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Abstract 

The aim of this report is to present environmental and economic data for some collection and recycling 
processes in Sweden. The data can be used in Life Cycle Assessment and Life Cycle Costing analysis as 
well as other tools for assessing environmental and economic impacts of different waste management 
systems and strategies. The report provides data on kerbside collection of plastic and metal packaging, 
and beverage cartons in Sweden. For each material fraction the source segregation efficiency and quality 
of the separated waste streams is presented, followed by data on the processes collection at the 
kerbside, handling at transfer and sorting stations, and primary reprocessing at the recycling plant. The 
waste streams are followed to the point in which the secondary material can replace virgin materials. 

For each process the following data is included (as relevant for each process): electricity, heat and fuel 
use, generation of waste and by products, transportation work, material input per tonne material 
output, process related CO2-emissions, and economic costs. The chapters that cover reprocessing at the 
recycling plants also include a discussion on which materials that can be replaced by waste, by-products, 
and the secondary material.  

  

i 
 



Table of contents 
1. Introduction ............................................................................................................................................ 1 

2. Kerbside collection ................................................................................................................................. 2 

2.1. Collection of waste fractions .......................................................................................................... 2 

2.1.1. Collection at single-family houses .......................................................................................... 2 

2.1.2. Collection at multi-family houses ........................................................................................... 3 

2.1.3. Transportation distances from collection to transfer stations .............................................. 3 

2.1.4. Economic costs for kerbside collection .................................................................................. 4 

2.2. Source segregation efficiency ........................................................................................................ 5 

2.3. Quality of separately collected materials ....................................................................................... 8 

3. Plastics .................................................................................................................................................. 10 

3.1. Collection at the kerbside ............................................................................................................ 10 

3.1.1. Transportation ...................................................................................................................... 10 

3.1.2. Economic costs ..................................................................................................................... 10 

3.1.3. Unit process inventory ......................................................................................................... 11 

3.2. Transfer station ............................................................................................................................ 12 

3.2.1. Electricity .............................................................................................................................. 12 

3.2.2. Transportation ...................................................................................................................... 12 

3.2.3. Economic costs ..................................................................................................................... 12 

3.2.4. Unit process inventory ......................................................................................................... 12 

3.3. Recycling facility ........................................................................................................................... 13 

3.3.1. Description of the process .................................................................................................... 13 

3.3.2. Electricity .............................................................................................................................. 13 

3.3.3. Fuel ....................................................................................................................................... 15 

3.3.4. Total energy use – comparison with other plants ................................................................ 15 

3.3.5. Process related CO2-emissions ............................................................................................. 16 

3.3.6. Material input per tonne output .......................................................................................... 16 

3.3.7. Waste.................................................................................................................................... 16 

3.3.8. Transportation ...................................................................................................................... 17 

3.3.9. Replaced materials ............................................................................................................... 17 

3.3.10. Economic costs ..................................................................................................................... 17 

3.3.11. Unit process inventory ......................................................................................................... 17 

4. Metals ................................................................................................................................................... 19 

4.1. Collection at the kerbside ............................................................................................................ 19 

4.1.1. Transportation ...................................................................................................................... 19 
ii 

 



4.1.2. Economic costs ..................................................................................................................... 19 

4.1.3. Unit process inventory ......................................................................................................... 20 

4.2. Transfer station ............................................................................................................................ 21 

4.2.1. Electricity .............................................................................................................................. 21 

4.2.2. Fuel ....................................................................................................................................... 21 

4.2.3. Waste.................................................................................................................................... 21 

4.2.4. Transportation ...................................................................................................................... 21 

4.2.5. Economic costs ..................................................................................................................... 21 

4.2.6. Unit process inventory ......................................................................................................... 21 

4.3. Sorting facility ............................................................................................................................... 22 

4.3.1. Electricity .............................................................................................................................. 22 

4.3.2. Fuel ....................................................................................................................................... 22 

4.3.3. Material input per tonne output .......................................................................................... 23 

4.3.4. Waste.................................................................................................................................... 23 

4.3.5. Transportation ...................................................................................................................... 23 

4.3.6. Economic costs ..................................................................................................................... 23 

4.3.7. Unit process inventory ......................................................................................................... 23 

4.4. Recycling of aluminium ................................................................................................................ 25 

4.4.1. Description of the process .................................................................................................... 25 

4.4.2. Electricity .............................................................................................................................. 25 

4.4.3. Heat ...................................................................................................................................... 25 

4.4.4. Fuel ....................................................................................................................................... 25 

4.4.5. Total energy use – comparison with other plants ................................................................ 26 

4.4.6. Process related CO2-emissions ............................................................................................. 26 

4.4.7. Material input per tonne output .......................................................................................... 26 

4.4.8. Waste.................................................................................................................................... 27 

4.4.9. Transportation ...................................................................................................................... 27 

4.4.10. Replaced materials ............................................................................................................... 27 

4.4.11. Economic costs ..................................................................................................................... 28 

4.4.12. Unit process inventory ......................................................................................................... 28 

4.5. Recycling of steel .......................................................................................................................... 30 

4.5.1. Description of the process .................................................................................................... 30 

4.5.2. Electricity .............................................................................................................................. 30 

4.5.3. Heat ...................................................................................................................................... 30 

4.5.4. Fuel ....................................................................................................................................... 31 
iii 

 



4.5.5. Total energy use – comparison with other plants ................................................................ 31 

4.5.6. Process related CO2-emissions ............................................................................................. 32 

4.5.7. Material input per tonne output .......................................................................................... 32 

4.5.8. Waste.................................................................................................................................... 33 

4.5.9. Transportation ...................................................................................................................... 34 

4.5.10. Replaced materials ............................................................................................................... 34 

4.5.11. Economic costs ..................................................................................................................... 35 

4.5.12. Unit process inventory ......................................................................................................... 35 

5. Beverage cartons .................................................................................................................................. 38 

5.1. Collection at the kerbside ............................................................................................................. 38 

5.1.1. Transportation ...................................................................................................................... 38 

5.1.2. Economic costs ..................................................................................................................... 39 

5.1.3. Unit process inventory ......................................................................................................... 39 

5.2. Transfer station ............................................................................................................................ 41 

5.2.1. Electricity .............................................................................................................................. 41 

5.2.2. Fuel ....................................................................................................................................... 41 

5.2.3. Waste.................................................................................................................................... 41 

5.2.4. Transportation ...................................................................................................................... 41 

5.2.5. Economic costs ..................................................................................................................... 41 

5.2.6. Unit process inventory ......................................................................................................... 41 

5.3. Recycling facility ........................................................................................................................... 43 

5.3.1. Description of the process .................................................................................................... 43 

5.3.2. Electricity .............................................................................................................................. 43 

5.3.3. Heat ...................................................................................................................................... 43 

5.3.4. Fuel ....................................................................................................................................... 43 

5.3.5. Process related CO2-emissions ............................................................................................. 43 

5.3.6. Material input per tonne output .......................................................................................... 44 

5.3.7. Waste.................................................................................................................................... 44 

5.3.8. Transportation ...................................................................................................................... 44 

5.3.9. Replaced materials ............................................................................................................... 44 

5.3.10. Economic costs ..................................................................................................................... 45 

5.3.11. Unit process inventory ......................................................................................................... 45 

6. Discussion ............................................................................................................................................. 47 

7. Bibliography .......................................................................................................................................... 48 

 
iv 

 



List of tables 
Table 1: Average transportation distance from collection at the kerbside to the transfer station (Pollack, 
2006)............................................................................................................................................................... 4 
Table 2: Data for collection of kerbside sorted waste (based on Pollack, 2006). .......................................... 4 
Table 3: Source segregation efficiency of source separated materials at single- and multi-family houses 
(based on data from Jensen et al., 2013). ...................................................................................................... 6 
Table 4: Source segregation efficiency of source separated material at single-family houses in Lund 2008 
(based on data from Bisaillon et al., 2010). .................................................................................................... 6 
Table 6: Total amount of recycled material from all recycling systems in six Swedish municipalities, 
compared to Swedish average data (kg/person and year) (Nielsen, 2012). .................................................. 7 
Table 7: Summary of statistics on household waste collection in six Swedish municipalities (Dahlén et al., 
2007)............................................................................................................................................................... 7 
Table 8: Composition of collected waste from four-chamber bins (Leander and Sernland, 2011). ............... 8 
Table 9: Quality of separately collected materials from single- and multi-family houses (Jensen et al., 
2013)............................................................................................................................................................... 8 
Table 10: Unit process inventory for collection of separately sorted plastic at the kerbside. ..................... 11 
Table 11: Unit process inventory for handling of plastic at the transfer station. ........................................ 13 
Table 12: Energy use for plastic recycling – comparison between different studies. ................................. 16 
Table 13: Unit process inventory for plastic recycling. ................................................................................. 18 
Table 14: Unit process inventory for collection of separately sorted metal packaging at the kerbside. ..... 20 
Table 15: Unit process inventory for handling of metal packaging at the transfer station. ......................... 22 
Table 16: Unit process inventory for sorting of metal packaging at the sorting facility. ............................. 24 
Table 17: Comparison of energy use per tonne produced aluminium product at Stena Aluminium and an 
average European plant (Stena Aluminium, 2013; Leroy, 2009). ............................................................... 26 
Table 18: Use of ancillary products in scrap based aluminium production, per tonne produced aluminium 
product (Stena Aluminium, 2013; Leroy 2009). ............................................................................................ 27 
Table 19: Unit process inventory for manufacturing of scrap based aluminium at Stena Aluminium in 
Älmhult, Sweden. ......................................................................................................................................... 29 
Table 20: Comparison of energy use at Ovako Bar, Smedjebacken, and average European steel 
manufacturing. ............................................................................................................................................. 31 
Table 21: Overview of material input for scrap based steel manufacturing. Comparison of data from 
Ovako Bar Smedjebacken with average European data presented by Yellishetty et al. (2011)................... 33 
Table 22: Unit process inventory for manufacturing of steel slabs from steel scrap. ................................. 36 
Table 23: Material composition of used beverage cartons (Hallberg and Ljungkvist, 2013). ...................... 38 
Table 24: Unit process inventory for collection of beverage cartons at the kerbside. ................................ 40 
Table 25: Unit process inventory for handling of paper packaging at the transfer station. ......................... 42 
Table 26: Unit process inventory for manufacturing of board from recycled fibres. Note that the data 
have been adjusted to the recycling of beverage cartons only, and is not representative of paper 
packaging recycling in general. .................................................................................................................... 46 

 
List of figures 
Figure 1: Example of four-chamber vehicles for collection of waste from kerbside sorting in four-chamber 
bins. Picture adapted from PWS (2009). ........................................................................................................ 3 

v 
 



1. Introduction 
This report has been written as a part of the Topwaste project (www.topwaste.dk). The main objective 
of Topwaste is to contribute to improved use of waste for energy or material recycling by integrating 
environmental and economic considerations. One part of the project involves performing life-cycle 
assessments of possible systems for handling of different waste streams. This involves analysing how 
different recycling systems work and what happens to the materials after collection.  

The aim of this report is to present data on kerbside collection of plastic and metal packaging, and 
beverage cartons in Sweden. For single-family houses, the type of system analysed is kerbside collection 
in four-chamber bins. For each material fraction the source segregation efficiency and quality of the 
separated waste streams is presented, followed by data for the processes collection at the kerbside, 
handling at transfer and sorting stations, and primary reprocessing at the recycling plant. The waste 
streams are followed to the point in which the secondary material can replace virgin materials. 

For each process the following data is included (as relevant for each process): electricity, heat and fuel 
use, generation of waste and by products, transportation work, material input per tonne material 
output, process related CO2-emissions, and economic costs. The chapters that cover reprocessing at the 
recycling plants also include a discussion on which materials that can be replaced by waste, by-
products, and the secondary materials.  

The data presented in this report was collected between October 2013 and April 2014. Data that are 
more recent may have been published since, but no further data collection has been made before the 
publishing of this report. 
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2. Kerbside collection 
The aim of this chapter is to describe the system of kerbside collection for single- and multi-family 
houses in Sweden (section 2.1), its source segregation efficiency (section 2.2) and the quality of the 
collected material fractions (section 2.3). Source segregation efficiency of a material fraction is defined 
as the percentage of the material fraction that is separated for recycling. The quality of the collected 
material fractions is the percentage of correctly sorted material in each collected material fraction. Data 
is presented for rigid and non-rigid plastic, beverage cartons, metal packaging (steel and aluminium), 
glass and paper.  

In Sweden, there are four different types of kerbside collection of sorted household packaging: four-
chamber bins for single-family houses (Sw. FNI fyrfack), kerbside collection at multi-family houses (Sw. 
FNI flerbostadshus), optical sorting (Sw. FNI optisk sortering), and the recycling bag (Sw. FNI 
återvinningssäcken) (Nielsen, 2012). This report covers only collection in four-chamber bins at single-
family houses and collection at multi-family houses. For single-family houses four-chamber bins is the 
most common system for kerbside collection in Sweden (Nielsen, 2012).  

2.1. Collection of waste fractions  
Below follows a description of kerbside collection at single- and multi-family houses and overall 
transportation distances and economic costs for the system. The transportation distances and economic 
costs used for each material fraction are presented for plastic, metal packaging and beverage cartons in 
chapters 3.1, 4.1 and 5.1. 

2.1.1. Collection at single-family houses 
In Sweden, 10 % of the single-family houses (a total of 200 000 households) have access to kerbside 
collection (The Swedish Recycling Industries’ Association, 2013). The waste fractions packaging (plastic, 
metal, carton, coloured and uncoloured glass), newspapers, food waste and residual waste are sorted in 
two different four-chamber bins at the kerbside. Each household has two containers with four 
compartments in each (Nielsen, 2012). The size of the bins is usually 370 or 240 litres (Nielsen, 2012), 
however it is the 370 litre bins that are the most common (Vimmerby municipality and Östra Smålands 
Kommunalteknikförbund, 2013). 

The material fractions are collected by a four-chamber vehicle (Nielsen, 2012). Each four-chamber 
vehicle can collect 20.7 m3 of waste, see Figure 1. The waste is compacted in the vehicle and one vehicle 
can be used to collect waste from 300 households (PWS, 2009). The collection frequency depends on 
the customer’s choice and varies for the different material fractions. For example, food waste, residual 
waste, coloured glass and paper packaging is collected every week or every other week, while 
newspapers, metal and plastic packaging and uncoloured glass is collected once per month (Nielsen, 
2012). 
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Figure 1: Example of four-chamber vehicles for collection of waste from kerbside sorting in four-chamber bins. Picture 

adapted from PWS (2009). 

2.1.2. Collection at multi-family houses 
Half of the multi-family houses in Sweden (a total of 1.3 million households) have access to kerbside 
collection (The Swedish Recycling Industries’ Association, 2013). Packaging and newspapers is sorted in 
separate bins in a special garbage room, or in a separate building in connection to the property. One 
material fraction is sorted in each bin. Depending on available space for the bins, it is possible to sort 
one or more fractions at the collection point (The Swedish Recycling Industries’ Association, 2013). The 
size of a bin is usually 370 or 660 litres (Nielsen, 2012). The material fractions are collected with one- or 
two-chamber vehicles. The collection frequency depends on the bin size and on the number of 
households in the building (Nielsen, 2012). 

2.1.3. Transportation distances from collection to transfer stations  
Both for single- and multi-family houses the waste is collected at the kerbside and transported to 
transfer stations where it is reloaded before transportation to sorting and recycling facilities. To 
calculate the transportation work for collection there are several parameters that should be considered. 
The geographical location of the collection points determines the transportation distance. Type of 
house (single-family or multi-family) determines the number of collection points. Single-family houses 
have a separate bin, while multi-family houses have a shared bin with several other households. The 
characteristics of the neighbourhood will influence the distance between stops and the average speed 
during collection. 

