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Executive summary — Dansk

Konceptuel ramme

Dette studie giver en livscyklusvurdering af produktion, brug og bortskaffelse ("vugge til grav")
af indkgbsposer tilgaengelige i danske supermarkeder i 2017. Undersggelsen blev udfgrt af
DTU Miljg i perioden oktober - december 2017.

| gjeblikket tilbyder danske supermarkeder kunderne flere indkgbsposer i forskellige materialer
(sdsom genanvendeligt og ikke-genanvendeligt plast, papir og bomuld) designet til at skulle
bruges flere gange inden bortskaffelse. Grundet miljgpavirkninger fra deres fremstilling, skal
disse flerbrugsposer optimalt genbruges et vist antal gange for at kompensere for miljgpavirk-
ningerne, hvor antallet athaenger af materialet og design.

Studiet blev bestilt af Miljgstyrelsen med det formal at identificere indkebsposen med den
bedste miljgpraestation, til brug i danske supermarkeder. Studiet har til formal at identificere et
anbefalet antal genbrug af hver indkgbspose baseret pa indkgbsposernes miljgpavirkninger
under hele livscyklus. Studie tog hgjde for, at genbrug af indkebsposerne kan forekomme
bade som primaer genbrug (hvor indkebsposen genbruges til samme funktion, som den blev
produceret, dvs. for at transportere dagligvarer fra supermarked til hjem) eller som erstatning
af en skraldepose i affaldsbeholdere (sekundaer genbrug).

De foglgende indkgbsposer blev undersggt:

o Lavdensitets polyethylen (LDPE), 4 typer; en LDPE indkgbspose med gennemsnitlige veer-
dier, en LDPE indkgbspose med blgdt handtag, an LDPE indkebspose med fast handtag og
en LDPE indkgbspose af genanvendt LDPE

e Polypropylen (PP), 2 typer: ikke-vaevet og vaevet;

e Genanvendt polyethylenterephthalat (PET);

o Polyester (af primaere PET-polymerer);

o Stivelse-kompleksbundet biopolymer;

o Papir, 2 typer: ubleget og bleget;

e Bomuld, 2 typer: gkologisk og konventionel;

o Komposit materiale (jute, PP, bomuld).

En undersggelse foretaget af DTU Miljg viste, at LDPE-poser er tilgeengelige for kgb i alle
danske supermarkeder, mens andre typer af indkgbsposer tilbydes som alternativer. Derfor
blev de gennemsnitlige egenskaber ved en LDPE indkgbspose brugt som referencepose i
studiet. Rapporten omhandler kun indkgbsposer til radighed i danske supermarkeder i 2017,
og omfatter ikke andre typer af poser. Rapporten fokuserer pa de miljgpavirkninger, der er
forbundet med indkgbsposerne, og tager ikke stilling til hvad indfgrelsen af skatter, kunders
holdninger eller adfeerdsmaessige eendringer ville kunne have for studiet. Miljgeffekten af, at
poserne smides som henkastet affald i naturen blev antaget som ubetydelige for danske for-
hold og blev derfor ikke inkluderet i modellen. Undersagelsen blev kun udfert for materialety-
per og poser, der allerede var pa markedet. Dette betyder ikke, at andre mere optimale kom-
binationer af materialevalg og posedesign ikke kunne veaere relevante for fremtidig posepro-
duktion (volumen, genanvendt materiale, baereevne osv.)

Metodisk ramme

Miljgvurderingen blev udfert via livscyklusvurdering (LCA), som er en standardiseret metode,
der tager hgjde for de potentielle miljgpavirkninger forbundet med de ressourcer, der er ngd-
vendige for at producere, bruge og bortskaffe produktet der evalueres samt mulige emissioner
der kan opsta under produktion og bortskaffelse. Nar materiale- og energiressourcer genvin-
des, krediteres systemet med potentielt undgaede emissioner fra primaer produktion af de
samme ressourcer. For at sammenligne indkgbsposerne tog vi hgjde for, hvor mange af de
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forskellige poser der var ngdvendige for at kunne opfylde den funktion, der bliver leveret af en
LDPE indkgbspose med gennemsnitlige egenskaber, som i studies fastsattes til:

"Transportere indkeb med et gennemsnitligt volumen pa 22 liter og en gennemsnitlig
vaegt pa 12 kg fra et dansk supermarked til hjemmet i 2017 med en (nyindkebt) ind-
kebspose. Indkebsposen er produceret i Europa og distribueret til Danske supermarke-
der. Efter brug, indsamles og behandles indkgbsposen i det danske affaldshandte-
ringssystem”

Som vist i Tabel | var to poser ngdvendige for at opfylde funktionen i tilfaelde af simple LDPE,
recirkulerede LDPE-, biopolymer-, papir- og gkologiske bomuldsposer. For disse poser, var
enten den kraevede volumen eller vaegtkapacitet ikke opfyldt. Poser af gkologisk og konventi-
onelt produceret bomuld blev modelleret hver for sig, for at kunne sammenligne forskellene i
resultater for de to materialetyper, da gkologisk bomuld har et lavere produktions udbytte end
konventionelt produceret bomuld (Forster et al., 2013). Tabel | viser, at for gkologisk bomuld
skal der bruges to indkgbsposer, da volumen af den gkologiske bomuldspose ikke var lige sa
stort som volumen for reference posen af LDPE.

