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Summary 

The primary objective of this study is to assess and compare the potential environmental impact of 

beverage container production with different collection and treatment systems in Norway. Three major 

systems for collection and treatment of PET bottles have been analysed: 

 Collection of PET bottles using Infinitum’s existing deposit system with Reverse Vending 

Machines in grocery stores. This system is modelled using actual, known collection rates. 

 Collection of PET bottles using Green Dot Norway’s kerbside system for plastic packaging (no 

deposit). This system is modelled using two different scenarios for collection rates. 

 Collection of PET bottles together with residual waste to incineration. This system is modelled 

as a hypothetical system where bottles and cans follow the residual waste stream and no 

recycling is done. 

 

Furthermore, the project has analysed different optimisation scenarios with regard to increased 

collection rates in Infinitum’s system and rates of recycled PET in the bottles. Similar optimisation 

scenarios have been analysed for Infinitum’s collection system for aluminium cans.  

 

The study has been commissioned by Infinitum AS, the corporation that runs the deposit recycling 

scheme for beverage containers in Norway. The container types included in their scheme are made of 

aluminium, steel and plastic (PET). A reference group was established in order to ensure that the 

assumptions regarding the different systems were objective and comparable, which is also a 

requirement for comparisons of systems in accordance with LCA standards.  

 

Life Cycle Assessment (LCA) has been performed to assess the potential environmental impact of the 

systems for the following impact categories: Global Warming Potential (GWP), Abiotic Depletion 

Potential (ADP), Acidification Potential (AP) and Eutrophication Potential (EP). The systems are 

modelled according to the Cut-Off System Model, which follows the “polluter pays principle”. The 

underlying philosophy for this approach is that the primary (first) production of a material is always 

allocated to the primary user of the material. If a material is recycled, the primary producer does not 

receive any credit for the provision of any recyclable materials. As a consequence, recycled materials 

bear only the impacts of the recycling processes. Nevertheless, the incineration of waste is allocated 

completely to the treatment of the waste. The burdens lay with the waste generator, according to the 

polluter pays principle. 

 

The functional unit for all the analyses is: Production, collection and treatment of PET bottles and 

aluminium cans used for distributing 1000 litres of beverage to consumers. 

 

The Infinitum system gives clearly the lowest climate impact as the increased impact is 11%, 24% and 

78% for the Green Dot Norway systems with 70% and 50% collection rates and the Incineration 

system, respectively. Based on Norwegian consumption of PET beverage containers for 2015, these 

figures represent potential annual increased climate impact of about 7 000 tons, 15 000 tons and 

50 000 tons CO2-eq, respectively. Production of virgin PET is the major contributor to climate impact, 

but incineration of PET (not collected for recycling) is also a notable contributing activity. Hence, the 

Infinitum system performs better than the GPN system due to higher collection rate, which means less 

emissions from incineration of PET not collected for recycling. For the other environmental indicators 

assessed (Abiotic Depletion, Acidification and Eutrophication Potential), as well as for littering 
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volumes, the Incineration system performs worst, mainly due to the assumption of 100% virgin PET in 

the bottles compared to 80% in the recycling systems.  

 

In order to focus on the differences between the systems with regard to collection and treatment, the 

results are also presented without the contribution from PET production. The Infinitum system 

performs clearly best with regard to climate impact due to the lowest incineration emissions. For ADP 

(use of fossil energy) and Acidification, the Infinitum and Incineration systems perform best due to 

lowest transport burdens while the Green Green Dot Norway system performs best for Eutrophication. 

For climate impact, incineration is the dominating activity while transport is dominating for ADP (use of 

fossil energy). For Acidification and Eutrophication, the reverse vending machine (mostly production 

of electric components) gives the major contribution in the Infinitum system, while incineration and 

transport are both significant in the GPN and Incineration systems. It should be noted that the 

collection and treatment activities represent less than 10% of the total impact (when including PET 

production) for the systems (except for climate impact). Thus, one should carefully look at these 

results without considering them as part of the complete systems.  

 

Production of virgin PET is the major contributor to all the analysed environmental indicators. Hence, 

the most important factor for improving the environmental impact of PET bottles systems is to produce 

PET bottles with as high share of recycled material as possible. Furthermore, high collection rates of 

the used bottles are also important, as the higher the collection rates, the better environmental 

performance is achieved. This is documented by analysing optimised scenarios for Infinitum’s PET 

bottle system and also for the aluminium can systems. The major reason for the large improvements 

when shifting to recycled material at the expense of virgin material is that recycled material production 

has a much lower environmental impact compared to virgin production. 

 

However, increasing the share of recycled PET (rPET) and aluminium also depends on the available 

rPET/recycled aluminium at the market, which again is affected by the supply of recyclates with a 

sufficient quality for new bottle/can production. It is therefore important to implement collection 

systems which are able to contribute to closing the loop for these products. Hence, when comparing 

different systems, one should look beyond the collection rate as such, also taking into consideration 

the collection systems’ potential of supplying the market with high quality recyclates acceptable for 

new bottle/can production.  

 

This is particularly important for the PET system, as the collection system to a large extend might 

affect the quality of the collected material. When PET bottles are collected together with other 

packaging (both food and non-food packaging), the quality and possibilities for reaching food grade 

quality of the recycled material is harder. Hence, from a hygienic point of view, the input material for 

bottle-to-bottle recycling should preferably be bottles or containers from food applications. It is 

therefore likely to assume that the quality of PET recyclates collected together with other non-food 

packaging is lower compared to the quality of PET collected in a deposit system. On the basis of this, 

it can be concluded that the Green Dot Norway system has a lower potential of closing the loop for 

PET bottles by delivering bottle-grade recycled PET “back to the system” as the collected PET 

material most likely will be recycled into other applications. 

 

The existing Infinitum system has a large potential for environmental improvements. This is illustrated 

by assuming increased rPET shares in the bottles from the assumed existing rate of 20% to 60% due 

to more bottle-to-bottle recycling. This seems likely, as the existing collection rate is 87%. The 

reduced climate impact is calculated to 45 kg CO2-eq per functional unit, which on an annual basis 
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(based on data for 2015) represents 27 243 tons CO2-eq. This amount equals the annual CO2-

emissions from about 18 500 passenger cars. Similarly, increasing the recycled content in the 

aluminium cans from 20% to 60% represents an annual reduction potential of 80 500 tons CO2-eq, 

which corresponds to annual CO2-emissions from about 50 000 passenger cars.  

 

A prerequisite for achieving high rates of recycled PET in bottles is that they are easy to recycle, 

thus not containing unnecessary additives, coatings, colours, etc. Design for recycling is therefore 

an important issue for preform producers. 

 

The environmental impact of littering has not been assessed in this study as the included 

environmental impact categories do not measure this effect. However, based on data from 2015, 

the potential annual littered PET volume from the Infinitum and Green Dot Norway systems, as well 

as the Incineration scenario have been calculated to about 500 tons, 1000 – 1250 tons, and 1500 

tons PET, respectively. These littering volumes might cause problems related to microscopic 

plastic fragments available for fish and animals, as well as esthetical problems. In addition, they 

represent a loss of resources. 
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1 Introduction 

 

The primary objective of this study is to assess and compare the potential environmental impact of 

beverage container production with different collection and treatment systems in Norway. 

 

Three major systems for collection and treatment of PET bottles have been analysed: 

 Collection of PET bottles using Infinitum’s existing deposit system with Reverse Vending 

Machines in grocery stores. This system is modelled using actual, known collection rates. 

 Collection of PET bottles using Green Dot Norway’s kerbside system for plastic packaging (no 

deposit). This system is modelled using two different scenarios for collection rates. 

 Collection of PET bottles together with residual waste to incineration. This system is modelled 

as a hypothetical system where bottles and cans follow the residual waste stream and no 

recycling is done. 

 

Furthermore, the project has analysed different optimisation scenarios with regard to increased 

collection rate in Infinitum’s existing collection system and rate of recycled PET in the bottles. Similar 

optimisation scenarios have been analysed for Infinitum’s collection system for aluminium cans. 

  

The project has been commissioned by Infinitum AS, the corporation that runs the deposit recycling 

scheme for beverage containers in Norway. The container types included in their scheme are made of 

aluminium, steel and plastic (PET). A reference group was established in order to ensure that the 

assumptions regarding the different systems were objective and comparable, which is also a 

requirement for comparisons of systems in accordance with LCA standards (ISO, 2006). The 

reference group had the following members: Kjell Olav Maldum (Infinitum), Ole Faye (Infinitum), Sten 

Nerland (Infinitum), Øivind Brevik (ROAF), Lars Brede Johansen (Grønt Punkt Norge (GPN)/Green 

Dot Norway), Hanne Lerche Raadal and Ole M. K. Iversen (Østfoldforskning). 

 

Life Cycle Assessment (LCA), according to standardised methodology (ISO, 2006 and European 

Commission, 2010) has been performed to assess the potential environmental impact of the systems. 

The scope of the analysis was changed several times during the project. The initial data collection 

proved somewhat challenging and the objective of the analysis was not entirely clear. After a review 

of the project, some data related to life cycle stages that would be identical for the three major 

systems were omitted from the study. This was done in order to avoid averaging of data from the 

beverage production industries, of which the disposal systems have no direct control. Hence, the 

performed analysis is not an LCA of a complete product system, but rather an assessment of the 

defined parts of the overall systems.  

 

The study provides quantified impacts across the different systems for beverage container collection 

and treatment. The potential environmental impacts considered are Global Warming Potential, Abiotic 

Depletion Potential, Acidification Potential and Eutrophication Potential. Due to the omission of 

several life cycle stages, the results can not be used for direct comparisons of the assessed beverage 

container types and sizes. 

 

 

 



LCA of beverage container production, collection and treatment systems    

 

© Østfoldforskning   7 

2 System description 

2.1 Functional unit 

The goal of the study has been to perform a Life Cycle Assessment (LCA) of beverage container 

production, collection and treatment systems. The analysed systems are described in this chapter and 

a description of the LCA methodology is given in Annex 1. 

 

The functional unit is defined as: 

 

Production, collection and treatment of PET bottles and aluminium cans used for 

distributing 1000 litres of beverage to consumers. 

 

 

The study has analysed beverage distribution in PET bottles, using three different collection systems 

for the collection and treatment of the bottles. Furthermore, different optimisation scenarios with 

regard to increased collection rate in Infinitum’s existing collection system and rate of recycled PET in 

the bottles have been analysed. Similar optimisation scenarios have been analysed for Infinitum’s 

collection system for aluminium cans. 

