA 1Y)y FAD I ZINET3-DICBER T T RAERITT T AT
y 7 DHERE) TS 3720 B AEMEROBOMEL HIKT 2HERH YV T, Chickh, B
BEHE L, BHENRES OB 2 2B L2 Hiic o GEROBMLE T2 2 e ATEET,

HEGEHE oG RIZ, &0 &5 fife (RE) ZiEv 7228 oaet: BRREHAI) 2 LD X ) icEw
TehicEAINE T, B LCA DFIREZHWTRERIT S 203, ROHEM/MERBLE T,

*LCA DIRGEIZ, BHHNCAIL Z2BAORIELE LOBREEAEL T 255 ?
ofbiid, & LCA FfIICHIL Z2BEBE OFIHICHE T, BIChRoTWEH?

Q2 : MElOMBIREDLSICEREINEITH?

LCA%#MRALTC22o008R ¥ 2139 —CRADBIEANRT +—~ vV A2 WK T 284, THfio HBEL e |1 1RE
CEIOWTERINTE T, ZoZIIMHOREIKEL T,

MEHC X o CRFFEOHBICEL ThWARWEERH Y 3, 77 RAF v 705A& TR, & TH
(polymer chains) %L TT, Thbb, —HMOMET I 2F v 7k, FFEDOHERTIIMESAA 2T
HHERRINDEEVWHIZ LT, B, TR_TCOYHA 7 AR CSED ) %4 7 A B icEHA
INDIDLTTEOHVIRA, 7 IHANVIFA 7NV EANA=Y UMEOBEEICWEDOD DEZELIETE 5
EEZLNE T, =T VTNV HA 7 VITREMET T 2R H 0 £ 3, BahicEmd 2 Hikc
X, 7R F v VONEPERLGRERTH LD, FIANVIIAINVINETIRATF v =TT
NYFAINEINTT T ATy 7 IIRRENICRIE TR WEERH Y £3, L7225 T, LCA a3
ZHEICIE. 2D X9 BRFHEDRIL (2 2Tl H@) ics TR OSBRI 72 2 22 &9 2 2 T2

S TORBMOMEICIE, BT AL X0 -G U T, NEY (R ERFR (R, B X OHE AT REN: & R
T ErEINET,



35 ENREETT,

2L MR OWEICE T AMERS T LI EETH L L IEIEATEABZ2IE [TVoA ) 7T LFE—
X, R P rodldEic, KEH/ =2 v o PET ML V4 7 v PET fkHEZ LIS L 2 FHfI2 R T hTn
¥9, COHEHIT, FEELIZ. TV TA)FA 2 ADEEITIE, VA 2 AMER D 2R (B2
et D ) CIRAERL > TV AEARIL H B2 2BOTET, La L., b FEEY (it
EDFEEY) BINORNTIZ, ~T IV TA ) FA4 7B, =y bR b rofE oA EOY) 34 70
PET i ic 2% 232 L FIRL CwE T, 2D X ) R, BENRMEOEV IZRETIRR L, K
fliflo PET L V¥4 7 PET #[F%& L AT encEEd, 220, MoGs, A waofHo
FbbeolgEn iz, ~7 VT AYH A 2 ENT PET OREHENL > TV 3720, ZDHEDOER
BAVBETT2Z2L0H0EF, 207D, BEOREENZARICE T 20 EDOBIAD O & THIEDE
& rko s bicik ) 9, LCA Z5Hli3 2 5413, ROEM/MERVEETT,

Gl CHEI O ME IR EE I N TV 507
MEDOFEZEE ST 2 LEDD 507
MEIDOREICE R L 7280, BRICED XD RPN H B ?

Q3: AAETOREIL. BRICKELEEZLEZSFEELH DD ? ZDHAE. LCA ITRE

NHEENTVWEN?

LCABTIE, —RY —RpbDT—2t, ZRT— 2 2R T2 DIFERAINE T — 2 R—RiCHEI»
TITET, NV a—Fx—VidEHETH Y. LCA #EiET 3 EL ABPEHFICEIL 255l 2 BFEH 2 5ELIC
BRETE o, LCA LBERMIREICHRYTT, TES o A THEINS AV F—OfEHE.
ZOME, MBORELF ) AR EOBHIIOWTIR, % DFA, LCAEBHFICZDEEDETRCLRD
—R R EHICEE T A AR E W TREERT Y LY ERL T T,

DX IHGEIR, FERICKE B EL G2 2V HeE2H Y 3, Al LCA OfERICKE iz
Hz3Ez2zoN358, BREMT 2T s LT, BESTcIR, REF—2] vF)
o TREF—R| v F VA ZERL T, RECEENLLH) L AHEEEELRKMIEET, by )
VA DERIT, LCA EEFONLR 7 vt 2T 2HFRICEIT W B 720, BENARZHN L CHMS
NTW2EHIF, BHETE2VF VA ERET 208K S T,

Bl Z 1, PET R b v dD LCA T, V¥ A4 7 AKRENF L L TERIN TV I 5A, [IRED 7 — R |
YA 7K 0%, [REDT—Z] XYV H A 7 A0FKI100%THIGTEETT, 2OX I Robricky, &
S/EAERZL L 72 5E0C LCA ORERNBED LS ICEB L0 ETETEXE T, Tabb, Futwxnjl
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DEFCEBE N ) | OB E & b ICHHRAEI L7 L X, BEMFIC L 37 —2ARZF 41
I o CREAS C L BSTEET,

O

LCA DR ZHm a3, ROEM/MERPELE T,

S T O EEARAE 12 ?
INLDOIEIIRETH 2, Tl bEEFFOTEEN LD 22> ?
INLDOIGEIIMRICED X D x5 2. BRESIIITOND?

oo F ) AGHIIA D (HRETF—AvF V4] FFcEREZLYTT0RVD) ?

Q4 : FHIDEHHEIZ., EHIOBEITHR->TWBEH?

LCA OER X, WA E 23V —CXROBRE~OEE L EECHELFMEOBE (WY 2 (cradle) 1)
POERAKRT (B (grave) ) £ T, 54 794 7 r@fichbizoTER T3 2L, EBEICIZ, D
(WY 2 oEEE T (cradle-to-grave) | 770 —FRHTLOIMLETEHY A, £/, FAEDOH
RICBEE L R BRI, D02 DT 4 79 A I NVBEREKRTEZ LB TEE T,

Bz, WY T2 65—t (cradle-to-gate) | DHHIIZ, FAMEIORIES O TH D7 — b £ o
774794 7 VOFHETT, DX 5 mHEflCid, A0, X, /. EEZTS 74 794
INVERS A INTHE ST, [WOLITHhosr—] 77e—FF, FEEDHEME £ 72 138G 02 —5
—ICEMERET 22 L2 HE LT A GAICITEYI L EXx 5 TL & 5, HlxiX. PVCEIlED [wh
2T H b7 — b (cradle-to-gate) ] £ To LCA OfiRiE, BT — 7V A —Ah—2 PVCHafgk s —7 10
LCA #Efid 5 -0 ICHAHTE 9,

772 Ly i 7 3 2 F W ILER 2 1T 5 56, 2 208 RIILEROWRE 21T ) - I B 2k RR &0
LCAMERPHICIRBE I N 2D TEIVITRA, (VA VTLR=F] 12, 77 AF v 7 7213 EH
2> 5 500ml D FRA SR 2 8LE L 725 A 0B 2 K L 72 LCA fiR oz R L TwE 3, CO2 fittiE%
Hze, Cbo0RBLFALEOPEER 204 ERICHEN L TnwE T, 7272 L. LCA O#5RICIZMH
BT LB RMmEnN I A, [VaA YV TLR—F] KRREEINLTHWDILIIC, TIRF v 7
BRI NVZVIATIADBED T, 7I7A2AF v 7D )H A4 7 AP, 77 2F v 78K+
NO LB R XY A 2 v I T WA O L ) DKL R 2 AlRetERH 0 £ 9, L7
2o T, BEREICIZ NS OMBIOEMET 32 TCORMEERT 2LEEHY £3,

LCA DR %N 2 BRicid, FHio#EiFH A FE T 2 0B H Y £ 3, FAEDOHMWIC X o TiE, — %
() CIi S RTRE A A R A Rt 9 2 7z o S il oS i b Y @R & R 2 A0 H Y 3, 2 008
MRBIG 2T 22 2HME LTOIEA, 74 794 7 VO KBTI N CoRBEMEZ LIRS
370101t FRRIHMEANETY, 2D, LCA OFFICE L TEEST 25413, ROER/MRH
HETT,



ST IR OEGUCEA T B0, EREBFRCESE XA TDOXA = —%2ERT 27201 flfldh
DY ?

GHEiCERINTWARWT A 74 7 AVERIED b5, T2, ZOMB I ?

Y T h 67 — b (cradle-to-gate) £ TOFHIICE T, 74 734 7LD bH 5 B % A& L 7254
FRICRE B e 52 2 AlRelE 13 H 5 0> ?

p. 6

Q5 : LCA IZBmEARNRKMNBT — 2 ZFERALTWEHN?