The transportation distance from collection to transfer station varies between regions. Baky (2007) 
calculated the environmental impacts from kerbside collection at multi-family houses in Stockholm 
(Baky, 2007). A transportation distance of 25 km from collection to transfer station was used in the 
study for all collected material fractions (Baky, 2007). Pollack (2006) estimated, based on contacts with 
waste management companies and municipalities, the transportation distance for the companies NSR 
and Sysav in Skåne in southern Sweden. The average transportation distance calculated by Pollack 
(2006) for the different material fractions are presented in Table 1. This data was used for both urban 
and rural areas. 
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Table 1: Average transportation distance from collection at the kerbside to the transfer station (Pollack, 2006). 

Material fraction Average transportation distance (km) 
Plastic (rigid and non-rigid) 25 
Paper packaging 32 
Metal 32 

 
Pollack (2006) also estimated the average distance between stops, the average speed and average time 
for each stop, based on previous studies and contacts with municipalities. This data is presented in 
Table 2. 

Table 2: Data for collection of kerbside sorted waste (based on Pollack, 2006). 

 Single-family houses Multi-family houses Rural areas 
Distance between stops (km) 0.1 0.05 0.35 
Speed (km/h) 25 15 15 
Time for each stop (h) 0.015 0.015 0.015 

 
A four-chamber vehicle can collect waste from 300 households (PWS, 2009). Assuming that the 
transportation distance between each stop is 0.1 km (Table 2) and that one bin is emptied per stop a 
transportation distance of 30 km is needed to fill one of the compartments in the vehicle. This 
calculation is based on simplifications. In reality four waste fractions are emptied into the vehicle at the 
same time, hence one compartment could fill up faster than the others could so that the vehicle has to 
be emptied before each compartment is full. Here it has however been assumed that each 
compartment can be completely filled before the vehicle must return to the transfer station. The 
vehicle will be idling during the time of collection; hence, fuel use for collection should be higher than 
for a truck that is driving the same distance without stops.  

It is assumed that the one-chamber vehicle has a volume of 16 m3 and that the waste can be compacted 
to a density of 150 kg/m3 (Palm, 2009). One vehicle can thereby collect 2 400 kg of waste. 

2.1.4. Economic costs for kerbside collection 
The economic costs for kerbside collection can be divided into costs for bins and vehicles, costs for 
collection and costs for information to the households (Nielsen, 2012). 

Vehicles 
The cost of a four-chamber vehicle is 2.5-2.7 MSEK/vehicle (excluding VAT). One-chamber vehicles used 
for collecting waste from multi-family houses cost 1.6-1.8 MSEK/vehicle (Nielsen, 2012). 

Bins 
The price for bins used in the four-chamber bin system is 900-1 500 SEK/bin depending on the number 
of bins that are ordered and the type of bin. This cost does not include costs for driving the bins to 
households and installing the bins (Vimmerby municipality and Östra Smålands 
Kommunalteknikförbund, 2013). Other price estimations are 211 SEK/household and year, 1 010 
SEK/household and year and 1 495 SEK/bin (excluding VAT) for bins of 370 litre (Nielsen, 2012). Nielsen 
(2012) does not present the costs for one-chamber bins used for multi-family houses. However, the cost 
for a single-chamber bin of the size 370 litres used at single-family houses cost 850 SEK/bin (Nielsen, 
2012). 
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Collection 
Estimated costs for collecting waste in four-chamber bins vary between companies. Nårab estimates 
the cost to be 974.60 SEK/household and year, while NSR estimates the costs to be 1 175 
SEK/household and year (Nielsen, 2012). The cost to empty one bin in Helsingborg is 26 SEK (Nielsen, 
2012), which would give a cost of around 1 300 SEK/household and year assuming one bin is emptied 
per household and week. 

For multi-family houses, the public housing company Familjebostäder in Gothenburg, Sweden, 
calculated the costs to 225 SEK/household and year. This cost includes the bins, but not costs for 
information, administration, washing the bins and cleaning the garbage rooms. The public housing 
company Bostadsbolaget in Gothenburg estimates that the cost for kerbside collection is 200 
SEK/household and year, including bins and emptying of bins but excluding cleaning of bins and garbage 
rooms (Nielsen, 2012). The housing companies can buy the service kerbside collection from a private 
contractor and will then stand for all the costs, such as bins, cleaning, maintenance and information. In 
case the municipality handles the collection there will be costs for the collection as well (Nielsen, 2012).  

Information 
The cost for information, such as oral information, stickers, printing information material, posting 
material, and extra payment to the contractor while the system is introduced is 300 SEK/bin for single- 
family houses (Nielsen, 2012). 

Total costs for single-family houses  
Economic costs for collecting plastics from single-family houses are based on Nårab’s economic costs for 
collection of sorted waste in four-chamber bins in 2011 (as reported by Nielsen, 2012). The sum of costs 
for collection and bins is 1 156 SEK/household and year. It is assumed that the cost can be divided 
equally between all 8 waste fractions and that there are 2.5 persons in each household leading to a cost 
of 58 SEK per fraction, person and year. There are also other ways to allocate the costs between 
fractions, for example based on weight or the fractions’ economic values. This could provide another 
result. 

Total costs for multi-family houses  
For multi-family houses, the costs are based on the costs for the public housing companies 
Familjebostäder and Bostadsbolaget as reported by Nielsen (2012). Their costs are around 200 
SEK/household and year. It is assumed that this cost can be equally divided over 7 material fractions (no 
separate collection of organic waste) and that there are 2.5 persons in each household, leading to a cost 
of 11 SEK per fraction, person and year. Just as for single-family houses, the costs could be allocated 
differently, leading to different results.  

2.2. Source segregation efficiency 
A few studies have been made on the source segregation efficiency for separate kerbside collection in 
Sweden. The studies have mainly been performed for municipalities in Skåne, where several 
municipalities have had extensive kerbside collection for many years. The studies are primarily related 
to collection in four-chamber bins at single-family houses. Nielsen (2012) note that there is less 
information on kerbside collection at multi-family houses compared to information on kerbside 
collection at single-family houses. 

The source segregation efficiency varies between municipalities and over time. Jensen et al. (2013) 
compared different types of recycling systems. In the study, the total collected quantity and the 
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quantity left in the residual waste is presented per person and year for different waste fractions. The 
source segregation efficiency is calculated based on this data assuming that the total quantity of 
generated waste is the sum of the quantity that is separated for recycling and the quantity found in the 
residual waste. The source segregation efficiency based on data from Jensen et al. (2013) is presented 
in Table 3. 

Table 3: Source segregation efficiency of source separated materials at single- and multi-family houses (based on data from 
Jensen et al., 2013). 

 Single-family houses Multi-family houses 
Material fraction Collected at 

the kerbside 
(kg/person 
year)1 

In the 
residual 
waste 
(kg/person 
year)2 

Source 
segregation 
efficiency 
(%) 

Collected 
at the 
kerbside 
(kg/person 
year)3 

In the 
residual 
waste 
(kg/person 
year)4 

Source 
segregation 
efficiency 
(%) 

Paper packaging 16.2 4.5 78 18.1 16.1 53 
Newspaper 47.0 2.3 95 73.5 5.7 93 
Metal 4.0 2.3 63 2.8 3.3 46 
Glass 19.9 2.3 90 11.8 3.5 77 
Plastic 9.9 12.3 45 5.3 24.3 18 
 
Bisaillon et al. (2010) present the total generated amount of different waste fractions and the source 
segregation efficiency for single-family houses in Lund 2008 in kg per household and week. The 
collected amount per person and year is calculated assuming 2.5 persons per household. The result is 
presented in Table 4. 

Table 4: Source segregation efficiency of source separated material at single-family houses in Lund 2008 (based on data from 
Bisaillon et al., 2010). 

Material fraction Collected at the kerbside 
(kg/person and year) 

Source segregation 
efficiency (%) 

Paper packaging 17.6 79 
Newspaper 99.6 93 
Metal 2.8 74 
Glass 17.2 95 
Rigid plastic 2.5 55 

 

Jensen et al. (2013) and Bisaillon et al. (2010) do not present information for rigid and non-rigid plastic, 
and coloured and uncoloured glass separately. No data have been found on coloured and uncoloured 
glass. It could probably be assumed that the source segregation efficiency is approximately the same for 
the two different types of glass. However, there may be a big difference between rigid and non-rigid 
plastic. For example, the source segregation efficiency was higher for rigid than non-rigid plastic in 
multi-family houses in Helsingborg 2007 (Dahlén and Vukicevic, 2009). The share of rigid plastic 
packaging that was sorted was 49 %, while only 20 % of the non-rigid plastic was sorted. The source 

1 Average data from the municipalities Helsingborg, Bjuv and Åstorp in 2012 
2 Based on median values for Sweden 2007-2010 
3 Data from Göteborg 2011 
4 Based on an analysis of households participating in the study performed by Jensen et al. (2013) after the 
study was finished. 
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segregation efficiency of rigid plastic was 65 % for single-family houses in Lund 2008 (Dahlén and 
Vukicevic, 2009). 

Additionally, no information has been found on the source segregation efficiency for beverage cartons 
separately. In total, only 29 % of the used beverage cartons are recycled, while 70 % of the total amount 
of paper packaging is recycled. Hence, it can be assumed that the source segregation efficiency is lower 
also for beverage cartons in kerbside collection. A source segregation efficiency of 30 % is used for both 
single- and multi-family houses in calculations for later chapters in this report. 

There are differences between the data presented by Bisaillon et al. (2010), Dahlén and Vukicevic 
(2009), and Jensen et al. (2013). Especially, it can be noted that the source segregation efficiency for 
rigid plastic collected at single-family houses in Lund 2008 is stated to be 65 % by Dahlén and Vukicevic 
(2009) while it is 55 % according to Bisaillon et al. (2010). 

Other studies include data for waste collection in different recycling systems; however, they do not 
include enough information to enable calculation of the source segregation efficiency for separate 
waste fractions. Nielsen (2012), for example, presents the amount of recycled material from six 
municipalities in Skåne, Sweden, compared to Swedish average data, see Table 5. The share of single-
family houses with kerbside collection in four-chamber bins ranges from 40 % in Båstad, to 96 % in 
Helsingborg. The material quantities presented is the total generated amount from all recycling systems 
(kerbside collection, bring-system, and recycling station) in 2010. 

Table 5: Total amount of recycled material from all recycling systems in six Swedish municipalities, compared to Swedish 
average data (kg/person and year) (Nielsen, 2012). 

Material fraction Bjuv Båstad Helsingborg Höganäs Åstorp Lund Sweden 
Newspaper 57.6 62.8 59.2 64.6 67.9 58.4 42.1 
Paper packaging 23.2 36.8 23.6 22.1 24.6 17.0 11.9 
Metal 13.5 26.0 19.0 20.7 14.2 19.8 18.8 
Glass 12.6 12.1 10.7 10.6 12.3 4.0 4.4 
Plastic 4.2 4.8 1.4 1.4 3.6 2.3 1.7 
Total 111.1 142.6 115.4 119.3 122.6 101.5 78.8 

 
Dahlén et al. (2007) compared different collection systems for sorted household waste in six 
municipalities in Skåne (Bjuv, Åstorp, Helsingborg, Höganäs, Ängelholm, and Båstad) over the period 
1996-2004. The source segregation efficiency is presented in Table 6. 

Table 6: Summary of statistics on household waste collection in six Swedish municipalities (Dahlén et al., 2007). 

 Bjuv Åstorp Helsingborg Höganäs Ängelholm Båstad 
Total amount of generated 
waste (kg/person and year) 

226 324 392 357 379 414 

Total amount of residual 
waste (kg/person and year) 

91 179 284 256 280 319 

Source segregation efficiency 
(%) 

60 45 28 28 26 23 

 
Leander and Sernland (2011) present the total amount of collected waste for different recycling 
systems. Table 7 below provides an overview of data for single-family houses with kerbside collection in 
four- chamber bins. 
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Table 7: Composition of collected waste from four-chamber bins (Leander and Sernland, 2011). 

Waste fraction Collected amount 
(kg/household week) 

Food waste 0.80 
Paper 0.10 
Paper packaging 0.20 
Glass 0.10 
Metal 0.10 
Other non-combustible waste 0.40 
Other combustible waste 1.20 
Hazardous waste 0.01 
Electronic waste 0.02 
Total 3.10 

 

As can be seen from the data presented above, the result varies between studies. For the calculations 
made for this report, average data is used. This is further described for each waste fraction in chapter 
3.1, 4.1, and 5.1. 

2.3. Quality of separately collected materials 
Jensen et al. (2013) present the quality of separately collected material fractions from single- and multi-
family houses in Perstorp, Lund, and Dalby municipality. An average value has been calculated and is 
presented in Table 8. The quality of the fractions is defined as the share of correctly sorted materials. 
For example, 87 % of the fraction paper packaging from single-family houses consists of actual paper 
packaging. Hence, 13 % of the material fraction consists of other materials. 

Table 8: Quality of separately collected materials from single- and multi-family houses (Jensen et al., 2013). 

Waste fraction Share of correctly sorted 
materials from single-family 
houses (%)5 

Share of correctly sorted 
materials from multi-family 
houses (%) 

Paper packaging 87 81 
Newspaper 98 90 
Metal 84 78 
Glass, uncoloured 97 No data available 
Glass, coloured 93 No data available 
Plastic 86 72 

 
Dahlén and Vukicevic (2009) investigated the quality of collected plastic fractions from municipalities in 
Skåne. The quality of the plastic fraction (mixed rigid and non-rigid) that was collected from single- 
family houses in Helsingborg was on average 75 %. The quality of the plastic fraction that was collected 
from multi-family houses in Malmö and Helsingborg was on average 55 %. The sample from Malmö 
contained mixed plastic, while the sample from Helsingborg only contained rigid plastic. 

Dahlén et al. (2013) analysed plastic fractions from municipalities in Gävle, Göteborg, Lund, Lycksele, 
and Söderköping 2010-2012. The quality of the plastic fraction (mixed plastic) was on average 75 % for 
plastic from single-family houses and 70 % for plastic from multi-family houses. For single-family 

5 Average data for Perstorp, Lund and Dalby municipality 
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houses, the quality varied from 66 % in Söderköping to 82 % in Lund. For multi-family houses, the 
quality varied from 57 % in Söderköping to 78 % in Lund. 

It can be noted that impurities in the sorted material fractions are not always due to errors made by the 
households. Low quality of the collected material fractions can be due to problems arising when the 
bins are emptied into the collection vehicle or due to pollution at transfer and sorting stations. For 
example, the plastic recycling company Swerec has noted that the incoming plastic sometimes is 
polluted by sand, gravel and snow (Dahlén and Vukicevic, 2009). Plastic fractions collected in 
Helsingborg contained a large share of newspapers (Dahlén and Vukicevic, 2009). This was due to the 
collection vehicle, as the newspapers easily spilled over into the plastic compartment when the vehicle 
was emptied. 

Previous reports (Eriksson et al., 2001 via Nielsen, 2012) claim that the quality of glass in kerbside 
collection is lower than in other systems. This could be due to the open bins in four-chamber bin 
systems that make it easier to throw in other materials, than it is through the small openings on 
containers in the bring-system. The glass is also crushed more easily in the vehicles which are used for 
collecting waste at the kerbside, than in collection of containers in the bring system. Broken glass is 
more difficult to sort at the sorting facility. This information is based on the opinion of the glass 
recyclers and goes against information supplied by municipalities with four chamber bin systems, who 
claim that the glass has a good quality (Nielsen, 2012). 
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3. Plastics 
This chapter provides data for plastic recycling, from collection at the kerbside to the recycling facility. 
Climate impacts from collection and recycling of plastic packaging from Swedish households have 
previously been analysed by Profu on behalf of FTI, Förpacknings- och tidningsinsamlingen. Their study 
is based on contacts with FTI and sorting facilities in Sweden and Germany, and literature studies (FTI 
and Profu, 2013). As FTI cannot share the background data used in that study the information in this 
chapter has been gathered from other sources. 

