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Abstract 

In the thesis the costs for extracting ground power cables from grass, asphalt or cobblestone 

using excavator or Kabel-X is examined. This is then compared to the sale value of the cable 

to a recycling company. The cables examined are 2 plastic (PVC) cables, 1 paper cable and 1 

oil cable. The environmental perspective in the form of CO2, SO2, PO4, C2H4 and CFC11 is 

also examined where emissions from the extraction and the recycling process is compared to 

the avoided emissions from reusing the materials in the cables instead of extracting and 

processing new materials. 

 

The chance of making a profit from extracting and then selling the examined cables is small. 

In the scenarios it was only a small chance of being profitable when excavating cables in 

grass. There is then no incentive to extract the cables from an economic perspective. 

 

From an environmental point of view there is an incentive to extract the cables since the 

avoided emissions are greater than the combined emissions from the extraction and recycling. 
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1. Introduction 

1.1 Background 

The resources around the world are becoming scarcer. The increased population around the 

world along with increased prosperity leads to a demand of increased production of products 

which then leads to an increased extraction of raw material. Since the natural resources are 

finite the prices of resources will increase. Reduced amounts of metals in the ground will lead 

to longer and more expensive extraction processes with an increased environmental impact. 

(Gustafsson 2012) 

 

The metal flows that is due to human activities has been studied for many years but it is not 

until recently that the actual stocks of metals that exist in our societies have become a source 

of research. This is due to resource availability concerns that are becoming ever more present 

and because of these new potential alternative sources for metal extraction are being 

examined. These sources are situated in the urban environment and the collection of these 

resources is often termed urban mining. Research related to the field of urban mining has 

often had a focus on long term strategies for increased recycling rates for annual discards. 

This is due to the reason that a large part of the metals that are stored in the society are still in 

use and not available for recovery. Examples of this are the large systems that are needed in 

society for telecommunication and power supply. These systems are designed to be used for 

long periods of time and has a lot of metal stored in them such as copper and aluminum. 

(Krook et al 2011) 

 

Over time some of the systems such as electric cables in the ground have been taken out of 

service without being recovered for waste management. This leads to an accumulation of 

materials in the ground (Krook et al 2010). The amounts of cables built into the Swedish 

society are very big. In total about 2 million tons of copper can be found in energy- and 

communication nets and about 0,8 million tons of aluminum. The amount of metal that exists 

in nets out of service is about 620 000 tons of copper and 180 000 tons of aluminum. The 

second hand value for the metals out of service is about 16 billion Swedish crowns. (Svensk 

Energi 2013a) 

 

The environmental impact from recycled metals is a lot smaller than the impact from 

extracting metals from mines. For example for copper the energy needed to produce new 

copper is 23 times larger than for recycled copper. In general the environmental impact from 

energy, pollutions and waste is about 200 times larger for new copper than for recycled. For 

aluminum the average environmental impact is about 28 times higher for the new commodity. 

(Nordin 2002) 

 

The Swedish power grid is divided between local, regional and national grids. The local grid 

can be divided in low voltage (400/230 V) and high voltage (10-20 kV). The total amount of 

ground power cables in the low voltage local grid is 236 000 km. In the high voltage local 

grid there is 103 000 km of ground power cable (Svensk energi 2012). In Sweden the electric 

cables that are no longer in use are mainly found in regional and local power grids. The 

material in the cables has been different over the years. Today the cables mainly use plastics 

such as PEX or PVC as isolation material. Before this an oil impregnated paper was used as 
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an isolation material. In the middle of the 1960s aluminum was introduced because of rising 

copper prices. (Oberger et al 1996) 

1.2 Problem formulation 

The purpose of this thesis is to examine if there are economic and environmental incentives to 

extract ground power cables. To do this two different stakeholder views will be used. From an 

economic perspective a single stakeholder will be used in the form of the company 

Elkraftsbyggarna (EKB). They want to know if there is a possibility to make a profit from 

extracting the cables and then sell them to a recycling company. 

 

From an environmental point of view the stakeholder will be the society since environmental 

problems affects people on a local, regional or global level. The emissions of five different 

gases released during the excavation process and the recycling process will be examined. 

These gases are Carbon dioxide (CO2), Sulfur dioxide (SO2), Phosphate (PO4), Ethylene 

(C2H4) and Trichlorofluoromethane (CFC11). The emissions released during the extracting and 

recycling process will then be compared to the emissions that are avoided from not extracting 

new raw materials. 

 

To extract the cables from the ground two different techniques will be examined. These 

techniques are digging trenches with an excavator and Kabel-X. 

1.3 Research questions 

 Is there an economic incentive to extract ground power cables? 

 Is there an environmental incentive to extract ground power cables? 

 Which technique is more favorable to extract the cables with? 
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2. Theory 

2.1 Cables 

2.1.1 Cable composition 
A power cable consists of a number of layers from different materials. In the center of the 

cable is the conductor which consists of either copper or aluminum. The conductor can either 

be round or sector shaped and can be made up of either a single, a few or several wires 

depending on flexibility demands. When the conductor is constructed metal of high purity is 

used and trimmed into the wished diameter. (Ericsson 2004) 

 

To isolate the conductor plastics or rubber is used. PVC (Polyvinylchloride) is the material 

most commonly used in cables up to 1 kV. For cables of about 1 kV PEX (cross-linked 

polyethylene) is the most widely used material and for cables of higher voltages PEX is 

almost entirely used (Ericsson 2004). In the older paper- and oil cables the isolating material 

was oil impregnated paper. The difference between them is that in the oil cable the oil in the 

isolating material is under pressure. (Oberger et al 1996) 

 

Outside the isolating material is a screen that consists of copper or aluminum in modern 

cables. In older cables it consisted of lead. The last layer on the cable is a sheath that protects 

the cable from mechanical and chemical tamper. It usually consists of PVC, PE 

(polyethylene) or rubber. (Ericsson 2004) 

 

2.1.2 Cable materials 
As a conductor material pure copper, tinned copper or pure aluminum is used. Copper can be 

used in conductors of areas between 0,5-1000 mm
2
 but are usually used up to only 16 mm

2
. 

Copper is produced through a electrolytic method which gives a purity level of 99,9 %. In 

cable production usually annealed copper is used which makes the copper soft. Copper has a 

very good conductivity and high tensile strength but it is heavy with a density of 8,89 kg/dm
3
. 