 

The following beverage container types have been analysed:  

 Small (≈ 0,5 L content) and large PET bottles (≈ 1,5 L content) 

 Small (≈ 0,33 L content)  and medium (≈ 0,5 L content) aluminium cans 

 

The functional unit refers to the production, collection and treatment of bottles and cans used for 

distributing 1000 litres of beverage to consumers. The analysed system is illustrated in Figure 2.2.  

Distribution transport and distribution packaging, as well as the production of the beverage itself and 

potential differences in beverage losses have been excluded from the study. The main reason for this 

exclusion is that these activities are identical for the respective PET and aluminium systems being 

compared, and have thus no impact on the differences between systems. This exclusion gives the 

analysis the following limitations: 

 The life cycle impacts of beverage distribution in PET versus aluminium containers can not be 

compared. 

 The total environmental impact of the two container systems can not be calculated. 

 

The study has performed the following three main analyses: 

1) Comparison of 3 different systems for collection and treatment of PET bottles 

a. Collection of the PET bottles using Infinitum’s existing deposit system with Reverse 

vending machines in grocery stores. 

b. Collection of the PET bottles using Green Dot Norway’s kerbside system for plastic 

packaging (no deposit) 

c. Collection of the PET bottles together with residual waste to incineration. 

2) Optimised scenarios for Infinitum’s system for PET bottles with regard to increased collection rate 

and share of recycled PET in the bottles 

3) Optimised scenarios for Infinitum’s system for aluminium cans with regard to increased collection 

rate and share of recycled aluminium in the cans. 
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The systems are further described in chapters 2.3 - 2.5. 
 

2.2 Methodological choices 

Life Cycle Assessment (LCA) is the applied method for this study. The method was chosen due to its 

applicability for assessing and comparing different systems’ potential environmental impact. Annex 1  

gives a general description of the LCA methodology and briefly describes the assessed impact 

categories. This study has analysed the following environmental impact categories: 

 

• Global Warming Potential (GWP) 

• Abiotic Depletion Potential (ADP) 

• Acidification Potential (AP) 

• Eutrophication Potential (EP) 

 

The PET bottle and aluminium can systems are modelled according to the Cut-Off System Model 

(ecoinvent, 2016a), which follows the “polluter pays principle” (The International EPD® System, 

2015). The underlying philosophy for this approach is that the primary (first) production of a material is 

always allocated to the primary user of the material. If a material is recycled, the primary producer 

does not receive any credit for the provision of any recyclable materials. As a consequence, 

secondary (recycled) materials bear only the impacts of the recycling processes. For example, 

recycled paper only bears the impacts of the recycling process of turning waste paper into recycled 

paper. It is free of any burdens of the forestry activities and processing required for the primary 

production of the paper. Nevertheless, the incineration of waste is allocated completely to the 

treatment of the waste. The burdens lay with the waste generator, according to the polluter pays 

principle.  

 

 

Figure 2.1 shows a simplified description of the analysed systems according to the above described 

Cut-Off System Model. 
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Figure 2.1 Simplified description of the analysed systems according to the Cut-Off System Model. 

 

As seen in  

Figure 2.1, the burdens related to the production of both virgin and recycled materials for the 

bottles/cans being analysed are included in the system boundaries. Thus, the recycled materials only 

bear the impacts from the recycling processes. The burdens from incineration of waste are allocated 

to the analysed system (while potential heat/electricity) is delivered “burden-free”. Furthermore, the 

system includes transport of recyclable material until the recycling plant, but does not receive any 

credit for the recycled products. This credit is “delivered” to the system taking use of it (as Recycling is 

outside the system boundaries). This can be summarised as follows: The environmental impacts from 

using recycled material is inside, while impacts (credits) from the provision of recyclable materials is 

outside the system boundaries. This implies that the analysis does not take into consideration that the 

systems being analysed and compared might deliver recyclates with different quality. This is further 

discussed in chapters 3.1.1 and 4.  

 

It should be mentioned that, according to the Life Cycle Methodology, other allocation methods might 

also be used, e.g. economic allocation or Allocation at the point of substitution (APOS) system model 

(ecoinvent, 2016b). 
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2.3 Comparison of different systems for collection and treatment of 

PET bottles 

The study has analysed three major systems for collection and treatment of PET bottles: 

 

1. Collection of PET bottles using Infinitum’s existing deposit system with Reverse Vending 

Machines in grocery stores. This system is modelled using actual, known collection rates 

2. Collection of PET bottles using Green Dot Norway’s kerbside system for plastic packaging (no 

deposit). This system is modelled using two different scenarios for collection rates 

3. Collection of PET bottles together with residual waste to incineration. This system is modelled as 

a hypothetical system where bottles and cans follow the residual waste stream and no recycling is 

done. 

 

Figure 2.2 illustrates the three major systems. The red arrows indicate the collection routes for the 

different systems. A more detailed description of the figure is given in chapter 2.6. 

 

 
Figure 2.2 Illustration of the three major collection systems for PET bottles. 
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The collection rate as well as littering rate for Infinitum’s system are based on data for 2015 (Infinitum, 

2016a), while relevant comparable data for a system estimated to be operated by Green Dot Norway 

have been assumed by the reference group. The same applies for the incineration system. The share 

of recycled material in the PET bottles represents Norwegian average (assumed by Infinitum) in 2015.  

 

The collection, littering and incineration rates, as well as the share of recycled material in the PET 

bottles in the different analysed systems are presented in Table 2.1 below and described more in 

detail in chapters 2.3.1 - 2.3.3. 

 

Table 2.1 Collection, littering and incineration rates as well as share of recycled material for the three 

major systems for collection and treatment of PET. 

 
 

As described in chapter 2.2, potential variation in the quality of the recyclates delivered from different 

collection systems are not taken into consideration due to the cut off allocation method.  This is further 

discussed in chapters 3.1.1 and 4. 

 

This study has analysed the Green Dot Norway and Incineration systems in a simplified way when it 

comes to the assessment of potential changes in the existing systems as a consequence of the 

implementation of PET bottles to the systems. A short discussion and summary of important aspects 

which should be taken into consideration when analysing the environmental impacts related to large 

system changes (e.g. changing the national deposit system for PET bottles and aluminium cans to 

municipal collection with mixed waste) is presented in Annex 2. It should, however, be emphasised 

that the ranking of the systems with regard to environmental performance most likely will remain the 

same also by taking a more consequential approach for the analysis.  

 

2.3.1 Collection using Infinitum’s existing deposit system 

The weighted overall collection rate for PET bottles for 2015 has been calculated to be 87.2% for 

distributing 1000 L beverage (functional unit), based on 91.3% and 80.3% collection rates and market 

share for large and small bottles, respectively (Infinitum, 2016a). The littering rate has been calculated 

to 2.5% for the whole system on a mass basis (Mepex, 2016). It should be emphasised that this 

number also includes uncertainties in the calculations. The difference between 100% and the 

collection and littering rates represents 11.5% (mass basis) and these PET bottles are assumed to be 

incinerated together with residual waste. However, according to Mepex (2016), 0.3% of this amount is 

recycled, but this is not taken into account in this study.  

 

Collection system PET bottles Collection rate Littering 
Incineration 

(other) 
Share of recycled PET in bottle

Existing total collection rate RVM 

PET large 91.3 % 1.6 % 7.2 %
PET small 80.3 % 3.8 % 15.9 %

A) Scenario with 70 % collection rate : 
PET large 70 % 4 % 26 %
PET small 70 % 6 % 24 %

B) Scenario with 50 % collection rate : 
PET large 50 % 5 % 45 %
PET small 50 % 7 % 43 %

Incineration 
PET large 0 % 6 % 94 %
PET small 0 % 8 % 92 %

20% (Norwegian average, 

assumed by Infinitum)

0 %

Infinitum today

(2 transport 

models)

Green Dot 

Norway

Incineration
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In order to calculate the different littering rates for small and large PET bottles in the Infinitum system, 

one assumption is taken: The amount of small PET bottles to incineration compared to the total 

amount of small PET bottles is assumed to be twice the amount of large PET bottles to incineration 

compared to the total amount of large PET bottles. Since small PET bottles are more often used “on 

the go” than large bottles (which mostly are consumed at home), both increased littering rates and 

incineration rates seem to be reasonable. In addition, calculations show that the share of small PET 

bottles being sent to incineration in the existing system must be lower than three times and higher 

than one time the share of large PET bottles sent to incineration, thus the value of two has been 

chosen.  

 

Two transport models for the utilisation of return transport have been calculated for the Infinitum 

system. These are further described in chapter 2.6.1.  

 

2.3.2 Collection using Green Dot Norway’s kerbside system for plastic 

packaging 

According to a European study conducted for the Joint Parliamentary committee (Astrup and Hedh, 

2011), the  recycling rate in non-deposit systems is on average 35%-points lower compared to 

deposit-systems (86% in deposit systems compared to 52% in non-deposit systems). However, there 

are large variations in both systems. The largest difference between the best and worst recycling 

rates in the non-deposit system represents about 60%-points. It should also be noted that aluminium 

cans in general seems to reach higher collection rates compared to PET bottles, especially in the US 

(Gitlitz, 2013). In Germany, the typical recycling rate for PET bottles in non-deposit systems varies 

between 43 and 54% (PwC, 2011), while the average collection rate in the US is 20% (CRI, 2013). 

According to Petcore Europe (the European trade association representing the whole PET value 

chain in Europe), typical 40% to 60% of targeted recyclables are returned through kerbside collection 

systems (Petcore Europe, 2016). The average collection rate for plastic packaging in Green Dot 

Norway’s system today is about 41% (Raadal et al., 2016). Due to the long experience of recycling 

plastics in Norway and the fact that PET bottles are relatively easy to collect compared to general 

plastic packaging (mixed plastic), it seems reasonable to assume that the collection rate for PET 

bottles would be higher than the average collection rate for plastic packaging. 

 

Based on specific data from Infinitum’s existing system, relevant literature (PwC, 2011) and 

discussions in the reference group, two collection rates scenarios (70% and 50%) in Green Dot 

Norway’s kerbside system have been analysed.  

