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Preface  

This report contains data to enable assessments of the environmental and 

economic implications of alternative routes of recycling production cable waste. 

The data is also applicable for end-of-life cable waste but the examples relate to 

production waste. The report has been compiled by Mats Zackrisson Swerea IVF 

as an activity within the Wire and Cable programme, run by Swerea IVF AB.  

The programme is financed by Vinnova and participating companies within the 

cable business area such as cable manufacturers, polymer manufacturers, cable 

users and recycling companies. The following companies are members of the 

programme: ABB AB, Borealis AB, Draka Sweden AB, Ericsson AB, Ineos 

ChlorVinyls, Nexans Sweden AB, Stena Metall AB, Volvo Group and Volvo Car 

Corporation. 
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Summary 

The main driver for recycling cable wastes is the high value of the conducting 

metal, while the plastic with its lower value is often neglected. New improved 

cable plastic recycling routes could provide both economic and environmental 

incentive to cable producers for moving up the “cable plastic waste ladder”. The 

improvement potential for the European cable industry as a whole is roughly 

estimated to avoidance of 30 750 tonnes of CO2eq annually if these new 

techniques were to be applied to the 5% plastic waste stream from cable 

production. Cradle-to-gate life cycle assessment of the waste management of the 

cable scrap is suggested and explained as a method to analyze the pros and cons 

of different cable scrap recycling options at hand. Economic and environmental 

data about different recycling processes and other relevant processes and materials 

are given. Cable producers could use this data and method to assess the way they 

deal with the cable plastic waste today and compare it with available alternatives 

and thus illuminate the improvement potential of recycling cable plastic waste. 

Through using the data and methods provided, the user will be able to show the 

climate impacts of improving the cable waste recycling (compared to how it is 

done today) and also to show the economic and technical implications of such 

improvements. 
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Introduction 

The main objective of the Cable project is to facilitate increased recycling of cable 

plastics.  The main driver for recycling cables is the high value of the conducting 

metal, while the plastic with its lower value is often neglected. On the other hand, 

if it wasn’t for the metal, the whole waste cable might be neglected, as is often 

experienced with optical waste cables today.  

This report aims to provide primarily cable producers with data and methods to 

assess the way they deal with the cable plastic waste today and compare it with 

available alternatives and thus show the improvement potential of recycling cable 

plastic waste. Through using the data and methods provided the reader or user will 

be able to show the climate effects of improving the cable waste recycling 

(compared to how it is done today) and also to show the economic, technical and 

management implications of such improvements.  

This report has been compiled within the scope of the Wire and Cable project 

which is managed by Swerea IVF and financed by Vinnova and participating 

companies.  

Method 

Life cycle assessment in general 

LCA according to ISO 14044 (ISO 2006) consist of four stages: scooping, 

inventory, environmental impact assessment and interpretation. All stages except 

the one for environmental impact assessment are considered obligatory. The 

stages are often repeated in an iterative way that gradually refines the assessment. 

None of the stages are unique to the LCA methodology. What makes LCA unique 

is that all (or as many as possible/relevant) life cycle phases of the analyzed object 

are included from raw material extraction to the product’s end-of-life. The life 

cycle phases are often referred to as raw material production, (own) 

manufacturing, use and end-of-life, see figure below. 

 

Figure 1 Life cycle assessment 

When all life cycle phases are included in an LCA study, it is referred to as a 

cradle-to-grave study. Studies that only include data about raw material 

production and own manufacturing are referred to as cradle-to-gate studies. Such 

cradle-to-gate LCA studies exist for most commodities like different steels, 

plastics etc. 
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Proposed LCA application 

Life cycle assessment of waste materials or waste management, though very 

common, has no special name in literature. A complete product life cycle as 

depicted in figure 1 is rarely involved. Instead, focus lies on recycling processes 

after the use phase or directly after the manufacturing processes as shown in 

Figure 2 below. Also production of primary materials is included in order to 

account for that material recycling avoids primary material production.  

As can be seen, LCA of waste materials span over two adjacent product life 

cycles. Often these product life cycles are for different products, ie cable plastic 

waste is rarely used to make new cables but rather other products. This is referred 

to as open-loop recycling, or, since it often entails a loss of valuable material 

properties, down-cycling. 

 

Figure 2 System boundary of LCA recycling study 

Another way of seeing it is that the product or service under investigation is not 

the cable but rather the waste management of the cable, where the waste material 

is the input and the produced recyclate is the output, see figure 3. In such a 

perspective the study could be compared to a cradle-to-gate LCA for a commodity 

from virgin origin, see figure 1.  

 

Figure 3 System boundary of cradle to gate waste management LCA 

Focusing on the service needed to manage the waste in the best way makes it 

natural to present the results per unit of cable plastic waste or per unit of cable 

waste, i.e. sometimes including the conducting metal. In LCA language these are 
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the functional units used. Wherever relevant both results are presented, so take 

care that you use the right figure for your calculations. 