If the copper conductor is tinned this gives a good resistance against oxidization and 

corrosion. Aluminum is mostly used as a conductor in cables with a conductor area of more 

than 50 mm
2
. The aluminum is also constructed through an electrolytic process from the raw 

material bauxite which gives a purity level of 99.5 %. Aluminum has 61 % the conductivity of 

copper but only 30 % of its density, 2,70 kg/dm
3
. (Ericsson 2004) 

 

As isolation and sheath material different plastics are used. The plastics consist of different 

polymers combined with various additives. Plastics can be separated into two different types, 

thermoplastics and thermoset. Thermoplastics can be melted and processed repeatedly. 

Thermosets and rubber materials are materials that after crosslinking (vulcanization) cannot 

be reprocessed. If the material is melted it decomposes. Three different plastics are dominant 

today PVC, PE and PEX. PVC and PE are thermoplastics. PEX is crosslinked PE. (Ericsson 

2004) 

 

2.1.3 Cable Designations 
The Swedish system of naming cables usually consists of 2-5 letters and each letter describes 

different parts of the cable. The first letter describes what the conductor consists of. The 

second letter describes the isolation material. The third letter describes the sheath or other 
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construction details. The fourth and fifth letters describes construction details or usage. 

(Ericsson 2004) 

 

2.1.4 Evolution of cables 
Table 2.1.1 shows the evolution of cables. (Svensk Energi 2013c) 

 

Table 2.1.1: Evolution of tables. 

Time 

period 

Voltage Conductor Isolation material Sheath 

< 1960 High/low 

voltage 

Copper Impregnated 

paper/Oil 

Lead 

1950-

1980 

High voltage Copper Impregnated 

paper/Oil 

Lead 

1950-

1970 

Low voltage Copper PVC PVC 

1970-

1980 

High voltage Copper/Aluminum PEX PVC 

1970-

1980 

Low voltage Copper/Aluminum PVC PVC 

1980-

1990 

High voltage Aluminum PEX PVC, 

PE 

1980-

1990 

Low voltage Aluminum PVC PVC 

>1990 High voltage Aluminum PEX PVC/PE 

>1990 Low voltage Aluminum PEX PVC/PE 

2.2 Possible environmental and health effects 

2.2.1 Copper and Aluminum 
The usage of copper as conductor material in power cables has decreased but is still used in 

some cables. The risk of toxic effects from copper cables in the environment is low. A 

problem though is the mining process of the substance. The usage of copper is increasing and 

the mining of the ore is becoming more energy demanding because of the reduced assets that 

lead to mining in areas that has a lower rate of copper in the ground (Oberger et al 1996). 

Aluminum is one of the most common metals in the earth crust but the process of producing 

the metal is energy intensive and recycling of the metal should therefore be promoted. 

(Svensk Energi 2013b) 

 

2.2.2 Oil 
The isolation oil used in paper cables and oil cables is refined so that it contains less than 3 % 

PAH (Polycyclic Aromatic Hydrocarbons). Because of this it is not classified as carcinogenic 

but it can still be procarcinogenic which means that it can contribute to other carcinogenic 

substances. The oil mainly consists of large molecules which make it fairly stable with a long 

decomposing time and bio accumulation can happen. (Svensk Energi 2013b) 

 

2.2.3 PCB 
PCB (Polychlorinated biphenyl) is chemically a stabile substance and is toxic to the 

environment especially aquatic environments. It can be bio accumulated and can cause 

damages such as reproductive disorders. PCB is fairly common in oil cables and leakages 
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could render in significant environmental problems. When oil cables are extracted the risk for 

oil leakages must always be minimized. PCB can also be found in paper cables but is less 

likely to cause a soil contamination problem since the oil is impregnated into the paper 

isolation. There is special legislations to account to PCB. (Svensk Energi 2013b) 

 

PCB has a density of about 1,1 kg per liter. The average concentration of PCB in tested cables 

is 52 ppm. In Sweden there is about 700 km of oil cables. If you look at the free running oil in 

these cables about 70 % of these cables contain small amounts of PCB with an average value 

of 52 ppm PCB per liter oil. The cables are estimated to contain a total of 25 kg of PCB. Out 

of these 25 kg about 10 kg has been taken care of through recycling of old cables. About 12 

kg is found in cables out of operation and 3 kg in cables in operation. These numbers are 

though a rough estimation. (Neuendorff 2009) 

 

2.2.4 Lead 
Lead is used in paper cables and the total amount of lead in these cables in Sweden is several 

tens of thousands of tons. Lead constitutes a risk when it is in the form of cations or if it is 

present in compounds with other substances. It can then affect enzymes in the metabolism, 

nervous system or the blood of the human body. Lead is poisonous to all plants, animals and 

microorganisms. After about 100 years of usage can lead be leached out from paper cables 

and can then cause environmental problems. The risk is higher in areas where the ground has 

a low pH-value since a pH-value under 5 increases the adsorption of lead substantially. 

(Svensk Energi 2013b) 

 

2.2.5 Hazardous material in PVC-cables 
Flame retardants are used in PVC-cables and in new cables they consist of aluminum- and 

magnesium hydroxide which is considered to have small environmental impact. In earlier 

PVC-cables though the flame retardants consisted of chlorinated paraffin which made up 10 

weight percent of the sheath. The chlorinated paraffin is not stably bound to in the plastic and 

can because of this contaminate the surrounding ground. It is suspected that the paraffin can 

cause cancer and it is highly toxic to aquatic organisms and can cause long term damage to 

aquatic environments. (Svensk Energi 2013b) 

 

Plasticizers in the form of phthalates are used in PVC-cables. They constitute about 15-20 

weight percentages of the plastics. The phthalates used to consist of DEHP 

(diethylhexylphtalat) which can cause reduced fertility and birth defects. Today the phthalates 

instead consist of the less hazardous DIDP (disiodecylphtalat). (Svensk Energi 2013b) 

 

2.2.6 Carbon Dioxide (CO 2) 
Carbon dioxide is the greenhouse gas that contributes the most to the greenhouse effect. The 

main source of CO2- emissions comes from combustion of fossil fuels but also the 

deforestation contributes to the CO2 in the atmosphere. The gas is very persistent in the 

atmosphere and will affect the climate for a long time. In Sweden about 80 % of the 

greenhouse gases consist of carbon dioxide. (Miljöportalen 2009) 

 
2.2.7 Sulfur dioxide (SO2) 
Sulfur dioxide (SO2) is a gas that is formed when fuels containing sulfur is incinerated. Sulfur 

dioxide forms sulfuric acid (H2SO4)  in the atmosphere which then leads to acid rain that 

acidifies soil and water. This causes damage to forests and plants and the effects of the 

acidification remains for decades in the nature. (SMHI 2012) 
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2.2.7 Phosphate (PO4) 
Phosphorus is an important nutrient for plants. Too much phosphorus leads to eutrophication. 

