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Abstract  
 
The background to this study is increased efforts at Ericsson to evaluate the 
environmental impact of the products. Earlier Life Cycle Assessment (LCA) studies at 
Ericsson have mainly focused on the production- and use phases, whereas the End-of-
Life (EoL) phase has not been thoroughly considered. This, along with the fact that 
legislation on producer responsibility for electronics is anticipated in a number of 
countries around the world, has made research in the environmental impact of the EoL 
phase increasingly important.  
 
The main objectives of this study were: To develop scenarios for the most likely EoL 
treatment of Radio Base Station transceivers in the three geographic areas Europe, Japan 
and the USA, to evaluate the environmental impacts of these scenarios by using the LCA 
methodology, and finally, to compare the environmental impacts of the two options for 
EoL treatment of a Radio Base Station transceiver; dismantling and shredding without 
former dismantling. 
 
Initially, two transceivers were sent out for recycling trials, one to the Japanese recycling 
company Total Environmental Recycling Management and another to the American 
recycling company United Recycling Industries Inc. Also, contacts were established with 
the recycling companies MIREC B.V. in the Netherlands and Ragn-Sells 
Elektronikåtervinning AB in Sweden. Out of the results from the recycling trials and the 
contacts with MIREC and Ragn-Sells, four different scenarios were developed. These 
scenarios all start with manual dismantling. Furthermore, the Swedish recycling company 
AB Arv Andersson was contacted and an additional scenario based on shredding of an 
entire transceiver without former dismantling was developed. It shall be noted that the 
shredding scenario is a hypothetical scenario, based on the assumption that the 
transceiver does not contain any beryllium oxide components, which otherwise often 
require the transceiver to be dismantled.  
 
The five EoL treatment scenarios discussed above were combined with assumptions on 
the take-back logistics for discarded transceivers and totally nine different EoL scenarios 
were developed. Finally, the environmental impacts of these nine scenarios were 
evaluated by using the LCA methodology, and the following final conclusions were 
drawn:  
  
• The environmental impact due to transportation is relatively large compared to the 

impact of other processes involved in the End-of-Life phase of a transceiver.  
• In most cases, aeroplane transportation causes several times larger environmental 

impact per tonkilometre than truck transportation does.  
• It appears that, from an environmental point of view, shredding of an entire 

transceiver without former dismantling is a just as good alternative for End-of-Life 
treatment of a transceiver as a recycling process starting with dismantling. 
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Sammanfattning 
 
Denna studie har sin bakgrund i ökade satsningar inom Ericsson att utvärdera 
produkternas miljöpåverkan. Tidigare livscykelanalyser (LCA) hos Ericsson har 
huvudsakligen fokuserat på produktions- och användningsfaserna, medan 
sluthanteringsfasen inte har studerats lika noggrant. Detta, samt det faktum att 
lagstiftning om producentansvar för elektronikskrot är på väg att införas i ett flertal 
länder i världen, har ökat betydelsen av forskning om sluthanteringsfasens miljöpåverkan. 
 
Denna studies huvudsakliga syften var: Att utveckla scenarier för den mest troliga 
sluthanteringen av transceivrar för radiobasstationer i de tre geografiska områdena 
Europa, Japan och USA, att utvärdera miljöpåverkan av dessa scenarier med hjälp av 
LCA metodiken, och slutligen, att jämföra miljöpåverkan av de två alternativa 
möjligheterna till sluthantering av transceivrar för radiobasstationer; demontering och 
fragmentering utan föregående demontering. 
 
Inledningsvis skickades två transceivrar ut för provskrotning, en till det japanska 
återvinningsföretaget Total Environmental Recycling Management och en till det 
amerikanska återvinningsföretaget United Recycling Industries Inc. Kontakt togs även 
med återvinningsföretagen MIREC B.V. i Holland och Ragn-Sells Elektronikåtervinning 
AB i Sverige. Utifrån resultaten av provskrotningarna och kontakterna med MIREC och 
Ragn-Sells utvecklades fyra olika scenarier. Samtliga dessa scenarier inleds med manuell 
demontering. Dessutom kontaktades det svenska återvinningsföretaget AB Arv 
Andersson och ytterligare ett scenario baserat på fragmentering av en hel transceiver utan 
föregående demontering togs fram. Det skall betonas att fragmenteringsscenariot är ett 
hypotetiskt scenario baserat på antagandet att transceivern inte innehåller några 
berylliumoxidkomponenter, vilka annars ofta medför att transceivern måste demonteras.  
 
De fem ovanstående scenarierna för sluthantering av transceivrar kopplades ihop med 
antaganden om logistiken för återtagande av uttjänta transceivrar och totalt utvecklades 
nio olika scenarier. Slutligen utvärderades miljöpåverkan av dessa nio scenarier med 
hjälp av LCA metodiken och följande slutsatser drogs: 
 
• Miljöpåverkan orsakad av transporter är relativt stor i jämförelse med påverkan 

orsakad av andra processer som är involverade i en transceivers sluthanteringsfas.  
• Oftast orsakar flygtransporter flera gånger större miljöpåverkan per tonkilometer än 

lastbilstransporter gör.  
• Ur miljösynpunkt förefaller fragmentering av en hel transceiver, utan föregående 

demontering, vara ett lika bra alternativ för sluthantering av en transceiver som en 
återvinningsprocess som börjar med demontering. 
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1 Introduction 
 
In this chapter an introduction to the study is given and the objectives are described. 
Also, the scope and limitations, the study methodology and the structure of the report are 
presented. 
  
 

1.1 Background 
 
Ericsson is one of the world’s largest suppliers in the telecommunications and 
datacommunications industry. The Ericsson Group is divided into three business 
segments; Consumer Products, Enterprise Solutions and Network Operators and Service 
Providers. Ericsson Radio Systems AB is the largest company in the unit Network 
Operators and Service Providers and one of the world’s leading suppliers of mobile 
communication systems of the standards GSM, NMT, PDC, TACS and TDMA. 
 
Lately, increased efforts have been made at Ericsson to evaluate the environmental 
impacts of the products. These efforts include application of the Life Cycle Assessment 
(LCA) methodology. Earlier LCA studies at Ericsson have mainly focused on the 
production- and use phases, whereas the End-of-Life (EoL) phase has not been 
thoroughly considered. This, along with the fact that legislation on producer 
responsibility for Waste from Electrical and Electronic Equipment (WEEE) is anticipated 
in a number of countries around the world, has made research in the EoL area 
increasingly important.  
 
 

1.2 Objectives 
 
The objectives of the study were: 
 
• To develop scenarios for the most likely End-of-Life treatment of Radio Base Station 

transceivers1 in the three geographic areas Europe, Japan and the USA.   
• To collect Life Cycle Inventory data for these scenarios.  
• To quantify and evaluate the environmental impacts of these scenarios by using the 

Life Cycle Assessment methodology.  
• To compare the environmental impacts of the two options for End-of-Life treatment 

of a Radio Base Station transceiver; dismantling and shredding without former 
dismantling.  

 
                                                 
1 Radio Base Station transceivers handle the transmission of radio waves between the Radio Base Stations 
and the Mobile Stations in a mobile communication system. 
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1.3 Scope and limitations 
 
This study focuses on Radio Base Station (RBS) transceivers, as they are assumed to be 
representative for the type of electronic equipment developed at Ericsson Radio Systems. 
The scope of the study is limited to include only one specific type of transceiver, still the 
collected Life Cycle Inventory (LCI) data may also be used in future LCA studies of 
other transceivers as well as other Ericsson products. Since all transceivers are very 
similar in their design, conclusions regarding transceivers in general can be drawn from 
the obtained results. The transceiver under study is the KRC 121 10/2 R2A transceiver 
for the RBS 884 system of the TDMA-standard. This transceiver is hence the functional 
unit in the LCA. The KRC 121 10/2 R2A transceiver was chosen because detailed 
material content data was available for this transceiver.  
 
In this LCA, only the EoL phase of the transceiver’s lifecycle is considered. The EoL 
phase starts when the transceiver is discarded; the first process included in the study is 
the transportation of the transceiver from the last user to the next halt. In a comprehensive 
LCA, the EoL phase ends when all parts of the product are followed either as recycled 
materials back to the production phase or as elements back to nature. This is not always 
possible to accomplish, due to the extensive calculations and research work it would 
imply. Therefore, boundaries towards nature must be defined. A large amount of the 
materials from the transceiver is recycled in this study, therefore the EoL phase ends with 
amongst others recycled materials. Some other outputs from the EoL phase are emissions 
to nature (air and water) and waste to landfill. Furthermore, boundaries towards other 
lifecycles must be defined. In this study production of electricity, fuels and most raw 
materials used in the processes is accounted for but production of capital goods such as 
machines and trucks etc. is not considered. Human health issues are not considered apart 
from when they are accounted for as part of the prevalent environmental effects studied. 
 
The EoL phase of the transceiver is studied in three geographic areas Europe (represented 
by Sweden and the Netherlands), Japan and the USA. The time scope for the scenarios is 
the current situation. Also, a special case with a hypothetical future scenario involving 
shredding of an entire transceiver without former dismantling is analysed. All data used 
account for processes and technologies that are in use today. The data used are the best 
available; some data have been provided by personnel at the involved recycling facilities, 
other have been obtained from literature and former studies and other are mere 
estimations. The data are allocated as fair as possible in each individual situation, mostly 
according to weight. The specific allocations are described in connection to the processes 
in question.   
 
 

1.4 Methodology 
 
Initially, four weeks were spent on literature studies to become familiar with LCA in 
general, and EoL of electronics and telecommunication products in particular. As part of 
the literature study a literature search was made to investigate what had been written so 
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far within the subject area. A large amount of material was found regarding LCA and 
EoL in general, but only a limited amount of specific case studies regarding electronics 
were found. The result of the literature search indicated that EoL of electronics is a 
relatively unexplored field of study. 
 
Thereafter, an investigation was made on the different recycling processes for EoL 
treatment of discarded electronics. Out of this investigation a general model for recycling 
of transceivers was developed. In order to acquire a more thorough understanding of the 
relative environmental importance of the different processes involved, a number of 
environmental experts were consulted. The recycling processes judged to be of relatively 
great importance were prioritised for further studies.     
 
In order to develop scenarios for the EoL treatment of RBS transceivers in Europe, Japan 
and the USA, recycling companies in these geographical areas were contacted. Two 
transceivers were sent out, one to the Japanese recycling company, Total Environmental 
Recycling Management (TERM), and another to the American recycling company, 
United Recycling Industries Inc. Recycling trials were performed with these transceivers, 
and out of the results from the recycling trials and also the contacts with the recycling 
companies Ragn-Sells Elektronikåtervinning AB in Sweden and MIREC B.V. in the 
Netherlands, four different scenarios were developed. Also, the Swedish recycling 
company AB Arv Andersson was contacted and an additional scenario based on 
shredding of the entire transceiver without former dismantling was developed.   
 
Furthermore, take-back logistics for discarded transceivers were investigated. This 
investigation was done internally at Ericsson and resulted in a range of assumptions on 
the logistics for the transportation of discarded transceivers, from the RBSs to the 
recycling companies. 
 
The five EoL treatment scenarios were combined with the probable logistical input 
provided by Ericsson Services and finally, nine different EoL scenarios were developed.  
  
LCI-data for the processes involved in these scenarios were collected. The environmental 
impacts of the scenarios were calculated by using the computerised calculation tool 
EcoLab. Finally, the environmental impacts from the different scenarios were evaluated 
and some final conclusions were drawn.  
 
 

1.5 Structure of the report  
 
This report can be divided into three main parts: 
  
• Background to the study and the scenario modelling (chapters two to six).  
• Description of the developed scenarios (chapters seven to ten).  
• Evaluation of the environmental impacts of the scenarios (chapter eleven). 
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After this first chapter, where an introduction to the study is provided, the background to 
the study and the scenario modelling is given in the chapters two to six. In the second 
chapter a short overview of the mobile communications technology and a detailed 
description of the studied transceiver are given. In chapter three, the EoL phase for 
discarded electronics is described and also, an overview of the legislation on Waste from 
Electrical and Electronic Equipment (WEEE) in the studied geographical areas Europe, 
Japan and the USA is provided. Chapter four contains a description of the LCA 
methodology in general, where the phases comprised by the scope of this study are 
described in more detail. In chapter five, a general model for EoL treatment of 
transceivers is presented. Furthermore, the EoL scenario modelling, the general 
assumptions regarding the processes involved and the assumptions on the EoL take-back 
logistics are described. In the end of chapter five, the nine developed scenarios are briefly 
presented. In chapter six, the three main processes involved in the EoL treatment of a 
transceiver are described in detail. The processes described here are the processes from 
where the LCI-data used are derived.  
 
Descriptions of the developed scenarios are provided in the chapters seven to ten. In 
chapter seven the dismantling- and shredding scenarios in Sweden and also, the processes 
and transportation involved in these scenarios, are described. In the chapters eight to ten, 
the EoL scenarios in the Netherlands, Japan and the USA, as well as the processes and 
transportation involved in these scenarios, are described.  
 
Finally, in chapter eleven, the environmental impacts of all the nine different scenarios 
are evaluated and discussed. Furthermore, the environmental impact of the Swedish 
dismantling scenario is compared to the environmental impact of the Swedish shredding 
scenario. Out of these evaluations some final conclusions are drawn. 
 
Written and verbal references are listed in chapter twelve and in chapter thirteen a list of 
abbreviations is provided. 
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2 Mobile communications  
 
In this chapter, a short overview of the mobile communications technology in general and 
a detailed description of the studied transceiver are given. 
  
 

2.1 The mobile communication system 
 
The basic building blocks in a cellular mobile system are (Ericsson Radio Systems AB, 
1994): 
 
• Mobile Stations (MS); A MS is used by a subscriber to communicate with the cellular 

system by a radio channel to a Base Station. A MS can send and receive calls while 
moving freely within the area served by the system. The coverage area of a MS 
depends mainly on its location and its output power.   

• Base Stations (BS); A BS can communicate with a MS travelling within a specific 
area called a cell. Cells can be of various sizes, with a cell radius as small as one km 
or as large as 35 km. The BS acts as a relay station for voice and messages between 
MSs and the Mobile Services Switching Centre (MSC). A BS typically consists of a 
small building housing radio components, power systems, alarm equipment and an 
antenna tower. There are three main radio components: transceiver units, control part 
and antenna system. The transceiver unit consists of a transmitter and a receiver and it 
handles transmission to and from the MS. The control part handles the 
communication between the BS and the Mobile Services Switching Centre.  

• Mobile Services Switching Centres (MSC); The MSC is responsible for providing the 
interface between the cellular mobile system and the Public Switched Telephony 
Network (PSTN), which is the ordinary wired telephony network. Many BSs can be 
connected to one MSC.  

• Databases; In the databases subscriber information such as information about 
services and MS locations is stored. The databases are needed for the management of 
the MSs.  

• Operation and Maintenance Centres (OMC); The OMC is the functional entity from 
which the network operator controls and monitors the system.  

 
The Public Land Mobile Network (PLMN) is the network formed by the cellular system. 
This is depicted in figure1 (Ericsson Radio Systems AB, 1994). 
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Figure 1. The Public Land Mobile Network (Ericsson Radio Systems AB, 1994). 
 
• A cell is the basic unit of the PLMN. Each cell is served by a BS.  
• A number of cells can be grouped together to form a Location Area (LA).  
• A number of LAs can be controlled by one MSC. This area, which is served by one 

MSC, is called a Service Area (SA).  
• One or more SAs are combined to form the PLMN. 
 
As mentioned above, a MS communicates with a BS by the use of a radio channel. Each 
radio channel has two distinct frequencies, one for the downlink2 and another for the 
uplink3. Each cell has a certain set of transmitting frequencies, and only a limited range 
of the frequencies in the radio spectrum is allocated to the cellular systems (Ericsson 
Radio Systems AB, 1994). 
 
 

2.2 The studied transceiver unit 
 
The studied product is a Radio Base Station (RBS) transceiver unit, more specific 
Ericsson’s KRC 121 10/2 R2A transceiver. This is a 10W output power transceiver for 
the RBS 884 system of the mobile communication standard TDMA. The transceiver is 
presented in figure 2.  
                                                 
2 The transmitting of radio waves from the Base Station to the Mobile Station. 
3 The transmitting of radio waves from the Mobile Station to the Base Station. 
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Figure 2. The KRC 121 10/2 R2A transceiver (Malmodin, 1999). A: the inside of the 
cover, B: the outside of the cover, C: the inside of the bottom frame including the printed 
board assembly, and D: the outside of the bottom frame including the attached copper 
cooling flange. 
 
 

2.2.1 Mechanics 
 
The size of the transceiver is about 23.5 x 24.0 x 2.0 cm. Basically, it is constructed of 
three parts: the bottom frame, the Printed Board Assembly (PBA) and the cover. These 
parts are connected with a total amount of 22 screws. The basic construction is depicted 
in figure 3 (Malmodin, 1999).  
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Figure 3. The basic construction of the KRC 121 10/2 R2A transceiver (Malmodin, 
1999). 
 
According to figure 3 above (Malmodin, 1999):    
 
1. The cover, which is made of aluminium, is attached to the bottom frame with 14 

screws.  
2. Two Radio Frequency (RF) power transistors containing the hazardous substance 

beryllium oxide (BeO) are attached to the PBA with tin-lead soldering and two 
screws each, which makes four screws totally.  

3. The PBA is attached to the bottom frame with four screws.  
4. The bottom frame, which is also made of aluminium, constitutes also the front of the 

transceiver. A copper cooling flange is attached to the outside of the frame. 
 
The total weight of the transceiver is slightly more than 1850 grams. The PBA has a 
weight of 370 grams, of which 208 grams constitutes the Printed Wiring Board (PWB). 
The mechanics weigh about 1480 grams. The mechanics content is compiled in table 1 
(Malmodin, 1999). 
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Table 1. The mechanics content of the KRC 121 10/2 R2A transceiver (Malmodin, 1999). 

Material Weight (g) Part 
Aluminium-alloy 
(AlSi8Cu3Fe1)4 

1020 Bottom frame and cover 

Copper (Cu) 357 Cooling flange riveted to the bottom 
frame (this is very difficult to detach) 

Nickel (Ni) 33 Surface treatment on the bottom 
frame and the cover 

Tin (Sn) 32 Surface treatment on the bottom 
frame and the cover 

Steel alloy (FeMn1C1)5 21 Screws (22 pieces, some are 
chromated and some are galvanised) 

Silver (Ag) 6 Filling particles in the silicon rubber 
Stainless steel alloy 
(FeCr18Ni8)6 

5 Shielding to other transceivers (on 
the outside of the cover) 

Polyester 5 Instead of paint on the front 
Silicon rubber (Si) 2,5 Shielding for electromagnetic 

radiation 
Total weight of the mechanics 1481,5  

 
The mechanic fraction also contains some very small fractions of polyamide and a 
polymer film that are considered negligible. 
 
Aluminium is a commonly used construction material with a very low density. In 
comparison to other materials aluminium is very economical to recycle. By recycling 
aluminium, 95 % of the energy that would have been used for production of aluminium 
from virgin materials is saved (Gartz and Nylén, 1996).  
 
Copper is a commonly used construction material with good electrical and thermal 
conductivity (Gartz and Nylén, 1996).  
 
 

2.2.2 Printed board assemblies 
 
A PBA consists of a Printed Wiring Board (PWB) with mounted components. The PWB 
mainly contains epoxy plastics, glass fibre and copper (in the conductive layers). The 
differences between the PBAs in different transceivers are negligible from a recycling 
point of view, i.e. all PBAs have essentially the same content. Therefore, a general PBA 
material composition is used to describe the material content of this specific PBA. This 
general material composition is compiled in table 2 (Malmodin, 1999). 
                                                 
4The main material in the alloy is aluminium but it also contains 8 weight % silicon, 3 weight % copper and 
1 weight % iron.  
5 The main material in the alloy is iron but it also contains 1 weight % manganese and 1 weight % carbon. 
6 The main material in the alloy is iron but it also contains 18 weight % chromium and 8 weight % nickel. 
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Table 2. General material composition of a printed board assembly (Malmodin, 1999). 
The weight percentages of beryllium and gold are not listed in this table since those 
percentages are specified for the transceiver in question. 

Material Weight % Part 
Plastics7 32 The PWB and the components mounted on 

it 
Bromine (Br) 4 Flame retardant (Tetra-bromine-bisphenole 

A, TBBPA) in the epoxy plastics 
Glass fibre, ceramics 
(SiO2, Al2O3) 

33 The most is SiO2 (glass fibre) used as 
reinforcement in the plastics, the Al2O3 
(ceramics) is found in the components  

Copper (Cu) 20 The conductive layers in the PWB 
Aluminium (Al) 2  
Iron (Fe) 5  
Nickel (Ni) 4  
Tin (Sn) 1  
Chromium (Cr) 1  
Lead (Pb) 0,75  
Antimony (Sb) 0,3 Flame retardant 
Silver (Ag) 0,05  
Titanium (Ti) 0,05  
Barium (Ba) 0,02  
Palladium (Pd) 0,01  
Boron (B) 0,005  
Beryllium (Be)8 - Most of the beryllium is found in the BeO-

components 
Gold (Au)9 -  
Platinum (Pt) 0,0005  
Total percentage10 103,1855  

 
The PBA in the KRC 121 10/2 R2A transceiver is estimated to contain about 0,05 g gold 
and 0,15 g BeO. The BeO comprises about 36 weight % beryllium, which makes about 
0.05 g beryllium in the PBA (verbal Malmodin, 1999). 
 
The epoxy plastics are thermosets. This, along with the fact that they contain flame-
retardant, glass fibres and metals (in the conductive layers), makes them clearly 
unsuitable for recycling (verbal Svensson, 1999).  
 
                                                 
7 In this particular transceiver the plastics are mainly epoxy plastics (EP) and polybutylentereftalat (PBT). 
8 Instead of using the beryllium content from the general PBA composition an estimation of the beryllium 
content in the studied PBA is made. 
9 Instead of using the gold content from the general PBA composition an estimation of the gold content in 
the studied PBA is made. 
10 According to Malmodin the deviation from 100% is due to analysis performance and individual 
estimations from different sources, and no recalculation to make the sum 100% has been made.  
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The flame retardant is added to the plastics to make them non-inflammable. It reacts 
chemically with the resin, and is therefore tightly bound to the structure of the resin 
(Carlsson, Hedemalm and Palm, 1995). Tetra-bromine-bisphenole-A (TBBPA) is a 
brominated flame retardant. TBBPA dissolved in water is toxic and when TBBPA is 
combusted it can cause formation of toxic dioxins (Bergendahl and Hedemalm, 1994 and 
Swedish Environmental Protection Agency, 1996).  
 
Bromine is a halogen that may form corrosive and toxic gases when incinerated. 
Antimony is also considered a risk material as it makes the copper brittle and affects the 
copper recovery in a negative way (Malmodin, 1999).  
 
The transceiver contains two RF power transistors that use BeO ceramics in their 
construction. The BeO ceramics is often used as a substrate for high effect components 
since it is a good insulator with good heat conducting properties (verbal Malmodin, 
1999). BeO is a highly toxic substance. Chemical or mechanical treatment of it can 
produce toxic fumes or dust, that can be very dangerous even in minute amounts (Gartz 
and Nylén, 1996). Because of this, shredding of a transceiver containing BeO is 
unsuitable unless the process is perfectly closed. 
 
 

2.2.3 Other general information regarding the transceiver design 
 
The KRC 121 10/2 R2A transceiver does not contain any cables because it has only one 
PBA. Other transceivers that contain more than one PBA contain cables such as coaxial 
cables and ribbon cables (containing copper) and if there are cables there are also 
connectors to these. Furthermore, this transceiver has a copper cooling flange riveted to 
the bottom frame (this is very difficult to detach). Apart from this, all transceivers are 
constructed in basically the same way, and possible differences lie in what amounts of the 
different fractions described above they contain (verbal Malmodin, 1999).  
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3 End-of-Life of electronics 
 
In this chapter, the End-of-Life phase for discarded electronics is described. In addition 
to this, an overview of the legislation on Waste from Electrical and Electronic Equipment 
in the geographical areas Europe, Japan and the USA is given. 
 
 

3.1 The End-of-Life phase for discarded electronics 
 
What happens to a product after disposal depends on what product category the product 
belongs to and what country and region it is discarded in. The general End-of-Life (EoL) 
phase for electronics is depicted in figure 4 (Nilsson, 1998). 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. The general End-of-Life phase for electronics (Nilsson, 1998).  
 
The EoL phase begins when the last user discards the product. How the discarded 
products are transported from the last user to the collection point, depends on the 
collection system used for that product in that specific geographical area (Nilsson, 1998). 
 
In Europe many products are dismantled before they go to mechanical treatment 
(Lindberg, 1998). The purpose of dismantling the electrical and electronic products is to 
remove components that contain dangerous substances and to produce an amount of 
fractions that can be sold to recycling companies and metal smelters. The dismantling is 
often performed manually with electric or air driven tools. The amount of fractions that 
originate from the dismantling differs depending on product, volume, environmental 
considerations and the value of outgoing fractions. The obtained fractions are sent either 
to resmelting, shredding, cable granulation or plastic granulation. The waste is generally 
sent to incineration or landfill (Swedish Environmental Protection Agency, 1997). 
 
Today, the recycling industry in Europe is principally made up by many small, local 
companies. However, the development is going towards fewer, larger facilities due to 
economics of scale in recycling. The companies that collect, sort and prepare the 
materials for recycling are in general owned or controlled by the company that recycles 
the materials. Because it is necessary to collect large amounts of secondary materials to 
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yield a profit, the recycling business will be dependent on the logistical solutions and 
possibility to transport products across the borders to be able to reach profitability in the 
future (Lindberg, 1998). 
 
For several reasons, recycling of electronics has become important from an 
environmental point of view. Electrical and electronic products exist on the market in 
large amounts, they have long technical lifetimes and they often have a content of 
substances that are damaging either to the environment or to people’s health. They also 
contain valuable materials that can be recycled in order to economise on natural resources 
(Swedish Environmental Protection Agency, 1997). Besides environmental reasons, in 
countries with densely populated areas, as for example Germany and the Netherlands, 
overfull landfills are another reason why recycling is important (Lindberg, 1998). 
 
One factor that will influence the EoL phase for electronics in the future is the legislation 
on producer responsibility. With producer responsibility, aspects such as the material 
content of the products and the degree of recycling will be regulated. The main purpose 
of producer responsibility is to make the products put on the market as recyclable as 
possible and also to create an environmentally suitable way to treat the discarded 
products (Kretsloppsdelegationen, 1996).  
 
 

3.2 End-of-Life legislation in Europe 
 
In Europe the proposed legislation regarding Waste from Electrical and Electronic 
Equipment (WEEE), if enacted, probably will have a great impact on how discarded 
electronics are handled. The European Commission is currently working on the directive, 
which will come into force earliest in year 2004 (verbal Lindström, 1999).  
 
According to the 3rd draft of the WEEE-directive the producers shall provide for 
collection of WEEE from holders other than private households. Furthermore, they  shall 
set up systems to provide for treatment and recovery of WEEE from both private holders 
and others. This treatment shall include a selective treatment of substances such as for 
example beryllium11 (except for alloys where the beryllium content does not exceed 2 
weight %) provided that this treatment does not prevent the reuse and recycling of 
components or whole appliances. Energy recovery is not considered as recycling by the 
draft directive. The legislation will comprise household appliances, IT- and telecom 
products, radio sets, television sets, lighting equipment etc. and Radio Base Station 
(RBS) transceivers will be affected (European Economic Community, 1999).  
 
Sweden’s proposed legislation on WEEE will come into force earliest in January 2001 
(verbal Lindström, 1999). The legislation will apply on IT equipment, telecommunication 
equipment, professional- and consumer electronics, white- and brown goods. Hence, RBS 
transceivers will be comprised by this legislation. According to the proposed legislation 
                                                 
11 Beryllium has to be removed from any collected item prior to further treatment. 
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the producers shall arrange and finance take-back of their products, and make sure that 
the discarded products will be taken care of in an environmentally sound way. The 
producers shall also inform the waste processing facilities about the product content in 
order to facilitate the EoL treatment (Department of Environment in Sweden, 1998). 
 
In the Netherlands there is a regulation about WEEE since January 1999; “Dutch 
Disposal of White and Brown goods” (Lindberg, 1998). So far this legislation only 
includes small household appliances but in January 2000 it will be extended to comprise 
larger household appliances as well (Isaac, 1998). However, RBS transceivers are not 
comprised by this decree (Lindberg, 1998). 
 
 

3.3 End-of-Life legislation in Japan  
 
In Japan the Japanese parliament has enacted a ”Law for recycling of specific kind of 
consumer electric goods” that will come into force in April 2001. The legislation will at 
first include only four appliances. These are washing machines, freezers and refrigerators, 
air conditioners and television sets. RBS transceivers will not be comprised by this 
legislation. The regulation about WEEE will be different in Japan than in the EU. For 
example, the last user of the product will pay for take-back and EoL treatment in Japan, 
but in the EU the producers and importers will carry the costs. Another difference is that 
energy recovery will be considered as recycling according to the Japanese law (Nilsson, 
1999).  
 
 

3.4 End-of-Life legislation in the USA 
 
In the USA there is at the time being no proposal for producer responsibility regarding 
WEEE on a national level. On a state level though, some states have proposed legislation 
similar to the coming directive in Europe. 

 
On a national level the Environmental Protection Agency (EPA) has no plans to seek 
mandates for producer responsibility along the lines of the directive currently taking 
shape in Europe. EPA is not convinced that producer responsibility is the best policy for 
increasing recycling and reducing the amounts of waste produced. The main reasons for 
this are that EPA has no regulatory authority to decree producer take-back and there is no 
urgent political pressure for federal action on waste reduction and recycling. Instead, 
EPA’s opinion is that “shared product responsibility”, often called “extended product 
responsibility”, is the most efficient policy. Shared product responsibility means that all 
actors, including suppliers, manufacturers, distributors, retailers, consumers, recyclers 
and the waste management community, share responsibility for reducing the lifecycle 
environmental impacts of products. The governing principle is that the greater the ability 
of the actor to influence the lifecycle impact of the product system, the greater the 
responsibility of that actor (Cotsworth, 1999). 
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A number of states are looking at producer responsibility as a part of their agenda for 
improving the waste management. For instance, the state of Minnesota considers 
producer responsibility for electronics. Besides looking at producer responsibility, other 
policies are also considered in order to reduce the waste streams and create driving forces 
for ecodesign of electronics. For example, the state of South Carolina considers a special 
fee on sales of electronics to fund their take-back and recycling (Cotsworth, 1999). 
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4 Life Cycle Assessment 
 
This chapter contains a description of the Life Cycle Assessment methodology in general, 
where the phases comprised by the scope of this study are described in more detail. 
 
 

4.1 The Life Cycle Assessment methodology 
 
Life Cycle Assessment (LCA) is a method for making comparisons of functionally 
equivalent products, with respect to their environmental impacts, by examining resource 
use and emission loadings throughout their lifecycles. The methodology can also be used 
for a range of other purposes, as for example to identify processes that are major 
contributors to the environmental impact of a product’s lifecycle (Lindfors et.al., 1995). 
The lifecycle consists of all processes and transportation involved as from raw material 
extraction, through production and use of the product, to disposal of the final waste. The 
product could be an object, a process, a service or anything with a function (Baumann, 
1995).  
 