Tabel I. Forskellige indkebsposer vurderet i denne LCA og det antal poser der kraeves
for at opfylde funktionaliteten leveret af en LDPE indkgbspose med gennemsnitlige

egenskaber.
Indkgbspose materiale Indkebspose type Reference flow .
(antal poser der er nedvendige)

Plast LDPE (gennemsnit) 1 (reference pose)
Plast LDPE simpel 2

Plast LDPE fast handtag 1

Plast LDPE genanvendt 2

Plast PP ikke-vaevet 1

Plast PP veevet 1

Plast PET genanvendt 1

Plast Polyester 1

Bioplast Biopolymer 2

Papir Papir, ubleget 2

Papir Papir, bleget 2

Tekstil Bomuld gkologisk 2

Tekstil Bomuld konventionelt 1

Komposit Jute, PP, bomuld 1

Miljgvurderingen blev for hver indkgbspose udfgrt for forskellige bortskaffelsesmuligheder:
forbraending (EOL1); genanvendelse (EOL2); og genbrug som skraldepose inden forbraending
(EOL3). For alle indkgbsposer blev der taget hgjde for miljgpavirkningen af produktion (anta-
ges at produceres i Europa), emballage ved fremsendelse til butik, transport til Danmark samt
brug og bortskaffelse (som kunne forekomme i Danmark eller i Europa). Den generelle struktur
af de inkluderede scenarier, og processer der tages i betragtning, er vist i Figur I.

Miljgvurderingen blev udfert for en raekke anbefalede miljgpavirkninger (Europa-
Kommissionen, 2010): klimaforandringer; ozonnedbrydning; human toksicitet (kreeft og ikke-
kraeftvirkninger); fotokemisk ozondannelse; ioniserende straling; partikelforurening; terrestrisk
forsuring; terrestrisk eutrofiering; marin eutrofiering; ferskvands eutrofiering; skosystems toksi-
citet; ressourceforbrug fossilt og abiotisk; samt brug af vandressourcer.
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For hver indkgbspose blev beregnet det antal genbrug der var ngdvendigt for at tilsvare refe-
renceposen af LDPE. Dette blev gjort per indkebspose, livscyklus og pavirkningskategori un-
der forudseetning af, at X gange genbrug af en indkgbspose erstatter en tilsvarende anvendel-
se X gange af referenceposen, dvs. for hver gang en pose genbruges undgas den fulde livs-
cyklus af referenceposen. Et grafisk eksempel for primaert genbrug er vist i Figur 1. Ved at
tage udgangspunkt i vugge-til-grav LCA-resultatet for alternativ indkgbspose A som LCIA"A og
vugge- til- grav LCA-resultatet for den gennemsnitlige LDPE indkgbspose som LCIA ppe, blev
antallet af genbrugsgange x beregnet som falger:

. LCI4,~LCI4,,,
L CIALDPE

LCA-studiet er baseret pa offentligt tilgaengelige livscyklusdata (LCI) og data fra eksisterende
studier af indkabsposer. | udfgrelsen af studiet var der nogle databegraensninger og antagel-
ser, for eksempel med hensyn til valget af referencepose, modellering af materialeproduktio-
nen og indkgbsposeproduktionen. En falsomhedsanalyse blev udfert for de kritiske antagelser
og valg der blev foretaget.

Produktion af
emballage

materiale

Produktion of
Indkgbspose
materiale

Produktion af

indkagbspose Transport

Bortskaffelse

Behandling af T indkgbspose
restprodukter 9 ” (EOL1/EOL2/
EOL3)

Figur I. Generel struktur for alle indkebspose scenarier vurderet i denne LCA. “EOL”
henviser til de tre forskellige bortskaffelses scenarier. EOL1: forbraending, EO2: genan-
vendelse, EOL3: genbrug som skraldepose.

Produktion af Indkobspose Genabnrug X
indkgbspose A > g ng —> EOL
A (Primaer brug) (Primaer
genbrug)
A
Undgaet X gange
Produktion af Indkabspose |
indkgbspose LDPE o EOL
LDPE (Primeer brug) | |

Figur Il. Generel modellering af primaer genbrug. Eksemplet illustrerer den primaere
genbrug X gange af en generisk “indkebspose A”. Genbruget X gange tillader en und-
gaet produktion, brug og bortskaffelse X gange af en reference indkgbspose af LDPE.

' LCIA = life cycle impact assessment
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Resultater og anbefalinger

LCA-undersggelsen gav en raekke resultater, som kan veere nyttige til optimering af brugen og
bortskaffelsen af indkgbsposer til radighed for kb i Danmark. Resultaterne refererer til de
reference flows der er preesenteret i Tabel I.

Hvad er den mest fordelagtige bortskaffelsesmulighed for hver type af indkebspose?
Nar indkgbsposen er genbrugt sa mange gange som muligt, er det bedre at genbruge
indkebsposen som en skraldepose, end blot at smide posen i restaffaldet, og dette er bedre
end at aflevere posen til genanvendelse. Genanvendelse kan potentielt give sterre fordele i
tilfaelde af tunge plastposer, sasom poser af PP, PET og polyester. Sekundaer genbrug som
skraldepose er mest gavnlig for lette indkebsposer, sdsom poser af LDPE, papir og
biopolymer. Nar genbrug som skraldepose ikke er muligt, for eksempel nar posen let prikkes
hul i, rives i stykker eller bliver fugtig, som for papir- og biopolymerposer, er forbreending den
mest foretrukne lgsning ud fra et miljgmeaessigt synspunkt. Tabel Il giver et resumé af de
opnaede resultater for hver baererpose.

Tabel Il. Oversigt over den mest foretrukne bortskaffelsesmulighed for hver af de ind-
kebsposer, der vurderes.