3.1. Collection at the kerbside 
Rigid and non-rigid plastic is collected at the kerbside in a joint fraction. Below follows data for 
transportation work (section 3.1.1) and economic costs (section 3.1.2) for collection of plastic packaging 
at the kerbside. A unit process inventory is presented at the end of the chapter (section 3.1.3). 

3.1.1. Transportation 

Single-family houses 
The quantity of plastic packaging collected per person and year is 9.9 kg (Table 3). When calculating the 
quantity collected at each household per stop, it is assumed that there are 2.5 persons per household, 
and that the plastic packaging bin is emptied once per month (Nielsen, 2012). Hence, 2.1 kg of plastic 
packaging is collected at each household per stop, and a total of 212.5 kg is thereby collected from 300 
households. 

WRAP (2010) presents bulk density data for different material fractions. Mixed plastic (including plastic 
film) has a density of 28-197 kg/m3 depending on type of vehicle and compaction level. Under the 
assumption that 619 kg of plastic completely fills a compartment of 4.4 m3 (Figure 1) there is a bulk 
material density of 140 kg/m3, which is within the range that is presented by WRAP (2010). 

Multi-family houses 
The quantity of plastic collected per person and year is 5.3 kg (Table 3). When calculating the quantity 
collected at each stop, it is assumed that there are 2.5 persons per household and 25 households per 
stop, and that the plastic packaging bin is emptied once per week (Nielsen, 2012). The amount of plastic 
that is collected at each stop is thereby 6.4 kg. 

It is assumed that the one-chamber vehicle has a volume of 16 m3, and that the density of the plastic 
waste is 150 kg/m3. The vehicle can then make 377 stops before returning to the transfer station. 
Assuming a transportation distance of 0.05 km between each stop (Table 2), there is a transportation 
distance of 19 km to fill the vehicle. 

From collection to transfer station 
The transportation distance of plastic packaging (rigid and non-rigid) from the collection point to the 
transfer station is 25 km (see section 2.1.3). 

3.1.2. Economic costs 
The quantity of collected plastic packaging from single-family houses is 9.9 kg per person and year 
(Table 3), hence the cost is 5 838 SEK/tonne collected plastic (based on data presented in section 2.1.4). 

The quantity of collected plastic packaging from multi-family houses is 5.3 kg per person and year (Table 
3), hence the cost is 2 156 SEK/tonne collected plastic (based on data presented in section 2.1.4). 
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3.1.3. Unit process inventory 
The data are recalculated to provide 1 tonne of collected plastic packaging. Using the same proportion 
of packaging collected from single- and multi-family houses gives 0.22 tonne and 0.78 tonne plastic 
packaging from each type of house. A collected amount of 2.1 kg per stop at single-family houses gives 
108 stops and a transportation distance of 11 km. For multi-family houses, the collected amount is 6.4 
kg/stop, which leads to 122 stops and a transportation distance of 6.1 km. Table 9 below provides a unit 
process inventory for collection of separately sorted plastic at the kerbside. 

Table 9: Unit process inventory for collection of separately sorted plastic at the kerbside. 

INPUT 
Collected plastic fraction 
from single-family houses 

0.22 tonnes Based on 9.9 kg of plastic waste per person 
and year, 2.5 persons per household, and 
200 000 households in single-family houses 
with kerbside collection. 

Collected plastic fraction 
from multi-family houses 

0.78 tonnes Based on 5.3 kg of plastic waste per person 
and year, 2.5 persons per household, and 
1.3 million households in multi-family 
houses with kerbside collection. 

OUTPUT 
Collected plastic fraction 1 tonne Sum of plastics collected from multi-family 

and single- family houses. 
TRANSPORTATION 

For collection at single- 
family houses 

2.4 tonnekm Based on 9.9 kg of plastic per person and 
year, 2.5 persons per household, collection 
once per month, and a distance of 0.1 km 
between each stop. 

For collection at multi- 
family houses 

4.7 tonnekm Based on 5.3 kg of plastic per person and 
year, 2.5 persons per household, 25 
households per stop, collection once per 
week, and a distance of 0.05 km between 

h   From collection to 
transfer station - single-

  

5.6 tonnekm Based on a transportation distance of 25 km 
to the transfer station.  

From collection to 
transfer station - multi-

  

19.4 tonnekm Based on a transportation distance of 25 km 
to the transfer station. 

ECONOMIC COSTS 
For kerbside collection at 
single-family houses 

1 303 SEK Based on a cost for collection and bins of 1 
156 SEK/household, and 2.5 persons per 
household. The cost is divided equally over 
8 waste fractions. 

For kerbside collection at 
multi-family houses 

1 675 SEK Based on a cost for collection and bins of 
200 SEK/household, and 2.5 persons per 
household. The cost is divided equally over 
7 waste fractions. 
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3.2. Transfer station 
Plastic that is collected at the kerbside is transported to a transfer station where it is baled before it is 
transported to sorting and recycling companies (Nielsen, 2012; Stenmarck et al., 2010). There is no 
sorting of kerbside collected plastic at the transfer stations (Svärd, 2014a). 

3.2.1. Electricity 
Electricity use for baling plastic is 9.8 kWh/tonne, i.e. 35.28 MJ/tonne, according to Palm (2009) who 
received this information from Stena Recycling in Halmstad, Sweden. Arena et al. (2003) report that the 
energy use for baling is 90 MJ/tonne. Data from Palm (2009) is used in this study, as it is more 
temporally and geographically relevant. 

3.2.2. Transportation 
From the transfer station, the plastic is transported to recycling facilities in Sweden or Germany. The 
amount of plastic that is recycled in each country depends on the supply of recycled packaging. As much 
as possible is recycled at Swerec in Lanna, and the rest is sent to Germany (Svärd, 2014a). 

Fråne et al. (2012) state that 50 % of the plastic packaging is recycled by Swerec, and the other 50 % in 
Germany. FTI (2013a) on the other hand reports that two thirds of the plastic is recycled by Swerec and 
the rest mostly sent to Germany. As efforts are made to recycle as much as possible in Sweden it has 
been assumed that two thirds of the plastic is recycled by Swerec. In general one can say that plastic 
from south of Stockholm is sent to Germany, while plastic from north of Stockholm is sent to Swerec 
(Svärd, 2014a). 

Transportation of plastic to Germany is performed in several steps. The plastic is first loaded on to a 
trailer that is put on a rail car for further transportation to Trelleborg. The trailer is there loaded on the 
ferry bound for Rostock in Germany. The plastic is then transported by truck from Rostock to Premnitz 
(FTI, n.d.). An average distance from transfer stations to Trelleborg is assumed to be 500 km as it is 
mainly plastic from southern Sweden that is shipped to Germany. The distance from Trelleborg to 
Rostock is 130 km and from Rostock to Premnitz 210 km. It is assumed that the average transportation 
distance to Swerec is 900 km. 

3.2.3. Economic costs 
Reloading: There are costs related to reloading the plastic (Stenmarck et al., 2010). The costs for 
handling the plastic waste are confidential (Stenmarck et al., 2010). The cost for metal and paper 
packaging is in total 79 SEK/tonne (Stenmarck et al., 2010). Assuming that the cost can be equally 
divided between the two fractions and that the cost for handling plastic is in the same range as for 
metal and paper there is a cost of 79 SEK/tonne plastic. 

Sold material: The price received for selling material varies over time. For plastic, the price varied 
between 700 SEK/tonne in November 2008 and 2000 SEK/tonne in July 2008. A price of 1 000 
SEK/tonne plastic is a long-term normal value (Stenmarck et al., 2010). 

3.2.4. Unit process inventory 
Table 10 below provides a unit process inventory for the transfer station, based on 1 tonne output 
material. 
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Table 10: Unit process inventory for handling of plastic at the transfer station. 

INPUT 
Plastic fraction from 
households 

1 tonne  

Electricity  9.8 kWh Based on data from Stena Recycling, 2009.  

OUTPUT 
Plastics to Swerec 0.66 tonne Based on an assumption that 2/3 is sent to 

Swerec. The plastic is not sorted at the 
  Plastics to Germany 0.33 tonne Based on an assumption that 1/3 is sent to 

Germany. The plastic is not sorted in the 
transfer station.  

TRANSPORTATION 
Truck to Swerec 600 tonnekm Based on a transportation distance of 900 

  Rail car to Trelleborg 167 tonnekm Based on a transportation distance of 500 
  Ferry from Trelleborg to 

 
43 tonnekm Based on a transportation distance of 130 

 Truck from Rostock to 
 

70 tonnekm Based on a transportation distance of 210 
 ECONOMIC COSTS 

For reloading 79 SEK Based on data for metal and paper 
packaging in 2008.  

Income from sold 
material 

1 000 SEK Long-term normal value according to 
Stena Recycling.  

3.3. Recycling facility 
Information on electricity and fuel use, and economic costs for plastic recycling are scarce. Some 
information is available in environmental and energy reports from Swerec; however, this information is 
not only related to recycling of household packaging. According to Sabel (2013), there is a big difference 
between recycling of industrial plastic waste and recycling of plastic waste from households, but Swerec 
does not want to estimate the difference in energy and fuel use between the two recycling processes. 
Available data from Swerec’s reports is therefore complemented with, and compared with, data from 
other sources, in order to provide average data for fuel and electricity use for plastic recycling. 

3.3.1. Description of the process 
The input material consists of baled plastic from the transfer station (section 3.2). The plastic bales are 
opened and the material placed on a conveyor band for manual sorting. Different types of plastic are 
thereafter sorted mechanically. Non-rigid plastic, such as plastic film and plastic bags, is removed by 
suction, or by blowing it off. The non-rigid plastic is then optically sorted so that coloured and non-
coloured plastic is separated. The two types of plastic is milled separately and thereafter melted and 
granulated. Rigid plastic is sorted according to type of plastic with the help of infrared light (IR). Each 
type of plastic is then washed, dried, milled, and melted to granulate (FTI, 2013a). The same sorting 
methodology is used in Germany and Sweden (Svärd, 2014a); hence, it is assumed that the electricity 
use is the same at both facilities. 

3.3.2. Electricity 
Electricity is, according to Swerec (2010), used mainly for sorting, washing, and granulating the plastic, 
but also for lighting and ventilation. Electricity use is reported for the processes IR-sorting, coarse 
milling, fine milling, lighting, ventilation, and air compressors (Swerec, 2010). It is assumed that coarse 
milling only relates to industrial waste, and it is therefore excluded in this report. 
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Lighting, office equipment, ventilation: Electricity is used for lighting in offices and factory premises as 
well as outdoors. Electricity is also used for office equipment such as computers, and printers (Swerec, 
2010). The total electricity used for lighting and office equipment is 300 MWh/year and the electricity 
used for ventilation in offices is 4 MWh/year. Hence, the total electricity use for lighting, office 
equipment, and ventilation is 304 MWh/year. The electricity use cannot be assumed constant 
regardless of the quantity of plastic input and output, as more work hours are required for larger 
amounts of plastic. It is however assumed that the electricity use per tonne plastic is the same and that 
there is no difference for different types of plastic. The amount of processed plastic at Swerec was 34 
700 tonne6 in 2009. The electricity use is then 8.8 kWh/tonne plastic. 

Sorting: Data for fuel and electricity use for sorting vary significantly between different sources. One 
reason for the differences may be that the data concerns different types of sorting, for example manual, 
mechanical, optical, or other. At Swerec, all these types of sorting are used in order to handle the 
different plastic fractions (see section 3.3.1), however not all of the incoming material goes through 
each sorting step. It can be assumed that reject consisting of wrongly sorted material is removed in the 
manual sorting, while non-rigid plastic is removed at the mechanical sorting, rigid plastic that cannot be 
recycled is removed at the optical sorting of rigid plastics, and labels etc. are removed in washing. 

Arena et al. (2003) report that the electricity use for sorting is 0.16 MJ/kg output7, i.e. 44.4 kWh/tonne 
selected plastic. This electricity use seems to be related to several rounds of manual sorting; it is 
however not clear if also other activities are included in this figure. 

Electricity use for optical sorting is 26.64 kWh/tonne incoming plastic waste, or 37.33 kWh/tonne sorted 
plastic according to Ren (2012). This data does not include pre-sorting of the plastics (i.e. manual or 
mechanical sorting); hence, the total electricity use for sorting is likely to be higher. 

Swerec (2010) only reports electricity use for optical sorting: 1 436 MWh/year at maximum sorting 
capacity. Including also air compressors in this figure gives an electricity use of 1 522 MWh/year. With 
34 700 tonne of processed plastic in 2009 (see calculations above), the electricity use is 43.9 
kWh/tonne. Assuming that the maximum sorting capacity is higher than 34 700 tonne the electricity use 
for optical sorting would be lower. 

Based on the data above, the average electricity use for sorting is 41.9 kWh/tonne plastic. 

Washing: Ren (2012) reports that the energy use for heating the water for washing plastic packaging is 
10.9 MJ/kg plastic, i.e. 3027.8 kWh/tonne. This figure is based on a report from the Danish EPA in 2002. 
It represents the household’s washing of plastic packaging before recycling. No comment is made as to 
whether this figure is also representative for washing of plastic packaging at the recycling plant. The 
electricity use for washing is estimated to 0.5 kWh/tonne (Løkke 2012, via Ren, 2012) and seems to be 
in addition to the energy for heating water. No data is reported by Swerec. 

Shredding: Shonfield (2008) reports that shredding processes designed to give products with a diameter 
less than 80 mm have a power requirement of 16-32 kWh/tonne, and an average of 24 kWh/tonne is 
used in the LCA that is performed by the author. 

6 This has been calculated based on data in the energy report (Swerec, 2010). The total diesel use was 59 m3 and 
the diesel use per tonne plastic was 1.7 litres. 
7 The total energy use for sorting also includes diesel fuel. The total energy use was 270 MJ/tonne selected 
plastic. 
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At Swerec, the electricity use for shredding is 1 405 MWh/year at maximum capacity (Swerec, 2010). 
With 34 700 tonne of processed plastic in 2009 (see calculations above), the electricity use is 40.5 
kWh/tonne.  

Based on the data above, the average electricity use for shredding is 32.2 kWh/tonne. 

3.3.3. Fuel 
At Swerec, diesel is used for on-site transportation and for trucks used when loading and unloading. The 
diesel use was 1.7 litres/tonne plastic in 2009, or 580 MWh for 59 m3 of diesel (Swerec, 2010). This 
leads to a diesel use of 0.06 GJ/tonne handled plastic. 

Heating oil is used for heating the facility (Swerec, 2010). The total oil use for heating was 290 MWh in 
2009 (Swerec, 2010). This is recalculated to 0.03 GJ/tonne assuming 34 700 tonne of plastic (see 
calculations above). 

3.3.4. Total energy use – comparison with other plants 
When the average electricity and fuel use presented above is added together it leads to a total energy 
use of 0.39 GJ/tonne processed plastic (this does not include the data presented by Ren (2012) for 
washing of plastic packaging). This figure is uncertain and overestimated for several reasons. For 
example, the maximum capacity of sorting and shredding machinery is likely much higher than the 
quantity of processed plastic. 

In Swerec’s energy plan it is written that the electricity use was 73 kWh/processed tonne in 2009 
(Swerec, 2010). However, this figure is not only related to recycling of household packaging. Adding fuel 
use to this gives a total energy of 98.1 kWh/processed tonne, or 0.40 GJ/processed tonne. Data from 
section 3.3.6 is used to recalculate this figure per tonne plastic output. It is assumed that processed 
plastic is the weight of the collected plastic fraction minus non-plastic packaging. 