LCA Hidmix, =7 bE -7 — & LTI ROBS £ 7213 — R 25 861) 3 e e xEFO 7 —
Z2DMAEDLRIEKELES, EBEDOT —Z2BRELTWBEEHEEIE. LCAT—&X—X, WA, F/id
Tab—vavhbfRE (surrogate) 7 — X ZHEURL 9,

T AEFEDOT - ZIFEICERLINT TS, HILOENCIEED T — 228 AR TE RS
. Bl EWREB T — 2 2 EIRT i) T3, HlzaiX. #Friwy) 34 7»&%753&7"“‘%%%%
TWARWEER, TALVF—HEELCZTOINEZTEEILT 201+ 0hT — 2350 TCnihngs
é:‘/cv—j_o

DX RGER. BFEDOT -2y b (T —42RX—=R) 204MFTI2H0ERHY T3, 2% 0, LCA
DFER L FEFRIZ. 72 2REMEDL > T B H[EEWAH Y 4, LCA 25 A< HE. FrcH L v
Feffi# LCA Tl 235413, ROEM/MERNEE T,

*LCA I3/MFF — 2 2l L TV %5 ?

2 oG, WYNCCElL I, FBEELE . EYLInTn 5 ?
FERICTIT D70 D OAMELEMED AU B AIREME D B 2 0> ?

DX ¥y FIFEHEIN, EFIZNICOWTHLIFTHL TS5 ?

Q6 :LCAICIE. HRDVFVADDHAEENTWVWEN?

LCA O#ERIZ, FHEfTON I ERICEEINE T, PET X b Ak @ ofliticid, Bl Z2EE 2%
JHH LCA DRERICHEB LG X 2N D Y 3, PIXIE. BEEMEOFRE. 7)) — vz i ¥F—hk
OEHBHE. FRMKRT L2 & (BEBRR) DVH A 70T Tyavhtd, &b, ThbD TR
— 2 3R oRE L L b IcELT 5720, LCAOERZHRMEICL T3,

KB BB ) —vzaaX—, VA4 70, FEYREIL, =2 F 3K, FHRESCRET 3o
NT, WEBHOH LWL DD T A =2 BRE5HBUERICRECALT 2 e FEENTT, [TV A DT
8



LA — b | o oFHiiCld, FEED 2D DR L WEIRHOHIC DWW L Tw ¥, FEOENFMNKA &
DERBICIE L 2dDIich 2 L PRRIND 20, EHHANENSCY —CXDERE7 Yy P 7Y v P&
ftgda e PHALTVET,

LCA FEfiF 1Z, 1k, W 2D DEREAL AT A —=2RLED X LT 220 & W HEICD VLT DR
K FVAZHGIEAIR, 2oL B ENTERZHET 222 HVET, 2OoT7 e —Fid, B
BIREZRIT ) FIT LY, LCA ORI FEROFIHE I D &2 X 9 B NiE#R (additional layer)
ZRMELET, 2720, FEROCF IV A RBEICAHEETH L2 FETILENRD Y £F, LCA Off
BARMET 25403, ROEM/MESEECT,

fEkTF VA DOHTIED B D ?

oy F VALY, BREIEDL S AHELZTE0?
JERD T F Y A ITEE IR TR <L YD ?

LCA AiEimlE. ETMEINT — X LTI ROB R E 72 1E Y — E X Z 55

FF370CRBEEOT —XDEAEHLHICEKEFEL XTI,

p.7

Q1. ETHEEYIRIELENT I —2FEEL TWLWDHEH?

LCA X, #BREE(., KOW¥EE. BEROME, M bh LoREEEICO VT, BECH—vRA0EL
i 4 5 DI b £3, LCA OFERIZ, HIBRBBELICOWTIZ, IS BEBINTWBIHTH B kg 47
D O _FLKE (CO2) BEHHHETRINTVWE T, IORBEEEOERIZ. DT VERILTEL T
LIFLITER I TS, 2oMBhik, thoRBEEEXKVEBRIN TRV L L, BRORTRERRIC
T 35T,

Ag, LCA OfER %2 R 2Bz, BT 2 TR CoRBEHEEOHE*EE T2 L 2EETY, 20
DHMEDHT L = F A7 BRETIHEADVDH 205 TT, ZOEA 1 DORE~DFENMI T2 L.
b O 1 OOFERML £ 3, A AN flcd b . GHG HEHEOHIEIC D% 435 & L 23%
WTT A, BE~OFREOHMIC X v wECERENL., THAHOMMC OB 2 HEERH Y 5,

[T xA YT LHE—F] F, T2 CO2 #hiic L7z LCAHEEDHIcd, chid, [H—FKv7 v b
TVVR] W XA PALAMEICHATE £, 1 0% 74132, 30BRERBICHHIZEhI R+ C
L, FHESER ORI TH B Z L AHIETH BR Y IZFTETIR D YV TR A, 2L, ZOEPIR, HEOE
ROZPERICE AL T, ROEENERBEROAZRL TV EEA2TET, 2OMoBREFEH T I —
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EEH bl bii, AN H 25513 L 9,

ZDXHICEHi R BRI, BT 3 T RN C OB O REN BN ZT Y o Tlda L. [
HEMEAZRL TV AL E I R ERT 22 L AEETT, FPELLIHIClE. &FE2R I T, BEW
L —FA 73BT BRAREELH Y £9,

Q8. LCA ICL > THEEN LT WREELCHRIEH 5 h,

LCA Tit, BELYy —vRICEET 2 ERRE LOFELBECE T T, conhrTid, HIREEL» S
THAAE T, W OrOBREREELZFHET 2 2 LS TCE TS, ZoHERIE. HERER LR Lo+
WMERINZ Yy 7 TIEEENTTE, W22 0EHELFTEIC OV TIILCA TR ICBECTE L WiEE
BHYET,

LCA # a3 3 5413 ADHENTHECIEEI N TV 320w #ild 5 2 &L SEETY,LCA
FTUFER TRAN REN Y — e, BEREHR I, LCA 22 CofllfizfifEcX 2fthoy —r &
flistTszebBEOL LT,

EHB=00 LCAEHITAVSNEFEICATRENRDH DA ?

QI INLDHERZMD LCASEFI L LR T ZICIFES>TNIE L WA ?

2D 8 DDEMIE, & LCA »FHEi0&E. HE S h 2R, & X UFHE 2 1T 5 Fr D /5 iR BN 232 T
RAEDZZLRRLTVET, FiCY F4 7 VDFEZ. HEROREVLER LB VR S 72 b T RS D
U2 I

INHDECOT, HERIFE I, RN T 2 HENHETH SR Y . LCA EHIIL LB ATRE &
REGERHYET, HlZIE, PETREFAD [ T2 57—+ (cradle-to-gate) | £ ToOHAFIX, I
WER2TATHAINT 2 —XTORLET 2RO, WY 2 TH 55 (cradle-to-grave) | £ TOFE
fili & b HEAIREL 2 0 £ 37,

[FERIC, 2 0D R 2RO T ICETEINL 2 DOWMFEHERIT. TRV RICED XS hpEr 525
DPEBHLTOWIEAICRY, IRTE2 22350 25, HlziE, 2 20 R 2 4 #EEME O <%,
B RER 2 FE R & D X5 IS E S 20, B & Rk R o B & 528 A [E I & o
X ET L, HI L CHEERBONEICED X ) RBVRDH LD ozl LR EETIHLE
BHYFET,

B 2EMCc2o00ERSZ LCAZHIKL I T 2L, MiRVERZGEEHVEST, 2OXI %
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Seid. TS RN RO E M /MER A EE T,

ol /7 DFEHICHEAE L 72 ka7 BIRIC L D REREWIIH 50 ?

eI NG T — 2k, EFEME. FEESE . TaCREEE N Tn 50 ?

T 7 DEHNC BT 2 FHHOE RITEELUL T 55 ?

CINLDEWIIERICED X BB R G2 LVHRERD 20 ? HEICOWTHAR I N T2
> ?

p.10
fEim
LCA OFER (. ICHEDH > TULWEWAIZE > TIFBRRARE LSS

AHYFET, CORFERELY ECEBRETHZET, BEREEIL LCA Off
RAEWD, FDESIIBENDEERAREDERICERBT 21 2EETEIENT

=EI,

LCA 1x. LCA /iiimicBa 3 2 — i cauffm i (E2RME I 2 ¢ CEERE T n v 2070 DHH
TERAIRME L £4, ICCA BAED L A F v 27 ) R M2t 23 2 83T, LCA OfFERICH W
TEEREFICBNRADPTENITENTT,

CORAFERICOVTRERZRY A Y YV FADEHET, Y LT WHIFUCED £ L7zt BARFERONEICEMELH 2 56
Tid. AER I A=Y HICHNLTE Y £34 Y P F Ao CERICC, B, WAL CHER VA2 X BEvnELET,
T/, HAGERIE, EXEROAX DL ZERLTHY £, KicowTid, BAMICHAFERZToTwEEA,

Stk DORETHE
+LCA IZ¥k1F % [context] DFEME HAZER
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ICCA Life Cycle Assessment of circular systems: Approach and methodology

Introduction

The International Council of Chemical Associations (ICCA)

is committed to ensure that Life Cycle Assessment (LCA)
methodology provides a strong basis for environmental
decision-making. The global chemical industry plays an
important role in addressing sustainability challenges through
the development of new, innovative products and technologies
in the context of a growing circular economy. LCA is an essential
step to check that these innovations are beneficial overall,
regarding environmental impacts, and societal benefits.

To help decision-makers better understand life cycle
assessment studies, ICCA has developed a series of
studies on the quantification, with a life cycle perspective,
of greenhouse gas (GHG) emissions savings enabled

by products of the chemical industry.

This document follows the first edition ICCA LIFE CYCLE
ASSESSMENTS TO CIRCULAR SYSTEMS (2021), which focuses
on the LCA approach and methodology relevant for circular
solutions,and was illustrated by case studies by ICCA and

its member companies.

ICCA commissioned Quantis to apply these principles when
reviewing through "Questions & Answers" an assessment
by Imperial College London and Veolia of 73 publications
on LCA of plastic packaging (referred to as Veolia's Report?).