A comprehensive LCA is structured into four phases:  
 
1. Goal definition and scoping; In this first phase the aim and extension of the study are 

specified. Furthermore, the functional unit, which will form the basis for the 
calculations, is defined (ISO 14041, 1998).  

2. Inventory analysis; This second phase comprises a technical analysis of the system. 
System inputs and outputs in terms of energy flows and mass flows related to the 
different unit processes are collected. Finally, by calculating the energy- and mass 
flows in relation to the functional unit, the inventory results are generated (ISO 
14041, 1998).   

3. Impact assessment; The third phase is the impact assessment, where the 
environmental loadings are evaluated. This phase can be divided into three sub-
phases. First, the emissions, wastes and consumed resources listed in the inventory 
analysis are classified into a number of impact categories such as Air Acidification, 
Global Warming, Water Eutrophication and so on. This is called classification. The 
next subphase is the characterisation. In the characterisation phase the potential 
contribution of each input and output in the inventory analysis to its assigned impact 
categories is calculated. The results are presented in the form of so-called category 
indicators (ISO 14042, 1998 and Karlsson, 1995). These two first steps of the impact 
assessment are based on scientific facts. Finally, in the valuation, the relative 
environmental importance of the different impact categories may be compared, and 
possibly all category indicators are aggregated to a total environmental impact index 
(Lindfors et.al., 1995). This, however, is done by means of subjective measures of 
human valuations.   
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4. Improvement assessment; In this fourth phase options for reducing the environmental 
impact of the studied product are identified and evaluated (Karlsson, 1995).  

 
As illustrated in figure 5 below, LCA is an iterative process (Karlsson, 1995). This 
implies that results from later phases often forces the analyst to return to earlier phases to 
modify for example the initial assumptions in the goal definition and scoping (Lindfors 
et.al., 1995).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. The iterative nature of the Life Cycle Assessment methodology (Karlsson, 
1995). 
 
An overview of the LCA methodology is given in figure 6. The valuation and the 
improvement assessment are not included within the scope of this study. 
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Figure 6. The different phases involved in the Life Cycle Assessment methodology and the 
phases comprised by the scope of this study. 
 
 

4.2 Goal definition and scoping 
 
In the goal definition and scoping phase a lot of parameters of importance for the 
continued study shall be defined. First of all, the functional unit shall be settled, which 
shall be practically measurable and reflect the product’s function and usefulness (Ryding, 
1998). The functional unit is important as it shall provide a reference to which the input 
and output data shall be normalised (ISO 14041, 1998).  
 
Also, the system boundaries shall be defined, which means that it shall be stated which 
processes shall be included in and excluded from the system (ISO 14041, 1998). For the 
purpose of comparing two systems the delimitation must be done rather similar (Ryding, 
1998 and ISO 14041, 1998). The delimitation which shall be made are for instance; 
delimitation against ecological systems, delimitation against other products lifecycles, 
geographical delimitation, delimitation in time and delimitation against capital goods 
(Ryding, 1998). In the delimitation against ecological systems the starting point often is 
the resource extraction from nature. If the processes within the system boundaries use 
electricity, the production of the electricity should be included within the system, so that 
the emissions and resource consumption caused by these processes will be accounted for. 
In many cases, the lifecycle ends with a recipient as e.g. air for some emissions (Ryding, 
1998). Geographical delimitation is important when handling infrastructure, as the 
production of electricity, waste processing and transportation systems differ between 
different geographical regions.  
 
The required data quality shall be stated. This is important in order to understand the 
reliability of the results and to properly interpret the outcome of the study (ISO 14 041, 
1998). The required data quality is often determined by the purpose of the LCA. If the 
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LCA shall be used in the purpose of product development data for best available 
technology shall be used. If the purpose of the LCA is to evaluate the environmental 
impact of the product in the present situation specific data shall be used. It is important to 
use as current data as possible since the environmental impacts of the different processes 
involved usually change with time, due to e.g. legislation (Ryding, 1998). In short, the 
data quality requirements shall be stated with regard to the following parameters: Time-
related coverage, geographical coverage, technology coverage, precision, completeness, 
representativeness, consistency and reproducibility (ISO 14041, 1998).  
 
Another parameter that shall be stated in the goal definition and scoping phase is the 
allocation procedures. Allocations must be done when handling processes with multiple 
functions or if the materials or energy used in the lifecycle also is used in other lifecycles 
as in the case of recycling (Ryding, 1998).  
 
 

4.3 Inventory analysis 
 
The inventory analysis involves a technical analysis of the studied system. In this analysis 
all energy- and mass flows related to the different unit processes involved across the 
system’s lifecycle are collected. The boundaries for the system’s lifecycle have been 
stated in the goal definition and scoping phase.  
 
The data needed for the inventory analysis may be collected from the involved 
companies, environmental reports, corporate internal and official statistics, legislation, 
other LCAs or other literature (Ryding, 1998). If some data is missing this shall be 
documented (ISO 14041, 1998).  
 
When the data has been collected the energy- and mass flows are calculated in relation to 
the functional unit. The emissions, wastes and resources used are quantified for every 
step of the lifecycle and finally summarised over the whole lifecycle. This final step of 
the inventory analysis is often handled with a computerised calculation tool, such as 
EcoLab, since these calculations often are extensive (Ryding, 1998).  
 
EcoLab (v.4.0.4f) is a software tool for LCA studies developed by Nordic Port. EcoLab 
uses a standard form for communication and storing of LCA data called the SPINE12 
model. SPINE is a database format for Life Cycle Inventory (LCI) data (Nordic Port, 
1998). Ecolab handles the calculation steps of the inventory analysis and the impact 
assessment.  
 
As the inventory analysis always contains some uncertainties an uncertainty- and 
sensitivity analysis may be of interest. The result of an uncertainty- and sensitivity 
analysis is an estimation on how variations in input data influence the final result of the 
LCA (Ryding, 1998).  
                                                 
12 SPINE = Sustainable Product Information Network in the Environment 
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4.4 Classification  
 
Classification is the first subphase of the impact assessment phase. In the classification 
process the inputs and outputs in the inventory analysis are assigned to a number of 
different impact categories such as Air Acidification, Global Warming, Raw Material 
Depletion and Water Eutrophication (Ryding, 1998). The impact categories and category 
indicators used shall be internationally accepted and the selection of these categories and 
indicators shall be consistent with the goal and scope of the LCA (ISO 14042, 1998). The 
impact categories applied in this study are listed in table 3 below.  
 

Table 3. The impact categories applied in this study. The references from where the 
category indicators are obtained and the years when these indicators were developed are 
stated. 

Impact Category Reference for the category 
indicator 

Category indicator was 
developed in year 

Air Acidification Leiden University, Centre of 
Environmental Science, CML 

1992 

Air Toxicity Bundesamt für Umwelt, Wald 
und Landschaft, BUWAL 

1991 

Energy Depletion EcoBalance 1997 
Global Warming Intergovernmental Panel on 

Climate Change, IPCC 
1994 

Ozone Depletion World Meteorological 
Organization, WMO 

1991 

Photochemical Ozone 
Creation 

Leiden University, Centre of 
Environmental Science, CML 

1992 

Raw Material 
Depletion 

Leiden University, Centre of 
Environmental Science, CML 

1995 

Water Eutrophication Leiden University, Centre of 
Environmental Science, CML 

1992 

Water Toxicity Bundesamt für Umwelt, Wald 
und Landschaft, BUWAL 

1991 

 
 

4.5 Characterisation 
 
The characterisation is the second subphase of the impact assessment phase. In the 
characterisation process the relative contribution of each input and output in the inventory 
analysis to its assigned impact categories is calculated by using so-called environmental 
characterisation factors. This calculation of the category indicators is accomplished in 
two steps (ISO 14042, 1998): 
 
1. The selection of which characterisation factors to use is made and the factors are 

thereafter used to convert the assigned inventory results to common equivalent units. 
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2.  The inventory results in form of the common equivalent units are thereafter 

aggregated into the category indicator results. 
 
The calculation of each category indicator is made according to the following general 
formula: 
 

ij
j

ji WEC ∑=     (Lindfors et.al., 1995) 

i = A specified impact category 
j = A specified substance 
Ci = Total contribution to the impact category i from all inputs and outputs in the 
inventory analysis – the category indicator result 
Ej = Emitted amount or mass of input or output of the substance j 
Wij = A weighting factor which expresses the potential contribution to the impact 
category i from the substance j – the characterisation factor 
 
 

4.5.1 Air Acidification 
 
The category indicator Air Acidification (AA) is calculated by expressing the 
contributing substances as H+-equivalents. In order to express each substance as a H+-
equivalent the capacity to free hydrogen atoms, of one gram of the substance in question, 
is compared to the capacity of one gram of sulphur dioxide (SO2). This comparison is 
done by dividing the H+-contribution from one gram of the substance, with the H+-
contribution from one gram of SO2, which implies that pure SO2 is given the value one. 
Consequently, a substance with a higher capacity than SO2 will have a characterisation 
factor with a value higher than one and a substance with lower capacity than SO2 will 
have a characterisation factor with a value lower than one (Lindfors et.al., 1995). The 
substances contributing to AA and their characterisation factors are listed in table A in 
appendix I. 
 
 

4.5.2 Air Toxicity 
 
The category indicator Air Toxicity (AT) is calculated by comparing the impact of the 
contributing substances to the impact of one m3 of carbon dioxide (CO2). The substances 
contributing to AT and their characterisation factors are listed in table B in appendix I. 
 
 

4.5.3 Energy Depletion 
 
The calculation of the category indicator Energy Depletion (ED) only considers use of 
non-renewable resources. The uses of these resources contributing to ED, are given as 
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gross calorific values in MJ. The different resource uses are aggregated without any 
relative weighting between themselves (Lindfors et.al., 1995). The resources contributing 
to ED and their relative contribution are listed in table C in appendix I. 
 
 

4.5.4 Global Warming 
 
The contribution of a certain emission to the greenhouse effect is calculated by using its 
Global Warming (GW) potential. The GW-potentials are expressed as CO2-equivalents. 
This implies that pure CO2 is given the value one, an emission that has a larger impact on 
GW than CO2 will have a GW-potential with a value higher than one and an emission 
with lower impact will have a GW-potential with a value lower than one (Lindfors et.al., 
1995). The substances contributing to GW and their GW-potentials are listed in table D 
in appendix I.  
 
 

4.5.5 Ozone Depletion 
 
All chlorinated and brominated compounds that are volatile and stable enough to reach 
the stratosphere can have an effect on Ozone Depletion (OD) (Lindfors et.al., 1995). The 
substances contributing to OD are expressed as CFC-11-equivalents. These substances 
and their CFC-11-equivalents are listed in table E in appendix I. 
 
 

4.5.6 Photochemical Ozone Creation 
 
The emissions contributing to Photochemical Ozone Creation (POC) are expressed as 
Ethene-equivalents, i.e. the ability of a certain emission to create photo-oxidants is 
compared to the ability of ethene (C2H4). The emissions contributing to POC and their 
Ethene-equivalents are listed in table F in appendix I. 
 
 

4.5.7 Raw Material Depletion 
 
Only use of non-renewable materials, including fossil fuels, is considered for the category 
indicator Raw Material Depletion (RMD). The calculation considers the size of the 
reserve base and the yearly extraction. When calculating a certain substance’s 
contribution to RMD, the consumption of that material is compared to the consumption 
of crude oil and expressed as an oil equivalent. Crude oil is given the value one and raw 
materials that have reserve bases that are estimated to last a shorter time than the reserve 
base of crude oil are given values higher than one. Raw materials that have reserve bases 
that are estimated to last longer than the reserve base of crude oil, are given values lower 
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than one. The materials considered and their relative contribution are listed in table G in 
appendix I. 
 
 

4.5.8 Water Eutrophication 
 
The category indicator Water Eutrophication (WE) is defined as the oxygen consumption 
caused by mineralisation of organic materials that have been produced from emitted 
nutrients. Also, emissions of organic materials are handled in this category (Lindfors 
et.al., 1995). The oxygen required by decomposition of organic materials is measured as 
BOD13 and COD14. The substances contributing to WE are expressed as PO4-equivalents 
and listed in table H in appendix I.  
 
 

4.5.9 Water Toxicity 
 
The impact on Water Toxicity (WT) of one dm3 of a certain substance is compared to the 
impact of one dm3 of chlorides. The substances contributing to WT and their 
characterisation factors are listed in table I in appendix I. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
13 BOD = Biological Oxygen Demand 
14 COD = Chemical Oxygen Demand 
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5 Assumptions on the End-of-Life scenario modelling 
 
In this chapter, a general model for End-of-Life treatment of transceivers is presented. 
Furthermore, the End-of-Life scenario modelling, the general assumptions regarding the 
processes involved and the assumptions on the End-of-Life take-back logistics are 
described. Finally, the nine developed scenarios are presented.  
 
 

5.1 General model for End-of-Life treatment of transceivers 
 
A general model comprising all processes relevant for the End-of-Life (EoL) treatment of 
transceivers was developed. This model is depicted in figure 7 below. 
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Figure 7. General model for End-of-Life treatment of transceivers. At first, the 
transceiver is discarded, then it may be sent to repair, incineration, dismantling, 
shredding or landfill. Out from the dismantling process there can be material flows to 
reuse, resmelting, hazardous waste treatment, cable granulation, incineration, landfill 
and shredding. The fractions obtained from the shredding process can be sent to 
resmelting, incineration or landfill. Out from the cable granulation process there can be 
material flows to resmelting, incineration or landfill. 
 
 

5.2 Assumptions on the relative environmental importance of the 
processes involved in the End-of-Life scenarios 

 
The general model described above was discussed with a number of environmental 
experts. Out of these discussions, the following assumptions regarding the relative 
environmental importance of the different processes in the model, from a LCA 
perspective, were made:  
 
• The dismantling process is unlikely to cause any large environmental impact. The 

main impact of this process is assumed to be caused by the energy consumed, which 
probably only is a limited amount. On the other hand, since the majority of all 
discarded transceivers probably are dismantled, the process is of interest, and it will 
be quite easy to account for this process if the energy consumption is the only vital 
factor that needs to be considered.   

• The shredding process probably is of importance. The reasons for this assumption are 
that a large part of the materials from a dismantled transceiver most likely will be 
shredded and that this process probably is relatively energy demanding.  

• The resmelting process is assumed to be the most important process. This assumption 
is made because a very large part of the materials from a discarded transceiver most 
likely end up here and also because this process probably has a relatively large 
environmental impact due to the energy consumption, emissions and waste 
production.  

• The hazardous waste treatment processes are of environmental importance.  
• Transportation of the transceivers and transportation of the outgoing fractions from a 

possible dismantling process are of importance.  
• The amount of materials from a dismantled transceiver going to cable granulation, 

landfill and incineration are quite small.   
• The amount of materials from a dismantled transceiver going to repair and reuse (i.e. 

components) will be small but the magnitude of discarded transceivers going directly 
to repair and reuse is unknown.    

• Possible packaging of the transceivers and the outgoing fractions will have a 
negligible environmental impact compared to the other processes involved. 
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The five first assumptions presuppose that the transceiver is not sent to repair and reuse. 
The processes discussed in these assumptions were prioritised for more thorough studies 
and only these processes are considered in the LCA. Life Cycle Inventory (LCI) data for 
these processes were collected. The same LCI-data were used for the aluminium scrap 
resmelting process and the electronic scrap resmelting process in all scenarios, although 
with the electricity input modified to the average for the geographic region in question. 
Moreover, the processes discussed in the three last assumptions were neglected in the 
analysis.  
 
 

5.3 End-of-Life take-back of Radio Base Station transceivers 
 
The assumptions on the take-back logistics for transceivers from the Radio Base Stations 
(RBS) to the EoL treatment facilities are based on an EoL take-back solution developed 
by Network Operators Hardware Services at Ericsson Radio Systems. This solution is 
based on the Global Hardware Service Organisation that is implemented worldwide in 
1999. However, the specific take-back solution is not yet implemented (verbal Sundstedt, 
1999). At the time being the Global Hardware Service Organisation only handles supply 
of transceivers to the RBSs and the take-back of transceivers going to repair or reuse 
(verbal Slettmyr, 1999). The take-back solution is combined with probable logistical 
input in terms of lengths and modes of conveyance, based on today’s operations, in order 
to obtain the complete transportation assumptions.   
 
 

5.3.1 The Global Hardware Service Organisation 
 
The assumptions, on which locations the transceivers would be transported between, are 
based on the structure of the Global Hardware Service Organisation (verbal Sundstedt, 
1999).  
 
The Global Hardware Service Organisation is divided into four market areas: 
 
• Europe/Middle East/Africa (EMEA)  
• Americas (AM)  
• Asia/Pacific (APAC)  
• China 
 
Basically, the organisation consists of a network of logistical centres; Regional Logistic 
Centres (RLC), Local Logistic Centres (LLC) and Service Points (SP), as well as Repair 
Centres (RC) and Service Chain Operation Centres (SCOC). In each market area there 
will be only one SCOC, at least one RC, at least one RLC, a few LLCs and a number of 
SPs. For example, China has three RLCs and EMEA currently has two RLCs, but 
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according to the Global Hardware Service Organisation’s strategy there will eventually 
only be one RLC in EMEA, located in Rijen (verbal Lindblom, 1999).  
 
The RCs, RLCs, LLCs and the SPs already exist while most of the SCOCs remain to be 
implemented. The SCOCs will be information centres that will control the material flows 
between the different logistic centres and the RCs. The SCOCs will be responsible for 
supporting the customers in their defined geographical regions according to service 
agreements (Supply Management Hardware Services, 1999). 
 
According to the Global Hardware Service Organisation’s strategy Japan will be included 
in the APAC area and served by the RLC in Kuala Lumpur. In Japan there is only one 
LLC, located in Tokyo (verbal Olsson, 1999). 
 
The different market areas and the localisation of the SCOCs, RCs and RLCs are 
depicted in figure 8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. The Global Hardware Service Organisation (Supply Management Hardware 
Services, 1999). 
 
The localisation of the SCOCs and RLCs in the four different market areas is shown in 
table 4.  
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Table 4. The localisation of the Service Chain Operation Centres and the Regional 
Logistic Centres in the four different market areas (Supply Management Hardware 
Services, 1999). 

Market area Service Chain Operation 
Centre, SCOC 

Regional Logistic Centre,
RLC  

Europe/Middle East/Africa Rijen Rijen and Stockholm 
Americas Dallas Dallas 
Asia/Pacific Kuala Lumpur Kuala Lumpur 
China Guangzhou Beijing, Guangzhou and 

Nanjing 
 
 

5.3.2 The End-of-Life take-back solution developed by Network Operators 
Hardware Services 

 
As described in the beginning of paragraph 5.3, the assumptions on the EoL take-back 
logistics for transceivers are based on a general EoL take-back solution, developed by 
Network Operators Hardware Services at Ericsson Radio Systems. No decision has been 
taken yet about the applicability of this solution and hence it has not been implemented at 
this time. However, in this study Network Operators Hardware Services’ solution is used 
as a model for a possible future arrangement of the EoL take-back of transceivers. In 
order to make the final transportation assumptions this model is combined with probable 
logistical input in terms of lengths and modes of conveyance based on today’s operations. 
The EoL take-back solution is depicted in figure 9. 
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Figure 9. The End-of-Life take-back scenario developed by Network Operators 
Hardware Services (Sundstedt, 1999).  
 
When a transceiver shall be discarded, the customer contacts the SCOC in his or her 
market area. The SCOC investigates if there is a demand for the transceiver either in its 
own market area or in another market area, where the transceiver can be sent. In this 
investigation the SCOC communicates with other SCOCs, last time buyers and the head 
office. Thereafter, the SCOC informs the customer to which RLC the discarded 
transceiver shall be sent (verbal Sundstedt, 1999). 

 

Customer

Regional
SCOC
analysis

RLC

Reuse?

Where do we send the
discarded transceiver?

Answer where to
send the products

Other regional
SCOC

Last time buyer

Head office

Communication

Demanufacturing?
Recycling
company

No

Yes

Regaining

Quality
inspection

Reused transceiver/Spare parts

Pass

Do not
pass

Material flow

Information flow

Decision

RC
Worth

regaining?
No

Yes

Demanufacturing?

 



 

 30

At the RLC a decision is made about the reusability of the transceiver. If the transceiver 
can not be reused it is sent to a recycling company. If the transceiver possibly can be 
reused (and there is a market demand for it) it goes to a RC where a decision is made on 
whether the transceiver is worth regaining or not. If not, it goes straight to a recycling 
facility. If judged to be worth regaining, the transceiver is repaired and thereafter quality 
inspected. If the transceiver passes the quality test it is reused as it is or as spare parts. 
Otherwise it goes back to being judged if worth regaining or not (verbal Sundstedt, 
1999).  
 
 

5.3.3 End-of-Life take-back model used to make the assumptions on the 
transportation of the transceiver from the Radio Base Station to the recycling 
facility  

 
The general and very simplified model used for estimating the lengths and modes of 
conveyance for transportation of a transceiver, from a Radio Base Station (RBS) 
somewhere in the world, to a RLC or a RC in Europe, Japan or the USA, is shown in 
figure 10 below. As mentioned in paragraph 5.3.2 this model is based on an EoL take-
back solution developed by Network Operators Hardware Services’ which is not yet 
implemented and this model shall only be regarded as a possible future arrangement of 
the EoL take-back of transceivers. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. The simplified model used for estimating the lengths and modes of conveyance 
for transportation of transceivers from Radio Base Stations in Europe or the USA, to 
Regional Logistic Centres or Repair Centres in Europe or the USA. The material flows 
between the logistic centres and the Repair Centres are controlled by the Service Chain 
Operation Centres (verbal Slettmyr, 1999). 
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out of use. Then the transceivers are transported from the SP to the LLC either by car, 
train or truck, most usually by car or truck. From the LLC the transceivers are transported 
either by aeroplane or truck to the RLC. The transportation between the RLC and the RC 
is mostly carried out by aeroplane, but may to some extent also be carried out by truck in 
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the studied geographical areas. Depending on which market is considered, both the 
modes and lengths of the conveyances described differ (verbal Slettmyr, 1999). 
 
If the transceiver is judged to be reusable at the RLC, it can be transported to a RC in 
another market area, provided that there is a demand for it. When the transceiver has 
reached the RC in the other market area though, there is a possibility that a decision about 
scrapping is made.  
 
 

5.3.4 Assumptions on the End-of-Life take-back logistics in Europe  
 
When a GSM- or TDMA-transceiver is discarded in Europe it is collected by a service 
car, which transports it to the nearest SP. From the SP to the LLC the transceiver is 
transported by truck. When transported from the LLC, it is sent by truck to the RLC in 
Rijen or Stockholm. At the RLC in Rijen or Stockholm it might be scrapped, or it is sent 
to either a RC in its own market area or to a RC in AM, because the GSM- and TDMA-
standards are only used in these two areas. The assumptions on the lengths and modes of 
transportation for the take-back of a transceiver in Europe are listed in table 5 (verbal 
Slettmyr, 1999). 
 

Table 5. Assumptions on lengths and modes of conveyance for transportation of a 
transceiver from a Radio Base Station in Europe to a Regional Logistic Centre or Repair 
Centre in Europe or the USA (verbal Slettmyr, 1999). 

Transportation RBS → SP SP → LLC LLC → RLC RLC → RC 
Europe to Sweden 100 km 

Service car  
(within Europe) 

200 km 
Truck 

(within Europe) 

1 700 km 
Truck 

(Europe to RLC in 
Stockholm) 

- 

Europe to the 
Netherlands 

100 km 
Service car  

(within Europe) 

200 km 
Truck 

(within Europe) 

1 700 km 
Truck 

(Europe to RLC in 
Rijen) 

- 

Europe to the 
USA 

100 km 
Service car  

(within Europe) 

200 km 
Truck 

(within Europe) 

1 700 km 
Truck 

(Europe to RLC in 
Rijen) 

7900 km 
Aeroplane 

(RLC in Rijen to 
RC in Dallas) 

 
 

5.3.5 Assumptions on the End-of-Life take-back logistics in the USA 
 
When a GSM- or TDMA-transceiver is discarded in the USA it is collected by a service 
car and transported to the nearest SP. From the SP to the LLC the transceiver is 
transported by truck. In the USA the dominating mode of conveyance from the LLC to 
the RLC is aeroplane, because of the long distances within the USA. In the USA the RLC 
and the RC are both located in Dallas. When the transceiver reaches the RLC in Dallas it 
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is either scrapped or sent to a RC in AM or EMEA, because the GSM- and TDMA-
standards are only used in these two areas. If it is sent to a RC in EMEA the mode of 
transport is aeroplane. The assumptions on the lengths and modes of transportation for 
the take-back of a transceiver in the USA are listed in table 6 (verbal Slettmyr, 1999). 
 

Table 6. Assumptions on lengths and modes of conveyance for transportation of a 
transceiver from a Radio Base Station in the USA, to a Regional Logistic Centre or 
Repair Centre in the USA or Europe (verbal Slettmyr, 1999). 

Transportation RBS → SP SP → LLC LLC → RLC RLC → RC 
Within the USA 100 km 

Service car  
(within the USA) 

200 km 
Truck 

(within the USA) 

1 700 km 
Aeroplane 

(the USA to RLC 
in Dallas) 

- 
 

From the USA to 
Sweden 

100 km 
Service car  

(within the USA) 

200 km 
Truck 

(within the USA) 

1 700 km 
Aeroplane 

(the USA to RLC 
in Dallas) 

8150 km 
Aeroplane 

(RLC in Dallas to 
RC in Stockholm) 

From the USA to 
the Netherlands 

100 km 
Service car  

(within the USA) 

200 km 
Truck 

(within the USA) 

1 700 km 
Aeroplane 

(the USA to RLC 
in Dallas) 

7900 km 
Aeroplane 

(RLC in Dallas to 
RLC in Rijen) 

 
In the USA about 80% of the transceivers are transported from the RLC to the RC in the 
same market area. For the USA the length of transportation from the RLC to the RC is 
neglected since both the RLC and RC are located in Dallas. The remaining 20% are sent 
from the RLC in Dallas to a RC in another market area, i.e. EMEA.  
 
 

5.3.6 Assumptions on the End-of-Life take-back logistics in Japan  
 
PDC-transceivers are only used in Japan and therefore, they are assumed to be EoL 
treated in Japan. When a transceiver is discarded in Japan, it is collected at the RBS by a 
service car. From the RBS it is transported to the LLC in Tokyo. Depending on which 
geographic area in Japan the transceiver is collected in the transportation differs. In most 
cases the transceiver is transported by car but in some cases aeroplane transportation is 
also involved. The average lengths and modes of conveyance for transportation of a 
transceiver from a RBS in Japan to the LLC in Tokyo has been estimated, see table 7 
below (verbal Hietarinta, 1999). 
 

Table 7. Assumptions on lengths and modes of conveyance for transportation of a 
transceiver from a Radio Base Station in Japan to the Local Logistic Centre in Japan. 
(verbal Hietarinta, 1999) 

Transportation RBS → LLC 
Within Japan 150 km Service car 

140 km Aeroplane 
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5.4 The End-of-Life scenario modelling 
 
In order to investigate the EoL treatment of a transceiver and to model the most likely 
scenarios two transceivers were sent to two different recycling companies. A PDC- 
transceiver was sent to Total Environmental Recycling Management (TERM) in Japan, 
since the PDC-standard is the mobile communication standard used in Japan. A TDMA-
transceiver (RBS 884 transceiver) was sent to United Recycling Industries Inc. in the 
USA because TDMA is the most commonly used standard in the USA. At these 
companies recycling trials were performed and reports on how they would recycle the 
transceivers were written. The largest company performing recycling of electronics in the 
Netherlands, MIREC B.V. (Lindberg, 1998), also reported how they would handle a 
discarded Ericsson transceiver. Furthermore, one of the largest companies performing 
recycling of electronics in Sweden, Ragn-Sells Elektronikåtervinning AB (Lindberg, 
1998), was contacted to provide the corresponding information. Out of the recycling trials 
and the contacts with MIREC and Ragn-Sells, four different EoL treatment scenarios 
were developed, which all start with manual dismantling.  
 
In order to make the comparison between the two options for EoL treatment of a 
transceiver; dismantling and shredding without former dismantling, the Swedish 
recycling company AB Arv Andersson was contacted to assist in the development of a 
Swedish shredding scenario. Today, shredding of the entire transceiver without former 
dismantling is not an option because of the beryllium oxide (BeO) components attached 
to the printed board assembly. When mechanically treated these components produce a 
highly toxic dust. However, Ericsson aim to phase out these components from the 
products, and until then the shredding scenario should be regarded as a hypothetical 
future scenario.  
 
The scenarios discussed above were combined with the assumptions on lengths and 
modes of conveyance for the take-back of discarded transceivers described in the 
paragraphs 5.3.4, 5.3.5 and 5.3.6 above. This resulted in nine different scenarios. The 
scenarios developed are depicted in figure 11. 
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Figure 11. The nine scenarios developed. A transceiver that origins from a Radio Base 
Station in the USA or Europe can be scrapped in either of those two areas. A transceiver 
that origins from a Radio Base Station in Japan is assumed to also be scrapped in Japan. 
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6 Descriptions of the main processes involved in the End-of-
Life treatment of a transceiver 

 
In this chapter, a detailed description of the three main processes involved in the End-of-
Life treatment of a transceiver is given. The processes described are the processes from 
where the Life Cycle Inventory data used origins. The processes are: Aluminium scrap 
resmelting at Gotthard Aluminium AB, electronic scrap resmelting at the Rönnskär 
smelter and beryllium oxide treatment at SAKAB.  
 
 
The two most important processes (except for transportation) in terms of environmental 
impact of a transceiver’s End-of-Life (EoL) phase are the aluminium scrap resmelting 
process and the electronic scrap resmelting process. The Life Cycle Inventory (LCI) data 
for these processes were obtained from an earlier LCA study, “LCA of Aluminium, 
Copper and Steel” (Sunér, 1996). In “LCA of Aluminium, Copper and Steel” the LCI-
data were derived from Gotthard Aluminium AB:s facility in Älmhult, Sweden, for the 
aluminium scrap resmelting process and from Boliden AB at Rönnskärsverken in 
Skellefteå, Sweden, for the electronic scrap resmelting process. Furthermore, the 
beryllium oxide (BeO) treatment process is of interest and the BeO treatment process at 
SAKAB in Kumla, Sweden, has been investigated.  
 
 

6.1 Aluminium scrap resmelting at Gotthard Aluminium AB 
 
Gotthard Aluminium AB is situated in Älmhult in the south of Sweden. Their main 
business is aluminium recycling where the main raw material used is aluminium scrap 
such as discarded aluminium products and production waste (Gotthard Aluminiums 
Environmental Report, 1997).  
 