The choice of system boundary and functional unit(s) means that there is no need 

to include the actual cable manufacturing in the calculations. However, this is 

based on the assumption that if production cable waste is recycled internally to 

replace raw materials, the quality is the same so that the cable manufacturing itself 

is not affected.  

Cable producers and recycling companies have provided site-specific data for this 

report. Sometimes averages from several companies with the same process are 

provided. For certain processes, e.g. transports and primary metal manufacturing, 

generic instead of specific process data is presented. This generic data stem from 

public LCA databases and represent in general European or global averages. Data 

has mainly been drawn from the database Ecoinvent 2.0 (Ecoinvent 2010). 

Replaced or avoided processes 

The studied system is expanded to include avoided processes and the subsequent 

avoided environmental impacts when the recycled materials replace virgin 

materials. Avoided processes are shaded grey in the figures above. The choice of 

avoided process is very critical when system expansion is used. For example 

(Björklund and Finnveden 2005) conclude that “Producing materials from 

recycled resources is often, but not always, less energy intensive and causes less 

global warming impact than from virgin resources. For non-renewable materials 

the savings are of such a magnitude, that apparently the only really crucial factor 

is what material is replaced”. 

Since recycled copper can replace virgin copper, the environmental burdens for 

virgin copper manufacturing are subtracted from the studied system. Similarily, 

plastic recyclate can replace virgin plastic in some applications. However, it is 

rare that plastic recyclate can actually replace virgin plastic fully, more often some 

form of loss of material properties occur. Which material should then be 

considered replaced or avoided? Sometimes plastic recyclate is burnt for energy 

production, which fuel should then be considered replaced? In the specific case 

this can be evident, e.g. when polyolefins are used instead of coal in cement 

production, but can it be considered as general? ISO 14044 (ISO 2006) gives 

some guidance concerning deciding on which material one unit of recycled 

material can replace. The replacement, should be based on, in priority order: 

 physical properties (e.g. mass or energy content) 

 economic value (e.g. market value of the scrap material or recycled material in 

relation to market value of primary material) 

In order to follow ISO 14044 and also to somewhat capture that recycling almost 

always entail downcycling, i.e., the recyclate has less good properties than the 

virgin resource, this report will present two different scenarios: 

 1 to 1. In the 1 to 1 scenario 1 kg of recyclate is replacing 1 kg of the 

virgin material; e.g. 1 kg of recyclate PVC compound replaces 1 kg of 

virgin PVC compound. Thus, the environmental burdens associated with 

manufacturing of virgin PVC compound is subtracted from the studied 

system (the cradle to gate waste management LCA) on a 1 to 1 basis. 
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 Market based. In the market based scenario, it is assumed that the loss of 

quality of the recyclate is proportional to the relation between the price 

paid for the recyclate and the price paid for the virgin material. Due to the 

loss of quality the recyclate cannot replace virgin material of the same 

type. What it can replace we do not know, so we assume, that the 

“environmental burdens saved” are proportional to the loss of quality 

which we assumed are proportional to the difference in price. For 

example, if PVC recyclate is paid at 88 € per tonne and the price of virgin 

PVC is 1320 € per tonne, 88/1320=0,07=7% of the environmental burdens 

of virgin PVC manufacturing are subtracted from the studied system. 

It could be expected that the “real” emission savings are somewhere in between 

the 1 to 1 perspective which in most cases overestimates the “real” savings and 

the market perspective which could underestimate the savings. Therefore it is 

recommended to always calculate emissions from both perspectives and present 

the results as a span in between which the “real” savings are expected. 

Environmental impact assessment 

Normally in LCA, at least five impact categories should be reported: 

 Climate change 

 Acidification 

 Ozone depletion 

 Photochemical smog 

 Eutrophication 

For a description of the five environmental impact categories, see Appendix 1. 

The drawback of using five different environmental impact categories is obvious - 

it is rare that a material is better or worse than another material in all impact 

categories.  It is then difficult to decide on which material is preferable. 

Unfortunately, there are no generally acceptable methods today that can weigh 

together different impact categories into one value. Weighing, or weighting, to a 

single value indicator is also explicitly forbidden in ISO 14044  (ISO 2006) in life 

cycle assessments intended for comparative assertions to the general public. 

In this report, most results are shown as climate change, in carbon dioxide 

equivalents, CO2eq. For calculation of non CO2 gases to CO2eq the latest 

characterization factors from IPCC (the Intergovernmental Panel on Climate 

Change) have been used
1
. 

  

                                                 
1
 IPCC “Climate Change 2007 – The Physical Science Basis, 2007 

http://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch2s2-10-2.html#table-2-14
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Processes 

In order to calculate the benefits of different recycling routes, data about the 

involved recycling processes, transports and avoided (replaced) products are 

needed. Monetary and climate change data are given in this chapter. The units are 

euro
2
, €, and gram carbon dioxide equivalents, CO2eq. 