This is a big problem in the Baltic Sea where the eutrophication leads to algae blooms. When 

the algae are decomposed oxygen is consumed which causes oxygen free dead bottoms. Some 

algae can also produce toxins that are hazardous to humans and animals. (Natur och Miljö) 

 

2.2.9 Ethylene (C2H4) 
Ozone can be found in two different parts of the earth’s atmosphere, either at ground level or 

in the upper atmosphere. At both levels the chemical composition of ozone is the same O3. 

The ozone in the atmosphere protects the earth from the harmful solar rays. The ground level 

ozone is created through chemical reactions between oxides of nitrogen (NOx) and volatile 

organic compounds (VOC) such as ethylene (C2H4). Ground level ozone is harmful to humans 

even at low levels. It is also harmful to sensitive vegetation and ecosystems. (US 

Environmental protection agency 2012) 

 

2.2.10 CFC11  
Chlorofluorocarbons (CFCs) are for example used in refrigerators and deodorizers are cery 

strong greenhouse gases which compared to CO2 can have up to 10 000 times stronger 

greenhouse effect. The gases are synthetic and will build up in the atmosphere because their 

life time can be more than a century. (Ramanathan et al 2009) 

2.3 Extracting cables 

Before starting the extraction of cables it is important to reach agreements with a company 

that can take care of the cable scrap and recycle these. An agreement should also be made 

with a transporting company that can transport the cable scrap from the work place to the 

facilities of the recycling company. There should also be an agreement in place with an 

accredited laboratory that can analyze cables to check for PCB. (Svensk energi 2013f) 

 

Before oil cables can be extracted from the ground and sent to recycling the oil in the cables 

needs to be extracted first. To do this at first an authorization is needed from the Swedish 

environmental protection agency (Naturvårdsverket). A sample of a few ml of oil is then 

taken and sent to a laboratory to see if there is PCB present in the oil. Then the work to extract 

the oil can begin. The oil is extracted with the help of pressurized water or air that is sent 

through the cable. There are companies who are specialized in extracting oil from cables and 

an agreement should be made with one of these when extracting oil cables. (Svensk energi 

2013e) 

2.4 Monte Carlo method 

A Monte Carlo simulation is a statistical method used to analyze random phenomena. A 

computer randomly select outcomes based on given statistical parameters. The process is then 

repeated many times which makes it possible to see the range of different outcomes (The 

educated investor 2009). The method is closely related to random experiments since the 

specific result is not known in advance. The input parameters used in the model depends on 

different external factors and possible risks associated with the parameters should be taken 

into consideration. (Rayshaudhuri, 2008) 
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The first step in in a Monte Carlo simulation is to develop a deterministic model which looks 

much like the real scenario. Here the most likely values for the input parameters are used. The 

second step is then to add risk components to the model. It is then necessary to identify 

underlying factors that governs the input variables, if there are any. Because of this it is 

necessary to find historical data about the variables. The third step is then to generate a set of 

random numbers from the underlying factors. One set of random numbers, with one number 

from each of the input variables will be used in the model to generate one set of output values. 

The process is then repeated with different random numbers for the input factors each time to 

generate many possible outcomes. Finally the different outcomes are analyzed. 

(Rayshaudhuri, 2008) 

 

Monte Carlo simulations are a useful mathematical technique for analyzing uncertain 

scenarios and to provide probalistic analysis for different situations. (Rayshaudhuri, 2008) 

2.5 Recycling of cables 

Because of the different composition in the different types of power cables they are recycled 

through different methods. Oil- and paper cables are recycled through mechanical sorting and 

incineration. The outer layer that protects the cable is then removed mechanically and the 

isolation material and the oil (with possible PCB) is then incinerated. Lead is separated when 

it melts at 300 
0
C. If PCB is present in the cables then the recycling must take place in 

specially adapted plants. (Svensk Energi 2013d) 

 

With the plastic (PVC,PEX) cables the most common way to recycle cable waste is through a 

cable granulation process. The process begins with the sorting of the cable waste into different 

fractions to ensure that the different materials are as pure as possible. The cables then enter 

the granulation process where the first step is the chopping of the cables with the following 

granulation where the pieces are reduced in size. Then the insulation material is first separated 

from the metals with the help of a fluidized bed where heavier metals move up the bed and 

lighter plastics floats down the bed. The result from the bed is then a clean metal fraction and 

a plastic fraction which also consists of 3-6 weight percent of metal. Since cables can consist 

of several different polymers and compounds such as PE, PEX and PVC there is a need to 

divide the plastics in the plastic fraction from each other. There are then several different 

techniques that can be used to separate the plastics based on differences in density, magnetic, 

electric, chemical or optic properties. The technique used by the company Stena Metall in 

Sweden is a Plastsep process. The Plastsep process is a multi step wet density separation of 

the granulated cable plastic waste. The process also separates the small fraction of metal from 

the plastics so that the total of metals recycled is increased to more than 99,5 %. In the 

process the plastics is sent into a sink/float separator that uses the fact that PE-materials has a 

lower density than water and PVC has a higher density than water. This causes the PE and 

PEX plastics to float and the PVC to sink along with the metal fraction. The heavier materials 

are then sent to a vibrating wet separation table where the metal is separated from the PVC. 

(Boss et al 2011) 

 

The PVC and PE plastics can then be melted and processed into new compounds. The PEX 

plastics cannot be re-melted and can be used for energy recovery through incineration sice it 

has a high energy value. Tests have also been conducted where PEX has been mixed with 

other plastics and then the mix has been used for new products. (Boss et al 2011) 
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2.6 Kabel-X 

Kabel-X was developed by an Austrian named Alois Pichler. The purpose was to develop a 

simple and safe way to install fiber cable to spread high speed internet across Europe. With 

Kabel-X the core of an old power or IT cable is pulled out which leaves only the outer sheath 

of behind and then a fiber cable is inserted instead. (Neuendorff  2008) 

 

When using Kabel-X first two access points are dug to access the cable with a distance of up 

to 400 m (but typically of 100-150 m) between each other and the cable is cut at these points. 