The aluminium scrap resmelting process at Gotthard Aluminium is performed as follows 
(Gotthard Aluminiums Environmental Report, 1997 and verbal Cronquist, 1999): 
 
1. The raw materials that arrive at the facility are weighted, their material contents are 

controlled and sometimes they are sorted.   
2. Bulky pieces are either pressed to compact bales or cut into smaller pieces by 

hydraulic shears.   
3. Turnings from machining are crushed in a turning crusher and then separated from 

the cutting oil emulsion in a centrifuge. The cutting oil emulsion is collected by an 
approved recycling- and waste treatment company for destruction.   

4. The raw materials are transferred into rotating salt bath furnaces. In order to protect 
the metal from oxidation salt is added (mainly sodium chloride and potassium 
chloride).   
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5. After the salt bath furnaces the smelt is transferred to alloying furnaces. The salt slag 
waste, which consists mainly of sodium chloride, potassium chloride and aluminium 
oxide, is tapped off and deposited at the municipal landfill. In the alloying furnaces 
the smelt is given its specific composition by the addition of alloying elements and 
purified by bubble a mixture of nitrogen and chlorine gases through the smelt.    

6. The stack gases from the salt bath furnace are conveyed to a textile barrier filter. A 
dust waste is formed at this gas purification and this dust is deposited at the municipal 
landfill. The stack gases from the alloying furnaces are conveyed to a wet filter where 
a wastewater containing sludge is formed. Sodium hydroxide is added to the 
wastewater in order to neutralise it.  The water is transferred to a two step settling 
basin where the sludge is separated and then deposited at the municipal landfill.   

7. After final alloying, the molten metal is tapped into ingot moulds. 
 
Inside the facility there are stations for collection of recoverable materials such as iron 
scrap, paper, wood, plastic etc. but also for some ordinary miscellaneous industrial waste 
that can not be recycled.   
 
 

6.2 Electronic scrap resmelting at the Rönnskär smelter 
 
Today, there is one major company in Sweden processing electronic scrap such as Printed 
Board Assemblies (PBAs) and transceivers, Boliden AB (verbal Brännström, 1999 and 
Jensen, 1999). Bolidens main business is to produce copper and lead from ore, but 25–30 
% by weight of the raw material input are secondary raw materials such as electronic 
scrap. Boliden’s copper-lead smelter is called the Rönnskär smelter and is situated in 
Skellefteå in northern Sweden (Boliden AB, 1998 and Sunér, 1996).  
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Figure 12. The electronic scrap resmelting process at the Rönnskär smelter (Boliden AB, 
1998). 
 
The resmelting process performed at the Rönnskär smelter is depicted in figure 12 above. 
First, the electronic scrap that arrives is treated in the Kaldo furnace (Boliden AB, 1998 
and Jensen, 1999). Usually, inhomogeneous mixtures of electronic scrap are shredded 
before fed into the Kaldo oven, so that a sample of the material content can be taken. 
Also, the incoming fraction is shredded if it contains large amounts of aluminium or iron 
that shall be separated (verbal Axelsson, 1999). In the Kaldo furnace the combustibles are 
burnt and the other materials are smelted. The output from the Kaldo furnace consists of 
two parts: the smelt containing copper, nickel and noble metals and a slag containing 
oxides of non-noble metals (Boliden AB, 1998 and Jensen, 1999). The Kaldo plant is 
alternately, about 50% of the time, used for extraction of lead from virgin materials 
(verbal Brännström, 1999). 
 
The slag with oxides of non-noble metals is transferred to the Fuming facility where so-
called zinc clinker and fayalite is formed. The zinc clinker is transported to Norzink AS 
in Norway for further refinement. The fayalite is a chemically stable vitreous compound, 
which mainly contains iron and silicates. It is used as a filling material in the construction 
industry (Boliden AB, 1998 and Jensen, 1999).  
 
From the Kaldo furnace the smelt is transferred to the Converter facility, where the 
copper sulphide is converted into metallic copper, after which the smelt continues to the 
Electrolysis. The blister copper formed in the converter process is casted to anodes. The 
anodes are placed in electrolysis tanks with thin copper plates in between. These thin 
copper plates serve as cathodes and the pure copper is deposited on them. Gold, silver, 
palladium, platinum and selenium do not dissolve in the electrolyte, instead these metals 
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are deposited in solid “slimes” at the bottom of the electrolysis cell (Boliden AB, 1998 
and Sunér, 1996).  
 
The solid slimes are transferred to the Precious metals plant from which gold, silver, 
palladium, platinum and selenium sludge are obtained. Nickel with impurities is 
transferred from the electrolyte to the Nickel sulphate plant from which nickel sulphate is 
obtained (Boliden AB, 1998 and Sunér, 1996).  
 
In order to decompose all organic substances completely and to prevent formation of 
dioxins the stack gases from the Kaldo furnace and the Converter facility are heated to 
about 1200° - 1400°C (Boliden AB, 1998).  
 
If the BeO-components would enter this process along with the rest of the scrap, the BeO 
would end up as a harmless substance in the fayalite obtained from the Fuming plant. The 
problem with the BeO would be the shredding process, where it would cause formation 
of toxic dust (verbal Brännström, 1999).  
 
 

6.3 Beryllium oxide treatment at SAKAB 
 
Svensk Avfallskonventering AB, SAKAB, located at Kvarntorp outside Kumla in 
Sweden, is the only facility in Sweden which treats hazardous waste. The wastes which 
are processed at SAKAB, except the waste that goes straight to SAKABs landfilling 
facility, are treated by incineration or wet chemical treatment and transformed into 
thermal energy, water and inorganic residual products in the form of ash, slag and metal 
hydroxides. The residual products can not be deposited in an ordinary landfill, but have to 
be deposited on a landfill specially designed for hazardous waste, like the one at SAKAB 
(SAKAB, 1999). 
 
If PBA parts that contain BeO arrive at SAKAB they are deposited at SAKABs landfill 
for hazardous waste. Risk assessments concerning BeO on the landfilling facility have 
been made. These assessments indicate that there is no risk that BeO will leach into the 
surrounding environment since it does not dissolve in water (verbal Forsgren, 1999). 
 
A detailed description of the landfilling facility for hazardous waste at SAKAB is 
provided in appendix II. 
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7 Swedish scenarios 
 
In this chapter, the dismantling- and shredding scenarios in Sweden and also, the 
processes and transportation involved in these scenarios, are described. 
 
 

7.1 The Swedish dismantling scenarios 
 
One of the largest companies performing recycling of electronics in Sweden, Ragn-Sells 
Elektronikåtervinning AB, was contacted. Out of results from earlier studies performed at 
Ragn-Sells (Bävertoft, 1998) and personal conversations with Lennart Edvinsson, 
production manager at Ragn-Sells, a likely scenario for the EoL treatment of a Radio 
Base Station transceiver in Sweden was developed.  
 
Ragn-Sells Elektronikåtervinnings facility is situated in Hässelby close to Stockholm in 
Sweden. Basically, the handled products are dismantled and the obtained fractions are 
reused, recycled or treated as waste (verbal Edvinsson, 1999).  
 
If the KRC 121 10/2 R2A transceiver would be sent to Ragn-Sells for EoL treatment it 
would be handled as depicted in figure 13 (Bävertoft, 1998 and verbal Edvinsson, 1999). 



 

 40

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13. The Swedish dismantling scenario. 
 
The assumptions, limitations and references to the processes and transportation involved, 
and also to the LCI-data used, in this scenario are compiled in appendix III. The LCI-data 
for the different processes are given in appendix IV. The LCI-data for the electricity-
production and the transportation are given in appendix V and VI. Finally, the LCI-data 
for the diesel production, natural gas- and oil extraction involved are listed in appendix 
VII. 
 
 

7.1.1 Transportation of the transceiver from the Radio Base Station to Ragn-Sells 
Elektronikåtervinning AB 

 
Two different scenarios were developed for this process; one scenario where the 
transceiver is transported from a Radio Base Station (RBS) somewhere in Europe and 
another scenario where the transceiver is transported from a RBS somewhere in the USA, 
to Ragn-Sells Elektronikåtervinning AB in Stockholm. The latter scenario, where the 
transceiver is transported from the USA to Sweden, is based on the following 

 

Transportation
of the transceiver

from the RBS

Dismantling at 
Ragn-Sells

Elektronikåtervinning
AB

Aluminium recycling
at Gotthard

Aluminium AB

BeO treatment
at SAKAB

Recycling of copper and
precious metals at

Boliden AB

Transportation of
the BeO-components

Transportation
of the remainder

of the PBA

Transportation of
the aluminium

covers

Transportation 
of IC-components

for reuse

Demotronic

Transportation
of steel screws

Gotthard Nilsson

Discarded
transceiver

Outflows not followed to the grave

Outflows followed to the grave

 



 

 41

assumptions: At the Regional Logistic Centre (RLC) in Dallas the transceiver is judged to 
be reusable, and there is a demand for it in Europe. Therefore, the transceiver is sent from 
the RLC in Dallas to the Repair Centre (RC) in Stockholm. At the RC in Stockholm the 
transceiver is judged to not be worth regaining and therefore it is scrapped.  
 
For these two scenarios the assumptions regarding the transportation of the transceiver 
from the RBSs to the Ragn-Sells in Stockholm are listed in table 8. 
 

Table 8. Assumptions on the lengths and modes of conveyance for transportation of a 
transceiver from a Radio Base Station in Europe, or the USA, to Ragn-Sells 
Elektronikåtervinning AB in Stockholm (verbal Slettmyr, 1999).  

Transportation RBS → SP SP → LLC LLC → RLC RLC → 
Ragn-

Sells/RC 

RC → Ragn-
Sells  

A. From a RBS 
in Europe to 
Ragn-Sell 

Elektronikåter-
vinning AB  in 

Stockholm 

100 km 
Service car 

(within 
Europe) 

200 km 
Truck (within 

Europe) 

1 700 km 
Truck (Europe 

to RLC in 
Stockholm) 

0 km (RLC in 
Stockholm to 
Ragn-Sells in 
Stockholm) 

- 

B. From a RBS 
in the USA to 

Ragn-Sell 
Elektronikåter-
vinning AB  in 

Stockholm  

100 km 
Service car 
(within the 

USA) 

200 km 
Truck (within 

the USA) 

1 700 km 
Aeroplane (the 
USA to RLC 

in Dallas) 

8150 km 
Aeroplane 

(RLC in Dallas 
to RC in 

Stockholm) 

0 km (RC in 
Stockholm to 
Ragn-Sells in 
Stockholm) 

 
• Scenario A; In this scenario the transceiver origins from a RBS somewhere in Europe. 

First, the transceiver is transported 100 km with a service car from the RBS to the 
Service Point (SP). From the SP it is transported another 200 km by truck to the Local 
Logistic Centre (LLC). From the LLC it goes by truck for about 1700 km to the RLC 
in Stockholm where a decision about scrapping is taken. Since in this case the RLC 
and the dismantling facility are situated in the same city, Stockholm, the 
transportation between them is neglected (verbal Slettmyr, 1999). 

 
• Scenario B; In this scenario the transceiver origins from a RBS somewhere in the 

USA. First, the transceiver is transported 100 km with a service car from the RBS to 
the SP. From the SP it is transported another 200 km with a truck to the LLC. From 
the LLC it goes by aeroplane for about 1700 km to the RLC in Dallas. At the RLC in 
Dallas the transceiver is judged to be reusable. From the RLC in Dallas it goes by 
aeroplane to the RC in Stockholm, this distance is about 8150 km (verbal Wesslau, 
1999). At the RC in Stockholm a decision about scrapping is taken. Since in this case 
the RC and the dismantling facility are situated in the same city, Stockholm, the 
transportation between them is neglected (verbal Slettmyr, 1999). 
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7.1.2 Dismantling at Ragn-Sells Elektronikåtervinning AB 
 
The dismantling would be manually performed, probably with tools such as cutting 
nippers, screwdrivers and electrical handtools. All screws would be detached and the 
beryllium oxide (BeO) components would be cut off in quite big parts of the Printed 
Board Assembly (PBA). Also some components for reuse might (dependent on market 
demand) be removed from the PBA. It is assumed that about 52 grams of the PBA would 
be cut off together with the BeO-components. The outgoing fractions would be the 
aluminium covers with the copper cooling flange, the steel screws, the BeO-components 
attached to parts of the PBA, the remainder of the PBA and possibly some components 
for reuse. The only environmental effect accounted for in this process is the energy 
consumption at the facility (verbal Edvinsson, 1999). 
 
 

7.1.3 Transportation of the beryllium oxide components  
 
At Ragn-Sells Elektronikåtervinning AB the BeO-components would be stored in steel 
barrels with covers. At the facility in Hässelby the barrels would be collected by a truck 
from Ragn-Sells Specialavfall AB and transported 30 km to their facility in Högbytorp 
where they would be stored for some time (verbal Edvinsson, 1999 and Lundin, 1999). 
When the amount of materials is sufficient enough to fill a whole truck, the steel barrels 
containing BeO-components would be sent to SAKAB in Kumla. The length of the 
transportation from Högbytorp to Kumla is about 230 km (verbal Nilsson, 1999).  
 
 

7.1.4 Beryllium oxide treatment at SAKAB 
 
The BeO-components would be deposited in a specially protected landfill at SAKAB in 
Kumla (verbal Forsgren, 1999).  
 
 

7.1.5 Transportation of the remainder of the printed board assemply 
 
The remainder of the PBA after that the BeO-components and possible components for 
reuse are removed, would be sent from Ragn-Sells in Hässelby to the Rönnskär smelter in 
Skellefteå. First it would be transported by truck to Spånga for about ten km. The trucks 
used are diesel-driven and carry about 20-28 tonnes each. From Spånga it would be sent 
by train to Skellefteå (verbal Edvinsson, 1999). If SJ Express would be hired for the 
transportation, this transportation would comprise about 800 km train transportation and 
about 150 km truck transportation (verbal Andersson, 1999). 
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7.1.6 Recycling of copper and precious metals at Boliden AB  
 
The remainder of the PBA would be recovered by Boliden AB at the Rönnskär smelter in 
Skellefteå, where copper, gold, palladium, platinum and silver would be obtained (verbal 
Edvinsson, 1999 and Boliden AB, 1998).  
 
Before fed into the Rönnskär smelter, the materials would be shredded (verbal Axelsson, 
1999). The only environmental effect accounted for in this process is the energy 
consumption.  
 
 

7.1.7 Transportation of the aluminium covers  
 
The aluminium covers (including the copper cooling flange) would be sent by truck from 
Ragn-Sells in Hässelby to Gotthard Aluminium AB in Älmhult, which is a distance of 
about 500 km. The trucks used are diesel-driven and carry about 20-28 tonnes each 
(verbal Edvinsson, 1999).  
 
 

7.1.8 Aluminium recycling at Gotthard Aluminium AB 
 
The aluminium covers (including the copper cooling flange) would be recovered as an 
aluminium-alloy at Gotthard Aluminium AB in Älmhult (verbal Edvinsson, 1999).  
 
 

7.1.9 Outflows not followed to the grave 
 
The handling of the screws and the components sent to reuse is neglected in the analysis 
since these amounts are very small (the screws are made of about 21 grams steel and only 
two or three components are of interest for reuse). 
 
 

7.2 The Swedish shredding scenarios 
 
In order to investigate how a hypothetical Radio Base Station transceiver that does not 
contain BeO would be recovered in Sweden, the recycling company AB Arv Andersson 
was contacted. Out of personal conversations with Anders Axelsson and Sune Nordström 
at AB Arv Andersson, a likely scenario for the End-of-Life treatment of such a 
transceiver was developed.  
 
AB Arv Andersson is a recycling company that trade scrap in Sweden and abroad. They 
are mainly active in three areas; non-ferrous metals, scrap iron and commercial iron. At 
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the Rönnskär smelter in Skellefteå they have a shredding facility specially designed for 
electronic scrap. 
 
If the transceiver would be sent directly to the Rönnskär smelter for EoL treatment it 
would be handled as depicted in figure 14 (verbal Axelsson, 1999). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14. The Swedish shredding scenario. 
 
The assumptions, limitations and references to the processes and transportation involved, 
and also to the LCI-data used, in this scenario are compiled in appendix VIII. The LCI-
data for the different processes are given in appendix IX. The LCI-data for the electricity-
production and the transportation are given in appendix V and VI. Finally, the LCI-data 
for the diesel production, natural gas- and oil extraction involved are listed in appendix 
VII. 
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7.2.1 The shredding and separation processes performed by AB Arv Andersson 
 
First, the electronic scrap is transported on a conveyor belt and dumped into the shredder 
house, where shredding is performed by a milling machinery. Below the mill a grid is 
located, which only allows pieces that are smaller than a certain size to pass. The pieces 
that pass the grid fall down on another conveyor belt where a magnetic separator 
separates the ferrous parts from the rest of the materials. The non-ferrous fraction is 
transferred to a riddle, where parts smaller than about 15 millimetres are separated. The 
remaining larger fraction is fed into an eddy current separator where metals such as 
aluminium are separated. The separation is accomplished by a fluctuating magnetic field, 
which affects the different materials to varying extents depending on differences in 
conductivity. The remaining fraction from the transceiver mainly contains shredded 
copper and PBA, which is fed into the Rönnskär smelter. To what extent the aluminium 
is separated mainly depends on the feeding speed through the separator. The optimal and 
most common degree of separation results in 3–5 % aluminium in the fraction that is 
transferred to the Rönnskär smelter and about 98 % aluminium in the outgoing 
aluminium fraction (verbal Nordström, 1999).  
 
 

7.2.2 Transportation of the transceiver from the Radio Base Station to the 
Rönnskär smelter 

 
Two different scenarios were developed for this process; One scenario where the 
transceiver is transported from a RBS somewhere in Europe and another scenario where 
the transceiver is transported from a RBS somewhere in the USA, to the Rönnskär 
smelter in Skellefteå. The latter scenario, where the transceiver is transported from the 
USA to Sweden, is based on the following assumptions: At the RLC in Dallas the 
transceiver is judged to be reusable, and there is a demand for it in Europe. Therefore, the 
transceiver is sent from the RLC in Dallas to the RC in Stockholm. At the RC in 
Stockholm the transceiver is judged to not be worth regaining and therefore it is 
scrapped.  
 
For these two scenarios the assumptions regarding the transportation of the transceiver 
from the RBSs to AB Arv Andersson at the Rönnskär smelter in Skellefteå are listed in 
table 9. 
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Table 9. Assumptions on the lengths and modes of conveyance for the transportation of a 
transceiver from a Radio Base Station in Europe or the USA to AB Arv Andersson at the 
Rönnskär smelter in Skellefteå (verbal Slettmyr, 1999).  

Transportation RBS → SP SP → LLC LLC → RLC RLC → Arv 
Andersson/RC 

RC→ Arv 
Andersson  

A. From a RBS 
in Europe to 

AB Arv 
Andersson in 

Skellefteå 

100 km 
Service car 

(within 
Europe) 

200 km 
Truck (within 

Europe) 

1 700 km 
Truck (Europe 

to RLC in 
Stockholm) 

800 km 
Train 

150 km 
Truck (RLC in 
Stockholm to 

Arv Andersson 
in Skellefteå) 

- 

B. From a RBS 
in the USA to to 

AB Arv 
Andersson in 

Skellefteå 

100 km 
Service car 
(within the 

USA) 

200 km 
Truck (within 

the USA) 

1 700 km 
Aeroplane (the 
USA to RLC 

in Dallas) 

8150 km 
Aeroplane 

(RLC in Dallas 
to RC in 

Stockholm) 

800 km 
Train 

150 km 
Truck (RC in 
Stockholm to 

Arv 
Andersson in 
Skellefteå) 

 
• Scenario A; In this scenario the transceiver origins from a RBS somewhere in Europe. 

First, the transceiver is transported 100 km with a service car from the RBS to the SP. 
From the SP it is transported another 200 km by truck to the LLC. From the LLC it 
goes by truck for about 1700 km to the RLC in Stockholm where a decision about 
scrapping is taken (verbal Slettmyr, 1999). 

 
• Scenario B; In this scenario the transceiver origins from a RBS somewhere in the 

USA. First, the transceiver is transported 100 km with a service car from the RBS to 
the SP. From the SP it is transported another 200 km with a truck to the LLC. From 
the LLC it goes by aeroplane for about 1700 km to the RLC in Dallas. At the RLC in 
Dallas the transceiver is judged to be reusable. From the RLC in Dallas the 
transceiver is sent by aeroplane to the RC in Stockholm, this distance is about 8150 
km (verbal Wesslau 1999). At the RC in Stockholm a decision about scrapping is 
taken (verbal Slettmyr, 1999). 

 
If SJ Express would be hired for the transportation of the transceivers from the RLC or 
RC in Stockholm to the Rönnskär smelter in Skellefteå, the transportation would 
comprise about 800 km train transportation and about 150 km truck transportation (verbal 
Andersson, 1999).  
 
 

7.2.3 Shredding of the entire transceiver and separation of the aluminium fraction 
at the Rönnskär smelter (AB Arv Andersson) 

 
The transceiver would be shredded in AB Arv Anderssons shredder for electronic scrap. 
The only environmental effect accounted for in this process is the energy consumption. 
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The outgoing fractions from the separation would be an aluminium fraction containing 
about 98 % aluminium and another fraction that would mainly consist of the shredded 
PBA and copper cooling flange, this fraction would have an aluminium content of 3-5 % 
(verbal Axelsson, 1999 and Nordström, 1999). 
  
 

7.2.4 Recycling of copper and precious metals from the printed board assembly 
and copper scrap fraction at the Rönnskär smelter (Boliden AB) 

  
The fraction containing the PBA and the copper cooling flange would be recovered by 
Boliden AB at the Rönnskär smelter in Skellefteå where copper, gold, palladium, 
platinum and silver would be obtained (verbal Axelsson, 1999 and Boliden AB, 1998).  
 
 

7.2.5 Transportation of the aluminium fraction  
 
Most of the aluminium from AB Arv Andersson is at the time being sent to Gotthard 
Aluminium AB in Älmhult (verbal Axelsson, 1999). Hence, it is assumed that the 
aluminium fraction would go to Gotthard Aluminium AB for aluminium recycling. The 
transportation would go by truck and the distance from the Rönnskär smelter in 
Skellefteå to Älmhult is estimated to be about 1300 km.  
 
 

7.2.6 Aluminium recycling at Gotthard Aluminium AB  
 
The aluminium fraction is assumed to be recovered at Gotthard Aluminium AB in 
Älmhult.  
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8 Dutch scenarios 
 
In this chapter the Dutch scenarios and the processes and transportation involved in 
these scenarios are described. 
 
 

8.1 The Dutch dismantling scenarios 
 
The largest company performing recycling of electronics in the Netherlands, MIREC 
B.V. (Lindberg, 1998), was contacted and with their help a scenario for EoL treatment of 
a transceiver in the Netherlands was developed.  
 
MIREC is situated in Eindhoven in the Netherlands. They buy and process a range of 
industrial waste materials such as discarded equipment, chemical wastes and residual 
substances, specialising in brown goods, IT- and telecom products. The secondary raw 
materials obtained from the processing are sold on (MIREC B.V., 1999). 
 
If the KRC 121 10/2 R2A 10W transceiver would be EoL treated by MIREC the scenario 
would be as depicted in figure 15 (MIREC B.V., 1999). 
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Figure 15. The Dutch dismantling scenario. 
 
The assumptions, limitations and references to the processes and transportation involved, 
and also to the LCI-data used, in this scenario are compiled in appendix X. The LCI-data 
for the different processes are given in appendix XI. The LCI-data for the electricity-
production and the transportation are given in appendix V and VI. Finally, the LCI-data 
for the diesel production, natural gas- and oil extraction involved are listed in appendix 
VII. 
 
 

8.1.1 Transportation of the transceiver from the Radio Base Station to MIREC 
B.V. 

 
Two different scenarios were developed for this process; one scenario where the 
transceiver is transported from a Radio Base Station (RBS) somewhere in Europe and 
another scenario where the transceiver is transported from a RBS somewhere in the USA 
to MIREC B.V. in Eindhoven. The latter scenario, where the transceiver is transported 
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from the USA to the Netherlands, is based on the following assumptions: At the Regional 
Logistic Centre (RLC) in Dallas the transceiver is judged to be reusable, and there is a 
demand for it in Europe. Therefore, the transceiver is sent from the RLC in Dallas to the 
RLC in Rijen. At the RLC in Rijen the transceiver is judged to not be worth regaining 
and hence it is scrapped.  
 
For these two scenarios the assumptions regarding the transportation of the transceiver 
from the RBSs to MIREC B.V. in Eindhoven are listed in table 10. 
 

Table 10. Assumptions on the lengths and modes of conveyance for transportation of a 
transceiver from a Radio Base Station in Europe or the USA to MIREC in Eindhoven 
(verbal Slettmyr 1999).  

Transportation RBS → SP SP → LLC LLC → RLC RLC → 
MIREC/RC 

RC → 
MIREC 

A. From a RBS 
in Europe to 
MIREC in 
Eindhoven 

100 km 
Service car 

(within 
Europe) 

200 km 
Truck (within 

Europe) 

1 700 km 
Truck (Europe 

to RLC in 
Rijen) 

50 km 
Truck (RLC in 

Rijen to 
MIREC in 
Eindhoven) 

- 

B. From a RBS 
in the USA to 

MIREC in 
Eindhoven 

100 km 
Service car 
(within the 

USA) 

200 km 
Truck (within 

the USA) 

1 700 km 
Aeroplane (the 
USA to RLC 

in Dallas) 

7900 km 
Aeroplane 

(RLC in Dallas 
to RLC in 

Rijen) 

50 km 
Truck (RLC in 

Rijen to 
MIREC in 
Eindhoven) 

 
• Scenario A; In this scenario the transceiver origins from a RBS somewhere in Europe. 

First, the transceiver is transported 100 km with a service car from the RBS to the 
Service Point (SP). From the SP it is transported another 200 km by truck to the Local 
Logistic Centre (LLC). From the LLC it goes by truck for about 1700 km to the RLC 
in Rijen where a decision about scrapping is taken (verbal Slettmyr, 1999). 

 
• Scenario B; In this scenario the transceiver origins from a RBS somewhere in the 

USA. First, the transceiver is transported 100 km with a service car from the RBS to 
the SP. From the SP it is transported another 200 km with a truck to the LLC. From 
the LLC it goes by aeroplane for about 1700 km to the RLC in Dallas. At the RLC in 
Dallas the transceiver is judged to be reusable. From the RLC in Dallas it goes by 
aeroplane to the RLC in Rijen, this distance is about 7900 km (verbal Wesslau, 1999). 
At the RLC in Rijen a decision about scrapping is taken (verbal Slettmyr, 1999). 

 
The transportation from the RLC in Rijen to MIREC B.V. in Eindhoven is assumed to go 
by truck and the distance is estimated to be about 50 km. 
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8.1.2 Dismantling at MIREC B.V. 
 
The dismantling at MIREC is manually performed with air powered tools. In addition, 
transportation belts, lifts and lifting equipment are used to minimise human physical 
effort in the dismantling process. The depth of the dismantling is determined by a 
computer model in order to achieve maximum yield at minimum cost. Since no 
information on whether the transceiver in question actually would be dismantled or not 
was provided by MIREC it is assumed that it would be dismantled. One reason for this 
assumption is the beryllium oxide (BeO) components; it would be difficult to shred the 
entire transceiver in an environmentally suitable way unless they are detached. If the 
transceiver would be dismantled the obtained fractions would be the aluminium covers 
with the copper cooling flange, the Printed Board Assembly (PBA), the BeO-components 
and the screws. It is assumed that 52 grams of the PBA would be cut off together with the 
BeO-components. If there is a contract agreement on components for reuse these would 
be detached in the dismantling process. The only environmental effect accounted for in 
this process is the energy consumption. No energy consumption data for the dismantling 
process were obtained from MIREC so it is assumed that the energy consumption per kg 
handled scrap is the same as it is at Ragn-Sells Elektronikåtervinning AB in Sweden 
(MIREC B.V., 1999). 
 
 

8.1.3 Transportation of the beryllium oxide components 
 
According to the recycling report from MIREC the BeO-components would be removed 
and treated as hazardous waste by a qualified and certified sister company. Since no 
information on where this company is situated or how the components would be 
transported there was received, it is assumed that the BeO-components are transported by 
truck somewhere within the Netherlands for a distance of 120 km. 
 
 

8.1.4 Beryllium oxide treatment at a sister company 
 
It is assumed that the BeO treatment at the sister company would be specially protected 
landfill just as the treatment would be at SAKAB in Sweden.     
 
 

8.1.5 Shredding of the aluminium covers and the rest of the printed board 
assembly and separation of the shredded materials into different fractions at 
MIREC B.V. 

 
The aluminium covers (including the copper cooling flange) and the PBA would be 
shredded. It is assumed that these two fractions would be shredded separately. The 
shredded aluminium covers would be separated by an eddy current separator into two 
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fractions; aluminium (with a small copper contamination) and copper (with a small 
aluminium contamination). Since no information about the degree of separation in the 
eddy current separator were obtained from MIREC, it is assumed that the separation 
degrees would be the same as they normally are at the eddy current separator at the 
Rönnskär smelter, i.e. 98 % aluminium in the aluminium fraction and 3-5 % aluminium 
in the copper fraction. The shredded aluminium would constitute one outgoing fraction, 
and it is assumed that the shredded PBA and the shredded copper would be added 
together to form another outgoing fraction. The only environmental effect accounted for 
in this process is the energy consumption (MIREC B.V., 1999). 
 
 

8.1.6 Transportation of the aluminium fraction  
  
The aluminium fraction is assumed to be sent to Union Miniere in Brussels in Belgium 
for aluminium recycling (MIREC B.V., 1999). The transportation would go by truck and 
the distance is estimated to be about 110 km. 
 
 

8.1.7 Aluminium recycling at Union Miniere 
 
The aluminium fraction is assumed to be recycled at Union Miniere in Brussels in 
Belgium (MIREC B.V., 1999). 
 
 

8.1.8 Transportation of the shredded copper and printed board assembly  
 
The copper fraction and the PBA fraction would be transported to Boliden AB in 
Sweden, Noranda in Canada or Union Miniere in Belgium. In this study it is assumed that 
it goes to Boliden AB in Skellefteå in Sweden. The transportation is assumed to go 100 
km by truck and the rest by ship (MIREC B.V., 1999). The shipping distance is estimated 
to be about 2030 km. 
 
 

8.1.9 Recycling of copper and precious metals at Boliden AB 
 
At Boliden AB in Skellefteå in Sweden copper, gold, palladium, platinum and silver 
would be recycled from the copper and PBA fraction (MIREC B.V., 1999 and Boliden 
AB, 1998). 
 
Before fed into the Rönnskär smelter, the materials would be shredded (verbal Axelsson, 
1999). The only environmental effect accounted for in this process is the energy 
consumption.  
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8.1.10 Outflows not followed to the grave 
 
The handling of the screws and possible components sent to reuse is not considered since 
these amounts are negligible (the screws are made of about 21 grams steel). 
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9 Japanese scenario 
 
In this chapter the Japanese scenario and the different processes and transportation 
involved in this scenario are described. 
 
 

9.1 The Japanese dismantling scenario 
 
In order to investigate how an Ericsson transceiver would be recovered in Japan a PDC-
transceiver was sent to TERM (Total Environmental Recycling Management) in Japan. 
At TERM a trial dismantling was performed and a report on how the transceiver would 
be recovered was written.  
 