The potential gains of improving the cable plastic waste recycling by moving up 

the “waste ladder” are illustrated in the figure below. All values per kg of plastic 

waste. The potential gains by associated metal recycling are not shown in this 

figure. 

 

Figure 4  Potential climate change gains by moving up the cable plastic 

waste ladder 

The spans given reflect the different scenarios – market based or “1 to 1” – and 

the different polymers involved. Apart from the landfill figure, all figures are from 

“avoided” plastics and fuels in tables 3 and 4, since it is the replaced or avoided 

product that gives the largest climate impact contribution. Recycling processes 

and transports give only minor climate impacts.  All figures are absolute, i.e. 

relative to zero.  

Avoiding plastic (and metal) cable waste completely is of course the primary 

target of all cable producers, but not always possible. On the other hand, moving 

                                                 
2
 Most monetary data was originally in Swedish krona and has been converted to euro by 

multiplication with 0.11, i.e. one Swedish krona equals 0.11 euro. 
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one or two steps up the ladder is not only possible but also to a degree driven by 

legislation limiting land filling and energy recycling. Moving one step up the 

waste ladder would mean avoiding around 0.5 kg CO2eq/kg plastic
3
. Consumption 

of plastic compounds by the European cable industry in 2012 was 1.23 million 

tonnes
4
. Plastic waste from cable manufacturers are around 5%

5
 of their total use 

of plastic. If the industry as a whole can move one step up the waste ladder about 

1 230 000 000×0.05×0.5 kg CO2eq/kg= 30 750 tonnes of CO2eq can be avoided 

annually. 

Although this report is directed towards cable producers, a lot of the processes are 

equally relevant to be used for recycling of old used cable, end-of-life cable. With 

the assumption that production of new cable is at the same level as scrapping old 

cable and that taking one step up the waste ladder is possible, then additionally 

1 230 000 000×0.5 kg CO2eq/kg= 615 000 tonnes of CO2eq can be avoided 

annually. It should be pointed out that the use in cables of restricted phthalates as 

DEHP and DNOP as well as restricted substances such as lead, bromide and 

antimony may hinder the possibilities for mechanical recycling of plastic waste 

from end-of-life cable. The inclusion of restricted substances in cables may also 

hinder all forms of external recycling of cable plastic waste, i.e. also from 

production cable waste. The subject of restricted substances in cable waste will 

not be further explored in this report, but will be the focus in future Cable projects 

run by Swerea IVF.  

Recycling processes and transports may only have minor climate impacts, but 

they are very important from an economical point of view. Therefore indicative 

price information is given below, which can be used to get a feeling for the 

economical feasibility of different recycling options. The ambition has been to 

give average prices, but the quality and number of sources vary largely. In some 

cases, like for compounding, only the price of electricity and labour has been 

included. Others are from actual quotations, like for melt filtration, and may vary 

with quality, batch size etc. A variation of at least +- 100% should be taken for 

granted for all prices.  

Recycling processes 

Data about recycling processes are given per kg cable or, more common, per kg 

plastic.  

                                                 
3
 For example, moving from energy recycling to external material recycling means that 0.1-1.5 kg 

CO2eq can potentially be avoided per kg plastic instead of potentially avoiding 0-0.57 kg 

CO2eq per kg plastic, i.e. on average (0.3-0.7=) 0.4 kg CO2eq less per kg plastic. Moving from 

external recycling to internal recycling means on average (1.35-0.7=) 0.65 kg CO2eq less per 

kg plastic and moving from landfill to energy recycling means on average 0.4 kg CO2eq less 

per kg plastic. The average improvement for moving one step up the waste ladder is then 

(0.4+0.4+0.65)/3=0.5. 

4
 AMI's Guide to the Cable Extrusion Industry in Europe (Edition 6), from plastics industry 

consultant Applied Market Information. www.amiplastics.com. The 1.23 million tonnes equal 

4% of resins in Europe by value and 2% by weight. 

5
 Estimation of plastic waste that leave the premises, i.e. note internally recycled, of cable 

manufacturers based on two different companies. 

http://www.amiplastics.com/
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Table 1 Recycling processes 
Process Per kg cable6 Comment Output 

 
€ 

gram 
CO2-eq 

  

Production waste cable 
granulation 

0.14 26.3 Data refers to Stenas 
facilities in Töva including 
the processes weighing, 
cutting, granulation and 
fluid bed separation. Data 
modified to reflect 
production cable waste.  

Separates metal from 
plastic in cables, but at 
least 4,5% metals still 
remain in plastic part. If 
input is known as cable 
with X% metal and Y% 
plastic assume output is 
X-0.045Y metal (worth 
97% of LME) and 1,045Y 
plastic (containing 4.5% 
metal). 

Process Per kg plastic7 Comment Output 

 
€ 

gram 
CO2-eq 

  

Plastsep. Includes sink-
float separation and wet 
shaking table. 

