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Summary
This project has been commissioned by Infinitum AS, the corporation that runs the deposit recycling
scheme for beverage containers in Norway. The study is closely connected to previous work
documented in the report ‘LCA of beverage container production, collection and treatment systems’
(Raadal et al., 2016a) and supplemented memo (Raadal et al., 2016b), as well as the report
‘Comparison of recycling and incineration of PET bottles’ (Raadal et al., 2017). The systems and
major assumptions are based on these above mentioned documents.
The main goal of this study has been to compare the environmental impacts of a consumers’ choice
to whether: a) use Infinitum’s deposit system in order to recycle their aluminium cans; or b) dispose of
their aluminium cans together with their residual waste to incineration. The systems are analysed
using an extended waste treatment model represented by the cases recycling and incineration, taking
into account both the initial production of virgin aluminium cans and the avoided burdens from
recycling and energy recovery.
The major conclusion is that Infinitum’s recycling system for aluminium cans clearly outperforms
incineration of cans for the assessed environmental impact categories Climate Change, Cumulative
Energy Demand (CED) and Fossil Resource Depletion.
On an annual basis (when distributing about 260 million litres beverage by aluminium cans), the
potential Climate Change benefit from Infinitum’s recycling system (100% collection rate) compared to
incineration is 34 000 and 71 000 tonnes CO2-equivalents, for European and Global aluminium
production, respectively. This reduction potential corresponds to the annual emissions from
respectively 23 000 and 48 000 passenger cars. Corresponding reduction potentials for Cumulative
Energy Demand (CED) are 150 and 196 GWh primary energy for European and Global aluminium
production, respectively, which correspond to about 14% and 18% of the annual end use of district
heat related to Norwegian households. For Fossil Resource Depletion, the benefit of using the
Infinitum system amounts to 91 and 175 GWh primary fossil resources for European and Global
aluminium production, respectively. This corresponds to about 8% and 16% of the annual end use of
district heat related to Norwegian households.
The annual environmental benefit from Infinitum’s system with the existing collection rate (85.8%%)
compared to incineration, when assuming European aluminium production, is 25 000 tonnes CO2equivalents, 129 GWh and 78 GWh for Climate Change, CED and Fossil Resource Depletion,
respectively. For Global aluminium production, the benefit is 61 000 tonnes CO2-equivalents, 168
GWh and 150 GWh for Climate Change, CED and Fossil Resource Depletion, respectively.
The results are also given per can in order to compare the environmental impacts of the consumers’
choice to: a) use Infinitum’s deposit system in order to recycle their aluminium cans; or b) dispose of
them together with their residual waste to incineration. The Climate Change benefit of using
Infinitum’s system range from 0.05 to 0.1 kg CO2-equivalents per aluminium can for European and
Global aluminium production, respectively. Corresponding results for CED and Fossil Resource
Depletion are 0.23 to 0.30 kWh and 0.14 and 0.27 kWh primary energy per aluminium can for
European and Global aluminium production, respectively.

Comparison of recycling and incineration of aluminium cans

As documented in Raadal et al. (2017), the difference in environmental impacts between recycling
and incineration systems per functional unit remains the same whether one take multiple recycling
loops or not into account. The reason for the equal results from the two models is that the difference
in environmental loads between the systems increases proportionally according to the amount of
material being recycled. Hence, the difference per functional unit (e.g. per kg material or per 1000
litres distributed beverage) remains the same.
However, it should be emphasised that a system which provides a steady supply of good quality
recyclables has a large potential of replacing virgin material several times, and thereby to contribute
to environmental benefit in every loop. The development of recycling systems with high recycling yield
and quality is therefor of large importance in order to displace as much virgin material as possible in
the future’s circular economy. Infinitum’s recycling system provides a steady supply of aluminium
recyclables with a high yield and required quality, which can replace virgin aluminium several times. It
is thus up to stakeholders, authorities and other parts of the aluminium can value chain to secure that
a sufficient demand for recycled aluminium also is fulfilled, e.g. by providing efficient incentives, in
order to secure a robust and environmentally successful recycling system.
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1

Introduction

This project has been commissioned by Infinitum AS, the corporation that runs the deposit recycling
scheme for beverage containers in Norway. The study is closely connected to previous work
documented in the report ‘LCA of beverage container production, collection and treatment systems’
(Raadal et al., 2016a) and supplemented memo (Raadal et al., 2016b), as well as the report
‘Comparison of recycling and incineration of PET bottles’ (Raadal et al., 2017). The systems and
major assumptions are based on these above mentioned documents. However, it should be
mentioned that the Ecoinvent database was updated (to version 3.3) in September 2016, after
publishing Raadal et al. (2016a and b). This has led to some changes in the existing background data
used, in addition to more data being available. It is worth mentioning that the new database includes
data for average European aluminium production while the older one only included average data for
Global production. Hence, this study includes analyses for both these scenarios.
The main goal of the study is to compare the environmental impacts of a consumer’s choice to
whether: a) use Infinitum’s deposit system in order to recycle their aluminium cans; or b) dispose of
their aluminium cans together with their residual waste to incineration. The systems are analysed
using an extended waste treatment model where production of aluminium cans also is included. Two
systems have been analysed: recycling by the Infinitum system and incineration together with residual
waste. Both systems take into account the avoided burdens from production of virgin material and
heat assumed to be replaced by recycled aluminium and energy from combustion of aluminium,
respectively.
The study is based on Life Cycle Assessment (LCA) methodology according to ISO (2006) and The
European Commission (2010), and has assessed the following environmental impact categories:
Climate Change, Cumulative Energy Demand (CED) and Fossil Resource Depletion. A short
description of the LCA methodology is given in Annex 1.
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2

System description and major assumptions

2.1 Recycling or incineration – the extended waste treatment model
The objective of this study is to assess and compare the environmental impacts of whether the
consumers choose to use Infinitum’s deposit system in order to recycle their aluminium cans or they
choose to dispose of their aluminium cans together with their residual waste to incineration. Hence,
both systems represent 100% collection rates to either recycling or incineration. The systems are
analysed using an extended waste treatment model (Raadal, et al. 2009, Nakatani, 2014) with the
functional unit:
Production, collection and treatment of aluminium cans (weighted average of medium and small cans)
used for distributing 1000 litres of beverage to consumers, including avoided burdens from replaced
material and energy.
The functional unit refers to the collection and treatment of aluminium cans, including the benefit of
avoided production of virgin material and heat assumed to be replaced by recycled aluminium and
energy from combustion of aluminium, respectively. These steps are often referred to as the ‘waste
treatment model’ (Raadal, et al. 2009, Nakatani, 2014). In addition, the production of aluminium cans
is included (hence, the system boundaries of the waste treatment model has been extended).
Customer transport and beverage production/consumption is not included. After drinking the
beverage, the consumers have the choice of whether or not to use Infinitum’s deposit system. The
systems include necessary transport, sorting and treatment activities, as well as the benefit of avoided
production of virgin aluminium and heat. The systems are analysed for medium and small cans with
an average size of 0.49 litre (weight: 16.61 grams) and 0.28 litre (weight: 13.21 grams), respectively.
Based on data from Infinitum (Infinitum, 2017a), 68% of the total beverage volume is distributed by
medium cans while 32% is distributed by small cans. Hence, the average aluminium weight per 1000 l
distributed beverage is 38.1 kg, consisting of 1 143 medium sized (0.28 l) and 1 388 small (0.49 l)
cans, respectively.