Indkgbspose materiale  Foretrukken bortskaffelsesmetode efter genbrug som indkgbspose
Plast, LDPE Genbrug som skraldepose
Plast, PP Genanvendelse, genbrug som skraldepose hvis muligt, ellers forbraendes

Plast, genanvendt PET Genanvendelse, genbrug som skraldepose hvis muligt, ellers forbraendes

Plast, polyester PET Genbrug som skraldepose hvis muligt, ellers forbreendes
Biopolymer Genbrug som skraldepose hvis muligt, ellers forbreendes
Papir Genbrug som skraldepose hvis muligt, ellers forbreendes
Tekstil Genbrug som skraldepose hvis muligt, ellers forbreendes
Komposit Genbrug som skraldepose hvis muligt, ellers forbreendes

Hvilken indkgbspose giver de laveste miljgpavirkninger?

Generelt har LDPE-indkgbsposer, som er poser der altid kan kgbes i danske supermarkeder,
de laveste miljgpavirkninger for de fleste miljgindikatorer (Tabel Ill). LDPE-indkgbsposer med
stift handtag havde den laveste miljgpavirkning i flertallet af de miljgpavirknings kategorier der
var inkluderet i dette LCA studie. Indkgbsposer, der kan give en lignende lav miljgpavirkning
er ublegede papir- og biopolymerposer, men for et lavere antal miljgindikatorer. S&kaldt tunge
indkgbsposer, sasom poser af PP, PET, polyester, bleget papir og tekstilposer, skal
genbruges flere gange for at opveje deres miljgproduktionsomkostninger. For poser af samme
materiale havde vaevede PP-indkgbsposer lavere belastning end ikke-veevede PP-poser,
ubleget papir havde lavere pavirkning end bleget papir, og konventionelt bomuld havde lavere
pavirkning end gkologisk bomuld.

Hvor mange gange skal indkgbsposer mindst genbruges?

For alle indkgbsposer skal de genbruges sa mange gange som muligt far bortskaffelse. Tabel
IV rapporterer antal gange indkgbsposen skal genbruges for at reducere de miljgmaessige
konsekvenser, der er forbundet med alle de alternative indkebsposer i forhold til LDPE-
indkgbsposen. Derfor refererer de tal, der er angivet i Tabel IV, til det mindste antal gange en
pose skal genbruges. Det beregnede antal genbrug varierer, hvis kun én miljgindikator er
observeret eller hvis alle miljgindikatorer tages i betragtning. Det beregnede antal genbrug kan
veere i overensstemmelse med den mulige levetid for PP, PET og polyester indkgbsposer,
men kan overstige levetiden for bleget papir-, komposit- og bomuldsposer, iszer hvis man
tager alle miljgindikatorer i betragtning. For LDPE-indkgbsposer var det ngdvendige antal
genbrug forholdsvis ens for de forskellige miljgpavirkningskategorier.
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Tabel lll. Indkgbsposer med den laveste miljgpavirkning for alle de vurderede miljgindi-
katorer. Rekkefolgen, som poserne er anfert i, svarer til placering i forhold til deres
LCA-resultater med lavest pavirkning forst. Kun de tre laveste effekter er angivet. Re-
sultaterne refererer til det reference flow der er anfort i Tabel I.

Miljepavirknings indikator Indkebspose med lavest pavirkning
Klimaforandringer Papir ubleget, biopolymer, LDPE
Ozonnedbrydning LDPE

Human toksicitet, kraeft Papir ubleget, LDPE

Human toksicitet, ikke-kraeft Komposit, PP, LDPE
Fotokemisk ozondannelse LDPE

loniserende straling LDPE

Partikelforurening LDPE

Terrestrisk forsuring LDPE

Terrestrisk eutrofiering LDPE

Ferskvands eutrofiering LDPE

Marin eutrofiering PP, LDPE

Jkosystems toksicitet LDPE

Ressourceforbrug, fossilt Papir ubleget, LDPE
Ressourceforbrug, abiotisk PP, LDPE

Ressourceforbrug, vandressourcer LDPE, biopolymer

For indkgbsposer af PP, PET, biopolymer og papir var det ngdvendige antal genbrug hgijere i
nogle kategorier end andre. Slutteligt fandtes det, at det meget hgje antal genbrug for ind-
kabsposer af bomuld og kompositmateriale primaert skyldtes kategorien ozonnedbrydning der
var vaesentligt hgjere end de andre kategorier, for hvilken dataseettet for produktion af
bomuldsposen havde en veesentligt hgjere pavirkning end LDPE-posen.

Felsomhedsanalysen af data og antagelser fremhaevede vigtigheden af valget af reference
flow, hvilket var afggrende for det beregnede antal genbrug for poser af gkologisk bomuld.
Valget af reference flow afhaenger af opfyldelsen af funktionen udtrykt af den funktionelle en-
hed beskrevet ovenfor. Specielt viste resultaterne betydningen af indkgbsposens design, som
bar fokusere pa maksimering af volumen og baerekapacitet, samtidig med at maengden af
materiale der anvendes minimeres og dermed ogsa vaegten af indkgbsposen.

Vores endelige anbefalinger er fglgendez:
o LDPE-pose, simpel: Kan genbruges direkte som skraldepose i forhold til klimaforandringer,

skal genbruges mindst 1 gang til indkgb nar der tages hgjde for alle andre indikatorer.
Genbrug som skraldepose, forbraending.