TERM is a Japanese recycling company within the Toshiba group. Their facility for 
recycling of electronics is situated in Yokohama in Japan (TERM, 1999). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16. The Japanese dismantling scenario. 
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If the KRC 121 10/2 R2A transceiver is sent to TERM for EoL treatment it is handled as 
depicted in figure 16 (TERM, 1999). 
 
The assumptions, limitations and references to the processes and transportation involved, 
and also to the LCI-data used, in this scenario are compiled in appendix XII. The LCI-
data for the different processes are given in appendix XIII. The LCI-data for the 
electricity-production and the transportation are given in appendix V and VI. Finally, the 
LCI-data for the diesel production, natural gas- and oil extraction involved are listed in 
appendix VII. 
 
 

9.1.1 Transportation of the transceiver from the Radio Base Station to TERM 
 
Only one scenario was developed for this transportation, where the transceiver is 
transported from a Radio Base Station (RBS) somewhere in Japan to TERM in 
Yokohama. The PDC-transceivers in Japan will most likely not be transported out from 
this market area since the PDC-standard only is used in Japan.  
 
The assumptions regarding the transportation of the transceiver from the RBS to TERM 
in Yokohama are listed in table 11. 
 

Table 11. Assumptions on the lengths and modes of conveyance for transportation of a 
transceiver from a Radio Base Station in Japan to TERM in Yokohama (verbal 
Hietarinta, 1999). 

Transportation RBS → LLC LLC → TERM 
From a RBS in Japan to TERM 

in Yokohama 
150 km Service car 
140 km Aeroplane 

30 km Truck 

 
The average transportation of a transceiver from a RBS somewhere in Japan to the Local 
Logistic Centre (LLC) in Tokyo involves transportation of 150 km by a service car and 
140 km by aeroplane (verbal Hietarinta, 1999). It is assumed that the transceiver would 
be transported by truck from the LLC in Tokyo to TERM in Yokohama. This distance is 
about 30 km.  
 
  

9.1.2 Dismantling at TERM 
 
The dismantling is manually performed by the use of a screwdriver and a clipper. The 
transceiver is dismantled into the aluminium covers with the copper cooling flange, the 
beryllium oxide (BeO) components, the remainders of the Printed Board Assembly 
(PBA) and the steel screws. It is assumed that about 52 grams of the PBA is cut off 
together with the BeO-components. The BeO-components are stored in airtight bags or 
other containers. No data on the energy consumption related to the dismantling process 
was obtained from TERM. An assumption that the energy consumption per kg scrap is 
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the same as it is at Ragn-Sells Elektronikåtervinning AB in Sweden was made (TERM, 
1999). 
 
 

9.1.3 Transportation of the beryllium oxide components 
 
The BeO-components would be sent to Nihon Gaishi Co. for BeO recycling. Nihon 
Gaishi Co. has about four different collection points. It is assumed that the BeO-
components are sent to the collection point in Nagoya, this transportation would go by 
truck and the distance is about 300 km (TERM, 1999). 
 
 

9.1.4 Recycling of beryllium oxide at Nihon Gaishi Co. 
 
The BeO would be recycled at Nihon Gaishi Co., which manufactures BeO ceramics. The 
outcome is a mixed-material fraction containing amongst others BeO (TERM, 1999). 
 
 

9.1.5 Transportation of the aluminium covers 
 
The aluminium covers (including the copper cooling flange) would be transported by 
truck to Sugaya Metal/Yokohama Al. in Yokohama. This distance is about 50 km 
(TERM, 1999).  
 
 

9.1.6 Aluminium recycling at Sugaya Metal/Yokohama Al. 
 
The aluminium covers (including the copper cooling flange) would be recycled at Sugaya 
Metal/Yokohama Al. in Yokohama (TERM, 1999).  
 
 

9.1.7 Transportation of the remainder of the printed board assembly 
 
The remainder of the PBA would be transported by truck to Chugai Kogyo/Nikko Co., 
the distance is about 300 km (TERM, 1999). 
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9.1.8 Recycling of copper and precious metals at Chugai Kogyo/Nikko Co. 
 
The remainders of the PBA would be treated for recycling of copper and precious metals 
at Chugai Kogyo/Nikko Co (TERM, 1999). 
 
 

9.1.9 Outflows not followed to the grave 
 
The handling of the screws and the components sent to reuse is neglected in the analysis 
since these amounts are very small (the screws are made of about 21 grams steel and only 
two or three components are of interest for reuse). 
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10  American scenarios 
 
In this chapter the American scenarios and also, the processes and transportation 
included in these scenarios are described.  
 
 

10.1 The American dismantling scenarios 
 
In order to investigate how an Ericsson transceiver would be recovered in the USA a 
TDMA-transceiver was sent to United Recycling Industries Inc. (United) in the USA. A 
recycling trial was performed and United provided information on how the transceiver 
would be recovered at their facility.  
 
United is an integrated recycling and remarketing company that primarily handles 
electrical related equipment. Their business is conducted through three complementary 
and wholly owned operations: United Recycling Services, United Refining & Smelting 
Co. and Universal Integrated Circuits. United Recycling Services provides 
demanufacturing and remarketing services, United Refining & Smelting Co. provides 
precious metals recovery and Universal Integrated Circuits provides integrated circuit 
recovery. The facilities are all situated in the Chicago area in the USA (United Recycling 
Industries Inc., 1999). 
 
If a KRC 121 10/2 R2A transceiver is sent to United for EoL treatment it is treated as 
depicted in figure 17 (United Recycling Industries Inc., 1999). 
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Figure 17. The American dismantling scenario 
 
The assumptions, limitations and references to the processes and transportation involved, 
and also to the LCI-data used, in this scenario are compiled in appendix XIV. The LCI-
data for the different processes are given in appendix XV. The LCI-data for the 
electricity-production and the transportation are given in appendix V and VI. Finally, the 
LCI-data for the diesel production, natural gas- and oil extraction involved are listed in 
appendix VII. 
 
 

10.1.1 Transportation of the transceiver from the Radio Base Station to United 
Recycling Services 

 
Two different scenarios were developed for this process; one scenario where the 
transceiver is transported from a Radio Base Station (RBS) somewhere in the USA and 
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another scenario where the transceiver is transported from a RBS somewhere in Europe 
to United Recycling Services in Chicago. The latter scenario, where the transceiver is 
transported from Europe to the USA, is based on the following assumptions: At the 
Regional Logistic Centre (RLC) in Rijen the transceiver is judged to be reusable, and 
there is a demand for it in the USA. Therefore, the transceiver is sent from the RLC in 
Rijen to the Repair Centre (RC) in Dallas. At the RC in Dallas the transceiver is judged to 
not be worth regaining and therefore it is scrapped.  
 
For these two scenarios the assumptions regarding the transportation of the transceiver 
from the RBSs to United Recycling Services in Chicago are listed in table 12.  
 

Table 12. Assumptions on the lengths and modes of conveyance for transportation of a 
transceiver from a Radio Base Station in the USA or Europe to United Recycling Services 
in Chicago (verbal Slettmyr, 1999).  

Transportation RBS → SP SP → LLC LLC → RLC RLC → 
United/RC 

RC → United 

A. From a RBS 
in the USA to 

United in 
Chicago 

100 km 
Service car 
(within the 

USA) 

200 km 
Truck (within 

the USA) 

1 700 km 
Aeroplane (the 
USA to RLC 

in Dallas) 

1 350 km 
Aeroplane 

(RLC in Dallas 
to United in 

Chicago) 

- 

B. From a RBS 
in Europe to 

United in 
Chicago 

100 km 
Service car 

(within 
Europe) 

200 km 
Truck (within 

Europe) 

1 700 km 
Truck (Europe 

to RLC in 
Rijen) 

7900 km 
Aeroplane 

(RLC in Rijen 
to RC in 
Dallas) 

1 350 km 
Aeroplane (RC 

in Dallas to 
United in 
Chicago) 

 
• Scenario A; In this scenario the transceiver origins from a RBS somewhere in the 

USA. First, the transceiver is transported 100 km with a service car from the RBS to 
the Service Point (SP). From the SP it is transported another 200 km by truck to the 
Local Logistic Centre (LLC). From the LLC it goes by aeroplane for about 1700 km 
to the RLC in Dallas where a decision about scrapping is taken (verbal Slettmyr, 
1999). 

 
• Scenario B; In this scenario the transceiver origins from a RBS somewhere in Europe. 

First, the transceiver is transported 100 km with a service car from the RBS to the SP. 
From the SP it is transported another 200 km with a truck to the LLC. From the LLC 
it goes by truck for about 1700 km to the RLC in Rijen. At the RLC in Rijen the 
transceiver is judged to be reusable. From the RLC in Rijen it goes by aeroplane to 
the RC in Dallas, this distance is about 7900 km (verbal Wesslau, 1999). At the RC in 
Dallas a decision about scrapping is taken (verbal Slettmyr, 1999). 

 
The transportation from the RLC or RC in Dallas to Chicago is assumed to go by 
aeroplane and the distance is estimated to be about 1350 km. 
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10.1.2 Dismantling at United Recycling Services  
 
The dismantling is manually performed by the use of various handtools, pneumatic 
tooling and balers. The transceiver is dismantled into the aluminium covers with the 
copper cooling flange attached, the steel screws and the Printed Board Assembly (PBA). 
The only environmental effect accounted for in this process is the energy consumption 
(United Recycling Industries Inc., 1999). 
 
 

10.1.3 Transportation of the printed board assembly  
 
United Recycling Services (the dismantling facility) and Universal Integrated Circuits are 
situated at the same location in Chicago. The transportation of the PBA from the 
dismantling facility to Universal is therefore neglected in the analysis (United Recycling 
Industries Inc., 1999). 
 
 

10.1.4 Removal of components for reuse at Universal Integrated Circuits 
 
At Universal components for reuse would be detached. However, since there are only 
three components of interest for reuse, this process is neglected in the analysis (United 
Recycling Industries Inc., 1999). 
 
 

10.1.5 Transportation of the remainder of the printed board assembly 
 
After removal of components for reuse the rest of the PBA would be transported by truck 
to United Refining & Smelting, this distance is about 24 km (United Recycling Industries 
Inc., 1999). 
 
 

10.1.6 Recycling of copper and precious metals at United Refining & Smelting  
 
The PBA would be processed for precious metals recovery at United Refining & 
Smelting (United Recycling Industries Inc., 1999).  
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10.1.7 Transportation of the aluminium covers 
 
The aluminium covers (including the copper cooling flange) would be sent by truck from 
United’s dismantling facility to local metal recyclers. The distance would be about 48 km 
(United Recycling Industries Inc., 1999). 
 
 

10.1.8 Aluminium recycling by a local metal recycler   
 
The aluminium covers (including the copper cooling flange) would be recovered by a 
local metal recycler (United Recycling Industries Inc., 1999). 
 
 

10.1.9 The beryllium oxide components 
 
The recycling report from United states that the BeO-components not would be detached 
when the transceiver is dismantled. United believe that the BeO may be recovered in 
either the metallic fraction or the furnace slag by the treatment at United Refining & 
Smelting Co. If however, after testing, the BeO should present an airborne problem, the 
components would be manually detached and 1) sent to a BeO-recycler, 2) sent to landfill 
for hazardous waste or 3) returned to Ericsson for reuse or disposal. However, this study 
assumes that the BeO-components not are detached, but recovered by the treatment at 
United Refining & Smelting. 
 
 

10.1.10 Outflows not followed to the grave 
 
The handling of the screws and the components sent to reuse is neglected since these 
amounts are very small (the screws are made of about 21 grams steel and only three 
components are of interest for reuse). 
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11  Results and discussion  
 
In this chapter the impacts of the nine different scenarios on the analysed category 
indicators are analysed and discussed. The environmental impact of the Swedish 
dismantling scenario is compared to the environmental impact of the Swedish shredding 
scenario, excluding the transportation of the transceiver from the Radio Base Station to 
the Regional Logistic Centre or Repair Centre in Stockholm. At last, some final 
conclusions are drawn from the obtained results. 
 
 
In the following paragraphs, the impacts of the nine different scenarios on the analysed 
category indicators are analysed and discussed. The impact of each scenario is divided 
into four groups; the impact from the electricity produced, the impact from the processes 
performed, the impact due to the transportation of the transceiver and the impact due to 
other transportation. The category “transportation of the transceiver” refers to the 
transportation of the transceiver from the Radio Base Station (RBS) where it has been 
used, to the location where it is discarded. The category “other transportation” refers to 
other transportation involved in the scenario, i.e. transportation of the different fractions 
originating from the scrapped transceiver to the different recycling facilities. The 
inventory results from the nine scenarios are enclosed in appendices XVI, XVII, XVIII, 
XIX and XX. The inventory results from the comparison between the Swedish 
dismantling scenario and the Swedish shredding scenario are enclosed in appendix XXI. 
 
 

11.1 The impact on Air Acidification 
 
In all scenarios where the transceiver origins from a RBS in one continent and is 
scrapped in another continent the impact on Air Acidification (AA) is very large, which 
can be seen in diagram 1. This is mainly due to NOx- and SOx-emissions from the 
aeroplane transportation involved in the transportation of the transceiver. 



 

 64

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Diagram 1. The impacts of all the analysed scenarios on Air Acidification. 
 
When the scenarios where the transceiver is used and scrapped in the same continent are 
compared, the American dismantling scenario has the largest impact on AA, which can 
be seen in diagram 2. This is mainly due to NOx- and SOx-emissions, caused by the 
aeroplane transportation involved in the transportation of the transceiver. The Japanese 
and Swedish dismantling scenarios have the smallest impact on AA. The main reason for 
the lower impact of the Swedish scenario is the lower impact of the Swedish electricity-
production. This is due to the fact that the Swedish electricity-production mainly is based 
on nuclear power and hydropower and these two forms of electricity-production do not 
cause any emissions that influence on AA. The main reason for the lower impact from the 
Japanese scenario is that the transportation of the transceiver is quite short and mainly 
goes by truck in this scenario, hence it causes less emissions. Aeroplane transportation 
causes larger emissions of amongst others NOx and SOx per tonkilometre than truck 
transportation. 
 
The impact of electricity-production is very small in the Dutch and Swedish scenarios. It 
is somewhat larger in the Japanese scenario and largest in the American scenario. This is 
due to differences in the electricity-mixtures as the consumption of electricity is very 
similar in all scenarios. The impact caused by emissions from the processes is larger in 
the Dutch scenario and the Swedish shredding scenario. The reason for this is that a 
larger amount of materials, i.e. the Printed Board Assembly (PBA) and the copper from 
the cooling flange, is fed into the electronic scrap resmelting process in these scenarios. 
When a larger amount of materials is fed into the process this causes larger emissions 
from above all the converter process and the electrolysis involved, which influence on 
AA. However, in these cases the copper from the cooling flange is obtained as pure 
copper instead of as in the other scenarios where it is recovered together with the 
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aluminium covers as part of an aluminium-alloy. In the other scenarios emissions from 
the aluminium recycling process and the converter process involved in the electronic 
scrap resmelting process cause the main impact from the processes. The impact of the 
transportation of the transceiver is considerable in all scenarios. The impact of the 
transportation of the different fractions originating from the scrapped transceiver out to 
the different recycling companies is largest in the Swedish scenarios due to the relatively 
long transportation distances in Sweden.  
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Diagram 2. The impacts on Air Acidification of the scenarios where the transceiver is 
used and scrapped in the same continent. 
 
 

11.2 The impact on Air Toxicity 
 
Just as in the case with AA, there is a large impact on Air Toxicity (AT) from all 
scenarios where the transceiver origins from a RBS in one continent and is scrapped in 
another continent, see diagram 3. This impact is mainly due to CO2-, NOx- and SOx-
emissions from the aeroplane transportation involved in the transportation of the 
transceiver. 
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Diagram 3. The impacts of all the analysed scenarios on Air Toxicity. 
 
In a comparison between the scenarios where the transceiver is used and scrapped in the 
same continent, the American dismantling scenario has the largest impact on AT, which 
can be seen in diagram 4. This is mainly due to CO2-, NOx- and SOx-emissions caused by 
the aeroplane transportation involved in the transportation of the transceiver. The 
scenario where the transceiver is dismantled and recovered in Sweden has the lowest 
impact on AT. The reason for this is the very low impact caused by the electricity 
produced in Sweden. 
 
The impact of electricity-production is very small in the Dutch and Swedish scenarios. It 
is somewhat larger in the Japanese scenario and largest in the American scenario. The 
electricity consumption is very similar in all scenarios and the impact differences are due 
to differences in the electricity-mixtures. The impact caused by emissions from the 
processes is larger in the Dutch scenario and the Swedish shredding scenario. The reason 
for this is, just as in the AA case, that a larger amount of materials, i.e. the PBA and the 
copper from the cooling flange is fed into the electronic scrap resmelting process in these 
scenarios and this causes larger emissions that impact on AT. However, in these 
scenarios the copper from the cooling flange is obtained as pure copper while in the other 
scenarios it is recovered as part of an aluminium-alloy. In the other scenarios emissions 
from the aluminium recycling process and the converter and Kaldo processes involved in 
the electronic scrap resmelting cause the main impact from the processes. The impact of 
the transportation of the transceiver is quite large in all scenarios. The impact of the 
transportation of the different fractions out to the different recycling companies is largest 
for the Swedish scenarios due to the relatively long transportation distances in Sweden. 
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Diagram 4. The impacts on Air Toxicity of the scenarios where the transceiver is used 
and scrapped in the same continent. 
 
 

11.3 The impact on Energy Depletion 
 
In the scenarios where the transceiver origins from a RBS in one continent and is 
scrapped in another continent the impact on Energy Depletion (ED) is very large, see 
diagram 5. The main reason for this is that the aeroplane transportation involved in the 
transportation of the transceiver consumes a significant amount of fuels. The production 
of these fuels in turn, causes a large crude oil consumption, which impacts on ED. 
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Diagram 5. The impacts of all the analysed scenarios on Energy Depletion. 
 
In a comparison between the scenarios where the transceiver is used and scrapped in the 
same continent, the American dismantling scenario has the largest impact on ED, which 
can be seen in diagram 6. This impact is mainly due to the consumption of crude oil, 
caused by the production of fuels used for the aeroplane transportation involved in the 
transportation of the transceiver. The Dutch and Swedish scenarios have the lowest 
impact on ED. Two factors contribute to this lower impact. First, the electricity-
production in the Netherlands and Sweden has very small impact on ED, and secondly, 
the transportation of the transceiver only goes by truck in these scenarios. Truck 
transportation causes several times lower fuel consumption than aeroplane transportation 
per tonkilometre.  
 
In the Dutch and Swedish scenarios the impact from electricity-production is very small. 
In the Japanese scenario it is somewhat larger and it is largest in the American scenario, 
this is due to differences in the electricity-mixtures (for example the American electricity-
production is to a relatively large extent based on fossil fuels), the amount of electricity 
consumed does not differ significantly between the different scenarios. The impact 
caused by the processes is very similar in all scenarios and mainly due to the oil 
extraction process. The oil extraction process is involved in both the aluminium recycling 
process and the electronic scrap resmelting process. The impact of the transportation of 
the transceiver is relatively large in all scenarios. The impact caused by transportation of 
the different fractions to the different recycling facilities is relatively large in the Swedish 
scenarios because the transportation distances are somewhat longer in Sweden and hence 
more fuel is consumed.  
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Diagram 6. The impacts on Energy Depletion of the scenarios where the transceiver is 
used and scrapped in the same continent. 
 
 

11.4 The impact on Global Warming 
 
The scenarios where the transceiver origins from a RBS in one continent and is scrapped 
in another continent have a very large impact on Global Warming (GW), this is shown in 
diagram 7. The main reason for this is the large CO2-emissions caused by the aeroplane 
transportation involved in the transportation of the transceiver. 
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Diagram 7. The impacts of all the analysed scenarios on Global Warming. 
 
When the scenarios where the transceiver is used and scrapped in the same continent are 
compared the American dismantling scenario has the largest impact on GW, see diagram 
8. This is due to the CO2-emissions caused by the aeroplane transportation involved in 
the transportation of the transceiver. The Dutch and Swedish scenarios have the lowest 
impact on GW. Two factors contribute to this lower impact. First, the electricity-
production in the Netherlands and Sweden has very small impact on ED, and secondly, 
the transportation of the transceiver only goes by truck in these scenarios. Truck 
transportation causes several times lower CO2-emissions than aeroplane transportation 
per tonkilometre.   
 
The impact from electricity-production is very small in the Dutch and Swedish scenarios 
and somewhat larger in the American and Japanese scenarios. The electricity 
consumption is very similar in all scenarios and the impact differences are due to 
differences in the electricity-mixtures. The impact of the processes is very similar in all 
scenarios and it is mainly caused by CO2-emissions from the aluminium recycling 
process. The impact of the transportation of the transceiver is relatively large in all 
scenarios. The impact caused by transportation of the different fractions to the different 
recycling facilities is relatively large in the Swedish scenarios because the transportation 
distances are somewhat longer here, and hence more fuel is consumed during the 
transportation. 
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Diagram 8. The impacts on Global Warming of the scenarios where the transceiver is 
used and scrapped in the same continent 
 
 

11.5 The impact on Ozone Depletion 
 
According to diagram 9, the Dutch scenarios have the absolutely largest impact on Ozone 
Depletion (OD). This large impact is due to emissions of halons, which origin partly from 
the electricity-production in Belgium, Germany and the Netherlands, and partly from the 
ship transportation of the PBA and copper scrap from MIREC up to the Rönnskär smelter 
in Skellefteå, Sweden. The Belgian and German electricity-production are involved in the 
aluminium recycling process performed at Union Miniere in Belgium. The Swedish 
scenarios also have a small impact on OD. This small impact is due to the German 
electricity-production involved in the production of some raw materials used in the 
aluminium recycling process at Gotthard Aluminium. However, since the figures here 
overall are very small they lie within the margin of error, i.e. the differences in the 
impacts from the considered scenarios might just be due to differences in the accuracy of 
the electricity data and transportation data.  
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Diagram 9. The impacts of all the analysed scenarios on Ozone Depletion. 
 
 

11.6 The impact on Photochemical Ozone Creation 
 
All scenarios where the transceiver origins from a RBS in one continent and is scrapped 
in another continent have a very large impact on Photochemical Ozone Creation (POC), 
see diagram 10. This large impact is due to emissions of hydrocarbons (HC) caused by 
the aeroplane transportation involved in the transportation of the transceiver. 
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Diagram 10. The impacts of all the analysed scenarios on Photochemical Ozone 
Creation. 
 
When the scenarios where the transceiver is scrapped in the same continent as it has been 
used in are compared, the American dismantling scenario has the absolutely largest 
impact on POC, which can be seen in diagram 11. This is mainly due to HC-emissions 
caused by the aeroplane transportation involved in the transportation of the transceiver. In 
all the other scenarios the impact on POC is relatively small and roughly on the same 
level. 
 
In the Japanese dismantling scenario the electricity-production has some impact, but in 
all other scenarios the impact caused by electricity consumption is very small. The impact 
from the processes is very small in all scenarios. In short, the only significant impact on 
this category indicator origins from the transportation of the transceiver from the RBS 
where it has been used to the dismantling facility.  
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Diagram 11. The impacts on Photochemical Ozone Creation of the scenarios where the 
transceiver is used and scrapped in the same continent 
 
 

11.7 The impact on Raw Material Depletion 
 
The scenarios where the transceiver origins from a RBS in one continent and is scrapped 
in another continent have a very large impact on Raw Material Depletion (RMD), see 
diagram 12. This is mainly due to the large fuel consumption in the aeroplane 
transportation involved in the transportation of the transceiver. The production of these 
fuels in turn, causes a large consumption of crude oil, which impact on RMD. 
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Diagram 12. The impacts of all the analysed scenarios on Raw Material Depletion. 
 
In a comparison between the scenarios where the transceiver is used and scrapped in the 
same continent the American dismantling scenario has the largest impact on RMD, this is 
shown in diagram 13. This impact is mainly due to the consumption of crude oil, caused 
by production of fuels used in the aeroplane transportation involved in the transportation 
of the transceiver. The Dutch and Swedish scenarios have the lowest impact. This is 
mainly due to two factors. First, the electricity-production in the Netherlands and 
Sweden, which has very small impact on RMD, and secondly, the transportation of the 
transceiver, which only goes by truck in these scenarios. Truck transportation has several 
times lower impact on RMD than aeroplane transportation.  
 
The impact from electricity-production is very small in the Dutch and Swedish scenarios 
and somewhat larger in the American and Japanese scenarios. These impact differences 
are due to differences in the electricity-mixtures as the amount of energy consumed is 
very similar in all scenarios. The impact caused by the processes is very similar in all 
scenarios, it is mainly caused by the oil extraction process, which is involved in both the 
aluminium recycling process and the electronic scrap resmelting process. The impact 
from the transportation of the transceiver is relatively large in all scenarios. The impact 
caused by transportation of the different fractions to the different recycling facilities is 
relatively large in the Swedish scenarios because the transportation distances are 
somewhat longer here and hence more fuel is consumed. 
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Diagram 13. The impacts on Raw Material Depletion from the scenarios where the 
transceiver is used and scrapped in the same continent  
 
 

11.8 The impact on Water Eutrophication 
 
In the scenarios where the transceiver origins from a RBS in one continent and is 
scrapped in another continent the impact on Water Eutrophication (WE) is very large, see 
diagram 14. This large impact is mainly due to NOx-emissions from the aeroplane 
transportation involved in the transportation of the transceiver. 
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Diagram 14. The impacts of all the analysed scenarios on Water Eutrophication. 
 
When the scenarios where the transceiver is used and scrapped in the same continent are 
compared, the American dismantling scenario has the largest impact on WE, which can 
be seen in diagram 15. This is mainly due to NOx-emissions caused by the aeroplane 
transportation involved in the transportation of the transceiver. The scenario where the 
transceiver is dismantled and recovered in Japan has the smallest impact on WE. This is 
because the transportation of the transceiver mainly goes by truck and is relatively short 
in this scenario, hence it causes less emissions.  
 
The impact from electricity-production is very small in the Dutch and Swedish scenarios. 
It is larger in the Japanese scenario and largest in the American scenario. The electricity 
consumption is very similar in all scenarios and the impact differences are due to 
differences in the electricity-mixtures. The impact from the processes is quite similar and 
negligible in all scenarios. The impact of the transportation of the transceiver is quite 
large in all scenarios. The impact caused by transportation of the different fractions to the 
different recycling facilities is larger in the Swedish scenarios than in the other scenarios 
because the transportation distances are somewhat longer in Sweden and hence more 
emissions are released at the transportation. 
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Diagram 15. The impacts on Water Eutrophication of the scenarios where the transceiver 
is used and scrapped in the same continent  
 
 

11.9 The impact on Water Toxicity 
 
According to diagram 16, the Dutch scenarios have the largest impact on Water Toxicity 
(WT). The reason is emissions of mainly BOD, Fe-ions, COD and phenols from the 
electricity-production in Belgium, Germany and the Netherlands. The Belgian and 
German electricity-production are involved in the aluminium recycling process 
performed in Belgium. The Swedish scenarios also have significant impacts on WT due 
to emissions of mainly BOD, phenols, COD and Fe-ions caused by the German 
electricity-production. In the Swedish scenarios the German electricity-production is 
involved in the production of some raw materials used in the aluminium recycling 
process. 
 
The scenarios with the lowest impact on WT are the American scenarios. The main 
reason for this is that the American electricity-production does not have any impact on 
WT. This result is probably due to a lower accuracy of the data for American electricity-
production than of the other electricity data used. The impact from the transportation of 
the transceiver and the other transportation are quite small in all scenarios. The impact 
from the processes is small and quite similar in all scenarios and it origins mainly from 
the oil extraction process, which is involved both the aluminium recycling process and 
the electronic scrap resmelting process. 
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However, since the figures overall are small, these results shall not be considered of great 
importance. The differences are likely to be due to differences in the accuracy of the used 
data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Diagram 16. The impacts of all the analysed scenarios on Water Toxicity. 
 
 

11.10  Waste output 
 
Waste output is not connected to any category indicator, therefore the differences in 
waste output from the different scenarios are analysed directly from the inventory report. 
The inventory results for the different scenarios are provided in the appendices XVI, 
XVII, XVIII, XVIV and XX. 
 
In a comparison between the scenarios where the transceiver is transported from one 
continent to another and the scenarios where the transceiver is used and scrapped in the 
same continent there is no significant difference in the amounts of waste produced. 
 
In a comparison between the scenarios where the transceiver is used and scrapped in the 
same continent the waste outputs from the American, Japanese and Swedish dismantling 
scenarios are very similar. In the Japanese scenario some more waste to landfill is 
produced due to the Japanese electricity-production. Also, in the American scenario some 
more ash waste is produced due to the American electricity-production. In the Swedish 
dismantling scenario about 52 grams of hazardous BeO/PBA waste to landfill is obtained, 
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which is not the case in Japan and the USA since the recycling companies there claim 
they would recycle the BeO. 
 
The Dutch dismantling scenario and the Swedish shredding scenario produce less waste 
than the other scenarios. The reason for this is that smaller amounts of materials (i.e. not 
the copper cooling flange) are sent to the aluminium recycling process in these scenarios 
and hence less waste is produced. In the Dutch scenario about 52 grams of hazardous 
BeO/PBA waste to landfill is obtained, which is obviously not the case in the Swedish 
shredding scenario since that scenario is based on the assumption that the transceiver 
does not contain any BeO.  
 
A larger amount of radioactive waste is produced in the Swedish scenario. The reason for 
this is that the Swedish electricity-production to a large extent is based on nuclear power.  
 
 

11.11  Obtained recycled materials   
 
The amounts of recycled materials obtained from the American, Japanese and Swedish 
dismantling scenarios are very similar. About 1.25 kg aluminium-alloy is obtained from 
the 1.44 kg aluminium and copper in the covers. In the American and Japanese scenarios 
some mixed fraction containing recycled BeO is obtained. However, in the Swedish 
dismantling scenario the BeO is not recycled but sent to landfill. 
 
In the Dutch dismantling scenario and the Swedish shredding scenario more recycled 
copper and less recycled aluminium is obtained than in the other scenarios. The reason 
for this is that the copper from the cooling flange is separated from the aluminium covers 
in these scenarios, and obtained as pure copper from the electronic scrap resmelting 
process, instead of being recycled as a part of an aluminium-alloy. In the Dutch scenario 
about 0.95 kg aluminium is obtained from the 1.02 kg aluminium in the covers and about 
0.38 kg copper is obtained out of the 0.43 kg copper in the cooling flange and the PBA. 
In the Swedish shredding scenario 0.94 kg aluminium and 0.39 copper is obtained. 
  
It shall also be noted that in a comprehensive LCA, a process for separating the copper 
from the aluminium before the aluminium recycling process should be accounted for in 
the American, Japanese and Swedish scenarios. The reason for this is that the copper that 
is attached to the aluminium covers constitutes a too large part by weight to compose any 
aluminium-alloy. This separation would probably be accomplished by a shredding and 
separation process. If the aluminium and copper would be separated this would naturally 
also imply that the copper would be recycled as pure copper instead of as part of an 
aluminium-alloy. 
 