0.055 2.2 Data refers to Stena 
Metalls Plastsep process 
in Timrå. Price can vary +- 
0.025 €/kg depending on 
granulate size, batch size 
etc. 

The plastsep process can 
separate light plastic 
from heavy plastic and 
4.5 % metal from waste 
cable plastic granulate 
input.  

Plastsep 0.055 8.9 As above but with 
European electricity mix. 

Same as above. 

Compounding PVC 0.23 6.2 Swedish electricity. 
Labour cost included. 

Polymer pellets 

Compounding polyolefin 0.23 15 Swedish electricity. 
Labour cost included. 

Polymer pellets 

Melt filtrating PVC 0.33 6.2 Swedish electricity. Price 
from ÅVL in Denmark for 
melt filtration of cable 
PVC 

Polymer pellets 

Melt filtrating polyolefin 0.33 15 Swedish electricity. Price 
from ÅVL in Denmark for 
melt filtration of cable 
PVC 

Polymer pellets 

Hot milling 0.004 4.3 Swedish electricity. No 
labour included. 

After hot milling at 
extruders the polymer is 
fed straight back into 
extruders 

Disposal, 
polyvinylchloride, 0.2% 
water, to sanitary landfill 

0.12 66 Waste-specific short-term 
emissions to air via landfill 
gas incineration and 
landfill leachate. Burdens 

Output to nature. 

                                                 
6
 ”Per kg cable” includes the metal conductor 

7
 ”Per kg plastic” refers to plastic part of cable waste 
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from treatment of short-
term leachate in 
wastewater treatment 
plant including sludge 
disposal in municipal 
incinerator. Long-term 
emissions from landfill to 
groundwater (after base 
lining failure). Source 
Ecoinvent. Inventoried 
waste contains 100% PVC. 

Disposal, plastics, 
mixture, 15.3% water, to 
sanitary landfill 

0.12 90 As above but inventoried 
waste contains 100% 
Mixed various plastics. 

Output to nature. 

 

Replaced products 

As explained in the introduction, it is sometimes difficult to decide on which 

product is replaced by a recyclate. In order to somewhat capture that recycling 

almost always entail down-cycling, i.e., the recyclate has less good properties than 

the virgin resource, this report presents two different scenarios: 

 1 to 1. In the 1 to 1 scenario 1 kg of recyclate is replacing 1 kg of the 

virgin material; eg 1 kg of PVC compound replaces 50% PVC polymer, 

25% filler (calcium carbonate) and 25% plasticizer. When waste polymers 

replace fuels, 1 to 1 means that the heat content is replaced 1 to 1. For 

example, 1 kg of polyolefins replace 1,05 kg of oil since oil has 41 MJ/kg 

and polyolefins 43 MJ/kg. 

 Market based. In the market based scenario, it is assumed that the 

“environmental burdens saved” are proportional to the loss of quality of 

the recyclate which, in turn, are assumed proportional to the difference in 

price between the recyclate and the virgin material. Thus, if PVC recyclate 

is paid at 88 € per tonne and the price of virgin PVC is 1320 € per tonne, 

88/1320=0,07=7% of the environmental burdens of virgin PVC 

manufacturing are subtracted from the studied system. 

Which scenario, 1 to 1 or market, should you use? To understand the economic 

implications, the market approach must be used. PVC recyclate simply does not 

sell at the same price as virgin PVC. The climate change calculations rest on a lot 

of assumptions. The 1 to 1 approach overestimates the CO2eq savings, while the 

market approach probably in most cases underestimates the CO2eq savings. The 

true climate change influence is somewhere in between these two extremes. It 

could be argued that it is fairer to underestimate than to overestimate, and if that is 

the case, the market approach should be used. The recommendation is to always 

do both calculations and present the results as a span. 

In the tables below both “1 to 1” and market based “savings” (carbon and 

monetary) for relevant metals, polymers and fuels are given per kilogram of 

material. The main reasoning is that since the waste replaces the virgin material, 

the virgin material need not be produced, thus the environmental burdens (here 
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CO2eq emissions) from producing the replaced material can be deducted from the 

studied system. Data from production of such virgin materials are marked as such 

in the tables below. They are the basis from which the “recyclate” data is 

calculated. 

Table 2 Avoided metal processes 
Material/recyclate % of 

LME
8
 

Per kg material Comment Approach 

  € gram CO2eq   

Copper, primary, at 
refinery/GLO S 

100 5.5 3160 Represents a global 
average for primary copper 
production 

Virgin 
material 

Copper granulate 97 5.3 3160 97+-2% of LME. This is a 
mix of Class I and Class II. 