An environmental friendly oil is then pumped into the cable between the outer layer and the 

cable core. Then the core is pulled out with the help of a hydraulic winch and a fiber cable is 

inserted instead. (Kabel-X 2011) 

 

Advantages with using Kabel-X is that it is more cost effective than compared to excavation 

and the time necessary to extract the cables is reduced. The equipment necessary is cheap and 

simple and more environmental friendly than the machines used for excavation. It reduces the 

amount of necessary planning and need for permissions since the impact on the land is 

reduced compared to excavation. (Neuendorff  2008) 

2.7 Life cycle assessment (LCA) 

With an increasing environmental awareness, industries and business assess more and more 

how their activities effect the environment. Issues like resource depletion and environmental 

degradation has led to that companies provides more environmental friendly products 

produced through more environmental friendly processes. One tool to produce “greener” 

products is Life Cycle Assessment (LCA). The LCA takes into account the entire life cycle of 

a product so to say from cradle to grave. This then begins with the gathering of raw materials 

and ends when all the materials are returned to the earth and all the stages of the products life 

are assessed. With the help of an LCA products and processes that result in the lowest 

environmental impact on the environment can be selected. (Curran 2006) 

 

There are four main steps in an LCA. The first one is Goal definition and scoping. In this the 

process is described. The context in which the assessment is made is established along with 

the identification of boundaries and environmental effects that are to be reviewed in the 

assessment. The second step is an Inventory analysis. In this step you identify and quantify 

energy, water, material usage and environmental releases. The third step is Impact 

assessment. Here the potential human and ecological effects of energy, water, material usage 

and environmental releases that were identified in step two are analyzed. The final fourth step 

is Interpretation. Here the results of the second and third step are evaluated. (Curran 2006) 
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A life cycle for a product can be seen below (Curran 2006): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The scope for this thesis is only the recycling part of the LCA. 
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3. Method 

To create a knowledge base a literature review is conducted first where information is 

obtained about cables and the material the cables consists of. Information about how the 

cables are extracted from the ground and how they are later recycled is also collected. During 

the thesis I have had contact with a few people through e-mail that has helped me with 

information and specifics regarding machines and cables. They are mentioned in the method 

part. 

 

A few specific cables were selected to be examined. The cables were selected so that there 

were two cables with plastic (PVC) insulation, one with a copper core and one with an 

aluminum core. Then one cable has paper insulation and one uses oil as insulation. The 

specific dimensions of the cables were then chosen by the advice of Rolf Neuendorf who is a 

retired expert in the field. The cables were selected so that they vary in composition, are 

common in Sweden and have a fairly high amount of metal per m cable. The specifics of 

these cables were established with the help of Ulf Jitelius at Draka Kabel and can be seen in 

table 3.1-2. 

 

Table 3.1: Specifics on cables selected to be examined. 

Cable Dimensions 

(mm
2
) 

Type of 

cable 

Voltage 

FKKJ 3*150+70 PVC 1 kV 

FCCJ 3*120 Paper  1 kV 

AKKJ 3*240+72 PVC 1 kV 

FCTJO 3*240 Oil  

 

Table 3.2: Weights of selected cables. 

Cable  Weight (kg/m) Copper 

(kg/m) 

Aluminum 

(kg/m) 

Lead 

(kg/m) 

Others 

(kg/m) 

FKKJ 5,5 4,47   0,91 

FCCJ 6,9 3,36  2,11 1,43 

AKKJ 3,9 0,63 1,88  1,33 

FCTJO 30 6,4    

 

FCTJO is an oil cable that was produced from 1948 to 1966 and is known to contain PCB in 

its free running oil. It consists of 1 liter of free running oil per m. It consists of about as much 

oil in the paper insulation but samples has not been taken from this oil so it is unclear whether 

it contains PCB. The average oil cable in Sweden consists of about 52 ppm PCB per liter free 

running oil (Neuendorff 2009). The oil cable is assumed to cost as much to extract as the 

other cables. An extra cost when extracting this cable is to drain the cable on oil. There are 

companies that perform this service but a cost estimation of how much it would cost to drain 

the cable could not be made. If there is PCB in the oil cable then the recycling company will 

charge you for recycling the cable. Information of how much you have to pay the recycling 

company to recycle the FCTJO examined in the thesis could not be retrieved. Because of this 

the oil cable should only be extracted if there is an environmental concern so that money is no 

object. 
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The plan was originally to examine one more cable which was another paper cable (ACJJ) 

containing aluminum but since it was not possible to find the weight of the materials in this 

specific cable it was not included. The cable also had a sale value to the recycling company of 

only 1 sek per kg of cable render it from an economical point of view uninteresting. 

 

Different scenarios will then be examined where the cost of extracting cables by excavation in 

grass, asphalt and cobblestone and by using Kabel-X will be examined. Emissions released 

during the cable extraction in the different scenarios will also be looked into. The cables are 

then sold to a recycling company. The emissions released from the process of recycling the 

cables will be examined along with the avoided emissions from reusing the metals in the 

cables instead of extracting new raw materials. Then the cost for extracting the cables will be 

compared with sale value. The costs of transports and emissions from transports have not 

been included in the thesis. Neither has the cost for buying machines been included in the 

thesis, it is only the running costs that has been included. Kabel-X is still largely used on a 

test base and works only with the plastic cables.  

 

In each part the Monte Carlo method is used to show the probabilities for the different 

scenarios. The reason for choosing the Monte Carlo method was that it is a way to show how 

the result can vary depending on how sure you are on your parameters. For example if a 

company wants to extract cables with the Kabel-X technique which is not an established 

technique and because of this the costs for using it are uncertain. By using the Monte Carlo 

method you can then show how low the costs might be and how low the costs might be and 

with what certainties. Depending on this you can then decide if there is a good chance of 

making profits or not when extracting the cables. In this thesis the Monte Carlo method was 

used with the help of a computer program where each parameter is given a standard deviation 

(stdv). The standard deviation tells how much a parameter such as the cost for digging a cable 

trench will fluctuate from time to time. When deciding the standard deviations discussions 

were made with my supervisor Per Frändegård. The program then sums up all parameters and 

the standard deviations and simulates the scenario and then gives a mean figure for the 

scenario and which range it will fluctuate between. Each scenario will be run a 1000 times to 

a good understanding of how much the numbers will fluctuate. 

 

By using the Monte Carlo method it can be shown in the economic section to the private 

stakeholder that the cost can vary and that there is a small chance of making profits although 

the chance is quite small. The figures can help to stress the importance to keep certain costs at 

a minimum. This can be a better way to show information to a company where it is always 

important to keep costs as low as possible instead of just showing a mean value and conclude 

that it is not possible to extract and recycle cables at a profit. That might lead to the company 

losing interest and shift focus to other business opportunities. 