If the whole lifecycle of the transceiver would be considered the large amounts of 
recycled aluminium and copper would be of great importance from an environmental 
point of view. Production of pure aluminium and copper from ore require much more 
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energy than the recycling processes resulting in the same amounts of aluminium and 
copper do.  
 
 

11.12  Comparison between dismantling and shredding in Sweden 
 
In order to compare the environmental impacts of the two options for End-of-Life (EoL) 
treatment, dismantling of the transceiver and shredding of an entire transceiver without 
former dismantling, these two scenarios were analysed excluding transportation of the 
transceiver from the RBS to the Regional Logistic Centre (RLC) or Repair Centre (RC) 
in Stockholm. Hence, the analysed dismantling scenario begins with dismantling of the 
transceiver at Ragn-Sells Elektronikåtervinning in Stockholm and the analysed shredding 
scenario starts with transportation of the entire transceiver from Stockholm to Arv 
Andersson at the Rönnskär smelter in Skellefteå.  
 
 

11.12.1 The impact on the category indicators 
 
In diagram 17 the relative impacts of the two scenarios on the analysed category 
indicators are depicted. The shredding scenario has a larger impact on Air Acidification, 
Air Toxicity, Photochemical Ozone Creation and Water Eutrophication. The dismantling 
scenario has a larger impact on Energy Depletion, Global warming, Ozone Depletion, 
Raw Material Depletion and Water Toxicity. The impacts of both scenarios on Ozone 
Depletion are very close to zero, for which reason this indicator is not further analysed.  
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Diagram 17. The relative impacts of the Swedish dismantling scenario and the Swedish 
shredding scenario on the analysed category indicators (transportation from the Radio 
Base Station to the Regional Logistic Centre or Repair Centre in Stockholm excluded).  
 
When these results are further analysed, it becomes evident that the impact of the 
shredding scenario on the indicators ED, GW, POC and RMD to a large extent is due to 
emissions caused by the longer transportation involved in this scenario. The 
transportation referred to is the longer transportation of the aluminium scrap from the 
Rönnskär smelter in Skellefteå down to Gotthard Aluminium in Älmhult and the 
transportation of the entire transceiver from the RLC or RC in Stockholm to the Rönnskär 
smelter in Skellefteå.  
 
In order to accomplish a more correct comparison between the two EoL treatment 
processes as such, a new analysis excluding all transportation involved in both scenarios 
was completed. The resulting impacts on the category indicators from this analysis are 
depicted in diagram 18.  
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Diagram 18. The relative impacts of the Swedish dismantling scenario and the Swedish 
shredding scenario on the analysed category indicators (all transportation involved in 
the scenarios excluded).  
 
Diagram 18 shows that the shredding scenario has a larger impact on AA, AT and WE, 
while the dismantling scenario has a larger impact on ED, GW, POC, RMD and WT. 
These differences are mainly dependent on one factor; where the copper cooling flange is 
recycled. In the shredding scenario the copper from the cooling flange is recycled by the 
electronic scrap resmelting process at the Rönnskär smelter and in the dismantling 
scenario it is recycled by the aluminium recycling process at Gotthard Aluminium. When 
the copper from the cooling flange goes into the Rönnskär smelter this implies that a 
larger amount of materials are fed into the smelter and this in turn causes larger 
emissions. These larger emissions of above all NOx, SO2, Cd, CO2, and Pb, impact on 
AA, AT and WE. On the other hand, when the cooling flange is recycled at Gotthard 
Aluminium this implies that a larger amount of materials are fed into that process and 
therefore larger emissions, mainly of CO2, are released and also, larger amounts of 
energy (oil) are consumed. These emissions and resource uses impact on ED, GW, POC, 
RMD and WT.  
 
 

11.12.2 Waste output 
 
Not all substances in the inventory report (appendix XXI) are connected to the category 
indicators. For example, waste output is not connected to any category indicator. In the 
inventory report all waste outputs are larger for the dismantling scenario because a larger 
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amount of materials are fed into the aluminium recycling process in this case. The only 
exception is waste to landfill, which is slightly larger for the shredding scenario. This 
waste to landfill origins from the converter process at the Rönnskär smelter and this 
output is larger for the shredding scenario because a larger amount of scrap is fed into the 
Rönnskär smelter, per transceiver, in the shredding case. The total amount of waste 
output in grams is larger in the dismantling case. In the dismantling scenario about 52 
grams of hazardous BeO/PBA waste to landfill is obtained, which is obviously not the 
case in the shredding scenario since that scenario is based on the assumption that the 
transceiver does not contain any BeO.  
 
 

11.12.3 Obtained recycled materials  
 
The inventory report indicates that a larger amount of recycled aluminium is obtained 
from the dismantling scenario, i.e. about 1.25 kg aluminium-alloy is obtained from the 
1.44 kg aluminium and copper that the aluminium covers consist of. The reason for this is 
that the copper cooling flange is recycled as part of the aluminium-alloy in this scenario. 
However, it shall be noted that in a comprehensive LCA, a process for separating the 
copper from the aluminium before the aluminium recycling process should be accounted 
for in the dismantling case. The reason for this is that the copper that is attached to the 
aluminium covers constitutes a too large part by weight to compose any aluminium-alloy. 
This separation would probably be accomplished by a shredding and separation process. 
If the aluminium and copper would be separated this would naturally also imply that the 
copper would be recycled as pure copper instead of as part of an aluminium-alloy.  
 
In the shredding scenario the copper is obtained as pure copper from the Rönnskär 
smelter instead. About 0.94 kg aluminium is obtained from the 1.02 kg aluminium in the 
covers and about 0.39 kg copper is obtained out of the 0.43 kg copper in the cooling 
flange and the PBA.  
 
If the whole lifecycle of the transceiver would be considered the large amounts of 
recycled aluminium and copper would be of great importance from an environmental 
point of view. The production of pure aluminium and copper from ore require much 
larger amounts of energy than the recycling processes resulting in the same amounts of 
aluminium and copper do. 
 
Slightly larger amounts of gold, palladium, platinum and silver are obtained from the 
shredding scenario, this difference however, is due to the assumption that the shredded 
transceiver does not contain any BeO and hence the entire PBA can be recycled (instead 
of part of it being cut off and put to landfill together with the BeO-components). 
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11.12.4 Analysis 
 
First of all, it can be noted that the electricity consumption is about five times larger per 
transceiver in the dismantling process (0.31 kWh) than in the shredding process (0.06 
kWh). 
 
When the environmental impacts of the two EoL treatment processes are compared 
excluding all transportation involved in the scenarios, the shredding scenario has a larger 
impact on AA, AT and WE, while the dismantling scenario has a larger impact on ED, 
GW, POC, RMD and WT. As discussed above, these differences in impact are mainly 
dependent on one factor; where the copper cooling flange is recycled. In the shredding 
scenario the copper from the cooling flange is recycled at the Rönnskär smelter and in the 
dismantling scenario it is recycled at Gotthard Aluminium. When the copper from the 
cooling flange goes into the Rönnskär smelter this implies that a larger amount of 
materials are fed into the smelter and this in turn causes larger emissions that impact on 
AA, AT and WE. When the cooling flange is recycled at Gotthard Aluminium this 
implies that a larger amount of materials are fed into that process and therefore larger 
emissions are released and also, larger amounts of energy are consumed. These emissions 
and resource uses impact on ED, GW, POC, RMD and WT. As far as WT is concerned 
no conclusions are drawn based on the results on this indicator, since these results can be 
considered to lie within the margin of error. OD is not considered since the impacts of 
both scenarios on this indicator are close to zero.  
 
The result in terms of obtained recycled materials is better for the shredding process 
where aluminium and copper are obtained separately but to a slightly larger total amount 
than the amount aluminium-alloy obtained in the dismantling case. Furthermore, it shall 
be noted that in a comprehensive LCA, a process for separating the copper from the 
aluminium before the aluminium recycling process should be accounted for in the 
dismantling case. The reason for this is that the copper that is attached to the aluminium 
covers constitutes a too large part by weight to compose any aluminium-alloy. This 
separation would probably be accomplished by a shredding and separation process. If the 
aluminium and copper would be separated this would naturally imply that the copper 
would be recycled as pure copper instead of as part of an aluminium-alloy. If the copper 
would be fed into the Rönnskär smelter in the dismantling scenario as well, this would 
result in the same amounts of emissions from the Rönnskär smelter and Gotthard 
Aluminium for both scenarios.  
 
Considering the facts above, it appears that, from an environmental point of view, 
shredding of an entire transceiver without former dismantling is a just as good alternative 
for EoL treatment of a RBS transceiver as a recycling process starting with dismantling.     
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11.13  Discussion on the reliability of input data  
 
The LCI-data on electricity-production for the different geographical areas involved in 
the study have been obtained from different databases and might differ somewhat in 
accuracy. Therefore no conclusions are drawn from differences in impact that are due to 
only one or few emissions that occur in small amounts. The Dutch and Swedish 
electricity-production cause very small impacts on the category indicators analysed. The 
reason for this is that the Dutch electricity-production to about 50% is based on natural 
gas and the Swedish electricity-production to a large extent is based on nuclear power 
and hydropower. Possible environmental impacts from nuclear power and hydropower 
are not connected to any category indicators. 
  
The LCI-data for both the aluminium recycling process and the electronic scrap 
resmelting process have been obtained from a former LCA study of aluminium and 
copper (Sunér, 1996). In that LCA study the data for the aluminium recycling process 
were obtained from Gotthard Aluminium AB in Älmhult and the data for the copper 
recycling process were obtained from Boliden AB, the Rönnskär smelter. These data are 
used for the recycling processes performed in Japan, the Netherlands and the USA also, 
but with the electricity-mixtures modified to the average for the region in question. 
Information regarding the dismantling processes and also the shredding process 
performed by Arv Andersson at the Rönnskär smelter have been obtained directly from 
the companies in question and this information can be considered as very reliable. Also, 
the assumptions on the lengths and modes of the transportation of the different fractions 
from the dismantling and shredding companies out to the different recycling facilities are 
based on direct information from the companies in question. 
 
The assumptions on lengths and modes of conveyance used for the logistical scenarios 
for the EoL take-back of the transceiver are based on information from the Global 
Hardware Service Organisation at Ericsson. Most of these assumptions are very rough 
estimations. Since Ericsson today do not perform organised take-back of discarded 
transceivers it is not clear where in this hypothetical take-back procedure it is most likely 
that the scrapping decision would be taken. However, according to the EoL take-back 
solution that was used as a model for the take-back, the scrapping decision will be taken 
either at the RLC or the RC. 
 
The LCI-data for the transportation involved in the study have been obtained from 
different databases. In the truck transportation data an utilisation level of 50% is used, i.e. 
it is assumed that the trucks only are filled to 50% of their available space and that the 
transportation only goes one way. 
 
 

11.14  Final conclusions  
 
When the final conclusions shall be drawn there is one important fact that shall be 
considered. The LCI-data used for the electronic scrap resmelting process are originally 
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derived from an Environmental Report for Boliden AB’s facility the Rönnskär smelter. 
These data account for all emissions from the facility where also other processes than 
resmelting of electronic scrap, such as production of copper and lead from ore, are 
performed. A majority of the emissions from the Rönnskär smelter are due to the ore-
processing performed. Roughly estimated, none of the SO2-emissions, only 5% of the 
NOx-emissions, 15% of the Cd-emissions, 10% of the CO2-emissions and 13% of the Pb-
emissions are caused by the resmelting of electronic scrap (verbal Lehner, 1999). This 
implies that the impact from the electronic scrap resmelting process actually is 
significantly smaller than it appears to be in the diagrams. In the analysis of the impact on 
the category indicators, mainly two processes caused the impact of the processes; the 
electronic scrap resmelting process and the aluminium recycling process. Now, when it 
appears that the impact from the electronic scrap resmelting process actually should be 
significantly lower, this implies that the overall impact from the processes should be 
lower. This in turn, enlarges the relative impact of the transportation involved in the 
scenarios.   
 
Considering the discussion above and the impacts of all scenarios on AA, AT, ED, GW, 
POC, RMD, and WE it can be concluded that the transportation involved in the take-back 
and recycling of a RBS transceiver cause a relatively large part of the overall 
environmental impact. Especially aeroplane transportation has very large impact on some 
indicators, compared to the impact of truck transportation. The reason for this is that 
aeroplane transportation cause larger emissions of some substances and larger fuel 
consumption, per tonkilometre, than truck transportation. A comparison of some 
environmental effects caused by different modes of transport can be seen in table 13 
below. 
 

Table 13. A comparison of crude oil consumption and emissions caused by different 
modes of transport. 

Impact per 
tonkilometre 

Aeroplane 
transportation 

Sea ship 
transportation 

Truck, long 
distance 

transportation 
Crude oil 
consumption (kg) 

0.195 0.00249 0.0251 

CO2-emissions (g) 620 8.28 83 
Halon-emissions 
(g) 

- 5.94E-7 - 

NOx-emission (g) 2.32 0.021 0.9351 
Phenol-emissions 
(g) 

- 0.0000179 0.0000057 

SO2-emission (g) 0.696 0.115 0.1145 
 
The electricity-production causes larger impact in some regions and scenarios, and 
smaller in other. The electricity consumption is very similar in all scenarios and these 
differences in impact are mainly due to differences in the electricity-mixtures. For 
example, the Dutch and Swedish electricity-production cause very small impacts on the 
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category indicators analysed. The main reason for this is that the Dutch electricity-
production to about 50% is based on natural gas and the Swedish electricity-production to 
a large extent is based on nuclear power and hydropower. The average composition of the 
electricity-production in the involved geographical regions is compiled in table 14 below.  
 

Table 14. The average composition of the electricity-production in Belgium (PRé 1999), 
Germany (PRé 1999), Japan (verbal Kommonen 1999), the Netherlands (PRé 1999), 
Sweden (Vattenfall 1999) and the USA (Nationalencyklopedin 1996). 

 American 
average 
(1990) 

Belgian 
average 
(1990-
1994) 

Dutch 
average 
(1990-
1994) 

German 
average 
(1990-
1994) 

Japanese 
average 
(1996) 

Swedish 
average 
(1995) 

Coal (%) 56 22.8 30.4 28.9 10.5 - 
Hydro-
power 
(%) 

10 2.4 0.9 6.3 8.9 46.5 

Lignite 
(%) 

- - 3.1 18.8 - - 

Natural 
gas (%) 

9 14.2 48.9 4.5 33.0 - 

Nuclear 
power 
(%) 

20 58.4 12.8 39.3 30.3 53.2 

Oil (%) 4 2.2 3.6 1.2 16.9 - 
 
In a comparison between the five scenarios where the transceiver is used and scrapped in 
the same continent, the American scenario has the largest impact on the majority of the 
category indicators analysed. This result is above all due to the aeroplane transportation 
involved in the take-back of the transceiver in the USA. 
 
In the comparison in paragraph 11.12, between the two options for Eol treatment of a 
transceiver; dismantling and shredding, it was concluded that shredding of an entire 
transceiver without former dismantling is an at least as good alternative, from an 
environmental point of view, for EoL treatment of a RBS transceiver as a recycling 
process starting with dismantling.   
 
In short, the final conclusions regarding the environmental aspects of the End-of-Life 
treatment of Radio Base Station transceivers are as follows:   
 
• The environmental impact due to transportation is relatively large compared to the 

impact of other processes involved in the End-of Life phase of a transceiver.   
• In most cases, aeroplane transportation causes several times larger environmental 

impact than truck transportation does per tonkilometre.   
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• It appears that shredding of an entire transceiver without former dismantling is a just 
as good alternative, from an environmental point of view, for End-of-Life treatment 
of a transceiver as a recycling process starting with dismantling, provided that the 
transceiver does not contain any BeO-components. 

 
 

11.15  Proposal of future research  
 
The literature search that was made in this study showed that the environmental impact of 
the EoL phase of electronics is a relatively unexplored field of study. This indicates that 
there is a need for further research within the subject area.  
 
In this study, only the EoL phase of the transceiver’s lifecycle was studied. This fact has 
made it impossible to make a completely correct evaluation of the different 
environmental impacts of the system, such as for example differences in amounts of 
obtained recycled materials. Preferably the boundaries should be extended to include also 
the production- and use phases of the transceiver’s lifecycle. Such a larger scope would 
provide a more correct result when evaluating the impacts of different scenarios and also, 
when comparing the environmental impacts of the dismantling- and shredding scenarios. 
 
One of the final conclusions of this study was that the environmental impact of the EoL 
phase of a transceiver to a relatively large extent is caused by the transportation of the 
transceiver. Hence, a study with focus on finding the best possible logistic solutions for 
take-back of discarded transceivers, as well as other products, should be of interest. 
Possibilities to scrap the transceiver earlier in the take-back procedure should also be 
considered.  
 
A study comparing both environmental impacts and costs of different EoL scenarios, 
involving the EoL treatment processes and the take-back logistics, should be of interest in 
order to optimise the EoL phase with regard to both economical and environmental 
aspects. 
 
When considering the environmental impact of the electronic scrap resmelting process, a 
significantly more correct evaluation could be made if inventory data accounting for only 
the resmelting of electronic scrap at the Rönnskär smelter could be derived. The data 
used in this study account for all emissions released from the Rönnskär facility and only a 
minor part of these are actually due to the resmelting of electronic scrap.   
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Appendix I 
 

Substances contributing to the applied category indicators 
 



Table A. Emissions to air contributing to Air Acidification (CML, 1992). 

Substance g ~H+ 
HCl (hydrogen chloride) 0.87 
HF (hydrogen fluoride) 1.61 
NH3 (ammonia) 1.90 
NOx (as NO2) 0.71 
SO2 (sulphur dioxide) 1.00 
SOx (as SO2) 1.00 
 

Table B. Emissions to air contributing to Air Toxicity (BUWAL, 1991).  

Substance M3 
Aldehyde (unspec.) 267 
Cd (cadmium) 800 000 
CH4 (methane) 0.533 
CO2 (carbon dioxide) 1 
HC (hydrocarbons, not CH4) 0.533 
HCl (hydrogen chloride) 80 
HF (hydrogen fluoride) 160 
Hg (mercury) 11 429 
NH3 (ammonia) 16 
NOx (as NO2) 267 
Organic matter (unspec.) 800 
Particulates (unspec.) 114 
Pb (lead) 8 000 
SO2 (sulphur dioxide) 267 
SOx (as SO2) 267 
 

Table C. Resource consumption contributing to Energy Depletion (EcoBalance, 1997). 

Resource MJ 
Coal (res.) 30 
Crude oil 43 
Natural gas 54 
 
 



Table D. Emissions to air contributing to Global Warming (IPCC, 1994). 

Substance g ~CO2 
CH4 (methane) 56 
CO2 (carbon dioxide) 1 
Halon 1301 (CF3Br) 6200 
N2O (nitrous oxide) 280 
 

Table E. Emissions to air contributing to Ozone Depletion (WMO, 1991). 

Substance g ~CFC-11 
Halon 1301 (CF3Br) 17.2 
 

Table F. Emissions to air contributing to Photochemical Ozone Creation (CML, 1992). 

Substance g ~C2H4 
Aldehyde (unspec.) 0.443 
Aromatic HC (unspec.) 0.761 
Benzene (C6H6) 0.189 
CH4 (methane) 0.007 
HC (hydrocarbons, not CH4) 0.416 
PAH (polyaromatic HC) 0.761 
VOC (Volitale Organic Compounds) 0.5 
 

Table G. Resource consumption contributing to Raw Material Depletion (CML, 1995). 

Resource (norm. to oil) year-1 
Coal (res.) 0.00907 
Copper ore (as Cu) 473 
Crude oil 1.00 
Iron ore (as Fe) 0.779 
Natural gas (res.) 2.11 
Uranium ore (as U) 3 258 
 

Table H. Emissions to water contributing to Water Eutrophication (CML, 1992). 

Substance g ~PO4 
COD (Chemical Oxygen Demand) 0.022 
NH4

+, NH3 (as N) 0.42 
NO3

- (nitrates) 0.095 
NOx (as NO2) 0.13 
 
 
 
 
 



Table I. Emissions to water contributing to Water Toxicity (BUWAL, 1991). 

Substance dm3 
BOD (Biological Oxygen Demand) 50 
Cd+ (cadmium ions) 10 000 
Chlorides (Cl-) 1 
CN- (cyanides) 10 000 
COD (Chemical Oxygen Demand) 33 
Cu+ (copper ions) 2 000 
Fe2+, Fe3+ (iron ions) 500 
Hg (mercury) 100 000 
NH4

+, NH3 (as N) 1 000 
Pb+ (lead ions) 2 000 
Phenol (C6H5OH) 20 000 
Suspended matter (unspec.) 50 
 



 
 
 
 
 
 

Appendix II 
 

Information about the landfilling facility for hazardous waste 
at SAKAB 



The landfilling facility for hazardous waste at SAKAB 
 
Slag, ashes and metal containing waste (such as PBA parts containing BeO), which have 
been produced externally or internally at SAKAB, are deposited at the SAKAB 
landfilling facility. The different wastes are all put in the same landfill that is divided into 
different compartments depending on the waste characteristics (SAKAB’s Environmental 
Report, 1998). 
 
The landfill is mainly built up by a bottom and top liner, leachate and surface water 
ditches, control wells and compensation basins. Leachate that has been collected is 
conveyed via the compensation basins to the purifying plant and the surface water is 
transported straight to the recipient (SAKAB’s Environmental Report, 1998). The landfill 
is constructed to hold until the next glacial period (SAKAB, 1999). 
 
The bottom liner, depicted in figure A, comprises several different layers and has a total 
thickness of 1,4 metres.  The bottom liner has an angle of inclination on 2 degrees from 
the middle of the landfill to the leachate- and surface water ditches in the edges. The top 
liner, depicted in figure B, also comprises several different layers and has a thickness of 
0,5 metres. It is placed on top of the landfill when it has reached its maximum height, 
which must not exceed 15 metres. The top liner is covered by a dredge protection of 
macadam and a layer of moraine, which make up a 1,65 metres thick layer on top of the 
waste (SAKAB, 1999). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A. A cross-section of the bottom liner (SAKAB, 1999). 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure B. A cross-section of the top liner (SAKAB, 1999). 
 



 
 
 
 
 
 

Appendix III 
 

Assumptions, limitations and references for the Swedish 
dismantling scenarios 

 



Dismantling of the KRC 121 10/2 R2A transceiver at Ragn-Sells Elektronikåtervinning AB in 
Sweden  
 

Scenario Atomic 
activity 

Assumptions and limitations References 

BeO treatment 
at SAKAB 
(Sweden)  

The BeO-components are only followed to 
this landfill. According to Christer Forsberg at 
SAKAB there is no risk that the BeO would 
leach from the landfill into the surrounding 
environment. 

Personal communication 
with Christer Forsgren at 
SAKAB 1999. 

Collection of 
the transceiver 

  

Diesel 
production 

 Ericsson internal 
database, Malmodin 
1999 

Dismantling at 
Ragn-Sells 
Elektronikåter
vinning AB 
(Sweden) 

Out of studying the PBA it is assumed that 
about 66 cm2 would be cut off together with 
the BeO-components. The whole PBA area is 
about 482 cm2, hence about 14 % (66/482 = 
0.1369) of the area would be cut off. If the 
weight per area unit is assumed to be constant 
over the whole PBA then 14 % of the PBA 
weight would be cut off. 14 % of the PBA 
weight is about 52 grams. 
 
Outgoing fractions: 
 
Outgoing BeO/PBA = 52 grams 
Outgoing PBA scrap = PBA (370 grams) – 
BeO/PBA (52 grams) = 318 grams 
Outgoing aluminium scrap = aluminium 
covers (1020 grams) + copper cooling flange 
(357 grams) + nickel and tin surface treatment 
(33+32 grams) = 1442 grams 
 
The energy consumption is the only 
environmental effect accounted for in this 
process. In 1998 362788 kWh of electricity 
was used for heating, lighting etc. and 3 m3 of 
diesel was used for a loading machine. The 
same year about 2200 tons of electronic scrap 
was handled at the facility. The weight of one 
KRC 121 10/2 R2A transceiver is 1850 
grams. 1850 grams is 0.00008409 weight % of 
2200 tons, therefore 0.00008409 % of the total 
energy consumption in 1998 is allocated to 
one transceiver. 

The dismantling scenario 
and the data on energy 
consumption are based 
on personal 
communication with 
Lennart Edvinsson at 
Ragn-Sells 
Elektronikåtervinning 
AB 1999. 
 
 

Dismantling 
of the KRC 
121 10/2 R2A 
transceiver at 
Ragn-Sells 
Elektronikåter
vinning AB in 
Sweden 

El production 
(Sweden) 

 Ericsson internal 
database, Malmodin 
1999 

 



Transportation 
of the 
aluminium 
covers 

 The assumptions 
regarding the length and 
mode of the 
transportation from 
Ragn-Sells in Hässelby 
to Gotthard Aluminium 
AB in Älmhult are based 
on personal 
communication with 
Lennart Edvinsson at 
Ragn-Sells 
Elektronikåtervinning 
AB 1999.  
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 

 

Transportation 
of the BeO-
components 

The storing of the BeO-components in 
Hässelby is not accounted for. 

The assumptions 
regarding the lengths and 
modes of the transports 
involved in the 
transportation from 
Ragn-Sells in Stockholm 
to SAKAB in Kumla are 
based on personal 
communication with 
Lennart Edvinsson at 
Ragn-Sells 
Elektronikåtervinning 
1999, Patrik Lundin at 
Ragn-Sells Specialavfall 
1999 and Håkan Nilsson 
at Ragn-Sells 
Specialavfall 1999.  
 
Data for regional 
distribution by truck 
from CPM, 1999, is used 
for the 30 km truck 
transportation.  
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for the 230 km 
truck transportation. 

 



 Transportation 
of the 
remainder of 
the PBA 

In order to obtain data for the train 
transportation from Spånga to Skellefteå it is 
assumed that the transportation would be 
handled by SJ Express. 

The assumptions 
regarding the lengths and 
modes of the transports 
involved in this 
transportation are based 
on personal 
communication with 
Lennart Edvinsson at 
Ragn-Sells 
Elektronikåtervinning 
AB 1999 and Göran 
Andersson at SJ Express 
1999.  
 
Data for regional 
distribution by truck 
from CPM, 1999, is used 
for the 10 km truck 
transportation.  
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for the 150 km 
truck transportation. 
 
Data for electrically 
driven freight train from 
CPM, 1999, is used for 
the train transportation. 

 



Transportation 
of the 
transceiver 
from the RBS 
to Ragn-Sells 
Elektronikåter
vinning AB 
 
 
 
 
 
 
 
 
 
 
 

The storing at the logistic centres involved in 
the transportation is not accounted for. 
 
 
 
 
 

The assumptions on the 
lengths and modes of the 
transports involved in 
this transportation from 
the RBS to Ragn-Sells in 
Stockholm are based on 
personal communication 
with Richard Slettmyr at 
Hardware Services, 
Ericsson Radio Systems 
AB 1999. The 
assumption on the flight 
distance between Dallas 
and Stockholm is based 
on personal 
communication with 
Lisbeth Wesslau at SAS 
Flight Support 1999.  
 
Data for diesel driven 
light truck (max 3.5 
tons) from CPM, 1999, 
is used for the service 
car transportation.  
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for truck 
transportation 200 km 
and longer.  
 
In scenario B data for 
aeroplane transports 
from an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for the aeroplane 
transportation.  

 

Subscenario   
 



 
Aluminium 
recycling at 
Gotthard 
Aluminum 
AB (Sweden) 

The aluminium covers from the transceiver 
are so small that there is no need to cut them 
before the resmelting (verbal Cronquist 1999). 
 
The copper cooling flange that is attached to 
one of the aluminium covers constitutes 25 
weight % of both covers (the Cu-weight 
divided by the Cu+Al+Ni+Sn-weights). 25 
weight % copper and the rest aluminium 
(including surface treatment) is far too much 
copper to compose any aluminium alloy, the 
most common alloy produced at Gotthard 
Aluminium AB contains around 2.5 weight % 
copper. If Gotthard Aluminium AB received 
these aluminium covers they would dilute 
them with more pure aluminium so they 
would be able to recycle them. However, they 
would not be able to recycle a whole batch of 
only these covers without separating the 
copper first (verbal Cronquist 1999). 
Therefore, the allocation of the environmental 
loads from the aluminium resmelting process 
that is done in this analysis is not entirely 
correct. Strictly, a process where first the 
copper is separated and then the aluminium 
and copper are resmelted each individually 
should be accounted for. This separation 
would probably be accomplished by a 
shredding and separation process. 
 
A problem similar to the one described above 
exists with the surface treatment. The 
aluminium covers are surface treated with 
nickel and tin in amounts which are too large 
to compose any approved aluminium alloy 
(verbal Cronquist 1999). The nickel 
constitutes around 2.29 weight % of the 
aluminium covers (the Ni-weight divided by 
the Ni+Al+Sn+Cu-weights). The tin 
constitutes around 2.22 weight % of the 
aluminium covers (the Sn-weight divided by 
the Sn+Al+Ni+Cu-weights). This problem is 
handled as described above by dilution but the 
allocation of the environmental loads from the 
aluminium resmelting process that is done in 
this analysis is hence not entirely correct.  

Sunér  Maria (1996), 
Life Cycle Assessment 
of Aluminium, Copper 
and Steel, Report 
1996:6, Technical 
Environmental Planning, 
Chalmers University of 
Technology,  
Gothenburg, Sweden, 
page 55.  
 
The LCI data in the 
study “LCA of 
Aluminium, Copper and 
Steel” were collected 
from Gotthard 
Aluminium’s 
Environmental Report 
for 1993. Since 1993, a 
number of changes in the 
processes have taken 
place, some of them 
have improved the 
environmental 
performance of the 
facility. Until 1994 the 
dust formed at the gas 
purification was 
suspended in water and 
therefore, no dust waste 
is mentioned in the LCI 
data from 1993 
(Gotthard Aluminium’s 
Environmental Report 
1993 and verbal 
Cronquist 1999). 
 
 

 



 Recycling of 
copper and 
precious 
metals at 
Boliden AB 
(Sweden) 

It is assumed that the incoming PBAs are 
shredded before fed into the Kaldo furnace. 
This assumption is made because unless the 
incoming fraction is very large (around the 
magnitude of 50 tons) and homogenous with a 
very well known content, it is generally 
shredded first so that a sample of its content 
can be taken (verbal Axelsson 1999). 
 
The data only accounts for the Kaldo furnace, 
the Converter process and the Electrolysis, 
and the only metal followed and obtained is 
copper. Hence the processes where the 
precious metals are recovered are left out and 
their environmental impacts are not accounted 
for. This is assumed to be a reasonable 
neglection since the electricity consumption in 
the electrolysis probably is very large in 
comparison to the precious metals process and 
furthermore, the precious metals content in the 
transceiver is very low compared to the 
copper content. However, the obtained 
exchange of the precious metals is at least 
95% (verbal Brännström 1999).  
 
All substances in the PBA-contents are not 
followed through these processes at the 
Rönnskär smelter. The reason for this is that 
the used LCI-data were not accurate enough. 