Raadal et al. (2008) analysed the environmental impacts from recycling of plastic packaging from 
Norwegian households. Plastic packaging from Norway is recycled by Swerec (Raadal et al., 2008); 
Svärd, 2014a). The authors claim that 0.39 kWh/kg, or 1.4 GJ/tonne, is required to recycle plastic at 
Swerec. It is assumed that this figure is related to 1 tonne of plastic output. Sabel (2014) does not want 
to comment on the data differences between Swerec (2010) and Raadal et al. (2008). 

Carlsson (2002) reports total energy use for plastic recycling plants in Sweden. The energy use from 
production to finished product is 1.02-2.9 GJ/tonne plastics, on average 1.96 GJ/tonne. 

Shonfield (2008) calculates the energy use for mechanical recycling to 1.7-2.5 GJ/tonne input material 
depending on technology used for sorting the plastics (for recycling processes similar to that used by 
Swerec). Extrusion is not performed at Swerec (Swerec, 2013) but in the plants described by Shonfield 
(2008). Hence electricity use for extrusion (270 kWh/tonne or 0.972 GJ/tonne) is subtracted from the 
total energy presented by Shonfield (2008), giving a total energy use of 1.3 GJ/tonne input material. The 
sorting efficiency of the plants is on average 46 %, which gives an average energy use of 2.5 GJ/tonne 
output excluding extrusion. 

Calculations based on data from Ren (2012) gives an energy use of 0.9 GJ/tonne input material. The 
plant has an efficiency of 70 %; hence the energy use is 1.20 GJ/tonne output. 

Table 11 below provides an overview of the data presented above. 
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Table 11: Energy use for plastic recycling – comparison between different studies. 

Data source Energy use  
(GJ/tonne output) 

Total average for office equipment, ventilation, sorting, 
milling, washing, etc. as presented in section 3.3.2 and 3.3.3. 

0.49 

Swerec (2010), total electricity and fuel based on section 
3.3.3. 

0.54 

Raadal et al. (2008) – only electricity 1.40 
Carlsson (2002) – average for recycling plants 2.0 
Shonfield (2008) – recalculated data as described in 3.3.2  2.5 
Ren (2012) – recalculated data 1.2 
Average from the data above 1.34 

3.3.5. Process related CO2-emissions 
No data is available on possible material related CO2-emissions.  

3.3.6. Material input per tonne output 
When the material output per tonne input material is calculated there are several factors that must be 
taken into consideration (Dahlén et al., 2013). 

1. Not all of the collected material consists of plastics. An average quality of collected plastic (from 
single and multi-family houses) is 72 % (see section 2.3), i.e. 28 % of the collected weight is not 
plastic.  

2. The material may have a high moisture content and it may be contaminated with dirt. Dahlén et 
al. (2013) has estimated that the dirt and moisture content of the collected plastic packaging is 
8 %. 

3. Not all of the plastic packaging is recyclable. Around 20 % of the plastic packaging is reject due 
to plastic that cannot be recycled and removal of labels etc. on plastic packaging (Dahlén et al., 
2013). 

4. The collected plastic fraction also contains plastic that is not packaging, but which will still be 
recycled. On average, 16 % of the fraction is non-packaging plastic. The same dirt and moisture 
content and share of reject apply to this fraction; hence, another 12 % of the collected weight 
can be recycled (Dahlén et al., 2013). 

The total share that can be recycled from the collected plastic fractions is then 52 %. Hence, in order to 
produce 1 tonne of recycled plastic it is necessary to collect 1.92 tonnes of plastic from the households. 

The study that was performed by Profu shows that 0.79 tonne plastic is sent to material recycling per 
tonne collected plastic fraction from households, and 0.63 tonnes is recycled so that it can replace 
plastic from virgin materials (FTI and Profu, 2013). Efficiency of the total recycling system is then 63 %, 
i.e. to produce 1 tonne of recycled plastics it is necessary to collect 1.59 tonnes from the households. 

3.3.7. Waste 
Material not sorted correctly: 28 %, i.e. 0.54 tonne/tonne output, of the collected plastic fraction is 
non-plastic material, for example metal and paper packaging, and organic waste. It is assumed that this 
fraction has the same heating value as municipal solid waste, 3 kWh/kg (11 MJ/kg) 
(Stockholmsregionens avfallsråd, 2007). 
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Plastic reject: 20 % of the plastic packaging is reject, and 20% of the non- packaging plastic is reject. The 
total amount of reject is therefore 0.28 tonne/tonne output. It is assumed that this plastic fraction has 
a heating value of 30 MJ/kg. 

3.3.8. Transportation 
Material that has not been sorted correctly and the plastic reject is transported to an incineration plant. 
It is assumed that the transportation distance is 200 km for all material.  

3.3.9. Replaced materials 
In LCAs of plastic recycling, it is common to assume a substitution ratio of 1:1 (Lazarevic et al., 2010). 
Other suggestions are 1:0.8 for high-density polyethylene (HDPE) and 1:0.7 for low-density polyethylene 
(LDPE) (Carlsson, 2002), 1:0.95 (Raadal et al., 2008), 1:0.8 (Schmidt and Strömberg, 2006), and 1:0.81 
(Rigamonti et al., 2009). Many of the substitution ratios are based on assumptions and the justifications 
behind these assumptions are not clearly documented (Lazarevic et al., 2010). 

FTI and Profu (2013) used a substation ratio of 1:1 in their analysis. This ratio was based on information 
from plastic recyclers who stated that the recycled plastic had the same quality as virgin plastic. The 
substitution ratio is valid for both rigid and non-rigid plastic (Bisaillon, 2014). Carlsson (2002) came to 
another conclusion, also this based on contacts with recycling companies. Recycled HDPE can, according 
to Carlsson (2002), replace virgin plastics in a ratio of 1:1. Recycled HDPE is mainly used in injection-
moulded products with thick walls and it is therefore not sensitive to potentially lower quality of the 
raw material. However, thin-walled products such as plastic bags could be sensitive to the quality of the 
re-granulate. A bigger quantity of recycled than virgin plastic would then be needed to produce a plastic 
bag with the same strength and function. In that case, a substitution ratio of 1:0.7 is reasonable. 

3.3.10. Economic costs 
The costs for plastic recycling are 3000-6000 SEK/tonne according to the Swedish Environmental 
Agency (2009). It is not known which activities and taxes that is included in this figure. It has not been 
possible to retrieve economic costs for plastic recycling at Swerec. 

3.3.11. Unit process inventory 
A unit process inventory for plastic recycling is presented in Table 12. Input and output material, 
transportation work, replaced materials, and economic costs are presented for one tonne of recycled 
plastic. 
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Table 12: Unit process inventory for plastic recycling. 

INPUT 
Baled plastic 1.92 tonne Based on calculations in section 3.3.6. 
Electricity 202.4 kWh Average from Raadal et al. (2008), Swerec 

(2010), and data presented in section 
3.3.2.  

Diesel 0.08 GJ Based on data from Swerec 2009. 
Heating oil 0.04 GJ Based on data from Swerec 2009. 

OUTPUT 
Recycled plastic 1 tonne  
Plastic reject 0.28 tonne Based on a 20 % share of reject in 

packaging and non-packaging plastic.  
Material that has not 
been sorted correctly 

0.54 tonne Based on a 28 % share of non-plastic 
materials.  

TRANSPORTATION 
All reject  163 tonnekm Based on an assumed transportation 

distance of 200 km for all reject.  
REPLACED MATERIALS 

Plastic 0.9 tonne Based on average data from FTI and Profu 
(2013) and Carlsson (2002), who both 
based their data on contacts with recycling 
companies. 

Fuel 14.1 GJ Based on incineration of all reject and 
heating values as in section 3.3.7. 

ECONOMIC COSTS 
Plastic recycling 4 500 SEK Based on average data from the Swedish 

Environmental Agency (2009). 
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4. Metals 
This chapter provides data for collection, sorting, and recycling of metal packaging that has been sorted 
at the kerbside by households in single and multi-family houses. Metal packaging is either made from 
aluminium or steel, other types of metals are barely used (FTI, 2013b). In 2009, 45 838 tonnes of metal 
packaging (not including beverage cans of aluminium) was put on the Swedish market (Swedish 
Environmental Agency, 2012). Of this 38 084 tonnes was steel and 7 754 tonnes was aluminium 
(Swedish Environmental Agency, 2012; hence, 17 % of the metal packaging is made from aluminium. 

4.1. Collection at the kerbside 
Steel and aluminium packaging is collected in a joint fraction (FTI, 2013b). Below follows data for 
transportation work (section 4.1.1) and economic costs (section 4.1.2) for collection of metal packaging 
at the kerbside. A unit process inventory is presented in the end of the chapter (section 4.1.3). 

4.1.1. Transportation 

Single-family houses 
The quantity of metal packaging collected per person and year is 3.4 kg (average from Table 3 and Table 
4). When calculating the quantity collected at each household per stop, it is assumed that there are 2.5 
persons per household, and that the metal packaging bin is emptied once per month (Nielsen, 2012). 
Hence, 0.7 kg of metal packaging is collected at each household per stop, and a total of 212.5 kg is 
thereby collected from 300 households.  

WRAP (2010) reports that mixed metal cans have a density of 40-63 kg/m3 without compaction. At the 
transfer station, the metal packaging will be compressed from 70 to 200 kg/m3 (FTI, 2013b). It is 
therefore assumed that the metal has a density of 70 kg/m3 after compression in the vehicle. The 
collected amount of metal packaging from 300 households would then have a volume of 3.0 m3, which 
fits into the compartment of 4.4 m3 (see Figure 1). 

Multi-family houses 
It is assumed that the one-chamber vehicle has a volume of 16 m3, and that the metal packaging is 
compacted to a density of 70 kg/m3 (FTI, 2013b). Hence one vehicle can collect 1 120 kg of metal 
packaging. The quantity of metal packaging collected by person and year is 2.8 kg (Table 3). When 
calculating the quantity collected at each stop, it is assumed that there are 2.5 persons per household 
and 25 households per stop, and that the metal packaging bin is emptied once per week (Nielsen, 
2012). Hence, 3.4 kg of metal is collected at each stop. The vehicle can then make 332 stops before 
returning to the transfer station. Assuming that there is a transportation distance of 0.05 km between 
each stop (Table 2), there is a total transportation distance of 17 km to fill the vehicle.  

From collection to transfer station 
The transportation distance of metal packaging from the collection point to the transfer station is on 
average 29 km, based on data from Pollack (2006) and Baky (2007), see section 2.1.3. 

4.1.2. Economic costs 
The quantity of collected metal packaging from single-family houses is on average 3.4 kg per person 
and year (Table 3), hence the cost is 17 000 SEK/tonne collected metal packaging (based on data 
presented in section 2.1.4). 
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The quantity of collected metal packaging from multi-family houses is 2.8 kg per person and year (Table 
3), hence the cost is 4 082 SEK/tonne collected metal packaging (based on data presented in section 
2.1.4). 

4.1.3. Unit process inventory 
The data are recalculated to provide 1 tonne of collected metal packaging. Using the same proportion of 
packaging collected from single- and multi-family houses gives 0.16 tonne and 0.84 tonne metal 
packaging from each type of house. A collected amount of 0.7 kg per stop at single-family houses gives 
222 stops and a transportation distance of 22 km. For multi-family houses, the collected amount is 3.4 
kg/stop, which leads to 250 stops and a transportation distance of 13 km. Table 13 below provides a 
unit process inventory for collection of separately sorted metal packaging at the kerbside. 

Table 13: Unit process inventory for collection of separately sorted metal packaging at the kerbside. 

INPUT 
Collected metal fraction 
from single-family houses 

0.16 tonnes Based on 3.4 kg of metal waste per person 
and year, 2.5 persons per household, and 
200 000 households in single-family 
houses with kerbside collection. 

Collected metal fraction 
from multi-family houses 

0.84 tonnes Based on 2.8 kg of metal waste per person 
and year, 2.5 persons per household, and 1 
300 000 households in multi-family houses 
with kerbside collection. 

OUTPUT 
Collected metal fraction 1 tonne Sum of metal packaging from multi-family 

and single-family houses. 
TRANSPORTATION 

For collection at single-
family houses 

3.5 tonnekm Based on 3.4 kg of metal per person and 
year, 2.5 persons per household, collection 
once per month, and a distance of 0.1 km 
between each stop. 

For collection at multi-
family houses 

10.5 tonnekm Based on 2.8 kg of metal per person and 
year, 2.5 persons per household, collection 
once per week, and a distance of 0.05 km 
between each stop. 

From collection to 
transfer station - single-
family houses 

4.5 tonnekm Based on a transportation distance of 29 
km to the transfer station. 

From collection to 
transfer station - multi-
family houses 

24.0 tonnekm Based on a transportation distance of 29 
km to the transfer station. 

ECONOMIC COSTS 
For kerbside collection at 
single-family houses 

2 676 SEK Based on a cost for collection and bins of 1 
156 SEK/household, and 2.5 persons per 
household. The cost is divided equally over 
8 waste fractions. 

For kerbside collection at 
multi-family houses 

3 439 SEK Based on a cost for collection and bins of 
200 SEK/household, and 2.5 persons per 
household. The cost is divided equally over 
7 waste fractions. 
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4.2. Transfer station 
When the metal packaging has been collected at the kerbside, it is transported to transfer stations 
before further transportation to sorting facilities. At the transfer stations, a coarse sorting is first made 
to remove material that has not been sorted correctly, for example larger electronic equipment. 
However, in kerbside sorting the material fractions are less likely to contain this type of waste, as it can 
be removed at the kerbside. Before the material is sent to sorting facilities it is compressed from 70-200 
kg/m3 (FTI, 2013b). 

4.2.1. Electricity 
There is no information available on electricity use for handling of metal packaging at the transfer 
station. Compressing of metal at the sorting station requires 18.5 kWh/tonne (see section 4.3.1). This 
figure is used as an estimation of the electricity use at the transfer station. 

4.2.2. Fuel 
There is no information available on fuel use for handling of metal packaging at the transfer station. The 
diesel use at the sorting station is around 0.9 litres/tonne (see section 4.3.2). This figure is used as an 
estimation of the fuel use at the transfer station. With a lower heating value of 35.3 GJ/m3 
(Jernkontoret, 2007), the fuel has an energy content of 0.03 GJ/tonne. 

4.2.3. Waste 
When material is collected at the kerbside, material that has not been sorted correctly is removed 
already at the kerbside (Ledström, 2014). Hence, a coarse sorting at the transfer station is not 
necessary; rather all sorting is done at the sorting station.  

4.2.4. Transportation 
The compressed material is transported from the transfer stations to one of three sorting facilities: 
Trania Metal in Tranås, and Skrotfrag in Järna and Ulricehamn (Svärd, 2014b). How the metal packaging 
is distributed between the sorting facilities varies depending on the supply. Adjustments are made to 
balance the flow between the facilities (Svärd, 2014a). The locations of the transfer stations have been 
received from FTI (Svärd, 2014c). The average distance between transfer stations and sorting facilities is 
230 km. The transportation takes place with a 60 tonne truck (Beurling, 2014). 

4.2.5. Economic costs 
At the transfer station, there are costs related to reloading the waste (Stenmarck et al., 2010). The total 
cost for reloading metal and paper packaging is 79 SEK/tonne (Stenmarck et al., 2010). Assuming that 
the cost can be divided equally between the two fractions, the cost for reloading is 79 SEK/tonne metal. 

4.2.6. Unit process inventory 
Table 14 below provides a unit process inventory for handling of metal packaging at the transfer station. 
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Table 14: Unit process inventory for handling of metal packaging at the transfer station. 

INPUT 
Collected metal fraction 
from single-family houses 

0.16 tonnes See section 4.1. 