 

From an environmental point of view the Monte Carlo method helps to show just how big the 

emission intervals are. This could be important if for example a municipality wants to hire a 

company to extract and recycle cables. The company should perhaps then not only be chosen 

on economical criteria’s but also on environmental so that the environmental benefit is not 

lost. For example a company using newer machines that uses less fuel could be chosen. 
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3.1 Economy 

The cost for extracting cables is retrieved from Swedish energy’s (Svensk energi) cost 

directory KLG 1:13. In the calculations it is assumed that the cost for extracting the cables is 

the same for all of them. The costs are divided between salaries, machine cost, materials and 

other costs. All costs are then given a standard deviation of how much they are likely to 

fluctuate. After talking to Lars Jönsson at Tekniska verken in Linköping it was established 

that the cost estimations using the KLG 1:13 are usually quite accurate the standard deviation 

is set to 10 % for all costs. One cost is added that cannot be found in the cost directive which 

is the actual removal of the cable from the ground. There is only a cost for laying down a 

cable so this cost is used instead with a 25 % increase and the standard deviation is set to 30 

%. The costs for extracting cables while using Kabel-X is retrieved from Kabel-X Scandic. 

These costs are divided in operational costs (salary, fluids and machinery) and license costs 

that allow you to use the technique. The conditions are that a team of two employees works 

for 15-20 days per month and retrieves 200-250 m cable per day.  Since Kabel-X is not a 

widely used technique these costs are given a higher standard deviation of 30 %. In the 

calculations for Kabel-X the access points are set to be 150 m apart and that the point is 2*1 

m in size. In the scenarios involving asphalt the amount of asphalt that needs to be relayed is 

set to 1,5 m
2
 per m extracted cable. 

 

Fixed costs are also included and represent the costs for transportation of machines and 

acquiring permits for extracting the cables. These costs were also derived from Swedish 

energy’s (Svensk energi) cost directory KLG 1:13 

 

When the cables have been extracted they will be sold to the company Stena Recycling who 

will then recycle the cables. The cost for extracting the cables is compared to the sale value of 

the cables. A chart of the process can be seen below: 

 

 

 

 

 

 

 

 

3.2 Environment 

LCA-principles will be used in the thesis. Five emission gases will be examined in the 

different stages of handling the cables. The stages are extraction of the cables, the recycling of 

the cables and the avoided emissions from reusing the materials in the cables instead of 

extracting new ones. The emissions examined in the thesis will be Carbon dioxide (CO2), 

Sulfur dioxide (SO2), Phosphate (PO4), Ethylene (C2H4) and Trichlorofluoromethane (CFC11). 

A chart of the process can be seen below: 
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3.2.1Extraction of cable 
The amount of emissions released during the extraction of the cables is calculated from the 

amount of hours an excavator needs to run during the process of extracting the cable. The 

amount of hours that is needed for each part of the process is retrieved from Swedish energy’s 

(Svensk energi) cost directory KLG 1:13. The machine hours is then multiplied with the fuel 

consumption of the excavator that is usually used for this kind of work. The fuel consumption 

was set to 8,5 l/h after talking to Arne Berg at Tekniska Verken. That is then multiplied with 

the amount of CO2, SO2, PO4, C2H4 and CFC11 that is released from combusting 1 liter of 

diesel. The amount of emissions released from combusting diesel was retrieved from the 

Frischknecht et al (2005) database. In the asphalt scenario only the emissions from the fuel 

consumption of the asphalt paver was taken into consideration, so emissions from the 

production of the asphalt was not included. The asphalt paver fuel consumption was derived 

from Stripple (2001). In the case of Kabel-X a diesel generator runs the pump and the fuel 

consumption was derived from the generator. Information from tests with Kabel-X shows that 

the oil pump needs an effect of 3 kW or more so a typical 4 kW diesel generator was selected. 

The pump pumps the fluid through 4 m of cable per minute and an excavator is used to pull 

the interior out from the cable at a rate of 10 m per minute. The standard deviation is set in the 

same way as in the economy section with 10 % for excavation and 30 % for Kabel-X. 

 

3.2.2 Recycling of cables 
In the recycling part the energy usage, in the form of electricity, in the recycling process of 

the cables will be multiplied with the amount of CO2, SO2, PO4, C2H4 and CFC11 that is 

released for each used MJ of energy. The amount of emissions released per MJ is derived 

from the Frischknecht et al (2005) database. The amount of energy needed to recycle the 

cables is retrieved from Stena Recycling. It is only the plastic cables (PVC) that is compared 

in this scenario since the paper and oil cable is only cut up by hand and then incinerated. The 

emissions from the incineration of the cables are not included since no data could be obtained 

on this. The standard deviation was set to 20 % when doing the Monte Carlo simulations in 

this section. 

 

3.2.3 Avoided emissions 
Avoided emissions are the emissions that do not happen because the materials in the cables 

are recycled instead of new raw materials being extracted and processed. The materials 

examined are copper, aluminum, plastics and lead. So the insulation material in the paper 

cable and the oil cable are not included. The parameters examined are again CO2, SO2, PO4, 

C2H4 and CFC11. The emission numbers were derived from the Frischknecht et al (2005) 

database. The standard deviation was set to 10 % when doing the Monte Carlo simulations in 

this section. 

 

3.2.4 Sum of emissions 
In the sum of emissions section the emissions from extracting the cables are added with the 

recycling emissions. These combined emissions are then subtracted with the avoided 

emissions so that it is possible to see if emissions are added or taken away through using 

recycled materials instead of using new raw materials. 

 

 

 

 

 

 



19 

 

4. Result and Analysis 

4.1 Economy 

 

4.1.1 Extracting cable 
Figure 4.1.1 shows the cost of extracting cables from the ground. Excavation is divided in 

digging either in grass, asphalt or cobblestone. The calculation for Kabel-X is done when the 

cable is extracted from asphalt. The figure shows the intervals within which the cost can 

fluctuate.  So when extracting cables through excavation in asphalt the cost for extracting 1 m 

of cable might be 800 sek but it might also be 1400 sek. The square shows the average cost of 

the 1000 runs done in the computer program. The percentages shows the certainty that the 

cost for extracting 1 m of cable will be lower that a certain price. So there is 50 % chance that 

the price for extracting 1 m of cable through excavation in asphalt will be lower than about 

1050 sek but only a 30 % chance that it will be lower than 1000 sek.  

