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Summary 
Metal and carton packaging are both commonly used for the packaging of food in Norway, such as in the 
packaging of crushed tomatoes. Several food retailers have shifted from metal to carton food packaging, 
however, knowledge in terms of considering environmental impacts and aspects of to inform such a 
transition have so far been limited and especially for Norwegian conditions. Several aspects are important in 
influencing the environmental impact of metal and carton food packaging, including methodological choices 
for allocation in recycling, the type of data applied and the definition of the system boundaries. Country-
specific factors such as the recycled content in the product, collection rates and the applied waste treatment 
processes also influence the environmental impact results to a large extent. 

This study was commissioned by Norsk Metallgjenvinning with the goal to increase knowledge about the 
environmental strengths and weaknesses of metal food packaging compared with carton food packaging in 
a life cycle perspective under Norwegian conditions. This was done by collecting specific data for collection 
and recycling of the food packaging options, and by applying various methods for modelling of recycling in 
LCA, in addition to assessing the circularity performance of these products. 

LCA, which is a standardised method to quantify the environmental impacts of a product or a service 
throughout its life cycle, was used to assess environmental impacts. The Material Circularity Indicator (MCI), 
introduced by the Ellen McArthur Foundation, was applied to assess product-level circularity. Three different 
methods for modelling recycling were tested: the cut off approach, end-of-life net scrap approach and the 
more recently developed Circular Footprint Formula (CFF) within the Product Environmental Footprint (PEF) 
methodology. In addition, two improvement scenarios for the metal food packaging were defined: increased 
share of recycled content and change in location of the manufacturing. 

The results show that the carton food packaging in general is associated with lower environmental impacts 
compared to metal food packaging from a life cycle perspective. This is true for all environmental impact 
categories assessed in this study, except for land use and marine eutrophication. When using the material 
circularity Indicator, the metal packaging obtains a better product circularity score than the carton packaging. 
A higher value for the circularity is preferable as it indicates a more circular product according to the MCI, 
which can have a value between 0 and 1, where the latter indicates a fully circular product. The higher 
circularity score for the metal food packaging can be described by, for example, its relatively higher recycled 
content. 

The results are dependent on the conditions assessed in this study, and it should be noted that a lot of generic 
data had to be applied, e.g. for the production processes of the food packaging, due to limited data 
availability. Recommendations for reduced environmental impacts of the metal packaging include to use 
recycled steel. As production of metal is relatively energy intensive, the type of energy carrier used in the 
manufacturing phase also contributes significantly to the total climate change impact. The use of renewable 
energy sources is therefore preferred. The transport from store to consumer and the waste treatment of the 
distribution packaging also contributes significantly to the total climate change impact. 

This study shows contrasting results between circularity and environmental impacts of the food packaging. 
The metal food packaging is associated with a higher product-level circularity but the carton food packaging 
in general associated with lower environmental impacts. This indicates the complexity of this type of 
assessments and the importance of considering both circularity and life cycle environmental impacts in these 
types of studies. 
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Sammendrag 
Metall og kartong er vanlige emballasjematerialer for matprodukter i Norge, og brukes blant annet til å 
emballere hermetiserte hakkede tomater. Flere distributører har de siste årene gått over fra å bruke metall- 
til kartongemballasje, men kunnskapsgrunnlaget om miljøpåvirkningen og sirkulariteten til en slik endring 
har så langt vært begrenset, spesielt under norske forhold. Flere aspekter kan ha stor innvirkning på 
miljøpåvirkningen til emballasjeløsningene, slik som metodiske valg knyttet til modellering av gjenvinning, 
type data som benyttes og definisjon av systemgrenser. Nasjonale forutsetninger slik som andel gjenvunnet 
materiale i produktet, innsamlingsgrader og avfallshåndteringsmåter påvirker også miljøbelastningen 
betydelig. 

Denne studien ble gjennomført på oppdrag for Norsk Metallgjenvinning. Målet med prosjektet har vært å 
øke kunnskapen om de miljømessige styrkene og svakhetene til metallemballasje sammenliknet med 
kartongemballasje i et livsløpsperspektiv under norske forhold. Dette ble gjort ved å samle inn spesifikke data 
for innsamling og gjenvinning av emballasjeløsningene, og ved å benytte ulike metoder for modellering av 
gjenvinning i LCA, i tillegg til å vurdere sirkulariteten til produktene. 

Livsløpsanalyser (LCA), som er en standardisert metode for å kvantifisere miljøpåvirkningene til et produkt 
eller en tjeneste gjennom hele livsløpet, ble brukt for å vurdere miljøpåvirkningen. Material Circularity 
Indicator (MCI), introdusert av EllenMcArthur Foundation, ble brukt for å vurdere sirkularitet på produktnivå. 
Tre ulike metoder for modellering av gjenvinning ble testet: cut off-metoden, end-of-life net scrap-metoden 
og den nyutviklede Circular Footprint Formula (CFF) som er en del av Product Environmental Footprint (PEF)-
metoden. I tillegg ble det definert to forbedringsscenarier for metallemballasjen: økt andel gjenvunnet 
materiale og endring av produksjonssted. 

Resultatene viser at kartongemballasje generelt har lavere miljøpåvirkning enn metallemballasje i et 
livsløpsperspektiv. Dette gjelder for alle miljøpåvirkningskategoriene som er inkludert i studien, med unntak 
av arealbruk og marin eutrofiering. Ved bruk av material circularity Indicator viser resultatene at 
metallemballasjen har bedre produktsirkularitet enn kartongemballasjen. En høy verdi for sirkularitet er 
positivt, siden det indikerer et mer sirkulært system i henhold til MCI, der produkter kan ha en verdi mellom 
0 og 1, der 1 indikerer et fullstendig sirkulært produkt. Metallemballasjens høye sirkularitetstall skyldes blant 
annet et høyere resirkulert innhold enn kartongemballasjen.  

Resultatene er avhengig av forutsetningene som inngår i studien, og det er verdt å merke seg at generiske 
data ble brukt for å modellere produksjonen av emballasjeløsningene på grunn av mangel på tilgang til 
spesifikke data. For å redusere miljøbelastningen til metallemballasje anbefales det å øke andelen gjenvunnet 
materiale. Siden metallproduksjon er relativ energiintensivt, har type energibærer i produksjonsfasen stor 
innvirkning på metallemballasjens klimapåvirkning. Bruk av fornybare energibærere kan derfor bidra til å 
redusere klimapåvirkning betydelig. Transporten fra butikk til forbruker og avfallshåndtering av 
distribusjonsemballasjen har også en betydelig klimapåvirkning. Denne studien viser motstridende resultater 
når man ser på sirkularitet og miljøpåvirkninger av matemballasje. Metallemballasjen har bedre sirkularitet 
på produktnivå, mens kartongemballasjen har generelt sett lavere miljøpåvirkninger. Dette viser 
kompleksiteten i denne typen analyser og viktigheten av å inkludere både sirkularitet og miljøpåvirkninger i 
studier av denne typen. 
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1 Introduction 
Metal and carton packaging are both commonly used for the packaging of food in Norway (Figure 1), for 
example in the packaging of crushed tomatoes. More recently, several food retailers have shifted from metal 
to carton food packaging. However, so far, knowledge in terms of considering environmental impacts and 
aspects of circularity to inform such a transition have been limited. A previous study, commissioned by Norsk 
Metallgjenvinning, identified several aspects as important in influencing the environmental impact of metal 
and carton food packaging, including methodological choices for allocation in recycling, the type of data 
applied and the definition of the system boundaries (Raadal, Lyng, & Booto, 2020). Furthermore, country-
specific factors such as the recycled content in the product (especially true for metal food packaging), 
collection rates and the applied waste treatment processes was also identified to influence the 
environmental impact results to a large extent. Norsk Metallgjenvinning has commissioned this study to 
provide a comparative life cycle assessment (LCA) of metal and carton food packaging for Norwegian 
conditions. This includes to investigate the relative environmental performance of these products when 
various methods for modelling recycling in LCA are applied as well as assessing the circularity performance 
of these products. 

 

Figure 1. Metal and carton food packaging. 

1.1 Goal of the study 

The goal of this study was to assess and compare environmental impacts and circularity aspects of metal and 
carton food packaging in Norway and to contribute to increased knowledge related to the modelling of 
recycling in LCA. Thus, the aim of this study is to provide guidance on the circumstances required for the 
metal and carton food packaging to turn out as the preferred option compared to the other from an 
environmental and circularity perspective. Different methods for modelling recycling will be applied since 
such methodological choices have shown to have a significant influence on the LCA results (Raadal et al., 
2020). More specifically, this study includes to: 

• Assess the environmental impacts of metal and carton food packaging in Norway 

• Evaluate different methods for modelling recycling, i.e. the cut off approach, end-of-life net scrap 
approach and the more recently developed Circular footprint formula (CFF), and how the choice of 
method affects the relative ranking of metal and carton food packaging in terms of environmental 
impacts. 
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• Evaluate circularity aspects, by application of the material circularity Indicator (developed by the 
Ellen McArthur Foundation) 

Thus, the project focus on comparing the environmental impacts of metal and carton food packaging in 
Norway and how different ways of modelling allocation in waste management will affect the results in terms 
of environmental impacts but also in terms of circularity. The intended audiences of this report are various 
actors in the recycling business in Norway, such as Norsk Metallgjenvinning, as well as LCA practitioners and 
researchers. The results from this study can be used to understand under what circumstances metal or carton 
food packaging is environmental preferable to the other and what parameters that are highly influential in 
that context. The results can also inform the ongoing development of methods to model recycling in LCA, 
such as CFF within the Product Environmental Footprint (PEF) methodology. 
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2 Method 
This study applied both the Material Circularity Indicator (MCI) and Life cycle assessment (LCA).  

MCI was introduced by the Ellen McArthur Foundation as a method for assessing the circularity of a product 
(EMF, 2019). MCI is calculated based on factors such as the share of recycled or reused material in the product 
and the share of the product which goes to reuse and recycling.  

LCA is a standardised method to quantify the environmental impacts of a product or a service throughout its 
life cycle. The ISO standards defines four main steps of an LCA: goal and scope definition where the purpose 
of the study is clarified, inventory analysis where mass and energy flows in each step of the value chain is 
mapped, impact assessment where the flows are translated into environmental impacts and interpretation 
of the results (ISO, 2006a, 2006b).  

In this section, first the systems studied are described (Section 2.1) and then more details on selections 
related to the MCI (Section 2.2) and LCA (Section 2.3) for this study are provided. Finally, the different 
scenarios assessed are described in Section 2.4. 

2.1 Systems studied 

The two systems of metal and carton food packaging to be compared are described in Section 2.1.1 and 2.1.2 
, respectively. These descriptions are based on information from Norwegian actors such as Norsk 
Metallgjenvinning and Grønt Punkt Norge. The data applied for the MCI are described in Section 2.2 and 
presented with more details in the Appendix. The type of data applied for the life cycle inventory calculations 
in the LCA are described briefly in Section 2.3.2  and presented with more details in the Appendix. Note that 
the term unsorted is used in this report for metal and carton food packaging that ends up together with 
residual waste while the term sorted is used to denote metal and carton food packaging that in various ways 
become sorted to be sent to further recycling. 

2.1.1 Metal food packaging 

The system for the metal food packaging (Figure 2) is described in this section and the data applied for the 
related life cycle inventory calculations in the LCA are summarized in Table 2 while data for the MCI are 
provided in Table 7. The process data applied in the LCA e.g. for the modelling of inputs and outputs to the 
processes, and as proxy processes for some of the processes, shown in Figure 2, are presented in Table 3 in 
the Appendix. 
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Figure 2. Flowchart for the metal food packaging unit. Processes and flows marked with grey were excluded from the 
analysis. 

 

Manufacturing of metal food packaging, distribution packaging and related transports 

The manufacturing of the metal food packaging, i.e. the metal can, via rolling and forming of metal sheets, 
as well as the distribution packaging, was based on data from Baxter and Møller (2017). However, a lot of 
generic data e.g. for manufacturing processes also had to be applied. The manufactured metal packaging is 
filled with the product of crushed tomatoes and further packaged with distribution packaging (cardboard and 
plastic) to be transported to the stores. The filling and packaging occur at the manufacturing site. The metal 
can then become transported from the store to the consumer’s home. The distances that the metal can is 
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transported from the store to the consumer varies a lot. The type of transport employed also varies a lot and 
could be conducted by car, on foot, bus etc. In this study, the transportation between the store and the 
consumer was assumed to be conducted by a passenger car. 

 

Waste management of sorted metal food packaging and related transports 

In Norway, Norsk Metallgjenvinning AS is responsible for the return scheme of the source sorted metal can 
packaging (Malcolm, 2021). After use and if properly sorted at the household the metal can is transported 
together with other collected metal and glass scrap to municipal collection points. The distances that the 
metal can is transported from the consumer to sorting varies a lot, e.g. due to differences in collection 
schemes in the municipalities and the collection point coverage within Norway. The sorting rate for metal 
cans in 2020 was about 71% of the packaging sold by the members of Norsk Metallgjenvinning AS. This 
includes metal food packaging sorted at source and sent to Sirkel and other sorted material received at for 
example recycling stations in Norway. The distances that the metal can is transported from the consumer to 
the municipal collection point varies a lot, e.g. due to differences in collection schemes in the municipalities 
and the collection point coverage within Norway.  The type of transport employed also varies a lot and could 
be conducted by car, on foot, bus etc. From the collection points in the municipalities, the metal can is 
transported to the Sirkel materialgjenvinning sorting facility located in Fredrikstad by trailer. In this study, all 
collected metal packaging are assumed to be sent to Sirkel materialgjenvinning sorting facility. In practice, 
however, a certain share of collected metal packaging does not pass Sirkel before entering the scrap dealer 
(as indicated in Figure 2). In this study, Metallco Stene AS sorting plant is considered to properly represent 
various scrap dealers in Norway. Still, it was considered relevant to assume for the modelling in this study 
that all collected metal packaging are sent to Sirkel since the metal packaging will need to pass a similar 
sorting process before they are sent to Metallco Stene AS. 

At the Sirkel materialgjenvinning sorting facility, the scrap mixture, including both metals and glass, is sorted 
into three fractions: magnetic metals, non-magnetic metals and glass. The magnetic metal fraction, including 
the steel that the metal can is made of, is transported to Metallco Stene AS for further sorting. The Metallco 
Stene AS sorting facility is also located in Fredrikstad, only about one km away from the Sirkel 
materialgjenvinning sorting facility. At Metallco Stene AS, the magnetic metal fraction received from Sirkel 
materialgjenvinning is fed into a scrap metal shredder. The shredded material then undertakes several 
separation steps by the utilization of magnets, air, weights, and eddy current separators. First, ferrous metals 
are separated from non-ferrous metals and residual waste. Then, the residual waste is separated from the 
non-ferrous metals and further separated into a coarse and a fine fraction. The metal can will ultimately end 
up in the ferrous metal fraction output, i.e. the magnetic scrap iron fraction or the steel scrap fraction, from 
Metallco Stene. No losses of steel are assumed in the sorting processes at Sirkel materialgjenvinning or at 
Metallco Stene AS (Malcolm, 2021). The ferrous metal fraction from Metallco Stene AS might be sent to 
various recycling facilities, e.g. in Norway or abroad. However, in this study it is assumed that the entire steel 
scrap fraction from Metallco Stene is transported to Celsa’s facility for material recycling located in Mo i Rana, 
Norway. 