2.2 System activities
Figure 1 presents a simplified system description of the analysed systems, starting with production of
virgin aluminium which is further refined to cans. The two systems split after the activity ‘Consumer
transport and beverage consumption’ (grey box), when the bottles have fulfilled their packaging
function (however, the systems merge to some extent later, since the material loss from Infinitum’s
recycling system is treated the same way as in the Incineration system.)
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Figure 1. System description of the analysed systems using the waste treatment model.

The analysed life cycle stages for the different systems are outlined below:
Both systems
0 Production of virgin aluminium and necessary manufacturing processes for can production, such
as sheet rolling.
1. Infinitum’s system
1a Transport from consumers to grocery store
1b Transport from grocery store to wholesaler distribution centre
1c Transport from wholesaler distribution centre to Infinitum’s sorting plant
1d Transport of aluminium cans from Infinitum’s sorting plant to recycling plants
1e Collection/sorting at the grocery store
1f Sorting at Infinitum’s sorting plants
1g Recycling process for aluminium
1h Avoided production of virgin aluminium

© Østfoldforskning
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2. Incineration system
2a Transport from consumers’ home to incineration plant
2b Incineration of aluminium cans
2c Avoided production of heat
2d Transport and sorting of slag from incineration plant
2e Material recycling (aluminium from slag)
The following sections describe major data sources and assumptions related to the above outlined life
cycle stages.

2.2.1 Both systems
0 Production of virgin aluminium and cans
In order to show the variation in environmental profiles between European and Global virgin
aluminium production, datasets for both production mixes are included in the analyses, presented as
two scenarios. Data from Ecoinvent 3.3 (Wernet et al., 2016) has been used for the production of
aluminium in both scenarios (Aluminium, primary, ingot). The European process is represented by the
Ecoinvent process ’Aluminium, primary, ingot {IAI Area, EU27 & EFTA}| market for | Alloc Rec, U’.
The Global process is calculated based on the above mentioned Ecoinvent process for Europe
(representing 17% of the Global production mix) and the Ecoinvent process ’Aluminium, primary, ingot
{RoW}| market for | Alloc Rec, U’ (representing the production mix for the rest of the world). Hence,
this calculated and updated Global production mix represent the same Global production mix as the
one used in Raadal et al. (2016), but the production processes might be revised according to the
updated Ecoinvent database. Furthermore, processes for sheet rolling and can production are also
included and presented separately.

2.2.2 Infinitum’s system
1a Transport from consumers to grocery store
This transport is allocated to grocery shopping as it is assumed that the major transport of empty
bottles/cans to the grocery stores are combined with shopping errands.
1b Transport from grocery store to wholesaler distribution centre
This transport is allocated to the distribution of beverages as the return transport (to the wholesaler
distribution centre) is used for empty bottles/cans.
1c Transport from wholesaler distribution centre to Infinitum’s sorting plant
This transport is based on specific data from Infinitum. The data has been provided as km and related
transport type (car or train) for the different distances from the wholesaler distribution centres to
Infinitum’s sorting plants, as well as whether or not the specific transports can be assumed to
represent return transport (utilising existing capacity in cars/trains when returning from distribution
orders). The major transport model using the principle of equal allocation of transport burdens
between both transport distances (for a round trip) has been used (see chapter 2.6.1 and Table 2.4 in
Raadal et al. (2016a)). Hence, only one way of the relevant distance is allocated to each transport
(trip and return transport are allocated one way each).
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1d Transport of aluminium cans from Infinitum’s sorting plant to recycling plants
This transport is based on specific data from Infinitum. The data has been provided as km and related
transport type (car or train) for the different distances from Infinitum’s sorting plants to recycling
plants, as well as whether or not the specific transports can be assumed to represent return transport
(utilising existing capacity in cars/trains when returning from distribution deliveries). The major
transport model as described above (for transport 1c) has been used (see chapter 2.6.1 and Table
2.6 in Raadal et al. (2016a)).
1e Collection/sorting at the grocery store
The production and energy consumption of the Reverse Vending Machine for Infinitum’s deposit
system is included in the study and is based on data provided by Tomra (see chapter 2.6.1 and Table
2.7 in Raadal et al. (2016a)).
1f Sorting at Infinitum’s sorting plants
The electricity consumption for Infinitum’s sorting plants are included in the analyses, based on
specific data given by Infinitum (see chapter 2.6.1 in Raadal et al. (2016a)).
1g Material recycling (pure aluminium cans)
Data from Ecoinvent 3.3 (Wernet et al., 2016) has been used for the production of recycled aluminium
(Aluminium, cast alloy {RER}| treatment of aluminium scrap, post-consumer, prepared for recycling, at
refiner | Alloc Rec, U). The process has been modified by excluding collection and sorting of
aluminium scrap as this is specifically included by life cycle stages 1a-1f. Specific data for the material
loss has been used (2.4%, given by Norsk Hydro (2016)).
1h Avoided production of virgin aluminium
The same data as for life cycle stage 0 above (Ecoinvent 3.3 from Wernet et al. (2016)), excluding the
processes for sheet rolling and can production, have been used for the avoided production of virgin
aluminium. The avoided amount of virgin aluminium to be replaced by recycled aluminium is
calculated as follows: 97.6% x 99.5% (= 97.1%) of the collected material, taking into account the
overall losses, see life cycle stages 1g above and 1i below. Hence, the overall recycling yield in the
Infinitum system is 97.1% (representing 100% collection rate).
1i General loss of material
Based on data from Infinitum, the overall system, from collection through the reverse vending
machine until recycling, is assumed to have a material loss of 0.5% (Infinitum, 2017b). There might be
some small variations in this loss factor. The lost material is assumed to be transported, incinerated
and energy recovered under the same conditions as for the Incineration system (see life cycle stages
2a, b, c and d below).