2 Antallet af gange poserne skal genbruges for "alle indikatorer" henviser til det hgjeste antal blandt dem,
der beregnes for hver pavirkningskategori. For lette indkgbsposer (LDPE, PP, PET ...) skyldes det hgje
antal en gruppe af pavirkningskategorier med samme hgje vaerdier. Omvendt er det for komposit- og
bomuldsposer ozonnedbrydning der er grunden til det meget hgje antal gange poserne skal genbruges.
Hvis der ses bort fra ozonnedbrydning, falder det nedvendige antal gange poserne skal genbruges fra 50
til 1400 for konventionel bomuld, fra 150 til 3800 for gkologisk bomuld og fra 0 til 740 for kompositmateri-
aleposen hvilket primaert skyldes brugen af vandressourcer, men ferskvands- og terrestrisk-eutrofiering
har lignende hgje veerdier. Resultater for det ngdvendige antal gange poserne skal genbruges for hver
pavirkningskategori, minimum-maksimum intervaller og gennemsnitligt antal genbrug fremgar af bilag C.
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Tabel IV. Beregnet antal primzere genbrug ngdvendigt for hver indkgbspose, med den
optimale bortskaffelse af indkebsposen, for at give den samme miljgmassige ydeevne
som den gennemsnitlige LDPE indkgbspose med bortskaffelse som skraldepose inden
forbraending. Resultaterne refererer til det reference flow der er anfort i Tabel I.

LDPE gennemsnitspose, genbrug som
skraldepose

Klimaforandring Alle indikatorer
LDPE simpel, genbrug som skraldepose 0 1
LDPE fast handtag, genbrug som skraldepose 0 0
LDPE genanvendt, genbrug som skraldepose 1 2
PP, ikke-veevet, genanvendelse 6 52
PP, veevet, genanvendelse 5 45
Genanvendt PET, genanvendelse 8 84
Polyester PET, genanvendelse 2 35
Biopolymer, genbrug som skraldepose og forbraending 0 42
Ubleget papir, genbrug som skraldepose og forbraen- 0 43
ding
Bleget papir, genbrug som skraldepose og forbraending 1 43°
?:;):;?:; bomuld, genbrug som skraldepose og for- 149 20000
;?S;/;r;tcijci):glt bomuld, genbrug som skraldepose og 50 7100
Komposit, genbrug som skraldepose og forbraending 23 870

¢ LDPE-pose, fast handtag: Kan genbruges direkte som skraldepose i forhold til alle
indikatorer. Genbrug som skraldepose, forbraending.

¢ LDPE-pose, genanvendt: Genbrug til indkgb mindst 1 gang i forhold til klimaforandringer,
mindst 2 gange nar der tages hgjde for alle indikatorer. Genbrug som skraldepose,
forbraending.

o PP-pose, ikke-vaevet: Genbrug til indkgb mindst 6 gange i forhold til klimaforandringer,
mindst 52 gange nar der tages hgjde for alle indikatorer. Bortskaffes med genanvendelige
materialer, ellers genbrug som skraldepose hvis det er muligt, forbraending.

¢ PP-pose, vavet: Genbrug til indkgb mindst 5 gange i forhold til klimaforandringer, mindst
45 gange nér der tages hgjde for alle indikatorer. Bortskaffes med genanvendelige
materialer, ellers genbrug som skraldepose hvis det er muligt, forbraending.

e PET-pose: Genbrug til indkeb mindst 8 gange i forhold til klimaforandringer, mindst 84
gange nar der tages hgjde for alle indikatorer; bortskaffes med genanvendelige materialer,
genbrug som skraldepose hvis muligt, forbraending.

¢ Polyesterpose: Genbrug til indkgb mindst 2 gange i forhold til klimaforandringer, mindst 35
gange nar der tages hgjde for alle indikatorer; bortskaffes med genanvendelige materialer,
ellers genbrug som skraldepose hvis muligt, forbraending.

¢ Biopolymerpose: Hvis muligt genbrug direkte som skraldepose i forhold til
klimaforandringer, skal genbruges mindst 42 gange til indkgb nar der tages hgjde for alle
andre indikatorer. Genbrug som skraldepose hvis muligt, forbraending.

o Ubleget papirpose: Hvis muligt genbrug direkte som skraldepose i forhold til
klimaforandringer, skal genbruges mindst 43 gange nar der tages hgjde for alle andre
indikatorer. Genbrug som skraldepose hvis muligt, forbreending.

® Den hgijeste veerdi for bleget papir er sat til minimum at vaere den samme som ubleget papir.
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o Bleget papirpose: Genbrug til indkgb mindst 1 gang i forhold til klimaforandringer, mindst
43 gange nér der tages hgjde for alle indikatorer. Genbrug som skraldepose hvis det er
muligt, ellers forbreending.

o Gkologiske bomuldspose: Genbrug til indkeb mindst 149 gange for klimasendringer,
mindst 20000 gange nar der tages hgjde for alle indikatorer. Genbrug som skraldepose hvis
det er muligt, ellers forbreending.

¢ Traditionelle bomuldspose: Genbrug til indkgb mindst 52 gange i forhold til
klimaforandringer, mindst 7100 gange nér der tages hgjde for alle indikatorer. Genbrug som
skraldepose, hvis det er muligt, ellers forbraending.

o Kompositpose: Genbrug til indkgb mindst 23 gange i forhold til klimaforandringer, mindst
870 gange nar der tages hgjde for alle indikatorer. Genbrug som skraldepose, hvis det er
muligt, ellers forbreending.

Det understreges, at hvis reference LDPE-posen genbruges til indkgb, gges det ngdvendige
antal gange de andre poser skal genbruges proportionalt. Resultaterne opnaet for det
minimale antal genanvendelses gange er beregnet for at bidrage til en videre diskussion
mellem interessenterne om den forventede effektive levetid for hver indk@bspose i forhold til
det beregnede antal gange poserne skal genbruges. Selvom det beregnede antal genbrug kan
veere i overensstemmelse med den funktionelle levetid for PP, PET og polyester
indkgbsposer, kan den overga levetiden for bleget papir-, komposit- og bomuldsindkgbsposer,
iseer nar man tager alle miljgindikatorer i betragtning.