 

The littering rates for a collection system for PET bottles via Green Dot Norway’s system are 

generally assumed higher than the littering rate in Infinitum’s system of today due to the fact that the 

consumers won’t get any premium when returning the bottles to the retailers. For the 70 % collection 

scenario a littering rate of 4% and 6% for large and small PET bottles respectively have been 

assumed. For the 50 % collection scenario, the rates have been raised to 5% and 7%, respectively.   
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2.3.3 Collection together with mixed waste to incineration 

For the system analysing PET bottles being collected to incineration together with residual mixed 

waste, the littering rates have been raised some more compared to Green Dot Norway’s system in 

order to reflect that this system does not motivate for any separate collection for PET recycling. 

Littering rates of 6% and 8%, respectively, have been chosen for large and small PET bottles.  

 

2.4 Optimised scenarios for Infinitum’s system for PET bottles 

The study has further analysed optimised scenarios for Infinitum’s system for PET bottles in order to 

assess the impact of increased collection rates and increased use of recycled PET in the bottles. A 

simplified illustration of this shown by the red arrows in Figure 2.2. 

 

 
Figure 2.3 Illustration of the optimised scenarios for Infinitum’s system for PET bottles. 
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According to the recycling plant of which Infinitum delivers their major volumes (Cleanaway PET 

Svenska AB, 2016), about 90% of the collected clear PET bottle volume is recycled into bottles or 

other food packaging (food grade quality). Table 2.2 shows how the assumptions for collection, 

littering and incineration rates, as well as the share of recycled PET in the bottles vary in the different 

scenarios. The lowest share of recycled PET (11.7%) represents the current average recycled content 

in PET bottles in Europe (The European PET Bottle Platform, 2016). 

 

Table 2.2 Collection, littering and incineration rates as well as share of recycled material in the optimised 

scenarios for Infinitum’s system for PET bottles. 

 
 

2.5 Optimised scenarios for Infinitum’s system for aluminium cans 

The collection rate for aluminium cans for 2015 has been calculated to be 85.8% for the total system, 

including both medium and small cans (Infinitum, 2016a). There are no differences between small and 

medium cans. The percentage littering has been calculated (Mepex, 2016) to 0.3%. It should be 

emphasised that this number also includes uncertainties in the calculations. The difference between 

100% and the collection and littering rates represents 13.9 % and these cans are assumed to be 

incinerated together with residual waste. However, according to Mepex (2016), 9% of this amount is 

recycled (mostly collected from ash from incineration plants), but this is not taken into account in this 

study. This case represents Infinitum’s existing system for collection of aluminium cans in Norway. 

 

In the same way as for PET bottles, optimised scenarios for Infinitum’s system for aluminium cans are 

analysed in order to assess the impact of increased collection rates and increased use of recycled 

aluminium in the cans. A simplified illustration of this shown by the red arrows in the same Figures as 

for the PET system, see Figure 2.3. 

 

Table 2.3 shows how the assumptions for collection, littering and incineration rates, as well as the 

share of recycled PET in the bottles vary in the different scenarios. 

  

PET bottles Collection rate Littering 
Incineration 

(other) 
Share of recycled PET in preform

A) Existing total collection rate RVM: 87% 87.2 % 2.5 % 10.3 %

PET large 91.3 % 1.6 % 7.2 %

PET small 80.3 % 3.8 % 15.9 %

B) Total collection rate RVM 95% 95.0 % 2.0 % 3.0 %

PET large 96.2 % 1.6 % 2.2 %

PET small 93.0 % 2.6 % 4.4 %

C) Total collection rate RVM 100% 100.0 % 0.0 % 0.0 %

PET large 100.0 % 0.0 % 0.0 %

PET small 100.0 % 0.0 % 0.0 %

a) 90%,  b) 100%

a) 11.7 %(Europen average)

b) 20% (Norwegian average)

c) 40%, d) 60%

a) 60%,  b) 80% 
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Table 2.3 Collection, littering and incineration rates as well as share of recycled material in the optimised 

scenarios for Infinitum’s system for aluminium cans. 

 
 

2.6 Major assumptions and data related to the analysed systems 

The analysed systems are illustrated in Figure 2.4 

 

 

Figure 2.4 Illustration of life cycle stages and system boundaries for the analyses systems.  

Aluminium cans Collection rate Littering 
Incineration 

(other) 
Share of recycled aluminium in can

A) Total collection rate RVM 2015

Alu medium 85.8 % 0.3 % 13.9 %

Alu small 85.8 % 0.3 % 13.9 %

B) Total collection rate RVM 2015

Alu medium 90.0 % 0.3 % 9.7 %

Alu small 90.0 % 0.3 % 9.7 %

C) Total collection rate RVM 2015

Alu medium 100.0 % 0.0 %

Alu small 100.0 % 0.0 %

20%, 40%, 60%

80 %

100 %
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The analysed life cycle stages for the different systems are outlined below: 

 

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 PET bottles from Infinitum’s sorting plant to recycling plants 

1e Transport of aluminium cans from Infinitum’s sorting plant to recycling plants 

1f Collection/sorting at the grocery store 

1g Sorting at Infinitum’s sorting plants 

 

2. Green Dot Norway’s system 

2a Transport from consumers’ home to sorting and recycling plant 

2b Sorting at sorting plants in the GPN system 

 

3. Incineration system 

3a Transport from consumers’ home to incineration plant 

3b Incineration of PET bottles 

 

Shared activities  

 Production of PET bottles and aluminium cans.  

 Littering 

 Incineration (same system as 3a and 3b) 

 

The following sections give a description of the assumptions related to the different life cycle stages. 

More detailed data are given in Annex 4. 

 

2.6.1 Infinitum’s system 

The major data sources and assumptions related to Infinitum’s system for collecting and recycling 

PET bottles/cans are described as follows.  

 

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). Two scenarios for utilising return transport have been analysed:  
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(1) A main transport model using the principle of equal allocation of transport burdens between both 

transport distances (for a round trip). Hence, only one way of the relevant distance is allocated to 

each transport (trip and return transport are allocated one way each). 

(2) Infinitum’s transport model for the allocation of transport burdens between both transport 

distances for a round trip (the outbound and return trip). When utilising return transport otherwise 

not used, the whole transport burden from the return transport is allocated to the outbound trip. 

The outbound trip is responsible for initiating the transport and bears the burden of the entire 

round trip. Thus, the return transport is delivered “burden-free”. 

 

Based on these two transport models, the average transport distances (given as total distance, km 

both ways/round trip) for transporting bottles/cans from wholesaler distribution centres to Infinitum’s 

sorting plants for an average distance (round trip) of 142 km by car and 267 km by train have been 

calculated for both scenarios. The results are shown in Table 2.4 below. 

  

Table 2.4 Average transport distances (round trip) from wholesaler distribution centres to Infinitum’s 

sorting plants calculated for different scenarios for allocation of transport burdens 

between transport and utilised return transport, compared to actual distance. 

 
 

As seen in Table 2.4, the calculated average transport distances allocated to the system decrease 

according to the principles of allocation of utilised return transport.  

 

1d Transport of PET bottles 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 orders). The major scenarios 

for allocation of burdens for return transport are the same as described for transport 1 c) above.  

 

Based on these two scenarios, the average transport distances (given as total distance, km both 

ways/round trip) for transporting PET bottles from Infinitum’s sorting plants to recycling plants for an 

average distance (round trip) of 1670 km by car and 220 km by train have been calculated for both 

scenarios. The results are shown in Table 2.5 below. 

  

Actual distance

Major scenario (equal 

allocation  transport and 

return transport)

Scenario Infinitum's policy 

(burden-free return 

transport)

km 

(one way)

Transport by car 71 125 113

Transport by train 134 134 0

km (total round trip), allocated to the system
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Table 2.5 Average transport distances (round trip) from Infinitum’s sorting plants to PET recycling plants 

calculated for different scenarios for allocation of transport burdens between transport 

and return transports compared to actual distance. 

 
 

As seen in Table 2.5, the calculated average transport distances allocated to the system decrease 

according to the principles of allocation of utilised return transport.  

 

1e 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 orders). The major scenarios 

for allocation of burdens for return transport are the same as described for transport 1 c) and d) 

above.  

 

Based on these two scenarios, the average transport distances (given as total distance, km both 

ways/round trip) for transporting aluminium cans from Infinitum’s sorting plants to recycling plants for 

an average distance (round trip) of 354 km by car and 220 km by train have been calculated for both 

scenarios. The results are shown in Table 2.6 below. 

  

Table 2.6 Average transport distances (round trip) from Infinitum’s sorting plants to aluminium recycling 

plant calculated for different scenarios for allocation of transport burdens between 

transport and utilised return transport, compared to actual distance. 

 
 

As seen in Table 2.6, the calculated average transport distances allocated to the system decrease 

according to the principles of allocation of utilised return transport.  

 

1f 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 (2016), see Table 2.7. 

Actual distance

Major scenario (equal 

allocation  transport 

and return transport)

Scenario Infinitum's 

policy (burden-free 

return transport)

km 

(one way)

Transport by car 835 865 33

Transport by train 110 110 0

km (total round trip), allocated to the system

Actual distance

Major scenario (equal 

allocation  transport and 

return transport)

Scenario Infinitum's policy 

(burden-free return 

transport)

km 

(one way)

Transport by car 177 276 186

Transport by train 110 110 0

km (total round trip), allocated to the system
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Table 2.7 Production and energy consumption data for the Reverse Vending Machine. Data provided by 

Tomra (2016). 

Data for an average Reverse Vending Machine (RVM) in 

Norway 

Weight (kg) Share (%) 

Total weight per RVM 650 100 

Steel 520 80 

Plastic (assumed polystyrene) 65 10 

Electronic components  32 5 

Synthetic rubber 16,5 2,5 

Glass 16,5 2,5 

Amount of bottles/cans deposited during a RVM lifetime 3 500 000 units 

Amount of bottles/cans deposited per year 350 000 units per year 

Electricity consumption per RVM per year 525 kWh 

 

1g 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 (2016b).  

 

2.6.2 Green Dot Norway’s system 

2a Transport from consumers’ home to sorting and recycling plant 

The collection of PET bottles in Green Dot Norway’s system is analysed as a kerbside system since 

88% of the system of today is represented by this (Raadal et al., 2016). Thus, the bottles are picked 

up at the consumers’ home and transported further to reloading and to relevant sorting and recycling 

plants (Germany). The average transport distance from consumers’ home to reloading is 69 km (one 

way) by car (Raadal et al., 2009). Further transport from reloading to recycling (one way) is 676 km by 

train, 69 km by boat and 508 km by car (Lyng and Modahl, 2011). The transport by boat and train 

from reloading to recycling are assumed to be 100% based on return transport, while the 

corresponding car transport is assumed to be 50% based on return transport. The principle of 

allocating the burdens equally between the round trip (transport and return transport) has been used 

for calculating the distances allocated to the system, see Table 2.8.  