The transportation of the steel scrap fraction from Metallco Stene AS to Celsa is mainly conducted by ship, 
but about one fifth is transported by truck. At Celsa, the steel scrap is melted and used as raw material to 
produce steel reinforcement products in a hot rolling process (Celsa, 2020; Malcolm, 2021). First, the scrap 
is melted to produce billets and the metal can’s paper label is incinerated in this process (Malcolm, 2021). 
The billets are then preheated and rolled into steel reinforcement products, including rebar, coil or wire rod 
products, which are later used to produce steel reinforcement products. 
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Waste management of unsorted metal food packaging in municipal waste and related transports 

About 29% of the packaging put on market by the members of Norsk Metallgjenvinning AS in 2020 were not 
sorted separately, i.e. not sorted at source and nor sorted and received at for example recycling stations in 
Norway (Malcolm, 2021). These metal cans, not sorted properly at households, were assumed to be 
discarded together with municipal waste and further transported to municipal waste incineration. In that 
process, the paper label becomes incinerated while the metal can, if not sorted out from the municipal waste 
at the plant before it is incinerated, is partly oxidated and ends up in the bottom ash. The metal, separated 
from the municipal waste at the plant before incineration or ending up in the bottom ash, is sent to material 
recycling. 

 

Waste management of distribution packaging and related transports 

Distribution packaging, i.e. cardboard and plastic film, is used in the transportation of the metal can from the 
manufacturing site to Norwegian stores. A certain share of the distribution packaging becomes collected and 
sent for further treatment, e.g. material recycling or incineration. The pallet that is used for the 
transportation was assumed to be sent back to the manufacturing site and to be reused many times. 
Therefore, the waste management of the pallet at its end of life was not considered in this study. More details 
on the modelling of the waste management of the distribution packaging in the LCA are provided in Table 2. 

 

2.1.2 Carton food packaging 

The carton food packaging system (Figure 3) is described in this section and the data applied for the related 
life cycle inventory calculations in the LCA are summarized in Table 4 while data for the MCI are provided in 
Table 7. The process data applied in the LCA are presented in Table 5 in the Appendix. 
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Figure 3. Flowchart for the carton food packaging unit. Processes and flows marked with grey in the picture were 
excluded from the analysis.  

 

Manufacturing of carton food packaging, distribution packaging and related transports 

The manufacturing of the carton food packaging, via thermal forming of paper, as well as the production of 
the distribution packaging were based on data from Baxter and Møller (2017) , however, a lot of generic data 
e.g. for manufacturing processes also had to be applied. The manufactured carton packaging is filled with the 
product of crushed tomatoes and then packaged with cardboard and plastic to be transported to the stores. 
The filling and packaging occur at the manufacturing site. The carton packaging then becomes transported 
from the store to the consumer’s home, and this was assumed to be conducted by passenger car in line with 
the metal food packaging system. 

 

Waste management of sorted carton food packaging and related transports 

A properly conducted sorting at households results in a carton waste fraction, containing paper, cardboard, 
paperboard as well as beverage cartons such as carton food packaging, to be collected and transported to a 
local collection point. The sorting rate for beverage cartons put on the market by Green Dot Norway (GDN) 
members was about 61% of the sold packaging in 2019 in Norway (Lystvet, 2021) and this value was assumed 
to be representative for carton food packaging, specifically, due to limited data. Then, the carton waste 
fraction is transported to various facilities for further sorting and recycling in Norway or abroad. A large share 
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of the collected carton waste (about 67%) is transported to one out of five different sorting facilities in 
Norway, while the remainder (about 33%) is sent abroad. At the sorting facilities in Norway, four different 
fractions are sorted out, namely, a beverage carton fraction, newspaper/magazines, corrugated cardboard 
and a mixed paper fraction. At IVAR, for example, NIR technology is used to sort out beverage cartons from 
the carton/paper waste (Meissner, 2021). 

Beverage cartons successfully sorted out at the Norwegian sorting facilities (62% of the beverage cartons 
entering the sorting facilities) are sent to Fiskeby in Norrköping, Sweden, for material recycling. At Fiskeby, 
the beverage cartons, together with other carton waste, first enter a drum where they are washed (Halling 
Linder, 2021). In this step, the paper fibres are separated from impurities, such as the plastic and aluminium 
present in the beverage cartons. The recycled paper fibres are then used to produce new carton, while the 
reject, containing plastic, aluminium as well as some lost paper fibres are incinerated with energy recovery 
at the Fiskeby plant (Halling Linder, 2021). In general, metals, such as aluminium, can be recovered to various 
extents from the bottom ash after incineration and sent for further recycling (Briedis, 2018). However, the 
aluminium layer present in the carton food packaging is not recycled since it is very thin, and will therefore 
oxidize and end up in the fly ash during incineration (Malcolm, 2021). 

A certain share at 38% of the beverage cartons entering the Norwegian sorting facilities does not become 
successfully sorted out at these facilities but ends up in newspaper/magazines and corrugated cardboard 
fractions. These fractions are to a certain extent recycled in Norway at Norske Skog and Ranheim, 
respectively, while the remainder is not recycled in Norway but becomes sent abroad (see Table 4). The 
mixed paper fraction from sorting is also sent abroad for further treatment. Since the newspaper/magazines, 
corrugated cardboard and mixed paper fractions sent abroad end up being treated at many different 
locations and by various sorting and recycling technologies, generic data from the Ecoinvent database version 
3.8 (2021) were applied in this study for the modelling of these processes in the LCA (see Table 5). 

 

Waste management of unsorted carton food packaging in municipal waste and related transports 

Unsorted beverage cartons, which in the year of 2019 corresponded to about 39% of the packaging sold by 
Green Dot Norway members in that year (Lystvet, 2021), were assumed to be discarded together with the 
household municipal waste. Thus, the unsorted carton food packaging was assumed to be transported 
together with the household waste to municipal waste incineration. The aluminium layer in beverage carton 
is very thin, generally 6.45 µm (Robertson, 2021), and thus quite susceptible for oxidation. In line with 
incineration of aluminium impurities at Fiskeby, the aluminium layer present in the carton food packaging 
was assumed to oxidate during municipal waste incineration and end up in the fly ash (Malcolm, 2021). 

 

Waste management of distribution packaging and related transports 

A certain share of the distribution packaging, i.e. the cardboard and plastic film, which is used to protect the 
carton food packaging during transportation from the manufacturing site to the Norwegian store, is collected 
and sent to either material recycling or incineration. The pallet was assumed to be sent back to the 
manufacturing site of the carton food packaging manufacturer to be reused many times. The modelling of 
the waste management of the distribution packaging and related transports in the LCA were done in a similar 
manner as for the distribution packaging associated with the metal can, see Table 2 for further details. 
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2.2 Material Circularity Indicator (MCI) 

The Material Circularity Indicator (MCI) was developed by the Ellen MacArthur Foundation and Granta Design 
and can be applied to measure product-level circularity (EMF, 2019). The indicator can have a value between 
zero and one. An MCI value at zero represents a fully “linear” product that is produced from 100% virgin 
materials and ends up in landfill at its end of life. On the other hand, an MCI value at one represents a fully 
circular product only produced from recycled materials and that becomes collected for recycling, with a 100% 
recycling efficiency, or for component reuse at its end of life. 

The MCI is constructed based on three product characteristics, namely, i) mass of virgin raw material used in 
manufacture, ii) mass of unrecoverable waste that is attributed to the product, and iii) a utility factor that 
accounts for the length and intensity of the product's use. The mass of virgin raw material used in 
manufacture is quantified by utilizing knowledge on the fraction of feedstock that is from reused resources 
or recycled resources and the material- and process-specific efficiency of the recycling process used to 
produce this recycled feedstock. In a similar manner, the mass of unrecoverable waste that is attributed to 
the product is quantified based on information on the fraction of the mass of the product going into 
component reuse or collected for recycling at the end of its use phase and the efficiency of the recycling 
process, which is both material- and process-specific, that is used for recycling the product at the end of the 
use phase. The utility factor is quantified based on information on the lifetime of the product relative the 
lifetime of an industry-average product as well as the number of functional units achieved during the 
product’s lifetime relative to an industry-average product of similar type. The dynamic modelling tool excel 
sheet provided by the Ellen MacArthur Foundation were used for the calculations (Ellen McArthur 
Foundation, 2019). For further details on the calculation of the MCI, the reader is referred to EMF (2019). 

The metal and carton food packaging are not reused. That is, no feedstock components for the metal and 
carton packaging come from reused sources nor does any of the components of the metal can or carton 
packaging go into component reuse after their lifetime. The fraction of the feedstock that is from recycled 
sources and the recycling efficiency of the process used to produce the recycled feedstock were based on 
generic data from Annex C in the PEF methodology (Zampori & Pant, 2019) and on knowledge of the material 
composition of metal can and carton packaging (see also Table 2 and Table 4 in the Appendix). The fraction 
of the mass of the product that is collected for recycling at the end of its use phase and the efficiency of the 
recycling process was based on data on collection and recycling rates as well as material composition data 
for the metal can and carton packaging (see also Table 2 and Table 4 in the Appendix). Regarding lifespan 
and the number of functional units achieved relative to an industry-average product, the values for the metal 
and carton packaging were set to be equal to 1, implying that the lifespan and functional units achieved is 
equivalent to an industry-average product. In practice, the food quality can be remained for a longer time in 
metal packaging compared to other similar packaging, such as carton packaging. On the other hand, it might 
be argued that the food in carton packaging is consumed before the point that the food quality begins to be 
reduced. All the resulting values applied for the parameters required to quantify the MCI for metal and carton 
packaging are summarized in Table 7. 

2.3 Life cycle assessment (LCA) 

2.3.1 Functional unit 

The main function of metal and carton food packaging is to transport and protect food products, such as 
crushed tomatoes. The functional unit in this study was defined to be the packaging of 400 g food product 
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mass. In this study, this will involve the production and waste management of primary and distribution 
packaging necessary for the delivery of this food product mass to customers. The metal and carton food 
packaging are both commercially available alternatives on the Norwegian market and these packaging were 
assumed to provide a similar protection of food products. Other functional aspects of the assessed 
alternatives, such as how differences in geometry of the packaging affect their ease of transportation or 
aspects related to how well the packaging labels are displayed in stores, were not included in this study. The 
reference flow was set to be the number of metal and carton food packaging that are required to fulfil the 
functional unit. The metal and carton food packaging assessed in this study contain 400 g and 390 g of food 
product, respectively. Thus, one metal and approximately 400/390≈1.03 carton food packaging are required 
to fulfil the functional unit in this study. 

2.3.2 Data sources 

Data for the life cycle inventory calculations for the two studied systems were collected (see Table 2 and 
Table 4). These data included, but were not limited to, collection rates, recycled content in the compared 
products, waste treatment systems, recycling rates of discarded food packaging, applications for recycled 
materials and transport distances. These data were collected to be representative for current manufacturing 
and waste treatment of Norwegian metal and carton food packaging to the extent possible. 

Process data for the two studied systems, e.g. for the modelling of inputs and outputs to the processes, and 
as proxy processes for some of the processes, shown in Figure 2 and Figure 3, were also gathered (see Table 
3 and Table 5). These data were mainly obtained from Ecoinvent database version 3.8 (2021). 

Specific data for the metal can system were mainly obtained from Norsk Metallgjenvinning, who is 
responsible for the return scheme of metal packaging that are sorted in Norwegian households. Data for the 
carton packaging system were mainly provided by Grønt Punkt Norge, who is responsible for the financing 
of return schemes of for example packaging in Norway. In many cases, specific data were unavailable, and 
then generic data from literature and other sources, such as publicly available statistics, were used to 
describe the compared systems. The type of data and data sources applied are presented in the Appendix. 

2.3.3 Modelling of recycling 

There exist many ways to model recycling in LCA, i.e. to allocate impacts between life cycles that share certain 
processes. The choice of method for the recycling modelling can influence the environmental impact results 
significantly and typically, this choice has a larger influence on the results for metal-based packaging than it 
has for fibre-based packaging, such as carton packaging (Raadal et al., 2020). In order to evaluate how this 
choice would affect the relative results for metal and carton food packaging for Norwegian conditions, three 
different recycling modelling approaches were applied in this study: Simple cut-off, End of Life (also 
sometimes called system expansion) and the circular footprint formula (CFF) approach (Ekvall et al., 2020). 
Cut-off and End of life are two methods commonly applied in LCA, while CFF is a comparatively new method 
developed within the product environmental footprint (PEF) methodology. 

Simple cut-off approach 

In the simple cut-off approach, the environmental impacts from waste treatment are divided between the 
product that goes to recycling and the product that is produced from the recycled material by defining a 
system boundary between the first and the second product system. To set the system boundary, one need 
to answer the question: When does the metal and carton food packaging waste cease to be considered as 
waste? In other words, when does the scrap reach its so-called end-of-waste state and is instead considered 
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to be a resource that is paid for? In the case of the metal packaging, before the process at Sirkel 
materialgjenvinning, Norsk Metallgjenvinning must pay for the treatment while Norsk Metallgjenvinning get 
paid for the metal waste after the process at Sirkel materialgjenvinning. Thus, the cut-off point was therefore 
set to be after Sirkel materialgjenvinning when the simple cut off method was applied for modelling recycling. 

In the case of the carton packaging, Grønt Punkt Norge pays for transportation costs from the local collection 
point in the municipality to Fiskeby and then Fiskeby pay a smaller sum to Grønt Punkt Norge per ton of 
received material. Thus, the cut-off point was assumed to be after transportation to Fiskeby but before the 
material recycling process is initiated at Fiskeby when the simple cut off method was applied. Note that the 
carton food packaging that is sorted into either of the newspaper/magazines, corrugated cardboard and 
mixed paper fractions which are sent to further sorting and recycling in Norway or abroad, were cut off after 
the sorting process in this study. Furthermore, the collected but unsorted carton waste sent abroad was cut 
off after transportation to the collection point. 

In the case of distribution packaging, the plastic and cardboard were considered to have reached its end-of-
waste state after transportation to the material recycling facility. 

Hence, the cut off points, i.e. the point at which the food packaging and the distribution packaging are 
considered to have reached their end-of-waste state, varies for the assessed systems. 

End-of-life, net scrap, approach 

In the end-of-life, net scrap, approach, system expansion is applied to include all environmental impacts from 
recycling of the waste as well as the environmental benefits of substituting virgin material with recycled 
material. The term “net scrap” means that only the virgin share of the packaging material is allowed to 
substitute virgin material when recycled after end-of-life and thus double-counting of the recycling benefits 
are avoided. 