2.2.3 Incineration system
2a Transport from consumers’ home to incineration plant
The collection of aluminium cans with residual waste is analysed as a kerbside system. The
bottles/cans are picked up at the consumers’ home together with the residual waste and transported
to the incineration plant. The average transport distance from consumers’ home to the incineration
plant is 73 km (one way) by municipal waste collection vehicle without any utilisation of return
transport (Raadal et al., 2009).
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2b Incineration of aluminium cans
The incineration process for aluminium cans are based on generic data from Ecoinvent 3.3 (Wernet et
al., 2016). The process includes emissions and resource use related to the incineration of aluminium
in a municipal incineration plant. When aluminium is combusted, the following reaction occur:
2 Al (s) + 1.5 O2 (g) -----> Al2O3 (s). The enthalpy of formation for Al2O3 is -1670 kJ/mol (Wikipedia,
2017). Since the enthalpy of formation for all elements in their standard states are zero, the enthalpy
of combustion (of aluminium) is the same as the enthalpy of formation (for aluminium oxide). Based
on the molar mass of aluminium (26.98 g/mol), the heat value (HHVAI) is calculated as:
1670 kJ/mol Al2O3 / ((2 mol Al /mol Al2O3 ) * 26.98 g Al/mol Al) = 30.9 kJ/g Al = 30.9 MJ/kg Al.
Acording to Mepex (2016), about 10% of the material in the aluminium cans is assumed to be
oxidised during the incineration process. Because the Ecoinvent incineration process for aluminium
includes all energy input (electricity and heat) needed to maintain this incineration process (heating,
melting, cooling, internal transport, heat losses), even for cases where aluminium does not combust
at all, it is assumed that the released enthalpy of combustion for aluminium (10% x 30.9 MJ/kg Al =
3.09 MJ/kg Al) is in excess and can replace other energy sources.
2c Avoided production of heat
The aluminium cans are assumed to be incinerated in Norwegian municipal incineration plants with an
average efficiency of 85% and a delivery degree of 79.2% (Mepex, 2016). As described above, 10%
of the material in the aluminium cans is oxidised (Mepex, 2016), which gives a heat production of 3.09
MJ/kg aluminium sent to incineration (see life cycle stage 2b above). Furthermore, the incineration
efficiency is assumed to be 85% while the delivery rate is 79.7% (Mepex, 2016). The average
Norwegian district heating mix (Norsk Fjernvarme (2014)) is assumed to be replaced by the heat from
the combusted aluminium material.
2d Transport and sorting of aluminium cans from incineration slag
The melted aluminium which is left in the incineration slag (90% of the original amount as 10% is
assumed oxidised in the incineration process, see life cycle stage 2b above) is transported and sorted
as a part of the total slag amount. During storage before sorting, about 10% of the aluminium is
assumed oxidised (Stena Recycling, 2017). The slag sorting process is assumed to have a yield of
90% (Scanmetals, 2017) before transport to further metals extracting and recycling, whereas 10% of
the residual amount is landfilled (Ecoinvent 3.3 from Wernet et al. (2016)). Specific data for the
transport and sorting processes are given by Stena Recycling (2017) and Scanmetals (2017).
2e Material recycling (aluminium from slag)
Data from Ecoinvent 3.3 (Wernet et al., 2016) has been used for the production of recycled aluminium
(Aluminium, cast alloy {RER}| treatment of aluminium scrap, post-consumer, prepared for recycling, at
refiner | Alloc Rec, U). The process has been modified by excluding collection and sorting of
aluminium scrap as this is specifically included by life cycle stages 1a-1f. Furthermore, the process
has been modified in order to take into account the lower process yield when recycling slag-sorted
aluminium compared to ‘pure’ aluminium cans (not incinerated). The process is assumed to have a
loss of 20% due to low melting yield (Scanmetals, 2017).
1h Avoided production of virgin aluminium
The same data as for life cycle stage 0 above (Ecoinvent 3.3 from Wernet et al. (2016)), excluding the
processes for sheet rolling and can production, have been used for the avoided production of virgin
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aluminium. The avoided amount of virgin aluminium to be replaced by recycled aluminium sorted out
from incineration slag is calculated based on the losses in the above described life cycle stages.
Based on these assumptions, the overall recycling yield in the Incineration system is 57.7%.
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3

Results

The following chapters present the environmental impacts for the Infinitum and Incineration systems,
respectively, in accordance with the extended waste treatment model. Both systems are calculated for
two scenarios representing Global and European aluminium production.

3.1 Climate Change
Figure 2 presents the results for Climate Change as kilograms CO2-eq per functional unit1 for the
Infinitum and Incineration systems. Positive values represent emissions from the systems while
negative values represent avoided emissions.

Figure 2. Climate Change shown as kg CO2-eq per functional unit, separated into life cycle stages.

1

Production, collection and treatment of aluminium cans (weighted average of medium and small cans) used for
distributing 1000 litres of beverage to consumers, including avoided burdens from replaced material and energy.
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Figure 2 shows that the major Climate Change contribution comes from the initial virgin production of
aluminium cans in both systems. As seen in the figure, whether the aluminium cans are produced
based on Global or European production mixes affect the results to a large degree as this part of the
life cycle contribute to emissions of 721 and 359 kg CO2-eq, respectively (shown by light blue bars). If
one assumes the virgin aluminium to be produced outside Europe (Global mix, excluding Europe), the
CO2-emissions for this life cycle step would increase additionally about 9% compared to the results
for Global aluminium production (721 kg CO2-eq) in Figure 2. This clearly shows that the aluminium
production mixes strongly affect the environmental impact of aluminium production.
The major avoided contribution comes correspondingly from the replacement of virgin aluminium,
dependent on the aluminium production mix (Global or European) and the amount of virgin material
being replaced. The Infinitum systems contribute to avoided emissions from replaced virgin aluminium
in the range of -349 and -700 kg CO2-eq for European and Global aluminium production, respectively
(shown by dark green bars). Some small additional avoided emissions come from recycled ‘aluminium
slag’ from the system losses (see chapter 2.2.2, item 1i). The Incineration systems contribute to
avoided emissions of -207 and -416 kg CO2-eq for European and Global aluminium production,
respectively (shown by light green bars). This is due to the avoided aluminium production caused by
recycled aluminium sorted out from the incineration slag.
The Infinitum system clearly gives the largest avoided emissions because of the higher recycling
yield.
Figure 3 presents the contributions to net Climate Change as kilograms CO2-eq per functional unit for
the Infinitum and Incineration systems.

Figure 3. Net Climate Change shown as kg CO2-eq per functional unit.

As seen in Figure 3, the net Climate Change results range from 75 to 84 kg CO2-equivalents and from
207 to 360 kg CO2-equivalents for the Infinitum and Incineration systems, respectively. The Global
aluminium production scenarios give the highest net Climate Change results for both systems, as the
virgin aluminium production life cycle stage gives the major contribution to Climate Change.
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The Incineration system leads to 132 and 276 kg CO2-equivalents higher climate burden than the
Infinitum system when assuming European and Global aluminium production, respectively. On an
annual basis, when assuming 260 million litres beverage to be distributed (Infinitum 2017b), these
differences between the Infinitum and Incineration systems represent a reduced Climate Change of
about 34 000 and 71 000 tonnes CO2-equivalents, for European and Global aluminium production,
respectively. These reduction potentials correspond to the annual emissions from about 23 000 and
48 000 passenger cars (based on an average annual driving distance of 15 000 km and average
emissions (98 g CO2/km) from newly registered passenger cars of July 2016 (OFV, 2016)).
The results have also been calculated per can in order to compare the environmental impacts of the
consumers’ choice to: a) use Infinitum’s deposit system in order to recycle their aluminium cans; or b)
dispose of their aluminium cans together with their residual waste to incineration. The benefit of using
Infinitum’s system compared to incineration is 0.05 and 0.1 kg CO2-equivalents per can for European
and Global aluminium production, respectively.