 

Table 2.8 Average transport distances (round trip) from consumers’ home to PET recycling plant for the 

major scenario for allocation of transport burdens between transport and utilised return 

transport, compared to actual distance. 

 
 

Actual distance

Major scenario (equal 

allocation  transport and 

return transport)

km 

(one way)

km (total round trip), 

allocated to the system

Transport by car (consumer to reloading) 69 138

Transport by car (reloading to recycling plant) 508 584

Transport by boat (reloading to recycling plant) 69 69

Transport by train (reloading to recycling plant) 676 676

Transport 
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2b Sorting at sorting plants in the GPN system 

Electricity consumption similar to the amount reported by Infinitum has included in the GPN system as 

a proxy to account for electricity usage during sorting in this system. This was done due to the lack of 

specific data, and is considered a low estimate. 

 

2.6.3 Incineration system 

3a Transport from consumers’ home to incineration plant 

The collection of PET bottles/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 car  and no utilisation of return transport has been assumed 

(Raadal et al., 2009).  

 

3b Incineration of PET bottles/aluminium cans 

Incineration processes for PET and aluminium containers are based on generic data (Ecoinvent 3.1). 

The processes includes emissions and resource use related to the incineration of beverage 

containers in a municipal incineration plant. 

 

2.6.4 Shared assumptions for all the analysed systems 

The following activities are included in all the analysed systems: 

 

Production of PET bottles and aluminium cans.  

The major assumption for production data and shares of recycled material as well as beverage 

container weights are given as follows. 

 

  PET bottles Aluminium cans 

Production of 

virgin and  

recycled 

material 

Data from Ecoinvent 3.1 has been used for the 

production of virgin PET. Data from Cleanaway PET 

Svenska AB (2015 and 2016) have been used for the 

production of recycled PET. The process includes the 

URRC process, making the rPET available for food 

packing (food grade quality). 

Background data from 

Ecoinvent 3.1 has been used for 

the production of virgin and 

recycled aluminium. The 

production process is based on 

data from Møller et al. (2014). 

Shares of virgin 

and recycled 

material  

The average share of recycled PET in the preforms 

delivered to the Norwegian market is assumed by 

Infinitum to be 20 %. Varying in the optimisation 

scenarios. 

Varying in the optimisation 

scenarios. 

Weight per  unit 

(g) 

25.4 (small) 46.4 (large) 13.21 

(small) 

16.61 (medium) 

Weight per 1000 

L (kg) 

 

36.0 

 

36.6 

 

Infinitum has provided the data for weight per unit PET bottle and aluminium can.  
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Littering 

The basis for the data for littering rates in the different systems are described in chapters 2.3 - 2.5. 

The environmental burdens from the littered material will only be given as waste (kg), thus loss of 

resources. No emissions or other environmental indicators have been calculated based on littering. 

 

Incineration 

As seen in chapters 2.3 - 2.5, all the analysed systems have different rates of used beverage 

packaging going to incineration with residual waste. This is described in chapter 2.6.3 above.  

 

Excluded activities 

The following activities are outside the system boundaries for the assessed life cycle stages: 

 Production and end-of life treatment of containers, plastic bags etc. for the collection of 

bottles/cans in all the analysed systems  

 Heating of occupied space in grocery stores 

 Resource use (other than electricity) and waste generation at the sorting plants. 
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3 Results 

3.1 Comparison of different systems for collection and treatment of 

PET bottles 

The study has analysed three major systems for collection and treatment of PET bottles: 

 

1. Collection of the PET bottles using Infinitum’s existing deposit system using Reverse vending 

machines in the grocery stores. This system is modelled using actual, known collection rates. 

 Two scenarios for allocation of return transport  

2. Collection of the PET bottles using Green Dot Norway’s kerbside system for plastic packaging (no 

deposit). This system is modelled using scenarios for best case / worst case collection rates. 

 Two scenarios for collection rate 

3. Collection of the PET bottles together with residual waste to incineration. This system is modelled 

as a hypothetical system where all bottles and cans follow the residual waste stream, and no 

material recycling or energy recovery is done. 

 

In the following chapters, the analysed environmental indicators are presented for the three compared 

systems. For all of the indicators, only aggregated figures (weighted average of small and large PET 

bottles) are presented. The results are given in the same order as the description in chapter 2.2 

 

Additionally, the results for GWP are presented in Annex 3, for the systems separated into small and 

large PET bottles as these data represents the background for the aggregated figures. This is done in 

order to present potential important differences between the bottle sizes, but is not considered an 

essential part of this assessment as the system boundaries are too narrow for a comparison of 

different bottle size systems (since transport, packaging, loss of beverage, etc. in the different 

systems are excluded). 
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3.1.1 Global Warming Potential (GWP) 

Figure 3.1 presents the Global Warming Potential as kilograms CO2-eq per functional unit for the 

three major systems, as a weighted average of small and large PET bottles. The share of recycled 

material in the PET bottles is 20% in the Infinitum and GPN systems, while the incineration scenario 

only has virgin material.  

 

 
 

Figure 3.1 Global Warming Potential (GWP) shown as kg CO2-eq per functional unit (production, 

collection and treatment of PET bottles used for distributing 1000 L beverage) for the three 

major systems.  

As seen from the figure, the Infinitum system gives the lowest climate impact for PET bottles when 

compared to the GPN and incineration systems. The increased climate impact for the GPN system 

compared to the Infinitum system (main transport model) is 11% and 24% in the GPN system with 

70% and 50% collection rate, respectively. The incineration system increases the climate impact with 

78% when compared to the same Infinitum system. These differences can be illustrated by applying 

the results to the annual Norwegian consumption of beverage from PET bottles, which in 2015 was 

about 600 million litres. Thus, on an annual basis the differences represent increased climate impact 

of about 7 000 tons, 15 000 tons and 50 000 tons CO2-eq, for the two GPN systems (70% and 50% 

collection rates) and the incineration scenario, respectively. 

 

The figure clearly shows that the major contributing life cycle stage is production of virgin PET, 

representing 80% and 100% of the PET bottles material in the Infinitum/GPN systems and 

Incineration scenario, respectively. Production of 100% virgin PET material increases the climate 

impact with 25% compared to production impacts when 20% of the material is recycled PET. This 

Infinitum system,
Main transport

model (86 %
collection rate)

Infinitum system,
Infinitum's

transport model
(86 % collection

rate)

GPN system (70 %
collection rate)

GPN system (50 %
collection rate)

Incineration
scenario (93 %
incineration)

Incineration (incl. Transport) 7,7 7,7 18,8 33,0 69,5

Transport from consumers to recycling 1,8 0,6 3,4 2,4 0

Reverse vending machine 0,9 0,9 0 0 0

rPET in preform 0,7 0,7 0,7 0,7 0

vPET in preform 93,2 93,2 93,2 93,2 116,5

Total 104,4 103,1 116,1 129,3 186,0
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means that the most important improvement potential for all the systems is to increase the share of 

recycled PET. Furthermore, as the virgin PET production is a major contributor to the overall climate 

impact, the assumption of the share of recycled and virgin PET in the bottles should be carefully 

determined when comparing different systems. An analysis of increased shares of recycled PET in 

the Infinitum system is presented in chapter 3.2 and further discussed in chapter 4.  

 

Incineration of PET (not sent to recycling) is another large contributing activity in the system when 

looking at climate impact. This is due to direct emissions of CO2 when burning plastic. Hence, the 

higher collection rate, the lower is the climate impact and the incineration scenario therefore clearly 

gives the highest climate impact. The reduced transport burdens in the Infinitum transport scenario 

(all return transports allocated to the initiating transport) are relatively small when analysed in the total 

picture. 

 

According to the allocation method used in the study (Cut-Off System Model, as described in chapter 

2.2), the burdens related to the production of both virgin and recycled materials for the bottles/cans 

being analysed are included in the system boundaries. Thus, the recycled materials only bear the 

impacts from the recycling processes and the system does not receive any credit for the recycled 

material sent to recycling. This credit is instead “delivered” to the system taking use of it, for example 

the production of recycled PET bottles. However, when using this allocation method, the quality of the 

PET delivered to recycling does not directly affect the results of the analysis.  

 

When analysing the Green Dot Norway system (GPN) it is assumed that the PET bottles are collected 

together with other packaging (both food and non-food packaging). Non-food PET bottles might be 

more contaminated than food packaging materials because of the possible exposure to aggressive 

chemicals during the first life (Welle, 2011). Within the last decade, sorting technology made a huge 

step forward, but it is still very hard to separate all of the non-food containers from the recollection 

feedstream. However, the cleaning efficiencies of the super-clean recycling processes might be high 

enough to decontaminate such impurities to non-detectable concentrations in the recyclates. 

Currently, such processes are immature and demands high usage of energy and chemicals. The 

necessary minimum cleaning efficiency depends on the amount of non-food bottles in the recyclate 

stream. From a hygienic point of view, the input material for bottle-to-bottle recycling should preferably 

be bottles or containers from food applications in the first use (Welle op.cit). It is therefore likely to 

assume that the quality of PET bottles being collected together with other non-food packaging is lower 

compared to the quality of PET bottles being collected in a deposit system. On the basis of this, it can 

be concluded that the Green Dot Norway system has a lower potential of closing the loop for PET 

bottles by delivering bottle-grade recycled PET “back to the system” as the collected PET material 

most likely will be recycled into other applications. 

 
When excluding the contribution from the PET preform production (which dominates the impact in all 

the systems) it is easier to demonstrate the differences between the systems. Figure 3.2 therefore 

presents the GWP for the three major systems without impact from the PET production, in order to 

focus on the differences between the systems. 

 



LCA of beverage container production, collection and treatment systems    

 

© Østfoldforskning   25 

 
 

Figure 3.2: Global Warming Potential (GWP) shown as kg CO2-eq per functional unit (production, 

collection and treatment of PET bottles used for distributing 1000 L beverage) for the three 

systems.  