Sunér  Maria (1996), 
Life Cycle Assessment 
of Aluminium, Copper 
and Steel, Report 
1996:6, Technical 
Environmental Planning, 
Chalmers University of 
Technology,  
Gothenburg, Sweden. 
The data in “LCA of 
Aluminium, Copper and 
Steel” were collected 
from amongst other the 
Environmental report for 
the Rönnskär smelter 
1994. Hence these data 
are probably not 
completely up-to-date.  
 
For the PBA fraction, the 
data for the fraction 
Maria Sunér calls “other 
scrap” in her LCA is 
used, but with the copper 
content adjusted to 20 
weight % as it is 
estimated to be in the 
PBA. 

 
Subscenario Atomic 

activity 
Assumptions and limitations References 

Aluminium 
scrap recycling 
(Sweden) 

The electricity usage is converted from MJ to 
kWh. 1 kWh = 3.6 MJ according to the 
Swedish Petroleum Institute. 
 
The usage of propane is connected to 
production of natural gas because no data 
were available for production of propane. 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 55. 

Chlorine 
production 
(Sweden) 

The electricity usage is converted from MJ to 
kWh. 1 kWh = 3.6 MJ according to the 
Swedish Petroleum Institute. 
 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
appendix F. 

Aluminium 
recycling at 
Gotthard 
Aluminium 
AB (Sweden) 

Diesel 
production 

 Ericsson internal 
database, Malmodin 
1999 

 



El production 
(Germany) 

Data is from 1990-1994.  
 
Geographical boundary: Europe, Western. 
 
Technology: Average technology. 
 
Universal applicability: Mixed data. 
 
Electricity from: coal 28.9%, gas 4.5%, 
hydropower 6.3%, lignite 18.8%, uranium 
39.3% and oil 1.2%. 
 
Model for the production of electricity in 
former West Germany, including production 
and transportation of primary energy sources, 
excluding the infrastructure of the energy 
systems. Medium voltage, average efficiency 
28.6%. 1% electricity from non-defined 
sources including 1.8% grid losses. 
 
Radioactive non-material emissions are 
neglected since EcoLab does not handle the 
unit Bq. The neglected emissions are: 
Radioactive substances to air 2.83*103 Bq and 
radioactive substances to water 2.61*103 Bq. 
 
The consumption of natural gas has been 
converted from litres to kg by using the ideal-
gas equation:   p*V=n*R*T 
n=m/M 
Combining of the two equations above gives: 
m=(p*V*M)/(R*T) 
R=8.31451 J/mol K 
V=3.89 litres=0.00389 m3 

M=16 g/mol= 0.016 kg/mol (the molar mass 
of methane is used as an assumption) 
P=101325 Pa (atmospheric pressure is 
assumed) 
T=298 K (normal room temperature is 
assumed) 
This gives m=0.00255 kg   

The data is obtained 
from PRé, 1999. 

El production 
(Sweden) 

 Ericsson internal 
database, Malmodin 
1999 

 

NaCl 
production 
(Germany) 

The electricity usage is converted from MJ to 
kWh. 1 kWh = 3.6 MJ according to the 
Swedish Petroleum Institute.  
 
The diesel usage is first converted from MJ to 
kWh. Thereafter it is converted from kWh to 
litres. It is assumed that the diesel is of 
environmental class 3, which has an energy 
content of 9 952 kWh/m3 according to the 
Swedish Petroleum Institute. 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
appendix E. 

 



NaOH 
production 
(Sweden) 

The electricity usage is converted from MJ to 
kWh. 1 kWh = 3.6 MJ according to the 
Swedish Petroleum Institute.   

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
appendix D. 

Natural gas 
extraction 

 Ericsson internal 
database, Malmodin 
1999 

Oil extraction  Ericsson internal 
database, Malmodin 
1999 

Transportation 
of chlorine 

 Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 54.  
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 

 

Transportation 
of NaCl 

 Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 54.  
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 

 



 Transportation 
of NaOH 

 Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 54.  
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 

Converter 
process 
(Sweden) 

The electricity usage is converted from MJ to 
kWh. 
1 kWh = 3.6 MJ according to the Swedish 
Petroleum Institute.  
 
The data in Maria Sunérs table (s.71) is 
unallocated. In this study, 12.23 % of the total 
environmental load is allocated to "Melted 
PBA scrap" because this inflow constitutes 
12.23 weight % of the total inflow 
(240/(240+1620+103)=0.1223).  
 
It is assumed that "Melted PBA scrap" 
contains 20% copper and that the exchange of 
copper is 100 %. This gives 48 g "Anode 
copper" out (0.2*240=48). 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 71. 

Recycling of 
copper and 
precious 
metals at 
Boliden AB 
(Sweden) 

El production 
(Sweden) 

 Ericsson internal 
database, Malmodin 
1999 

 



Electrolysis 
(Sweden) 

The electricity usage is converted from MJ to 
kWh. 1 kWh = 3.6 MJ according to the 
Swedish Petroleum Institute.  
 
The data in Maria Sunérs table (s.72) is 
unallocated. In this study, "Anode copper" is 
charged with the total environmental load 
because "Anode copper" constitutes the total 
inflow. 
 
The precious metals that would be obtained 
from the precious metals recovery process 
(gold, palladium, platinum and silver) are 
accounted as an outflow here since the 
precious metals recovery process is not 
accounted for. The obtained exchange of the 
precious metals is assumed to be 95% (verbal 
Brännström 1999). 
 
The outflows of the precious metals are 
calculated as 95 % of the 86 % of the original 
precious metals content in the PBA (52 grams 
of the PBA is cut off together with the BeO-
components, hence 318 grams are left, which 
is 86 % of 370 grams).  

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 72. 

Kaldo furnace The data in Maria Sunérs table (s.70) is 
unallocated. In this study, “PBA scrap” is 
charged with the total environmental load 
since "PBA scrap" constitutes the whole 
inflow. 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 70. 

Oil extraction  Ericsson internal 
database, Malmodin 
1999 

 

Shredding 
(Sweden) 

The only environmental effect accounted for 
in this process is the energy consumption. A 
rough estimation is that the energy 
consumption for both shredding and 
separation is about 30 kWh per ton electronic 
scrap (but the energy consumption of possible 
separation can be neglected compared to that 
for shredding). The weight of the incoming 
fraction is 318 grams, which is 0.000318 tons. 
0.000318*30=0.00954 kWh per incoming 
fraction from one transceiver. 

Personal communication 
with Sune Nordström at 
AB Arv Andersson 
1999. 

 
 

 
 
 



 

 
 
 
 
 

Appendix IV 
 

Life Cycle Inventory data for the Swedish dismantling 
scenarios 



Table J. Collection of TRX. 

Substance Quantity Unit Impact on 
Waste Input  
TRX (RBS 884, 10 W) 1850 g  
Waste Output  
TRX (RBS 884, 10 W) 1850 g  
TRX = Transceiver 
 

Table K. Dismantling at Ragn-Sells (Sweden). 

Substance Quantity Unit Impact on 
Energy Input  
Diesel 0.002523 l  
Sweden (El) 0.305 kWh  
Waste Input  
TRX (RBS 884, 10 W) 1.85 kg  
Waste Output  
Aluminium scrap 1442 g  
BeO/PBA 52 g  
PBA scrap 318 g  
 

Table L. BeO treatment at SAKAB (Sweden). 

Substance Quantity Unit Impact on 
Waste Input  
BeO/PBA 52 g  
Waste Output  
BeO/PBA to landfill 52 g  
 
 
Aluminium scrap resmelting (Sweden) 
 

Table M. NaCl production (Germany). 

Substance Quantity Unit Impact on 
Energy Input  
Diesel 0.007313 l  
Germany (El) 0.094 kWh  
Product Output  
NaCl 1 kg  
Resource Input  
Cybernit 1.13 kg Resource 
Waste Output  
Waste (unspec.) 128 g  
 



Table N. NaOH production (Sweden). 

Substance Quantity Unit Impact on 
Emission Output  
Acid as H+ 0.27 g Water 
BOD (Biological Oxygen Demand) 0.003 g Water 
Chlorides (Cl-) 29 g Water 
CO (carbon monoxide) 0.7 g Air 
CO2 (carbon dioxide) 1120 g Air 
COD (Chemical Oxygen Demand) 0.013 g Water 
Dissolved solid materials 0.05 g Water 
Dust 3.1 g Air 
HC (hydrocarbons, not CH4) 6.5 g Air 
HCl (hydrogen chloride) 0.15 g Air 
Metals (aq) 0.07 g Water 
Metals (unspec.) 0.002 g Air 
Na+ (sodium ions) 4.1 g Water 
NOx (as NO2) 7.2 g Air 
SO4

2- (sulphates) 3.9 g Water 
SOx (as SO2) 10 g Air 
Suspended matter (unspec.) 1.2 g Water 
Energy Input  
Light oil (EO1) 1.62 MJ  
Natural gas 5.19 MJ  
Sweden (El) 3.8694 kWh  
Product Output  
NaOH 1 kg  
Raw Material Input  
NaCl 0.59 kg  
Resource Input  
Iron ore (as Fe) 0.00046 kg Resource 
Limestone 0.0105 kg Resource 
Sand 0.0002 kg Resource 
Water (total) 5.3 kg Resource 
Waste Output  
Waste (industrial) 1 g  
Waste (inert chemicals) 7 g  
Waste (mineral) 55 g  
Waste (regulated chemicals) 0.02 g  
Waste (slags and ashes) 11 g  
 



Table O. Chlorine production (Sweden). 

Substance Quantity Unit Impact on 
Emission Output  
Acid as H+ 0.34 g Water 
BOD (Biological Oxygen Demand) 0.003 g Water 
Chlorides (Cl-) 42 g Water 
CO (carbon monoxide) 0.8 g Air 
CO2 (carbon dioxide) 1210 g Air 
COD (Chemical Oxygen Demand) 0.01 g Water 
Dissolved solid materials 0.05 g Water 
Dust 3.5 g Air 
HC (hydrocarbons, not CH4) 6 g Air 
HCl (hydrogen chloride) 0.18 g Air 
Metals (aq) 0.09 g Water 
Metals (unspec.) 0.002 g Air 
Na+ (sodium ions) 2.8 g Water 
NOx (as NO2) 7 g Air 
SO4

2- (sulphates) 7.2 g Water 
SOx (as SO2) 12 g Air 
Suspended matter (unspec.) 2 g Water 
Energy Input  
Light oil (EO1) 1.06 MJ  
Natural gas 4.1 MJ  
Sweden (El) 4.531 kWh  
Product Output  
Chlorine 1 kg  
Raw Material Input  
NaCl 1.21 kg  
Resource Input  
Iron ore (as Fe) 0.00065 kg Resource 
Limestone (as CaCO3) 0.0186 kg Resource 
Sand 0.0002 kg Resource 
Water (total) 0.9 kg Resource 
Waste Output  
Waste (industrial) 1 g  
Waste (inert chemicals) 13 g  
Waste (mineral) 72 g  
Waste (regulated chemicals) 0.02 g  
Waste (slags and ashes) 13 g  
 



Table P. Aluminium scrap recycling (Sweden). 

Substance Quantity Unit Impact on 
Emission Output  
CO2 (carbon dioxide) 400 g Air 
HCl (hydrogen chloride) 0.323 g Air 
HF (hydrogen fluoride) 0.0806 g Air 
Particulates (unspec.) 0.215 g Air 
SO2 (sulphur dioxide) 0.86 g Air 
Energy Input  
Light oil (EO1) 4.92 MJ  
Propane 0.102 MJ  
Sweden (El) 0.247 kWh  
Product Output  
Aluminium (primary) 1 kg  
Raw Material Input  
Chlorine 0.0007 kg  
NaCl 0.145 kg  
NaOH 0.00022 kg  
Waste Input  
Aluminium scrap 1150 g  
Waste Output  
Industrial waste to landfill 13 g  
Oil emulsions waste to external recycling 5 g  
Salt waste to landfill 253 g  
Sludge from gas purification waste to landfill 26.9 g  
 
 
PBA scrap resmelting (Sweden) 
 

Table Q. Shredding (Sweden). 

Substance Quantity Unit Impact on 
Energy Input  
Sweden (El) 0.00954 kWh  
Waste Input  
PBA scrap 0.318 kg  
Waste Output  
Shredded PBA scrap 0.318 kg  
 



Table R. Kaldo furnace. 

Substance Quantity Unit Impact on 
Emission Output  
As (arsenic) 0.000567 g Air 
Cd (cadmium) 0.00147 g Air 
Chlorides (to air) 0.00637 g Air 
CO2 (carbon dioxide) 6.7 g Air 
Cu (copper) 0.027 g Air 
Dioxins (TCDD-equivalents) 5.92E-9 g Air 
Fluorides (to air) 0.00166 g Air 
Hg (mercury) 0.000581 g Air 
NOx (as NO2) 0.52100003 g Air 
Particulates (unspec.) 0.423 g Air 
Pb (lead) 0.0746 g Air 
SO2 (sulphur dioxide) 0.52100003 g Air 
Zn (zinc) 0.0616 g Air 
Energy Input  
Light oil (EO1) 1.67 MJ  
Product Output  
Melted PBA scrap 1 kg  
Waste Input  
Shredded PBA scrap 1 kg  
 

Table S. Converter process (Sweden). 

Substance Quantity Unit Impact on 
Emission Output  
As (arsenic) 0.00035 g Air 
Cd (cadmium) 7.6E-05 g Air 
CO2 (carbon dioxide) 2.09 g Air 
Cu (copper) 0.00307 g Air 
NOx (as NO2) 0.011 g Air 
Particulates (unspec.) 0.0281 g Air 
Pb (lead) 0.00367 g Air 
SO2 (sulphur dioxide) 1.09 g Air 
Zn (zinc) 2.6E-05 g Air 
Energy Input  
Light oil (EO1) 0.028 MJ  
Sweden (El) 0.034 kWh  
Product Output  
Anode copper 0.048 kg  
Raw Material Input  
Melted PBA scrap 0.24 kg  
Waste Output  
Waste (landfill) 3.88 g  



 

Table T. Electrolysis (Sweden). 

Substance Quantity Unit Impact on 
Emission Output  
As (arsenic) 0.000409 g Air 
Cd (cadmium) 2.92E-05 g Air 
Cu (copper) 0.00226 g Air 
Hg (mercury) 1.95E-05 g Air 
Particulates (unspec.) 0.0206 g Air 
Pb (lead) 0.00119 g Air 
SO2 (sulphur dioxide) 5.45 g Air 
Zn (zinc) 0.00279 g Air 
Energy Input  
Sweden (El) 0.403 kWh  
Product Output  
Copper (primary) 1 kg  
Gold (primary) 0.000696 kg  
Palladium (primary) 0.000514 kg  
Platinum (primary) 2.57E-05 kg  
Silver (primary) 0.00257 kg  
Raw Material Input  
Anode copper 1.08 kg  
 



 
 
 
 
 
 

Appendix V 
 

Life Cycle Inventory data for the electricity production 
 



Table U. Electricity production in Belgium. 

Substance Quantity Unit Impact on 
Emission Output  
Al3+ (aluminium ions) 0.0669 g Water 
AOX (Adsorbable Organic Halogens) 4.06E-7 g Water 
Aromatic HC (unspec.) 0.000942 g Air 
Aromatic HC (unspec.) 0.000115 g Water 
Arsenic (As3+, As5+) 0.000133 g Water 
Ba2+ (barium ions) 0.00554 g Water 
Benzene (C6H6) 0.00019 g Air 
BOD (Biological Oxygen Demand) 0.0000172 g Water 
Cd (cadmium) 6.88E-7 g Air 
Cd+ (cadmium ions) 3.88E-6 g Water 
CH4 (methane) 0.348 g Air 
Chlorides (Cl-) 0.491 g Water 
CN- (cyanides) 3.45E-6 g Water 
CO (carbon monoxide) 0.0207 g Air 
CO2 (carbon dioxide) 98.6 g Air 
COD (Chemical Oxygen Demand) 0.000378 g Water 
Cr+ (chromium ions) 0.000661 g Water 
Cu+ (copper ions) 0.000329 g Water 
CxHy chloro 2.46E-7 g Water 
CxHy chloro 1.24E-7 g Air 
Dissolved organic carbon 0.000145 g Water 
Dust 0.117 g Air 
Fe2+, Fe3+ (iron ions) 0.0212 g Water 
Halon 1301 (CF3Br) 5.55E-7 g Air 
HCl (hydrogen chloride) 0.0191 g Air 
HF (hydrogen fluoride) 0.00205 g Air 
Hg (mercury) 1.22E-7 g Water 
Hg (mercury) 3.05E-6 g Air 
Inorganic dissolved materials 0.279 g Water 
Kjeldahl-N 0.0000139 g Water 
Metals (aq) 0.00776 g Water 
Metals (unspec.) 0.00524 g Air 
Mn (manganese) 8.1400003E-6 g Air 
N2O (nitrous oxide) 0.000747 g Air 
NH3 (ammonia) 0.000406 g Air 
NH4

+, NH3 (as N) 0.000892 g Water 
Ni (nickel) 7.69E-05 g Air 
Ni+ (nickel ions) 0.000315 g Water 
NO3

- (nitrates) 0.00163 g Water 
NOx (as NO2) 0.234 g Air 
N-total 0.000126 g Water 
Oils (unspec.) 0.00343 g Water 



PAH (polyaromatic HC) 4.99E-6 g Water 
PAH (polyaromatic HC) 1.53E-6 g Air 
Pb (lead) 0.000015 g Air 
Pb+ (lead ions) 0.00041 g Water 
Phenol (C6H5OH) 0.0000184 g Water 
PO4

- (phosphates) 0.00393 g Water 
S2

- (sulphides) 6.4E-6 g Water 
SO4

2- (sulphates) 0.631 g Water 
SOx (as SO2) 0.325 g Air 
Suspended matter (unspec.) 0.0288 g Water 
TOC (Total Organic Carbon) 0.0109 g Water 
Toluene (C6H5CH3) 0.0000151 g Water 
VOC (Volitale Organic Compounds) 0.0261 g Air 
Zn (zinc) 0.0000263 g Air 
Zn2+ (zinc ions) 0.000667 g Water 
Energy Input  
Potential energy hydropower 0.0337 MJ  
Product Output  
Belgium (El) 1 kWh  
Resource Input  
Coal (res.) 0.0411 kg Resource 
Crude oil 0.00232 kg Resource 
Lignite (brown coal, res.) 0.000544 kg Resource 
Natural gas (res.) 0.00674 kg Resource 
Uranium ore (as U) 4.77E-6 kg Resource 
Wood 0.000404 kg Resource 
 

Table V. Electricity production in Germany. 

Substance Quantity Unit Impact on 
Emission Output  
Al3+ (aluminium ions) 0.081699997 g Water 
AOX (Adsorbable Organic Halogens) 3.11E-7 g Water 
Aromatic HC (unspec.) 8.06E-05 g Water 
Aromatic HC (unspec.) 0.00189 g Air 
Arsenic (As3+, As5+) 0.000164 g Water 
Ba2+ (barium ions) 0.00668 g Water 
Benzene (C6H6) 0.0000756 g Air 
BOD (Biological Oxygen Demand) 16.6 g Water 
Cd (cadmium) 1.73E-6 g Air 
Cd+ (cadmium ions) 4.52E-6 g Water 
CH4 (methane) 0.387 g Air 
Chlorides (Cl-) 0.565 g Water 
CN- (cyanides) 1.6E-6 g Water 
CO (carbon monoxide) 0.0219 g Air 
CO2 (carbon dioxide) 164 g Air 



COD (Chemical Oxygen Demand) 0.000419 g Water 
Cr+ (chromium ions) 8.12E-7 g Water 
Cu+ (copper ions) 0.000405 g Water 
CxHy chloro 8.5400004E-8 g Air 
CxHy chloro 1.33E-7 g Water 
Dissolved organic carbon 0.0000495 g Water 
Dust 0.251 g Air 
Fe2+, Fe3+ (iron ions) 0.151 g Water 
Halon 1301 (CF3Br) 4.21E-7 g Air 
HCl (hydrogen chloride) 0.036 g Air 
HF (hydrogen fluoride) 0.00381 g Air 
Hg (mercury) 5.99E-6 g Air 
Hg (mercury) 1.25E-7 g Water 
Inorganic dissolved materials 0.587 g Water 
Kjeldahl-N 0.0000119 g Water 
Metals (aq) 0.00903 g Water 
Metals (unspec.) 0.00984 g Air 
Mn (manganese) 0.0000116 g Air 
N2O (nitrous oxide) 0.00101 g Air 
NH3 (ammonia) 0.000521 g Air 
NH4

+, NH3 (as N) 0.00065 g Water 
Ni (nickel) 0.0000629 g Air 
Ni+ (nickel ions) 0.000404 g Water 
NO3

- (nitrates) 0.00201 g Water 
NOx (as NO2) 0.336 g Air 
N-total 0.000101 g Water 
Oils (unspec.) 0.00246 g Water 
PAH (polyaromatic HC) 1.16E-6 g Water 
PAH (polyaromatic HC) 3.15E-6 g Air 
Pb (lead) 0.0000193 g Air 
Pb+ (lead ions) 0.000461 g Water 
Phenol (C6H5OH) 0.0000135 g Water 
PO4

- (phosphates) 0.00484 g Water 
S2

- (sulphides) 3.78E-6 g Water 
SO4

2- (sulphates) 0.853 g Water 
SOx (as SO2) 0.725 g Air 
Suspended matter (unspec.) 0.0176 g Water 
TOC (Total Organic Carbon) 0.00421 g Water 
Toluene (C6H5CH3) 0.0000109 g Water 
VOC (Volitale Organic Compounds) 0.0197 g Air 
Zn (zinc) 0.0000484 g Air 
Zn2+ (zinc ions) 0.000818 g Water 
Energy Input  
Potential energy hydropower 0.086999997 MJ  
Product Output  
Germany (El) 1 kWh  



Resource Input  
Coal (res.) 0.0507 kg Resource 
Crude oil 0.00176 kg Resource 
Lignite (brown coal, res.) 0.0787 kg Resource 
Natural gas (res.) 0.00255 kg Resource 
Uranium ore (as U) 3.28E-6 kg Resource 
Wood 0.000493 kg Resource 
 

Table W. Electricity production in Japan. 

Substance Quantity Unit Impact on 
Emission Output  
Aromatic BTEX 1217 g Air 
Aromatic HC (unspec.) 764.3 g Water 
Benzopyrene 0.1524 g Air 
CH4 (methane) 284000 g Air 
Chlorides (Cl-) 616800 g Water 
CO2 (carbon dioxide) 150127500 g Air 
Fat and greasy water 12581 g Water 
HCl (hydrogen chloride) 7013 g Air 
Hg (mercury) 3.907 g Air 
NH4

+, NH3 (as N) 1052 g Water 
NOx (as NO2) 270700 g Air 
SOx (as SO2) 538200 g Air 
Sulphates (SO4

2-) 338100 g Water 
VOC (Volitale Organic Compounds) 124900 g Air 
Zn2+ (zinc ions) 419.3 g Water 
Energy Input  
Potential energy hydropower 117100 MJ  
Product Output  
Japan (El) 277777.81 kWh  
Resource Input  
Black coal 23900 kg Resource 
Copper ore (as Cu) 3.294 kg Resource 
Crude oil 13150 kg Resource 
Gravel 1319 kg Resource 
Land (unspecific) 10550.105 m2 Resource 
Lignite (brown coal, res.) 578.7 kg Resource 
Limestone (as CaCO3) 479.2 kg Resource 
Materials (unspec.) 3572 kg Resource 
Natural gas (res.) 12811 kg Resource 
Steel and cast iron 332.3 kg Resource 
Uranium ore (as U) 2.41 kg Resource 
Waste heat 1929000 MJ Resource 
Water (fresh, limited) 606300030 kg Resource 
Wood 0.1847 kg Resource 



Waste Output  
Radioactive waste 0.0106654 m3  
Special waste 15450 g  
Waste (incineration) 1743 g  
Waste (landfill) 9878996 g  
Waste (unspecified) 116100 g  
 
 

Table X. Electricity production in the Netherlands. 

Substance Quantity Unit Impact on 
Emission Output  
Al3+ (aluminium ions) 0.0952 g Water 
AOX (Adsorbable Organic Halogens) 6.28E-7 g Water 
Aromatic HC (unspec.) 0.00156 g Air 
Aromatic HC (unspec.) 0.000207 g Water 
Arsenic (As3+, As5+) 0.000192 g Water 
Ba2+ (barium ions) 0.00804 g Water 
Benzene (C6H6) 0.0006 g Air 
BOD (Biological Oxygen Demand) 0.0000214 g Water 
Cd (cadmium) 1.21E-6 g Air 
Cd+ (cadmium ions) 5.15E-6 g Water 
CH4 (methane) 0.614 g Air 
Chlorides (Cl-) 0.0007 g Water 
CN- (cyanides) 0.0000104 g Water 
CO (carbon monoxide) 0.0506 g Air 
CO2 (carbon dioxide) 208 g Air 
COD (Chemical Oxygen Demand) 0.000517 g Water 
Cr+ (chromium ions) 0.000955 g Water 
Cu+ (copper ions) 0.000476 g Water 
CxHy chloro 6.2599997E-7 g Water 
CxHy chloro 2.84E-8 g Air 
Dissolved organic carbon 0.000486 g Water 
Dust 0.177 g Air 
Fe2+, Fe3+ (iron ions) 0.0502 g Water 
Halon 1301 (CF3Br) 8.58E-7 g Air 
HCl (hydrogen chloride) 0.0275 g Air 
HF (hydrogen fluoride) 0.00292 g Air 
Hg (mercury) 5.72E-6 g Air 
Hg (mercury) 2.26E-7 g Water 
Inorganic dissolved materials 0.445 g Water 
Kjeldahl-N 0.0000209 g Water 
Metals (aq) 0.0109 g Water 
Metals (unspec.) 0.00768 g Air 
Mn (manganese) 0.0000117 g Air 
N2O (nitrous Oxide) 0.00153 g Air 
NH3 (ammonia) 0.000538 g Air 



NH4
+, NH3 (as N) 0.000503 g Water 

Ni (nickel) 0.000152 g Air 
Ni+ (nickel ions) 0.000419 g Water 
NO3

- (nitrates) 0.00211 g Water 
NOx (as NO2) 0.454 g Air 
N-total 0.000192 g Water 
Oils (unspec.) 0.00593 g Water 
PAH (polyaromatic HC) 0.0000151 g Air 
PAH (polyaromatic HC) 2.41E-6 g Water 
Pb (lead) 0.0000216 g Air 
Pb+ (lead ions) 0.000495 g Water 
Phenol (C6H5OH) 0.000031 g Water 
PO4

- (phosphates) 0.00569 g Water 
S2- (sulphides) 0.0000143 g Water 
SO4

2- (sulphates) 0.551 g Water 
SOx (as SO2) 0.52999997 g Air 
Suspended matter (unspec.) 0.0439 g Water 
TOC (Total Organic Carbon) 0.0342 g Water 
Toluene (C6H5CH3) 0.0000259 g Water 
VOC (Volitale Organic Compounds) 0.0477 g Air 
Zn (zinc) 0.0000375 g Air 
Zn2+ (zinc ions) 0.000958 g Water 
Energy Input  
Potential energy hydropower 0.015 MJ  
Product Output  
The Netherlands (El) 1 kWh  
Resource Input  
Coal (res.) 0.0595 kg Resource 
Crude oil 0.00359 kg Resource 
Lignite (brown coal, res.) 0.0135 kg Resource 
Natural gas (res.) 0.022 kg Resource 
Uranium ore (as U) 1.09E-6 kg Resource 
Wood 0.000595 kg Resource 
 

Table Y. Electricity production in Sweden. 

Substance Quantity Unit Impact on 
Emission Output  
CH4 (methane) 0.000504 g Air 
CO (carbon monoxide) 0.0076 g Air 
CO2 (carbon dioxide) 40 g Air 
HC (hydrocarbons, not CH4) 0.003816 g Air 
N2O (nitrous oxide) 0.000151 g Air 
NOx (as NO2) 0.03312 g Air 
Particulates (unspec.) 0.000252 g Air 
SO2 (sulphur dioxide) 0.02412 g Air 



Product Output  
Sweden (El) 1 kWh  
Resource Input  
Coal (res.) 0.006624 kg Resource 
Crude oil 0.004284 kg Resource 
Natural gas (res.) 0.00067 kg Resource 
Peat (res.) 0.001584 kg Resource 
Uranium ore (as U) 1.9944E-7 kg Resource 
Waste Output  
Ashes (unspec.) 0.252 g  
Radioactive waste 0.108 g  
 

Table Z. Electricity production in the USA. 

Substance Quantity Unit Impact on 
Emission Output  
CH4 (methane) 0.00531 g Air 
CO (carbon monoxide) 0.086715 g Air 
CO2 (carbon dioxide) 614.86682 g Air 
HC (hydrocarbons, not CH4) 0.011565 g Air 
NOx (as NO2) 2.4387751 g Air 
Particulate (PM-10) 0.02853 g Air 
Particulates (unspec.) 0.09675 g Air 
SOx (as SO2) 4.64535 g Air 
Product Output  
USA (El) 1 kWh  
Resource Input  
Coal (res.) 0.25728351 kg Resource 
Crude oil 0.00719838 kg Resource 
Natural gas (res.) 0.03794118 kg Resource 
Uranium ore (as U) 7.3400003E-7 kg Resource 
Waste Output  
Ash (bottom) 4.784 g  
Ash (fly) 15.243 g  
FGD sludge 4.826 g  
Spent nuclear fuel 0.001451 g  
 



 
 
 
 
 
 

Appendix VI 
 

Life Cycle Inventory data for the transportation 
 



Table AA. Aeroplane transportation. 

Substance Quantity/km Unit Impact on 
Cargo Input 
cargo 1 ton  
Cargo Output 
cargo 1 ton  
Emission Output 
Aldehyde (unspec.) 0.007 g Air 
BOD (Biological Oxygen Demand) 0.001 g Water 
CH4 (methane) 0.033 g Air 
CO (carbon monoxide) 0.523 g Air 
CO2 (carbon dioxide) 620 g Air 
COD (Chemical Oxygen Demand) 0.003 g Water 
Dissolved matter (unspec.) 2.29 g Water 
HC (hydrocarbons, not CH4) 1.25 g Air 
N2O (nitrous oxide) 0.009 g Air 
NH3 (ammonia) 0.004 g Air 
NOx (as NO2) 2.32 g Air 
Oils (unspec.) 0.029 g Water 
Organic matter (unspec.) 0.011 g Air 
Particulates (unspec.) 0.039 g Air 
SOx (as SO2) 0.696 g Air 
Suspended matter (unspec.) 0.001 g Water 
Resource Input 
Coal (res.) 0.001 kg Resource 
Crude oil 0.195 kg Resource 
Natural gas (res.) 0.001 kg Resource 
Water (total) 0.038 kg Resource 
Waste Output 
Waste (total) 0.281 g  
Waste (unspecified) 0.281 g  
 

Table BB. Transportation by electricity-driven freight train (Sweden). 