When applying the end-of-life approach for modelling recycling, it is important to decide i) what type of 
production is avoided and ii) how much production can be avoided. 

In the case of metal packaging being recycled, the recycled steel bar products at Celsa can be considered to 
avoid other types of steel bar production. In this study, virgin steel production, via the blast furnace route, 
was assumed to be avoided. According to Fan and Friedmann (2021),  virgin production of steel is primarily 
conducted via that route. As stated by Celsa, via Malcolm (2021), if steel scrap were unavailable, then virgin 
steel would indeed be needed for the production of steel reinforcement products.  

In the case of metal and carton packaging, as well as distribution packaging (cardboard and plastic) being 
incinerated, heat is generated from incineration. This heat was assumed to lead to avoiding production of a 
corresponding amount of Norwegian district heating mix production. In addition, for the metal packaging, 
some of the steel ends up in the bottom ash after incineration, and this share is collected and sent to 
recycling. The avoided production from recycling steel from the bottom ash was modelled in a similar way as 
in the case that the metal packaging is recycled, i.e. virgin steel production can be avoided. 

Circular footprint formula (CFF) approach 

The CFF has been developed to model the end-of-life stage in a Product Environmental Footprint (PEF). The 
impacts from end of life is modelled by applying an equation which consists of three different layers: the 
material, energy and disposal layer (Zampori & Pant, 2019), as shown in Figure 4. 
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Figure 4. Circular footprint formula. 

A complete description of the formula, the parameters and the application of the formula can be found in 
(Zampori & Pant, 2019). The formula considers the proportion of the material in the product that has been 
recycled from a previous system (R1), the proportion of the product that will be recycled (R2), the relation 
between the quality of the ingoing secondary material and the outgoing secondary material (QSin and QSout), 
as well as an allocation factor of burdens and credits between supplier and user of recycled materials (A). In 
the formula, E refers to the emissions and resources consumed for the relevant process. The data applied for 
the parameters in the CFF calculations are presented in Table 6 in the Appendix. 

2.3.4 Life Cycle Impact Assessment 

In the life cycle impact assessment (LCIA) step in an LCA, the collected inventory data is translated into 
potential environmental impacts, using and impact assessment method. The LCIA method applied in this 
study was ReCiPe midpoint version 2016, with the hierarchist perspective, (M. Huijbregts et al., 2016; M. A. 
J. Huijbregts et al., 2017). This is a commonly used method which contains 18 midpoint impact assessment 
categories. 

Note that the ReCiPe midpoint version 2016 only include emissions of CO2 originating from fossil resources.  
This means that impacts from uptake and emissions of biogenic CO2 were not included. The amount of 
biogenic carbon removed from the atmosphere during the growth of the three is assumed to be equal to the 
amount of carbon emitted in the end-of-life stage for wood and fibre-based products. The biogenic carbon 
is thus assumed not to impact the concentration of CO2 in the atmosphere over the life cycle. 

2.4 Scenario analysis 

Three scenarios, applying simple cut-off, end-of-life and CFF modelling where constructed for the metal and 
carton food packaging, respectively. In addition to this, two improvement scenarios for the metal can were 
constructed to inform Norsk Metallgjenvinning on the potential effects of such improvements in their system: 

1. Increased recycled content in metal food packaging  
2. Alternative location for metal food packaging manufacturing 

In the first improvement scenario, the recycled steel content was increased from 58% to 80% in the metal 
food packaging. In the second improvement scenario, the metal packaging manufacturing, i.e., sheet rolling 
and deep drawing processes, was based on i) European data and ii) European data with Norwegian electricity 
and heat, instead of global production data. Notably, switching to Norwegian electricity and heat 
considerably increases the share of renewable energy sources that are used compared to when global and 

(1-R1)×Ev+R1× A×Erecycled+ 1-A ×Ev×
QSin
Qp

+ 1-A ×R2× ErecyclingEoL-Ev∗×
QSout
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European production data is applied. For more details on the data applied, see Table 2 and Table 3 in the 
Appendix. 
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3 Results 
This chapter is divided into two main parts: i) results for the MCI, climate change and for other environmental 
impact categories, including the different modelling approaches for the LCA, for the baseline scenarios and 
ii) results for the improvement scenarios for metal packaging, both in terms of the MCI and environmental 
impacts.  The LCA results presented in figures are given applying the color-coding as shown in Figure 5. 

 

Figure 5. Color-coding for presentation of results. 

 

3.1 Baseline scenarios 

3.1.1 Material circularity indicator (MCI) results 

According to the MCI, the product-level circularity is much higher for the metal food packaging compared 
with the carton food packaging. The resulting value for the material circularity indicator (MCI) for the metal 
food packaging at 0.73 is more than twice the result for the carton food packaging (Figure 6). Thus, according 
to the MCI, the metal food packaging is the preferable packaging type in terms of circularity. This can be 
described by, for example, the large difference in recycled content of the products, which are at 56% and 0% 
for the metal and carton food packaging, respectively, and in the share of the products that are sent to 
recycling after use, which are at 100% (71.3% sent to Celsa and 28.7% sent to incineration where there is a 
certain share of recycling of steel from the bottom ash) and 61% for the metal and carton food packaging, 
respectively. See Table 7 for more details on the input data for the MCI. 
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Figure 6. Material Circularity Indicator (MCI) results for the metal and carton food packaging. Note that a higher value 
for the MCI, which can take on values between 0 and 1, is preferable as this indicates a more circular product. 

 

 

3.1.2 Climate change results 

Cut-off approach 

The climate change results for the metal and carton food packaging, applying the cut off approach to 
modelling recycling, are shown in Figure 7. 
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Figure 7. Climate change results for the metal and carton food packaging, cut off approach, per functional unit, i.e., the 
packaging of 400 g food product mass.  

The metal food packaging system gives about 41% higher climate change burdens compared to the carton 
food packaging system (Figure 7). This is mostly due to the higher impact from manufacturing the food and 
distribution packaging (orange bar). 

The contribution analysis shows that the largest contributors to climate change in the life cycle of the metal 
food packaging are transport from store to consumer (42% of total impact) and the production of virgin steel 
used to manufacture the metal packaging (17% of total impact), of which both are included in the orange 
part of the bar. Furthermore, incineration of uncollected plastic distribution packaging (15% of total impact) 
represents the third largest contributor (included in the grey part of the bar).  

For carton food packaging, on the other hand, the top three contributors to climate change are transport 
from store to consumer (54% of total impact and included in the orange part of the bar), incineration of 
uncollected plastic distribution packaging (13% of total impact included in the grey part of the bar) and 
aluminium cast alloy production (9% of total impact, included in the orange part of the bar). 

Hence, transport from store to consumer represents the largest contributors in both systems. These impacts 
are largely dependent on the selected means of transportation from store to consumer. In this study it was 
assumed that the consumer used a diesel passenger car. If the transport was done by foot, bicycle or electric 
vehicle, the impacts would be considerably lower. 

 

End-of-life approach 

The climate change results for the metal and carton food packaging, applying the end-of-life approach to 
modelling recycling, are shown in Figure 8.  

 

Metal food packaging (cut off) Carton food packaging (cut off)
Waste management of distribution packaging 0,05 0,04
Waste management of unsorted food packaging 0,0006 0,0045
Waste management of sorted food packaging 0,0040 0,0009
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Figure 8. Climate change results for the metal and carton food packaging, end-of-life (EoL) approach, per functional unit, 
i.e., the packaging of 400 g food product mass. 

Figure 8 shows that the metal food packaging system is the least beneficial also when using the end-of-life 
approach for recycling modelling, with about 24% higher climate change burdens compared to the carton 
food packaging system. The difference between the two systems is lower when using this approach instead 
of the cut off approach for recycling modelling since the metal packaging benefit more from the substitution 
effects from both recycling and incineration (recycling of metal in the bottom ash). Higher impact from 
manufacturing the food and distribution packaging (orange part of the bar) is the major reason for the overall 
difference between the systems also for this modelling approach.  

The contribution analysis shows that transport from store to consumer is still the largest contributor (48% of 
total impact and included in the orange part of the bar) for the metal food packaging. However, incineration 
of uncollected plastic distribution packaging (17% of total impact, included in the grey bar) and metal food 
packaging manufacturing, including sheet rolling and deep drawing (14% of total impact, included in the 
orange bar) have changed order compared to the cut-off results. 

For the carton food packaging, the top three contributors to climate change remain the same and with the 
same order as for the cut-off result: Transport from store to consumer (55% of total impact and included in 
the orange part of the bar) contributes the most, followed by incineration of uncollected plastic distribution 
packaging (14% of total impact and included in the grey part of the bar) and aluminium cast alloy production 
(9% of total impact, included in the orange part of the bar). 

Hence, transport from store to consumer represents the largest contributors in both systems also for this 
modelling approach. 

 

Circular footprint formula (CFF) 

The climate change results for the metal and carton food packaging, applying the CFF approach to modelling 
recycling, are shown in Figure 9.  
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Figure 9. Climate change results for the metal and carton food packaging, circular footprint formula (CFF) approach, per 
functional unit, i.e., the packaging of 400 g food product mass. 

Figure 9 shows that also when using the CFF approach, the metal food packaging system have the highest 
impacts. The results are similar to the end-of-life results, however, the result for the relative difference 
between the metal packaging and the carton food packaging has decreased somewhat.  

The contribution analysis indicates that the top three contributors to climate change in the life cycle of the 
metal food packaging are transport from store to consumer (52% of total impact, included in the orange bar), 
incineration of uncollected plastic distribution packaging (16% of total impact, included in the grey bar) and 
metal can manufacturing, including sheet rolling and deep drawing (16% of total impact, included in the 
orange bar).  

For the carton food packaging, on the other hand, the top three contributors to climate change are transport 
from store to consumer (54% of total impact, included in the orange bar), incineration of uncollected plastic 
distribution packaging (12% of total impact, included in the grey bar) and aluminium cast alloy production 
(9% of total impact, included in the orange bar). 

 

3.1.3 Results for several impact categories for metal and carton food packaging 

The results for metal and carton food packaging including a wide range of impact categories are shown in 
Table 1. The results are presented in a simplified manner by expressing which packaging that has the lowest 
environmental impacts for each of the three different recycling modelling approaches. The environmental 
impact categories are those included in ReCiPe method version 2016, hierarchist perspective. 
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Table 1. Food packaging with the lowest impact, applying the ReCiPe method version 2016, with the hierarchist 
perspective, for the three different modelling approaches applied; cut off, end of life and circular footprint formula 
(CFF). The term “Approximately equal” indicates that the relative impact difference between the metal and carton food 
packaging is less than 10%. 

Impact category Cut off  End of life CFF 

Global warming [kg CO2 eq] Carton Carton Carton 

Stratospheric ozone depletion [kg CFC11 eq] Carton Approximately 
equal 

Approximately 
equal 

Ionizing radiation [kBq Co-60 eq] Carton Carton Carton 
Ozone formation, Human health [kg NOx eq] Carton Carton Carton 
Fine particulate matter formation [kg PM2.5 eq] Carton Carton Carton 
Ozone formation, Terrestrial ecosystems [kg NOx eq] Carton Carton Carton 
Terrestrial acidification [kg SO2 eq] Carton Carton Carton 
Freshwater eutrophication [kg P eq] Carton Carton Carton 
Marine eutrophication [kg N eq] Carton Metal Metal 
Terrestrial ecotoxicity [kg 1,4-DCB] Carton Carton Carton 
Freshwater ecotoxicity [kg 1,4-DCB] Carton Carton Carton 
Marine ecotoxicity [kg 1,4-DCB] Carton Carton Carton 
Human carcinogenic toxicity [kg 1,4-DCB] Carton Carton Carton 
Human non-carcinogenic toxicity [kg 1,4-DCB] Carton Carton Carton 
Land use [m2a crop eq] Metal Metal Metal 
Mineral resource scarcity [kg Cu eq] Carton Carton Carton 
Fossil resource scarcity [kg oil eq] Carton Carton Carton 
Water consumption [m3] Carton Carton Carton 

 

Table 1 shows that the carton food packaging has lower environmental impacts compared to the metal food 
packaging for almost all environmental impact categories assessed except for land use (for all three modelling 
approaches applied) and for marine eutrophication (when the end of life and CFF approaches to modelling 
recycling are applied). It also shows that the environmental impacts of the metal and carton food packaging 
are approximately equal, i.e. the relative difference is less than 10%, for stratospheric ozone depletion when 
the end of life and CFF approaches to modelling recycling are applied. Thus, in general and for most for impact 
categories, the carton food packaging has lower environmental impacts, and this is true for all the three 
recycling modelling approaches applied. 

3.2 Improvement scenarios for metal packaging 

To provide recommendations on how the environmental impact of the metal food packaging can be reduced 
while potentially increasing its MCI even further, improvement scenarios were constructed and tested: 
increased recycled content and alternative location for the manufacturing with higher share of renewable 
energy. 
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3.2.1 Increased recycled steel content of metal packaging 

An improvement scenario was constructed to assess potential environmental impact reductions if the 
recycled steel content of the metal food packaging is increased from 58% to 80%. 

This improvement scenario results in an improved MCI value at 0.82 (compared to the previous value at 0.73) 
for the metal food packaging. Thus, the product-level circularity of the metal food packaging has increased 
notably (an increase at about 12%) relative to the baseline scenario. 

Figure 10, Figure 11 and Figure 12 show the LCA results for the increased recycled steel content of metal 
packaging when using the different recycling modelling approaches. 

 

 

Figure 10. Climate change impact results for the cut off approach for the carton food packaging (baseline scenario), 
metal food packaging (baseline scenario) and for the metal food packaging (improvement scenario with increased 
recycled steel content).  
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Figure 11. Climate change impact results for the end-of-life (EoL) approach for the carton food packaging (baseline 
scenario), metal food packaging (baseline scenario) and for the metal food packaging (improvement scenario with 
increased recycled steel content).  

 

 

Figure 12. Climate change impact results for the circular footprint formula (CFF) approach for the carton food packaging 
(baseline scenario), metal food packaging (baseline scenario) and for the metal food packaging (improvement scenario 
with increased recycled steel content).  
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As seen in Figure 10 to Figure 12, increased recycled content leads to reduced climate change impacts 
compared to the metal food packaging baseline scenario with 7.5% for the cut off approach, 2% for the end-
of-life approach and 10% for the CFF approach to modelling recycling. However, the carton food packaging, 
baseline scenario, still has lower environmental impacts. Note that no improvements have been made for 
the carton food packaging in this comparison. 

Focusing on the metal food packaging, the increased product circularity from increasing the recycled steel 
content is in general accompanied by reduced environmental impacts, however, not for all impacts. 

When the cut off approach to modelling recycling is applied, the improvement scenario leads to a reduction 
(up to 26% relative baseline cut off scenario) for all environmental impacts except ionizing radiation and 
human carcinogenic toxicity (3% and 18% increase relative baseline cut off scenario, respectively). 