As seen in the figure, incineration of PET dominates the climate impact for all the scenarios. The 

climate impact is approximately doubled and tripled in the GPN systems with 70% and 50% collection 

rates, respectively, compared to the Infinitum system. For the incineration system, the climate impact 

increases about 5 times when compared to the same Infinitum system. The figure clearly shows that 

the higher collection rate the lower climate impact due to less amount of PET being incinerated.  

 

The transport still contributes to a relatively small degree when compared to the incineration impacts. 

It should be emphasised that incineration and transport are combined into a single impact in the 

incineration scenario. Hence, the relative contribution from transport to the incineration plant can not 

be seen in the figure, but it is calculated to be less than 2%. 
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collection rate)
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collection rate)

Incineration
scenario (93 %
incineration)

Incineration (incl. Transport) 7,70 7,70 18,83 32,98 69,47

Transport from consumers to recycling 1,81 0,59 3,38 2,42 0,00

Reverse vending machine 0,94 0,94 0,00 0,00 0,00
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3.1.2 Abiotic Depletion Potential (ADP) 

Figure 3.3 presents the Abiotic Depletion Potential (MJ fossil energy per functional unit) for the three 

major systems as a weighted average of small and large PET bottles. The share of recycled material 

in the PET bottles is 20% in the Infinitum and GPN systems, while the incineration scenario only has 

virgin material. 

 

 
  

Figure 3.3 Abiotic Depletion Potential (ADP), shown as MJ per functional unit (production, collection 

and treatment of PET bottles used for distributing 1000 L beverage) for the three systems. 

 

As seen in Figure 3.3, Abiotic Depletion Potential is dominated by the production of virgin PET. The 

incineration scenario clearly gets the highest ADP due to 100% virgin PET in the bottles (compared to 

80% in the other systems).  

 

Figure 3.4 presents the results for Abiotic Depletion Potential, without PET production (both virgin 

PET and recycled PET) for the three major systems, in order to focus on the differences between the 

systems. 
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scenario (93 %
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Figure 3.4 Abiotic Depletion Potential (ADP) shown as MJ per functional unit (production, collection and 

treatment of PET bottles used for distributing 1000 L beverage for the three systems. 

The figure shows that when excluding PET production, the potential depletion of fossil energy is 

primarily connected to transport for all the systems. In the figure, incineration and transport are 

combined into a single impact for the Incineration scenario, but the transport burdens are calculated 

to contribute about 75%. 

 

The Infinitum and Incineration systems perform best due to lowest transport burdens. Due to the 

specific allocation of utilisation of return transport in the Infinitum transport model, the overall 

contribution from transport in this scenario is reduced by 77% compared to the main transport model 

for the Infinitum system. 

  
It should be noted that the collection and treatment activities represent less than 2% of the total 

impact (when including PET production) for the systems. Thus, one should carefully look at these 

results without considering them as part of the complete systems. 
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3.1.3 Acidification Potential (AP) 

Figure 3.5 presents the Acidification Potential as kg SO2-eq per functional unit for the three major 

systems as a weighted average of small and large PET bottles. The share of recycled material in the 

PET bottles is 20% in the Infinitum and GPN systems, while the incineration scenario only has virgin 

material. 

 
 

Figure 3.5 Acidification Potential (AP) shown as kg SO2-eq per functional unit (production, collection 

and treatment of PET bottles used for distributing 1000 L beverage) for the three systems. 

 

As seen for the former presented environmental categories (GWP and ADP), production of virgin PET 

is also the major contributor to the total Acidification Potential. This means that the most important 

improvement potential for all the systems is to increase the share of recycled PET.  

 
Figure 3.6 presents the results for Acidification without PET production (both virgin PET and recycled 

PET) for the three major systems, in order to focus on the differences between the systems. 
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Figure 3.6 Acidification Potential (AP) shown as kg SO2-eq per functional unit (production, collection 

and treatment of PET bottles used for distributing 1000 L beverage) for the three systems. 

 
In the Infinitum system, the reverse vending machine gives the major contribution, whereas 72 % of 

the impact is related to production of electronic components, 17% from steel production and 7% from 

electricity consumption. Transport is the main activity in the GPN systems, contributing to 78% and 

59% of the total Acidification Potential. Incineration and transport are combined into a single impact in 

the Incineration scenario and transport is calculated to contribute about 33 %. 

 

The Infinitum and Incineration systems perform best due to lowest transport burdens. As seen in the 

figure, the burdens from transport in the Infinitum transport scenario is reduced by 65% compared to 

the Infinitum main scenario due to the specific allocation of utilisation of return transport in the 

Infinitum transport scenario.   

 

It should be noted that the collection and treatment activities represent less than 5% of the total 

impact (when including PET production) for the systems. Thus, one should carefully look at these 

results without considering them as part of the complete systems. 
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3.1.4 Eutrophication Potential (EP) 

Figure 3.7 presents the Eutrophication Potential (kg PO4
3—eq) per functional unit for the three major 

systems as a weighted average of small and large PET bottles. The share of recycled material in the 

PET bottles is 20% in the Infinitum and GPN systems, while the incineration scenario only has virgin 

material. 

 
 

Figure 3.7 Eutrophication Potential (EP) shown as kg PO4
3- eq per functional unit (production, collection 

and treatment of PET bottles used for distributing 1000 L beverage) for the three systems. 

 

Similar to the results for the previous shown indicators, the impact of virgin PET production is 

dominating for all systems. The impact from the reverse vending machine is more notable than for the 

other indicators, with a contribution of about 7 % to the total in the Infinitum systems. The contribution 

is mainly from the production of electronic components, which account for 87% of the Eutrophication 

Potential. Incineration also has a notable impact with an average of 5 % for the two GPN system 

scenarios and 13 % for the incineration scenario. 

 

Figure 3.8 presents the results for Eutrophication, without PET production (both virgin PET and 

recycled PET) for the three major systems, in order to focus on the differences between the systems. 
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Figure 3.8 Eutrophication Potential (EP) shown as kg PO4
3—eq per functional unit (production, collection 

and treatment of PET bottles used for distributing 1000 L beverage) for the three systems. 

 

As seen in the figure, the Green Green Dot Norway (GPN) system performs best for Eutrophication. 

This is mainly due to the impact from the electronic components in the reverse vending machine in 

the Infinitum system. Incineration and transport are combined into a single impact in the incineration 

scenario, and transport is calculated to contribute about 8%. 

 

It should be noted that the collection and treatment activities represent less than 10% of the total 

impact (when including PET production) for the systems. Thus, one should carefully look at these 

results without considering them as part of the complete systems. 
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3.1.5 Littering 

Figure 3.9 presents littering as kg PET per functional unit for the three major systems as a weighted 

average of small and large PET bottles.  

 

 
 

Figure 3.9 Littering shown as kg PET disposed outside the collection systems per functional unit 

(production, collection and treatment of PET bottles used for distributing 1000 L beverage) for 

the three systems. 

 

The amount of PET littering increases according to the littering rates given in Table 2.1. The Infinitum 

system has the lowest littering rate and hence the lowest amount of PET disposed outside the 

collection system. Littering from the Incineration scenario is almost three times as high as from the 

Infinitum system. 

 

These littering differences can be illustrated by applying the results to the annual Norwegian 

consumption of beverage from PET bottles, which in 2015 was about 600 million litres. Thus, on an 

annual basis, PET littering from the Infinitum system, the two GPN systems (70% and 50% collection 

rates) and the Incineration scenario are approx. 500 tons, 1000 tons 1250 tons and 1500 tons, 

respectively. 
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3.2 Optimised scenarios for Infinitum’s system for PET bottles 

This chapter presents the results for the optimised scenarios for Infinitum’s system for PET bottles 

related to increased collection rates and share of recycled PET in the bottles. 

 

For these scenarios, it is important to note that the four scenarios with 87% recycling rate (the 4 

columns to the left of the first dividing line) all are assumed to be achievable within the current 

Infinitum system with a collection rate of 87%. Hence, it is assumed that this collection rate might 

support the production of up to 60% rPET in preforms for the Norwegian market. For the scenarios 

with rPET content higher than 60%, higher collection rates are assumed, as illustrated in the most 

ambitious scenarios. 

 

3.2.1 Global Warming Potential (GWP) 

Figure 3.10 presents the Global Warming Potential as kg CO2-eq per functional unit for the optimised 

Infinitum systems for PET bottles, categorised according to increased collection rates and share of 

rPET. The corresponding collection, littering and incineration rates are described in chapter 2.4. 

 
 

Figure 3.10 Global Warming Potential (GWP) shown as kg CO2-eq per functional unit (production, 

collection and treatment of PET bottles used for distributing 1000 L beverage) for the optimised 

Infinitum systems for PET bottles. 

 

The figure clearly shows that the system with the highest share of rPET in the bottles (100%) and 

highest collection rate (100%) gives the lowest climate impact. The major contributor to climate impact 
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is the virgin PET production. Thus, increasing the amount of recycled PET (rPET) in the bottles is the 

most important measure for reducing the CO2-emissions. When increasing the rPET share from 

11.7% (European average) to 90% and 100%, the CO2-emissions from PET production is reduced by 

85 and 97%, respectively. The second largest contributor to the CO2-emissions in the analysed 

systems is the incineration of PET not collected for recycling. Increased collection rates of PET bottles 

is therefore also important for improving the system’s climate impact.  

 

As seen in Figure 3.10, the GWP of Infinitum’s existing system with a collection rate of 87% and 20% 

rPET in the bottles is about 104 kg CO2-eq per functional unit. The collection rate of 87% shows that it 

is likely to assume that this system has a potential of increased rPET share as a result of increased 

bottle-to-bottle recycling. If assuming the rPET share to be 60%, the climate impact will be about 60 

kg CO2-eq per functional unit. Hence, the existing system has a potential of reduced climate impact 

with 45 kg CO2-eq per functional unit. In 2015, the Norwegian consumption of PET beverage 

containers was about 600 million litres. Thus, on an annual basis this amount represents a reduction 

potential of  27 243 tons CO2-eq, which equals the annual emissions from about 18 500 passenger 

cars (based on average annual driving distance 15 000 km and average emissions (98 g CO2/km) 

from newly registered passenger cars of July 2016 (OFV, 2016)). 
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3.2.2 Abiotic Depletion Potential (ADP) 

Figure 3.11 presents the Abiotic Depletion Potential as MJ fossil energy per functional unit for the 

optimised Infinitum systems for PET bottles, categorised according to increased collection rates. The 

corresponding collection, littering and incineration rates are described in chapter 2.4. 