Resumé af det kritiske review

Reviewere
En kritisk gennemgang i henhold til ISO 14040/14044 blev udfert af Line Geest Jakobsen og
Trine Lund Neidel fra COWI A/S i Januar 2018

Review processen
Reviewet involverede fglgende faser:

o COWI udfarte det farste review i januar 2018

e DTU svarede pa de spergsmal der blev stillet af COWI, og rettede rapporten i forhold de
kommentarer der var enighed om i reviewet fra januar 2018

o COWI evaluerede de rettelser der var lavet, og sammenfattede den endelige review kom-
mentar.

Det kritiske review er vedhaeftet i fulde i Appendix D. Hovedpunkterne fremhaevet i det kritiske
review er angivet nedenfor.

LCA-rapporten er blevet gennemgaet med hensyn til overholdelse af de internationale stan-
darder ISO 14040 og 14044. Rapporten viste sig i overordnet at overholde standarderne.
Forfatterne anferer, at rapporten ikke er i overensstemmelse med standarden, da et review
med inddragelse af et ekspertpanel ikke blev gennemfgrt i projektfaserne.

Metoden valgt til fastseettelse af den funktionelle enhed og reference flow blev verificeret ved
en fglsomhedsanalyse. Resultaterne af falsomhedsanalysen viste, at valget af reference flow
har stor indflydelse pa beereposer med hgje miljgpavirkninger forbundet med produktion og
poser med et lavere volumen end det, der udtrykkes i den funktionelle enhed (hovedsageligt
gkologisk bomuld). Forfatterne tilfgjede en dedikeret sektion om indkgbspose design, hvor de
giver kommentarer til den indflydelse som indkgbspose design har pa resultaterne.

The Danish Environmental Protection Agency / LCA of grocery carrier bags 11



Det kritiske review understregede, at saerlig opmaerksomhed skal tillzegges datakvalitetsvurde-
ring og at kritiske antagelser skal veere tydeligt klargjort. Forfatterne tilfgjede dedikerede afsnit
om datakvalitetsvurdering, kritiske antagelser samt hvilken indflydelse data og antagelser har
pa resultaterne. Miljgpavirkningen som udvalgte kritiske antagelser havde pa resultaterne blev
vurderet med en fglsomhedsanalyse.

Efter det farste kritisk review, tilfgjede forfatterne yderligere specifikationer pa indkgbstyperne

(for eksempel polyester polymertypen), justerede sprog og grammatisk fejl og tilfgjede yderli-
gere detaljer for at forbedre den overordnede forstaelse af rapporten.
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Executive summary - English

Conceptual framework

This study provides the life cycle environmental impacts of the production, use and disposal
(“cradle-to-grave”) of grocery carrier bags available for purchase in Danish supermarkets in
2017. The study was carried out by DTU Environment in the period October — December
2017.

Currently, Danish supermarkets provide multiple-use carrier bags of different materials (such
as recyclable and non-recyclable plastic, paper and cotton) designed for a multiple number of
uses. In order to compensate the environmental impacts arising from their manufacturing
phase, these multiple-use carrier bags need to be reused a number of times.

This study was commissioned by the Danish Environmental Protection Agency (Miljgstyrelsen)
with the aim to identify the grocery carrier bag with the best environmental performance to be
provided in Danish supermarkets. Moreover, the Miljgstyrelsen aimed at identifying a recom-
mended number of reuse times for each carrier bag based on their life cycle environmental
impacts. The project took into account that reuse of the carrier bag could occur both as prima-
ry reuse (where the carrier bag is reused for the same function for which it was produced, i.e.
for carrying grocery shopping from the supermarket to the home), or replacing other products
as waste bin liners (secondary reuse).

The following types of carrier bags were studied:

o Low-density polyethylene (LDPE), 4 types: an LDPE carrier bag with average characteris-
tics, an LDPE carrier bag with soft handle, an LDPE carrier bag with rigid handle and a recy-
cled LDPE carrier bag;

o Polypropylene (PP), 2 types: non-woven and woven;

o Recycled polyethylene terephthalate (PET);

o Polyester (of virgin PET polymers);

o Starch-complexed biopolymer;

e Paper, 2 types: unbleached and bleached;

o Cotton, 2 types: organic and conventional;

e Composite (jute, PP, cotton).

A survey conducted by DTU Environment showed that LDPE bags are always available for
purchase in all Danish supermarkets, while other carrier bag types are provided as alterna-
tives. Therefore, the average characteristics of the LDPE carrier bag were taken as reference.
The report considers only carrier bags available in Danish supermarkets in 2017 and it does
not include personal bags or other carriers. The report focuses on the environmental impacts
connected to the carrier bags, and does not consider the introduction of taxes, customers’
attitude or behavioural changes. The effects of littering were considered negligible for Den-
mark and not considered. The study was only done for material types already on the market,
and the functionality of these bags. This does not mean that other more optimal combinations
could not be relevant for future bag production (volume, recycled material, carrying capacity
etc.).

Methodological framework

The environmental assessment of the carrier bag alternatives was carried out with Life Cycle
Assessment (LCA), which is a standardized methodology that takes into account the potential
environmental impacts associated with resources necessary to produce, use and dispose the
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product, and also the potential emissions that may occur during its disposal. When material
and energy resources are recovered, the system is credited with the avoided potential emis-
sions that would have been necessary in order to produce these resources. In order to com-
pare the carrier bags, we took into account how many of the different types were necessary in
order to fulfil the function provided by an LDPE carrier bag with average characteristics, which
was:

“Carrying one time grocery shopping with an average volume of 22 litres and with an
average weight of 12 kilograms from Danish supermarkets to homes in 2017 with a
(newly purchased) carrier bag. The carrier bag is produced in Europe and distributed to
Danish supermarkets. After use, the carrier bag is collected by the Danish waste man-
agement system”.