The document provides a critical overview of the main
elements to take into consideration when performing
LCA methodology applied on existing circular model
business cases.

The extensive assessment performed by Veolia and Imperial
College provides an overview of how LCA methodology

has been applied in a wide variety of situations. With this
document, ICCA builds on Veolia's Report and aims to answer
common questions that must be asked when reading through
an LCA. The key to answering these questions is given by
providing, for each question, a checklist of elements and
questions that a decision-maker should keep in mind when
reading an LCA. Through this document, ICCA hopes to give
decision-makers the tools to make the most of LCA results

to select technologies and projects, and/or to orient policies
and strategies.

' Voulvoulis, Nikolaos & Kirkman, Richard & Giakoumis, Theodoros & Metivier, Pauline & Kyle, Charlotte & Vicky, Midgley. (2020).

Veolia Plastic White paper. 10.13140/RG.2.2.12793.70241.



An in-depth review: assessing

the environmental impacts
of bottles made from plastic
vs other materials

Veolia's Report compiles 73 publications on LCA of plastic packaging, aiming to draw
general conclusions on its environmental performance relative to four other materials -
liquid fiberboard, steel cans, aluminum cans, and glass bottles. After consideration of the
specific context of each LCA, the authors are able to build on these studies to generate
an average comparison between 500 ml containers made from the five materials.

To illustrate the results of this comparison, the authors calculate
the carbon emissions that would have occurred in 2016 if

all 500 ml PET bottles had been made from an alternative
material [Table 1]. The results indicate that bottles made from
plastic would have a lower carbon footprint in comparison

to other virgin materials considered?. In 2016% it is estimated
that 500 ml PET bottles generated 25 million tons of CO, eq for
their production, which is less than the alternatives that are
liquid fiberboard packaging (25.5 millions tCO, eq), steel cans
(43.7 millions tCO, eq), aluminum cans (105.9 millions tCO, eq),
and glass bottles (112.4 millions tCO, eq).

PDF

Whitepaper.pdf

The study also displays the importance of plastic recycling.
Although container end-of-life is notincluded in the average
comparison between the five materials, Veolia's Report cites
several individual LCA that demonstrate the strongly positive
effects of recycling. The authors conclude that “removing,
reducing, reusing or recycling the plastic packaging placed
on the market is the way forward”, rather than switching to
alternative materials or waiting for solutions that are not
developed yet.

In order to draw such general conclusions from 73 different
LCA, each corresponding to a specific context, the authors had
to carefully examine the particularities of each study, identifying
contextual elements that could have an impact on the results.
The nine questions that follow provide a framework for such

an assessment.

}Q https://cdn.ca.emap.com/wp-content/uploads/sites/6/2020/07/Veolia-Plastic-

2 It should be noted that these results presented by Veolia's paper do not include the end-of-life impacts of the packaging. Adding this life cycle stage

to the results could lead to different conclusions.

* Emissions have been calculated assuming average compositions and weights for each material type.
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Their results indicate that bottles made
from plastic would have a lower carbon
footprint in comparison to other virgin
materials considered.

[Table 1] Calculating greenhouse gases emissions for producing all 500ml containers in 2016
from alternative materials

Container type Weight Tonnes in 2016 Tonnes CO,-e per Million tonne:s of.C02|n 201.6
A s tonne of 500ml from production if all plastic
(500ml bottle Composition per bottle (485 billion .
or can) (grams) bottles) bottles/cans bottles were replaced by this
8 produced® format and material*
Plastic bottle Plastic (PET) 127 6,159,500 4.053 25.0
(baseline)
Plastics (50% PET
closure and 50% 8 3,880,000 3.585
Liquid PE layer)
fiberboard 25.5(+0.5)
packaging Aluminium 1 485,000 12.874
Carton 13 6,305,000 0.844
Steel can Steel 30 14,550,000 3.004 43.7 (+18.7)
Aluminium Plastics (PE layer) 4 1,940,000 3.116
ca: iy 105.9 (+80.9)
Aluminium 16 7,760,000 12.874
Glass bottle Glass 259 125,615,000 0.895 112.4 (+87.4)

* Emissions have been calculated using the 2019 Conversion Factors from Defra that covers the extraction, primary processing, manufacturing and
transporting materials to the point of sale.
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Q1. How can this LCA be applied to reality
and what can be learned from it?

LCAis a powerful tool to evaluate and compare the
environmental impacts of products or services, providing
guidance for decision-making. When making a decision
based onan LCA, itisimportant to ensure that this LCA
can be applied to the context of this specific decision.

One element to check is whether the assumptions taken

in the LCA apply to the specific context of this decision from
atemporal, geographic and technological context. Often,

LCA must make assumptions on elements such as the type

of energy consumed, the efficiency of industrial processes

or the end-of-life scenario for the product assessed. These
assumptions must be realistic for the specific context if the
LCAis to be used as guidance for decision-making. In the case
of plastic packaging, for example, Veolia's Report mentions
that“some LCA maintain the assumption that all products

are collected, recycled, and reused in the end-of-life phase.
The reality, however, is not that simple; and often depends on
recycling rate in a particular study/country/city”. Indeed, an LCA
of a plastic bottle in Germany, where recycling rates are high,
cannot be easily applied to countries where the recycling rates
are much lower since the impacts and benefits of the life-cycle
stage would be significantly different, potentially altering the
conclusions.

Furthermore, fair assessments should take product
functionality into consideration. The notion of functionality
applies, for example, to the comparison between two
packaging materials. The function of a packaging material is

to be a proper vehicle® for a given volume of product. An LCA
should compare the impacts of the amount of each material
thatis necessary to package one unit of product (e.g. the mass
amount of glass or plastic necessary to package 1 liter of milk),
rather than comparing the materials on a weight basis (e.g. 1 kg
of glass versus 1 kg of plastic). Therefore, decision-makers
should base choices on a comparison that corresponds to the
reality of product functionality.

Results of a comparative assessment are influenced by
the choices made in the methodological assumptions, and
by the way in which product functionality was taken into
account. In order to base a decision on a comparative LCA,
the questions to ask are the following:

* Towhat extent are the LCA assumptions coherent with
the specific context of the decision?

* Does the comparison make sense in the specific context
of this decision?

Q2. How is material quality taken
into consideration?

When LCA is used to compare the environmental
performance of two products or services, the basis

of comparison of the assessment s defined based on
functionality. This notion is dependent on material quality.

Some materials may not be suitable for specific applications.
In the case of plastics, the degradation of polymer chains
mean that some recycled plastics are deemed to be of
insufficient quality for certain applications. In fact, not all
recycling technologies lead to the same quality of recycled
product. Chemical recycling is considered to produce virgin-
quality outputs, whereas mechanical recycling may lead to
quality degradation. For food-contact applications, where
plastic quality is essential, chemically, and mechanically
recycled plastic may not be functionally equivalent. Thus,
when reviewing an LCA, itis important to ask whether material
quality could be anissue in this specific situation.

However, the question of material quality is not always
relevant. For example, Veolia’s Report cites a study comparing
virgin and recycled PET fibers for the production of bottles.
The authors acknowledge that, in the case of mechanical
recycling, recycled fibers are often inferior for some properties
such as dyeability. However, they argue that, with a pure waste
stream, mechanical recycling leads to recycled PET fibers that
are of far sufficient quality for making plastic bottles. In this
situation, potential quality differences are not an issue and
virgin and recycled PET can be considered as equivalent.

In another situation, however, such as producing brightly
colored children’s toys, the comparison may be less relevant
given the limited dyeability of mechanically recycled PET.
Thus, the final usage of the product determines whether the
comparison makes sense or not from a quality standpoint.

When reviewing an LCA, itis important to check the
following points:

e |s material quality taken into account in the assessment?
* |sit necessary to take material quality into account?
e |f material quality is addressed, how does it affect results?

3 The notion of vehicle here includes holding, protecting, and ensuring transportability according to the needs of the product provider.



Q3. Are some assumptions made in the
calculation likely to have a strong
impact on results? If so, does the LCA
include a sensitivity analysis?

LCA analyses are based on data coming from primary
sources and databases used to provide secondary data,
which are often completed with assumptions. Assumptions
are acommon part of LCA, as the complexity of value
chains makes it so that no individual member could fully
characterize each elementin detail. Elements such as the
type of energy consumed by an industrial process, its
efficiency or the end-of-life scenario for a product often
require the LCA practitioner to make assumptions based on
knowledge of the context and the most common practices
inthe industry.

Such assumptions can have a large impact on results. When
an assumption is presumed to have alarge impact on LCA
results, the best practice is to carry out a sensitivity analysis.
In a sensitivity analysis, “best case” and “worst case” scenarios
are defined to reflect the potential variations and uncertainty
in the assumption. The definition of these scenarios is based
on the LCA practitioner’s knowledge of the studied process,
thus itis easier to set credible scenarios when the potential
variations are well-known.

For example, in an LCA of PET bottles in which the recycling
rate is defined as the national average, the "worst case” could
correspond to 0% recycling and the "best case” to 100%
recycling. Such analyses provide insight on how LCA results
may be different if the context evolves, because a process

is carried out in a different location or because of changes
over time.

When reading through an LCA, itis important to ask the
following questions:

e What are the main assumptions made in the calculations?

* Are these assumptions robust or could they be
questioned?

* How could these assumptions affect results and is there
a sensitivity analysis?

* |sthe scenario analysis unbiased (i.e. not focusing on the
"best case scenario”)?