 

 
 

Figure 3.11 Abiotic Depletion Potential (ADP) shown as MJ fossil energy per functional unit (production, 

collection and treatment of PET bottles used for distributing 1000 L beverage) for the optimised 

Infinitum systems for PET bottles. 

 

The results for Abiotic Depletion Potential (MJ fossil energy) correlates to a large degree with the 

CO2-emissions results. The system with highest share of rPET in the bottles (100%) and highest 

collection rate (100%) gives clearly the lowest ADP. 

 

The major difference for this impact category compared to climate impact is that the incineration 

burdens are very small for this indicator. Hence, increased recycled share in the PET bottles is of 

major importance for the systems’ ADP. 
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3.2.3 Acidification Potential (AP) 

Figure 3.12 presents the Acidification Potential as kg SO2-eq per functional unit for the optimised 

Infinitum systems for PET bottles, categorised according to increased collection rates. The 

corresponding collection, littering and incineration rates are described in chapter 2.4. 

 

 
 

Figure 3.12 Acidification Potential shown as kg SO2-eq per functional unit (production, collection and 

treatment of PET bottles used for distributing 1000 L beverage) for the optimised Infinitum 

systems for PET bottles. 

 

The results for the Acidification Potential correlates to a large degree with the results for GWP and 

ADP. The system with highest share of rPET in the bottles (100%) and highest collection rate (100%) 

gives clearly the lowest acidification impact.   

 

Similarly as for ADP, incineration burdens are very small for this indicator. Hence, increased recycled 

share in the PET bottles is of major importance for the systems’ Acidification Potential. 
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3.2.4 Eutrophication Potential (EP) 

Figure 3.13 presents the Eutrophication Potential as kg PO4
3--eq per functional unit for the optimised 

Infinitum systems for PET bottles, categorised according to increased collection rates. The 

corresponding collection, littering and incineration rates are described in chapter 2.4. 

 

 
 

Figure 3.13 Eutrophication Potential shown as kg PO4
3—eq per functional unit (production, collection 

and treatment of PET bottles used for distributing 1000 L beverage) for the optimised Infinitum 

systems for PET bottles. 

 

The results for the Eutrophication Potential correlates to a large degree with the above presented 

results. However, the incineration burdens, and also the reverse vending machine, contribute 

relatively more to the total results. The main contribution from the reverse vending machine is the 

production of electronic components. However, increased recycled share in the PET bottles is of 

major importance also for the Eutrophication Potential. 
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3.3 Optimised scenarios for Infinitum’s system for aluminium cans 

This chapter presents the results for the optimised scenarios for Infinitum’s system for aluminium cans 

related to increased collection rates and share of recycled aluminium in the cans. 

3.3.1 Global Warming Potential (GWP) 

Figure 3.14 presents the Global Warming Potential as kilograms CO2-eq per functional unit for the 

optimised Infinitum systems for aluminium cans, categorised according to increased shares of 

recycled material and increased collection rates. The corresponding collection, littering and 

incineration rates are described in chapters 2.5 and 2.6.1. 

 

 
 

Figure 3.14 Global Warming Potential (GWP) shown as kg CO2-eq per functional unit (production and 

collection of aluminium cans used for distributing 1000 L beverage) for the optimised Infinitum 

systems for aluminium cans. 

 

The figure clearly shows that the major contributor to the climate impact is the production of virgin 

aluminium in the cans while the second largest contributor is the production of recycled aluminium. 

Impacts related to the production and use of the reverse vending machine, transportation and 

incineration are relatively small compared to the material production.  

 

Hence, increasing the amount of recycled aluminium in the cans is the most important improvement 

for the system. As seen in Figure 3.14, increasing the recycled aluminium share from 20% to 60% 

reduces the CO2-emissions from the system with 350 kg CO2-eq (or 44%). A further increase of 
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recycled aluminium to 80% and 100%, as well as increased collection rate to 90% gives a CO2-

emissions reduction of 66% and 88%, respectively, compared to the case with 20% recycled 

aluminium. When 90% of the aluminium is produced from recycled material, this 90%-production 

represents 28% of the total emissions from aluminium production. 

 

When these figures are applied to the total Norwegian usage of aluminium cans in 2015 (about 230 

million litres annually), increasing the recycled content from 20% to 60% represents an annual 

reduction potential of 80 500 tons CO2-eq. This equals the annual emissions from about 50 000 

passenger cars (based on average annual driving distance 15 000 km and average emissions (98 g 

CO2/km) from newly registered passenger cars of July 2016 (OFV, 2016)). 

 

3.3.2 Abiotic depletion potential (ADP) 

Figure 3.15 presents the Abiotic Depletion Potential as MJ fossil energy per functional unit for the 

optimised Infinitum systems for aluminium cans, categorised according to increased shares of 

recycled material and increased collection rates. The corresponding collection, littering and 

incineration rates are described in chapters 2.5 and 2.6.1 . 

 

 
 

Figure 3.15 Abiotic Depletion Potential (ADP) shown as MJ fossil energy per functional unit (production 

and collection of aluminium cans used for distributing 1000 L beverage) for the optimised 

Infinitum systems for aluminium cans. 
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The Abiotic Depletion Potential for each scenario is almost entirely related to the production of 

aluminium for the cans.  However, the recycled aluminium has a larger share of the total contribution 

compared to some of the other impact categories.   

 

3.3.3 Acidification Potential (AP) 

Figure 3.16 presents the Acidification Potential as kg SO2-eq per functional unit for the optimised 

Infinitum system for aluminium cans, categorised according to increased shares of recycled material 

and increased collection rates. The corresponding collection, littering and incineration rates are 

described in chapters 2.5 and 2.6.1. 

 
 

Figure 3.16 Acidification Potential (AP) shown as kg SO2-eq per functional unit (production and 

collection of aluminium cans used for distributing 1000 L beverage) for the optimised Infinitum 

systems for aluminium cans. 

 

The results for Acidification Potential show a similar trend as for the above presented categories. The 

production of aluminium for beverage cans is the dominating contribution factor. Also here, the 

impacts related to the production and use of the reverse vending machine, transportation and 

incineration are relatively small. The only notable difference from global warming is that the impact of 

the recycled aluminium is smaller compared to the virgin material, with a contribution of 17 % to the 

total aluminium reduction in the 90% recycled share scenario. 
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3.3.4 Eutrophication Potential (EP) 

Figure 3.17 presents the Eutrophication Potential as kilograms PO4
3—eq functional unit for the 

optimised Infinitum systems for aluminium cans, categorised according to increased shares of 

recycled material and increased collection rates. The corresponding collection, littering and 

incineration rates are described in chapters 2.5 and 2.6.1. 

 

 
 

Figure 3.17 Eutrophication Potential shown as kg PO4
3—eq per functional unit (production and collection 

of aluminium cans used for distributing 1000 L beverage) for the optimised Infinitum systems 

for aluminium cans. 

 

Also for Eutrophication, the production of aluminium is the major contributor to the overall impacts.  
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4 Discussion and conclusions 

The existing Infinitum system for PET bottles collection and treatment has been analysed and 

compared with kerbside collection (Grønt Punkt Norge (GPN)/Green Dot Norway) and collection with 

mixed waste for incineration. The Infinitum system gives clearly the lowest climate impact as the 

increased impact is 11%, 24% and 78% for the Green Dot Norway systems with 70% and 50% 

collection rates and the Incineration system, respectively. Based on Norwegian consumption of PET 

beverage containers for 2015, these figures represent potential annual increased climate impact of 

about 7 000 tons, 15 000 tons and 50 000 tons CO2-eq, respectively. Production of virgin PET is the 

major contributor to climate impact, but incineration of PET (not collected for recycling) is also a 

notable contributing activity. Hence, the Infinitum system performs better than the GPN system due to 

higher collection rate, which means less emissions from incineration of PET not collected for 

recycling. For the other environmental indicators assessed (Abiotic Depletion Potential, Acidification 

and Eutrophication Potential), as well as for littering volumes, the Incineration system performs worst, 

mainly due to the assumption of 100% virgin PET in the bottles compared to 80% in the recycling 

systems.  

 

In order to focus on the differences between the systems with regard to collection and treatment, the 

results are also presented without the contribution from PET production. The Infinitum system 

performs clearly best with regard to climate impact due to the lowest incineration emissions. For ADP 

(use of fossil energy) and Acidification, the Infinitum and Incineration systems perform best due to 

lowest transport burdens while the Green Green Dot Norway system performs best for Eutrophication. 

For climate impact, incineration is the dominating activity while transport is dominating for ADP (use of 

fossil energy). For Acidification and Eutrophication, the reverse vending machine (mostly production 

of electric components) gives the major contribution in the Infinitum system, while incineration and 

transport are both significant in the GPN and Incineration systems. It should be noted that the 

collection and treatment activities represent less than 10% of the total impact (when including PET 

production) for the systems (except for climate impact). Thus, one should carefully look at these 

results without considering them as part of the complete systems.  

 

Production of virgin PET is the major contributor to all the analysed environmental indicators. Hence, 

the most important factor for improving the environmental impact of PET bottles systems is to produce 

preforms with as high share of recycled material as possible. Furthermore, high collection rates of 

bottles are important as the higher collection rates the better environmental performance is achieved 

for the systems. This is documented by analysing optimised scenarios for Infinitum’s PET bottle 

system. When increasing the rPET share from 11.7% (European average) to 90% and 100%, the 

CO2-emissions from PET production is reduced by 85 and 97%, respectively.  Corresponding results 

are documented for the aluminium can systems. The major reason for the large improvements when 

shifting to recycled material at the expense of virgin material is that recycled material production has a 

much lower environmental impact compared to virgin production. 

 

However, increasing the share of recycled PET and aluminium also depends on the available 

rPET/recycled aluminium at the market, which again is affected by the supply of recyclates with a 

sufficient quality for new bottle/can production. It is therefore important to implement collection 

systems which are able to contribute to closing the loop for these products. Hence, one should look 

beyond the collection rate as such, also taking into consideration the collection systems’ potential of 

supplying the market with high quality recyclates acceptable for new bottle/can production.  
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This is particularly important for the PET system, as the collection system to a large extend might 

affect the quality of the collected material. When PET bottles are collected together with other 

packaging (both food and non-food packaging), the quality and possibilities for reaching food grade 

quality of the recycled material is harder. The necessary minimum cleaning efficiency in the sorting 

and recycling facilities depends on the amount of non-food bottles in the recyclate stream. Hence, 

from a hygienic point of view, the input material for bottle-to-bottle recycling should preferably be 

bottles or containers from food applications. It is therefore likely to assume that the quality of PET 

recyclates collected together with other non-food packaging is lower compared to the quality of PET 

collected in a deposit system. On the basis of this, it can be concluded that the Green Dot Norway 

system has a lower potential of closing the loop for PET bottles by delivering bottle-grade recycled 

PET “back to the system” as the collected PET material most likely will be recycled into other 

applications. 