When the end-of-life approach to modelling recycling is applied, the improvement scenario leads to a 
reduction (up to 22% relative baseline end of life scenario) for all environmental impacts except Ionizing 
radiation and human carcinogenic toxicity (8% and 5% increase relative baseline end of life scenario, 
respectively). 

When the CFF approach to modelling recycling is applied, the improvement scenario leads to that all 
environmental impacts are reduced (up to 41% relative baseline CFF scenario) except for land use (3% 
increase relative baseline CFF scenario). 

Thus, the increased product-level circularity via increased recycled steel content is in general associated with 
reduced environmental impacts but there are potential trade-offs for some impact categories. 

 

3.2.2 Alternative location for metal food packaging manufacturing 

The climate change results for the improvement scenario where the production of the metal food packaging 
represents i) European production, instead of global production, and ii) European production with Norwegian 
electricity and heat, instead of global production, are shown in Figure 13. Note the values for calculating the 
MCI remain unchanged in this improvement scenario. 
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Figure 13. Climate change impact results for the cut off approach for the carton food packaging (baseline scenario), 
metal food packaging (baseline scenario), the metal food packaging (improvement scenario with European production, 
instead of global production) and for the metal food packaging (improvement scenario with European production with 
Norwegian electricity and heat, instead of global production). 

Figure 13 shows that the improvement scenarios with European production, instead of global production, 
and European production with Norwegian electricity and heat, instead of global production are associated 
with reduced climate change impacts relative the metal food packaging baseline scenario with 2% and 6%, 
respectively, for the cut off approach. The impact reduction is largest for the case of European production 
with Norwegian electricity and heat, which is based on a larger share of renewable energy sources compared 
to global or European data. However, the carton food packaging, baseline scenario, still has lower 
environmental impacts. Note that no improvements have been made for the carton food packaging in this 
comparison. 
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4 Conclusions 
The results show that the metal food packaging has a higher circularity according to the MCI compared with 
the carton food packaging. The MCI value for the metal food packaging at 0.73 is more than twice the result 
for the carton food packaging. Note that a high value for the circularity is preferable as it indicates a more 
circular product according to the MCI. 

On the other hand, the results show that the carton food packaging is in general, associated with lower 
environmental impacts compared to metal food packaging. This is based on the conditions assessed in this 
study and it should be noted that a lot of generic data had to be applied due to limited data availability. It is 
specifically important to underline the limited data availability for the production processes of the food 
packaging since these processes’ contribution to the environmental impacts assessed, such as climate 
change, was considerable. 

Recommendations for reduced environmental impacts of the metal packaging: 

• Ask for recycled steel: 

• Higher recycled content in steel in general reduces the metal packaging environmental 
impacts. 

• Ask for manufacturing based on a larger share of renewable energy sources: 

• The type of electricity/energy used in metal packaging manufacturing contributes 
significantly to the total climate change impact. 

The transport from store to consumer and the waste treatment of the distribution packaging also contributes 
significantly to the total climate change impact. These impacts are highly dependent on the means of 
transportation from store to consumer. 

This study shows contrasting results between circularity and environmental impacts of the food packaging. 
The metal food packaging is associated with a higher product-level circularity, but also higher environmental 
impacts compared to the carton food packaging. Thus, these results indicate that in terms of circularity, the 
metal food packaging is preferred, while in terms of environmental impacts, the carton food packaging is 
preferable. Again, note that a high value for the circularity is preferable as it indicates a more circular product 
while values for environmental impacts of course are preferred to be as low as possible. This indicates the 
importance of considering both circularity and life cycle environmental impacts as potential trade-offs, or 
burden-shifting related to decisions on food packaging should be avoided. 
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Appendix 

Metal food packaging 
Table 2. Summary of the data applied in the life cycle inventory calculations related to the metal food packaging unit 
for the cut off and the end-of-life approaches to modelling recycling. LHV=Lower heating value. CFF= Circular Footprint 
Formula. NMG=Norsk Metallgjenvinning. GDN=Green Dot Norway 

Parameter [unit] Value Reference Comment 
Manufacturing of metal can, distribution packaging and related transports 

Manufacturing of metal can 
Steel [g/metal can] 49.7 

Baxter and 
Møller (2017) 

Metal can total weight, including paper label: 52.4 g. 
Data based on weight measurement 

Tin [g/metal can] 0.2 
Paper, label [g/metal 
can] 2.5 

Recycled content, steel 
[weight-%] 58 Zampori and 

Pant (2019) 

Default CFF parameter value for recycled content in 
steel packaging. Note that this parameter value was 
changed to 80% in the improvement scenario 
“Increased recycled content in metal food packaging“. 

Recycled content, tin 
[weight-%] 0 Assumption 

by authors  

Recycled content, paper 
label [weight-%] 21 Zampori and 

Pant (2019) 
Default CFF parameter value for recycled content in 
graphic paper 

Metal loss in metal can 
manufacturing [weight-
%] 

20 Baxter and 
Møller (2017)  

Manufacturing of distribution packaging 

Cardboard [g/12 metal 
can units] 40 Baxter and 

Møller (2017) 

Data calculated from information on gross and net 
weights of consumer, distribution and transport 
packaging supplied by a metal can manufacturer 
 

Plastic [g/12 metal can 
units] 20 

Recycled content, 
cardboard [weight-%] 88 Zampori and 

Pant (2019) 
Default CFF parameter value for recycled content in 
paper packaging, corrugated box 

Recycled content, plastic 
[weight-%] 0 Zampori and 

Pant (2019) 
Default CFF parameter value for recycled content in 
polyethylene. 

Filling and packaging (at manufacturer) 
Chopped tomatoes 
[g/metal can] 400 

Baxter and 
Møller (2017) 

 

Pallet [g/packaging unit] 19 
Tare weight of pallet: 25 kg. There are 108 distribution 
packets per pallet and 12 consumer food packaging 
units (metal or carton) per distribution pack 

Transport of metal can (incl. tomatoes), distribution packaging and pallet (from manufacturing site to store in Norway) 
Distance (average) [km] 100 

Baxter and 
Møller (2017) 

 
Effective weight that 
become transported 
[g/400g product mass] 

477 
One metal can, including the product of crushed 
tomatoes, and related distribution packaging 
(cardboard and plastic film) and pallet 

Transport of metal can (incl. tomatoes) (from store to consumer) 

Distance [km] 10 Assumption 
by the authors  
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Weight metal can 
(including tomatoes) [g] 452 Baxter and 

Møller (2017)  

Share of the transport 
burden from store to 
consumer that is 
allocated to the metal 
can (incl. tomatoes) [-] 

0.072 Estimation by 
the authors 

Based on that a Norwegian person bought about 54 kg 
groceries per month in 2019 (Norwegian Directorate 
of Health, 2021) and assuming eight shopping trips per 
month gives that the consumer transport 6.245 kg 
groceries per shopping trip and the weight of the 
metal can (including tomatoes) constitutes a (0.452 kg 
/ 6 kg=) 0.072 share of this. 

Share of transports to 
grocery store conducted 
by car [-]   

0.62 

Opedal, Skar, 
Røsand, 
Dischler, and 
Brauteset 
(2021) 

According to the national investigation of travels in 
Norway, about 62% of travels for shopping was made 
by passenger car in 2020. The remainder (not included 
in the modelling in this study) was conducted by e.g., 
walking, public transport, or biking. 

Share of passenger car 
fleet, diesel, Norway [-] 0.5 

SSB (2022) 

About 90% of the fleet in Norway in 2020 was diesel 
(45%), petrol (34%) and electric (12%) vehicles. The 
remainder was hybrid (chargeable and non-
chargeable) and other vehicle types. Only diesel, 
petrol and electric vehicles were considered in this 
study and the values used in this study were estimated 
based on this. 

Share of passenger car 
fleet, petrol, Norway [-] 0.38 

Share of passenger car 
fleet, electric, Norway [-] 0.13 

Waste management of sorted metal can and related transports 

Transport of collected metal can (from consumer to local collection point) 
Weight of one discarded 
metal can [g] 52.4 Baxter and 

Møller (2017)  

Collection rate for metal 
cans [% of packaging 
sold by NMG members] 

71.3 Malcolm 
(2021) In 2020 

Distance (average) [km] 19 
Raadal, 
Modahl, and 
Lyng (2009) 

Average transport distance for metal packaging waste 
from consumer to local collection point based on 
benchmarking data for Norway in 2006 

Transport of collected metal can (from local collection point to sorting facility Sirkel materialgjenvinning in Fredrikstad, Norway) 

Distance [km] 350 

Sirkel 
material-
gjenvinning 
via Malcolm 
(2021) 

Trailer, 27-ton, EURO class 6  

Sorting at Sirkel materialgjenvinning (Fredrikstad, Norway) 

Losses of magnetic 
metals during sorting 
[kg/year] 

0 Sirkel 
material-
gjenvinning 
via Malcolm 
(2021) 

Sirkel materialgjenvinning has an input of 103 000 ton 
unsorted waste (containing glass, magnetic metals - 
e.g. metal cans - and non-magnetic metals) per year. 
The output of sorted magnetic metals is 8234.68 ton 
magnetic metals per year, which corresponds to about 
8 weight-% of the total input per year. Corrected for 
non-packaging materials, glass and organic 
contamination the amount of steel packaging sorted in 
2020 was 4847 ton.  

Input of (e.g. auxiliary) 
materials for the sorting 
process [kg/year] 

0  

Transport of sorted magnetic metals (from Sirkel to Metallco Stene AS; end of life approach) 

Distance [km] 1 Malcolm 
(2021)  

Crushing and further sorting at Metallco Stene AS (Fredrikstad, Norway; end of life approach) 
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Electricity use [kWh/ton 
magnetic metal input to 
Metallco Stene] 

24.31 

Metallco 
Stene AS via 
Malcolm 
(2021) 

 

Input of materials (other 
than scrap) for the 
sorting process [kg] 

0  

FE shredder [% of 
output] 75.56 

Metal types and quantities sorted by Metallco Stene 
AS in February, 2020 (assumed to be representative 
for the year of 2020). The total sum is 98.78%. Note 
that all the material in the metal can ends up in the 
“FE shredder” and the overband ferrous fractions. 
These fractions are essentially the same fraction, 
denoted the magnetic scrap iron fraction or the steel 
scrap fraction, however, the latter goes through an 
additional step to make the fraction clean enough. 
Both these fractions are then assumed to be sent to 
Celsa 

Overband ferrous [% of 
output] 1.17 

Waste [% of output] 16.15 
Zorba [% of output] 3.10 
Fines [% of output] 1.55 
Drop [% of output] 1.25 
Copper (from end of life 
cars) [% of output] 0 

Fines [% of output] 0 
Scrap iron [% of output] 0 
Copper [% of output] 0 
Losses of various metals 
(per fraction sorted out) 
during sorting [e.g. 
kg/year] 

0 

Metallco 
Stene AS via 
Malcolm 
(2021) 

No material losses, but there might be a change in 
weight between input and output due to varying 
moisture content (+/- 2% moisture) 

Transport of metal fractions (from Metallco Stene AS to Celsa; end of life approach) 

Share of sorted metals at 
Metallco Stene AS that 
becomes transported to 
Celsa [%] 

76.73 
Metallco 
Stene AS via 
Malcolm 
(2021) 

The “FE shredder” and overband ferrous fractions, 
containing the metal from the metal can, sorted out at 
Metallco Stene is sent to Celsa. That is, the metal that 
is sorted at Metallco Stene is sent to Celsa without any 
losses in the Metallco Stene sorting process 

Share of sorted metals 
from Metallco Stene AS 
that becomes 
transported to Celsa by 
ship [%] 

80 The remainder (20%) is transported by truck. 

Distance from Metallco 
Stene AS to Celsa (ship) 
[km] 

1 461 
Sea-
distancesorg 
(2021) 

Transport by ship from port Fredrikstad to port Mo i 
Rana 

Distance from Metallco 
Stene AS to Celsa (truck) 
[km] 

1 054 Google maps  

Material recycling at Celsa (Mo i Rana, Norway; end of life approach) 

Amount of steel scrap 
treated [ton/year] ~ 600 000 

Celsa via 
Malcolm 
(2021), Celsa 
(2020) 

Of which about 70 % i s  post-consumer scrap and 
about 30 % is pre-consumer scrap in accordance with 
the principles in ISO 14021:2016 (Malcolm, 2021). 
Furthermore, about 55% of the pre-consumer scrap is 
originating from virgin material (ore-based steel) while 
the remainder (45%) originates from secondary 
production via the electric arc furnace route using 
steel scrap as input (Celsa, 2020). Thus, the steel scrap 
originates from both virgin (about 17%) and recycled 
steel material (84%). 

Output of steel bars 
[ton/year] 540 000 Celsa via 

Malcolm 
(2021) 

Final product content (weight %) Iron 98–99 Carbon 
0.05–0.2 Manganese 0.3–0.7 Silicon 0.2. 

Losses of scrap steel [%] 10 This loss was also applied for the tin content. 
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Electricity use in 
recycling [kWh/ton steel 
scrap input] 

550 

Celsa via 
Malcolm 
(2021), Celsa 
(2020) 

Modelled as Norwegian electricity mix in line with 
Celsa (2020) 

Input of materials (other 
than scrap) for the 
recycling process 
[ton/year] 

50 000 
Celsa via 
Malcolm 
(2021) 

Additional materials used to produce steel, such as 
lime, alloys, anthracite and electrodes. Since the data 
was not dis-aggregated, it was not included in the 
modelling, but a Ecoinvent process was applied as a 
proxy instead (see Table 3) 

Potential direct 
emissions from recycling 
[ton/year] 

30 

Dust and metals. The total emissions to air, exclusive 
CO2. Since the data was not dis-aggregated, it was not 
included in the modelling, but a Ecoinvent process was 
applied as a proxy instead (see Table 3) 

Weight of the paper 
label used for a metal 
can (incinerated) [gram] 

2.5 

Baxter and 
Møller (2017), 
Malcolm 
(2021) 

According to Malcolm (2021), the metal can paper 
label, weighing 2.5 g (Baxter & Møller, 2017), follows 
the steel scrap into the smelting oven and becomes 
incinerated during re-melting of the steel scrap at 
Celsa 

Celsa - avoided production (end of life approach) 

Substitution factor 
(steel) [-] 1 Zampori and 

Pant (2019) 

Default CFF parameter value for steel. It represents 
the quality of recycled material versus virgin material 
and is only valid for packaging materials 

Waste management of unsorted metal can in residual waste and related transports 

Transport of metal can in residual waste (from consumer to incineration) 
Uncollected metal cans 
[% of packaging sold by 
NMG members] 

28.7 Malcolm 
(2021) In 2020 

Distance (consumer to 
local collection point) 
[km] 

19 

Raadal et al. 
(2009) 

Average transport distances for metal packaging waste 
based on benchmarking data for Norway in 2006  

Distance (local collection 
to central sorting point) 
[km] 

52 

Distance (central sorting 
point to incineration in 
Norway) [km] 

14 

Incineration - avoided production (end of life approach) 

LHV, metal [MJ/kg] 0.48 

Raadal et al. 
(2009) 

Incineration of the steel in metal can (only applied to 
the metal share that does not end up in the ashes) 

LHV, paper [MJ/kg] 15 Incineration of the paper label on the metal can 

Efficiency [%] 85 The amount of energy generated compared to the 
energy content of the fuel 

Degree of energy 
utilization [%] 75 The amount of energy that becomes utilized 

compared to the amount energy that is generated 
Share of incinerated 
metal can that 
substitutes a Norwegian 
district heating mix [%] 

100  

Recycling rate of metal 
can steel in the bottom 
ash from incineration 
[%] 

76 Briedis (2018) 

According to Briedis (2018), who conducted a 
literature review and who also was in contact with 
Norwegian incineration facilities, about 76% of 
magnetic metals, such as iron, can be recovered from 
the residual waste, when both metal oxidation and the 
yield of metals from the bottom ash have been 
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considered. This is furthermore in line with a recent 
review of metal recovery from bottom ashes by Šyc et 
al. (2020). Some incineration plants remove a certain 
extent of magnetic and non-magnetic metals before 
the residual waste becomes incinerated (Briedis, 
2018). After incineration, the bottom ash is treated to 
recover metals for further recycling. Almost all iron 
ends up in the bottom ash due to its high smelting 
point (generally higher than the temperature during 
incineration).  