3.2 Cumulative Energy Demand (CED)
Figure 4 presents the detailed Cumulative Energy Demand (CED) results as MJ primary energy per
functional unit2 for the Infinitum and Incineration systems. Positive values represent primary energy
used by the systems while negative values represent avoided use of primary energy. It should be
noted that CED represents values for all primary energy resources (both renewables, fossil, nuclear
and unspecified sources) which are used for energy purposes.

2

Production, collection and treatment of aluminium cans (weighted average of medium and small cans) used for
distributing 1000 litres of beverage to consumers, including avoided burdens from replaced material and energy.
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Figure 4. Cumulative Energy Demand (CED) shown as MJ primary energy used for energy purposes
per functional unit, separated into life cycle stages.

Figure 4 shows, quite similarly as for the Climate Change results, that the major CED contribution
comes from the initial virgin production of aluminium in both systems. Global and European
production mixes contribute for this life cycle stage to 7 350 and 5 749 MJ, respectively (shown by
light blue bars).
The major avoided contribution comes correspondingly from the replacement of virgin aluminium,
dependent on the aluminium production mix (Global or European) and the amount of virgin material
being replaced. The Infinitum systems contribute to avoided CED from replaced virgin aluminium in
the range of -5 605 and 7 159 MJ for European and Global aluminium production, respectively (shown
by dark green bars). Some small additional avoided CED contributions come from recycled ’slag
aluminium’ from the system losses (see chapter 2.2.2, item 1i). The Incineration systems contribute to
avoided CED of -3 332 to -4 257 MJ for European and Global aluminium production, respectively
(shown by light green bars) due to recycled aluminium slag.
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The Infinitum system clearly gives the largest avoided CED compared to incineration because of the
higher recycling yield.
Figure 5 presents the net Cumulative Energy Demand (CED) as MJ per functional unit for the
Infinitum and Incineration systems.

Figure 5. Net Cumulative Energy Demand (CED) shown as MJ primary energy used for energy
purposes per functional unit.

As seen in the figure, the net CED results range from 1237 to 1278 MJ and from 3316 to 3993 MJ in
the Infinitum and Incineration systems, respectively. The Global aluminium production scenarios give
the highest net CED results for both systems, as the virgin aluminium production life cycle stage gives
the major CED contribution.
The Incineration system leads to 2 080 and 2 715 MJ higher CED than the Infinitum system when
assuming European and Global production mixes, respectively. On an annual basis (when assuming
260 million litres beverage to be distributed) these differences represent a reduced CED of 150 and
196 GWh for European and Global aluminium production, respectively. These reduction potentials
correspond to about 14% and 18% of the annual end use of district heat related to Norwegian
households (SSB, 2017).
The results have also been calculated per can in order to compare the environmental impacts of the
consumers’ choice to: a) use Infinitum’s deposit system in order to recycle their aluminium cans; or b)
dispose of their aluminium cans together with their residual waste to incineration. When taking 100%
collection rate into account, the benefit of using Infinitum’s system compared to incineration is 0.23
and 0.30 kWh per can for European and Global aluminium production, respectively.
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3.3 Fossil Resource Depletion (ADP)
Figure 6 presents the detailed Fossil Resource Depletion results measured as Abiotic Depletion
Potential, fossil (ADPfossil) and presented as MJ fossil primary energy per functional unit3. Positive
values represent fossil primary energy used by the systems while negative values represent avoided
use of fossil primary energy. It should be noted that ADPfossil represents values for fossil energy
resources only, however, used both for energy and feedstock purposes.

Figure 6. Fossil Resource Depletion shown as MJ fossil primary energy per functional unit, separated
into life cycle stages.

Figure 6 shows, quite similarly as for the Climate Change and CED results, that the major ADP
contribution comes from the initial virgin production of aluminium in both systems. European and

3

Production, collection and treatment of aluminium cans (weighted average of medium and small cans) used for
distributing 1000 litres of beverage to consumers, including avoided burdens from replaced material and energy.
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Global production mixes contribute respectively to 3415 and 6321 MJ fossil primary energy (shown by
light blue bars).
The major avoided contribution comes correspondingly from the replacement of virgin aluminium,
dependent on the aluminium production mix (Global or European) and the amount of virgin material
being replaced. The Infinitum systems contribute to avoided ADP from replaced virgin aluminium in
the range of -3 318 and -6 162 MJ fossil primary energy for European and Global aluminium
production, respectively (shown by dark green bars). The Incineration system contributes to avoided
Fossil Resource Depletion of -1 973 to -3 664 MJ for European and Global aluminium production,
respectively (shown by light green bars) due to recycled aluminium slag.
The Infinitum system clearly contributes to largest avoided ADP compared to incineration because of
the higher recycling yield.
Figure 7 presents the net contribution to Fossil Resource Depletion as MJ fossil primary energy per
functional unit, for the Infinitum and Incineration systems.

Figure 7. Net Fossil Resource Depletion shown as MJ fossil primary energy per functional unit.

As seen in Figure 7, the net Fossil Resource Depletion results range from 816 to 869 MJ and from
2 082 to 3 296 MJ in the Infinitum and Incineration systems, respectively. The Global aluminium
production scenarios give the highest net ADP for both systems, as the virgin aluminium production
life cycle stage also gives the major contribution to Fossil Resource Depletion.
The Incineration system leads to 1 266 and 2 427 MJ higher ADP than the Infinitum system when
assuming European and Global production mixes, respectively. On an annual basis (when assuming
260 million litres beverage to be distributed), these differences represent reduced Fossil Resource
Depletion of 91 and 175 GWh, for European and Global aluminium production, respectively. These
reduction potentials correspond to about 8% and 16% of the annual end use of district heat related to
Norwegian households (SSB, 2017).
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The ADP results have also been calculated per can in order to compare the environmental impacts of
the consumers’ choice to: a) use Infinitum’s deposit system in order to recycle their aluminium cans;
or b) dispose of their aluminium cans together with their residual waste to incineration. When taking
100% collection rate into account, the benefit of using Infinitum’s system compared to incineration is
0.14 kWh and 0.27 kWh per can for European and Global aluminium production, respectively.
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4

Multiple recycling loops

As documented in Raadal et al. (2017), the difference in environmental impact per functional unit
between recycling and incineration systems remains the same whether one take multiple recycling
loops or not into account. The reason for the equal results from the two models is that the difference
in environmental loads between the systems increases proportionally according to the amount of
material being recycled. Hence, the difference per functional unit (e.g. kg material or per 1000 litres
distributed beverage) remains the same.
However, it should be emphasised that a system which provides a steady supply of good quality
recyclables has a large potential of replacing virgin material several times, and thereby to contribute
to environmental benefit in every loop. It is therefore important to develop and maintain recycling
systems with high recycling yield and quality in order to displace as much virgin material as possible.