ICCA Life Cycle Assessment of circular systems: Approach and methodology

Q4. Is the scope of the assessment
in line with the objectives of
the study?

By definition, Life Cycle Assessments take into account
environmental impacts of a product or service across its full
life cycle, from the extraction of the raw materials necessary
for production (“cradle”) all the way to end-of-life (“grave”).
In practice, this “cradle-to-grave” approach is not always
necessary, and life cycle steps might be omitted from the
analysis if they are not relevant to the objectives of the
study.

For example, “cradle-to-gate” studies are the assessment of

a partial life cycle, from resource extraction to factory gate.
Such studies omit the life cycle phases in which the product

is transformed, transported, used and discarded. The cradle-
to-gate approach may be relevant if the purpose is to provide
information to the user of the specific raw material or product.
For example, a cradle-to-gate LCA of a PVC resin generates
results that can be reused by an electric cable manufacturer
for an LCA of PVCGinsulated cables.

For the sake of comparison, however, partial assessments do
not always provide the full picture that is needed to make an
informed decision between two products. Veolia's Report gives
the example of LCA results comparing the impact of producing
a 500-ml beverage container from plastic or from liquid
fiberboard. When looking at CO, emissions, both containers
generate a similar amount of emissions for their production.
However, the LCA results do not reflect the end-of-life phase
and, as stated in the Report, plastic bottles are much easier

to recycle and thus, in regions where plastic recycling is
common, plastic bottles could have a lower carbon footprint
than non-recycled liquid fiberboard packaging. Thus, end of
life for these materials should be taken into consideration

in decision-making.

The scope of the assessment must be kept in mind when
interpreting the results of an LCA. Depending on the study
objective, a partial assessment may be the most appropriate
choice as it provides results that are generic and widely
applicable. If the aim is to compare two complex products, a full
assessment is necessary to capture all environmental impacts
at every life cycle stage. Thus, the following questions are
important to consider regarding the scope of an LCA:

e |sthe assessment being used for material selection or
to choose between manufactures of the same product type?
* Are there any life cycle stages that are not accounted for
in the assessment and why?
o [fany life cycle stages are omitted, for example in a
cradle-to-gate assessment, are they likely to have a strong
impact on results?
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Q5. Does the LCA make use of rigorous,
representative data?

LCA methodology relies on a combination of modeled

and process-specific data characterizing the product or
service thatis assessed. Whenever specific data is missing,
surrogate data may be obtainable from LCA databases,
from the literature or from simulations.

While process-specific data are always preferred, reliable
surrogate data may be an option when specific data is not yet
available for a new technology. Novel recycling technologies,
for example, may not yet be operational or have generated
enough data to quantify their energy consumption or

their yield.

In such cases, it may be necessary to extrapolate from existing
datasets, meaning that the results and the conclusions of the
LCA might be less representative of the process under study.
When reading through an LCA, and especially if itis an LCA of
a new technology, it is important to ask the following questions:

* Does the LCA make use of extrapolated data?

e Ifso, is it well-documented, reliable, and justified?

e Could it introduce a significant amount of uncertainty
in the results?

e |s this gap acknowledged and do the authors elaborate
onit?

Q6. Does the LCA include an analysis
of a future scenario?

LCAresults are influenced by the context in which the
assessment is taking place. For a product such as a PET
bottle, many contextual elements can have an impact on LCA
results, such as the availability of recycled input material,

of green energy to power production, or of recycling options
at end-of-life. Moreover these parameters can evolve over
time, making LCA results time-bound.

In fact, several influential parameters are expected to change
greatly in the coming years as countries invest in green energy,
recycling, waste collection, energy efficiency and circularity.
Veolia's Assessment mentions the example of evolving sources
of electricity generation. As the electricity mix of countries

is expected to become greener, the environmental footprint

of electricity-consuming products and services is expected

to change as well.

LCA practitioners sometimes investigate such potential
evolutions by using a future scenario, which is an assumption
on how several important parameters may evolve in the future.
This approach provides an additional layer of information
which can help guide decision-making and ensures the

results of the LCA can be also useful for future users. It should
however be considered carefully, as future scenarios are
always uncertain. When reading through an LCA, itis thus
important to ask the following questions:

¢ |sthere an analysis of a future scenario?
e How are results affected by this different scenario?

¢ |s the future scenario plausible without being too
optimistic?

LCA methodology relies on a
combination of modeled and process-
specific data characterizing the
product or service that is assessed.



Q7. Are all relevant environmental
impact categories taken into
consideration?

LCAis useful to evaluate the impacts of products and
services on several environmental criteria, including
global warming, water consumption, resource depletion
or acidification. Often, LCA results are presented with

a focus on global warming expressed in kg of CO,
equivalents emitted, a widely understood metric. Results
for other environmental criteria are much less discussed
and are often neglected, perhaps because they are

less widely understood and because it facilitates the
presentation of results.

Itis nevertheless important to consider results for all relevant
environmental criteria when looking at LCA results. Tradeoffs
may occur between two criteria, where the reduction of

one environmental impact leads to the increase of another.
Biofuels are a common example, as they often are shown to
lead to a reduction of greenhouse gas emissions, but may lead
to increased toxicity, eutrophication, or land use due to the
demand for more agricultural inputs.

Veolia's Reportis an example of an LCA document

centering chiefly on CO,. This is made explicit from the title,
“The Carbon Footprint”. Focusing an assessment on one or

a few environmental criteria is not an issue per se, as long as
itis explicit that the assessment is partial. However, this focus
should not lead to a selective presentation of results, showing
only the most positive outcomes. Inclusion of other impact
categories is recommended to help indicate if there are
shifting of burdens.

When reading such an assessment, it is important to check
whether all relevant environmental criteria are presented with
equal importance, rather than in a “pick-and-choose” fashion.
Incomplete assessments do not provide the full picture and
may be hiding a potential trade-off.

ICCA Life Cycle Assessment of circular systems: Approach and methodology

Q8. Are some impacts and effects
not captured by LCA?

LCA provides insight into key environmental challenges
associated with a product or service. Several environmental
criteria may be evaluated in the analysis, ranging from
global warming to land use. While the methodology is strong
on well-researched topics such as global warming, some
complex topics may not be well captured in LCA.

When reviewing an LCA, itis thus important to check whether
any adverse effects have been identified that are not captured
in the assessment. LCA is a great tool as it is comprehensive
and holistic, it would however be wise for decision-makers

to complement LCA with other tools to ensure all aspects

are covered.
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Are there major Q9. How can these results be compared
d.ff . h to other LCA studies?

I erences In t e The eight questions above demonstrate that each LCA
methodological differsin the scope of the assessment, the assumptions

that are taken, and general methodological choices that are

i M made in the assessment. Especially in the case of recycling,
ChOIces made In methodological decisions can lead to significant variations.
L]
both studies?

Despite these differences, some LCA studies may be
comparable so long as their differences are identified and
their impact on results is clear. For example, a cradle-to-gate
study of PET bottles can be comparable to a cradle-to-grave
assessment, so long as they are only compared on the life
cycle phases they have in common.

Similarly, the results of two studies carried in two different
contexts may be comparable in some cases, as long as

the interpretation highlights how the context impacts the
results. For example, assessments considering two different
production countries would need to, among other things,
consider how the electricity mix plays into the overall results,
how the transportation distances might evolve between
countries and how the end-of-life management can differ
from one region to another.

When attempting to compare two different LCAs on a similar
topic, some results may differ. In such cases, ask the following
questions before relying on the analyses:

e Are there major differences in the methodological choices
made in both studies?

e Arethe data used in the analyses reliable, credible,
and well validated?

e s the context of the assessment similar in both studies?
* What impact could these differences have on results?
Does it explain discrepancies?
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Conclusion

LCA results can be difficult

to interpret for those who

do not work with LCA often.

A better understanding

of the methodology can help
decision-makers appreciate
when and how LCA results can
be applied to a specific decision-
making context.

LCAs can provide valuable information for a decision-
making process, by providing a general, comprehensive
document on LCA methodology followed by a checklist
of elements to keep in mind when reviewing an LCA,
ICCA hopes to support decision makers in their
interpretation of LCA results.
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About ICCA

The International Council of Chemical Associations (ICCA) is the worldwide voice of
the chemical industry, representing chemical manufacturers and producers all over the world.

Responding to the need for a global presence, ICCA was created in 1989 to coordinate the work
of chemical companies and associations on issues and programs of international interest.
It comprises trade associations and companies involved in all aspects of the chemical industry.

ICCAis a chemical industry sector with a turnover of more than 3,600 billion euros. ICCA
members (incl. observers & Responsible Care members) account for more than 90 percent of
global chemical sales. ICCA promotes and co-ordinates Responsible Care® and other voluntary
chemical industry initiatives.

ICCA has a central role in the exchange of information within the international industry, and

in the development of position statements on matters of policy. It is also the main channel of
communication between the industry and various international organizations that are concerned
with health, environment and trade-related issues, including the United Nations Environment
Programme (UNEP), the World Trade Organization (WTO) and the Organisation for Economic
Co-operation & Development (OECD).
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Related ICCA documents

This document on LIFE CYCLE ASSESSMENTS APPLIED TO CIRCULAR SYSTEMS is the

latest of a series of studies on the quantification, with a life cycle perspective, of greenhouse

gas (GHG) emissions savings enabled by products of the chemical industry:

!Eé Essential

Role of

Chemicals

Quantifying the Global Potential

The Essential
Role of
Chemicals

LIFE CYCLE ASSESSMENT

OF CIRCULAR SYSTEMS:
GUIDE & CASE STUDIES (2020):
This document complements a
series of studies by ICCA and its
members companies, including
arange of case studies and
methodological documents,
highlighting the importance

of Life Cycle Assessments

(LCA), especially when it comes
to quantifying and reporting

on the chemical industry’s own
footprint (scope 1 emissions),
and the enabling role of its
products in lowering CO, emissions
invalue chains.