 

The Infinitum system has a large potential for environmental improvements. This is illustrated by 

assuming increased rPET shares in the bottles from the existing 20% to 60% due to more bottle-to-

bottle recycling, which seems likely as the existing collection rate is 87%. The reduced climate impact 

is calculated to 45 kg CO2-eq per functional unit, which on an annual basis, represents 27 243 tons 

CO2-eq. This amount equals the annual CO2-emissions from about 18 500 passenger cars (newly 

registered in 2016). Similarly, increasing the recycled content from 20% to 60% in the aluminium cans 

represents an annual reduction potential of 80 500 tons CO2-eq, which corresponds to annual CO2-

emissions from about 50 000 passenger cars 

 

A prerequisite for achieving high rates of recycled PET in bottles is that they are easy to recycle, 

thus not containing unnecessary additives, coatings, colours, etc. Design for recycling is therefore 

an important issue for preform producers. 

 

The environmental impact of littering has not been assessed in this study as the included 

environmental impact categories do not measure this effect. However, based on data from 2015, 

the potential annual littered PET volume from the Infinitum and Green Dot Norway systems, as well 

as the Incineration scenario have been calculated to about 500 tons, 1000 – 1250 tons, and 1500 

tons PET, respectively. These littering volumes might cause problems related to microscopic 

plastic fragments available for fish and animals, as well as esthetical problems. In addition, they 

represent a loss of resources.  
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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). 

 

In this study, the analysed system does not cover the total production systems but focuses rather on 

the collection and treatment of the products. However, as mentioned in the Introduction chapter, it is 

important to emphasise that the analysed systems are complete in order to be compared with regard 

to just the collection and treatment effectiveness. Hence, due to the omission of several life cycle 

stages (e.g. distribution transport and transport packaging), the results can not be used for direct 

comparisons of the assessed beverage container types, such as PET bottles versus aluminium cans 

and large versus small container sizes. 

 

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 
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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 in order to analyse and compare the environmental 

impact of Infinitum’s existing deposit system for PET bottles and aluminium cans with other collection 

systems, as well as the impact of optimising Infinitum’s existing system. The analyses are based on a 

functional unit of which all mass and energy flows are related to. The analysis calculates the needed 

amount of energy and raw materials and corresponding emissions and pollutants according to the 

functional unit. Based on this, the system’s contribution to different chosen environmental categories 

(e.g. Global Warming Potential) has been calculated and presented. The LCA is performed using the 

LCA software SimaPro (PRé Consultants, 2016). 

 

Annex 1 gives a short summary of important aspects that should be taken into consideration when 

analysing the environmental impact related to large system changes, such as changing the national 

deposit system for PET bottles and aluminium cans to municipal collection with residual waste for 

central sorting and further recycling.  

 

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 Global Warming, 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: 

 

 Global Warming Potential (GWP) 

 Acidification Potential (AP) 

 Eutrophication Potential (EP) 

 Abiotic Depletion Potential (ADP) 

 

The selected environmental impact categories are described briefly below and their characterisation 

methods are given in chapter 0. 

 
 
Global Warming Potential (GWP) 

Global Warming Potential is a measurement of 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 
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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 global warming 

are numerous and some of the most important are increases or decreases temperature, precipitation, 

wind speed or sea level. These climate changes can affect the living conditions for humans, plants 

and animals. The effect is 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 gas emissions and their contribution to GWP 

Emission Chemical formula 
Characterisation factor 
GWP100 Unit 

Carbon dioxide CO2 1 kg CO2 eq. / kg 

Methane 

CH4 

 30.5 

kg CO2 eq. / kg 

Nitrous oxide N2O 265 kg CO2 eq. / kg 

 

 

Acidification Potential 

The impact category Acidification Potential measure the potential contribution to increased acidity 

from different sources. Acidification occurs due to for instance air pollution, acid rain and emissions of 

ammonia from agriculture. Terrestrial acidification damages land living organisms such as plant and 

animals. Freshwater acidification damages lakes and rivers and can have lethal effects on algae, fish 

and microorganisms. Almost all plant species have a defined optimal level of acidity. A large deviation 

from this level for a given type of species is harmful. Acid rain can dissolve important nutrients such 

as potassium and calcium, making them less available for plants. It can also dissolve and increase 

the availability of toxic metals such as aluminium and mercury.  

 

The impact category is measured in kg SO2-eqivalents, which relates the Acidification Potential of a 

substance to the effect of 1 kg SO2
 (without the long-term fate effect of the substance).The table 

shows the most important acidifying emissions and their contribution to Acidification. 

Table A1.2: Most important acidifying emissions and their characterisation factors 

Emission Chemical formula Characterisation factor Unit 

Sulphur dioxide (including fate)  SO2 1.2 kg SO2 eq. / kg 

Ammonia NH3 1.6 kg SO2 eq. / kg 

Nitrogen oxide NO 0.5 kg SO2 eq. / kg 

Nitrogen dioxide NO2 0.5 kg SO2 eq. / kg 

 

Eutrophication Potential 

Emissions of nutrients such as phosphorus (P) and nitrogen (N) can cause an increased growth in 

algae and plant production in water systems. An undesirable large growth in production is an 

environmental problem know as eutrophication, which can lead to a decreased amount of available 

oxygen in the water. This is caused by “algal blooms”, large amounts of algae growing on the water 

surface and blocking the incoming sunlight from reaching the bottom living organisms. Without access 



LCA of beverage container production, collection and treatment systems    

 

© Østfoldforskning   49 

to sunlight the organisms perish and are decomposed by bacteria. The bacteria consume oxygen in 

the process, decreasing the availability for other organisms in the water, which may be lethal. They 

also release more nutrients enhancing the eutrophication process and continuing the negative cycle. 

A common indication of eutrophication is discoloured and turbid waters and overgrown surface 

waters. 

 

The main source for human made eutrophication from nitrogen (N) is the excessive use of agricultural 

fertilizers, which are washed out into rivers and lakes. Households and industrial activities such as 

sewage treatment is a common source of phosphorus (P) containing emissions. The eutrophication 

potential is measured in phosphate (PO4
3-) equivalents in this LCA. Feil! Fant ikke referansekilden. 

shows the most important emissions that contribute to eutrophication and their respective 

characterisation factors. 

 

Table A1.3: Most important emissions contributing to eutrophication and their characterisation factors 

Emission Chemical formula Characterisation factor Unit 

Phosphate PO4
3- 1 kg PO4

3- eq/ kg 

Phosphorus P 3.06 kg PO4
3- eq/ kg 

Nitrogen N 0.42 kg PO4
3- eq/ kg 

Ammonia NH3 0.35 kg PO4
3- eq/ kg 

Mono-nitrogen oxides NOX 0.13 kg PO4
3- eq/ kg 

Nitrate NO3
÷ 0.1 kg PO4

3- eq/ kg 

Chemical Oxygen Demand COD 0.022 kg PO4
3- eq/ kg 

 

 
 
Abiotic Depletion Potential (ADP) 

The availability of the useful energy in the world is limited. Hence, energy consumption is an important 

indicator for the sustainability of a product or a system. Both the use of renewable and non renewable 

(fossil) energy sources can be measured in a LCA. The applied impact category in this study is known 

as Abiotic Depletion Potential (ADP) – fossil fuels. The included fossil resources in the category are 

oil, natural gas, coal and peat. ADP quantifies the total potential direct and indirect energy use of a 

system or a product, as MJ fossil fuels consumed. It does not include consumption of renewable 

energy. 
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Characterisation methods 
The characterisation methods for the chosen indicators. 

 

Environmental 
impact 
category 

Impact 
assessment 
method  

Unit Comments 

Global Warming 
Potential (GWP) 

IPCC 2013 GWP 

100a1. v1.01 

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). 

Acidification 
Potential 

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

kg SO2-eq.  

Eutrophication 
Potential 

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

kg PO4
-3-eq.  

Abiotic 
Depletion 
Potential (ADP) 

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. 

1) The Global Warming Potential is 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. 

 

Limitations to the applied method 
There are some uncertainties connected to all the steps of an LCA. The characterisation methods and 

background datasets are all estimated according to the best available data. Still, there will always be 

uncertainties connected to the individual values that again affect the result. A LCA can cover a wide 

range of impact categories in order to assess several potential environmental impacts. There are 

differences between global and regional/local environmental impact categories. Global Warming 

Potential is, as the name implies, a category that potentially has a global impact. Acidification and 

Eutrophication on the other hand, are regional and local environmental problems. It is, however, 

important to notice that a LCA gives aggregated results for the product or system under study 

according to the functional unit. It does not measure for instance the potential contribution to 

acidification at a specific geographical location in the system, but rather the sum of acidifying 

emissions for the whole value chain.   

 

The environmental impact of littering has not been assessed in this study. Both PET bottles and 

aluminium cans take several hundred year to decompose in nature and can pose a treat to local 

organisms during this period. Plastic littering particularly is considered a severe ecological problem, 

due to ingestion of small or microscopic plastic fragments by wild animals (Webb et al., 2012). The 

applied environmental impact categories in this LCA do not measure this effect. The impact of littering 

will therefore not be shown in the results. 
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 Important aspects when considering large 

system changes 

This annex gives a short discussion and summary of important aspects which should be taken into 

consideration when analysing the environmental impact related to large system changes, such as 

changing the national deposit system for PET bottles/cans to municipal collection with residual waste 

for central sorting and further recycling.  

 

Such a system shift would affect the municipal transport for residual waste and the source sorting of 

other waste types (food waste, glass packaging, etc.). The transport need for residual waste will be 

affected due to the large volumes of PET bottles/cans, which, in the new system, needs to be 

transported together with residual waste to the central plant instead of being transported by the 

consumers themselves to the grocery stores. The source sorting of other waste types will be affected 

as the central sorting plants for residual waste relies on source-separation of food waste, paper and 

cardboard, glass and metal packaging, textiles, garden waste, hazardous waste, as well as WEEE. 