Collected metal fraction 
from multi-family houses 

0.84 tonnes See section 4.1. 

Electricity 18.5 kWh Based on the electricity use at the sorting 
station (see section 4.3.2). 

Diesel 0.03 GJ Based on the fuel use at the sorting station 
(se section 4.3.3) 

OUTPUT 
Metal packaging from 
single-family and multi- 
family houses, joint 
fraction 

1 tonne The metal packaging is not sorted at the 
transfer station 

TRANSPORTATION 
From transfer station to 
sorting station 

230 tonnekm The average distance to sorting station is 
based on the location of transfer and 
sorting stations in Sweden. 

ECONOMIC COSTS 
Reloading 79 SEK Based on data from 2008. It is assumed 

that total costs for metal and paper 
packaging can be divided equally between 
the two fractions paper and metal 
packaging. 

4.3. Sorting facility 
This chapter provides data for handling of metal packaging at the sorting facility. At the sorting facility, 
the metal waste is loaded onto a conveyor that passes under a circulating magnetic drum that removes 
the magnetic steel. Aluminium is removed by an eddy current magnet that loads the aluminium with 
energy. The aluminium then jumps over a hole, while other types of waste fall into the hole (FTI, 
2013b). After sorting, the metal is pressed before it is transported to recycling facilities. Data have been 
gathered mainly from the company Trania Metal in Tranås, Sweden. 

4.3.1. Electricity 
At Trania Metal, the electricity use for sorting is 50 MWh/year and it is 120 MWh/year for pressing 
(Beurling, 2014), i.e. a total of 170 MWh/year, or 612 GJ/year. The company handles 6 500 tonnes of 
metal packaging per year (Beurling, 2014). The electricity use is therefore 26.2 kWh/tonne metal, or 0.1 
GJ/tonne metal. Palm (2009) has previously reported that 10.71 kWh of electricity is used per tonne 
processed metal. 

4.3.2. Fuel 
The amount of fuel used for on-site transportation work is not measured at Trania Metal (Beurling, 
2014). An estimation made by Beurling (2014) is 6 000 litres/year, or 0.92 litres/tonne metal. Palm 
(2009) has previously reported that 0.71 litres of diesel is used per tonne processed metal, but it is not 
stated whether the diesel is used for on-site transportation or in machinery used for sorting and 
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pressing metal. Based on data from Trania Metal and a lower heating value of 35.3 GJ/m3 (Jernkontoret, 
2007) the fuel has an energy content of 0.03 GJ/tonne metal. 

4.3.3. Material input per tonne output 
The quality of the metal fractions collected from single-family houses is 84 %, and the quality of metal 
fractions collected from multi-family houses is 78 % (see Table 8). The total amount of residual waste in 
the joint fraction from single- and multifamily houses is then 0.21 tonne, or 21 %. According to Beurling 
(2014), the share of residual waste is 15 %. The share of residual waste in collected waste fractions 
varies between regions, collection systems, and from year to year. An average between the two figures, 
18 %, can therefore be used. In order to receive 1 tonne of sorted metal packaging, it is then necessary 
to collect 1.22 tonne metal packaging from households. 

4.3.4. Waste 
According to the calculations in section 4.3.3, the amount of residual waste is 0.22 tonne/tonne sorted 
metal. This waste consists mostly of combustible waste that is sent to heat recovery (Beurling, 2014). It 
is assumed that the waste has a heating value of 11 MJ/kg (see section 3.3.7). 

4.3.5. Transportation 
Residual waste: The residual waste is transported to Eksjö, Jönköping or Linköping in Sweden by 60 
tonne trucks (Beurling, 2014). The average distance between Tranås and these cities is 66 km. 

Steel: Steel is recycled by Ovako Bar in Smedjebacken, but a big share is also recycled in Germany (FTI, 
n.d.). The average transportation distance from the sorting facility to Ovako Bar Smedjebacken is 283 
km, and to Germany 1 110 km. The share of packaging that is sent to each location is based on data 
from AB Järnbruksförnödenheter (2012). Around 9 000 tonne of steel packaging is recycled in Sweden 
and the rest, on average 2 000 tonne, is exported (AB Järnbruksförnödenheter, 2012). Hence, it is 
assumed that 82 % of the steel is recycled in Sweden and 18 % in Germany. 

Aluminium: Aluminium is recycled by Stena Aluminium in Älmhult, and by other recycling plants in 
Europe (FTI, n.d.). According to Richards (2013a), Stena Aluminium bought 70 000 tonne of aluminium 
in 2012, whereof 600 tonne came from household packaging and production of packaging (no separate 
accounting is made). Under the condition that the 600 tonne recycled in Älmhult is all household 
packaging, 8 % of the aluminium packaging is recycled in Sweden, while other European plants recycle 
92 %. The average transportation distance from sorting facilities to Älmhult is 287 km. It is assumed that 
the transportation distance to other European plants is 1 000 km. 

4.3.6. Economic costs 
Economic costs for sorting the metal packaging are around 460 SEK/tonne for running costs, 1 540 
SEK/tonne for investments, and 30 SEK/tonne for energy costs (Beurling, 2014), in total 2 030 
SEK/tonne. These costs include energy tax, but not VAT or waste tax. The income from sold aluminium 
packaging is 4 000 SEK/tonne and from sold steel packaging it is 1 000 SEK/tonne (Stenmarck et al., 
2010). These figures represent the long-term normal price according to Stena Recycling (Stenmarck et 
al., 2010). 

4.3.7. Unit process inventory 
Table 15 below provides a unit process inventory for sorting of metal packaging. 
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Table 15: Unit process inventory for sorting of metal packaging at the sorting facility. 

INPUT 
Metal packaging from the 
transfer station 

1.22 tonne Based on an average of 18 % residual waste 
in the joint metal fraction from single- and 
multifamily houses.  

Electricity 26 kWh Based on information from 1 Swedish sorting 
facility. 

Diesel 0.03 GJ Based on information from 1 Swedish sorting 
facility. 

OUTPUT 
Residual waste 0.22 tonne Based on an average of 18 % residual waste 

in the joint metal fraction from single- and 
multifamily houses. 

Steel 0.83 tonne 83 % of the metal packaging is made from steel. 
Aluminium 0.17 tonne 17 % of the metal packaging is made from 

aluminium. 
TRANSPORTATION 

Residual waste 14.5 tonnekm Based on an average transportation distance of 
66 km (data from 1 Swedish sorting facility). 

Steel to Ovako Bar, 
Smedjebacken 

192.4 tonnekm Share of steel in the metal fraction is 83 %, 
whereof 82 % is transported to Ovako Bar 
Smedjebacken. The average transportation 
distance to Smedjebacken is 283 km. 

Steel to other European 
plants 

166.2 tonnekm Share of steel in the metal fraction is 83 %, 
whereof 18 % is transported to Germany. The 
average transportation distance to German 
plants is 1 100 km. 

Aluminium to Stena 
Aluminium, Älmhult  

3.76 tonnekm Share of aluminium in the metal fraction is 17 
%, whereof 8 % is transported to Älmhult. 
Average transportation distance to Älmhult is 
287 km. 

Aluminium to other 
European plants 

156.1 tonnekm Share of aluminium in the metal fraction is 17 
%, whereof 92 % is transported to other 
European plants. Average transportation 
distance to European plants is 1 000 km. 

ECONOMIC COSTS 
Running costs 460 SEK Data from 1 Swedish sorting facility. 
Energy costs 30 SEK Data from 1 Swedish sorting facility. 
Investments 1 540 SEK Data from 1 Swedish sorting facility. 
Price of aluminium 676.6 SEK Based on the long-term normal price according 

to Stena Recycling. 
Price of steel 830.8 SEK Based on the long-term normal price according 

to Stena Recycling. 
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4.4. Recycling of aluminium 
This chapter includes data for manufacturing of scrap-based aluminium at Stena Aluminium in Älmhult, 
Sweden. Data have been gathered from Stena Aluminium’s environmental report (Stena Aluminium, 
2013), a report prepared by Svenskt Aluminium (Frisk, 2013), and from personal contact with 
environmental and financial managers at Stena Aluminium (Richards, 2013a, b; Andersson, 2014). The 
data are compared with life cycle inventory data for old scrap refining and casting in the European 
recycling industry in 2005, as described by Leroy (2009). 

According to Richards (2013b), there are several different technologies for melting aluminium and there 
may be differences between facilities. The energy use varies (even within the facility) with the type of 
alloy, so the energy use depends on the end product. The recycling process at Stena Aluminium can 
therefore not be seen as an average for the whole aluminium industry (Richards, 2013b). 

4.4.1. Description of the process 
The first step in the process is to weigh, control, and classify the incoming material. The material can 
then be manually sorted before it is cut, pressed or briquetted (Stena Aluminium, 2013). Household 
packaging of aluminium has already been sorted at the sorting facility, but has to be pressed before it is 
melted (Richards, 2013a). The melted aluminium is transferred to the alloying ovens, where it gets its 
unique composition by addition of alloys, mainly silicon and copper, but also smaller quantities of zinc, 
magnesium, and sodium. The melt is then casted to ingots or drops, or delivered to the customer in 
liquid form (Stena Aluminium, 2013). 

4.4.2. Electricity 
Electricity is used for material preparation, melting, casting, and alloying (Frisk, 2013). The total 
electricity use was 140 kWh/tonne produced aluminium in 2011 (Stena Aluminium, 2013; Frisk, 2013). 
This represents electricity bought from the grid; the company does not produce their own electricity 
(Richards, 2013a). It is not known how much electricity that is used in each sub-process or how much 
electricity that can be related to household packaging alone (Richards, 2013b). It can be assumed that 
the electricity use is slightly lower for preparation of household packaging than for some other types of 
aluminium scrap that needs more preparation before melting. Leroy (2009) reports an electricity use of 
61 kWh/tonne ingot, which can be compared to 176 kWh/tonne for Stena Aluminium in 2005. 

4.4.3. Heat 
There was previously a loss of heat in the production process. According to Frisk (2013), there was a 
heat loss from the processes material preparation, melting, alloying, and treatment of produced 
aluminium products. The total loss of heat was 500 kWh or 1.80 GJ/tonne produced aluminium. Waste 
heat from Stena Aluminium is now used for district heating in Älmhult municipality. The delivered 
energy can heat 1 200 single-family houses (Älmhult municipality, 2012). According to the Swedish 
Energy Agency (2012), 13 480 kWh/year is required for heating one average Swedish single-family 
house. Based on the production volume in 2012 the amount of delivered heat is 1.03 GJ/tonne 
produced aluminium. 

4.4.4. Fuel 
Fuels used are liquefied petroleum gas (LPG) for melting, casting, and alloying, and diesel for on-site 
transportation (Frisk, 2013). Fuel oil was previously used for alloying (Frisk, 2013; Stena Aluminium, 
2013), but LPG is used since October 2012 (Stena Aluminium, 2013). As data from 2011 are used, fuel oil 
is included in the inventory. 
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According to Frisk (2013), 420 kWh of LPG is used per tonne produced aluminium, i.e. 1.51 GJ/tonne 
produced aluminium. According to Leroy (2009), the LPG use is 84 kg/tonne ingot. Using a lower 
heating value of 12.8 kWh/kg (Jernkontoret, 2007), this corresponds to 3.9 GJ/tonne ingot. The same 
year, 2005, the LPG use was 14.5 m3ntg/tonne produced aluminium at Stena Aluminium (Stena 
Aluminium, 2013). With density and heating value presented by Jernkontoret (2007), the energy 
content in the LPG is 1.6 GJ/tonne produced aluminium. 

In 2011, 11 litres of fuel oil (Eo1) was used to produce 1 tonne of aluminium (Frisk, 2013; Stena 
Aluminium, 2013). Using a lower heating value of 35.8 GJ/m3 (Jernkontoret, 2007) the energy use is 0.39 
GJ/tonne produced aluminium. Leroy (2009) does not report data on use of fuel oil. 

Diesel of type Environmental Class 1 (Mk1) is used for vehicles on site and in the smelters (Stena 
Aluminium, 2013). The use of diesel was 3 litre/tonne aluminium product in 2011 (Frisk, 2013). Using a 
lower heating value of 35.3 GJ/m3 (Jernkontoret, 2007) the energy use is 0.11 GJ/tonne aluminium 
product. Leroy (2009) states that the use of diesel is 4 kg/tonne produced aluminium product; however, 
it is not specified for which activities the diesel is used. With a density of 810 kg/m3 and a heating value 
of 35.3 GJ/m3 (Jernkontoret, 2007) the energy use is 0.17 GJ/tonne produced ingots. 

4.4.5. Total energy use – comparison with other plants 
The total energy use at Stena Aluminium is compared with energy use at an average European plant. 
Data from Stena Aluminium in 2005 are used to provide a fair comparison with data from Leroy (2009). 
There is a big difference between energy use at Stena Aluminium and the average European plant, see 
Table 16. 

Table 16: Comparison of energy use per tonne produced aluminium product at Stena Aluminium and an average European 
plant (Stena Aluminium, 2013; Leroy, 2009). 

 Electricity LPG Natural gas Diesel Fuel oil Total energy 
Stena Aluminium, 2005 0.63 GJ 1.39 GJ n/a 0.10 GJ 0.75 GJ 2.88 GJ 
Average European plant, 
2005 

0.22 GJ n/a 3.83 GJ 0.17 GJ n/a 4.22 GJ 

 

4.4.6. Process related CO2-emissions 
The CO2-emissions reported in the company’s environmental report have been calculated based on the 
use of fossil fuels (Stena Aluminium, 2013). There is no up to-date calculation of the process related 
emissions (Richards, 2013a). According to Richards (2013a), it is difficult to make a relevant calculation 
based on existing data, as the type of raw material used varies. 

4.4.7. Material input per tonne output 
According to Frisk (2013), 1.17 tonne input material is used to produce 1 tonne aluminium product. This 
material input includes aluminium scrap and a small share of different alloy metals. The main alloying 
metal is silicon in a quantity of 0.07 tonne (calculated from Stena Aluminium, 2013). There is a loss of 
0.016 tonne aluminium after sorting, a step that is not related to recycling of household packaging. 
Hence 1.08 tonne aluminium scrap would be needed to produce 1 tonne of aluminium, assuming all 
other material losses are the same regardless of type of scrap used. According to Leroy (2009), 1.05 
tonne of scrap and 0.06 tonne of alloy elements is needed to produce 1 tonne of aluminium ingots. In 
addition to scrap and alloying metals salt, chlorine, nitrogen gas, oxygen gas, argon, and water is used. 
The quantities of these materials are presented in Table 17. 
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Table 17: Use of ancillary products in scrap based aluminium production, per tonne produced aluminium product (Stena 
Aluminium, 2013; Leroy 2009).  

Ancillary products Stena Aluminium, 
2011 

Stena Aluminium, 
2005 

Average European 
data, 2005 

Salt (kg) 90 88 11.3 
Chlorine (kg) 0.14 0.15 0.25 
Nitrogen gas (m3)8 1.0 1.9 0.004 
Oxygen gas (m3) 81 67 n/a 
Argon (kg) n/a n/a 0.97 
Water (m3) 0.25 0.36 17.8 

4.4.8. Waste 
Waste flows reported by Stena Aluminium (2013) are salt slag, filter dust, oil emulsions, and venturi 
sludge. It is assumed that oil emulsions are unrelated to recycling of household packaging and they are 
therefore excluded from the inventory. Venturi sludge is generated when flue gas is cleaned with wet 
filters. The wet filters were removed in 2012 (Stena Aluminium, 2013). 

Salt slag: Salt slag is a residue generated when aluminium scrap is melted with fluxing salt. The slag 
consists of metallic and non-metallic particles entrapped in salt (European Aluminium Association and 
the Organisation of European Aluminium Refiners and Remelters, 2006). In 2011, the amount of salt 
slag was 0.25 tonne/tonne aluminium product in 2011 (Stena Aluminium, 2013). 