AVOIDING GREENHOUSE GAS
EMISSIONS: THE ESSENTIAL ROLE
OF CHEMICALS. QUANTIFYING
THE GLOBAL POTENTIAL (2017):
Commissioned to Ecofys, the report
illustrates how efficient processes
and chemical industry solutions can
contribute to GHG savings. ICCA
estimates that by 2030, light materials
for transportation, efficient buildings
and lighting, electric cars, wind and
solar power and improved tires,

at global scale, have the potential

to avoid 2.5 Gigatons of GHG
emissions globally every year.

AVOIDING GREENHOUSE GAS
EMISSIONS: THE ESSENTIAL ROLE
OF CHEMICALS - GUIDELINES
(UPDATED IN 2017): Prepared
jointly with the World Business

Council for Sustainable Development

(WBCSD) the guidelines define how
to measure avoided GHG emissions
via LCA methodologies applied

to entire value chains.

ENABLING
THE FUTURE

Chemistry innovat tions
for a low-carbon society

! Ee Essential

Role of

Chemicals

17 Case Studies

ENABLING THE FUTURE:
CHEMISTRY INNOVATIONS FOR
ALOW-CARBON SOCIETY (2019):
Commissioned to KPMG and fors,

the study reveals that 450 generic
technologies are enablers of GHG
savings, of which 137 are highly
feasible. The 17 innovative solutions
featuredin the report could develop
emission reductions of about 5-10
Gigaton by 2050 - which is about one
quarter of the total world emissions
today. These solutions will require
robust transformation of entire
sectors, such as power generation
and storage, industry and production,
mobility and transportation, nutrition
and agriculture, and building

and housing.

AVOIDING GREENHOUSE GAS
EMISSIONS: THE ESSENTIAL ROLE
OF CHEMICALS - 17 CASE STUDIES
(2017): Commissioned

to Quantis, this report assembles

17 examples of Life Cycle
Assessment case studies.

The purpose is twofold: to motivate
all stakeholders to discuss climate
change using robust studies,

taking the full life cycles into account,
and to encourage all chemical
companies to generate high

quality assessments.

"
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EXAMINING
MATERIAL EVIDENCE
THE CARBON
FINGERPRINT

Voulvoulis N.@ Kirkman R.®)
Giakoumis T.@ Metivier P)
Kyle C.®), Midgley V.)

HIGHLIGHTS

If all plastic bottles used globally were made
from glass instead, the additional carbon
emissions would be equivalent to 22 large coal-
fired power plants producing enough electricity
for a third of the UK.

If all plastic were recycled this could result in
mean annual savings of 30 to 150 million tonnes
of CO,, equivalent to shutting between 8 and 40
coal-fired power plants globally.

KEY WORDS

Circular Economy
Climate Change

Net Zero

Sustainable Packaging
Plastics

Life-cycle Assessment

Executive Summary

Only 2% of British people consider plastic,
compared to other materials used

in packaging, to contribute the least
greenhouse gases to the environment from
its production, use, and post use treatment.
Whilst in absolute numbers it is a fact the
least impactful. Plastics do have a large
carbon impact - accounting for 3.8% of
global greenhouse gases emissions - but it is
wrong to assume that alternative packaging
materials would perform better, and it is
important to consider the carbon benefits
that arise from plastics use.

When considering the production and manufacturing of the main
alternatives to plastic for a 500ml bottle, other packaging types
(fibre, glass, steel and aluminium) emit more greenhouse gases
than plastic bottles, with glass bottles being the highest emitter
overall. By way of example, if all plastic bottles used globally were
made from glass instead, the additional carbon emissions would be
equivalent to powering around 22 large coal-fired power plants. This
is equivalent to the electricity consumed by a third of the UK.

Life-cycle assessment (LCA) is a useful tool which should be more
widely used to evaluate environmental impacts of packaging
alternatives over their life-time, from the extraction of raw
material to the disposal or recycling of packaging at the end of its
life. Undertaking LCAs to compare the environmental performance
of alternative materials for different packaging applications is
essential if we want to take into account the environmental
impacts associated with the whole life-cycle of packaging

(mining, manufacturing process, logistics, usage and

end-of-life route).

(@) Centre for Environmental Policy, Imperial College London (b) Veolia UK
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Results can vary significantly from one study to another, depending
on key parameters and assumptions. For example, the risk of
producing more food waste because of the packaging design and
shelf life is not always considered in LCAs while this can have a large
impact on the packaging carbon contribution.

In this study, a total of 73 publications on LCAs comparing different
types of packaging were identified and reviewed. By assessing many
different studies we can draw some general conclusions about

the range of results and what the majority of analysis determined.
Findings indicate that in the applications it is used, most of the time,
plastic packaging performs better than its alternatives, and mainly
due to its very lightweight properties.

Transport distance and method, sources of electricity generation,
packaging shape and weight, all significantly influence the LCA
results and should be considered on a case by case basis. It is also
important to consider the full life cycle of the material, such as, for
plastic the prospecting and mining stages.

The waste management route in place to treat packaging at its
end of life, is also shown to be a critical factor explaining variations
of LCA results for the same packaging. Recycling always wins over
virgin production on all environmental indicators. For plastics,
there seems to be consensus that recycling saves between 30%
and 80% of the carbon emissions that virgin plastic processing and
manufacturing generate.

If all plastic were recycled this
could result in mean annual
savings of 30 to 150 million tonnes
of CO,, equivalent to stopping
between 8 and 40 coal-fired
power plants globally.

If all plastic were recycled this could result in mean annual savings
of 30 to 150 million tonnes of CO,, equivalent to stopping between 8
and 40 coal-fired power plants globally.

The findings of this study demonstrate that if we really want to
tackle the environmental issues we face with plastics today then
removing, reducing, reusing or recycling the plastic packaging
placed on the market is the way forward. This approach is more
certain and reaps better results than waiting and hoping for
solutions not yet commercialised or switching to alternative
available materials respectively.

Considering that only around 9% of plastics are currently being
recycled worldwide, there is a lot that can be done to improve
things. We can see that where the right policy drivers are in place,
this is already happening, with regulatory statutes that themself
deliver fiscal actions on business. In the UK, the various measures
planned in the UK Waste and Resources Strategy planned by
DEFRA, such as the extended producer responsibility scheme, the
deposit return scheme and the harmonisation of waste collection
associated with a clear labelling system, as well as HM Treasury
proposals for a plastic packaging tax are all good steps for creating a
fully functioning circular and sustainable system for packaging.

In concert with the widespread application of renewable energy
and demand-management strategies, increasing the recycling of
plastics have the potential for both curbing the growing life-cycle
GHG emissions from plastics, and also preventing them from
entering the marine environment.




Introduction

Plastic production, use, and disposal all emit significant amounts of greenhouse gases,
but the situation is complex and one would be wrong to assume that reducing plastic
use or switching to alternative materials would automatically result in curbing emissions.

In a paper published in 2019 in the journal Nature Climate Change', the global assessment of the life cycle of greenhouse gas emissions
from all plastics was presented. The overwhelming majority of plastic resins come from petroleum, which requires extraction and
distillation. Then the resins are formed into products and transported to market. All of these processes emit greenhouse gases, either
directly or via the energy required to undertake them. The carbon footprint of plastics continues after their end of life, since landfilling,
incinerating, recycling and composting (for certain plastics) all release carbon dioxide either directly or via the energy and consumables
used to undertake the treatment (in the case of landfill for example). Emissions from plastics in 2015 were equivalent to nearly 1.8 billion
metric tonnes of CO,2 Across their lifecycle, plastics account for 3.8% of global greenhouse gas emissions®. Plastics production has risen
from 2 million tonnes per annum in 1950 to 381 million tonnes per annum in 2015, with an estimated 9% of plastic discarded since 1950
considered to have been recycled®. Rising plastic production will exacerbate both problems with pollution and climate change. Production
is set to increase. If current trend continues, by 2050, it is estimated that total plastics ever produced will reach 34,000 million tonnes®.

By then, if the production and recycling systems for plastics do not change, the accumulation of greenhouse gas emissions from plastic
could reach 15% of the amount of global carbon emissions permissible to keep temperature rise under 1.5°C¢. With around 8 million tonnes
of plastic ending up in the oceans every year, and 3,000 pieces of plastic litter found in every square kilometre of seawater, this not only
represents a significant hazard to marine species and human health, but considerable wastage of resources and inefficiency’.

Looking at the entire life cycle of fossil fuel-based plastics today, nearly two thirds of its greenhouse gas emissions are produced in the early
stages from fossil fuel extractions to the production of resin, while converting resin to pipes, bottles, bags and other products generates
just under one third of its emissions, with the remainder coming from the disposal phase. This indicates there are high carbon benefits of
recycling plastics, avoiding those 61% of greenhouse gases emissions from the extraction and resin production process, discussed further
throughout this paper. Despite the large impact of plastics on the environment, their application for packaging offers some environmental
benefits. Reducing its usage or switching to different materials may have unintended negative consequences.

Plastic disposal
161 MtCO.e

Global life cycle
emissions
1,781 MtCO.e

Resin converted to
plastic products
535 MtCO.e

Early stages: fossil fuel
extraction to resin production
1,085 MtCOe

Figure 1. Life cycle emissions of fossil fuel-based plastics in metric tons of CO, equivalent, 2015'

“If we recycle plastics we avoid the 61% contribution of plastics emissions”

'J.Zheng and S. Suh, ‘Strategies to reduce the global carbon footprint of plastics’, Nature Climate Change, 9/5 (2019), 374-78.