Substitution factor [-] 
(steel) 1 Zampori and 

Pant (2019) 

Default CFF parameter value for steel. It represents 
the quality of recycled material versus virgin material 
and is only valid for packaging materials. 

Waste management of distribution packaging and related transports 

Transport of distribution packaging (from store to material recycling) 

Sorting rate for carton 
packaging waste in 
Norway [%] 

96 
Norsk Resy 
(2021b), Norsk 
Resy (2021a) 

The share of generated carton waste in Norway that 
was sorted for further treatment in 2020 by Norsk 
Resy was 96% (Norsk Resy, 2021b). Norsk Resy is 
responsible for the collection and further material 
recycling of carton waste in Norway. The sorting rate 
has historically been high (varying between 95-100% 
between 2007 and 2020) (Norsk Resy, 2021a, 2021b). 
The share not separated was assumed to become 
incinerated together with residual waste. 

Sorting rate for plastic 
packaging waste from 
the business sector in 
Norway [%] 

47.1 GDN (2021) 

In Norway in 2020, representative for the business 
sector. Reported by GDN to Miljødirektoratet for 
2020. Of the in total 48 603 ton 
“plastemballasje”/plastic packaging put on the market 
by GDN members in 2020, 22 887 ton were sorted 
properly and collected (i.e. 47.1%). The share not 
sorted separately was assumed to become incinerated 
together with residual waste. 

Share of collected 
distribution packaging 
(cardboard) sent to 
material recycling [%] 

98 SSB (2021) 

According to SSB (2021), about 98% of the collected 
paper, cardboard and carton waste in Norway was 
sent to material recycling in 2019. The remainder was 
considered to be sent to incineration (about 2% was 
sent to incineration and about 0.3% was sent to other 
treatment in 2019 but the latter was considered to be 
negligible in this study). 

Share of collected 
distribution packaging 
(plastic) sent to material 
recycling [%] 

38 SSB (2021) 

According to SSB (2021), about 38% of the collected 
plastic waste in Norway was sent to material recycling 
in 2019. While the remainder was assumed to become 
incinerated. Indeed, 57% was sent to incineration in 
2019 while about 4% was landfilled and 0.7% was 
treated by other methods. 

Distance (local collection 
to central sorting point) 
[km] 

35 

Raadal et al. 
(2009) 

Average transport distance for cardboard packaging 
waste based on benchmarking data for Norway in 
2006 Distance (central sorting 

point to material 
recycling) [km] 

444 

Distance (local collection 
to central sorting point) 
[km] 

50 Average transport distance for plastic packaging waste 
based on benchmarking data for Norway in 2006 
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Distance (central sorting 
point to material 
recycling) [km] 

836 

Material recycling of cardboard and plastic - avoided production (end of life approach) 

Substitution factor 
(cardboard) [-] 1  

Default CFF parameter value for cardboard. It 
represents the quality of recycled material versus 
virgin material and is only valid for packaging 
materials. 

Substitution factor 
(plastic) [-] 0.75  

Default CFF parameter value for LDPE film. It 
represents the quality of recycled material versus 
virgin material and is only valid for packaging 
materials. 

Transport of distribution packaging (from store to incineration) 
Distance (local collection 
to central sorting point) 
[km] 

52 
Raadal et al. 
(2009) 

Average transport distance for cardboard and plastic 
packaging waste based on benchmarking data for 
Norway in 2006 Distance (central sorting 

point to incineration in 
Norway) [km] 

14 

Incineration of distribution packaging - avoided production (end of life approach) 
Low heating value of 
cardboard [MJ/kg] 15  Incineration of the distribution packaging (cardboard) 

Low heating value of 
plastic [MJ/kg] 32.2 

Raadal et al. 
(2009) 

Incineration of the distribution packaging (plastic) 

Efficiency [%] 85 The amount of energy generated compared to the 
energy content of the fuel 

Degree of energy 
utilization [%] 75 The amount of energy that becomes utilized 

compared to the amount energy that is generated 
Share of incinerated 
metal can that 
substitutes a Norwegian 
district heating mix [%] 

100  

Transport of pallet (from store back to manufacturing site) 

Distance (average) [km] 100 Baxter and 
Møller (2017)  
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Table 3. Summary of the process data e.g. for the modelling of inputs and outputs to the processes, and as proxy 
processes for some of the processes, shown in Figure 2, related to the metal food packaging unit for the cut off and the 
end-of-life approaches to modelling recycling 

Process Ecoinvent dataset Comment 
Manufacturing of metal can, distribution packaging and related transports 
Manufacturing of metal can 

Steel (virgin) production Steel, low-alloyed (RER)| steel production, 
converter, low-alloyed | Cut-off, U  

Steel (recycled) 
production 

Steel, low-alloyed (RER)| steel production, 
electric, low-alloyed | Cut-off, U  

Tin production Tin (GLO)| market for | Cut-off, U  
Sheet rolling of steel Sheet rolling, steel (GLO)| market for | Cut-off  

Sheet rolling of steel 
(only applied in scenario 
analysis, European 
production) 

Sheet rolling, steel (RER)| processing | Cut-off, U 

Only used in the improvement 
scenario “Alternative location for 
metal food packaging 
manufacturing” to represent 
European production. 

Sheet rolling of steel 
(only applied in scenario 
analysis, European 
production, Norwegian 
heat and electricity) 

Sheet rolling, steel (RER)| processing | Cut-off, U 
corrected with: 
Electricity, medium voltage (NO)| market for | 
Cut-off, U and Norwegian district heating mix, 
2020 

Only used in the improvement 
scenario “Alternative location for 
metal food packaging 
manufacturing” to represent 
European production with 
Norwegian heat and electricity. 

Deep drawing of metal 
(steel and tin) 

Deep drawing, steel, 3500 kN press, single stroke 
(GLO)| market for | Cut-off, U  

Deep drawing of metal 
(steel and tin) (only 
applied in scenario 
analysis, European 
production) 

Deep drawing, steel, 3500 kN press, single stroke 
(RER)| deep drawing, steel, 3500 kN press, single 
stroke | Cut-off, U 

Only used in the improvement 
scenario “Alternative location for 
metal food packaging 
manufacturing” to represent 
European production. 

Deep drawing of metal 
(steel and tin) (only 
applied in scenario 
analysis, European 
production, Norwegian 
heat and electricity) 

Deep drawing, steel, 3500 kN press, single stroke 
(RER)| deep drawing, steel, 3500 kN press, single 
stroke | Cut-off, U corrected with: 
Electricity, low voltage (NO)| market for | Cut-
off, U 

Only used in the improvement 
scenario “Alternative location for 
metal food packaging 
manufacturing” to represent 
European production with 
Norwegian electricity. 

Printed paper (virgin) 
production Printed paper (GLO)| market for | Cut-off, U  

Inputs to this dataset were 
described to contain a smaller 
amount of wastepaper but this 
share was assumed to be negligible 

Printed paper (recycled) 
production 

Paper, newsprint (Europe without Switzerland)| 
paper production, newsprint, recycled | Cut-off, 
U 

 

Manufacturing of distribution packaging 

Cardboard production 
Corrugated board box (RER)| production | Cut-
off, U (corrected to represent the correct share 
of recycled material) 

 

LDPE production Packaging film, low density polyethylene (GLO)| 
market for | Cut-off, U  

Transport of metal can (incl. tomatoes), distribution packaging and pallet (from manufacturing site to store in 
Norway) 

Transport by truck 
Transport, freight, lorry 16-32 metric ton, EURO3 
(RER)| transport, freight, lorry 16-32 metric ton, 
EURO3 | Cut-off, U 
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Transport of metal can (incl. tomatoes) (from store to consumer) 

Transport by passenger 
car, diesel 

Transport, passenger car, medium size, diesel, 
EURO 5 (RER)| transport, passenger car, medium 
size, diesel, EURO 5 | Cut-off, U 

 

Transport by passenger 
car, petrol 

Transport, passenger car, medium size, petrol, 
EURO 5 (RER)| transport, passenger car, medium 
size, petrol, EURO 5 | Cut-off, U 

 

Transport by passenger 
car, electric 

Transport, passenger car, electric (GLO)| market 
for | Cut-off, U  

Waste management of collected metal can and related transports 
Transport of collected metal can (from consumer to local collection point) 
Municipal waste 
collection 

Municipal waste collection service by 21 metric 
ton lorry (GLO)| market for | Cut-off, U  

Transport of collected metal can (from local collection point to sorting facility Sirkel materialgjenvinning in 
Fredrikstad, Norway) 

Transport by truck 
Transport, freight, lorry 16-32 metric ton, euro6 
(RER)| market for transport, freight, lorry 16-32 
metric ton, EURO6 | Cut-off, U 

Specified by Sirkel 
materialgjenvinning, via Malcolm 
(2021), to be a trailer, 27-ton EURO 
Class 6  

Sorting and pressing 
process at Sirkel 
materialgjenvinning 

Iron scrap, sorted, pressed (RER)| sorting and 
pressing of iron scrap | Cut-off, U 

No data on e.g. energy use, were 
available from Sirkel 
materialgjenvinning. Therefore, 
this Ecoinvent process was applied 
as a proxy 

Transport of sorted magnetic metals (from Sirkel to Metallco Stene AS; end of life approach) 

Transport by truck 
Transport, freight, lorry 16-32 metric ton, euro6 
(RER)| market for transport, freight, lorry 16-32 
metric ton, EURO6 | Cut-off, U 

The type of transport was assumed 
to be the same that is used to 
transport unsorted scrap to Sirkel 
materialgjenvinning 

Crushing and further sorting at Metallco Stene AS (Fredrikstad, Norway; end of life approach) 

Electricity Electricity, medium voltage (NO)| market for | 
Cut-off, U  

Transport of metal fractions (from Metallco Stene AS to Celsa; end of life approach) 

Transport by ship 
Ecoinvent process for ship transport: Transport, 
freight, sea, container ship (GLO)| market for 
transport, freight, sea, container ship | Cut-off, U 

 

Transport by truck 
Transport, freight, lorry 16-32 metric ton, euro6 
(RER)| market for transport, freight, lorry 16-32 
metric ton, EURO6 | Cut-off, U 

The type of transport was assumed 
to be the same that is used to 
transport unsorted scrap to Sirkel 
materialgjenvinning 

Material recycling at Celsa (Mo i Rana, Norway; end of life approach) 

Melting steel scrap to 
produce billets at Celsa 

Steel, low-alloyed (RER)| steel production, 
electric, low-alloyed | Cut-off, U” 

Total figures for amounts of input 
materials and emissions were 
provided by Celsa (2020), however, 
the data were not provided per 
type of input or emission. Since no 
specific data were available from 
Celsa on direct inputs nor 
emissions, Ecoinvent processes 
were applied as a proxy for the 
production at Celsa. Note that 
these datasets were corrected to 
represent the specific data that 
were available from Celsa, i.e. 

Hot rolling of steel scrap 
billets into steel bar 
products (rebar, coil or 
wire rod products) at 
Celsa 

Hot rolling, steel (Europe without Austria)| hot 
rolling, steel | Cut-off, U 
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electricity use and losses of scrap 
steel 

Incineration of paper 
label 

Waste graphical paper (CH)| treatment of, 
municipal incineration | Cut-off, U  

Celsa - avoided production (end of life approach) 

Steel production 
(avoided) 

Steel, low-alloyed (RER)| steel production, 
converter, low-alloyed | Cut-off, U and 
Hot rolling, steel (Europe without Austria)| hot 
rolling, steel | Cut-off, U 

Datasets applied to model the 
avoided steel production enabled 
by recycling of steel scrap into steel 
bars. Primary steel production is 
dominated by the blast furnace-
basic oxygen furnace process (Fan 
& Friedmann, 2021). 

Waste management of uncollected metal can in residual waste and related transports 
Transport of metal can in residual waste (from consumer to incineration) 
Transport by truck 
(consumer to local 
collection) 

Municipal waste collection service by 21 metric 
ton lorry (GLO)| market for | Cut-off, U 

Type of transport based on Raadal 
et al. (2009) Transport by truck (local 

collection via central 
sorting to incineration in 
Norway) 

Transport, freight, lorry 7.5-16 metric ton, euro3 
(RER)| market for transport, freight, lorry 7.5-16 
metric ton, EURO3 | Cut-off, U 

Incineration of metal can in residual waste 

Incineration process for 
steel 

Scrap steel (Europe without Switzerland), 
treatment of scrap steel, municipal incineration, 
Cut-off, U 

 

Incineration process for 
tin 

Scrap tin sheet (CH)| treatment of, municipal 
incineration | Cut-off, U  

Incineration process for 
paper label 

Waste graphical paper (CH)| treatment of, 
municipal incineration | Cut-off, U  

Incineration - avoided production (end of life approach) 

District heating 
production (avoided) Norwegian district heating mix, 2020 

Data for this (in turn based on data 
from Norsk fjernvarme (2021) for 
the year 2020) was applied to 
model the avoided heat production 
enabled by the incineration of 
metal can. 

Recycling process for 
steel from the bottom 
ash 

Steel, low-alloyed (RER)| steel production, 
electric, low-alloyed | Cut-off, U 

Secondary steel production is 
mainly conducted by the recycling 
of steel scrap in an electric arc 
furnace process (Fan & Friedmann, 
2021). 

Steel production 
(avoided) 

Steel, low-alloyed (RER)| steel production, 
converter, low-alloyed | Cut-off, U 

Primary steel production is 
dominated by the blast furnace-
basic oxygen furnace process (Fan 
& Friedmann, 2021). 