As shown in Table I, two bags were necessary to fulfil the function in the case of simple LDPE,
recycled LDPE, biopolymer, paper, and organic cotton bags. For these bags, either the volume
or weight holding capacity required was not fulfilled. Organic and conventional cotton bags
were modelled separately in order to differentiate the results for the different types of material,
since organic cotton production has a lower yield than conventional cotton (Forster et al.,
2013). Table | shows that organic cotton required two carrier bags, since the volume of the
organic cotton bag did not fulfil the volume requirements expressed in the functional unit.

Table I. Carrier bag alternatives considered for this LCA study and number of bags
required to fulfil the functionality provided by an LDPE carrier bag with average charac-

teristics.

Material carrier bag Type carrier bag Reference flow

(number of bags needed)

Plastic LDPE (average) 1 (reference bag)
Plastic LDPE simple 2

Plastic LDPE rigid handle 1

Plastic LDPE recycled 2

Plastic PP non-woven 1

Plastic PP woven 1

Plastic PET recycled 1

Plastic Polyester 1
Bioplastic Biopolymer 2

Paper Paper, unbleached 2

Paper Paper, bleached 2

Textile Cotton organic 2

Textile Cotton conventional 1
Composite Jute, PP, cotton 1

The environmental assessment of each carrier bag was carried out taking into consideration
different end-of-life options: incineration (EOL1), recycling (EOL2), and reuse as waste bin bag
(EOL3) before being incinerated. For all carrier bag alternatives, the assessment took into
account impacts arising from production of the carrier and its packaging (assumed to occur in
Europe), transportation to Denmark, use, and disposal (which could occur in Denmark or with-
in Europe). The general structure of the processes taken into account is shown in Figure I.
The environmental assessment was carried out for a range of recommended environmental
impacts (European Commission, 2010): climate change, ozone depletion, human toxicity can-
cer and non-cancer effects, photochemical ozone formation, ionizing radiation, particulate
matter, terrestrial acidification, terrestrial eutrophication, marine eutrophication, freshwater
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eutrophication, ecosystem toxicity, resource depletion, fossil and abiotic, and depletion of
water resource.

The number of primary reuse times for each carrier bag, end-of-life scenario and impact cate-
gory was calculated assuming that a reuse X times of a carrier bag allowed avoiding the cor-
responding use X times of the reference LDPE carrier bag with average characteristics, or
more simply, for every time a bag is reused it avoids the full life cycle of the reference bag. A
representation of primary reuse is provided in Figure Il. Considering the cradle-to-grave LCA
result for and alternative carrier bag A as LCIAx and the cradle-to-grave LCA result for the
average LDPE carrier bag as LCIA.ppe, the number of reuse times x was calculated as follows:

o LCIA, ~LCIA,,,
L CYI4LDPE

The LCA study was based on publicly available LCI data and data from existing LCA studies
on grocery carrier bags. The study presented some data limitations and assumptions, for ex-
ample regarding the choice of reference flow, the modelling of material production and carrier
bag manufacture. A sensitivity analysis was performed on critical assumptions and choices
made.

Production of
packaging
material

Production of
carrier bag
material

Manufacture

of carrier bag Transport

End-of-life
Treatment . carrier bag
residues Collection | > 651 1/E0L2/

EOL3)

Figure I. General structure for all carrier bag scenarios assessed in this LCA study.
“EOL” refers to three different end-of-life options. EOL1: incineration, EO2: recycling,
EOL3: reuse as waste bin bag.

Production of Carrier bag Rﬁ::lseesx
carrier bag A >l (Prima " FoL
A (Primary use) reuse;y
A
Avoidance X times

" Production of | Carrier bag
. carrier bag » LDPE > EOL
. LDPE (Primary use) 5

Figure Il. Generic modelling of primary reuse. The example portrays the primary reuse X
times of a generic “carrier bag A”. The reuse X times allows avoiding X times the pro-
duction, use and disposal of the reference LDPE carrier bag.
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Findings and recommendations

The LCA study provided a number of findings that can be useful for optimizing the use and
disposal of the carrier bags available for purchase in Denmark. The results are referred to the
reference flows presented in Table I.

Which is the most preferable disposal option for each type of carrier bag?

After reusing the carrier bag as many times as possible, reusing the carrier bag as a waste bin
bag is better than simply throwing away the bag in the residual waste and it is better than
recycling. Recycling can potentially offer benefits in the case of heavy plastic bags, such as
PP, PET and polyester. Reuse as a waste bin bag is most beneficial for light carrier bags,
such as LDPE, paper and biopolymer. When reuse as a waste bin bag is not feasible, for ex-
ample when the bag can easily be punctured, torn, or wetted, as in the case of paper and
biopolymer bags, incineration is the most preferable solution from an environmental point of
view. Table Il provides a summary of the results obtained for each carrier bag.

Table Il. Overview of the most preferable end-of-life option for each of the carrier bag
types assessed.

Carrier bag material Preferable end-of-life after normal reuse

Plastic, LDPE Reuse as waste bin bag

Plastic, PP Recycle, reuse as waste bin bag if possible, else incinerate
Plastic, recycled PET Recycle, reuse as waste bin bag if possible, else incinerate
Plastic, polyester PET Reuse as waste bin bag if possible, else incinerate
Biopolymer Reuse as waste bin bag if possible, else incinerate

Paper Reuse as waste bin bag if possible, else incinerate

Textile Reuse as waste bin bag if possible, else incinerate
Composite Reuse as waste bin bag if possible, else incinerate

Which is the carrier bag providing the lowest environmental impacts?