?Zheng and Suh, ‘Strategies to reduce the global carbon footprint of plastics’.

*J.G.J. Olivier, K. M. Schure, and J. A. H. W. Peters, ‘TRENDS IN GLOBAL CO, AND TOTAL GREENHOUSE GAS EMISSIONS Summary of the 2017 report’, 2983 (2017).

*S. Cheriyedath, ‘What Counts as Plastic Waste?”, (2019).

*J. M. Simon, Zero Waste Europe, F. Rosa, C. Allen, M. Wilson, and D. Moon, ‘Changing trends in plastic waste trade: Plastic waste shipments report’, November (2018).
6J.Y.S.Leung, B. D. Russell, and S. D. Connell, ‘Adaptive Responses of Marine Gastropods to Heatwaves’, One Earth , 1/3 (2019), 374-81.

TIUCN, ‘Marine Plastics: What is the issue? Why is this important? What can be done?’, International Union for Conservation of Nature Issues Brief , (2018), 1-2.

& Center for International Environmental Law, Fueling Plastics. Fossils, Plastics, & Petrochemical Feedstocks. , (2017).

° B. Brandt and Harald Pilz, ‘The impact of plastic packaging on life cycle energy consumption and greenhouse gas emissions in Europe. Executive Summary’, July (2011), 1-7.
0 Bright Blue, ‘lastics and climate change: unwrapping the evidence’, (2018).

STATISTA, ‘Production of polyethylene terephthalate bottles worldwide from 2004 to 2027, (2020).



The benefits of plastic

Plastic is a versatile material which can easily be made thin

and lightweight. It is durable and provides protection from
contaminants and the elements. It reduces food waste by
preserving food and increasing its shelf life. It protects food
against pests, pathogens and humidity. Plastic packaging is more
flexible and lighter than alternatives such as glass and card, which
reduces transportation costs and the carbon emissions that come
with them.

Without packaging, food is more likely to get damaged and become
unusable. Since food waste contributes to climate change, water
and energy consumption, deforestation and biodiversity loss, every
effort we make to mitigate those effects makes a big difference,
and plastic packaging helps make that possible. Plastic packaging

is useful for keeping products fresh and insulated. Removing plastic
entirely from our food supply may not be the best solution when

it comes to protecting the environment and conserving valuable
resources. Plastic packaging is used in the food supply chain
because it supports the safe distribution of food over long
distances and minimises food waste by keeping food fresh

for longer.

Alot of food is air freighted, so prolonging its shelf life has
important benefits for the environment. Plastic minimises food
waste and conserves all valuable resources involved from farm

to shelf. A 2016 review of studies on food waste found that 88m
tonnes of food is wasted every year in the EU —that’s 173kg per
person and equals about 20% of food produced™. Minimising this
wastage is crucial for environmental protection, as well as food
security. Several factors must be considered when determining
how useful plastic packaging is in the food supply chain, as it

has the potential to preserve food and prevent its wastage.

For example, the use of just 1.5g of plastic film for wrapping a
cucumber can extend its shelf life from three days to 14 days and
selling grapes in plastic bags or trays has reduced in-store wastage
of grapes by 20%". Recent estimates from Zero Waste Scotland
suggest that the carbon footprint of food waste generated can

be higher than that of plastic, with 456,000 tonnes of food waste
produced in Scottish households contributing to around 1.9m
tonnes of COy, three times higher than that of the 224,000 tonnes
of plastic waste generated™.

2 M. Dora and E. lacovidou, ‘Why some plastic packaging is necessary to prevent food waste and protect the environment’, (2019).

 Dora and lacovidou, ‘Why some plastic packaging is necessary to prevent food waste and protect the environment’.

" BBC, ‘Scotland’s food waste causing more greenhouse gas than plastic’, (2019).



The carbon impact of plastic bottles compared to other
material type containers

All food and drink packaging, whether plastic or another material,
has an environmental impact. There is a lot of emphasis on
plastic waste and pollution, but other impacts such as carbon
emissions must also be considered when determining which
materials are most suitable for different packaging applications.
When considering reductions in the use of plastics, it is therefore
important to consider the carbon footprint of things that could
replace plastic — materials such as paper, aluminium, or glass.

It is also worth noting that aluminium cans and carton containers,
despite often being explicitly depicted as alternatives to plastic
bottles, still contain considerable amounts of plastic. Aluminium
cans often have a complex plastic closure weighing around

4g (nearly half the weight of a single use plastic bottle); glass
containers usually include a relatively heavy plastic lid —14g
(meaning they weigh more than a lightweight plastic water
bottle); and multilayer cartons usually include nearly 10g of
plastic (roughly the weight of a plastic water bottle)”. In addition,
virtually all metal cans used for food and beverage products are
also lined on the inside with a coating that uses Bisphenol A (BPA)
as a base protective material, while most plastic bottles are made
from polyethylene terephthalate (PET) plastic, which does not
contain BPA.

To illustrate the difference of carbon impacts from the production
of bottles from plastics and alternative materials, we calculated
carbon emissions that would have been incurred in 2016 if every
500ml PET bottle produced worldwide was replaced by alternative
material. The results are shown in Table 1and Figure 2.

Carbon emissions from the production of plastic bottles are lower
than all other materials equivalent: glass, aluminium and steel in
particular, glass bottle being the worst alternative from a carbon
perspective. If all plastic bottles used globally were made from
glass instead, the additional carbon emissions (87.4Mtonnes of
CO,eq annually) would be equivalent to powering 22 coal-fired
plants'. Although plastic bottles perform similarly to liquid
fibreboard packaging in terms of carbon impact during the
production process, they are much easier to recycle and thus should
have a lower carbon impact if we were considering their end of life.

The necessity to capture all environmental impacts of a packaging
full life (including its end of life), and to capture the complexity of
each specific packaging design produced in a specific supply chain
and disposed in a specific waste management system, advocates to
use a more detailed life cycle approach to assess the environmental
impact of one particular packaging.

Note: It is important to note that there will be examples when
alternative materials still make sense, for example the widely

cited reusable milk glass bottles case where it is evident that
emissions can be lower when the farm is local, bottles are filled and
distributed by electric milk floats (running on low carbon electricity)
in a locality close to the milk distribution centre, and are then
cleaned and reused (not forgiving the detergent and water required
for the cleaning)".

Therefore, every case must be assessed in its own merits, since
there will be examples of Liquid Fibre Board, Metals and Glass
presenting better packaging solutions on a carbon basis.

"Green Alliance, ‘Losing the bottle: why we don’t need single use containers for water’.
6 EPA Greenhouse Gas Equivalencies Calculator (March 2020 update)
7 WRAP, Life cycle assessment of example packaging systems for milk, (2010)



EXAMINING MATERIAL EVIDENCE THE CARBON FINGERPRINT 6

Table 1. Calculating greenhouse gases emissions for producing all 500ml containers in 2016 from alternative materials

Million tonnes of
CO, in 2016 from
production if all

Tonnes CO,-e per

Container type Tonnes in 2016

(500ml bottle Composition WS s (485 billion RG] plastic bottles
(grams) bottles/cans
or can) bottles) roduced* were replaced by
P this format and
material*
i iees Plastic (PET) 127 6,159,500 4.053 25.0
(baseline)
Plastics (50% PET
closure and 50% PE 8 3,880,000 3.585
layer)
Liquid fiberboard 255 (+0.5)
packaging Aluminium 1 485,000 12.874
Carton 13 6,305,000 0.844
Steel can Steel 30 14,550,000 3.004 43.7(+18.7)
Plastics (PE layer) 4 1,940,000 3.16
Aluminium can 105.9 (+80.9)
Aluminium 16 7,760,000 12.874
Glass bottle Glass 259 125,615,000 0.895 112.4 (+87.4)

*Emissions have been calculated using the 2019 Conversion Factors from Defra that covers the extraction, primary processing,
manufacturing and transporting materials to the point of sale™
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Figure 2 - Greenhouse gases emissions for producing all 500ml containers in 2016 from alternative materials

*®Defra, ‘Greenhouse gas reporting: conversion factors 2019’, (2019).



Life cycle assessment (LCA)

Life cycle thinking is increasingly seen as a key concept for ensuring
the sustainability of resources production and consumption.

Over the years, life cycle assessment has been used extensively

to assess products from “cradle to grave” - from extraction of
resources to end of life management. The assessment has been
formalized by the International Standard Organization (1SO)
(Geneva, Switzerland). LCA is based on an iterative process with
four steps, i.e., goal and scope definition, inventory analysis, impact
assessment, and interpretation.

In January 2018, when the European Commission adopted the
European Strategy for Plastics in a Circular Economy, they proposed
a vision in which alternative materials and feedstocks should only
be developed and used where evidence clearly shows that they are
more sustainable compared to the non-renewable alternatives'.

In particular, they promoted specified specific actions aiming

at better understanding the life-cycle impacts of alternative
feedstock for plastics production.

LCA provides a quantified methodology to assess the
environmental performance of goods and processes. The cradle-
to-gate LCA study usually starts with raw material extraction and
ends with the final products leaving the factory gate®. A cradle-to-
grave study starts with raw material extraction and ends with the
disposal of product in landfill, incineration or recycling. A cradle-to-
cradle study starts with the same process and considers not only
the final disposal but also the energy recovery from incineration

or the raw material replacement due to recycling of the studied
products”. In the assessment, the burdens imposed on the
environment by plastic packaging is ascertained by accounting for
the resources and energy (inputs) consumed at each stage of the
system and the resulting pollutants and wastes (outputs) emitted.