Substance Quantity/km Unit Impact on 
Cargo Input 
cargo 1 ton  
Cargo Output 
cargo 1 ton  
Emission Output 
CH4 (methane) 0.000021 g Air 
CO (carbon monoxide) 0.00032 g Air 
CO2 (carbon dioxide) 1.68 g Air 
HC (hydrocarbons, not CH4) 0.00016 g Air 
N2O (nitrous oxide) 6.35E-05 g Air 



NOx (as NO2) 0.00139 g Air 
Particulates (unspec.) 0.0000105 g Air 
SO2 (sulphur dioxide) 0.00101 g Air 
Resource Input 
Coal (res.) 0.000278 kg Resource 
Crude oil 0.00018 kg Resource 
Natural gas (res.) 0.000028 kg Resource 
Peat (res.) 0.000067 kg Resource 
Uranium ore (as U) 8.4E-8 kg Resource 
Waste Output 
Ashes (unspec.) 0.011 g  
Radioactive waste 0.005 g  
 

Table CC. Light truck transportation. 

Substance Quantity/km Unit Impact on 
Cargo Input 
cargo 1 ton  
Cargo Output 
cargo 1 ton  
Emission Output 
CH4 (methane) 0.184 g Air 
CO (carbon monoxide) 0.562 g Air 
CO2 (carbon dioxide) 540.3 g Air 
COD (Chemical Oxygen Demand) 0.011 g Water 
HC (hydrocarbons, not CH4) 0.245 g Air 
N2O (nitrous oxide) 0.03 g Air 
NOx (as NO2) 0.799 g Air 
N-total 0.00125 g Water 
Oils (unspec.) 0.00263 g Water 
Particulates (unspec.) 0.105 g Air 
Phenol (C6H5OH) 0.0000374 g Water 
SO2 (sulphur dioxide) 0.141 g Air 
Resource Input 
Crude oil 0.13246 kg Resource 
Natural gas (res.) 0.00381 kg Resource 
 



Table DD. Sea ship transportation. 

Substance Quantity/km Unit Impact on 
Cargo Input 
cargo 1 ton  
Cargo Output 
cargo 1 ton  
Emission Output 
Al3+ (aluminium ions) 0.000147 g Water 
AOX (Ads. Organic Halogens) 4.31E-7 g Water 
Aromatic HC (unspec.) 0.0000658 g Air 
Aromatic HC (unspec.) 0.000106 g Water 
Arsenic (As3+, As5+) 3.9E-7 g Water 
Ba2+ (barium ions) 0.000324 g Water 
Benzene (C6H6) 0.0000266 g Air 
BOD (Biological Oxygen Demand) 5.48E-6 g Water 
Cd (cadmium) 3.04E-6 g Air 
Cd+ (cadmium ions) 1.42E-7 g Water 
CH4 (Methane) 0.0104 g Air 
Chlorides (Cl-) 0.067100003 g Water 
CN- (cyanides) 4.82E-7 g Water 
CO (carbon monoxide) 0.00286 g Air 
CO2 (carbon dioxide) 8.2799997 g Air 
COD (Chemical Oxygen Demand) 0.000107 g Water 
Cr+ (chromium ions) 2.51E-6 g Water 
Cu+ (copper ions) 9.46E-7 g Water 
CxHy chloro 1.09E-7 g Water 
CxHy chloro 2.14E-10 g Air 
Dissolved organic carbon 2.69E-7 g Water 
Dust 0.00546 g Air 
Fe2+, Fe3+ (iron ions) 0.000255 g Water 
Halon 1301 (CF3Br) 5.9400003E-7 g Air 
HCl (hydrogen chloride) 0.000193 g Air 
HF (hydrogen fluoride) 0.0000196 g Air 
Hg (mercury) 3.3E-8 g Air 
Hg (mercury) 1.41E-9 g Water 
Inorganic dissolved materials 0.0486 g Water 
Kjeldahl-N 0.0000123 g Water 
Metals (aq) 0.000777 g Water 
Metals (unspec.) 0.000372 g Air 
Mn (manganese) 3.04E-8 g Air 
N2O (nitrous oxide) 0.000168 g Air 
NH3 (ammonia) 9.77E-7 g Air 
NH4

+, NH3 (as N) 0.000127 g Water 
Ni (nickel) 6.25E-05 g Air 
Ni+ (nickel ions) 1.08E-6 g Water 



NO3
- (nitrates) 0.0000823 g Water 

NOx (as NO2) 0.021 g Air 
N-total 0.000123 g Water 
Oils (unspec.) 0.0033 g Water 
PAH (polyaromatic HC) 1.62E-6 g Water 
PAH (polyaromatic HC) 1.05E-7 g Air 
Pb (lead) 5.35E-6 g Air 
Pb+ (lead ions) 1.01E-6 g Water 
Phenol (C6H5OH) 0.0000179 g Water 
PO4

- (phosphates) 9.9500003E-6 g Water 
S2

- (sulphides) 3.83E-6 g Water 
SO4

2- (sulphates) 0.00337 g Water 
SOx (as SO2) 0.115 g Air 
Suspended matter (unspec.) 0.00713 g Water 
TOC (Total Organic Carbon) 0.000986 g Water 
Toluene (C6H5CH3) 0.0000147 g Water 
VOC (Volitale Organic 
Compounds) 

0.0198 g Air 

Zn (zinc) 2.55E-6 g Air 
Zn2+ (zinc ions) 2.55E-6 g Water 
Energy Input 
Potential energy hydropower 0.000526 MJ  
Resource Input 
Coal (res.) 0.0000905 kg Resource 
Crude oil 0.00249 kg Resource 
Lignite (brown coal, res.) 0.00012 kg Resource 
Natural gas 0.00014 m3 Resource 
Uranium ore (as U) 8.17E-9 kg Resource 
Wood 8.87E-7 kg Resource 
 

Table EE. Truck transportation, long distance. 

Substance Quantity/km Unit Impact on 
Cargo Input 
cargo 1 ton  
Cargo Output 
cargo 1 ton  
Emission Output 
CH4 (methane) 0.028 g Air 
CO (carbon monoxide) 0.349 g Air 
CO2 (carbon dioxide) 83 g Air 
COD (Chemical Oxygen Demand) 0.0017 g Water 
HC (hydrocarbons, not CH4) 0.102 g Air 
N2O (nitrous oxide) 0.0045 g Air 
NOx (as NO2) 0.9351 g Air 
N-total 0.0002 g Water 



Oils (unspec.) 0.0004 g Water 
Particulates (unspec.) 0.0994 g Air 
Phenol (C6H5OH) 0.0057 mg Water 
SO2 (sulphur dioxide) 0.1145 g Air 
Resource Input 
Crude oil 25.1 g Resource 
Natural gas (res.) 0.58099997 g Resource 
 
 

Table FF. Truck transportation, regional distribution. 

Substance Quantity/km Unit Impact on 
Cargo Input 
cargo 1 ton  
Cargo Output 
cargo 1 ton  
Emission Output 
CH4 (methane) 0.0474 g Air 
CO (carbon monoxide) 0.594 g Air 
CO2 (carbon dioxide) 143 g Air 
COD (Chemical Oxygen Demand) 0.00288 g Water 
HC (hydrocarbons, not CH4) 0.173 g Air 
N2O (nitrous oxide) 0.00765 g Air 
NOx (as NO2) 1.6 g Air 
N-total 0.000323 g Water 
Oils (unspec.) 0.000679 g Water 
Particulates (unspec.) 0.171 g Air 
Phenol (C6H5OH) 9.64E-6 g Water 
SO2 (sulphur dioxide) 0.196 g Air 
Resource Input 
Crude oil 0.0425 kg Resource 
Natural gas (res.) 0.000983 kg Resource 
 



 
 
 
 
 
 

Appendix VII 
 

Life Cycle Inventory data for the diesel production, natural 
gas- and oil extraction 

 



Table GG. Diesel production. 

Substance Quantity Unit Impact on 
Emission Output 
CH4 (methane) 0.998 g Air 
CO (carbon monoxide) 0.285 g Air 
CO2 (carbon dioxide) 371 g Air 
COD (Chemical Oxygen Demand) 0.0606 g Water 
HC (hydrocarbons, not CH4) 0.499 g Air 
N2O (nitrous oxide) 0.161 g Air 
NOx (as NO2) 1.57 g Air 
N-total 0.00681 g Water 
Oils (unspec.) 0.0143 g Water 
Particulates (unspec.) 0.0143 g Air 
Phenol (C6H5OH) 0.000203 g Water 
SO2 (sulphur dioxide) 0.748 g Air 
Product Output 
Diesel 1 l  
Resource Input 
Crude oil 0.895 kg Resource 
Natural gas (res.) 0.0207 kg Resource 
 

Table HH. Natural gas extraction. 

Substance Quantity Unit Impact on 
Emission Output 
CH4 (methane) 0.064 g Air 
CO (carbon monoxide) 0.0053 g Air 
CO2 (carbon dioxide) 8 g Air 
HC (hydrocarbons, not CH4) 0.0018 g Air 
N2O (nitrous oxide) 0.0005 g Air 
NOx (as NO2) 0.0158 g Air 
Product Output 
Natural gas 1 MJ  
Resource Input 
Natural gas (res.) 0.0253 kg Resource 
 



Table II. Oil extraction. 

Substance Quantity Unit Impact on 
Emission Output 
CO (carbon monoxide) 0.00013 g Air 
CO2 (carbon dioxide) 3.992 g Air 
COD (Chemical Oxygen Demand) 0.00117 g Water 
HC (hydrocarbons, not CH4) 0.00844 g Air 
NOx (as NO2) 0.00414 g Air 
N-total 0.00019 g Water 
Oils (unspec.) 0.0004 g Water 
Particulates (unspec.) 0.0005 g Air 
Phenol (C6H5OH) 5.7E-6 g Water 
SO2 (sulphur dioxide) 0.014 g Air 
Product Output 
Oil 1 MJ  
Resource Input 
Crude oil 0.0257 kg Resource 
 



 
 
 
 
 
 

Appendix VIII 
 

Assumptions, limitations and references for the Swedish 
shredding scenarios 



Shredding of the whole KRC 121 10/2 R2A transceiver at the Rönnskär smelter in Sweden  
 

Scenario Atomic 
activity 

Assumptions and limitations References 

Collection of 
the transceiver 

  

El production 
(Sweden) 

 Ericsson internal 
database, Malmodin 
1999 

Shredding of 
the whole 
KRC 121 10/2 
R2A 
transceiver at 
the Rönnskär 
smelter in 
Sweden  
 

Shredding of 
the whole 
transceiver, 
and separation 
of the 
aluminium 
fraction at the 
Rönnskär 
smelter (AB 
Arv 
Andersson) 
(Sweden) 

The only environmental effect accounted for in 
this process is the energy consumption. A 
rough estimation is that the energy 
consumption for both shredding and separation 
is about 30 kWh per ton electronic scrap. The 
weight of one transceiver is 1850 grams, which 
is 0.00185 tons. 0.00185*30=0.0555 kWh per 
transceiver.  
 
The outgoing fractions from the separation 
would be an aluminium fraction containing 
about 98 % aluminium and another fraction 
that would mainly consist of the PBA and the 
copper cooling flange, this fraction would have 
an aluminium content of 3-5 %. An aluminium 
content of 4 % is assumed. This gives: 
 
The weight of the outgoing Al-fraction = y 
The weight of the outgoing PBA-fraction = x 
Total amount of incoming Al = 1020 + 33 + 32 
= 1085 grams 
Total amount of incoming PBA and Cu = 370 + 
357 = 727 grams 
x + y = 1085 + 727 = 1812 
0.04*x + 0.98*y = 1085 
 
This gives: 
 
y = The outgoing Al-fraction = 1078 grams 
x = The outgoing PBA-fraction = 734 grams 
 
Al in the outgoing Al-fraction = 1056 grams 
PBA/Cu in the outgoing Al-fraction = 22 grams 
PBA/Cu in the outgoing PBA-fraction = 705 
grams 
Al in the outgoing PBA-fraction = 29 grams 

The shredding scenario 
and the data on energy 
consumption and content 
of the outgoing fractions 
are based on personal 
communication with 
Anders Axelsson and 
Sune Nordström at AB 
Arv Andersson 1999. 

 



 Transportation 
of the 
aluminium 
fraction 

Since most of the aluminium from AB Arv 
Andersson at the time being is sent to Gotthard 
Aluminium in Älmhult, it is assumed that this 
is the case for the aluminium fraction in this 
study (verbal Axelsson 1999). 

The transportation from 
the Rönnskär smelter in 
Skellefteå to Gotthard 
Aluminium AB in 
Älmhult would go by 
truck (verbal Axelsson 
1999) and the distance is 
estimated from a map to 
be about 1300 
kilometres.  
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation.   

 



 
Transportation 
of the 
transceiver 
from the RBS 
to the 
Rönnskär 
smelter  

In order to obtain data for the transportation 
from the RLC/RC in Stockholm to the 
Rönnskär smelter in Skellefteå it is assumed 
that SJ Express is hired for the transportation. 
 
The storing at the logistic centres involved in 
the transportation is not accounted for. 
 

The assumptions on the 
lengths and modes of the 
transports involved in 
the transportation of the 
transceiver from the 
RBS to the RLC/RC in 
Stockholm are based on 
personal communication 
with Richard Slettmyr at 
Hardware Services, 
Ericsson Radio Systems 
AB 1999. The 
assumption on the flight 
distance between Dallas 
and Stockholm is based 
on personal 
communication with 
Lisbeth Wesslau at SAS 
Flight Support 1999.   
 
Data for diesel driven 
light truck (max 3.5 
tons) from CPM, 1999, 
is used for the service 
car transportation.  
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for truck 
transportation 150 km 
and longer.  
 
In scenario B data for 
aeroplane transports 
from an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for the aeroplane 
transportation.  
 
The assumptions on the 
length and mode of the 
transportation of the 
transceiver from the 
RLC/RC in Stockholm 
to the Rönnskär smelter 
in Skellefteå are based 
on personal 
communication with 
Göran Andersson at SJ 
Express 1999. 

 



 
  Data for electrically 

driven freight train from 
CPM, 1999, is used for 
the train transportation 

Subscenario   
 Aluminium 

recycling at 
Gotthard 
Aluminium 
AB (Sweden) 

The aluminium covers in the aluminium-
fraction are surface treated with nickel and tin 
in amounts which are too large to compose any 
approved aluminium alloy (verbal Cronquist 
1999). The nickel constitutes around 2.29 
weight % of the aluminium covers (the Ni-
weight divided by the Ni+Al+Sn+Cu-weights). 
The tin constitutes around 2.22 weight % of the 
aluminium covers (the Sn-weight divided by 
the Sn+Al+Ni+Cu-weights). If Gotthard 
Aluminium AB received these aluminium 
covers they would dilute them with more pure 
aluminium so they would be able to recycle 
them. However, they would not be able to 
recycle a whole batch of only these covers 
(verbal Cronquist 1999). Therefore, the 
allocation of the environmental loads from the 
aluminium resmelting process that is done in 
this analysis is not entirely correct. Strictly, a 
process where the surface treatment is removed 
should also be accounted for. 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 55.  
 
The LCI data in the 
study “LCA of 
Aluminium, Copper and 
Steel” were collected 
from Gotthard 
Aluminium’s 
Environmental Report 
for 1993. Since 1993, a 
number of changes in the 
processes have taken 
place, some of them 
have improved the 
environmental 
performance of the 
facility. Until 1994 the 
dust formed at the gas 
purification was 
suspended in water and 
therefore, no dust waste 
is mentioned in the LCI 
data from 1993 
(Gotthard Aluminium’s 
Environmental Report 
1993 and verbal 
Cronquist 1999). 

 



 Recycling of 
copper and 
precious 
metals from 
the 
PBA/copper 
scrap fraction 
at the 
Rönnskär 
smelter 
(Boliden AB) 
(Sweden) 

The data only accounts for the Kaldo furnace, 
the Converter process and the Electrolysis, and 
the only metal followed and obtained is copper. 
Hence the processes where the precious metals 
are recovered are left out and their 
environmental impacts are not accounted for. 
This is assumed to be a reasonable neglection 
since the electricity consumption in the 
electrolysis probably is very large in 
comparison to the precious metals process and 
furthermore, the precious metals content in the 
transceiver is very low compared to the copper 
content. However, the obtained exchange of the 
precious metals is at least 95% (verbal 
Brännström 1999).  
 
All substances in the PBA-contents are not 
followed through these processes at the 
Rönnskär smelter. The reason for this is that 
the used LCI-data were not accurate enough. 
 
It is estimated that the PBA contains 20 % 
copper. The PBA has a weight of 370 g, which 
makes 74 g copper in the PBA. The copper 
cooling flange has a weight of 357 g. This 
gives a total of 431 g copper in 727 g PBA 
copper scrap, which is 57%. 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden. 
The data in “LCA of 
Aluminium, Copper and 
Steel” were collected 
from amongst other the 
Environmental report for 
the Rönnskär smelter 
1994. Hence these data 
are probably not 
completely up-to-date. 
 
For the PBA fraction, the 
data for the fraction 
Maria Sunér calls “other 
scrap” in her LCA is 
used, but with the copper 
content adjusted to 57 
weight % as it is 
estimated to be in the 
PBA/copper fraction. 

 
Subscenario Atomic 

activity 
Assumptions and limitations References 

Aluminium 
scrap recycling 
(Sweden) 

The electricity usage is converted from MJ to 
kWh. 1 kWh = 3.6 MJ according to the 
Swedish Petroleum Institute.  
 
The usage of propane is connected to 
production of natural gas because no data were 
available for production of propane. 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 55. 

Chlorine 
production 
(Sweden) 

The electricity usage is converted from MJ to 
kWh. 1 kWh = 3.6 MJ according to the 
Swedish Petroleum Institute. 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
appendix F. 

Aluminium 
recycling at 
Gotthard 
Aluminium 
AB (Sweden) 

Diesel 
production 

 Ericsson internal 
database, Malmodin 
1999 

 



El production 
(Germany) 

Data is from 1990-1994.  
 
Geographical boundary: Europe, Western. 
 
Technology: Average technology. 
 
Universal applicability: Mixed data. 
 
Electricity from: coal 28.9%, gas 4.5%, 
hydropower 6.3%, lignite 18.8%, uranium 
39.3% and oil 1.2%. 
 
Model for the production of electricity in 
former West Germany, including production 
and transportation of primary energy sources, 
excluding the infrastructure of the energy 
systems. Medium voltage, average efficiency 
28.6%. 1% electricity from non-defined 
sources including 1.8% grid losses. 
 
Radioactive non-material emissions are 
neglected since EcoLab does not handle the 
unit Bq. The neglected emissions are: 
Radioactive substances to air 2.83*103 Bq and 
radioactive substances to water 2.61*103 Bq. 
 
The consumption of natural gas has been 
converted from litres to kg by using the ideal-
gas equation:   p*V=n*R*T 
n=m/M 
Combining of the two equations above gives: 
m=(p*V*M)/(R*T) 
R=8.31451 J/mol K 
V=3.89 litres=0.00389 m3 

M=16 g/mol= 0.016 kg/mol (the molar mass of 
methane is used as an assumption) 
P=101325 Pa (atmospheric pressure is 
assumed) 
T=298 K (normal room temperature is 
assumed) 
This gives m=0.00255 kg 

The data is obtained 
from PRé, 1999. 
 
 

El production 
(Sweden) 

 Ericsson internal 
database, Malmodin 
1999 

 

NaCl 
production 
(Germany) 

The electricity usage is converted from MJ to 
kWh. 1 kWh = 3.6 MJ according to the 
Swedish Petroleum Institute.  
 
The diesel usage is first converted from MJ to 
kWh. Thereafter it is converted from kWh to 
litres. It is assumed that the diesel is of 
environmental class 3, which has an energy 
content of 9 952 kWh/m3, according to the 
Swedish Petroleum Institute.  

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
appendix E. 

 



NaOH 
production 
(Sweden) 

The electricity usage is converted from MJ to 
kWh. 1 kWh = 3.6 MJ according to the 
Swedish Petroleum Institute.   

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
appendix D. 

Natural gas 
extraction 

 Ericsson internal 
database, Malmodin 
1999 

Oil extraction  Ericsson internal 
database, Malmodin 
1999 

Transportation 
of chlorine 

 Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 54.  
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 

 

Transportation 
of NaCl 

 Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 54.  
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 

 



 Transportation 
of NaOH 

 Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 54.  
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 

Converter 
process 
(Sweden)  
(copper) 

The electricity usage is converted from MJ to 
kWh. 
1 kWh = 3.6 MJ according to the Swedish 
Petroleum Institute.  
 
The data in Maria Sunérs table (s.71) is 
unallocated. In this study, 12.23 % of the total 
environmental load is allocated to "Melted 
PBA/copper scrap" because this inflow 
constitutes 12.23 weight % of the total inflow 
(240/(240+1620+103)=0.1223).  
 
It is assumed that "Melted PBA/copper scrap" 
contains 57% copper and that the exchange of 
copper is 100 %. This gives 137 g "Anode 
copper" (0.57*240=137). (20 % copper in the 
PBA. The PBA has a weight of 370 g, which 
makes 74 g copper in the PBA. The copper 
cooling flange has a weight of 357 g. This 
gives a total of 431 g copper in 727 g PBA 
copper scrap, which is 57%.) 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 71. 

Recycling of 
copper and 
precious 
metals from 
the 
PBA/copper 
scrap fraction 
at the 
Rönnskär 
smelter 
(Boliden AB) 
(Sweden) 

El production 
(Sweden) 

 Ericsson internal 
database, Malmodin 
1999 

 



Electrolysis 
(Sweden) 

The electricity usage is converted from MJ to 
kWh. 1 kWh = 3.6 MJ according to the 
Swedish Petroleum Institute.  
 
The data in Maria Sunérs table (s.72) is 
unallocated.  In this study, "Anode copper" is 
charged with the total environmental load 
because "Anode copper" constitutes the total 
inflow. 
 
The precious metals that would be obtained 
from the precious metals recovery process 
(gold, palladium, platinum and silver) are 
accounted as an outflow here since the precious 
metals recovery process is not accounted for. 
The obtained exchange of the precious metals 
is at least 95% (verbal Brännström 1999). 
 
The outflows of the precious metals are 
calculated as 95 % of the original precious 
metals content in the PBA. 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 72. 

Kaldo furnace 
(shredding) 

The data in Maria Sunérs table (s.70) is 
unallocated. In this study, “PBA/copper scrap” 
is charged with the total environmental load 
since "PBA/copper scrap" constitutes the whole 
inflow. 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 70. 

 

Oil extraction  Ericsson internal 
database, Malmodin 
1999 

 
 

 
 
 
 
 
 

 
 
 
 
 
 



 

 
 
 
 
 

Appendix IX 
 

Life Cycle Inventory data for the Swedish shredding scenarios 



Table JJ. Collection of TRX. 

Substance Quantity Unit Impact on 
Waste Input  
TRX (RBS 884, 10 W) 1850 g  
Waste Output  
TRX (RBS 884, 10 W) 1850 g  
TRX = Transceiver 
 

Table KK. Shredding and separation (Sweden). 

Substance Quantity Unit Impact on 
Energy Input  
Sweden (El) 0.0555 kWh  
Waste Input  
TRX (RBS 884, 10 W) 1850 g  
Waste Output  
Aluminium scrap 1078 g  
PBA/Copper scrap 734 g  
 
 
Aluminium scrap resmelting (Sweden) 
 

Table LL. NaCl production (Germany). 

Substance Quantity Unit Impact on 
Energy Input  
Diesel 0.007313 l  
Germany (El) 0.094 kWh  
Product Output  
NaCl 1 kg  
Resource Input  
Cybernit 1.13 kg Resource 
Waste Output  
Waste (unspec.) 128 g  
 

Table MM. NaOH production (Sweden). 

Substance Quantity Unit Impact on 
Emission Output  
Acid as H+ 0.27 g Water 
BOD (Biological Oxygen Demand) 0.003 g Water 
Chlorides (Cl-) 29 g Water 
CO (carbon monoxide) 0.7 g Air 
CO2 (carbon dioxide) 1120 g Air 
COD (Chemical Oxygen Demand) 0.013 g Water 



Dissolved solid materials 0.05 g Water 
Dust 3.1 g Air 
HC (hydrocarbons, not CH4) 6.5 g Air 
HCl (hydrogen chloride) 0.15 g Air 
Metals (aq) 0.07 g Water 
Metals (unspec.) 0.002 g Air 
Na+ (sodium ions) 4.1 g Water 
NOx (as NO2) 7.2 g Air 
SO4

2- (sulphates) 3.9 g Water 
SOx (as SO2) 10 g Air 
Suspended matter (unspec.) 1.2 g Water 
Energy Input  
Light oil (EO1) 1.62 MJ  
Natural gas 5.19 MJ  
Sweden (El) 3.8694 kWh  
Product Output  
NaOH 1 kg  
Raw Material Input  
NaCl 0.59 kg  
Resource Input  
Iron ore (as Fe) 0.00046 kg Resource 
Limestone 0.0105 kg Resource 
Sand 0.0002 kg Resource 
Water (total) 5.3 kg Resource 
Waste Output  
Waste (industrial) 1 g  
Waste (inert chemicals) 7 g  
Waste (mineral) 55 g  
Waste (regulated chemicals) 0.02 g  
Waste (slags and ashes) 11 g  
 

Table NN. Chlorine production (Sweden). 

Substance Quantity Unit Impact on 
Emission Output  
Acid as H+ 0.34 g Water 
BOD (Biological Oxygen Demand) 0.003 g Water 
Chlorides (Cl-) 42 g Water 
CO (carbon monoxide) 0.8 g Air 
CO2 (carbon dioxide) 1210 g Air 
COD (Chemical Oxygen Demand) 0.01 g Water 
Dissolved solid materials 0.05 g Water 
Dust 3.5 g Air 
HC (hydrocarbons, not CH4) 6 g Air 
HCl (hydrogen chloride) 0.18 g Air 
Metals (aq) 0.09 g Water 



Metals (unspec.) 0.002 g Air 
Na+ (sodium ions) 2.8 g Water 
NOx (as NO2) 7 g Air 
SO4

2- (sulphates) 7.2 g Water 
SOx (as SO2) 12 g Air 
Suspended matter (unspec.) 2 g Water 
Energy Input  
Light oil (EO1) 1.06 MJ  
Natural gas 4.1 MJ  
Sweden (El) 4.531 kWh  
Product Output  
Chlorine 1 kg  
Raw Material Input  
NaCl 1.21 kg  
Resource Input  
Iron ore (as Fe) 0.00065 kg Resource 
Limestone (as CaCO3) 0.0186 kg Resource 
Sand 0.0002 kg Resource 
Water (total) 0.9 kg Resource 
Waste Output  
Waste (industrial) 1 g  
Waste (inert chemicals) 13 g  
Waste (mineral) 72 g  
Waste (regulated chemicals) 0.02 g  
Waste (slags and ashes) 13 g  
 

Table OO. Aluminium scrap recycling (Sweden). 

Substance Quantity Unit Impact on 
Emission Output  
CO2 (carbon dioxide) 400 g Air 
HCl (hydrogen chloride) 0.323 g Air 
HF (hydrogen fluoride) 0.0806 g Air 
Particulates (unspec.) 0.215 g Air 
SO2 (sulphur dioxide) 0.86 g Air 
Energy Input  
Light oil (EO1) 4.92 MJ  
Propane 0.102 MJ  
Sweden (El) 0.247 kWh  
Product Output  
Aluminium (primary) 1 kg  
Raw Material Input  
Chlorine 0.0007 kg  
NaCl 0.145 kg  
NaOH 0.00022 kg  
Waste Input  



Aluminium scrap 1150 g  
Waste Output  
Industrial waste to landfill 13 g  
Oil emulsions waste to external recycling 5 g  
Salt waste to landfill 253 g  
Sludge from gas purification waste to landfill 26.9 g  
 
 
PBA/Copper scrap resmelting (Sweden) 
 

Table PP. Kaldo furnace (shredding). 

Substance Quantity Unit Impact on 
Emission Output  
As (arsenic) 0.000567 g Air 
Cd (cadmium) 0.00147 g Air 
Chlorides (to air) 0.00637 g Air 
CO2 (carbon dioxide) 6.7 g Air 
Cu (copper) 0.027 g Air 
Dioxins (TCDD-equivalents) 5.92E-9 g Air 
Fluorides (to air) 0.00166 g Air 
Hg (mercury) 0.000581 g Air 
NOx (as NO2) 0.52100003 g Air 
Particulates (unspec.) 0.423 g Air 
Pb (lead) 0.0746 g Air 
SO2 (sulphur dioxide) 0.52100003 g Air 
Zn (zinc) 0.0616 g Air 
Energy Input  
Light oil (EO1) 1.67 MJ  
Product Output  
Melted PBA/Copper scrap 1 kg  
Waste Input  
PBA/Copper scrap 1 kg  
 

Table QQ. Converter process (Sweden) (copper). 

Substance Quantity Unit Impact on 
Emission Output  
As (arsenic) 0.00035 g Air 
Cd (cadmium) 7.6E-05 g Air 
CO2 (carbon dioxide) 2.09 g Air 
Cu (copper) 0.00307 g Air 
NOx (as NO2) 0.011 g Air 
Particulates (unspec.) 0.0281 g Air 
Pb (lead) 0.00367 g Air 
SO2 (sulphur dioxide) 1.09 g Air 



Zn (zinc) 2.6E-05 g Air 
Energy Input  
Light oil (EO1) 0.028 MJ  
Sweden (El) 0.034 kWh  
Product Output  
Anode copper 0.137 kg  
Raw Material Input  
Melted PBA/Copper scrap 0.24 kg  
Waste Output  
Waste (landfill) 3.88 g  
 

Table RR. Electrolysis (Sweden) (shredding). 

Substance Quantity Unit Impact on 
Emission Output  
As (arsenic) 0.000409 g Air 
Cd (cadmium) 2.92E-05 g Air 
Cu (copper) 0.00226 g Air 
Hg (mercury) 1.95E-05 g Air 
Particulates (unspec.) 0.0206 g Air 
Pb (lead) 0.00119 g Air 
SO2 (sulphur dioxide) 5.45 g Air 
Zn (zinc) 0.00279 g Air 
Energy Input  
Sweden (El) 0.403 kWh  
Product Output  
Copper (primary) 1 kg  
Gold (primary) 0.000123 kg  
Palladium (primary) 9.07E-05 kg  
Platinum (primary) 4.54E-6 kg  
Silver (primary) 0.000454 kg  
Raw Material Input  
Anode copper 1.08 kg  
 



 
 
 
 
 
 

Appendix X 
 

Assumptions, limitations and references for the Dutch 
dismantling scenarios 



Dismantling of the KRC 121 10/2 R2A transceiver at MIREC B.V. in the Netherlands 
 

Scenario Atomic 
activity 

Assumptions and limitations References 

BeO treatment 
at a sister 
company 
(Netherlands) 

According to the recycling report from 
MIREC the BeO-components would be 
removed and transported to a certified and 
qualified sister company for hazardous waste 
treatment. Since no information on the 
treatment process in question was available 
this atomic activity is based on the atomic 
activity “BeO treatment at SAKAB (Sweden)” 

Recycling report from 
MIREC B.V., 1999 
 
This atomic activity is 
based on the atomic 
activity “BeO treatment 
at SAKAB (Sweden)”. 