In general with regards to production and disposal, LDPE carrier bags, which are the bags that
are always available for purchase in Danish supermarkets, are the carriers providing the over-
all lowest environmental impacts for most environmental indicators (Table Ill). In particular,
LDPE carrier bags with rigid handle provided in general the lowest environmental impacts in
the majority of the impact categories included in this LCA study. Carrier bags alternatives that
can provide a similar performance are unbleached paper and biopolymer bags, but for a lower
number of environmental indicators. Heavier carrier bags, such as PP, PET, polyester,
bleached paper and textile bags need to be reused multiple times in order to lower their envi-
ronmental production cost. Between the same bag types, woven PP carrier bags provided
lower impacts than non-woven PP bags, unbleached paper resulted more preferable than
bleached paper, and conventional cotton over organic cotton.

How many times should the carrier bags be reused?

For all carrier bags, reuse as many times as possible before disposal is strongly encouraged.
Table IV reports the number of calculated primary reuse times necessary to lower the envi-
ronmental impacts associated with all carrier bag alternatives to the levels of the LDPE carrier
bag. Therefore, the numbers reported in Table IV refer to minimum number of reuse times.
The number of calculated reuse times varies if only one environmental indicator is observed,
or if all environmental indicators are taken into account. The calculated number of reuse times
might be compliant with the lifetime of PP, PET and polyester carrier bags, but might surpass
the lifetime of bleached paper, composite and cotton carriers, especially considering all envi-
ronmental indicators. The number of calculated reuse times was rather uniform across impact
categories for LDPE carrier bags. For PP, PET, biopolymer and paper carrier bags, some
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impact categories presented higher reuse times than others. Lastly, the very high number of
reuse times scored by cotton and composite bags is primarily due only to the ozone depletion
impact category, for which the cotton production dataset provides larger impacts than the
reference LDPE carrier bag.

Table lll. Carrier bags providing the lowest environmental impacts for all the environ-
mental indicators considered. The order in which the bags are listed corresponds to the
raking of their LCA results starting from the lowest impact. Only the three lowest scor-
ing bags are listed. The results refer to the reference flow provided in Table I.

Environmental indicator Carrier bags providing lowest impacts
Climate change Paper unbleached, biopolymer, LDPE
Ozone depletion LDPE

Human toxicity, cancer effects Paper unbleached, LDPE

Human toxicity, non-cancer effects Composite, PP, LDPE

Photochemical ozone formation LDPE

lonizing radiation LDPE

Particulate matter LDPE

Terrestrial acidification LDPE

Terrestrial eutrophication LDPE

Freshwater eutrophication LDPE

Marine eutrophication PP, LDPE

Ecosystem toxicity LDPE

Resource depletion, fossil Paper unbleached, LDPE

Resource depletion, abiotic PP, LDPE

Water resource depletion LDPE, biopolymer

Table IV. Calculated number of primary reuse times for the carrier bags in the rows, for
their most preferable disposal option, necessary to provide the same environmental
performance of the average LDPE carrier bag, reused as a waste bin bag before incin-
eration. The results refer to the reference flow provided in Table I.

LDPE average, reused as waste bin bag

Climate Change All indicators

LDPE simple, reused as waste bag 0 1
LDPE rigid handle, reused as waste bag 0 0
Recycled LDPE, reused as waste bag 1 2
PP, non-woven, recycled 6 52
PP, woven, recycled 5 45
Recycled PET, recycled 8 84
Polyester PET, recycled 2 89
Biopolymer, reused as waste bag or incinerated 0 42
Unbleached paper, reused as waste bag or incinerated 0 43
Bleached paper, reused as waste bag or incinerated 1 43*
Organic cotton, reused as waste bag or incinerated 149 20000

* The highest value for bleached paper is set to as minimum be equal to the value for unbleached paper.
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Conventional cotton, reused as waste bag or incinerated 52 7100
Composite, reused as waste bag or incinerated 23 870
The sensitivity analysis on data and assumptions highlighted the importance of the choice of
reference flow, which was determining for the calculated number of reuse times for organic
cotton. The reference flow choice depends on the fulfilment of the function expressed by the
functional unit. In particular, the results showed the importance of the carrier bags design,
which should be focused on maximizing volume and weight holding capacity, while minimizing
the amount of material needed and the final weight of the carrier bag.
Our final recommendations are the following®:

o Simple LDPE bags: Can be directly reused as waste bin bags for climate change, should
be reused at least 1 time for grocery shopping considering all other indicators; finally reuse
as waste bin bag.

o LDPE bags with rigid handle: Can be directly reused as waste bin bags considering all
indicators; finally reuse as waste bin bag.

* Recycled LDPE bags: Reuse for grocery shopping at least 1 time for climate change, at
least 2 times considering all indicators; finally reuse as waste bin bag.

o PP bags, non-woven: Reuse for grocery shopping at least 6 times for climate change, at
least 52 times considering all indicators; finally dispose with recyclables, otherwise reuse as
waste bin bag if possible, lastly incinerate.

o PP bags, woven: Reuse for grocery shopping at least 5 times for climate change, at least
45 times considering all indicators; finally dispose with recyclables, otherwise reuse as
waste bin bag if possible, lastly incinerate.

o PET bags: Reuse for grocery shopping at least 8 times for climate change, at least 84 times
considering all indicators; finally dispose with recyclables, otherwise reuse as waste bin bag
if possible, lastly incinerate.

* Polyester bags: Reuse for grocery shopping at least 2 times for climate change, at least 35
times considering all indicators; finally dispose with recyclables, otherwise reuse as waste
bin bag if possible, lastly incinerate.