Unlike issues such as energy, water, and material use, which can
be measured during the production process, “impact of plastic
litter on the environment” is not easy to express in figures. Plastic
crumbles into smaller and smaller pieces that enter the food
chain, resulting in unknown effects on our health. Despite the
increasing concerns regarding the impacts of plastic in the marine
environment, including the long-term impacts associated with

their durability under marine conditions of cold and dark which
inhibit degradation, there is a stark lack of literature on the LCA
end-of-life impact in the marine environment. Woods et al. (2016)
examined the use of LCA for marine ecological impacts, and singled
out key stressors such as ocean acidification, over exploitation and
invasive species in order to examine approaches to quantifying
their effects on the biodiversity of the marine environment?.
However, for marine plastic debris they concluded that no methods
have yet been proposed to quantify the effect of plastic waste on
biodiversity at any scale greater than the individual organism. The
Medellin Declaration in 2017 has addressed this need but it remains
unmet?,

Keeping this limitation in mind, LCA still remains the best existing
assessment tool to compare the environmental impact of
packaging alternatives. In the following section, we review existing
LCAstudies on plastic packaging and its alternatives and discuss the
main factors driving its environmental impact.

Comparing packaging alternatives - a review of existing life
cycle assessments

Atotal of 73 LCAs (see Annex 1) were identified, and information on
LCA procedures including scope and boundary, functional units and
analysed life cycle impacts were reviewed and

summarized. Most LCA undertaken for various plastic uses show
plastic performing better than the alternatives from a carbon
perspective. Even if, ounce for ounce, some kinds of plastic have a
higher carbon footprint than other kinds of packaging, less quantity
is used reducing overall impact, as plastic is light. Plastic performs
better most of the time (for example heavier-duty plastics, such as
low density polyethylene or woven polypropylene bags, do have

a bigger climate and energy impact than paper, but they're more
durable and you get more use out of them). Several studies have
shown many materials used as alternatives to plastic in packaging,
such as cotton, glass, metal or bioplastics, to have significantly
higher CO, impact or water usage compared to plastic packaging.
On average over current food packaging, replacing plastic
packaging with alternatives, would increase the weight of the
packaging by 3.6 times, the energy use by 2.2 times, and the carbon
dioxide emissions by 2.7% but these can vary significantly for
different cases®. Some examples are 23 highlighted in Figure 3.

' European Commission, ‘A European Strategy for Plastics’, European Comission , (2018).

25, Madival, R. Auras, S. P. Singh, and R. Narayan, ‘Assessment of the environmental profile of PLA, PET and PS clamshell containers using LCA methodology’, Journal of Cleaner

Production , 17/13 (2009), 1183-94.

“'Madival, Auras, Singh, and Narayan, ‘Assessment of the environmental profile of PLA, PET and PS clamshell containers using LCA methodology’.

2J.S.Woods, K. Veltman, M. A.J. Huijbregts, F. Verones, and E. G. Hertwich, ‘Towards a meaningful assessment of marine ecological impacts in life cycle assessment (LCA),,

Environment International , 89—-90 (2016), 48—61.

#G. Sonnemann, S. Valdivia, M. Prox, P. Wiche, C. Hasenstab, M. Diaz, C. Pefia, N. Suppe, |. Vazquez-Rowe, |. Quispe, C. Ugaya, A. Barona, E. Cadena, J. R. Vieira, A. Moeller, H.
Harris, S. Humbert, N. Duque-Ciceri, M. Goedkoop, J. R. Pons, and C. Naranjo, ‘Medellin Declaration on Marine Litter in Life Cycle Assessment and Management’, 2017.

% Committee for the Environment Food and Rural Affairs, Plastic food and drink packaging , (2019).



Humbert et al. (2009) showed that plastics perform better than glass packaging in terms of
production and waste treatment processes based on global warming scores 2. The steam
consumption with ultra-high temperature process used in plastic packaging system is lower
that those with retort process in glass packaging systems. Though Accorsi et al. (2015) showed
Plastic versus than PET bottling line compromising many automated working stations is more energy

glass consuming compared to glass bottling lines, but also more efficient when dealing with input
materials %. Plastic packaging is lighter, and this leads to a significant reduction in packaging
transportation. Glass packaging performs worse for impact categories such as primary energy
demand, abiotic depletion, acidification potential, human toxicity potential, terrestrial toxicity
potential and photochemical oxidant creation potentia . A 2L PET soft drink packaging in the
same study was shown to perform best across most of the impact categories.

According to El CA studies on beverage packaging, plastic bottles perform better than aluminium

cans. Amienyo et al (2013) Pointed that aluminium can production causes higher global warning
potential than PET bottle production %. Due to high emissions of PAH and hydrogen fluoride
during aluminium can production, the human and marine toxicity are disproportionately

higher for aluminium cans than PET bottles compared with their market share in the study area.
Pasqualino et al. (2011) as well as Simon et al. (2016) had similar findings with the aluminium cans
intensive thermal production performing worse for the environment 2, Plastic product saved
57% more energy and 61% more GHGs emissions compared to alternatives.

Plastic versus
aluminium

Comparing plastic to paper bags, the global warming potential of paper bag production

was shown to be much higher due to the need for fertiliser during the tree farming and

plantation *°. Moreover, cardboard production, as a common stage of paper packaging

paper production, has significant water depletion potential. Paper packaging production is also
responsible for greater ecosystem quality damage due to the land use required for wood pulp
as a paperboard production input *'.

Plastic versus

Figure 3. Comparing packaging alternatives ==~

%S, Humbert, V. Rossi, M. Margni, O. Jolliet, and Y. Loerincik, ‘Life cycle assessment of two baby food packaging alternatives: Glass jars vs. plastic pots’, International Journal of
Life Cycle Assessment , 14/2 (2009), 95-106.

%R. Accorsi, L. Versari, and R. Manzini, ‘Glass vs. plastic: Life cycle assessment of extra-virgin olive oil bottles across global supply chains’, Sustainability (Switzerland) , 7/3 (2015),
2818—40.

7 D. Amienyo, H. Gujba, H. Stichnothe, and A. Azapagic, ‘Life cycle environmental impacts of carbonated soft drinks’, The International Journal of Life Cycle Assessment , 18/1
(2013),77-92.

). Pasqualino, M. Meneses, and F. Castells, ‘The carbon footprint and energy consumption of beverage packaging selection and disposal’, Journal of Food Engineering, 103/4
(2011), 357-65.

2 B. Simon, M. Ben Amor, and R. Fldényi, ‘Life cycle impact assessment of beverage packaging systems: Focus on the collection of post-consumer bottles’, Journal of Cleaner
Production, 112 (2016), 238—48.

30 Brandt and Harald Pilz, ‘The impact of plastic packaging on life cycle energy consumption and greenhouse gas emissions in Europe. Executive Summary’.

*1).B. M. M. Biona, J. A. Gonzaga, A. T. Ubando, and H. C. Tan, ‘A comparative life cycle analysis of plastic and paper packaging bags in the Philippines’, 2015 International
Conference on Humanoid, Nanotechnology, Information Technology,Communication and Control, Environment and Management (HNICEM), (2015), 1-6.

32J. Cleary, ‘Life cycle assessments of wine and spirit packaging at the product and the municipal scale: A Toronto, Canada case study’, Journal of Cleaner Production , 44 (2013),
143-51.



Important factors impacting a packaging LCA

While LCAs are widely used to inform discussions on packaging,
the inherent complexity in capturing the environmental impacts of
packaging means that results will vary based on the details of the
methodology used. For example, food waste can or not be taken
into account in a food packaging LCA via shelf-life extension or

via other drivers linked to the packaging design (e.g. trimming and
multipack). The shape of the packaging container also influences
the overall environmental performance of the system since the
amount of resin used per container varies in different shapes. The
stackable container consumes more resin for enabling distribution
without any crates, resulting in high greenhouse gases emission
and energy consumption associated with the production process.
Containers with different plastic materials also have various

scores in impact categories due to the container mass. PET
strawberry packaging with higher container weight is worse for the
environment compared with similar PLA or PS packaging®.

Though some LCA studies claimed that transport-induced
environmental impacts are much smaller than the environmental
impacts of packaging production® most pieces of literature have
considered transportation within the life cycle impacts. The
results of the country-scale LCA study in the United States also
suggest that railway transportation has a better environmental
performance than the truck one®. Different weight of packaging
material types also influences the transporting related impacts.
The heavier the packaging type is, the higher impact is generated
within the transportation phase®®. Another LCA study on olive oil
packaging suggested that the preferable packaging changed with

distribution distance. Glass bottles were more suitable for local
transportation while tinplate cans were chosen for long-distance
distribution. Besides, a reduction in the average distance travelled
to market can improve the overall environmental performances

of heavier packaging containers®. In summary, transport-efficient
packaging depends on several factors including food ingredient,
type and amount of used packaging materials, and more
importantly, travel distance between producer and retail as well as
transportation mode®.

Technological advances and changes can also alter LCA results,

as materials improve over time. Over the past years the gram
weight of the 16.9 ounce “single serve” bottled water container
has dropped by 32.6%. The average PET bottled water container
weighed 18.9 grams in 2000 and by 2008, the average amount of
PET resin in each bottle has declined to 12.7 grams*. The amount of
aluminium and steel used to produce cans has also been reduced
by around 50% in the past 40 years: a 500ml aluminium can now
weighs around 16 grams, while a steel can weighs around 30
grams®. Transport costs are a function of weight, so this further
reduces outgoings and also CO, emissions. Another important
factor in the LCAs is the source of electricity and the type of energy
supplied during the whole product life which can dramatically
influence the total environmental impacts®.