 

Figure 4.1.1 shows that the cheapest extraction scenario is excavation in grass with a mean 

cost of 170 sek per m cable. The range of the possible cost is between 135 and 215 sek. As 

can be seen in table 4.1.1 the cost distribution between salary and machinery is quite even and 

there is no big cost that stands out. As a comparison the Kabel-X alternative is a bit more 

expensive than grass excavation with a mean value of 240 sek per m cable. The cost range for 

Kabel-X is between 160 and 400. The cost for excavating in asphalt is quite a lot higher than 

the grass scenario with a mean cost of 1050 sek within a range of 750-1400 sek per m cable. 

The cost for removing cables from cobblestone has a mean value of 590 sek with a cost range 

of 520-690 sek. The cost for removing and relaying the cobblestone makes up a big part of the 

cost as can be seen in table 4.1.3. 

 

 

 

 
Figure 4.1.1: Cost for extracting 1 m of cable from the ground. 
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Figure 4.1.2 shows the fixed cost for starting up a new worksite and consists of transporting 

machines and acquire permits. The mean costs for this is 10 000 sek and the range is 7400 to 

15 000 sek.  

 

 
Figure 4.1.2: Fixed costs when extracting cables. 

 

Table 4.1.1 shows the selected mean value cost used to create the different excavation 

scenarios. In table 1 the costs for excavation in grass can be seen. 

 

Table 4.1.1: Shows the mean value costs in SEK for excavation in grass per m cable. 

Excavation (Grass) Salary Machine Material Other 

costs 

Total 

costs 

Clousure of traffic during 

excavation 

4,9 1,6   6,5 

Excavation and refilling of ground 41,9 52,1 5,1  99,1 

Digging to expose cable 25,1 23,1   48,2 

Extraction of cable 7,7 6,6   14,3 

Total costs 79,6 83,4 5,1 0,0 168 

 

In table 4.1.2 the mean costs for excavation in asphalt can be seen. The table shows that the 

big cost difference between excavation in grass and asphalt is the cost for relaying the asphalt 

which has a mean cost of 840 sek per meter cable whereas the cost for breaking up the asphalt 

only has a mean cost of  35 sek. The amount of asphalt that needs to be relayed was set to 1,5 

m
2
 per m cable so the cost could be reduced if the amount of needed asphalt can be reduced. 
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 Table 4.1.2: Shows the mean value costs in SEK for excavation in asphalt per m cable. 

Excavation (Asphalt) Salary Machine Material Other 

costs 

Total 

costs 

Clousure of traffic during 

excavation 

4,9 1,6   6,5 

Breakup of asphalt 12,5 17,4  5,6 35,5 

Relaying asphalt    841,5 841,5 

Excavation and refilling of ground 41,9 52,1 5,1  99,1 

Digging to expose cable 25,1 23,1   48,2 

Extraction of cable 7,7 6,6   14,3 

Total costs 92,1 100,8 5,1 847,1 1045 

 

 

In table 4.1.3 the mean costs for excavation in cobblestone can be seen. 

 

Table 4.1.3: Shows the mean value costs in SEK for excavation in cobblestone per m cable. 

Excavation (Cobblestone) Salary Machine Material Other 

costs 

Total 

costs 

Breakup of cobblestone 73 21,5   94,5 

Relaying cobblestone    166 166 

Excavation and refilling of ground 41,9 52,1 5,1  99,1 

Exchanging soil 8 8 39,5  55,5 

Add ons for working at existing 

cable 

3,7 5,3   9,0 

Add ons for excavation at existing 

cable 

12,6 9,9   22,5 

Digging to expose cable 25,1 23,1   48,2 

Landfill fee    51,5 51,5 

Adding sand 6,4 11,7 9,9  28,0 

Extraction of cable 7,7 6,6   14,3 

Total costs 178,4 138,1 54,5 217,5 589 

 

In table 4.1.4 the mean costs for extracting cables with Kabel-X can be seen. The table shows 

that the big costs for Kabel-X lies in the license costs which in the mean values consists of 

about 120 sek. This shows that there is room for improvements if the licence costs can be 

negotiated to a lower price The Kabel-X-scenario was calculated for asphalt but the extra cost 

for the asphalt is quite low at around 10 sek. 
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Table 4.1.4: Shows the mean value costs in SEK for Kabel-X per m cable. 

Kabel-X  

Operational costs  

Wage 34 

Fluid 25,5 

Machinery 25,5 

Royaltie 6,4 

Licence costs  

Management 34 

Royaltie 93,5 

Digging costs  

Excavation and refilling of ground 2,2 

Breakup of asphalt 0,47 

Relaying asphalt 11,22 

Total sum 233 

 

4.1.2 Recycling cable 
The sale value of the cables is 28 sek/kg cable for the FKKJ-cable. 5 sek/kg for FCCJ and 9,5 

sek/kg for AKKJ. The mean extraction costs compared to the sale value per m cable can be 

seen in table 4.1.5. The sale value of the cables is largely lower than the cost of extracting 

them from the ground. There is about 10 % chance according to figure 4.1.1 that the cost for 

extracting the FKKJ cable through excavation in grass could be lower than the sale value and 

a profit could be made from extracting the cable.  

 

Table 4.1.5: The mean cost of extraction compared to the sale value of the cables 

Cable Cost for 

extraction 

(grass) 

Cost for 

extraction 

(asphalt) 

Cost for extraction 

(cobblestone) 

Kabel-

X 

Sale value of 

cable per m (Sek) 

FKKJ 168 1050 590 243 154 

FCCJ 168 1050 590  34,5 

AKKJ 168 1050 590 243 37,05 

 

The mean cost, including fixed cost, for extracting 1000 m of cable compared with the sale 

value of 1000 m of the cables can be seen in table 4.1.6. The mean fixed cost of 10 000 is here 

included but as can be seen it becomes small compared to the running costs. 

 

Table 4.1.6: The costs for extracting 1000 m of cable compared to the sale value of the cables 

in sek. 

Cable Grass Asphalt Cobblestone Kabel-X Sale value of 

cable 

FKKJ 180 000 1 060 000 600 000 253 000 154000 

FCCJ 180 000 1 060 000 600 000  34500 

AKKJ 180 000 1 060 000 600 000 253 000 37050 
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4.2 Environment 

 

4.2.1 Extracting cable 
Figure 4.2.1-5 shows the emissions of CO2, SO2, PO4, C2H4 and CFC11 per m extracted cable. 

They all have the same pattern with Kabel-X having very low emissions because of the low 

usage of machinery that comes with this technique. Full size figures can be seen in annex 1. 

 

 
Figure 4.2.1-2: Amount of CO2- and SO2-equivalents released when extracting one meter of 

cable. 