Waste management of distribution packaging and related transports 
Transport of distribution packaging (from store to material recycling) 
Transport of cardboard 
and plastic (local 
collection to central 
sorting) 

Transport, freight, lorry 7.5-16 metric ton, euro3 
(RER)| market for transport, freight, lorry 7.5-16 
metric ton, EURO3 | Cut-off, U 

Type of transport based on Raadal 
et al. (2009) 
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Transport of cardboard 
and plastic (central 
sorting to material 
recycling) 

Transport, freight, lorry 16-32 metric ton, EURO3 
(RER)| transport, freight, lorry 16-32 metric ton, 
EURO3 | Cut-off, U 

Material recycling of cardboard and plastic (end of life approach) 

Material recycling of 
cardboard 

Containerboard, linerboard (RER)| 
containerboard production, linerboard, testliner 
| Cut-off, U 

 

Material recycling of 
plastic 

Polyethylene, high density, granulate, recycled 
(Europe without Switzerland)| polyethylene 
production, high density, granulate, recycled | 
Cut-off, U 

A dataset for recycled LDPE was 
unavailable in Ecoinvent. Instead, a 
dataset for European HDPE 
recycling was applied but corrected 
using data from COWI (2019) to 
represent average efficiency (75-
80%, where 77.5% was applied in 
this study) and electricity use (800-
1000 kWh/ton, where 900 
kWh/ton was applied in this study) 
in a standard configuration with 
basic mechanical treatment in LDPE 
recycling 

Material recycling of cardboard and plastic - avoided production (end of life approach) 

Cardboard production 
(avoided) 

Containerboard, linerboard (RER)| 
containerboard production, linerboard, kraftliner 
| Cut-off, U 

The recycled cardboard was 
assumed to replace European 
average containerboard production 
from virgin materials 

Plastic production 
(avoided) 

Polyethylene, low density, granulate (RER)| 
production | Cut-off, U 

The recycled plastic was assumed 
to replace European average LDPE 
production from virgin materials 

Transport of distribution packaging (from store to incineration) 
Transport by truck (local 
collection via central 
sorting to incineration in 
Norway) 

Transport, freight, lorry 7.5-16 metric ton, euro3 
(RER)| market for transport, freight, lorry 7.5-16 
metric ton, EURO3 | Cut-off, U 

Type of transport based on Raadal 
et al. (2009) 

Incineration of distribution packaging 
Incineration process for 
cardboard 

Waste paperboard (CH)| treatment of, municipal 
incineration | Cut-off, U  

Incineration process for 
plastic 

Waste polyethylene (CH)| treatment of, 
municipal incineration | Cut-off, U  

Incineration of distribution packaging - avoided production (end of life approach) 

District heating 
production (avoided) Norwegian district heating mix, 2020 

Data for this (in turn based on data 
from Norsk fjernvarme (2021) for 
the year 2020) was applied to 
model the avoided heat production 
enabled by the incineration of the 
distribution packaging. 

Transport of pallet (from store back to manufacturing site) 

Transport by truck 
Transport, freight, lorry 7.5-16 metric ton, EURO4 
(RER)| transport, freight, lorry 7.5-16 metric ton, 
EURO4 | Cut-off, U 
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Carton food packaging 
Table 4. Summary of the data applied in the life cycle inventory calculations related to the carton food packaging unit 
for the cut off and the end-of-life approaches to modelling recycling. LHV=Lower heating value. CFF= Circular Footprint 
Formula 

Parameter [unit] Value Source Comment 

Manufacturing of carton food packaging, distribution packaging and related transports 

Manufacturing of carton food packaging 

Paperboard [g/ carton] 12.7 

Ifeu (2017a), ifeu 
(2017b), Tetra 
Pak (2021) 

Total weight of carton food packaging: 17 g (Ifeu, 
2017a, 2017b). Carton food packaging 
composition: 75% paperboard, 20% polyethylene 
and 5% aluminium (Tetra Pak, 2021) 

Polyethylene [g/ carton] 3.4 

Aluminium [g/ carton] 0.9 
Recycled content, paper 
[weight-%] 0 

Zampori and Pant 
(2019) 

Default CFF parameter value for recycled content 
in paper packaging, liquid beverage carton 

Recycled content, 
aluminium [weight-%] 0 Default CFF parameter value for recycled content 

in aluminium in liquid beverage carto 
Recycled content, plastic 
[weight-%] 0 Default CFF parameter value for recycled content 

in polyethylene 
Manufacturing of distribution packaging 
Cardboard [g/16 carton 
units] 120 Baxter and Møller 

(2017) 

Data calculated from information on gross and 
net weights of consumer, distribution and 
transport packaging supplied by a carton 
packaging manufacturer Plastic [g/16 carton units] 10 

Recycled cardboard 
content in distribution 
packaging [weight-%] 

88 Zampori and Pant 
(2019) 

Default CFF parameter value for recycled content 
in corrugated box paper packaging  

Recycled plastic content in 
distribution packaging 
[weight-%] 

0 Zampori and Pant 
(2019) 

Default CFF parameter value for recycled content 
in polyethylene 

Filling and packaging (at manufacturer) 
Chopped tomatoes [g/ 
carton] 390 

 
Baxter and Møller 
(2017) 

 

Pallet [g/packaging unit] 19 

Tare weight of pallet: 25 kg. There are 108 
distribution packets per pallet and 12 consumer 
packaging units (metal can or carton) per 
distribution pack 

Transport of carton packaging (incl. tomatoes), distribution packaging and pallet (from manufacturing site to store in 
Norway) 
Distance (average) [km] 100 

Baxter and Møller 
(2017) 

 
Effective transported 
weight [g/(390 g product 
mass)] 

430 
One carton packaging, including the product of 
crushed tomatoes, and related cardboard, plastic 
film and pallet 

Transport of carton food packaging (incl. tomatoes) (from store to consumer) 

Distance [km] 10 Assumption by 
the authors  
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Weight of carton 
packaging  (including 
tomatoes) [g] 

407 Baxter and Møller 
(2017)  

Share of the transport 
burden from store to 
consumer that is allocated 
to the carton packaging 
(incl. tomatoes) [-] 

0.065 Estimation by the 
authors 

Based on that a Norwegian person bought about 
54 kg groceries per month in 2019 (Norwegian 
Directorate of Health, 2021) and assuming eight 
shopping trips per month gives that the 
consumer transport 6.245 kg groceries per 
shopping trip and the weight of the metal can 
(including tomatoes) constitutes a (0.407 kg / 6 
kg=) 0.065 share of this. 

Share of transports to 
grocery store conducted 
by car [-]   

0.62 Opedal et al. 
(2021) 

According to the national investigation of travels 
in Norway, about 62% of travels for shopping was 
made by passenger car in 2020. The remainder 
(not included in the modelling in this study) was 
conducted by e.g., walking, public transport, or 
biking. 

Share of passenger car 
fleet, diesel, Norway [-] 0.5 

SSB (2022) 

About 90% of the fleet in Norway in 2020 was 
diesel (45%), petrol (34%) and electric (12%) 
vehicles. The remainder was hybrid (chargeable 
and non-chargeable) and other vehicle types. 
Only diesel, petrol and electric vehicles were 
considered in this study and the values used in 
this study were estimated based on this. 

Share of passenger car 
fleet, petrol, Norway [-] 0.38 

Share of passenger car 
fleet, electric, Norway [-] 0.13 

Waste management of sorted carton packaging and related transports 

Transport of collected carton packaging (from consumer to local collection point) 

Collection rate for 
beverage cartons [% of 
sold packaging] 

61 Lystvet (2021) 

Representative for 2019. This value represents 
the amount of beverage cartons collected 
compared to the amount of beverage cartons 
that the members of Green Dot Norway put on 
the market and is based on pick analysis. Data for 
the carton food packaging, specifically, were not 
known. Therefore, data for beverage cartons 
were assumed to be representative also for the 
carton food packaging in this study. The collected 
beverage cartons represent the cartons that are 
recycled at Fiskeby, carton in various fractions 
from sorting that are sent for further sorting and 
recycling elsewhere in Norway or abroad, and 
unsorted cartons sent abroad. In 2019, 19 765 
ton beverage cartons, including carton food 
packaging, were put on the Norwegian market. 
The share of fibres in the collected packaging and 
the share of extra moisture in the collected 
packaging were 79% and 6.4%, respectively. 

Distance (average) [km] 19 Raadal et al. 
(2009) 

Average transport distance for carton packaging 
waste from consumer to local collection point 
based on benchmarking data for Norway in 2006 

Transport of collected carton packaging (from local collection point to sorting facility) 
Share of the collected 
beverage packaging that 
becomes sorted [% of 
collected beverage cartons 
in carton waste fraction] 

67 Lystvet (2021) 

Representative for 2019. The carton waste 
fraction contains paper, cardboard, paperboard 
and beverage cartons, including carton food 
packaging, sorted out at households. In 2020, five 
sorting facilities sorted out beverage packaging 
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from the paper/cardboard/paperboard waste 
fraction; IVAR IKS, Retura TRV, BIR, NG Haraldrud 
and NG Tønsberg. 

Distance (average) [km] 35 Raadal et al. 
(2009) 

From local collection point to central sorting 
point, later transported further for material 
recycling of the carton waste. Benchmarking data 
for carton waste in Norway from 2006 

Sorting (at collection point) 

Electricity used for sorting 
[e.g. kWh/ton carton 
waste fraction] 

47.4 Meissner (2021) 

The carton waste fraction contains paper, 
cardboard, paperboard, beverage cartons, 
including carton food packaging, sorted out at 
households. In 2020, there were five sorting 
facilities that sorted out beverage packaging 
from the paper/cardboard/paperboard waste 
fraction; IVAR IKS, Retura TRV, BIR, NG Haraldrud 
and NG Tønsberg. Data for electricity use were 
provided from IVAR IKS: In December 2020, the 
sorting (ESA Forus, sorting paper but also 
residual waste) used 294.877 kWh electricity. The 
operations manager estimated that 20-25% of 
this electricity can be associated with the paper 
sorting process. This gives an estimated 
electricity use at 47.4 kWh/ton (assuming that 
22.5% of the electricity can be associated with 
paper sorting and considering that about 1500 
ton of paper/cardboard/paperboard fraction was 
sorted in December 2020). The potential use of 
electricity-driven forklifts to move sorted 
fractions in a warehouse, before they become 
transported to other facilities for further 
recycling, is not included in this figure 

Machine operation, wheel 
loader [ton carton 
waste/hour] 

55 Meissner (2021), 
Retura TRV 

The carton waste fraction contains paper, 
cardboard, paperboard, beverage cartons, 
including carton food packaging, sorted out at 
households. In 2020, five sorting facilities sorted 
out beverage packaging from the carton waste 
fraction; IVAR IKS, Retura TRV, BIR, NG Haraldrud 
and NG Tønsberg. Data on the use of other 
energy sources than electricity were obtained 
from IVAR IKS and Retura TRV, stating that diesel 
for a large-sized wheel loader and that no extra 
energy sources were used, respectively. 
According to IVAR, a wheel loader with a loading 
capacity at 55 ton/hour is used. This data was 
applied in this study 

Share of beverage cartons 
sorted as beverage carton 
fraction and sent to 
Fiskeby [weight-% of 
beverage carton input to 
sorting facility] 

62 Lystvet (2021) 

Representative for 2019. This corresponds to the 
average sorting efficiency for beverage cartons in 
Norway. Note that specific sorting facilities might 
achieve higher sorting efficiencies, e.g. Meissner 
(2021) reported that the share of carton food 
packaging that is sorted out from the carton 
waste fraction at IVAR was 85% in April, 2019. 
Note that the data for outputs of beverage 
cartons in various fractions from sorting are 
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based on the assumption of zero losses during 
sorting.  
According to Meissner (2021), in April in 2019, 
about 1.5 % of beverage carton were lost during 
sorting and ended up being incinerated. For 
simplification purposes, this loss was assumed to 
be negligible in this study.  

Share of beverage cartons 
sorted as 
newspaper/magazines 
fraction sent to Norske 
Skog, Norway [weight-% of 
beverage carton input to 
sorting facility] 

3.7 

Representative for 2019. Figure based on that 
12% of beverage cartons end up in the 
newspaper/magazines (“De-ink”) fraction and 
31% of these become sent to Norske Skog in 
Norway. 

Share of beverage cartons 
sorted as 
newspaper/magazines 
fraction and sent abroad 
[weight-% of beverage 
carton input to sorting 
facility] 

8.3 

Representative for 2019. Figure based on that 
12% of beverage cartons end up in the 
newspaper/magazines (“De-ink”) fraction and 
(100-31=)69% of these are sent abroad. 

Share of beverage cartons 
sorted as corrugated 
cardboard and sent to 
Ranheim, Norway [weight-
% of beverage carton 
input to sorting facility] 

0.44 

Representative for 2019. Figure based on that 1% 
of beverage cartons end up in the corrugated 
cardboard (bølgepapp) fraction and 44% of these 
are sent to Ranheim in Norway. 

Share of beverage cartons 
sorted as corrugated 
cardboard and sent 
abroad [weight-% of 
beverage carton input to 
sorting facility] 

0.56 

Figure based on that 1% of beverage cartons end 
up in the corrugated cardboard (bølgepapp) 
fraction and (100-44=)56% of these are sent 
abroad. 

Share of beverage cartons 
sorted as mixed paper 
fraction and sent to 
recycling abroad [weight-% 
of beverage carton input to 
sorting facility] 

25 Representative for 2019. 

Transport of sorted carton packaging (from sorting facility to Fiskeby) 

Distance [km] 820 

Assumption by 
the authors in line 
with Arnøy, Lyng, 
and Modahl 
(2013) 

Transport distance between Trondheim, Norway, 
and Fiskeby, Norrköping, Sweden 

Material recycling at Fiskeby (Norrköping, Sweden) (end of life approach) 

Losses of paper fibres in 
recycling [weight-%] 5 Assumption by 

the authors 

A loss at 5% of the paper fibres present in carton 
food packaging was assumed. The study by Arnøy 
et al. (2013), applied a 5 weight-% loss of 
beverage cartons in the process at Fiskeby and 
considered that loss to be paper fibres. 
Losses of plastic, aluminium, paper fibres in the 
process at Fiskeby was stated by (Halling Linder, 
2021) to be 14% (the loss was not known for 
paper fibres specifically, note that carton waste 
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in general and not only beverage cartons are 
recycled at Fiskeby). 

Material recycling rate for 
polyethylene (in carton) 
[%] 

0 Halling Linder 
(2021) 

Impurities (plastic) become incinerated with 
energy recovery. This energy is then used in the 
recycling process. The incineration takes place at 
the recycling facility. 

Material recycling rate for 
aluminium (in carton) [%] 0 

Halling Linder 
(2021), Malcolm 
(2021) 

Impurities (aluminium) become incinerated with 
energy recovery and this energy is then used in 
the recycling process (Halling Linder, 2021). The 
incineration takes place at the recycling facility. 
According to Malcolm (2021), the aluminium 
layer in carton food packaging is thin, why it 
oxidates and ends up in the fly ash and does not 
become recycled. Importantly, the material 
recycling rate of aluminium from the ashes at 
Fiskeby might change in the future, according to 
Halling Linder (2021), there is ongoing work to 
enable a certain share of recycling in the future. 