Filter dust: Filter dust arises when gaseous combustion products are cleaned and de-acidified. The dust 
is considered hazardous waste and it is partly landfilled or recycled (European Aluminium Association 
and the Organisation of European Aluminium Refiners and Remelters, 2006). In 2011, the amount of 
filter dust was 0.03 tonne/tonne aluminium product (Stena Aluminium, 2013). 

4.4.9. Transportation 
Salt slag: The salt slag is transported by truck to Germany where some of its components are extracted 
and recycled, while the rest is landfilled (Richards, 2013a). A transportation distance of 840 km is 
assumed. Around 24 tonnes of slag is transported per truck (Richards, 2013a). 

Filter dust: The filter dust is transported by truck to Germany where it is landfilled (Richards, 2013a). A 
transportation distance of 840 km is assumed. Around 20 tonnes of filter dust is transported per truck 
(Richards, 2013a). 

4.4.10. Replaced materials 
Virgin aluminium: A substitution ratio of 1:1 can be applied when inherent properties of the material 
do not change during the recycling process. This is true for aluminium and its alloys, as their metallic 
nature gives the ability to maintain their properties during recycling (European Aluminium Association, 
2013). 

Aluminium is also recovered from the salt slag from Stena Aluminium (Richards, 2013a). As the salt slag 
can contain 5-7 % aluminium (Tsakiridis, 2012), at least 12 kg aluminium/tonne aluminium product can 
be contained in the salt slag. It is however possible that there will be material losses in the recycling of 
the salt slag. Richards (2013a) states that the aluminium in the salt slag from Stena Aluminium is 
recycled. This aluminium can be used to produce aluminium alloys (Tsakiridis, 2012). 

8 Leroy (2009) presents data in the unit kg. This is recalculated to m3 using a density of 0.8 kg/litre. 
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Potassium: According to Richards (2013a), also potassium is recovered from the salt slag. The salt slag 
can contain 15-30 % potassium chloride (Tsakiridis, 2012). Assuming that 15 % of the salt slag can be 
recovered as potassium there is around 37 kg potassium/tonne processed aluminium. 

4.4.11. Economic costs 
The economic cost for recycling of aluminium is around 2 100 SEK/tonne aluminium. This figure 
includes the total production costs including material use, energy costs, salary, waste disposal, 
reparation and depreciation of machinery, and income from sold aluminium products. It includes value-
added tax (VAT) and waste tax, but the company is exempt from energy tax. The energy price is 370 
SEK/tonne aluminium (Andersson, 2014). 

4.4.12. Unit process inventory 
Table 18 below provides a unit process inventory for production of 1 tonne scrap based aluminium from 
recycled aluminium packaging at Stena Aluminium in Älmhult, Sweden. Note that the data are 
representative of this specific plant, and that energy use etc. may vary significantly between plants. 
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Table 18: Unit process inventory for manufacturing of scrap based aluminium at Stena Aluminium in Älmhult, Sweden. 

INPUT 
Aluminium scrap 1.08 tonne Based on data from Stena Aluminium 2011. 

It is assumed that there are no material 
losses during sorting.  

Silicon 68 kg Data from Stena Aluminium 2011. 
Other alloy metals 7 kg Data from Stena Aluminium 2011. 
Salt 90 kg Data from Stena Aluminium 2011. 
Chlorine 0.14 kg Data from Stena Aluminium 2011. 
Nitrogen gas 1.0 m3 Data from Stena Aluminium 2011. 
Oxygen gas 81 m3 Data from Stena Aluminium 2011. 
Water 0.25 m3 Data from Stena Aluminium 2011. 
Electricity 140 kWh Data from Stena Aluminium 2011. 
LPG 1.51 GJ Based on data from Stena Aluminium 2011. 
Fuel oil 0.39 GJ Based on data from Stena Aluminium 2011. 
Diesel 0.10 GJ Based on data from Stena Aluminium 2011. 

OUTPUT 
Processed aluminium 1 tonne  
Delivered heat 1.03 GJ Based on the number of villas heated with 

district heating from Stena Aluminium in 
2012.  

Salt slag 248 kg Data from Stena Aluminium 2011. 
Filter dust 28 kg Data from Stena Aluminium 2011. 

TRANSPORTATION 
Salt slag  208 tonnekm Based on a transportation distance of 840 

km (from Älmhult to Germany).  
Filter dust  23.5 tonnekm Based on a transportation distance of 840 

km (from Älmhult to Germany).  
REPLACED MATERIALS 

Aluminium from virgin 
raw materials 

1.012 tonne The substitution ratio for aluminium is 1:1. 
Aluminium is also recovered from the salt 
slag (here 5 % of metallurgic aluminium 
have been assumed). Possible losses in 
recycling have not been taken into account. 

Potassium  37 kg Based on 15 % of recoverable potassium in 
the salt slag. Possible losses in recycling 
have not been taken into account. 

ECONOMIC COSTS 
Manufacturing cost for 
scrap based aluminium 

2 100 SEK Data from Stena Aluminium.  
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4.5. Recycling of steel 
Household packaging of steel is recycled by Ovako Bar in Smedjebacken and at plants in Germany (FTI, 
n.d.). Almemark and Hallberg (2012) write that Outokumpu Steel Works in Avesta is representative for 
scrap based steel production in Sweden. Data have therefore been gathered from both plants to 
provide average figures. Data are mainly gathered from the environmental reports from Ovako Bar in 
Smedjebacken and Outokumpu Steel in Avesta (years 2011 and 2012), and from a master thesis by 
Kamb and Lundström (2011): “Energy analysis of an integrated steel mill: Outokumpu Stainless – Avesta 
Works”. The data is as far as possible compared with average European data presented by Yellishetty et 
al. (2011). 

4.5.1. Description of the process 
Both Ovako Bar Smedjebacken and Outokumpu in Avesta use steel scrap as input material. Ovako Bar 
manufactures and sells steel bars. The manufacturing takes places in a steel works and rolling mill in 
Smedjebacken and two rolling mills in Boxholm (Ovako Bar AB, 2013). Outokumpu Stainless in Avesta 
manufactures stainless steel. 

At both plants, the steel is melted in an electric arc furnace (EAF). The melted steel is adjusted to its 
specific characteristics in the ladle furnace (LF) and then casted into slabs in the continuous casting 
plant. At Ovako Bar, the slabs are then milled in the hot rolling mill to different dimensions and profiles 
(Ovako Bar AB, 2013). At Outokumpu, the steel is either hot rolled or cold rolled in the annealing and 
pickling line where the steel is also surface treated (Kamb and Lundström, 2011). In this analysis, it has 
been assumed that the slabs replace steel made from iron ore. The processes hot rolling, and annealing 
and pickling have therefore been excluded from the inventory. 

4.5.2. Electricity 
Electricity is the main source of energy at Ovako Bar Smedjebacken (Ovako Bar AB, 2012; 2013). The 
electricity used in the EAF and LF is reported separately in the environmental reports. It is on average 
526.4 kWh/tonne slabs. Outokumpu Avesta reports total electricity use for the whole plant 
(Outokumpu Stainless AB, 2012; 2013). According to Kamb and Lundström (2011), the steel mill uses 52 
% of the electricity at Outokumpu Avesta. Hence, the average electricity use is 511.8 kWh/tonne slabs, 
which is in line with data reported from Ovako Bar Smedjebacken. The average electricity use for the 
two plants is then 519.1 kWh/tonne slabs. 

It should be noted that the electricity use varies depending on the type of steel that is produced as 
different types of steel have different residence time in the EAF. Heavier steel types, such as high 
resistant steel, need longer processing time since they contain a larger share of alloys and melting them 
is therefore more energy intense (Kamb and Lundström, 2011). According to Kamb and Lundström 
(2011), the melting power in the EAF varies between 417.2 and 455.4 kWh/tonne charge depending on 
steel type at Outokumpu Avesta. 

The electricity used to produce 1 tonne of liquid steel (LS) is, according to Yellishetty et al. (2011), 1 584-
2 693 MJ/tonne (Yellishetty et al., 2011), on average 594 kWh/tonne. The electricity use at Ovako Bar 
Smedjebacken is around 500 kWh/tonne LS (based on data from the environmental reports). 

4.5.3. Heat 
At Ovako Bar Smedjebacken, waste heat from the cooling system of the EAF and the heating oven of the 
rolling mill gave heat to district heating; however, some of this heat was used by Ovako Bar themselves. 
On average in 2011 and 2012, the heat output was 0.20 GJ/tonne and the input 0.09 GJ/tonne (Ovako 
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Bar AB, 2012; 2013). At Outokumpu Avesta, the heat output was 0.21 GJ/tonne, and the input 0.42 
GJ/tonne. Hence, on average there is an output of 21 GJ/tonne and an output of 0.25 GJ/tonne, 
resulting in a net heat use of 0.05 GJ/tonne. All heat input and output is here allocated to the steel mill. 
The steam required to produce 1 tonne of LS is, according to Yellishetty et al. (2011), 33-251 MJ/tonne 
(Yellishetty et al., 2011), on average 0.14 GJ/tonne. The heat used at Ovako Bar Smedjebacken was on 
average 0.08 GJ/tonne LS in 2011 and 2012. 

4.5.4. Fuel 
The types of fuel used at Ovako Bar Smedjebacken are LPG, diesel, gasoline, and heating oil. The 
environmental reports (Ovako Bar AB, 2012; 2013) provide data on LPG-use for the whole plant. 
According to Kamb and Lundström (2011), the steel mill at Outokumpu Avesta used 14.5 % of the total 
amount of LPG in 2010. If it is assumed that this also applies to Ovako Bar Smedjebacken and other 
production years at Outokumpu, the use of LPG is on average 0.14 GJ/tonne slabs at Ovako Bar 
Smedjebacken and 0.35 GJ/tonne slabs at Outokumpu Avesta (using a lower heating value of 46.3 
MJ/kg). The average use of LPG for the two plants is therefore 0.25 GJ/tonne slabs. The use of LPG in 
the steel mill is not very dependent on the type of steel (Kamb and Lundström, 2011). 

Ovako Bar (2012; 2013) provides an overview of fuel used for trains and vehicles onsite. It is not known 
how much of the fuel that can be related to slab production alone. It is assumed that diesel for trains is 
related to transportation of slabs to milling and it is therefore excluded. Half of the diesel and gasoline 
for trucks, vehicles, and machines is allocated to the steel production, while other diesel use is directly 
allocated to production of slabs. 

Diesel Mk1 is used for onsite vehicles, on average 0.02 GJ/tonne slabs. Diesel E32 and E10 is used for 
slab production, on average 0.10 GJ/tonne slabs. The use of gasoline is on average 0.1 MJ/tonne slab 
(using a lower heating value of 43.5 MJ/kg, and a density of 748 kg/m3). 

Oil (not further specified) is used at Outokumpu Avesta (2012; 2013). Kamb and Lundström (2011) only 
report oil use for the annealing and pickling line; hence, it is assumed that the oil is not related to the 
steel mill. No accounting is made for vehicle fuel. 

Yellishetty et al. (2011) do not provide any data on fuel use, but write that natural gas is used in a 
quantity of 50-1 500 MJ/tonne LS; however, this cannot be compared directly to the use of LPG. 

4.5.5. Total energy use – comparison with other plants 
Table 19 below provides a comparison of the total energy use at Ovako Bar, Smedjebacken, and an 
average European plant. 

Table 19: Comparison of energy use at Ovako Bar, Smedjebacken, and average European steel manufacturing. 

 Electricity Heat, 
used 

Natural 
gas LPG Diesel Gasoline Total 

energy 
Ovako Bar, 
average data 
2011 and 2012 

1.80 GJ 0.08 GJ n/a 0.93 GJ 0.13 GJ 0.0001 GJ 2.93 GJ 

Yellishetty et al. 
(2011) 

2.14 GJ 0.14 GJ 0.78 GJ n/a n/a n/a 3.06 GJ 
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4.5.6. Process related CO2-emissions 
Process related CO2-emissions are emissions from fossil carbon bound in the processed raw material or 
added to remove a non-wanted component from another raw material. The following is, among other 
things, included in process related CO2-emissions from steel manufacturing: Carbon that is released 
from carbonaceous steel and iron scrap; from coke used for slag foaming; from use of carbon electrodes 
and carbon; and from use of minerals containing fossil carbon in flue gas treatment (Regeringskansliet, 
2006). 

Both fuel and process related CO2-emissions are reported by Ovako Bar (2012; 2013). Process related 
CO2-emissions from the steel works were 50 kg/tonne slab in 2012 and 53 kg/tonne slab in 2011 (Ovako 
Bar AB, 2012; 2013), i.e. an average of 51.5 kg/tonne slab. The process related CO2-emissions from the 
steel mill at Outokumpu Avesta was 21 820 tonne in 2010 (Kamb and Lundström, 2011). The same year 
the production in the steel mill was 352 126 tonne slabs (Kamb and Lundström, 2011); hence, the 
emissions were 62 kg CO2/tonne slab. Average process related CO2-emissions are therefore 56.7 
kg/tonne slab. 

4.5.7. Material input per tonne output 
The amount of slabs produced at Ovako Bar Smedjebacken was on average 380 390 tonne 2011-2012 
and the use of metal scrap was on average 438 599 tonne (Ovako Bar AB, 2012; 2013). In addition, 9 
236 tonne alloys were used (Ovako Bar AB, 2012; 2013). Hence, in order to produce 1 tonne of steel 
slabs it is necessary to use 1.15 tonne steel scrap, and 0.02 tonne alloy metals. The amount of scrap 
and alloy input to Outokumpu in 2011-2012 is not known. 

According to Yellishetty et al. (2011), there is an average input of 1-1.5 tonne scrap and 0.01-0.03 tonne 
alloy metals per tonne LS. The average scrap and alloy use at Ovako Bar Smedjebacken was, in 2011, 
1.10 tonne and 0.02 tonne per tonne LS, respectively. 

In addition to scrap and alloy metals, other materials are used, for example slag formers; coal and coke; 
electrodes; oxygen, nitrogen, and argon gas; water; oils; and different types of chemicals, see Table 20. 
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Table 20: Overview of material input for scrap based steel manufacturing. Comparison of data from Ovako Bar Smedjebacken 
with average European data presented by Yellishetty et al. (2011). 

Material Ovako 2011-2012, 
per tonne slab 

Ovako 2011-2012, 
per tonne LS 

Average European 
plant, per tonne LS 

Slag formers (kg) 52.8 50.2  
Fettling material (kg) 9.6 9.1  
Coal, coke (kg) 12.2 11.6 Coke: 15.4-19.4 

Coal: 0.9-91 
Electrodes (kg) 2.3 2.1 2-6 
Oxygen gas (m3) 29.8 28.3 5-65 
Nitrogen gas (kg) 0.9 0.8 7.1-14.5  
Argon gas (kg) 1.0 1.0 1.4-2.5  
Water (m3)  0.5 0.5 3.75-42.8 
Hydraulic oil (ml) 70 70  
Engine oil (ml) 70 70  
Cutting oil (ml) 2 2  
Transformer oil (ml) 5 5  
Lubricating grease (kg) 0.02 0.02  
Degreasing agent (ml) 10 10  
Cleaning fluid (ml) 4 3  
Lime (kg)   25-140 
Dolomite (kg)   0-24.5 
Refractory lining (kg)   3-38 

4.5.8. Waste 
The environmental reports from Ovako Bar and Outokumpu (Ovako Bar AB, 2012; 2013; Outokumpu 
Avesta, 2012; 2013) contain information on type and amount of waste generated at the steel plants. 