4.1 Recycling loops according to yield
When virgin aluminium cans produced for distributing 1 000 litres of beverages are recycled, the total
potential volume of beverages to be distributed by the virgin and recycled cans can be expressed by
equation (1) below.
Sn = a + a*k + a*k2 + a*k3 + ··· + a*kn-1

(1)

Where
• Sn = Total litres of beverage delivered
• a = 1 000 litres
• k = recycling yeld
The recycling yield for the Infinitum system analysed in this study, is 97.1% (see chapter 2.2.2, item
1h). Equation (1) can be further expressed as equation (2):
Sn = a *

𝑘 𝑛 −1
𝑘−1

(2)

When n is infinite, kn moves towards zero. Hence, the total volume of beverages that potentially can
be distributed by the initial virgin produced aluminium cans (for distributing 1 000 l) can be calculated
as follows:
Sn = 1 000 * (0-1)/(k-1)

(3)

The total potential volume is strongly dependent on the yield (k) in the recycling process as can be
seen in Figure 8 below.
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Figure 8. Potential delivered volume of beverage from the initial virgin produced aluminium cans for
distributing 1 000 litres according to recycling yield. Data for yield 97.1% shown by red point.

The figure shows how the volume substantially increases when recycling rates increase - especially
above 90%. The red point shows the total volume of beverages which can be delivered by the initial
virgin produced aluminium cans for distributing 1 000 litres of beverages with a yield of k = 0.971,
calculated to 34 626 litres using equation (3):
Sn = 1 000 * (0-1)/(0,971-1) = 34 626 litres
Figure 9 shows the demand for virgin produced aluminium in the Incineration system compared to the
Infinitum system with a recycling yield of 97.1% (=100% collection rate).

Figure 9.

The principle of recycled and virgin aluminium cans provided by a closed loop system (97.1
% yield). Red and green bars represent virgin and recycled material, respectively.

As seen in the figure above, the recycling system provides recycled material in each loop according to
the recycling yield (97.1% in this case, representing 100% collection rate). This sums up to a total
multiple-loop amount of recycled material enough to distribute 33 626 litres of beverage in addition to
the distributed 1 000 litres from the initial virgin produced aluminium cans (34 626 litres in total as
shown in Figure 8). Hence, the initial 38.1 kg virgin aluminium can, over time, replace 1 281 kg
aluminium when recycled in a closed-loop system with a yield as high as 97.1%.
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A comparable system, which incinerates all the cans after end-of-life, has to produce all the 1 281 kg
aluminium from virgin material in order to distribute the same amount of beverage. Even though some
of the incinerated aluminium are recycled from the incineration slag, the quality of this material does
not fulfil the requirements for recycling into new beverage cans (Mepex, 2016). However, the material
might be recycled into other products, but the required number of cans in such an incineration system
cannot be supported by aluminium from the system itself.

4.2 Environmental impact from multiple recycling loops
The results for the compared systems (Infinitum’s recycling system and the Incineration system) are
presented as differences () in environmental impacts between Infinitum’s recycling system and the
Incineration systems. The results are shown for varying collection rates and corresponding volumes of
beverage to be distributed by the initial virgin aluminium can production, and also for European and
Global aluminium production.

4.2.1 Climate Change
European aluminium production
Figure 10 shows the differences () in Climate Change (kg CO2-equivalents) between the Infinitum
and Incineration systems and corresponding volume of beverage (litres) to be distributed, according
to different collection rates. The larger the negative value for Climate Change, the larger the benefit is
achieved from the Infinitum system compared to the Incineration system. However, also the potential
number of litres to be delivered increase in the same order (to enhance the presentation, these are
presented as negative figures).
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Figure 10. Potential number of litres to be delivered (shown by negative figures) and  Climate Change
(kg CO2-equvivalents) between Infinitum’s recycling system and the Incineration system,
according to collection rates. The results for today’s collection rate (85.8%) are shown by red
points. All results represent European aluminium production.

As seen in the figure, the benefit from the Infinitum system (compared to the Incineration system),
increases exponentially according to increased collection rate. However, also the potential number of
litres to be delivered increases in the same order. Hence, corresponding figures per 1000 litres of
distributed beverage need to be calculated in order to compare with the results from chapter 3.1. 
Climate Change for 100% collection rate is 4 578 kg CO2-equivalents for the corresponding 34 626
litres of beverage. By dividing this Climate Change benefit by 34.626 litres, the result is 132 kg CO2equivalents per FU (1000 l) which equals the result for the corresponding situation calculated by in
chapter 3.1 (Figure 3). When using Figure 10 for today’s collection rate (85.8% (Raadal et al.,
2016a)), the corresponding result is 113 kg CO2-equivalents per FU. Hence, the benefit from the
Infinitum system (collection rate 85.8%) compared to the Incineration system is 113 kg CO2equivalents per FU. On an annual basis (assuming 260 million litres beverage to be distributed
(Infinitum, 2017b)), this benefit corresponds to a reduced Climate Change of 29 000 tonnes CO2equivalents, which equals annual emissions from 20 000 passenger cars (based on an average
annual driving distance of 15 000 km and average emissions (98 g CO2/km) from newly registered
passenger cars of July 2016 (OFV, 2016)).
Global aluminium production
Figure 11 shows for Global aluminium production (similarly as for Figure 10 for European aluminium
production), the differences () in Climate Change (kg CO2-equivalents) between the Infinitum and
Incineration systems, and corresponding volume of beverage (litres) to be distributed, according to
different collection rates. The larger the negative value for Climate Change, the larger the benefit is
achieved from the Infinitum system compared to the Incineration system. However, also the potential
number of litres to be delivered increase in the same order (to enhance the presentation, these are
presented as negative figures).
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Figure 11. Potential number of litres to be delivered (shown by negative figures) and  Climate Change
(kg CO2-equvivalents) between Infinitum’s recycling system and the Incineration system,
according to collection rates. The results for today’s collection rate (85.8%) are shown by red
points. All results represent Global aluminium production.

As seen in Figure 10,  Climate Change for 100% collection rate is 9 544 kg CO2-equivalents for the
corresponding 34 626 litres of beverage. By dividing this Climate Change benefit by 34.626 litres, the
result is 276 kg CO2-equivalents per FU (1000 l) which equals the result for the corresponding
situation calculated by in chapter 3.1 (Figure 3). When using Figure 11 for today’s collection rate
(85.8% (Raadal et al., 2016a)), the corresponding result is 236 kg CO2-equivalents per FU, which
represents the benefit from the Infinitum system (collection rate 85.8%) compared to the Incineration
system per FU. On an annual basis (assuming 260 million litres beverage to be distributed (Infinitum,
2017b)), this benefit corresponds to a reduced Climate Change of 61 000 tonnes CO2-equivalents,
which equals annual emissions from 42 000 passenger cars (based on an average annual driving
distance of 15 000 km and average emissions (98 g CO2/km) from newly registered passenger cars of
July 2016 (OFV, 2016)).

4.2.2 Cumulative Energy Demand (CED)
European aluminium production
Figure 12 shows the difference () in CED (MJ primary energy) between the Infinitum and Incineration
systems and corresponding volume of beverage (litres) to be distributed, according to different
collection rates. The larger the negative value for CED, the larger benefit is achieved from the
Infinitum system compared to the Incineration system. However, also the potential number of litres to
be delivered increase in the same order (to enhance the presentation, these are presented as
negative figures).
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Figure 12. Potential number of litres to be delivered (shown by negative figures) and  CED (MJ primary
energy) between Infinitum’s recycling system and the Incineration system, according to
collection rates. The results for today’s collection rate (85.8%) are shown by red points. All
results represent European aluminium production.