1 to 1 

Copper granulate 97 5.3 3065  Market 

Copper fluff 85 4.6 3160 80-90% of LME 1 to 1 

Copper fluff 85 4.6 2686  Market 

Aluminium, primary, 
at plant/RER S 

100 1.6 12200 Represents a European 
global average for primary 
aluminium production 

Virgin 
material 

Aluminium granulate 93 1.5 12200  1 to 1 

Aluminium granulate 93 1.5 11346  Market 

Aluminium fluff 85 1.3 12200  1 to 1 

Aluminium fluff 85 1.3 10370  Market 

 

Table 3  Avoided polymer compounds and processes 

Material/process Per kg material Comment Approach 

 € gram CO2-eq   

PVC compound for 
cable I 

1.3 1500 Average PVC-compound from cable 
production consisting of 50% PVC 
polymer, 19% plasticizer (phthalate ester), 
6% Trimelitat and 25% filler (chalk). 

Virgin 
material 

PVC recyclate I 0.09 1500  1 to 1 

PVC recyclate I 0.09 100 50% polymer as above but CO2 
proportional to recyclate price 

Market 

HFFR compound for 
cable 

2.0 1170 Average HFFR-compound for cable 
production consisting of 50% polyolefin, 
10% limestone and 20% each of 
magnesium hydroxide and aluminum 
hydroxide.  

Virgin 
material 

HFFR recyclate 0.11 1170  1 to 1 

                                                 
8
 London Metal Exchange price, average price between 2009 and 2013. 
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Material/process Per kg material Comment Approach 

HFFR recyclate 0.11 65  Market 

Compounding PVC 0.23 6.2 Swedish electricity. Labour cost included. NA 

Compounding 
polyolefin 

0.23 15 Swedish electricity. Labour cost included. NA 

 

Table 4  Avoided fuels 
Material Per kg material Comment Approach 

 € MJ gram CO2-eq   

Heavy fuel oil, at 
regional storage/RER S9 

1.1 41 455 The production and distribution of 
oil is assumed to be avoided by 
the wastes below. Especially 
waste prices may vary a lot. 
Increase relevance by calculating 
your own market based figures 
using this baseline oil fuel. 

Virgin 
material 

HFFR as oil replacement -0.058 15 166 The avoided burdens are assumed 
proportional to the heat value of 
HFFR divided by the heat value of 
oil. HFFR is not a good fuel due to 
its high ash content and low 
energy content. It has been 
designed that way.  

1 to 1 

HFFR as oil replacement -0.058 15 -9 The avoided burdens are assumed 
proportional to the price paid for 
the HFFR waste divided by the oil 
price. The LCA interpretation of 
the negative price means that 
HFFR as fuel does not avoid but 
cause a small climate impact. 

Market 

Polyolefins as oil 
replacement 

0.022 43 477 The avoided burdens are assumed 
proportional to the heat value of 
polyolefins divided by the heat 
value of oil. 

1 to 1 

Polyolefins as oil 
replacement 

0.022 43 9 The avoided burdens are assumed 
proportional to the price paid for 
the polyolefin waste divided by 
the oil price. Note that prices may 
vary a lot. 

Market 

 

                                                 
9
 Price from http://spbi.se/statistik/priser/eldningsolja/ 
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Transports 

Data is given per tonkm of transport. If the transport is 1 km and the goods weigh 

1 tonne, then the transport work is 1×1=1 tonkm. So if you multiply the climate 

change per tonkm with your actual distance, you will get climate change per tonne 

goods, i.e. CO2eq/tonne goods . This you convert to the functional unit CO2eq/kg 

by dividing with 1000. 

Table 5 Transport 
Mode of transport Per tonkm transport Description Comment 

 € gram CO2-eq   

Lorry, Trailer 26t 
Euro3,  NTM 

0.1 51 Road transport trailer 
truck. 26 tonnes max 
load. Euro 3. Use for 
transports in Sweden.  

Multiply 51 g CO2/tonkm 
with actual distance, e.g. 
100 km, then you have 
5100 g CO2eq/tonne or 5.1 
g CO2eq/kg for the 
transport. Same operation 
for cost gives 10 € per 
tonne or 0.01 € per kg for 
100 km transport. 

Transport, lorry >16t, 
fleet average/RER S 

0.1 134 Use for transports to 
Europe. 

 

  



Swerea IVF report 13003 

   

18 

 

Simplified LCA calculations 

This section explains how you use the data given above to calculate the 

economics and the climate impact of different recycling routes. It is always easier 

to understand the results if they are compared to one another. As a standard 

comparison, the current way of managing the cable plastic waste is used. How to 

calculate is shown by examples below. In principle the calculations follow a 

stepwise procedure: 

1. Identify the recycling routes you want to compare. Draw simple process 

flow diagrams of both recycling routes, from waste to recyclate, see 

system boundary figure below. 

2. Identify and list the processes needed to enable the recycling. 

3. Identify and list the products/materials and processes that are 

avoided/replaced by the recyclate. 

4. Examine the bottom lines of the recycling routes and calculate the 

difference in savings per kg. 