* Biopolymer bags: Can be directly reused as waste bin bags for climate change, should be
reused at least 42 times for grocery shopping considering all other indicators. Finally, reuse
as waste bin bag if possible, otherwise incinerate.

* Unbleached paper bags: Can be directly reused as waste bin bags for climate change,
should be reused at least 43 times considering all other indicators. Finally, reuse as waste
bin bag if possible, otherwise incinerate.

* Bleached paper bags: Reuse for grocery shopping at least 1 time for climate change, at
least 43 times considering all indicators; reuse as waste bin bag if possible, otherwise incin-
erate.

¢ Organic cotton bags: Reuse for grocery shopping at least 149 times for climate change, at
least 20000 times considering all indicators; reuse as waste bin bag if possible, otherwise
incinerate.

e Conventional cotton bags: Reuse for grocery shopping at least 52 times for climate
change, at least 7100 times considering all indicators; reuse as waste bin bag if possible,
otherwise incinerate.

® The number of times for “all indicators” refers to the highest number of reuse times among those calcu-
lated for each impact category. For light carrier bags (LDPE, PP, PET...) the high numbers of reuse times
are given by a group of impact categories with similar high values. Conversely, for composite and cotton
the very high number of reuse times is given by the ozone depletion impact alone. Without considering
ozone depletion, the number of reuse times ranges from 50 t01400 for conventional cotton, from 150 to
3800 for organic cotton, and from 0 to 740 for the composite material bag. The highest number is due to
the use of water resource, but also to freshwater and terrestrial eutrophication. Results for the number of
reuse times for each impact category, minimum-maximum ranges and average number of reuse times
are provided in Appendix C.
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o Composite bags: Reuse for grocery shopping at least 23 times for climate change, at least
870 times considering all indicators; reuse as waste bin bag if possible, otherwise incinerate.

It should be considered that if the reference LDPE bag is reused for shopping, this will in-
crease the needed number of reuse times for the other bags proportionally. The results ob-
tained on the minimum number of reuse times are intended to raise the discussion among the
stakeholders on the effective expected lifetime of each carrier bag. While the calculated num-
ber of reuse times might be compliant with the functional lifetime of PP, PET and polyester
carrier bags, it might surpass the lifetime of bleached paper, composite and cotton carriers,
especially considering all environmental indicators.

Summary of the critical review

Reviewers
A critical review according to ISO 14040/14044 was performed by Line Geest Jakobsen and
Trine Lund Neidel from COWI A/S in January 2018.

Review process

The review process involved the following phases:

o COWI conducted the first review in January 2018.

e DTU answered to the questions raised by COWI and corrected the report according to the
outcomes of the review in January 2018.

e COWI evaluated the corrections and compiled a final review statement.

The critical review from COWI can be found in full in Appendix D. The main points highlighted
in the critical review are provided below.

The LCA report has been reviewed with respect to compliance with the ISO 14040 and 14044
International Standards. The report was found to comply with the standards to a large extent.
The authors state that the report does not comply with the standard because an exchange with
a panel of experts was not made during the project phases.

The method chosen for selecting the functional unit and reference flow was verified with a
sensitivity analysis. The results of the sensitivity analysis showed that the choice of reference
flow influenced heavily the carrier bags with high impacts connected to production and with a
lower volume than the one expressed in the functional unit (mainly organic cotton). The au-
thors added a dedicated section on carrier bag design where they provide comments on the
influence of the carrier bag design on the results.

The critical review highlighted that specific attention should have been dedicated to data quali-
ty assessment and to the clear statement of critical assumptions. The authors added dedicat-
ed sections on data quality assessment, critical assumption and on the influence on data and
assumptions on the results. The influence of selected critical assumptions on the results was
assessed with a sensitivity analysis.

After the review, the authors added further specifications on the carrier bag types (e.g. polyes-

ter polymer type), adjusted language and typos, and added further details for improving the
overall understanding of the report.
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Preface

This study provides the life cycle environmental impacts associated with the production, use
and disposal of selected grocery carrier bags available in Danish supermarkets in 2017.

The commissioner of the LCA is the Danish Environmental Protection Agency (Miljgstyrelsen).
The LCA was conducted by DTU Environment in the period October — December 2017, using
the EASETECH LCA model developed by DTU Environment for the environmental assess-
ment of waste management systems and environmental technologies. The LCA was conduct-
ed for assessing and comparing the environmental impacts associated with the grocery carrier
bags currently available in Danish supermarkets.

The LCA has been conducted according to the requirements outlined in DS/EN ISO Interna-
tional Standards 14040 and 14044; however, the report is not intended to strictly comply with
the standard. The report is intended for internal decision support at the Danish Environmental
Protection Agency as part of a wider range of assessments aiming at investigating possible
options for grocery carrier bags available in Danish supermarkets. The report has undergone a
peer review process outside the project group in January 2018 by Line Geest Jakobsen and
Trine Lund Neidel from COWI A/S.

The report was prepared by Valentina Bisinella, Paola Federica Albizzati, Thomas Fruergaard
Astrup, and Anders Damgaard from DTU Environment.

DTU, February 2018
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List of Abbreviations

General

EOL End-of-life (as: “treatment”, “waste management” or “disposal”)
EOL1 Incineration

EOL2 Source segregation of recyclables and recycling
EOL3 Reuse as a waste bin bag before incineration
HDPE High-density polyethylene

LCA Life cycle assessment

LCI Life cycle inventory

LCIA Life cycle impact assessment

LDPE Low-density polyethylene

PE Persons equivalents (normalized LCA results)
PET Polyethylene terephthalate

PP Polypropylene

w Waste bin bag

Carrier bag scenarios

LDPE