As seen in the figure, the benefit from the Infinitum system (compared to the Incineration system),
increases exponentially according to increased collection rate. However, also the potential number of
litres to be delivered increases in the same order. Hence, corresponding figures per 1000 litres of
distributed beverage need to be calculated in order to compare with the results from chapter 3.2. 
CED for 100% collection rate is 72 019 MJ for the corresponding 34 626 litres of beverage. By
dividing this CED benefit by 34.626 litres, the result is 2 080 MJ per FU (1000 l) which equals the
result for the corresponding situation calculated by in chapter 3.2 (Figure 5). When using Figure 12 for
today’s collection rate (85.8%, Raadal et al., 2016a), the corresponding result is 1 785 MJ per FU.
Hence, the benefit from the Infinitum system (collection rate 85.8%) compared to the Incineration
system is 1 785 MJ per FU. On an annual basis (assuming 260 million litres beverage to be
distributed (Infinitum, 2017b)), this benefit corresponds to a reduced CED of 129 GWh, which equals
about 12% of the annual end use of district heat related to Norwegian households (SSB, 2017).
Global aluminium production
Figure 13 shows for Global aluminium production (similarly as for Figure 12 for European aluminium
production), the differences () in CED (MJ primary energy) between the Infinitum and Incineration
systems and corresponding volume of beverage (litres) to be distributed, according to different
collection rates. The larger the negative value for CED, the larger benefit is achieved from the
Infinitum system compared to the Incineration system. However, also the potential number of litres to
be delivered increase in the same order (to enhance the presentation, these are presented as
negative figures).
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Figure 13. Potential number of litres to be delivered (shown by negative figures) and  CED (MJ primary
energy) between Infinitum’s recycling system and the Incineration system, according to
collection rates. The results for today’s collection rate (85.8%) are shown by red points. All
results represent Global aluminium production.

As seen in the figure,  CED for 100% collection rate is 94 006 MJ for the corresponding 34 626 litres
of beverage. By dividing this CED benefit by 34.626 litres, the result is 2 715 MJ per FU (1000 l)
which equals the result for the corresponding situation calculated by in chapter 3.2 (Figure 5). When
using Figure 12 for today’s collection rate (85.8%, Raadal et al., 2016a), the corresponding result is 2
329 MJ per FU, which represents the benefit from the Infinitum system (collection rate 85.8%)
compared to the Incineration system per FU. On an annual basis (assuming 260 million litres
beverage to be distributed (Infinitum, 2017b)), this benefit corresponds to a reduced CED of 168
GWh, which equals about 16% of the annual end use of district heat related to Norwegian households
(SSB, 2017).

4.2.3 Fossil Resource Depletion (ADP)
European aluminium production
Figure 14 shows the difference () in ADP (MJ fossil energy) between the Infinitum and Incineration
systems and corresponding volume of beverage (litres) to be distributed, according to different
collection rates. The results represent the situation for European aluminium production. The larger the
negative value for ADP, the larger benefit is achieved from the Infinitum system compared to the
Incineration system. However, also the potential number of litres to be delivered increase in the same
order (to enhance the presentation, these are presented as negative figures).
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Figure 14. Potential number of litres to be delivered (shown by negative figures) and  ADP (MJ fossil
energy) between Infinitum’s recycling system and the Incineration system, according to
collection rates. The results for today’s collection rate (85.8%) are shown by red points. All
results represent European aluminium production.

As seen in the figure, the benefit from the Infinitum system (compared to the Incineration system),
increases exponentially according to increased collection rate. However, also the potential number of
litres to be delivered increases in the same order. Hence, corresponding figures per 1 000 litres of
distributed beverage need to be calculated in order to compare with the results from chapter 3.3. 
ADP for 100% collection rate is 43 823 MJ for the corresponding 34 626 litres of beverage. By
dividing this ADP benefit by 34.626 litres, the result is 1 266 MJ per FU (1 000 l) which equals the
result for the corresponding situation calculated by in chapter 3.3 (Figure 7). When using Figure 14 for
today’s collection rate (85.8%, Raadal et al., 2016a), the corresponding result is 1 086 MJ per FU.
Hence, the benefit from the Infinitum system (collection rate 85.8%) compared to the Incineration
system is 1 086 MJ per FU. On an annual basis (assuming 260 million litres beverage to be
distributed (Infinitum, 2017b)), this benefit corresponds to a reduced Fossil Recourse Depletion of 78
GWh, which equals about 7% of the annual end use of district heat related to Norwegian households
(SSB, 2017).
Global aluminium production
Figure 15 shows for Global aluminium production (similarly as for Figure 14 for European aluminium
production), the differences () in CED (MJ primary energy) between the Infinitum and Incineration
systems and corresponding volume of beverage (litres) to be distributed, according to different
collection rates. The larger the negative value for CED, the larger benefit is achieved from the
Infinitum system compared to the Incineration system. However, also the potential number of litres to
be delivered increase in the same order (to enhance the presentation, these are presented as
negative figures).
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Figure 15. Potential number of litres to be delivered (shown by negative figures) and  ADP (MJ fossil
energy) between Infinitum’s recycling system and the Incineration system, according to
collection rates. The results for today’s collection rate (85.8%) are shown by red points. All
results represent Global aluminium production.

As seen in the figure,  ADP for 100% collection rate is 84 041 MJ for the corresponding 34 626 litres
of beverage. By dividing this ADP benefit by 34.626 litres, the result is 2 427 MJ per FU (1000 l),
which equals the result for the corresponding situation calculated by in chapter 3.3 (Figure 7). When
using Figure 14 for today’s collection rate (85.8%, Raadal et al., 2016a), the corresponding result is
2 082 MJ per FU, which represents the benefit from the Infinitum system (collection rate 85.8%)
compared to the Incineration system per FU. On an annual basis (assuming 260 million litres
beverage to be distributed (Infinitum, 2017b)), this benefit corresponds to a reduced Fossil Recourse
Depletion of 150 GWh, which equals about 14% of the annual end use of district heat related to
Norwegian households (SSB, 2017).

4.3 Alternative system model: constant volume of aluminium cans
An alternative set-up for multiple loop recycling has been investigated and compared with the model
shown in chapter 4.1. The difference between the set-ups is whether or not a constant number of
aluminium cans are assumed to be delivered per recycling loop.
The set-up described in chapter 4.1 delivers a descending number of aluminium cans according to the
recycling yield (1-k). This is principally shown in Figure 16.
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Figure 16. Principle sketch of the Infinitum and Incineration systems when delivering a descending
number of aluminium cans according to recycling yield (1-k). Green and red bars represent
recycled and virgin material, respectively.