5. Calculate the difference in savings per year for your company. 

 

 

Figure 5 System boundary of cradle to gate waste management LCA 
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Calculation examples 

Hot milling 

Start and stop PVC and HFFR scrap at cable extruders can be 

recycled directly back into extruders via hot milling of the scrap. 

This might need investment in mills which is not considered in this 

calculation. The extra work involved could often be handled by the 

extruder operator, thus, normally hot milling at extruders does not 

entail any extra work costs. It is difficult to clean the mills. 

Therefore, hot milling is only relevant at extruders that run the 

same material all the time. 

For increased meaning and understanding, hot milling at extruders 

should be compared to an alternative. A currently used alternative 

is to sell the lumps to an external waste handler who granulates 

them and pass them on for mechanical recycling in a different 

product. It is only in relation to the current recycling route that it is 

possible to identify avoided processes. It is a good idea to make a 

rough drawing of the processes involved in both recycling routes, 

see below. Avoided processes and materials are coulored yellow. 

The data in tables 1-5 are used to identify data for the relevant 

processes and materials. This data is also available in Appendix 2 

in condensed format. First all the needed processes (grey part) for 

hot milling and for the current recycling route are listed and euro 

and CO2eq are summed up. Then all the avoided processes and 

materials (green part) are listed and summed up in the same 

manner. A minus sign means avoided euro or CO2eq. It is 

recommended to do the calculations both with a market perspective 

on the avoided burdens and with an “1 to 1” perspective. 

 

 

Figure 6 Hot milling of PVC scrap compared to external 

recycling of hardened PVC lumps 
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Table 6  Hot milling of PVC scrap compared to external recycling of hardened PVC lumps 
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When the table has been completed it is time to compare the 

bottom lines for hot milling compared to external recycling. So the 

conclusion, in the example, is that hot milling can save more than 

192 000 euro annually and avoid between 15-155 tonnes of CO2eq 

annually. The hot milling example is also used in Appendix 2 to 

explain how you yourself can do similar calculation. 
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PlastSep 

Unsold or faulty cable is often cut, granulated and the metal is 

separated by e.g. fluid bed process. If the remaining plastic mixture 

contains PVC, landfill is the only legal disposal option. Applying 

the Plastsep method on this plastic mixture can separate the heavier 

PVC from lighter plastics and extract an additional 4.5% metal out 

of the plastic waste. Furthermore, this might open up for 

mechanical recycling of the PVC. The figure below show the 

processes involved in an actual case with 95 % PVC and 5 % 

HFFR cable. Since HFFR is also heavy, it cannot be separated from 

PVC by the Plastsep method. Thus the PVC cable waste and the 

HFFR cable waste must never be mixed and it must be processed 

separately. All cables have a copper content of 70%. The Plastsep 

process involves a four times longer transport of the cable waste 

compared with only granulation and separation. The figure and the 

calculations are for the PVC fraction only. Avoided processes and 

materials are coulored yellow in the figure. 

The data in tables 1-5 are used to identify data for the relevant 

processes and materials. This data is also available in Appendix 2 

in condensed format.  First all the needed processes (grey part) are 

listed and € and CO2eq are summed up. Then all the avoided 

processes and materials (green part) are listed and summed up in 

the same manner. A minus sign means avoided € or CO2eq.  

Calculations are done both with a market perspective on avoided 

burdens and with the 1 to 1 perspective. Note that in this example 

all data needs to be expressed per kg cable. 

 

Figure 7  Granulation and separation followed by Plastsep 

compared to granulation only
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Table 7 Granulation and PlastSep compared to only granulation of PVC cable  
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Table 8  Granulation and PlastSep compared to only granulation of PVC cable – bottom line 

 
 

The conclusion in this particular case is that adding the Plastsep 

process would cost 0.06 euro per kg cable and avoid in between 56 

and 494 gram CO2eq/kg cable. If 100 tonnes of such cable scrap is 

generated annually, then 6000 euro could avoid between 5.6 – 49.4 

tonnes CO2eq annually. The long transports and the relatively high 

cost for melt filtration make Plastsep more expensive in this 

particular case. As can be seen, the extra copper and the PVC 

recyclate brings in less together than the cost of melt filtration, in 

this case. It should be mentioned that it is possible in many cases to 

enable mechanical recycling of PVC recyclate after Plastep without 

any melt filtration
10

. Adjust the calculations for your case with your 

own data to find out if it is economical to realize the potential 

climate impact reductions! See Appendix 2! 

  

Note that in the above Plastsep example, all data has to be 

converted to the functional unit per kilogram cable, since this is 

what the analysis starts off with. This recalculation is achieved by 

                                                 
10

 See for example “Zackrisson, M. (2012). Life cycle assessment of cable 

recycling. Part I: Plastsep compared to state of the art. Swerea IVF report. 

Mölndal, Swerea IVF AB” 

 

multiplying the data per kg plastic, e.g. €/kg plastic with kg 

plastic/kg cable, see below. 