 
 

Figure 4.2.3-4: Amount of PO4- and C2H4-equivalents released when extracting one meter of 

cable. 

 

 
Figure 4.2.5: Amount of CFC11-equivalents released when extracting one meter of cable. 
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Table 4.2.1 shows the mean values of emission from the different extraction scenarios. 

 

Table 4.2.1: Emission mean values from extraction of the cables per m cable. 

 CO2 (kg) SO2 (g) PO4 (g) C2H4 (g) CFC11 

(micrograms) 

Excavation grass 3,5 28,6 6 3,6 463 

Excavation asphalt 4,3 34,4 7,3 4,3 559 

Excavation 

cobblestone 

5,8 47 9,9 5,9 761 

Kabel-X 0,14 1,1 0,18 0,11 14,3 

 

4.2.2 Recycling cable 
Figure 4.2.6-10 shows the amount of emissions released from the process of recycling the 

cables per meter recycled cable. Full size figures can be seen in annex 2. 

 

 
Figure 4.2.6-7: Amount of CO2-equivalents released when 1 meter of the cables is recycled. 

 

 
Figure 4.2.8-9: Amount of PO4- and C2H4-equivalents released when 1 meter of the cables is 

recycled. 
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Figure 4.2.10: Amount of CFC11-equivalents released when 1 meter of the cables is recycled 

 

Table 4.2.2 shows the mean emission values released during the recycling process. 

 

Table 4.2.2: Mean emission values released during the recycling process per m cable. 

Cable g CO2 mg 

SO2 

mg 

PO4 

mgC2H4 micrograms 

CFC11 

AKKJ 88 314 43 29 17 

FKKJ 63 224 31 21 12 

 

The average oil cable consists of about 52 ppm PCB per liter of free running oil. The FCTJO 

cable examined consists of 1 l of free running oil so it consists of 52 ppm PCB per m cable. In 

a 1000 m of the FCTJO-cable there will then be 57 g of PCB. 

 

4.2.3 Avoided emissions 
Figure 4.2.11-15 shows the amount of emissions that are avoided when a cable is recycled 

since the materials, such as metals, in the cables can be reused instead of new raw materials 

being extracted and processed. The avoided CO2-emissions are very high for the AKKJ-cable 

because of the aluminum in this cable which requires a lot of energy during its production. It 

should be remembered that the only materials examined in the avoided emissions section is 

copper, aluminum and plastics so the insulation in the paper and oil cable along with the lead 

in the FCCJ (parper) cable. The insulation in these cables will however be incinerated and not 

recycled. Full size figures can be seen in annex 3. 

 

 
Figure 4.2.11-12: Amount of avoided CO2- and SO2-equivalent emissions from reusing the 

materials in the recycled cables. 
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Figure 4.2.13-14: Amount of avoided PO4- and C2H4-equivalent emissions from reusing the 

materials in the recycled cables. 

 

 
Figure 4.2.15: Amount of avoided CFC11-equivalent emissions from reusing the materials in 

the recycled cables. 

 

Table 4.2.3: Mean values of avoided emissions from recycling of cables per m cable. 

Kabel kg CO2 eq g SO2 eq g PO4 eq g C2H4 micrograms CFC-11 eq 

FKKJ 4,2 207 14,4 14,1 399 

FCCJ 1,7 151 9,8 9,2 273 

AKKJ 22,7 128 11,8 14,1 1180 

FCTJO 3,3 288 18,7 17,6 520 

 

4.2.4 Sum of emissions 
Table 4.2.4-7 shows the sum of the emissions for the different cables. Negative numbers 

means that emissions are saved from the atmosphere compared to if new raw materials were 

used. Positive numbers means that emissions are added to the atmosphere so it would be 

better to leave the cables in the ground and extract new raw materials. 

 

Table 4.2.4: Shows the sum of emissions for the cable FKKJ. 

Sum of emissions kg CO2 eq g SO2 eq g PO4 eq g C2H4 

eq 

micrograms 

CFC-11 eq 

FKKJ (Grass) -0,637 -178 -8,37 -10,5 76 

FKKJ (Asphalt) 0,163 -172 -7,07 -9,78 172 

FKKJ (Cobblestone) 1,66 -160 -4,47 -8,18 374 

FKKJ (Kabel-X) -4,00 -206 -14,2 -14,0 -373 
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Table 4.2.5: Shows the sum of emissions for the cable FCCJ. 

Sum of emissions kg CO2 eq g SO2 eq g PO4 eq g C2H4 

eq 

micrograms 

CFC-11 eq 

FCCJ (Grass) 1,8 -122 -3,8 -5,6 190 

FCCJ (Asphalt) 2,6 -117 -2,5 -4,9 286 

FCCJ (Cobblestone) 4,1 -104 0,1 -3,3 488 

 

Table 4.2.6: Shows the sum of emissions for the cable AKKJ. 

Sum of emissions kg CO2 eq g SO2 eq g PO4 eq g C2H4 

eq 

micrograms 

CFC-11 eq 

AKKJ (Grass) -19,1 -99,1 -5,76 -10,5 -700 

AKKJ (Asphalt) -18,3 -93,3 -4,46 -9,77 -604 

AKKJ (Cobblestone) -16,8 -80,7 -1,86 -8,17 -402 

AKKJ (Kabel-X) -22,5 -127 -11,6 -14,0 -1149 

 

Table 4.2.7: Shows the sum of emissions for the cable FCTJO. 

Sum of emissions kg CO2 

eq 

g SO2 eq g PO4 eq g C2H4 

eq 

micrograms 

CFC-11 eq 

FCTJO (Grass) 0,2 -259 -12,7 -14 -57 

FCTJO (Asphalt) 1 -254 -11,4 -13,3 39 

FCTJO (Cobblestone) 2,5 -241 -8,8 -11,7 241 

 

As can be seen in table 4.2.4-7 there are possibilities for environmental gains from extracting 

cables since the emissions of extracting and recycling the cables are in several cases smaller 

than the avoided emissions. Especially in the case of Kabel-X the environmental incentive is 

large. It should again be remembered that the insulation material in the paper (FCCJ) and the 

oil cable (FCTJO) is not taken into account. For CO2 the result with Kabel-X is always minus 

and for the cable AKKJ the possible gains is big.  When excavating the other cables the result 

is not as good and in most cases results in more emissions than if new raw materials is 

extracted. For SO2 the result is better and in all cases there is an environmental gain. The 

cable containing aluminum (AKKJ) has got the lowest values in this section which suggests 

that copper production leads to more SO2-emissions. For PO4 the result is also good with 

environmental gains in all cases but one. The cable FCTJO has the biggest gain since it 

contains the biggest amount of copper. In the case of C2H4 there is an environmental gain in 

all cases. For CFC11 environmental gain is primarily made with Kabel-X or with the cable 

AKKJ which, as with SO2, suggests that aluminum production leads to more CFC11-

emissions.  
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5. Discussion and conclusions 

In the thesis it has been shown that from an economic view for a private stakeholder it is hard 

to make a profit from extracting and recycling the cables examined. From an environmental 

view for the entire society there however is potential for environmental gains as has been 

shown in the thesis. Instead of extracting new raw materials emissions could be saved through 

the reuse of materials that exists in the ground power cables. With the current debate in 

Sweden about whether new mines should be allowed to be opened or not, because of their 

effects on the environment, the use of urban mining might be more and more important in the 

future.  