Water use [m3/ton carton 
waste input] 7.9 Halling Linder 

(2021) 

The input of water was 9.8 m3/ton output from 
Fiskeby in 2020. This value was re-calculated into 
the unit of m3/ton carton waste input by 
multiplying with the total ton output (152 807 
ton new carton products) and dividing by the 
total ton of input (189 123 ton carton waste), 
both for 2020 

Electricity use [kWh/ton 
carton waste input] 667 

Halling Linder 
(2021), Arnøy et 
al. (2013) 

The annual electricity use was 126.2 GWh at 
Fiskeby in 2020. In the same year, in total 
189 123 ton carton waste was treated. Thus, the 
electricity use was 667 kWh/ton carton waste 
input in 2020. This is furthermore, although 
somewhat higher, in line with the value reported 
in the study by Arnøy et al. (2013) at 542 
kWh/ton carton waste input 

Other energy uses - oil 
[kWh/ton carton waste 
input] 

18.5 

Halling Linder 
(2021) 

These inputs become incinerated at Fiskeby to 
generate steam for drying the “pappersmassa”. 
The annual use of other energy uses in 2020; oil 
(3.5 GWh), “wood chips” (0.7 GWh), “wastes 
from business” (127.3 GWh), “wood chips from 
returned wood” (22.3 GWh) and reject (89.7 
GWh) were re-calculated into kWh/ton carton 
waste input by knowledge of the total input of 
carton waste to Fiskeby in the same year 
(189 123 ton). The reject constitutes of plastic, 
aluminium and paper fibres from the recycling 
process that become incinerated 

Other energy uses - “wood 
chips” [kWh/ton carton 
waste input] 

3.7 

Other energy uses - 
“wastes from business” 
[kWh/ton carton waste 
input] 

673 

Other energy uses – 
“wood chips from 
returned wood” [kWh/ton 
carton waste input] 

118 

Fiskeby - avoided production (end of life approach) 

Substitution factor (paper 
fibres) [-] 1 Zampori and Pant 

(2019) 

Default CFF parameter value for paper. It 
represents the quality of recycled material versus 
virgin material and is only valid for packaging 
materials (when fibre losses have been 
considered in the recycling process, which has 
been considered in the modelling of the Fiskeby 
process in this study). 
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LHV, paper [MJ/kg] 15 

Raadal et al. 
(2009) 

Incineration of the lost paper fibres during 
recycling of carton food packaging 

LHV, polyethylene [MJ/kg] 32.2 Incineration of the plastic layer in recycled carton 
food packaging 

LHV, aluminium [MJ/kg] 0.48 Incineration of the aluminium layer in recycled 
carton food packaging 

Efficiency total net [%] 81.4  Net efficiency for combined heat and power 
plants in Sweden, 2019. 

Share of generated energy 
from incinerated paper 
fibre/plastic/aluminium 
that substitutes a Swedish 
electricity mix [%] 

40 Energiföretagen 
(2021) 

About 30-50% of generated energy is electricity, 
40% were selected for this study. The remainder 
is generated heat and substitutes a Swedish 
district heating mix 

Recycling rate of 
aluminium in the ash from 
incineration [%] 

0  

The aluminium layer present in the carton food 
packaging is not recycled but becomes oxidated 
and ends up in the fly ash during incineration 
(Malcolm, 2021). This statement is in line with 
the fact that the aluminium layer in aseptic 
beverage cartons is generally 6.45 µm thick 
(Robertson, 2021) and thus quite susceptible for 
oxidation. Therefore, a recycling rate at zero for 
the aluminium layer was assumed as it ends up 
completely oxidated in the fly ash. 

Transport and recycling of various fractions including carton packaging (in Norway or abroad) (end of life approach) 
Share of the collected 
beverage cartons that 
does not become sorted 
but is sent to sorting and 
further recycling abroad 
[% of collected beverage 
cartons] 

33 Lystvet (2021) 

Representative for 2019. The carton waste 
fraction contains paper, cardboard, paperboard, 
beverage cartons, including carton food 
packaging, sorted out at households. 

Distance (average) [km] 652 

Raadal et al. 
(2009) 

Transport of paper (newspapers/magazines and 
mixed paper fractions) from central sorting point 
to further treatment including material recycling. 
Based on benchmarking data for paper waste in 
Norway from 2006 

Distance (average) [km] 444 

Transport of cardboard (unsorted carton waste 
and corrugated cardboard fractions) from central 
sorting point to further treatment including 
material recycling. Based on benchmarking data 
for paper waste in Norway from 2006 

Various fractions, including carton packaging – avoided production (in Norway or abroad) (end of life approach) 

Substitution factor for 
recycled paper fibres  
[-] 

1 Zampori and Pant 
(2019) 

Default CFF parameter value for paper. It 
represents the quality of recycled material versus 
virgin material and is only valid for packaging 
materials (when fibre losses have been 
considered in the recycling process). 

Waste management of unsorted carton packaging in residual waste and related transports 

Transport of carton packaging in residual waste (from consumer to incineration) 

Unsorted beverage 
cartons [% of sold 
packaging] 

39 Lystvet (2021) 

Representative for 2019. The uncollected 
beverage cartons, including carton food 
packaging, were assumed to be collected with 
household waste and be sent to incineration. 
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Distance (consumer to 
local collection point) [km] 19 

Raadal et al. 
(2009) 

Average transport distance for carton packaging 
waste based on benchmarking data for Norway 
in 2006 

Distance (local collection 
to central sorting point) 
[km] 

52 

Distance (central sorting 
point to incineration in 
Norway) [km] 

14 

Incineration - avoided production (end of life approach) 

LHV, paper [MJ/kg] 15 

Raadal et al. 
(2009) 

Incineration of the paper fibres in carton food 
packaging 

LHV, polyethylene [MJ/kg] 32.2 Incineration of the plastic layer in carton food 
packaging 

LHV, metal [MJ/kg] 0.48 Incineration of the aluminium layer in carton 
food packaging 

Efficiency [%] 85 The amount of energy generated compared to 
the energy content of the fuel 

Degree of energy 
utilization [%] 75 

The amount of energy that becomes utilized 
compared to the amount energy that is 
generated 

Share of incinerated 
plastics that substitutes a 
Norwegian district heating 
mix [%] 

100  

Recycling rate of 
aluminium present in the 
carton packaging [%] 

0 
Malcolm (2021), 
Briedis (2018), 
Robertson (2021) 

The aluminium layer present in the carton food 
packaging is not recycled but becomes oxidated 
and ends up in the fly ash during incineration 
(Malcolm, 2021). This statement is in line with 
the fact that the aluminium layer in aseptic 
beverage cartons is generally 6.45 µm thick 
(Robertson, 2021) and thus quite susceptible for 
oxidation. Therefore, a recycling rate at zero for 
the aluminium layer was assumed as it ends up 
completely oxidated in the fly ash. 

Waste management of distribution packaging and related transports 

The waste management of the distribution packaging (cardboard and plastic) related to the carton packaging was 
modelled in a similar manner as the waste management of the distribution packaging related to the metal can. For 
further information, see Table 2. 
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Table 5. Summary of the process data e.g. for the modelling of inputs and outputs to the processes, and as proxy 
processes for some of the processes, shown in Figure 3, related to the carton food packaging unit for the cut off and the 
end-of-life approaches to modelling recycling 

Process Ecoinvent dataset Comment 
Manufacturing of carton food packaging, distribution packaging and related transports 
Manufacturing of carton food packaging 

Paperboard production Liquid packaging board (GLO)| production | Cut-
off, U   

Polyethylene film 
production  

Packaging film, low density polyethylene (GLO)| 
market for | Cut-off, U  

Forming of carton food 
packaging 

Thermoforming of plastic sheets (GLO)| market 
for | Cut-off, U  

Aluminium ingot 
production 

Aluminium, cast alloy (GLO)| aluminium ingot, 
primary, to market | Cut-off, U  

Aluminium foil 
production 

Sheet rolling, aluminium (RER)| processing | Cut-
off, U  This dataset was used as a proxy 

Manufacturing of distribution packaging 

Cardboard production 
Corrugated board box (RER)| production | Cut-
off, U (corrected to represent the correct share 
of recycled material) 

 

LDPE production Packaging film, low density polyethylene (GLO)| 
market for | Cut-off, U  

Transport of carton packaging (incl. tomatoes), distribution packaging and pallet (from manufacturing site to 
store in Norway) 

Transport by truck 
Transport, freight, lorry 16-32 metric ton, EURO3 
(RER)| transport, freight, lorry 16-32 metric ton, 
EURO3 | Cut-off, U 

 

Transport of carton packaging (incl. tomatoes) (from store to consumer) 

Transport by passenger 
car, diesel 

Transport, passenger car, medium size, diesel, 
EURO 5 (RER)| transport, passenger car, medium 
size, diesel, EURO 5 | Cut-off, U 

 

Transport by passenger 
car, petrol 

Transport, passenger car, medium size, petrol, 
EURO 5 (RER)| transport, passenger car, medium 
size, petrol, EURO 5 | Cut-off, U 

 

Transport by passenger 
car, electric 

Transport, passenger car, electric (GLO)| market 
for | Cut-off, U  

Waste management of sorted carton packaging and related transports 
Transport of collected carton packaging (from consumer to local collection point) 
Municipal waste 
collection 

Municipal waste collection service by 21 metric 
ton lorry (GLO)| market for | Cut-off, U  

Transport of collected carton packaging (from local collection point to sorting facility) 

Transport by truck 
Transport, freight, lorry 7.5-16 metric ton, euro3 
(RER)| market for transport, freight, lorry 7.5-16 
metric ton, EURO3 | Cut-off, U 

Transport type based on Raadal et 
al. (2009) 

Sorting (at collection point) 

Electricity Electricity, medium voltage (NO)| market for | 
Cut-off, U  

Machine operation, 
wheel loader 

Machine operation, diesel, >=74.57 kW, high load 
factor (GLO), market for, cut-off  

Transport of sorted carton packaging (from sorting facility to Fiskeby) 

Transport by truck 
Transport, freight, lorry 16-32 metric ton, EURO3 
(RER)| transport, freight, lorry 16-32 metric ton, 
EURO3 | Cut-off, U 

Transport type based on Raadal et 
al. (2009) 
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Material recycling at Fiskeby (Norrköping, Sweden) (end of life approach) 

Electricity input Electricity, medium voltage (SE)| market for | 
Cut-off, U  

Water input Tap water (RER)| market group for | Cut-off, U  

Energy use for heat 
production, (oil) 

Heat, district or industrial, other than natural gas 
(CH)| heat production, light fuel oil, at industrial 
furnace 1MW | Cut-off, U 

 

Energy use for heat 
production, (wood chips) 

Heat, district or industrial, other than natural gas 
(CH)| heat production, softwood chips from 
forest, at furnace 300kW | Cut-off, S 

 

Energy use for heat 
production, (wastes 
from business, wood 
chips from returned 
wood) 

Heat, central or small-scale, other than natural 
gas (CH)| heat production, mixed logs, at furnace 
100kW | Cut-off, U 

 

Incineration of lost 
paper fibres 

Waste paperboard (CH)| treatment of, municipal 
incineration | Cut-off, U  

Incineration of 
polyethylene 

Waste polyethylene (CH)| treatment of, 
municipal incineration | Cut-off, U  

Incineration of 
aluminium 

Scrap aluminium (CH)| treatment of, municipal 
incineration | Cut-off, U  

Fiskeby - avoided production (end of life approach) 

Paper fibre production 
(avoided) 

Sulfate pulp, unbleached (RER)| sulfate pulp 
production, from softwood, unbleached | Cut-
off, U 

 

District heating 
production (avoided) 

Heat, district or industrial, other than natural gas 
(SE)| heat, from municipal waste incineration to 
generic market for heat district or industrial, 
other than natural gas | Cut-off, U 

 

Electricity production 
(avoided) 

Electricity, medium voltage (SE)| market for | 
Cut-off, U  

Transport and recycling of various fractions including carton packaging (in Norway or abroad) (end of life approach) 
Transport by truck 
(central sorting to 
further treatment 
including material 
recycling) 

Transport, freight, lorry 16-32 metric ton, EURO3 
(RER)| transport, freight, lorry 16-32 metric ton, 
EURO3 | Cut-off, U 

Type of transport based on Raadal 
et al. (2009) 

Sorting and further 
recycling of unsorted 
carton waste fraction 
sent from local 
collection point to 
abroad 

Waste paperboard, sorted (RoW)| treatment of 
waste paperboard, unsorted, sorting | Cut-off, U 
and 
Containerboard, linerboard (RER)| 
containerboard production, linerboard, testliner 
| Cut-off, U 

 

Recycling of mixed paper 
fraction sent from 
sorting to abroad 

Paper, newsprint (Europe without Switzerland)| 
paper production, newsprint, recycled | Cut-off, 
U 

 

Recycling of 
newspaper/magazines 
fraction, containing 
beverage cartons, sent 
from sorting to Norske 
Skog, Norway 

Paper, newsprint (Europe without Switzerland)| 
paper production, newsprint, recycled | Cut-off, 
U 
Corrected with Norwegian electricity mix: 
Electricity, medium voltage (Norwegian 
Environmental Agency)| market for | Cut-off, U 

Data representative for Norske 
Skog, specifically, were not 
available. Instead, this dataset, 
corrected for Norwegian electricity 
mix, was used as a proxy 
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Recycling of 
newspaper/magazines 
fraction, containing 
beverage cartons, sent 
from sorting to abroad 

Paper, newsprint (Europe without Switzerland)| 
paper production, newsprint, recycled | Cut-off, 
U 

 

Recycling of corrugated 
cardboard fraction, 
containing beverage 
cartons, sent from 
sorting to Ranheim, 
Norway 

Containerboard, linerboard (RER)| 
containerboard production, linerboard, testliner 
| Cut-off, U 
Corrected with Norwegian electricity mix: 
Electricity, medium voltage (Norwegian 
Environmental Agency)| market for | Cut-off, U 

Data representative for Ranheim, 
specifically, were not available. 
Instead, this dataset, corrected for 
Norwegian electricity mix, was 
used as a proxy 

Recycling of corrugated 
cardboard fraction, 
containing beverage 
cartons, sent from 
sorting to abroad 

Containerboard, linerboard (RER)| 
containerboard production, linerboard, testliner 
| Cut-off, U 

 

Various fractions, including carton packaging – avoided production (in Norway or abroad) (end of life approach) 

Containerboard 
production (avoided) 

Containerboard, linerboard (RER)| 
containerboard production, linerboard, kraftliner 
| Cut-off, U 

Avoided containerboard 
production enabled by the 
recycling of paper fibres in the 
carton packaging. 