Flue gas dust: From the EAF at Ovako Bar Smedjebacken there is 13 kg of flue gas dust per tonne slab. 
A higher quantity of flue gas dust (14 kg per tonne slab) was removed from the steel plant than was 
generated, which could be due to removal of dust that was previously stored at the plant. There is also 
flue gas dust from the alloying oven (0.4 kg per tonne slab); however, this dust is reused by Ovako Bar in 
the EAF (Ovako Bar AB, 2012; 2013). The amount of flue gas dust generated at Outokumpu Avesta is 
higher, 27 kg per tonne slab; however, this is related to the whole production process. According to 
Yellishetty et al. (2011), the amount of flue gas dust is 10-30 kg per tonne LS. For Ovako Bar 
Smedjebacken the amount of flue gas dust is on average 12.7 kg per tonne LS. 

Slag: Slag from the EAF and alloying oven at Ovako Bar Smedjebacken is in total 0.12 tonne per tonne 
slab (Ovako Bar AB, 2012; 2013). At Outokumpu, 0.34 tonne slag per tonne slab is generated 
(Outokumpu Stainless AB, 2012; 2013), much more than at Ovako. There is hence an average of 0.23 
tonne slag per tonne slab. According to Yellishetty et al. (2011), 0.07-0.34 tonne of slag is generated per 
tonne LS. For Ovako Bar the amount of slag is 0.11 tonne per tonne LS. 

Mill scale: Mill scale is a thin oxide coating formed when the hot steel is exposed to air. The scale breaks 
of as flakes during processing of the steel. Mill scale is composed mainly of iron oxides, but also of alloy 
metals (Jernkontoret, 2012). At Ovako Bar Smedjebacken, there is 14 kg of scale per tonne slab; 
however, it is not known how much of this that can be related to the production of slabs alone. 

Mill scale sludge: The sludge consists of water, oil, iron, iron oxides, and alloy metals. At Ovako Bar 
Smedjebacken, 1.33 kg of ferrous sludge is generated per tonne steel slab (Ovako Bar AB, 2012; 2013). 
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At Outokumpu Avesta, there is 4.76 kg of ferrous sludge per tonne steel slab, an average of 3.04 kg of 
sludge per tonne slab. According to Yellishetty et al. (2011), the amount of ferrous sludge is 4.3 kg per 
tonne LS, which can be compared to 1.26 kg at Ovako Bar Smedjebacken. 

4.5.9. Transportation 
Flue gas dust: The flue gas dust from Ovako Bar Smedjebacken is transported to Boliden Mineral by 
train with the company TGOJ (Ovako Bar AB, 2012; 2013). Boliden Mineral has several facilities in 
Sweden; however, dust with a high content of zinc is reused at Boliden Mineral in Rönnskär, 
Skelleftehamn. It is therefore assumed that the transportation distance is 730 km. The flue gas dust 
from Outokumpu Avesta is transported to Scandust in Landskrona (Outokumpu Stainless AB, 2012; 
2013), a distance of around 600 km. 

Slag: From Ovako Bar Smedjebacken, 270 kg of slag per tonne steel slab is used in road construction in 
Smedjebacken municipality (Ovako Bar AB, 2012; 2013). It is assumed that the transportation distance is 
5 km. Some slag, 140 kg per tonne slab, is also stored temporally at Brännmossen landfill, 5 km south of 
Smedjebacken (Ovako Bar AB, 2012; 2013). From Outokumpu, 7.8 kg of slag per tonne steel slab was 
used for asphalt and concrete production, road construction, or internal recirculation. The rest was 
landfilled in Avesta (Outokumpu Stainless AB, 2012; 2013). It is assumed that the slag is reused locally, 
and that the transportation distance is 5 km for all slag from Outokumpu.  

Mill scale: Mill scale from Ovako Bar Smedjebacken is transported to ELKEM in Norway, a distance of 
650 km, and the port of Västerås, a distance of 100 km, with the company Maserfrakt (Ovako Bar AB, 
2012; 2013). It is assumed that half of the scale is transported to each destination. Mill scale from 
Outokumpu is reused internally (Outokumpu Stainless AB, 2012; 2013).  

Mill scale sludge: Mill scale sludge from Ovako Bar Smedjebacken is stored at the steel plant but is later 
transported to Leca in Linköping (Ovako Bar AB, 2012; 2013), a distance of 250 km. From Outokumpu, 
the sludge is transported to Scan Dust in Landskrona where it is treated before it is reused in the steel 
mill (Outokumpu Stainless AB, 2012; 2013). The average transportation distance is therefore 425 km. 

4.5.10. Replaced materials 
Steel: Steel produced from steel scrap can replace virgin steel in a ratio of 1:1. 

Natural gravel: Slag from both Ovako Bar Smedjebacken and Outokumpu Stainless Avesta is used in 
road construction, see section 4.5.8. Slag from an EAF is suitable as ballast material in asphalt, and it can 
thereby replace natural sand and gravel. However, slag may have other characteristics than gravel in 
road construction (Swedish Road Administration, 2005), and it may not be realistic to assume that slag 
can replace gravel in a ratio of 1:1. The slag also has characteristics that increase the durability of the 
pavement layer, thereby reducing the need for road maintenance. 

Various metals: From the flue gas dust, it is possible to recover metals, such as iron, zinc, nickel, 
chromium, and molybdenum. Flue gas dust from manufacturers of low alloy steel often contains a high 
proportion of zinc (Jernkontoret, 2012). This dust can be used in, for example, the production of zinc 
clinker that can later be used as raw material in a zinc melting plant (Boliden and Hallvarsson & 
Halvarsson, 2013). Remus et al. (2013) present the composition of flue gas dust. 

The mill scale sludge contains iron and other metals and it can be reused in the production process after 
treatment (Jernkontoret, 2012). The mill scale consists of oxides, primarily of iron, but also of alloy 
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metals. The mill scale can chemically be compared to iron ore, and it can therefore be used in similar 
contexts as the ore, such as manufacturing of pig iron, ferroalloys, and concrete (Jernkontoret, 2012). 

4.5.11. Economic costs 
The largest cost item for a scrap-based steel plant is the raw material scrap (Jernkontoret, 2003). The 
cost for scrap depends on the economic conditions and on the type of scrap. It is higher than the 
revenues that the scrap supplier receives, as it also covers costs for transportation, loading and 
unloading, processing, and quality assurance. The second largest cost is energy at a cost of 250-350 
SEK/tonne steel. With other costs of 200-300 SEK/tonne, the total cost for melted steel is 1 300-1 500 
SEK/tonne (Jernkontoret, 2003). The Swedish Environmental Agency (2009) notes that costs for steel 
recycling are lower than for plastic recycling, which has a cost of 3 000-5 000 SEK/tonne. This could be 
due to the metal’s higher material value, which leads to a lower net cost (Swedish Environmental 
Agency, 2009). It was not possible to receive data that are more recent. 

4.5.12. Unit process inventory  
Table 21 below provides a unit process inventory for production of 1 tonne of steel slabs from steel 
scrap. 
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Table 21: Unit process inventory for manufacturing of steel slabs from steel scrap. 

INPUT 
Steel scrap from 
household packaging 

1.15 tonne Based on average data for Ovako Bar 
Smedjebacken, 2011-2012. 

Alloy metals 0.02 tonne Based on average data for Ovako Bar 
Smedjebacken, 2011-2012. 

Electricity 519.1 kWh Based on average data for Ovako Bar 
Smedjebacken and Outokumpu Stainless 
Avesta, 2011-2012. 

Heat 0.25 GJ Based on average data for Ovako Bar 
Smedjebacken and Outokumpu Stainless 
Avesta, 2011-2012. 

LPG 0.25 GJ Based on average data for Ovako Bar 
Smedjebacken and Outokumpu Stainless 
Avesta, 2011-2012. 

Diesel MK1 0.02 GJ Based on data for Ovako Bar 
Smedjebacken, 2011-2012. 

Diesel E10 and E32 0.10 GJ Based on data for Ovako Bar 
Smedjebacken, 2011-2012. 

Gasoline 0.1 MJ Based on data for Ovako Bar 
Smedjebacken, 2011-2012. 

Fluxing agents 52.8 kg Average for Ovako Bar Smedjebacken, 
2011-2012. 

Fettling material 9.6 kg Average for Ovako Bar Smedjebacken, 
2011-2012. 

Coal, coke 12.2 kg Average for Ovako Bar Smedjebacken, 
2011-2012. 

Electrodes 2.3 kg Average for Ovako Bar Smedjebacken, 
2011-2012. 

Oxygen gas 29.7 m3 Average for Ovako Bar Smedjebacken, 
2011-2012. 

Nitrogen gas 0.9 kg Average for Ovako Bar Smedjebacken, 
2011-2012. 

Argon 1.0 kg Average for Ovako Bar Smedjebacken, 
2011-2012. 

Water 0.5 m3 Average for Ovako Bar Smedjebacken, 
2011-2012. 

Hydraulic oil 0.1 litre Average for Ovako Bar Smedjebacken, 
2011-2012. 

Engine oil 0.1 litre Average for Ovako Bar Smedjebacken, 
2011-2012. 

Cutting oil 2 ml Average for Ovako Bar Smedjebacken, 
2011-2012. 

Transformer oil 5 ml Average for Ovako Bar Smedjebacken, 
2011-2012. 

Lubricating grease 0.02 kg Average for Ovako Bar Smedjebacken, 
2011-2012. 

Degreasing agent 13 ml Average for Ovako Bar Smedjebacken, 
2011-2012. 

Cleaning fluid   4 ml Average for Ovako Bar Smedjebacken, 
2011-2012. 
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OUTPUT 
Steel slabs 1 tonne  
CO2 56.7 kg Process related emissions. Average for 

Ovako Bar Smedjebacken 2011-2012 and 
Outokumpu Stainless Avesta, 2010. 

Heat 0.21 GJ Average for Ovako Bar Smedjebacken and 
Outokumpu Stainless Avesta, 2011-2012. 

Flue gas dust 200 kg Average for Ovako Bar Smedjebacken and 
Outokumpu Stainless Avesta, 2011-2012. 
Data from Outokumpu are not only related 
to steel mill. 

Slag 230 kg Average for Ovako Bar Smedjebacken and 
Outokumpu Stainless Avesta, 2011-2012. 

Mill scale 15 kg Average for Ovako Bar Smedjebacken, 
2011-2012. 

Mill scale sludge 3 kg Average for Ovako Bar Smedjebacken and 
Outokumpu Stainless Avesta, 2011-2012. 

TRANSPORTATION 
Flue gas dust 9.74 tonnekm 730 km with train. 
Slag 1.15 tonnekm 5 km transportation distance with truck for 

all slag regardless of use. 
Mill scale 5.46 tonnekm Assumed that half of the scale is 

transported to ELKEM and half to Västerås. 
Mill scale sludge 1.29 tonnekm Average transportation distance of 425 

km. 
REPLACED MATERIALS 

Steel slabs from virgin 
raw materials 

1 tonne Recycled steel can directly replace virgin 
steel. 

Natural gravel 0.23 tonne  If slag can replace natural gravel in a ratio 
of 1:1, which may be an overestimation. 

Various metals Iron and other metals can be recovered from the flue gas 
dust, mill scale, and sludge containing mill scale. For 
composition of sludge and flue gas dust, see Remus et al. 
(2013). 

ECONOMIC COSTS 
Total cost for scrap based 
steel slab production 

1 400 SEK On average 1 300-1 500 SEK/tonne melted 
steel. Data from 2003. 
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5. Beverage cartons 
This chapter provides data for collection, sorting, and recycling of beverage cartons that has been 
sorted at the kerbside by households in single and multi-family houses. An analysis of the greenhouse 
gas emissions and energy use from recycling of used beverage cartons was made by IVL The Swedish 
Environmental Research Institute in 2013 (Hallberg and Ljungkvist, 2013). Their study is made from a 
Swedish perspective with recycling of beverage cartons at Fiskeby Board in Norrköping. Further, the 
authors have created a scenario where beverage cartons is the only raw material at Fiskeby, as 
compared to the real situation where other types of cardboard packaging are used as well. The data 
gathered for this report are therefore based mainly on the study by Hallberg and Ljungkvist (2013), and 
complemented with information from personnel at Fiskeby Board. 

5.1. Collection at the kerbside 
The beverage cartons consist of paper, polymer, aluminium foil, and plastic caps. It is assumed that the 
households remove 50 % of the caps and sort them as plastic packaging (Hallberg and Ljungkvist, 2013). 
The composition of 1 tonne used beverage cartons is outlined in Table 22. The beverage cartons are 
collected at the kerbside in a joint fraction with other types of paper packaging. In this section, 
transportation distances and economic costs for collection of beverage cartons are allocated to the 
beverage cartons. 

Table 22: Material composition of used beverage cartons (Hallberg and Ljungkvist, 2013). 

Post-consumer mix kg per tonne beverage 
carton 

Paper 767 
Polymer 173 
Aluminium foil 17 
Plastic caps to recycling of plastic packaging (50 % of total caps) 22 
Plastic caps to recycling of paper packaging (50 % of total caps) 22 
Total to recycling of paper packaging 978 

5.1.1. Transportation 

Single-family houses 
The quantity of paper packaging collected per person and year is 16.9 kg (average from Table 3 and 
Table 4). The total amount of paper packaging that was sent to recycling in 2012 was 382 716 tonne 
(Sveriges avfallsportal, 2013), and the amount of beverage cartons that was sent to recycling was 10 
978 tonne (Dyberg, 2013). Hence, 3 % of the total paper packaging collected was beverage cartons. 
Therefore, 3 % of the transportation work is allocated to beverage cartons. When calculating the 
quantity collected at each household per stop, it is assumed that there are 2.5 persons per household 
and that the paper-packaging bin is emptied once per week (Nielsen, 2012). Hence, 0.8 kg of paper 
packaging is collected at each household per stop, and a total of 243.8 kg is thereby collected from 300 
households.  

WRAP (2010) reports that a mixed fraction of paper, card, and beverage cartons has a density of 366 
kg/m3 when compacted, and that beverage cartons have an average density of 23 kg/m3 when not 
compacted. Depending on the level of compaction the cartons will then have a volume of 0.7-10.6 m3, 
which could fit into the compartment of size 4.8 m3 (see Figure 1). 
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Multi-family houses 
It is assumed that the one-chamber vehicle has a volume of 16 m3, and that paper packaging can be 
compacted to a density of 150 kg/m3 (Palm, 2009). Hence, one vehicle can collect 2 400 kg of paper 
packaging. The quantity of paper packaging collected per person and year is 18.1 kg (Table 3). When 
calculating the quantity collected at each stop, it is assumed that there are 2.5 persons per household 
and 25 households per stop, and that the paper-packaging bin is emptied once per week (Nielsen, 
2012). Hence, 21.8 kg of paper packaging is collected at each stop. The vehicle can then make 110 stops 
before returning to the transfer station. Assuming that there is a transportation distance of 0.05 km 
between each stop (Table 2), there is a total transportation distance of 5.5 km to fill the vehicle. 

From collection point to transfer station 
The transportation distance of paper packaging from the collection point to the transfer station is on 
average 28.5 km, based on data from Pollack (2006) and Baky (2007), see section 2.1.3. 

5.1.2. Economic costs 
The quantity of collected paper packaging from single-family houses is on average 16.9 kg (Table 3 and 
Table 4) per person and year; hence the cost is 3 420 SEK/tonne collected paper packaging (based on 
data from section 2.1.4). 

The quantity of collected paper packaging from multi-family houses is 18.1 kg (Table 3) per person and 
year; hence, the cost is 631 SEK/tonne collected paper packaging (based on data from section 2.1.4). 