 

To get more companies interested in extracting cables perhaps governmental subsidies could 

be issued. This could induce more research in the field which would develop current 

techniques and perhaps result in new techniques to extract and recycle the cables and 

eventually lower the costs. For example with the Kabel-X technique should be cheaper to use 

when it is more established. As shown the biggest costs for Kabel-X lies in the license costs 

which might be reduced when the technique is used on a larger scale. 

 

Comparing the two techniques used to extract the cables that were examined excavation is the 

more favorable from an economic perspective if the extraction happens in grass for example 

in rural areas. During extraction in asphalt and cobblestone that is more likely to happen in a 

city environment it is though favorable to use Kabel-X. Looking at the environmental side it 

is always favorable to use Kabel-X because of its low machinery use.  

 

In the case of the cable FKKJ it is the one that has the highest sale value and therefore is the 

one that from an economical point of view is the most interesting. The sale value of course 

depends on the amount of copper and since this cable has the highest amount, except the 

FCTJO cable, it is worth the most. There is a chance to extract and recycle it to a profit so if 

costs are kept low it might be interesting to the private stakeholder. From an environmental 

point of view there is an incentive to extract this cable although the values for CO2 and CFC11 

are negative for excavation in asphalt and cobblestone. 

 

For FCCJ the sale value is low and because of this it is not interesting from an economical 

point of view. On the environmental side there is only an emissions reduction for SO2, PO4 

and C2H4 so in this context the cable is not so interesting to extract and recycle. But it is worth 

taking into account that it contains lead which needs to be extracted from the ground sooner 

or later since it is and potential environmental problem. 

 

The AKKJ cable has a low sale value and is not interesting for the private stakeholder. From 

an environmental view there however is a large incentive to extract this cable with positive 

values for all emissions. Since it contains aluminum a lot of CO2- and CFC11-emissions can 

be saved from recycling this cable. So for the society it makes sense to extract this cable. 

 

For the FCTJO cable it was not possible to establish the total costs for extracting this cable 

nor what the sale value of the cable is. Because of this it is hard to draw conclusions but from 

an economical view it is not interesting since it will be expensive to extract and you have to 

pay for recycling it. From an environmental point of view it is like the FCCJ not so interesting 

to extract if you look at the emissions. However if the cable contains PCB it must be extracted 
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at some point to avoid this leaking into the environment although there is also a risk of 

leakage during extraction.  

 

It can be concluded that for no cable is it economically interesting to extract a cable in asphalt 

or cobblestone unless Kabel-X is used. These conditions are likely to be found in city 

environments. Therefore it is more interesting to look at cables that can be found in rural 

areas. These conclusions were also drawn by Krook et al (2010). Although their research 

indicated that the potential economic gains were bigger than this thesis suggests.  

 

The choice of using the Monte Carlo method in the thesis could perhaps be debated. For 

example in the case of the extraction using Kabel-X the difference in the lowest and highest 

values is very small and makes the use of the method unnecessary. It also becomes very 

important which number you give the standard deviation in some cases and I had to estimate a 

suitable value for this which might make the curves less reliable. In the economy part an 

economic sensitivity analysis could be used instead where it could be examined what had 

happened if for example salaries were lowered or raised by 10 % or if the price of metals or 

diesel were lowered or raised by 10 %.  

 

One step to follow up this thesis could be to chart the existing cables in Sweden. How much 

cables there are and what types of cables they are and what their specifics are. Then records 

could be made to show what the value of the cables are and how much emissions that could 

be saved from extracting these cables instead of new raw materials. It is also important to 

know which cables exist in store since as shown in the thesis the value of the cables varies a 

lot. 

 

In the recycling section only the two plastic cables were examined since no machines are used 

in the dismantling of the cables and no emission numbers from the incineration of the 

insulation material could be retrieved. This is something that could be examined further to 

make the examination more complete. 
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Annex 

Annex 1 

Figure 1-5 shows the emissions from extracting cables. 

 

 
Figure 1: Amount of CO2-equivalents released when extracting one meter of cable. 

 

 
Figure 2: Amount of SO2-equivalents released when extracting one meter of cable. 
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Figure 3: Amount of PO4-equivalents released when extracting one meter of cable. 

 

 
Figure 4: Amount of C2H4-equivalents released when extracting one meter of cable. 
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Figure 5: Amount of CFC11-equivalents released when extracting one meter of cable. 

 

Annex 2 

Figure 1-5 shows emissions from the recycling process of the cables FKKJ and AKKJ. 

 

 
Figure 1: Amount of CO2-equivalents released when 1 meter of the cables is recycled. 
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Figure 2: Amount of SO2-equivalents released when 1 meter of the cables is recycled. 

 

 
Figure 3: Amount of PO4-equivalents released when 1 meter of the cables is recycled. 
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Figure 4: Amount of C2H4-equivalents released when 1 meter of the cables is recycled. 

 

 
Figure 5: Amount of CFC11-equivalents released when 1 meter of the cables is recycled. 
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Annex 3 

Figure 1-5 shows avoided emissions from reusing the materials in the cables instead of extract 

and process new materials. 

 

 
Figure 1: Amount of avoided CO2-equivalent emissions from reusing the materials in the 

recycled cables 

 

 
Figure 2: Amount of avoided SO2-equivalent emissions from reusing the materials in the 

recycled cables. 
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Figure 3: Amount of avoided PO4-equivalent emissions from reusing the materials in the 

recycled cables. 

 

 
Figure 4: Amount of avoided C2H4-equivalent emissions from reusing the materials in the 

recycled cables. 
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Figure 5: Amount of avoided CFC11-equivalent emissions from reusing the materials in the 

recycled cables. 
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