The model uses the following set of parameters:

a = number of aluminium cans at start (kg)
k = loss (%)

Environmental impact (climate used as example):
R (kg CO2-eq/kg) for recycling
V (kg CO2-eq/kg) for virgin production
C (kg CO2-eq/kg) for incineration

In this study, k = 2.9% (assuming 100% collection rate), as described in chapter 2.2.2 (1h).
The alternative set-up analyses the Infinitum system as a system which delivers a constant number of
aluminium cans (a). Hence, the original virgin amount of aluminium has to be complemented with the
recycling loss (k) in each loop. The compared Incineration system has to constantly produce the same
number of aluminium cans (a) from virgin material. The systems are principally shown in Figure 17.
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Figure 17

Principle sketch of the Infinitum and Incineration systems when delivering constant
number of aluminium cans. Green and red bars represent recycled and virgin material,
respectively.

The difference () in environmental impact per kg aluminium can be expressed the same way in both
models, as R-V-C. This is described in detail in Annex 2. Hence, the results become the same
regardless of whether or not the system is modelled with a constant or descending delivery of
aluminium cans.
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5

Discussion and conclusions

The main goal of this study has been to compare the environmental impacts of a consumers’ choice
to whether: a) use Infinitum’s deposit system in order to recycle their aluminium cans; or b) dispose of
their aluminium cans together with their residual waste to incineration. The systems are analysed
using an extended waste treatment model represented by the cases recycling and incineration, taking
into account both the initial production of virgin aluminium cans and the avoided burdens from
recycling and energy recovery.
The major conclusion is that Infinitum’s recycling system for aluminium cans clearly outperforms
incineration of cans for the assessed environmental impact categories Climate Change, Cumulative
Energy Demand (CED) and Fossil Resource Depletion.
On an annual basis (when distributing about 260 million litres beverage by aluminium cans), the
potential Climate Change benefit from Infinitum’s recycling system (assuming 100% collection rate)
compared to incineration is 34 000 and 71 000 tonnes CO2-equivalents, for European and Global
aluminium production, respectively. This reduction potential corresponds to the annual emissions from
respectively 23 000 and 48 000 passenger cars. Corresponding annual results for Cumulative Energy
Demand (CED) are 150 and 196 GWh primary energy for European and Global aluminium
production, respectively. This reduction potential corresponds to about 14% and 18% of the annual
end use of district heat related to Norwegian households. For Fossil Resource Depletion, the benefit
of using the Infinitum system amounts to 91 and 175 GWh primary fossil resources for European and
Global aluminium production, respectively. This corresponds to about 8% and 16% of the annual end
use of district heat related to Norwegian households.
The annual environmental benefit from Infinitum’s system with the existing collection rate (85.8%%)
compared to incineration, when assuming European aluminium production, is 25 000 tonnes CO2equivalents, 129 GWh and 78 GWh for Climate Change, CED and Fossil Resource Depletion,
respectively. For Global aluminium production, the benefit is
61 000 tonnes CO2-equivalents, 168 GWh and 150 GWh for Climate Change, CED and fossil
Resource Depletion, respectively.
The results are also given per can in order to compare the environmental impacts of the consumers’
choice to: a) use Infinitum’s deposit system in order to recycle their aluminium cans; or b) dispose of
them together with their residual waste to incineration. The Climate Change benefit of using
Infinitum’s system range from 0.05 to 0.1 kg CO2-equivalents per aluminium can for European and
Global aluminium production, respectively. Corresponding results for CED and Fossil Resource
Depletion are 0.23 to 0.30 kWh and 0.14 and 0.27 kWh primary energy per aluminium can for
European and Global aluminium production, respectively.
As documented in Raadal et al. (2017), the difference in environmental impacts between recycling
and incineration systems per functional unit remains the same whether one take multiple recycling
loops or not into account. The reason for the equal results from the two models is that the difference
in environmental loads between the systems increases proportionally according to the amount of
material being recycled. Hence, the difference per functional unit (e.g. per kg material or per 1000
litres distributed beverage) remains the same.
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However, it should be emphasised that a system which provides a steady supply of good quality
recyclables has a large potential of replacing virgin material several times, and thereby to contribute
to environmental benefit in every loop. The development of recycling systems with high recycling yield
and quality is therefor of large importance in order to displace as much virgin material as possible in
the future’s circular economy. Infinitum’s recycling system provides a steady supply of aluminium
recyclables with a high yield and required quality, which can replace virgin aluminium several times. It
is thus up to stakeholders, authorities and other parts of the aluminium can value chain to secure that
a sufficient demand for recycled aluminium also is fulfilled, e.g. by providing efficient incentives, in
order to secure a robust and environmentally successful recycling system.
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LCA method
Life Cycle Assessment (LCA) has been the applied method for this study. This chapter gives a
general description of the LCA methodology and briefly describes the assessed impact categories.

Life Cycle Assessment
A LCA covers the whole life cycle of a product or service, and is often associated with the term
‘cradle-to-cradle’. By applying the LCA method, the potential environmental impacts along the life
cycle of a product or a service can be analysed and assessed. LCA represents a structured,
comprehensive and internationally standardised (ISO 14040 and ISO 14044:2006) method for
quantifying environmental and health impacts, resources consumed and resource depletion that are
associated with any goods or services (“products”). It is applicable to products, processes, services
and firms, in order to document their environmental performance, to identify potentials for
environmental improvements, to compare alternative options as well as to substantiate eco-labelling
criteria. In accordance with the International Reference Life Cycle Data System (ILCD) Handbook
(European Commission, 2010), Life Cycle Thinking and LCA create the scientific approaches behind
modern environmental policies and business decision support related to sustainable consumption and
production. A LCA consists of four steps. It starts with deciding the goal and scope, which is the basis
for the system boundaries and all the following steps of the assessment. The second step involves
data collection for the system and establishing the life cycle inventory. The collected data is then
categorised and characterised in the third step, according to the potential impact in different
environmental impact categories. Interpretation of the results and the overall assessment is the last
and final step of a LCA.
There are three central points in a life cycle assessment:
• One considers the entire technical system required to produce, use and dispose the product
(system analysis), and not just the product itself.
• One considers the entire material and energy flow through the value chain of the product, and
not just an isolated process or activity.
• One considers several relevant environmental impact categories for the entire system, and not
just one single environmental indicator (e.g. emissions of solvents or dust).
The LCA standardised methodology (ISO, 2006 and European Commission, 2010), describes two
main modelling approaches for LCA: the attributional approach and the consequential approach. In
accordance with ISO 14044 (ISO, 2006), the two approaches are described as “the account of the
history of the product” (attributional) and “consequences of possible changes between two alternative
products” (consequential). The main difference between the attributional and consequential approach
is that while the attributional approach analyses an existing situation, the consequential approach
analyses how a situation changes as a result of a decision. In other words: The attributional approach
is modelled under ceteris paribus (“other things being equal”) conditions while the consequential
approach is modelled under the conditions of mutatis mutandis (“the necessary changes being
made”) (Frischknecht & Stucki, 2010). It should be emphasised that the consequential approach
analyses the macro-economic consequences (e.g. changed production capacity) of a decision
(European Commission, 2010). The attributional approach has traditionally been the most used
approach in practical cases. This approach has also been applied in this study. The LCA is performed
using the LCA software SimaPro (PRé Consultants, 2016).
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Impact assessment
In the impact assessment step of a LCA, all the collected consumption and emission data is assessed
in terms of potential environmental impacts. There are several existing methods for life cycle impact
assessments that quantify potential impacts within certain environmental categories. The impact
categories range from Climate Change, Acidification, Ozone Depletion, Radiation, Human and
Environmental Toxicity, to usage of energy, scarce resources, water and land areas.
A full scale LCA should cover a broad range of categories in order to avoid problem shifting (solving
one problem while causing another), but it is common to select a few that can be considered most
important for the system under study. This study has analysed the following environmental impact
categories:
•
•
•

Climate Change
Fossil Resource Depletion – Abiotic Depletion Potential, fossil (ADPfossil)
Primary energy - Cumulative Energy Demand (CED)

The selected environmental impact categories are described briefly below and their characterisation
methods are presented subsequently.