Newspaper production 
(avoided) 

Paper, newsprint (RER)| paper production, 
newsprint, virgin | Cut-off, U 

Applied for carton food packaging 
in newspaper/magazines fraction 
and mixed paper fraction. Avoided 
paper, newsprint, production 
enabled by the recycling of paper 
fibres in the carton packaging. 

Waste management of unsorted carton packaging in residual waste and related transports 
Transport of carton packaging in residual waste (from consumer to incineration) 
Transport by truck 
(consumer to local 
collection) 

Municipal waste collection service by 21 metric 
ton lorry (GLO)| market for | Cut-off, U 

Type of transport based on Raadal 
et al. (2009) Transport by truck (local 

collection via central 
sorting to incineration in 
Norway) 

Transport, freight, lorry 7.5-16 metric ton, euro3 
(RER)| market for transport, freight, lorry 7.5-16 
metric ton, EURO3 | Cut-off, U 

Incineration of carton packaging in residual waste 
Incineration process for 
paperboard 

Waste paperboard (CH)| treatment of, municipal 
incineration | Cut-off, U  

Incineration process for 
polyethylene 

Waste polyethylene (CH)| treatment of, 
municipal incineration | Cut-off, U  

Incineration process for 
aluminium 

Scrap aluminium (CH)| treatment of, municipal 
incineration | Cut-off, U  

Incineration - avoided production (end of life approach) 

District heating 
production (avoided) Norwegian district heating mix, 2020 

Data for this (in turn based on data 
from Norsk fjernvarme (2021) for 
the year 2020) was applied to 
model the avoided heat production 
enabled by the incineration of 
carton packaging. 

Waste management of distribution packaging and related transports 
Transport of distribution packaging (from store to material recycling) 
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Transport of cardboard 
and plastic (local 
collection to central 
sorting) 

Transport, freight, lorry 7.5-16 metric ton, euro3 
(RER)| market for transport, freight, lorry 7.5-16 
metric ton, EURO3 | Cut-off, U 

Type of transport based on Raadal 
et al. (2009) Transport of cardboard 

and plastic (central 
sorting to material 
recycling) 

Transport, freight, lorry 16-32 metric ton, EURO3 
(RER)| transport, freight, lorry 16-32 metric ton, 
EURO3 | Cut-off, U 

Material recycling of cardboard and plastic (end of life approach) 

Material recycling of 
cardboard 

Containerboard, linerboard (RER)| 
containerboard production, linerboard, testliner 
| Cut-off, U 

 

Material recycling of 
plastic 

Polyethylene, high density, granulate, recycled 
(Europe without Switzerland)| polyethylene 
production, high density, granulate, recycled | 
Cut-off, U 

A dataset for recycled LDPE was 
unavailable in Ecoinvent. Instead, a 
dataset for European HDPE 
recycling was applied but corrected 
using data from COWI (2019) to 
represent average efficiency (75-
80%, where 77.5% was applied in 
this study) and electricity use (800-
1000 kWh/ton, where 900 
kWh/ton was applied in this study) 
in a standard configuration with 
basic mechanical treatment in LDPE 
recycling 

Material recycling of cardboard and plastic - avoided production (end of life approach) 

Cardboard production 
(avoided) 

Containerboard, linerboard (RER)| 
containerboard production, linerboard, kraftliner 
| Cut-off, U 

The recycled cardboard was 
assumed to replace European 
average containerboard production 
from virgin materials 

Plastic production 
(avoided) 

Polyethylene, low density, granulate (RER)| 
production | Cut-off, U 

The recycled plastic was assumed 
to replace European average LDPE 
production from virgin materials 

Transport of distribution packaging (from store to incineration) 
Transport by truck (local 
collection via central 
sorting to incineration in 
Norway) 

Transport, freight, lorry 7.5-16 metric ton, euro3 
(RER)| market for transport, freight, lorry 7.5-16 
metric ton, EURO3 | Cut-off, U 

Type of transport based on Raadal 
et al. (2009) 

Incineration of distribution packaging 
Incineration process for 
cardboard 

Waste paperboard (CH)| treatment of, municipal 
incineration | Cut-off, U  

Incineration process for 
plastic 

Waste polyethylene (CH)| treatment of, 
municipal incineration | Cut-off, U  

Incineration of distribution packaging - avoided production (end of life approach) 

District heating 
production (avoided) Norwegian district heating mix, 2020 

Data for this (in turn based on data 
from Norsk fjernvarme (2021) for 
the year 2020) was applied to 
model the avoided heat production 
enabled by the incineration of the 
distribution packaging. 

Transport of pallet (from store back to manufacturing site) 

Transport by truck 
Transport, freight, lorry 7.5-16 metric ton, EURO4 
(RER)| transport, freight, lorry 7.5-16 metric ton, 
EURO4 | Cut-off, U 
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Circular Footprint Formula 
Table 6. Parameter values applied for the parameters in the circular footprint formula (CFF). 

Parameter 
[unit] Product Material Value Source Comment 

A [-] 

Metal 
packaging 

Steel 0.2 

Zampori and Pant 
(2019) 

 

Tin 0.2 
Assumption based on that all metals 
got an A-value of 0.2 according to 
the reference 

Paper 0.2 Paper label 

Carton 
packaging 

Paperboard 0.2  
LDPE 0.5  
Aluminium 0.2  

Distribution 
packaging 

Cardboard 0.2  
LDPE 0.5  

R1 [%] 

Metal 
packaging 

Steel 58 Zampori and Pant 
(2019)  

Tin 0 Assumption by 
authors  

Paper 21 

Zampori and Pant 
(2019) 

 

Carton 
packaging 

Paperboard 0  
LDPE 0  
Aluminium 0  

Distribution 
packaging 

Cardboard 88  
LDPE 0  

R2 [%] 

Metal 
packaging 

Steel 0.64 
Based on 
Malcolm (2021), 
Briedis (2018) 

Obtained by multiplying the 
collection rate (0.713) with one 
minus the losses during recycling at 
Celsa (1-0.1). Note that the value 
applied for R2 for steel recycled from 
ashes were set to 0.22 (one minus 
collection rate (1-0.713) times the 
recycling rate of steel in bottom ash 
(0.76)). 

Tin 0.64 Assumed same as 
for steel. 

Note that tin was modelled in a 
similar manner as for steel (since 
steel and tin is combined in the 
metal packaging). However, recycling 
of tin from incineration ashes were 
not considered. 

Paper 0   

Carton 
packaging Paperboard 0.58 

Based on Lystvet 
(2021) and Arnøy 
et al. (2013) 

Obtained by multiplying the 
collection rate (0.61) with the share 
of collected beverage cartons that 
become sorted, (0.67) with the share 
of the collected and sorted beverage 
cartons that becomes sent to Fiskeby 
(0.62) and with one minus the losses 
of paper fibres during recycling at 
Fiskeby (1-0.05=0.95). Proportion of 
paperboard recycled in other 
streams were added to this, by 
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conducting similar calculations and 
assuming a recycling efficiency at 
0.95 for the beverage cartons 
recycled at other facilities. 

LDPE 0 Based on Halling 
Linder (2021) 

Assume all LDPE and aluminium in 
carton food packaging becomes 
incinerated during waste 
management (based on knowledge 
about the process at Fiskeby). Aluminium 0 

Distribution 
packaging 

Cardboard 0.94 

Norsk Resy 
(2021b), Norsk 
Resy (2021a), SSB 
(2021) 

Sorting rate for carton packaging 
waste in Norway (0.96) times share 
of collected cardboard that is sent to 
recycling (0.98). Limitation: Efficiency 
of recycling process not considered 
due to limited data. 

LDPE 0.14 
GDN (2021), SSB 
(2021), COWI 
(2019) 

Sorting rate for plastic packaging 
waste from business sector in 
Norway (0.471) times share of 
collected plastic that is sent to 
recycling (0.38) times LDPE recycling 
efficiency (0.775) 

R3 [%] 

Metal 
packaging 

Steel 0.36  One minus R2. 
Tin 100  One minus R2. 
Paper 100  One minus R2. 

Carton 
packaging 

Paperboard 0.42  One minus R2. 
LDPE 100 

 One minus R2. Aluminium 100 
Distribution 
packaging 

Cardboard 0.06  One minus R2. 
LDPE 0.86  One minus R2. 

!!"#
!$

 [-] 

Metal 
packaging 

Steel 1 

Zampori and Pant 
(2019) 

 
Tin 1  
Paper 1  

Carton 
packaging 

Paperboard 1  
LDPE 0.75  
Aluminium 1  

Distribution 
packaging 

Cardboard 1  
LDPE 0.75  

!!%&'
!(

 [-] 

Metal 
packaging 

Steel 1 

Zampori and Pant 
(2019) 

 
Tin 1  
Paper 1  

Carton 
packaging 

Paperboard 1  
LDPE 0.75  
Aluminium 1  

Distribution 
packaging 

Cardboard 1  
LDPE 0.75  

LHV 
[MJ/kg] 

Metal 
packaging 

Steel 0.48 

Raadal et al. 
(2009)  

Tin 0.48 
Paper 15 

Carton 
packaging 

Paperboard 15 
LDPE 32.2 

Distribution 
packaging 

Aluminium 0.48 
Cardboard 15 

LDPE 32.3 
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𝑋"#,%&'(  
[%] 

Metal 
packaging 

Steel 

64 Raadal et al. 
(2009) 

85% energy efficiency and 75% 
energy utilization. 

Tin 
Paper 

Carton 
packaging 

Paperboard 
LDPE 
Aluminium 

Distribution 
packaging 

Cardboard 
LDPE 

𝑋"#,&)&* [-] 

Metal 
packaging 

Steel 

0 Raadal et al. 
(2009) 

Only heat generation was assumed 
during incineration in Norway 

Tin 
Paper 

Carton 
packaging 

Paperboard 
LDPE 
Aluminium 

Distribution 
packaging 

Cardboard 
LDPE 
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Material circularity indicator 
Table 7. Data applied for the material circularity indicator (MCI) calculations. Note that in the improvement scenario, 
the parameter “Recycled content, steel” is increased from 58% to 80%, which lead to that the parameter “Feedstock – 
recycled” for the metal food packaging is increased from 56% to 77% while other parameter values remain the same. 

Feedstock (mass of virgin raw material used in manufacture) 
Parameter Metal food packaging Carton food packaging 
Reuse 0% 0% 

Recycled 

56% 
(calculated based on data on weights 
of packaging materials and recycled 
content of these materials specified 

below) 

0% 
(calculated based on data on weights 
of packaging materials and recycled 
content of these materials specified 

below) 

Recycling efficiency 

84% 
(calculated based on data on weights 
of packaging materials and recycling 
efficiencies of input raw materials) 

51% 
(calculated based on data on weights 
of packaging materials and recycling 
efficiencies of input raw materials) 

Destination after use (mass of unrecoverable waste that is attributed to the product) 
Parameter Metal food packaging Carton food packaging 
Reuse 0% 0% 

Recycled 

100% 
(sent to recycling after use, some via 
Celsa and some via incineration, i.e. 

recycling of steel in bottom ash) 

61% 
(sent to recycling after use) 

Recycling efficiency 

82%  
(calculated based on data on weights 

of packaging materials, the 
loss/recovery of packaging materials 
in recycling/incineration and shares 

sent to Celsa and incineration, 
respectively) 

71%  
(calculated based on data on weights 
of packaging materials and the loss 
of packaging materials in recycling) 

Utility relative industry average (utility factor accounting for the length and intensity of the product's use) 
Parameter Metal food packaging Carton food packaging 
Lifespan 1 1 
Functional unit 1 1 
Data used to obtain values for the parameters Feedstock (mass of virgin raw material used in manufacture): 
Recycled and Recycling efficiency, as well as for Destination after use (mass of unrecoverable waste that is 
attributed to the product): Recycled and Recycling efficiency. For some more details and data references, see 
Table 2 and Table 4. 
Parameter Metal food packaging (references) Carton food packaging (references) 
Weight steel per packaging [g] 49.7 (Baxter & Møller, 2017) - 
Recycled content, steel [%] 58 (Zampori & Pant, 2019) - 
Weight tin per packaging [g] 0.2 (Baxter & Møller, 2017) - 
Recycled content, tin [%] 0 (assumption by authors) - 
Weight paper label per packaging 
[g] 2.5 (Baxter & Møller, 2017) - 

Recycled content, paper label [%] 21 (Zampori & Pant, 2019) - 

Weight paper per packaging [g] - 12.7 (Ifeu, 2017a, 2017b; Tetra Pak, 
2021) 

Recycled content, paper [%] - 0 (Zampori & Pant, 2019) 
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Weight plastic per packaging [g] - 3.4 (Ifeu, 2017a, 2017b; Tetra Pak, 
2021) 

Recycled content, plastic [%] - 0 (Zampori & Pant, 2019) 
Weight aluminium per packaging 
[g] - 0.9 (Ifeu, 2017a, 2017b; Tetra Pak, 

2021) 
Recycled content, aluminium [%] - 0 (Zampori & Pant, 2019) 

Recycling efficiency (of input raw 
material), steel and tin [%] 

85  (using data from Zampori and 
Pant (2019) for R2 as a conservative 

estimate) 
- 

Recycling efficiency (of input raw 
material), paper label [%] 

62 (using data from Zampori and 
Pant (2019) for R2 as a conservative 

estimate) 
- 

Recycling efficiency (of input raw 
material), paperboard [%] - 

62 (using data from Zampori and 
Pant (2019) for R2 as a conservative 

estimate) 

Recycling efficiency (of input raw 
material), aluminium [%] - 

85 (using data from Zampori and 
Pant (2019) for R2 as a conservative 

estimate) 

Recycling efficiency (of input raw 
material), plastic [%] - 

0 (using data from Zampori and Pant 
(2019) for R2 as a conservative 

estimate) 
Sent to recycling (after use), metal 
packaging (Celsa and via 
incineration) [%] 

100 (Malcolm, 2021) - 

Sent to recycling (after use), 
packaging (Celsa) [%] 71.3 (Malcolm, 2021)  

Sent to recycling (after use), 
packaging (via incineration) [%] 28.7 (Malcolm, 2021)  

Sent to recycling (after use), carton 
packaging (to Fiskeby or other 
recycling facilities in Norway or 
abroad. Note that there is no 
recycling of carton packaging sent 
to incineration) [%] 

- 61 (Lystvet, 2021) 

Loss of packaging materials in 
recycling process at Celsa, steel 
and tin [%] 

10 (Malcolm, 2021) - 

Loss of packaging materials in 
recycling process at Celsa, paper 
label [%] 

100 (Malcolm, 2021) - 

Recovery of steel from bottom ash 
in incineration process (also 
assumed for tin) [%] 

76 (Briedis, 2018) - 

Loss of packaging materials in 
incineration process, paper label 
[%] 

100 (Malcolm, 2021) - 

Loss of packaging materials in 
recycling process, paper fibres [%] - 5 (assumption by authors) 

Loss of packaging materials in 
recycling process, plastic and 
aluminium [%] 

- 100 (Halling Linder, 2021; Malcolm, 
2021) 
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