Thus, only the plastic packaging is left with the residual waste. This means that Norwegian municipals 

which, until now, don’t separate the above mentioned waste types from their residual mixed waste, 

needs to introduce such systems as a result of the new system for PET/bottles and cans.  

 

Another aspect to take into consideration when analysing a shift from the existing deposit system to 

collection with residual waste, is the achieved quality of the sorted recyclates. When PET bottles are 

collected together with other packaging (both food and non-food packaging) and waste, the quality 

and possibilities for reaching food grade quality of the recycled material is harder. Non-food PET 

bottles might be higher contaminated than food packaging materials because of the possible 

exposure to aggressive chemicals during the first life (Welle, 2011). Within the last decade, sorting 

technology made a huge step forward, but it is still very hard to separate all of the non-food containers 

from the recollection feedstream. However, the cleaning efficiencies of the super-clean recycling 

processes might be high enough to decontaminate such impurities to non-detectable concentrations 

in the recyclates. The necessary minimum cleaning efficiency depends on the amount of non-food 

bottles in the recyclate stream. From a hygienic point of view, the input material for bottle-to-bottle 

recycling should preferably be bottles or containers from food applications in the first use (Welle 

op.cit). It is therefore likely to assume that the quality of PET recyclates collected together with other 

non-food packaging is lower compared to the quality of PET recyclates collected in a deposit system. 

 

Other aspects to take into consideration is the need for investing in additional central sorting plants. 

Currently, only one central sorting plant is operating in Norway (ROAF, Skedsmo municipality) while 

two other plants are planned (Stavanger and Trondheim). This means that a national system built on 

central sorting plants for PET bottles/cans would need additional sorting facilities. In addition, the 

need for other additional treatment plants (e.g. treatment plant for food waste) should be considered, 

as source sorting of other waste types (e.g. food waste) may be implemented in some municipalities 

as a consequence of the changed system. 

 

According to the above discussion and the results and conclusions given in chapter 4, the most 

important aspects to take into consideration when analysing a shift from the existing national deposit 

system for PET bottles/cans to municipal collection with residual waste for central sorting and further 

recycling should be:  
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 The collection and recycling rates as well as the quality of the recycled material that will be 

achieved in the new system 

 The consequences for the other municipal waste types (increased source sorting, transport 

work and need for new treatment plants) 

 The need for additional central sorting plants, and 

 The littering aspects from different systems. 

 

Thus, performing a LCA of a shift from the existing national deposit system to municipal collection 

with residual waste for central sorting and further recycling should be using the consequential 

approach as the new system will have structural consequences outside the decision-context 

(changing available sorting plant capacity and treatment capacity for food waste). 
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 Additional results 

Figure A.1 presents the Global Warming Potential as kilograms CO2-eq per functional unit for the 

three analysed systems, separated into small and large PET bottles. 

 

 
 

Figure A.1 Global Warming Potential (kg CO2-eq) per functional unit (production, collection and 

treatment of PET bottles used for distributing 1000 L beverage) for the three analysed systems, 

separated into small and large PET bottles. 

The Infinitum system gives the lowest climate impact for small and large PET bottles when compared 

to the GPN and incineration systems. The increased climate impact for the GPN system compared to 

the Infinitum base case systems is 6% and 14% and 18% and 27% for small and large PET, 

respectively, in the GPN system with 70% and 50% and collection rates. As the production burdens 

for PET bottles are equal in the Infinitum and GPN systems (20 rPET / 80% vPET), the differences 

are primarily related to incineration burdens from the PET bottles not sent to recycling. The 

incineration system increases the climate impact with 70% and 83% for small and large PET, 

respectively when compared to the Infinitum (main transport model) due to the large PET volumes 

being incinerated and 100% virgin PET bottles. 

 

The production of virgin PET for small bottles contributes about 60% more to climate impact 

compared to the large bottles, which is simply due to the reason that more PET material is required in 

order to pack and distribute 1000 L beverage. It is, however, important to emphasise that a 

comparison of beverage distribution with small or large bottles also should take into account the 

potential loss of unconsumed beverage, which can be of large importance.  

small PET large PET small PET large PET small PET large PET small PET large PET small PET large PET

Infinitum system,
Main transport

model (86 %
collection rate)

Infinitum system,
Infinitum's transport

model (86 %
collection rate)

GPN system (70 %
collection rate)

GPN system (50 %
collection rate)

Incineration scenario
(93 % incineration)

Incineration (incl. Transport) 16,7 4,6 16,7 4,6 25,2 16,6 45,2 28,8 96,6 60,1

Transport from consumers to recycling 2,4 1,6 0,9 0,5 4,8 2,9 3,5 2,1 0 0

Reverse vending machine 1,8 0,7 1,8 0,7 0 0 0 0 0 0

rPET in preform 1,0 0,6 1,0 0,6 1,0 0,6 1,0 0,6 0 0

vPET in preform 131,5 80,1 131,5 80,1 131,5 80,1 131,5 80,1 164,4 100,1

Total 153,3 87,6 151,8 86,5 162,5 100,2 181,1 111,5 261,0 160,3
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 Life cycle inventory data 

PET production 

Process Input Source 

Virgin PET 

production 

Polyethylene terephthalate, granulate, bottle grade 

{RER}| production | Alloc Rec, U 

Specific Ecoinvent 3.1 Alloc 

Rec. (Data are based on the 

average Eco-profiles, published 

by PlasticsEurope)  

   

Recycled PET 

production 

 

Electric and thermal energy, usage of detergents, etc. 

 

Production inputs and material 

amounts provided by 

Cleanaway PET Svenska AB 

(2016) 

 

All background processes for 

the inputs are from the 

Ecoinvent 3.1 Alloc Rec 

database, with the exception of 

the electricity mix, which is from 

the Ostfold Research data 

library. 

 

 

Grocery store and Reverse vending machine deposit point 

Process Input Source 

Reverse vending 

machine (production) 

  

 Steel, low-alloyed, hot rolled {GLO}| market for | Alloc 

Rec, U 

 

Polystyrene, general purpose {GLO}| market for | 

Alloc Rec, U 

 

Electronic component, passive, unspecified {GLO}| 

market for | Alloc Rec, U 

 

Synthetic rubber {GLO}| market for | Alloc Rec, U 

 

Flat glass, coated {GLO}| market for | Alloc Rec, U 

 

 

 

Production inputs and material 

amounts provided by Tomra 

(2016) (specific) 

 

All background processes for 

the inputs are from the 

Ecoinvent 3.1 Alloc Rec 

database 

Reverse vending 

machine (use) 

Electricity, low voltage, production NORDEL most 

updated, at grid/semi-S 

Electricity mix, from the Ostfold 

Research data library. 

 

Transport from consumers to recycling - Infinitum 

Process Input Details Source 

Transport to 

sorting plant 

Transport, freight, lorry 7.5-16 metric 

ton, EURO4 {RER}| transport, freight, 

Average Load: 0.98 ton 

Capacity utilisation: 28 % 

Ecoinvent 3.1 Alloc 

Rec 
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lorry 7.5-16 metric ton, EURO4 | Alloc 

Rec, U 

 

Transport, freight train {CH}| electricity | 

Alloc Rec, U 

 

 

 

Average Load: 824 Gt 

Transport to 

material 

recycling 

Transport, freight, lorry >32 metric ton, 

EURO4 {RER}| transport, freight, lorry 

>32 metric ton, EURO4 | Alloc Rec, U 

 

Transport, freight train {CH}| electricity | 

Alloc Rec, U 

Average Load: 19.2 ton 

Capacity utilisation: 53 % 

Ecoinvent 3.1 Alloc 

Rec  

Sorting plant 

energy 

consumption 

Electricity, low voltage, production 

NORDEL most updated, at grid/semi-S 

Nordic electricity mix with 

78.1 g CO2-eq/kWh 

Consumption 

based on data from 

Infinitum (2016). 

Electricity mix, from 

the Ostfold 

Research data 

library. 

Reverse 

vending 

machine (use) 

Electricity, low voltage, production 

NORDEL most updated, at grid/semi-S 

Nordic electricity mix with 

78.1 g CO2-eq/kWh 

Electricity mix, from 

the Ostfold 

Research data 

library. 

 

 

Transport from consumers to recycling – GPN system 

Process Input Details Source 

Transport for 

waste collection  

Municipal waste collection service 

by 21 metric ton lorry {GLO}| market 

for | Alloc Rec, U 

Average Load 4.1 ton 

Capacity utilisation: 50 % 

Ecoinvent 3.1 Alloc 

Rec 

Transport from 

reloading to 

recycling 

Transport, freight, lorry >32 metric 

ton, EURO4 {RER}| transport, 

freight, lorry >32 metric ton, EURO4 

| Alloc Rec, U 

 

Transport, freight train {CH}| 

electricity | Alloc Rec, U 

 

Transport, freight, sea, transoceanic 

ship {GLO}| market for | Alloc Rec,U 

Average Load: 19.2 ton 

Capacity utilisation: 53 % 

 

 

 

 

 

 

Ecoinvent 3.1 Alloc 

Rec 

Collection/sorting 

plant energy 

consumption 

Electricity, low voltage, production 

NORDEL most updated, at 

grid/semi-S 

Nordic electricity mix with 

78.1 g CO2-eq/kWh 

Consumption 

based on data from 

Infinitum (2016). 

Electricity mix, from 

the Ostfold 

Research data 

library. 

 

Incineration (incl. transport) 

Process Input Details Source 
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Transport for 

waste 

collection  

Municipal waste collection service by 

21 metric ton lorry {GLO}| market for | 

Alloc Rec, U 

Average Load 4.1 ton 

Capacity utilisation: 50 % 

Ecoinvent 3.1 Alloc 

Rec 

Transport to 

incineration 

plant 

Transport, freight, lorry 7.5-16 metric 

ton, EURO4 {GLO}| market for | Alloc 

Rec, U 

Average Load: 0.98 ton 

Capacity utilisation: 28 % 

Ecoinvent 3.1 Alloc 

Rec 

Incineration 

(PET) 

Waste polyethylene terephtalate {CH}| 

treatment of, municipal incineration | 

Alloc Rec, U 

 Ecoinvent 3.1 Alloc 

Rec 

Incineration 

(aluminium) 

Scrap aluminium {CH}| treatment of, 

municipal incineration | Alloc Rec, U 

 Ecoinvent 3.1 Alloc 

Rec 
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