 

 
Figure 7 Example of converting data 

 

Would it be more or less attractive (economically and/or 

environmentally) to “Plastsep” HFFR? This is analyzed in the table 

below.
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Table  9  Granulation and PlastSep of HFFR cable compared to only granulation 
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Table 10  Granulation and Plastsep compared to only granulation for HFFR cable - bottom line 

 

The conclusion in this particular case is that adding the Plastsep 

process would cost 0.05 euro and avoid in between 50 to 389 gram 

CO2eq/kg HFFR cable, i.e., about the same result as for the PVC 

cable.  

Again it should be emphasized that the calculations above are for a 

particular case and can thus only be at best indicative for the 

general case. Do your own calculations for your case!
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Discussion and conclusions 

Identical processes 

When comparing recycling routes that contain identical processes it is not 

necessary to include the identical processes since they equal out each other. This 

applies to, for example, Production waste cable granulation and Copper 

granulate in the Plastsep example above. However, when you carry out the 

analysis in practice it is easier to just list all the processes involved without 

thinking about if they equal out or not. Once included in the analysis, the 

processes carry some information, so you might as well leave them in. For 

example, one can see that Production waste cable granulation is not so important 

while Copper granulate is (in the Plastsep example above). The recommendation 

is therefore to include also identical processes in a comparison once you have 

them in the list. “Identical processes” that are initially forgotten need not be taken 

in to the calculations. 

Use both market based and 1 to 1 perspective 

As discussed above, the market approach must be used in order to understand the 

economic implications. PVC recyclate simply does not sell at the same price as 

virgin PVC. The climate change calculations rest on a lot of assumptions. The 1 to 

1 approach overestimates the CO2eq savings, while the market approach probably 

in most cases underestimates the CO2eq savings. Since the true climate change 

influence most probably is somewhere in between these two extremes, it is 

recommended to do both calculations and present the results as a span, as is done 

in the example calculations. To be completely avoided is to use different 

perspectives for the two recycling routes to be compared.  

The market perspective is only relevant when so called down-cycling of wastes 

occur, i.e., the waste is not reused for the same product/purpose as it was used 

originally. 

Relevance of climate change 

The conclusion in the Plastsep example was that there was not a large potential for 

climate savings for production waste cable scrap that entails long transports. 

However, in other situations, like applying Plastsep to the mixed plastic waste 

output after granulation of end-of-life cable waste, Plastsep has proven both 

economically and environmentally beneficial under all conceivable circumstances 

(Zackrisson 2012). In that report is was shown that applying Plastsep not only 

avoided climate impact but also avoided photochemical smog formation, 

eutrophication and acidification. This indicates that climate change can serve as 

an indicator also for these other environmental impact categories. Furthermore, 

energy, both fuels and electricity, play a major role in most processes 

environmental burdens. And for energy, climate change is a good environmental 

indicator. 

Prices 

All prices should be seen as indicative. In some cases, like for compounding, only 

the price of electricity and labour has been included. Others are from actual 

quotations, like for melt filtration, and may vary with quality, batch size etc. A 

variation of at least +- 100% should be taken for granted for all prices. The 
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ambition has been to give average prices. Nevertheless, having access to price 

information of some kind is very beneficial since it is never a potential climate 

impact avoidance alone that will make companies move up the waste ladder. 

Moving up the waste ladder will have to be economically beneficial (or enforced 

by law) otherwise it will not happen. With the information given companies can 

get a first idea which recycling routes are economically viable for them and which 

are not. 
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List of acronyms and abbreviations 
CFCs Chlorofluorocarbons 

CO2 Carbon dioxide 

CO2-eq Carbon dioxide equivalents 

CH4 Methane 

C2H4 Ethene 

EPD Environmental Product Declaration 

EEA European Environment Agency 

HFCs Hydrofluorocarbons 

HFFR Halogen free flame retardant 

IL IL Recycling AB 

ISO International Organization for Standardization 

Kg Kilogram 

KW Kilowatt 

KWh Kilowatt-hour, 1 kWh = 3.6 MJ 

LCA Life Cycle Assessment 

LME London Metal Exchange 

MJ Megajoule 

MWh Megawatt-hour 

NOx Nitrogen oxides 

PO4 Phosphorus 

PVC Polyvinyl chloride 

RER S RER = Region Europe,  S=system process 

Trp Transport 

SO2 Sulphur dioxide 

SF6 Sulfur hexafluoride 
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Appendix 1 Five environmental impact categories 

Climate impact 

Climate impact is measured as kilogram CO2-equvivalents. Climate impact is the 

gradual increase, over time, of the average temperature of earth’s atmosphere and 

oceans sufficient to induce changes on the earth’s climate. This increase on 

earth’s temperature is related to the increase of the emission of gases, such as, 

CO2, methane, water vapour, nitrous oxide and CFCs, among others, from 

anthropogenic (man-made) sources, mainly from the burn of fossil fuels. Europe´s 

emissions in 2005 corresponded to 11200 kg CO2 equivalents per person [EEA, 

2005]. Burning 1000 litres of petrol in a car generates approximately 2500 kg 

CO2eq as a comparison. To avoid unwanted global warming effects requires 

global yearly emissions to be reduced by between 50 to 85% by 2050 on current 

levels, according to the Intergovernmental Panel on Climate Change (IPCC, 

2007). This would translate to approximately 1000 kg CO2eq per capita world 

average. 