* Madival, Auras, Singh, and Narayan, ‘Assessment of the environmental profile of PLA, PET and PS clamshell containers using LCA methodology’.

3 Amienyo, Gujba, Stichnothe, and Azapagic, ‘Life cycle environmental impacts of carbonated soft drinks’; H. H. Khoo, R. B. H. Tan, and K. W. L. Chng, ‘Environmental impacts of
conventional plastic and bio-Based carrier bags’, International Journal of Life Cycle Assessment , 15/3 (2010), 284—93.

* Madival, Auras, Singh, and Narayan, ‘Assessment of the environmental profile of PLA, PET and PS clamshell containers using LCA methodology’.

* pasqualino, Meneses, and Castells, ‘The carbon footprint and energy consumption of beverage packaging selection and disposal’.

37 A. Guiso, A. Parenti, P. Masella, L. Guerrini, F. Baldi, and P. Spugnoli, ‘Environmental impact assessment of three packages for high-quality extra-virgin olive oil’, Journal of

Agricultural Engineering , 47/4 (2016),191-96.

38 Cleary, ‘Life cycle assessments of wine and spirit packaging at the product and the municipal scale: A Toronto, Canada case study’.

% Katrin, M.-B., ‘Prioritization guidelines for green food packaging development’, British Food Journal, 118/10 (2016), 2512-33
40 H. Forcinio, ‘RPET OK in Canada, SPC Metrics, Concentrated Detergent’, Sustainability Times , 4/2.

“Forcinio, ‘RPET OK in Canada, SPC Metrics, Concentrated Detergent’.
2 Metal Packaging Europe, ‘Can logistics: lighter, greener and more efficient’, (2020).

#Khoo, Tan, and Chng, ‘Environmental impacts of conventional plastic and bio-Based carrier bags’.



Importance of recycling

Finally, considering the waste management capabilities of
locations/countries where waste is collected at the end of its life

is essential to have a full and accurate LCA. Many environmental
impacts, such as environmental leakage and chemical migration,
are not captured well by LCA when real-life waste scenarios are not
considered. Changing waste management practices for food waste,
including increasing redistribution, or separate collection of organic
waste for composting and anaerobic digestion, for example has the
potential to reduce the impact of waste and LCAs could be used to
explore the waste reduction potential of these activities.

Some LCAs maintain the assumption that all products are
collected, recycled, and reused in the end-of-life phase. The reality,
however, is not that simple; and often depends on recycling rate
in a particular study/country/city. End of life scenario has a great
impact on the LCA results and on what can be done to reduce
impacts, as currently 79% of plastic worldwide ends up in landfills
or the environment*. Similarly, in some studies %, where plastics
perform better, it is assumed that the PET material recycling
systems are operated with a high share of high-grade recycled
PET in a closed loop. Assuming a high proportion of recycled PET
in bottle production might not be a realistic assumption in some
countries on one hand, on the other it shows the importance of
closed loop recycling in improving the environmental performance
of plastics. Amienyo et al. (2013) showed that increasing recycling
rate to 60% of PET bottles would save approximately half of the
emissions, equivalent to 445,000 tonnes of CO, eq. every year in
that study®.

Recycling wins over virgin production on all environmental
measurements, especially when it comes to carbon emissions.
Estimates vary with the type of recycling process used, but
researchers agree that recycling and remanufacturing plastic

saves between 30% and 80% of the carbon emissions that original
processing and manufacturing produces. That could mean

annual savings of 30 to 150 million tons of CO,, given our previous
calculations of carbon emissions from plastics production. An LCA
study showed that the environmental impact of PET bottle-to-fibre
recycling compared to virgin PET fibre and other commodity fibre
products, i.e. cotton, viscose, PP (polypropylene) and PLA (polylactic
acid) offer important environmental benefits*®. Depending on

the allocation methods applied for open-loop-recycling, non-
renewable energy use savings of 40—-85% and global warming
potential savings of 25-75% can be achieved®. Recycled PET fibres
produced by mechanical recycling performed better than virgin
PET in at least eight out of a total of nine categories used in the
study, with recycled fibres produced from chemical recycling
performing better in six to seven out of nine categories compared
to virgin PET fibres.

4 D. Maga, M. Hiebel, and V. Aryan, ‘A comparative life cycle assessment of meat trays made of various packaging materials’, Sustainability (Switzerland), 11/19 (2019); R. Geyer, J.
R.Jambeck, and K. L. Law, ‘Production, use, and fate of all plastics ever made’, Science Advances , 3/7 (2017), 25-29.

* Amienyo, Gujba, Stichnothe, and Azapagic, ‘Life cycle environmental impacts of carbonated soft drinks’.

6. Shen, E. Worrell, and M. K. Patel, ‘Open-loop recycling: A LCA case study of PET bottle-to-fibre recycling’, Resources, Conservation and Recycling, 55/1(2010), 34—-52.

“7Shen, Worrell, and Patel, ‘Open-loop recycling: A LCA case study of PET bottle-to-fibre recycling’.



Discussion

According to a recent YouGov poll*, only 2% of British people
consider plastic, compared to other materials used in packaging,
to contribute the least greenhouse gases to the environment from
its production, use, and post use. The survey findings prompted

a better understanding of the issues amongst the wider public to
help them make “informed” decisions. Indeed, as reviewed in this
work, in terms of carbon emissions, plastic is often the packaging
material that is least damaging to the environment from a whole
life cycle perspective, particularly when used in closed loop
recycling, and most alternative packaging are actually not

plastic free.

It should not be dismissed that plastics have a large and
unacceptable impact on the marine environment and potentially
impacts to human and ecosystem health that are not yet well
understood and which cannot be easily expressed in figures and
incorporated into life-cycle assessments. This complicates the
choice made between carbon emissions versus marine pollution,
environmental and health impacts in terms of deciding what to
choose for packaging.

However, we believe this dilemma must be pragmatically
managed. Environmental bodies and industry are already
supporting the view that climate is one of the most serious threats
to the ocean, certainly in the long term, which indirectly restricts
most of the options for replacing plastics. On the other hand, global
demand for plastics is expected to increase by some 22% over the
next five years, with GHG emissions from plastics reaching 15%

of the global carbon budget by 2050°°. This anticipated growth

of plastic production is of real concern, but we need to recognise
that production is growing in response to increasing global
demand for lightweight automotive parts, building insulation,

and product packaging—all of which will play an important role in
reducing greenhouse gas emissions and helping people live more
sustainably around the world. We must be mindful to not fix a
problem by removing one of the solutions.

What is clear is that we need to reduce plastics production while
ensuring that any alternatives do not contribute more to climate
change, and this is where recycling comes in. The emissions
reductions from eliminating the need for new plastic outweigh
the slightly higher emissions that come from processing wastes to
recover plastics.

The findings of this study indicate that if we really want to tackle
the environmental issues we face with plastics today, removing,
reducing, reusing or recycling the plastic packaging placed on

the market is an important part of the way forward, and a better
option to replacing it with current alternative materials or waiting
and hoping for solutions not yet available. Considering that only
around 9% of plastics are currently being recycled worldwide,
there is a lot that can be done to improve on this. We can see

that when the right policy drivers are in place, this is happening
already, with regulatory statutes that themself deliver fiscal
actions on business. In the UK, the various measures planned in
the UK Waste and Resources Strategy planned by DEFRA, such as
the extended producer responsibility scheme, the deposit return
scheme and the harmonisation of waste collection associated with
a clear labelling system, as well as HM Treasury’s proposed plastic
packaging tax are all good steps for creating a fully functioning
circular and sustainable system for packaging. Increasing the

levels of recycled content in plastic packaging can reduce both the
need for manufacturing plastics and the amount of plastic wastes
produced®. As recycled plastic is more expensive than virgin plastic,
the future plastic packaging tax announced by the UK government
will be a key initiative to drive the market, increasing the recycling
infrastructure and ultimately improving plastics recycling rate.

Widespread application of renewable energy, recycling and
demand-management strategies in concert, have the potential to
curb the growing life-cycle GHG emissions from plastics. Recycling
can also play a key role in stopping plastics entering the marine
environment, as once collected the chances of plastic waste
entering the environment are reduced or at least there is clear
accountability in what ultimately happens to plastic waste. Whilst
it is not the only way to address the packaging conundrum, we can
- atleast in part - recycle our way out of this problem.

Building a sustainable system for packaging and all the products
we use every day is achievable, but only if we accept to continue
using plastic when it is the most carbon efficient option,
supporting any material choice with scientific facts and not led by
popular beliefs. Still, heightened public awareness of the growing
and unsustainable plastics production provides policy makers with
a unique mandate for change and businesses with opportunities
for using packaging that can be easily recycled and reused. Making
the transition to a sustainable circular economy is an important
goal for society, yet, the complexity and interdependencies of
such an undertaking mean that ecosystem-wide orchestration is
necessary. Strong regulations and policies have a clear role to play
in supporting recycling if we are ever to reach as a society a truly
circular sustainable state.

# YouGoyv, ‘Most Brits support ban on harmful plastic packaging’, (2019).
*°Zheng and Suh, ‘Strategies to reduce the global carbon footprint of plastics’.

*\Voulvoulis, N. and R. Kirkman, ‘Shaping the Circular Economy : Taxing the use of virgin resources. The case for a plastic packaging tax in the UK’, Imperial College London, (2019).
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