5.1.3. Unit process inventory 
The data are recalculated to provide 1 tonne of collected beverage cartons. Using the same proportion 
of packaging collected from single- and multi-family houses gives 0.13 tonne and 0.87 tonne paper 
packaging from each type of house. It is assumed that 3 % of the collected weight is beverage cartons. 
Hence, in order to collect 1 tonne of beverage cartons it is necessary to collect 4.4 tonne of paper 
packaging from single-family houses and 30.5 tonne of paper packaging from multi-family houses. A 
collected amount of 0.8 kg per stop at single-family houses gives 5 389 stops and a transportation 
distance of 539 km. For multi-family houses the collected amount is 21.8 kg/stop which leads to 1 401 
stops and a transportation distance of 70 km. Table 23 below provides a unit process inventory for 
collection of beverage cartons at the kerbside.  
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Table 23: Unit process inventory for collection of beverage cartons at the kerbside. 

INPUT 
Collected paper 
packaging   from single-
family houses 

4.4 tonne Based on 3 % beverage cartons in the 
paper fraction, 16.9 kg of paper packaging 
per person and year, 2.5 persons per 
household, and 200 000 single-family 
houses with kerbside collection. 

Collected paper 
packaging from multi-
family houses 

30.5 tonne Based on 3 % beverage cartons in the 
paper fraction, 18.1 kg of paper packaging 
per person and year, 2.5 persons per 
household, and 1 300 000 multi-family 
houses with kerbside collection. 

OUTPUT 
Collected amount of 
beverage cartons 

1 tonne Sum of beverage cartons from multi-family 
and single-family houses. 

Other paper packaging 33.9 tonne Sum of other paper packaging from multi-
family and single-family houses. 

TRANSPORTATION 
For collection at single- 
family houses 

2 360 tonnekm Based on 0.1 km distance between each 
stop, and collection once per week.  

For collection at multi- 
family houses 

2 136 tonnekm Based on 0.05 km distance between each 
stop, 25 households per stop, and 
collection once per week. 

From collection to 
transfer station –  single-
family houses 

125 tonnekm Based on a transportation distance to 
transfer station of 29 km. 

From collection to 
transfer station –  multi-
family houses 

869 tonnekm Based on a transportation distance to 
transfer station of 29 km. 

ECONOMIC COSTS 
For kerbside collection at 
single-family houses 

14 976 SEK Based on a cost for collection and bins of 1 
156 SEK/household and 2.5 persons per 
household. The cost is divided equally over 
8 waste fractions. The cost is allocated to 
the beverage cartons.  

For kerbside collection at 
multi-family houses 

19 248 SEK Based on a cost for collection and bins of 
200 SEK/household and 2.5 persons per 
household. The cost is divided equally over 
7 waste fractions. The cost is allocated to 
the beverage cartons. 
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5.2. Transfer station 
This chapter provides data for handling of paper packaging at the transfer station, to which the 
packaging is transported after it has been collected at the kerbside. At the transfer station, the paper 
packaging is baled before it is sent to recycling. 

5.2.1. Electricity 
Electricity use for baling paper packaging is around 9.8 kWh/tonne paper packaging (Stena Recycling, 
via Palm, 2009). 

5.2.2. Fuel 
There is no information available on fuel use for handling of paper packaging at the transfer station. 
Assuming that the fuel is of the same type and quantity as for metal packaging (see section 4.2.2), the 
fuel has an energy content of 0.03 GJ/tonne paper packaging. 

5.2.3. Waste 
Paper packaging from kerbside collection is not sorted at the transfer station as the fractions have a 
high quality (Ledström, 2014). 

5.2.4. Transportation 
It is assumed that all beverage cartons are recycled at Fiskeby Board in Norrköping. Hallberg and 
Ljungkvist (2013) assume an average transportation distance of 300 km with a 40 tonne truck (load 
factor 90 %). 

5.2.5. Economic costs 
Reloading: There are costs related to reloading the waste (Stenmarck et al., 2010). The total cost for 
reloading metal and paper packaging is 79 SEK/tonne (Stenmarck et al., 2010). Assuming that the cost 
can be equally divided between the two fractions there is a cost of 79 SEK/tonne paper packaging. 

Sold material: Mixed paper packaging, including beverage cartons, has a long-term normal value of 325 
SEK/tonne paper packaging (Stenmarck et al., 2010). 

5.2.6. Unit process inventory 
Table 24 below provides a unit process inventory for handling of paper packaging at the transfer station. 
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Table 24: Unit process inventory for handling of paper packaging at the transfer station. 

INPUT 
Collected beverage 
cartons from households 

1 tonne  

Electricity 9.8 kWh Data from Stena Recycling in 2009. 
Diesel 0.03 GJ Assumed that the fuel use is the same as 

for metal packaging. 
OUTPUT 

Baled beverage cartons 1 tonne No sorting at the transfer station. 
TRANSPORTATION 

To Fiskeby Board in 
Norrköping 

300 tonnekm Based on an assumed average 
transportation distance to Fiskeby Board. 

ECONOMIC COSTS 
Reloading 79 SEK Assumed that the cost is the same as for 

metal and paper packaging. 
Sold material 325 SEK Long-term normal value according to Stena 

Recycling. 
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5.3. Recycling facility 
Below follows a description of board production at Fiskeby Board in Norrköping. The data presented 
is representative of a case where only beverage cartons are used as input material. 

5.3.1. Description of the process 
The incoming cardboard is granulated and thereafter soaked in water to separate the fibres from, for 
example, plastics. The pulp is pressed into cardboard,  which is dried with steam from the energy 
plant at Fiskeby Board. Finally, the cardboard is coated and prepared for transportation to customers. 

5.3.2. Electricity 
The energy plant at Fiskeby Board produces electricity,  which is used in the production of boards. 
Some electricity is bought from the grid and some delivered to the grid. The net electricity bought 
from the grid is 122 GWh, i.e. 729 kWh/tonne board (Hallberg, 2013). 

5.3.3. Heat 
The steam production is 279 GWh, i.e. 6.02 GJ/tonne board. However, all steam from the energy 
plant is used in the board production (Hallberg, 2013). 

5.3.4. Fuel 
Fuels used in the Fiskeby production plant are reject from incoming paper packaging (fibres, polymers, 
and aluminium foil), industrial waste, wood chips, and light fuel oil. In a scenario where only 
beverage cartons are recycled, the composition of the input material and of the reject would be 
different than it is today. Hallberg and Ljungkvist (2013) therefore adjusted the composition of the 
fuels so that it is more realistic for a scenario with only beverage cartons. When only beverage 
cartons are recycled at the plant there will be more reject due to the content of polymers and 
aluminium in the beverage cartons. For that reason, no industrial waste or wood chips are used as 
fuels.  

Light fuel oil: As the fuel oil is used as support fuel, Hallberg and Ljungkvist (2013) assume that the 
use of light fuel oil does not change when beverage cartons are used as input material. The use of fuel 
oil is thereby 99 GJ/tonne board. 

Reject: Today the reject contains 40.5 % plastics and 30 % fibre, but this composition would change 
significantly if only beverage cartons were used as input material. Hallberg and Ljungkvist (2013) 
assume that 70 % of the reject would be plastics, 24 % fibre, and 6 % aluminium, if only beverage 
cartons were used. They calculated the combined heating value of this reject to 28 MJ/kg (5 MJ/kg for 
aluminium, 34.1 MJ/kg for polymers, and 16 MJ/kg dry substance for fibres). The amount of reject is 
calculated to 0.44 tonne/tonne board and the energy in the reject to 12.24 GJ/tonne board. 
However, to complete the energy balance of the plant only 6.3 GJ/tonne board is needed from the 
reject. 

5.3.5. Process related CO2-emissions 
Hallberg and Ljungkvist (2013) consider only CO2-emissions from incineration of oil and polymers in the 
reject. 
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5.3.6. Material input per tonne output 
To produce 1 tonne of board, Fiskeby Board needs 1.1 tonne of fibre. From 1 tonne collected 
beverage cartons it is possible to use 700 kg of fibre, as some of the fibre ends up in the reject 
(Hallberg, 2013). It is therefore necessary to use 1.5 tonne paper packaging/tonne produced board. 

5.3.7. Waste 
Reject: As noted earlier there will be a surplus of reject when only beverage cartons are recycled. This 
reject is assumed to be incinerated at another plant (Hallberg and Ljungkvist, 2013). The dry substance 
of this reject is 0.22 tonne/tonne board (Hallberg, 2013) and the heating value is the same as of reject 
that is incinerated at Fiskeby Board, i.e. 28 MJ/kg. 

Sludge from wastewater treatment: The share of dry substance in the sludge is 51 % (Niva, 2014). 
Based on data from Hallberg (2013), the total sludge generation is then 0.07 tonne/tonne board. The 
sludge is not dewatered before it is sent to waste treatment (Niva, 2014). Fiskeby Board is currently 
investing in a biogas plant for production of biogas. This will reduce the quantity of sludge with around 
60 %. 

Fly ash: Based on data from (Hallberg, 2013), the generation of fly ash is 0.02 tonne/tonne board.  

Bottom ash: Based on data from (Hallberg, 2013), the generation of bottom ash is 0.10 tonne/tonne 
board. 

5.3.8. Transportation 
Reject: It is assumed that the transportation distance is 100 km. 

Sludge from wastewater treatment: The sludge is currently sent to Econova in Åby outside Norrköping, 
where it is used in production of soil conditioner. The transportation distance is 10 km and the 
transportation takes place with 25 tonne trucks (Niva, 2014). 

Fly ashes: The fly ash is transported to Langøya outside Oslo in Norway, as it is the only plant that 
can take care of this type of ash (Niva, 2014). The transportation distance is around 480 km and the 
transportation takes place with 30 tonne trucks (Niva, 2014). The ash is diluted with sulphuric acid from 
the aluminium industry to a gypsum like mass that is dumped in an old limestone quarry at Langøya 
(Kretz, 2013).  

Bottom ash: It is transported to Finnspång, 29 km from Norrköping. The transportation takes place 
with 30 tonne trucks (Niva, 2014). 

5.3.9. Replaced materials 
Surplus of reject: Surplus of reject can replace fuel at another plant. In total the reject has an energy 
content of 6 039 MJ/tonne board. Hallberg and Ljungkvist (2013) assume that this reject is used to 
produce 10 % electricity and 90 % heat; however, it should be noted that this assumption is specific 
for Sweden and that the distribution may vary between countries.  

Landfill cover/construction materials: The bottom ash is used as landfill cover and construction 
materials (Niva, 2014). 

Cardboard: In the study by Hallberg and Ljungkvist (2013), 1 kg of recycled cardboard replaces 1 
kg of virgin cardboard. Previous studies have suggested that cardboard based on recycled fibres 
must have a weight that is 15 % higher than virgin cardboard to have the same characteristics as 
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cardboard from virgin raw materials (Sundqvist et al., 1999). The substitution ratio may hence be lower 
than 1:1. 

According to Niva (2014), the substitution ratio depends on the quality of the recycled fibres. Fiskeby 
Board uses 100 % recycled fibre in their production. The fibre is of first generation (i.e. it has not 
been recycled before) and has good strength and elasticity. In some cases, cartons from Fiskeby 
have better strength than cartons from other plants, even cartons made from virgin fibre. In case 
fibres are of poorer quality, it may be necessary to increase the weight with up to 25 g per m2. This 
may especially by the case on the European continent where the fibres are of poorer quality in 
general. When deciding on the substitution ratio, it is also necessary to consider how the cartons are 
produced. By using clever packaging solutions, it is possible to create a stronger cardboard packaging 
and it may thereby be possible to reduce its surface weight. This also applies to packaging made from 
virgin fibres (Niva, 2014). 

5.3.10. Economic costs 
The cost for raw material (paper packaging), chemicals, energy, and packaging materials is around 2 060 
SEK/tonne carton. Fixed costs are in total 1 530 SEK/tonne carton and include, among other things, 
costs for staff and maintenance. Additional costs for depreciation, overheads, and logistics are 700 
SEK/tonne. The total manufacturing cost is thereby around 4 300 SEK/tonne (Nilsson, 2014). 

5.3.11. Unit process inventory 
Table 25 below provides a unit process inventory for manufacturing of 1 tonne board from recycled 
fibres at Fiskeby Board in Norrköping. 
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Table 25: Unit process inventory for manufacturing of board from recycled fibres. Note that the data have been adjusted to 
the recycling of beverage cartons only, and is not representative of paper packaging recycling in general.  

INPUT 
Baled cartons 1.5 tonne Based on a fibre input of 1.1 tonne per 

tonne board.  
Electricity from grid 729 kWh Based on data from Fiskeby board.  
Fuel oil 99 GJ Based on data from Fiskeby Board.  
Reject 6.27 GJ Based on data from Fiskeby board. This is 

an internal flow, i.e. the reject comes from 
the production process itself. The data 
have been adjusted to recycling of 
beverage cartons only.  

OUTPUT 
Produced board 1 tonne  
Reject 0.22 tonne Based on data from Fiskeby board. The 

data have been adjusted to recycling of 
beverage cartons only.  

Sludge  0.07 tonne Based on data from Fiskeby Board. It has 
been assumed that the quantity of waste 
products does not depend on the type of 
input material. 

Fly ash 0.02 tonne 
Bottom ash 0.10 tonne 

TRANSPORTATION 
Reject 21.5 tonnekm Based on a transportation distance of 100 

km. 
Sludge  0.7 tonnekm Based on a transportation distance of 10 

km. 
Fly ash 9.6 tonnekm Based on a transportation distance of 480 

km. 
Bottom ash 2.9 tonnekm Based on a transportation distance of 29 

km. 
REPLACED MATERIALS AND FUELS 

Cardboard made from 
virgin fibres 

1 tonne Based on a substitution ratio of 1:1 (see 
discussion in section 5.3.9).  

Surplus of reject 6.0 GJ Based on data from Fiskeby Board. The 
data have been adjusted to recycling of 
beverage cartons only.  

ECONOMIC COSTS 
Manufacturing cost for 
board made of recycled 
fibres 

4 300 SEK Data from Fiskeby board. This data have 
not been adjusted to recycling of beverage 
cartons.  
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6. Discussion 
The aim of this report is to present environmental and economic data for some collection and recycling 
processes in Sweden. The data can be used in Life Cycle Assessment and Life Cycle Costing analysis as 
well as other tools for assessing environmental and economic impacts of different waste management 
systems and strategies (c.f. Finnveden et al., 2007). Such assessments can for example be used to assess 
waste management policies and strategies (e.g. Finnveden et al., 2013; Lazarevic et al., 2012; Stenmarck 
et al., 2014).  

The data presented here are in some cases compared to other sources. It can be noted that sometimes 
data can vary quite a lot. There can be several reasons for this. One can be that the data refers to 
different technologies. In such cases, the data variation reflects the reality and underlines the 
importance of choosing the most relevant data for the study. This can be especially relevant for waste 
management where there is room for technological development (e.g. Cimpan et al., 2015; Ekvall and 
Malmheden, 2012). Another reason for data variation can be differences in methodological choices and 
assumptions. It is clear from the above that assumptions have to be made and choices concerning for 
example allocation of costs, emissions or inputs have to be made between different waste streams. 
Such methodological choices can have significant impacts on the results (e.g. Gentil et al., 2010) and it is 
therefore important that they are made in a transparent way.  

One example where the choice of allocation method can influence the results concern the collection of 
waste fractions at single-family houses described above. Here the allocation was made by dividing costs 
and transportation equally between the eight fractions. Instead, the allocation could for example have 
been made based on weight or economic value providing another result. All data are however 
presented transparently in this report, making it possible for the reader to recalculate data based on 
other choices. 

There have been a large number of LCAs of waste management systems produced during the last 
decades and there has also been a number of reviews published (e.g. Astrup et al., 2015; Bernstad and 
La Cour Jansen, 2012; Laurent et al., 2014a and b). It is interesting to note that despite data variation 
and uncertainties, results have often been consistent (Tyskeng and Finnveden, 2010) suggesting that 
LCAs can produce robust results. 
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