Ozone depletion 

Ozone depletion is measured in CFC-11 equivalents. Ozone existing in the 

stratosphere (upper layer of the atmosphere) functions as a protective layer against 

ultraviolet radiation harmful to life on earth. The emission of CFCs and 

tetracloromethane gases, among others, is responsible for the decrease of ozone 

concentration in the upper atmosphere, with negative consequences to life on 

earth, such as, the increase in skin cancer incidence. Europe´s emissions in 1996 

corresponded to 0.15 kg CFC-11 equivalents per person [Mcculloch, 1998]. 

Photochemical smog 

Potential photochemical ozone creation, or summer smog, is measured in kg 

ethene equivalents (C2H4).   

Increased levels of ozone at ground level, arise through the reaction of volatile 

organic compounds, for example ethene, with oxygen compounds or oxides of 

nitrogen in air and under the influence of sunlight, so called photochemical 

oxidation. The effects on human health are amongst others irritation of eyes and 

mucous membranes as well as impaired respiratory function. Ground level ozone 

also has severe effects on vegetation, resulting in agricultural production losses. 

Europe´s emissions in 2005 corresponded to 12 kg ethene equivalents per person 

[EEA, 2005]. Burning 1000 litres of petrol in a modern car generates around 1 kg 

ethene equivalents as a comparison. 

Acidification 

The most important man-made emissions of acidifying gases are sulphur dioxide 

(SO2) and nitrous oxide (NOX) from combustion processes. Thus, acidification is 

measured in equivalents of sulphur dioxide SO2. Acidification, or acid rain, is best 

known for the damage caused to forests and lakes. Less well known are the many 

ways acid rain damages freshwater and coastal ecosystems, soils and even ancient 

historical monuments, or the heavy metals these acids help release into 

groundwater. Europe’s emissions in 2005 corresponded to 57 kg SO2 equivalents 

per person [EEA, 2005]. 
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Eutrophication 

Eutrophication is measured as equivalents of PO4. Nutrients like phosphor or 

nitrogen released in a lake leads to an increased production of planktonic algae. 

The algae sink to the bottom and are broken down with consumption of oxygen in 

the bottom layers, causing a dead environment at the bottom. The most significant 

sources of nutrient enrichment are the agricultural use of fertilizers, the emissions 

of oxides of nitrogen from energy production and wastewater from households 

and industry. In 1995 the Baltic Sea received 761 000 t nitrogen and 38 000 t 

phosphorus from land [EEA, 2001]. The anthropogenic part of the nitrogen was 

assumed to be 79%, for phosphorus no assumption could be made. 
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Appendix 2  Do it yourself calculations 

In order to facilitate do-it-yourself calculations all the process data from the 

Processes chapter have been assembled in one sheet in the appendix. The idea is 

that you should easily find and mark the data that is relevant for your unique 

comparison, sum it up and arrive at the results. Follow the stepwise procedure 

explained before: 

1. Copy the sheet with all the process data and enlarge it to A3-size or larger. 

2. Identify the recycling routes you want to compare. Draw simple process 

flow diagrams of both recycling routes, from waste to recyclate, see the 

system boundary figure below. 

3. In the A3-sheet, identify and mark the (grey) processes needed to enable 

the recycling 

4. In the A3-sheet, identify and mark the (green) products/materials and 

processes that are avoided/replaced by the recyclate 

5. Convert data to per kg cable if necessary, see examples  

6. Convert transport data according to instructions in A3-sheet 

7. Examine the bottom lines of the recycling routes and calculate the 

difference in savings per kg 

8. Calculate the difference in savings per year for your company 

First follows the hot milling example. At the end of the document is a clean sheet 

that can be copied, enlarged and used many times over. As recommended above, 

it is always a good idea to calculate both the market perspective and the 1 to 1 

perspective to get a span for the climate impact. Good luck with your calculations! 

 

 

Figure 3 System boundary of cradle to gate waste management LCA 
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Figure 6 Hot milling of PVC scrap compared to external recycling of hardened lumps 
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The Swerea Group 

Swerea IVF and four other Swedish industrial research institutes constitute the Swerea Group 

of R&D institutes.  

The Swerea Group creates, refines, supplies, and transfers new findings from applied research 

into industrial use with the objective of generating industrial growth. The Swerea institutes 

provide advanced services within the sectors of materials, process, product, and production 

technology. These services include research and development, testing, pilot production, 

training, standardization, and consulting. Swerea is owned jointly by Swedish industry and the 

government of Sweden. 
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