Climate Change
Climate Change is the danger of larger changes in the climate system and is measured as the
potential amount of heat a greenhouse gas can trap in the atmosphere. The measurement unit is the
warming potential of a specific greenhouse gas relative to carbon dioxide (kg CO2-equivalents).
Global warming is a term describing the rise in the average temperature on Earth due to human
activities. The Intergovernmental Panel on Climate Change (IPCC) states in their Fifth Assessment
Report (IPCC 2013) that “It is extremely likely that human influence has been the dominant cause of
the observed warming since the mid-20th century”.
The change of the wording from very likely to extremely likely (95 – 100 % certainty), is a clear
message that human activities are affecting the global climate. The consequences of climate change
are numerous and some of the most important are increases or decreases temperature, precipitation,
wind speed or sea level. These changes can affect the living conditions for humans, plants and
animals. The impacts are considered to be primarily negative. The table shows the most important
greenhouse gases and their contribution to global warming.
Table A1.1: The three most important greenhouse gases and their Global Warming Potential (GWP)

Emission
Carbon dioxide
Methane
Nitrous oxide

Chemical formula
CO2
CH4
N2O

Characterisation factor
GWP100
1
30.5
265

Unit
kg CO2 eq. / kg
kg CO2 eq. / kg
kg CO2 eq. / kg

Fossil Resource Depletion– Abiotic Depletion Potential, fossil (ADPfossil)
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The availability of certain material and energy resources in the world are limited. Hence, energy use is
an important indicator for the sustainability of a product or a system. Both the use of renewable and
non-renewable (fossil and nuclear) energy sources can be measured in a LCA. The applied impact
category in this study is known as Abiotic Depletion of fossil fuels and the indicator used is Abiotic
Depletion Potential, fossil (ADPfossil). The included fossil resources in the category are oil, natural gas,
coal and peat. ADPfossil quantifies the total potential fossil primary energy use of a system or a
product, as MJ fossil primary fuels consumed, regardless of how the fossil fuel is used (as fuel or
material/feedstock). It does not include use of renewable energy or nuclear energy.
Primary energy - Cumulative Energy Demand (CED)
This indicator includes all kinds of primary energy resources, however only those used as energy (not
as material/feedstock) in the system considered. Hence, there are two principally differences between
CED and depletion of fossil resources. This indicator can be divided in four sub-categories; fossil and
renewable primary energy, primary energy used for nuclear power production, and unspecified primary
energy.

Characterisation methods
The characterisation methods for the chosen indicators.
Environmental
impact category
Climate Change
(measured
through global
warming
potential, GWP)
Resource
Depletion
(measured
through Abiotic
Depletion
Potential for fossil
fuels, ADPfossil)
Primary energy Cumulative
Energy Demand
(CED)

Impact assessment
method
IPCC 2013 GWP
100a1. v1.03

Unit

Comments

kg CO2-eq.

Assuming steady state in biogenic systems (not
considering uptake of CO2 in biological systems, nor
counting biogenic CO2 when burning biological
matter).

CML-IA baseline
v3.03 (april 2013,
v4.2).

MJ LHV

Original method modified by Ostfold Research, to
include more specific substances making the list of
fossil fuels more comprehensive (54 instead of 37
substances). Denotes the use of fossil material with
energy content (regardless of it is used as fuel or
material/feedstock).

CML 1992 v2.06,
Cumulative Energy
Demand v1.09 by
Ecoinvent, and
Ostfold Research.

MJ HHV

Denotes the use of primary energy used as energy
(not as material/feedstock). Divided in four subcategories; fossil and renewable primary energy,
primary energy used for nuclear power production,
and unspecified primary energy.

Developed by Ostfold Research, based on own
experience, EPD guidelines from Environdec 2015
(PCR 2007:08, CPC 171 v3.0, 2007-10-21, revised
2015-02-05: Electricity, Steam, and Hot/Cold Water
Generation and Distribution) and Norwegian
legislations in addition to the given methods.
Additional substances have been added by Ostfold
Research to make the list complete.
1) Climate Change is measured with a Global Warming Potential (GWP) based on a time horizon of 100 years.
Gases have different lifetimes in the atmosphere and models have been developed for different time horizons. A
time horizon of 100 years is most commonly used.
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Comparing constant and descending number of
aluminum cans
An alternative set-up for multiple loop recycling has been investigated and compared with the model
shown in chapter 4.1. The difference between the set-ups is whether or not a constant volume of
aluminium cans bottles are assumed to be delivered per recycling loop.
The set-up described in chapter 4.1 delivers a descending number of aluminium cans according to the
recycling yield (1-k). This is principally shown in Figure A2.1

Figure A2.1

Principle sketch of the Infinitum and Incineration systems when delivering a descending
amount of aluminium according to recycling yield (1-k). Green and red bars represent
recycled and virgin material, respectively.

The alternative set-up analyses the Bottle-to-bottle system as a system which delivers a constant
number of aluminium cans (a). Hence, the original virgin amount of aluminium has to be
complemented with a number of virgin cans (ak) according to the recycling loss (k) in each loop. The
compared Incineration system has to constantly produce the same number of aluminium cans (a)
from virgin material. The systems are principally shown in Figure A2.2

© Østfoldforskning

37

Comparison of recycling and incineration of aluminium cans

Figure A2.2

Principle sketch of the Incineration and Incineration systems when delivering constant
number of aluminium cans. Green and red bars represent recycled and virgin material,
respectively.

Both models use the following set of parameters:

a = number of aluminium cans at start (kg)
k = loss (%)

Environmental impact (climate used as example):
R (kg CO2-eq/kg) for recycling
V (kg CO2-eq/kg) for virgin production
C (kg CO2-eq/kg) for incineration

For the set-up delivering descending number of aluminium cans, the difference () in environmental
impact between the Infinitum and Incineration systems per kg aluminium can be expressed as R-V-C,
see Table A2.1 below.
Table A2.1

The difference () in environmental impact between the Infinitum and Incineration
systems for descending amount of aluminium material.
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For the set-up delivering constant amount of aluminium, the difference () in environmental impact
between the Infinitum and Incineration systems per kg aluminium can also be expressed as R-V-C,
see Table A2.2 below.
Table A2.2

The difference () in environmental impact between the Bottle-to-bottle and Incineration
systems for constant amount of PET material.
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