Collection of 
the transceiver 

  

Diesel 
production 

 Ericsson internal 
database, Malmodin 
1999 

Dismantling 
of the KRC 
121 10/2 R2A 
transceiver at 
MIREC B.V. 
in the 
Netherlands 

 

Dismantling at 
MIREC B.V. 
(Netherlands) 

Since no information on whether the particular 
transceiver under study would be dismantled 
or not was available, it is assumed that it 
would be dismantled. One reason for this 
assumption are the BeO-components; it would 
be difficult to shred the whole transceiver in 
an environmentally suitable way unless they 
are detached.  
 
Out of studying the PBA it is assumed that 
about 66 cm2 would be cut off with the BeO 
components. The whole PBA area is about 
482 cm2, hence about 14 % (66/482 = 0.1369) 
of the area would be cut off. If the weight per 
area unit is assumed to be constant over the 
whole PBA, then 14 % of the PBA weight 
would be cut off. 14 % of the PBA weight is 
about 52 grams. 
 
It is assumed that the aluminium covers (one 
with a copper cooling flange attached) are sent 
to shredding separately from the PBA, but in 
EcoLab the two fractions are accounted as 
one; PBA/Aluminium scrap. PBA/Aluminium 
scrap = 1020 (aluminium covers) + 33 (nickel 
surface treatment) + 32 (tin surface treatment) 
+ 357 (copper cooling flange) + 370 (PBA) – 
52 (BeO/PBA) = 1760 grams  
 
The energy consumption is the only 
environmental effect accounted for in this 
process. Since no data on energy consumption 
was provided by MIREC it is assumed that the 
energy consumption per kg handled scrap is 
the same as it is at Ragn-Sells in Sweden.  

The dismantling scenario 
is based on the recycling 
report from MIREC 
B.V., 1999. However, no 
data on energy 
consumption was 
obtained from MIREC 
so the energy 
consumption is based on 
the atomic activity 
“Dismantling at Ragn-
Sells 
Elektronikåtervinning 
AB (Sweden)”, but with 
the electricity input 
changed from Swedish 
average to Dutch 
average. 

 



 El production 
(Netherlands) 

Time period: 1990-1994 
 
Geographical boundary: Western Europe 
 
Technology: Average technology 
 
Universal applicability: Mixed data 
 
Model for production of electricity in Holland, 
including production and transportation of 
primary energy sources, excluding the 
infrastructure of the energysystems. Medium 
Voltage, average efficiency 30.9% including 
1,8% grid losses. 0.3% electricity from non-
defined sources. 
 
Electricity from: coal 30.4%, gas 48.9%, 
hydropower 0.9%, lignite 3.1%, uranium 
12.8% and oil 3.6%. 
 
The non-material emissions are neglected 
since Ecolab does not handle the unit Bq. The 
neglected emissions are: Radioactive 
substances to air 9.45*103 Bq and radioactive 
substances to water 869 Bq. 
 
The consumption of natural gas has been 
converted from litres to kg by using the ideal-
gas equation:   p*V=n*R*T 
n=m/M 
Combining of the two equations above gives: 
m=(p*V*M)/(R*T) 
R=8.31451 J/mol K 
V=33.6 litres=0.0336 m3 

M=16 g/mol= 0.016 kg/mol (the molar mass 
of methane is used as an assumption) 
P=101300 Pa (atmospheric pressure is 
assumed) 
T=298 K (normal room temperature is 
assumed) 
This gives m=0.022 kg 

The data is obtained 
from PRé , 1999. 

 



 Shredding of 
the aluminium 
covers and the 
rest of the 
PBA, and 
separation of 
the shredded 
materials into 
different 
fractions at 
MIREC B.V. 
(Netherlands)  

The only environmental effect accounted for 
in this process is the energy consumption, 
which is estimated by MIREC to be about 20 
kWh per ton processed goods.  
 
It is assumed that the aluminium covers (one 
with a copper cooling flange attached) are 
shredded separately from the PBA, but in 
EcoLab the two fractions are accounted as 
one. 
 
Since no numbers on the degree of 
contamination in the outgoing aluminium and 
copper fractions were obtained from MIREC 
it is assumed that these degrees are the same 
as they are assumed to be at the Rönnskär 
smelter, i.e. 98 % aluminium in the aluminium 
fraction and 4 % aluminium in the copper 
fraction (the separation method used is the 
same as at the Rönnskär smelter). This gives: 
 
The weight of the outgoing Al-fraction = y 
The weight of the outgoing Cu-fraction = x 
Total amount of incoming Al = 1020 + 33 + 
32 = 1085 grams 
Total amount of incoming Cu = 357 grams 
x + y = 1085 + 357 = 1442 
0.04*x + 0.98*y = 1085 
 
This gives: 
 
y = The outgoing Al-fraction = 1093 grams 
x = The outgoing Cu-fraction = 349 grams 
 
Al in the outgoing Al-fraction = 1071 grams 
Cu in the outgoing Al-fraction = 22 grams 
Cu in the outgoing Cu-fraction = 335 grams 
Al in the outgoing Cu-fraction = 14 grams 
 
Outgoing fractions: 
 
Outgoing aluminium scrap = 1093 grams 
 
Outgoing PBA/copper scrap = 349 + (370 – 
52) = 667 grams 

Recycling report from 
MIREC B.V., 1999 
 

 



Transportation 
of the 
aluminium 
fraction 

Union Miniere is one of the recycling 
companies mentioned as possible metal 
recyclers in the recycling report from MIREC. 
It is assumed that the shredded aluminium 
fraction would be sent here.  

The mode of transport is 
given in the recycling 
report from MIREC. The 
distance for the 
transportation from 
MIREC in Eindhoven in 
to Union Miniere in 
Brussels in Belgium is 
estimated from a map to 
be about 110 km.  
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this 
transportation. 

 

Transportation 
of the BeO-
components 

According to the MIREC report the BeO-
components would be removed and 
transported to a sister company for treatment. 
It is assumed that the BeO-components are 
transported by truck somewhere in the 
Netherlands for about 120 km. 

Recycling report from 
MIREC B.V., 1999 
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this 
transportation. 

 



 Transportation 
of the 
shredded 
copper and 
PBA 

According to the recycling report from 
MIREC the shredded copper and PBA would 
be sent to Boliden AB in Sweden, Noranda in 
Canada or Union Miniere in Belgium. It is 
assumed that the fraction is sent to Boliden 
AB. 

Recycling report from 
MIREC B.V., 1999  
 
The assumptions on the 
lengths and modes of the 
transports involved in 
the transportation from 
MIREC in Eindhoven to 
Boliden AB in Skellefteå 
are based on the 
recycling report from 
MIREC B.V., 1999, 
except for the distance of 
the ship transportation 
that is estimated from a 
map to be about 2030 
km. 
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for the truck 
transportation. 
  
Data for sea ship 
transport from PRé, 
1999, is used for the ship 
transportation. 

 



Transportation 
of the 
transceiver 
from the RBS 
to MIREC 
B.V. 

The storing at the logistic centres involved in 
the transportation is not accounted for. 
 
 
 
 
 

The assumptions on the 
lengths and modes of the 
transports involved in 
the transportation from 
the RBS to MIREC in 
Eindhoven are based on 
personal communication 
with Richard Slettmyr at 
Hardware Services, 
Ericsson Radio Systems 
AB 1999. The 
assumption on the flight 
distance between Dallas 
and Rijen is based on 
personal communication 
with Lisbeth Wesslau at 
SAS Flight Support 
1999. 
 
The transportation from 
Rijen to Eindhoven is 
assumed to go by truck 
and the distance is 
estimated from a map to 
be about 50 km. 
 
Data for diesel driven 
light truck (max 3.5 
tons) from CPM, 1999, 
is used for the service 
car transportation.  
 
Data for regional 
distribution by truck 
from CPM, 1999, is used 
for the 50 km truck 
transportation.  
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for truck 
transportation 200 km 
and longer.  
 
In scenario B data for 
aeroplane transports 
from an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for the aeroplane 
transportation.  

 

Subscenario   
 



Aluminium 
recycling at 
Union Miniere 
(Belgium) 

Union Miniere is one of the recycling 
companies mentioned as possible metal 
recyclers in the recycling report from MIREC. 
It is assumed that the shredded aluminium 
fraction would be sent here.  

This subscenario is 
based on the subscenario 
“Aluminium recycling at 
Gotthard Aluminium AB 
(Sweden)”, but with the 
electricity input changed 
from Swedish average to 
Belgian average. 

 

Recycling of 
copper and 
precious 
metals at 
Boliden AB 
(Sweden) 

According to the recycling report from 
MIREC the shredded copper and PBA would 
be sent to Boliden AB in Sweden, Noranda in 
Canada or Union Miniere in Belgium. It is 
assumed that the fraction is sent to Boliden 
AB. 
 
It is assumed that the incoming PBAs are 
shredded before fed into the Kaldo furnace. 
This assumption is made because unless the 
incoming fraction is very large (around the 
magnitude of 50 tons) and homogenous, with 
a very well known content, it is generally 
shredded first so that a sample of its content 
can be taken (verbal Axelsson 1999). 
 
The data only accounts for the Kaldo furnace, 
the Converter process and the Electrolysis, 
and the only metal followed and obtained is 
copper. Hence the processes where the 
precious metals are recovered are left out and 
their environmental impacts are not accounted 
for. This is assumed to be a reasonable 
neglection since the electricity consumption in 
the electrolysis probably is very large in 
comparison to the precious metals process and 
furthermore, the precious metals content in the 
transceiver is very low compared to the 
copper content. However, the obtained 
exchange of the precious metals is at least 
95% (verbal Brännström 1999). 
 
All substances in the PBA-contents are not 
followed through these processes at the 
Rönnskär smelter. The reason for this is that 
the used LCI-data were not accurate enough. 
 
It is estimated that the PBA contains 20 % 
copper. The PBA has a weight of 318 g (when 
the BeO-components have been removed), 
which makes 64 g copper in the PBA. The 
outgoing copper fraction from the separation 
has a weight of 349 g. This gives a total of 
413 g copper in 667 g PBA copper scrap (318 
+ 349 = 667), which is 62%. 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden. 
The data in “LCA of 
Aluminium, Copper and 
Steel” were collected 
from amongst other the 
Environmental report for 
the Rönnskär smelter 
1994. Hence these data 
are probably not 
completely up-to-date.  
 
For the PBA fraction, the 
data for the fraction 
Maria Sunér calls “other 
scrap” in her LCA is 
used, but with the copper 
content adjusted to 62 
weight % as it is 
estimated to be in the 
PBA/copper fraction. 
 

 
Subscenario Atomic 

activity 
Assumptions and limitations References 



Aluminium 
scrap 
recycling 
(Belgium) 

 Based on the atomic 
activity “Aluminium 
scrap recycling 
(Sweden)”, but with the 
electricity input changed 
from Swedish average to 
Belgian average. 

Chlorine 
production 
(Belgium) 

This production is assumed to take place in 
Belgium instead of in Sweden. 

Based on the atomic 
activity “Chlorine 
production (Sweden)”, 
but with the electricity 
input changed from 
Swedish average to 
Belgian average. 

Aluminium 
recycling at 
Union Miniere 
(Belgium) 

Diesel 
production 

 Ericsson internal 
database, Malmodin 
1999 

 



 El production 
(Belgium) 

Time period: 1990-1994 
 
Geographical boundary: Western Europe 
 
Technology: Average technology 
 
Universal applicability: Mixed data 
 
Model for production of electricity in 
Belgium, including production and transport 
of primary energy sources, excluding the 
infrastructure of energysystems. Medium 
voltage, average efficiency 28.7%, including 
1,8% grid losses. 
 
Electricity from: coal 22.8%, gas 14.2%, 
hydropower 2.4%, lignite 0%, uranium 58.4% 
and oil 2.2%. 
 
Radioactive non-material emissions are 
neglected since EcoLab does not handle the 
unit Bq. The neglected emissions are: 
Radioactive substances to air 4.15*105 Bq and 
radioactive substances to water 3.80*103 Bq.  
 
The consumption of natural gas has been 
converted from litres to kg by using the ideal-
gas equation:   p*V=n*R*T 
n=m/M 
Combining of the two equations above gives: 
m=(p*V*M)/(R*T) 
R=8.31451 J/mol K 
V=10.3 litres=0.0103 m3 

M=16 g/mol= 0.016 kg/mol (the molar mass 
of methane is used as an assumption) 
P=101300 Pa (atmospheric pressure is 
assumed) 
T=298 K (normal room temperature is 
assumed) 
This gives m=0.0067 kg  

The data is obtained 
from PRé, 1999.  

 



El production 
(Germany) 

Data is from 1990-1994.  
 
Geographical boundary: Europe, Western. 
 
Technology: Average technology. 
 
Universal applicability: Mixed data. 
 
Electricity from: coal 28.9%, gas 4.5%, 
hydropower 6.3%, lignite 18.8%, uranium 
39.3% and oil 1.2%. 
 
Model for the production of electricity in 
former West Germany, including production 
and transport of primary energy sources, 
excluding the infrastructure of the energy 
systems. Medium voltage, average efficiency 
28.6%. 1% electricity from non-defined 
sources including 1.8% grid losses. 
 
Radioactive non-material emissions are 
neglected since EcoLab does not handle the 
unit Bq. The neglected emissions are: 
Radioactive substances to air 2.83*103 Bq and 
radioactive substances to water 2.61*103 Bq. 
 
The consumption of natural gas has been 
converted from litres to kg by using the ideal-
gas equation:   p*V=n*R*T 
n=m/M 
Combining of the two equations above gives: 
m=(p*V*M)/(R*T) 
R=8.31451 J/mol K 
V=3.89 litres=0.00389 m3 

M=16 g/mol= 0.016 kg/mol (the molar mass 
of methane is used as an assumption) 
P=101325 Pa (atmospheric pressure is 
assumed) 
T=298 K (normal room temperature is 
assumed) 
This gives m=0.00255 kg 

The data is obtained 
from PRé, 1999. 

 

NaCl 
production 
(Germany) 

The electricity usage is converted from MJ to 
kWh. 1 kWh = 3.6 MJ according to the 
Swedish Petroleum Institute.  
 
The diesel usage is first converted from MJ to 
kWh. The diesel usage is then converted from 
kWh to l. It is assumed that the diesel is of 
environmental class 3, which has an energy 
content of 9 952 kWh/m3 according to the 
Swedish Petroleum Institute.  

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
appendix E. 

 



NaOH 
production 
(Belgium) 

This production is assumed to take place in 
Belgium instead of in Sweden. 

Based on the atomic 
activity “NaOH 
production (Sweden)”, 
but with the electricity 
input changed from 
Swedish average to 
Belgian average.  

Natural gas 
extraction 

 Ericsson internal 
database, Malmodin 
1999 

Oil extraction  Ericsson internal 
database, Malmodin 
1999 

 

Transportation 
of  chlorine 

This transportation is assumed to go from the 
chlorine production in Belgium to Union 
Miniere in Belgium. 

The assumptions on the 
length and mode of this 
transportation are based 
on the transportation of 
chlorine in: Sunér Maria 
(1996), Life Cycle 
Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 54. 
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 

 



Transportation 
of NaCl 

This transportation is assumed to go from the 
NaCl production in Germany to Union 
Miniere in Belgium. 

The assumptions on 
length and mode of this 
transportation are based 
on the transportation of 
NaCl in: Sunér Maria 
(1996), Life Cycle 
Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 54. 
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 

 

Transportation 
of NaOH 

This transportation is assumed to go from the 
NaOH production in Belgium to Union 
Miniere in Belgium. 

The assumptions on 
length and mode of this 
transportation are based 
on the transportation of 
NaOH in: Sunér Maria 
(1996), Life Cycle 
Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 54. 
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 



Converter 
process 
(Netherlands)  
(copper) 

The electricity usage is converted from MJ to 
kWh. 
1 kWh = 3.6 MJ according to the Swedish 
Petroleum Institute.  
 
The data in Maria Sunérs table (s.71) is 
unallocated. In this study, 12.23 % of the total 
environmental load is allocated to "Melted 
PBA scrap" because this inflow constitutes 
12.23 weight % of the total inflow 
(240/(240+1620+103)=0.1223).  
 
It is assumed that "Melted PBA scrap" 
contains 62% copper and that the exchange of 
copper is 100 %. This gives 149 g "Anode 
copper" out. (It is estimated that the PBA 
contains 20 % copper. The PBA has a weight 
of 318 g (when the BeO-components have 
been removed), which makes 64 g copper in 
the PBA. The outgoing copper fraction from 
the separation has a weight of 349 g. This 
gives a total of 413 g copper in 667 g PBA 
copper scrap (318 + 349 = 667), which is 62 
%.) 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 71. 

El production 
(Sweden) 

 Ericsson internal 
database, Malmodin 
1999 

Recycling of 
copper and 
precious 
metals at 
Boliden AB 
(Sweden) 

Electrolysis 
(Netherlands) 

The electricity usage is converted from MJ to 
kWh. 1 kWh = 3.6 MJ according to the 
Swedish Petroleum Institute.  
 
The data in Maria Sunérs table (s.72) is 
unallocated.  In this study, "Anode copper" is 
charged with the total environmental load 
because "Anode copper" constitutes the total 
inflow. 
 
The precious metals that would be obtained 
from the precious metals recovery process are 
accounted as an outflow here since the 
precious metals recovery process is not 
accounted for. The obtained exchange of the 
precious metals is at least 95% (verbal 
Brännström 1999). 
 
52 grams of the PBA is assumed to be cut off 
together with the BeO-components. Hence 
318 grams (which is 86% of the original 370 
grams) are left. The outflow of the precious 
metals is calculated as 95% of the 86% that is 
left of the original precious metals content in 
the PBA. 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 72. 

 



Kaldo furnace 
(Netherlands)  

The data in Maria Sunérs table (s.70) is 
unallocated. In this study, “PBA/copper 
scrap” is charged with the total environmental 
load since "PBA/copper scrap" constitutes the 
whole inflow. 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 70. 

Oil extraction  Ericsson internal 
database, Malmodin 
1999 

 

Shredding of 
PBA/copper 
(Sweden) 

The only environmental effect accounted for 
in this process is the energy consumption. A 
rough estimation is that the energy 
consumption for both shredding and 
separation is about 30 kWh per ton electronic 
scrap (but the energy consumption of possible 
separation can be neglected compared to that 
for shredding). The weight of the incoming 
fraction is 667 grams, which is 0.000667 tons. 
0.000667*30=0.02001 kWh per incoming 
fraction from one transceiver. 

Personal communication 
with Sune Nordström at 
AB Arv Andersson 
1999. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 

Appendix XI 
 

Life Cycle Inventory data for the Dutch dismantling scenarios 
 



Table SS. Collection of TRX. 

Substance Quantity Unit Impact on 
Waste Input  
TRX (RBS 884, 10 W) 1850 g  
Waste Output  
TRX (RBS 884, 10 W) 1850 g  
TRX  = Transceiver 
 

Table TT. Dismantling (Netherlands). 

Substance Quantity Unit Impact on 
Energy Input  
Diesel 0.002523 l  
The Netherlands (El) 0.305 kWh  
Waste Input  
TRX (RBS 884, 10 W) 1850 g  
Waste Output  
BeO/PBA 52 g  
PBA/Aluminum scrap 1760 g  
 

Table UU. Shredding and separation (Netherlands). 

Substance Quantity Unit Impact on 
Energy Input  
The Netherlands (El) 0.03522 kWh  
Waste Input  
PBA/Aluminum scrap 1760 g  
Waste Output  
Aluminium scrap 1093 g  
PBA/Copper scrap 667 g  
 

Table VV. BeO treatment (Netherlands). 

Substance Quantity Unit Impact on 
Waste Input  
BeO/PBA 52 g  
Waste Output  
BeO/PBA to landfill 52 g  
 
 



Aluminium scrap resmelting (Netherlands) 
 

Table WW. NaCl production (Germany). 

Substance Quantity Unit Impact on 
Energy Input  
Diesel 0.007313 l  
Germany (El) 0.094 kWh  
Product Output  
NaCl 1 kg  
Resource Input  
Cybernit 1.13 kg Resource 
Waste Output  
Waste (unspec.) 128 g  
 

Table XX. NaOH production (Belgium). 

Substance Quantity Unit Impact on 
Emission Output  
Acid as H+ 0.27 g Water 
BOD (Biological Oxygen Demand) 0.003 g Water 
Chlorides (Cl-) 29 g Water 
CO (carbon monoxide) 0.7 g Air 
CO2 (carbon dioxide) 1120 g Air 
COD (Chemical Oxygen Demand) 0.013 g Water 
Dissolved solid materials 0.05 g Water 
Dust 3.1 g Air 
HC (hydrocarbons, not CH4) 6.5 g Air 
HCl (hydrogen chloride) 0.15 g Air 
Metals (aq) 0.07 g Water 
Metals (unspec.) 0.002 g Air 
Na+ (sodium ions) 4.1 g Water 
NOx (as NO2) 7.2 g Air 
SO4

2- (sulphates) 3.9 g Water 
SOx (as SO2) 10 g Air 
Suspended matter (unspec.) 1.2 g Water 
Energy Input  
Belgium (El) 3.8694 kWh  
Light oil (EO1) 1.62 MJ  
Natural gas 5.19 MJ  
Product Output  
NaOH 1 kg  
Raw Material Input  
NaCl 0.59 kg  
Resource Input  
Iron ore (as Fe) 0.00046 kg Resource 



Limestone 0.0105 kg Resource 
Sand 0.0002 kg Resource 
Water (total) 5.3 kg Resource 
Waste Output  
Waste (industrial) 1 g  
Waste (inert chemicals) 7 g  
Waste (mineral) 55 g  
Waste (regulated chemicals) 0.02 g  
Waste (slags and ashes) 11 g  
 

Table YY. Chlorine production (Belgium). 

Substance Quantity Unit Impact on 
Emission Output  
Acid as H+ 0.34 g Water 
BOD (Biological Oxygen Demand) 0.003 g Water 
Chlorides (Cl-) 42 g Water 
CO (carbon monoxide) 0.8 g Air 
CO2 (carbon dioxide) 1210 g Air 
COD (Chemical Oxygen Demand) 0.01 g Water 
Dissolved solid materials 0.05 g Water 
Dust 3.5 g Air 
HC (hydrocarbons, not CH4) 6 g Air 
HCl (hydrogen chloride) 0.18 g Air 
Metals (aq) 0.09 g Water 
Metals (unspec.) 0.002 g Air 
Na+ (sodium ions) 2.8 g Water 
NOx (as NO2) 7 g Air 
SO4

2- (sulphates) 7.2 g Water 
SOx (as SO2) 12 g Air 
Suspended matter (unspec.) 2 g Water 
Energy Input  
Belgium (El) 4.531 kWh  
Light oil (EO1) 1.06 MJ  
Natural gas 4.1 MJ  
Product Output  
Chlorine 1 kg  
Raw Material Input  
NaCl 1.21 kg  
Resource Input  
Iron ore (as Fe) 0.00065 kg Resource 
Limestone (as CaCO3) 0.0186 kg Resource 
Sand 0.0002 kg Resource 
Water (fresh, limited) 0.9 kg Resource 
Water (total) 0.9 kg Resource 
Waste Output  



Waste (industrial) 1 g  
Waste (inert chemicals) 13 g  
Waste (mineral) 72 g  
Waste (regulated chemicals) 0.02 g  
Waste (slags and ashes) 13 g  
 

Table ZZ. Aluminium scrap recycling (Belgium). 

Substance Quantity Unit Impact on 
Emission Output  
CO2 (carbon dioxide) 400 g Air 
HCl (hydrogen chloride) 0.323 g Air 
HF (hydrogen fluoride) 0.0806 g Air 
Particulates (unspec.) 0.215 g Air 
SO2 (sulphur dioxide) 0.86 g Air 
Energy Input  
Belgium (El) 0.247 kWh  
Light oil (EO1) 4.92 MJ  
Propane 0.102 MJ  
Product Output  
Aluminium (primary) 1 kg  
Raw Material Input  
Chlorine 0.0007 kg  
NaCl 0.145 kg  
NaOH 0.00022 kg  
Waste Input  
Aluminium scrap 1150 g  
Waste Output  
Industrial waste to landfill 13 g  
Oil emulsions waste to external recycling 5 g  
Salt waste to landfill 253 g  
Sludge from gas purification waste to landfill 26.9 g  
 
 
PBA/Cu scrap resmelting (trp Netherlands-Sweden) 
 

Table AAA. Shredding of PBA/Copper (Sweden). 

Substance Quantity Unit Impact on 
Energy Input  
Sweden (El) 0.02001 kWh  
Waste Input  
PBA/Copper scrap 0.667 kg  
Waste Output  
Shredded PBA/Copper scrap 0.667 kg  
 



Table BBB. Kaldo furnace (Netherlands). 

Substance Quantity Unit Impact on 
Emission Output  
As (arsenic) 0.000567 g Air 
Cd (cadmium) 0.00147 g Air 
Chlorides (to air) 0.00637 g Air 
CO2 (carbon dioxide) 6.7 g Air 
Cu (copper) 0.027 g Air 
Dioxins (TCDD-equivalents) 5.92E-9 g Air 
Fluorides (to air) 0.00166 g Air 
Hg (mercury) 0.000581 g Air 
NOx (as NO2) 0.52100003 g Air 
Particulates (unspec.) 0.423 g Air 
Pb (lead) 0.0746 g Air 
SO2 (sulphur dioxide) 0.52100003 g Air 
Zn (zinc) 0.0616 g Air 
Energy Input  
Light oil (EO1) 1.67 MJ  
Product Output  
Melted PBA/Copper scrap 1 kg  
Waste Input  
Shredded PBA/Copper scrap 1 kg  
 

Table CCC. Converter process (Netherlands) (copper). 

Substance Quantity Unit Impact on 
Emission Output  
As (arsenic) 0.00035 g Air 
Cd (cadmium) 7.6E-05 g Air 
CO2 (carbon dioxide) 2.09 g Air 
Cu (copper) 0.00307 g Air 
NOx (as NO2) 0.011 g Air 
Particulates (unspec.) 0.0281 g Air 
Pb (lead) 0.00367 g Air 
SO2 (sulphur dioxide) 1.09 g Air 
Zn (zinc) 2.6E-05 g Air 
Energy Input  
Light oil (EO1) 0.028 MJ  
Sweden (El) 0.034 kWh  
Product Output  
Anode copper 0.149 kg  
Raw Material Input  
Melted PBA/Copper scrap 0.24 kg  
Waste Output  
Waste (landfill) 3.88 g  
 



Table DDD. Electrolysis (Netherlands). 

Substance Quantity Unit Impact on 
Emission Output  
As (arsenic) 0.000409 g Air 
Cd (cadmium) 2.92E-05 g Air 
Cu (copper) 0.00226 g Air 
Hg (mercury) 1.95E-05 g Air 
Particulates (unspec.) 0.0206 g Air 
Pb (lead) 0.00119 g Air 
SO2 (sulphur dioxide) 5.45 g Air 
Zn (zinc) 0.00279 g Air 
Energy Input  
Sweden (El) 0.403 kWh  
Product Output  
Copper (primary) 1 kg  
Gold (primary) 0.000107 kg  
Palladium (primary) 7.89E-05 kg  
Platinum (primary) 3.94E-6 kg  
Silver (primary) 0.000394 kg  
Raw Material Input  
Anode copper 1.08 kg  
 
 



 
 
 
 
 
 

Appendix XII 
 

Assumptions, limitations and references for the Japanese 
dismantling scenario 



Dismantling of the KRC 121 10/2 R2A transceiver at TERM in Japan 
 

Scenario Atomic 
activity 

Assumptions and limitations References 

Recycling of 
BeO at Nihon 
Gaishi Co. 
(Japan) 

 Recycling report from 
TERM, 1999 

Collection of 
the transceiver 

  

Diesel 
production 

 Ericsson internal 
database, Malmodin 
1999 

Dismantling 
of the KRC 
121 10/2 R2A 
transceiver at 
TERM in 
Japan 

Dismantling at 
TERM 
(Japan) 

Out of studying the PBA it is assumed that 
about 66 cm2 would be cut off together with 
the BeO-components. The whole PBA area is 
about 482 cm2, hence about 14 % (66/482 = 
0.1369) of the area would be cut off. If the 
weight per area unit is assumed to be constant 
over the whole PBA then 14 % of the weight 
would be cut off. 14 % of the weight is about 
52 grams. 
 
Outgoing fractions: 
 
Outgoing BeO/PBA = 52 grams 
Outgoing PBA scrap = PBA (370 grams) – 
BeO/PBA (52 grams) = 318 grams 
Outgoing aluminium scrap = aluminium 
covers (1020 grams) + copper cooling flange 
(357 grams) + nickel and tin surface treatment 
(33+32 grams) = 1442 grams 
 
The energy consumption is the only 
environmental effect accounted for in this 
process. Since no data on energy consumption 
was provided by MIREC it is assumed that the 
energy consumption per kg is the same as it is 
at Ragn-Sells in Sweden.  

The dismantling scenario 
is based on the recycling 
report from TERM, 
1999. However, since no 
data on energy 
consumption was 
obtained from TERM the 
energy consumption is 
based on the atomic 
activity “Dismantling at 
Ragn-Sells 
Elektronikåtervinning 
AB (Sweden)” where the 
electricity input has been 
changed from Swedish 
average to Japanese 
average.  

 



 El production 
(Japan) 

1 kWh = 3.6 MJ according to the Swedish 
Petroleum Institute. 
 
BTEX = Benzol, Toluol, Ethylbenzol och 
Xylole 
 
The following data have been neglected since 
their units are not available in EcoLab: 
Emissions to air: 
Rn (including Ra) 1.326E8 kBq 
Noble gases 9.149E7 kBq 
Aerosole 35.04 kBq 
Actinide in air 47.53 kBq 
Emissions to water: 
Ra 4.53E4 kBq 
H3 3.654E6 kBq 
Mix of nuclides 3.241E3 kBq 
Actinide in water 2.904E3 kBq 
 
Land (unspecific) is given as 10550.1054 
m2*year 
 
The usage of natural gas was given as Nm3. 
This was first converted to MJ (natural gas = 
38.8 MJ/Nm3 according to Fjalar 
Kommonen). Thereafter it was converted from 
MJ to kWh (1 kWh = 3.6 MJ according to the 
Swedish Petroleum Institute). From kWh it 
has been further converted to m3 (1000 m3 = 
10800 kWh according to Norrbotten Energy 
Network). 
 
Finally, the consumption of natural gas has 
been converted from litres to kg by using the 
ideal-gas equation:   p*V=n*R*T 
n=m/M 
Combining of the two equations above gives: 
m=(p*V*M)/(R*T) 
R=8.31451 J/mol K 
V=19579.63 m3 

M=16 g/mol= 0.016 kg/mol (the molar mass 
of methane is used as an assumption) 
P=101325 Pa (atmospheric pressure is 
assumed) 
T=298 K (normal room temperature is 
assumed) 
This gives m=12811 kg 

Personal communication 
with Fjalar Kommonen, 
1999. 

 



Transportation 
of the 
aluminium 
covers 

 The assumptions on the 
length and mode of this 
transportation from 
TERM in Yokohama to 
Sugaya 
Metal/Yokohama Al., 
also in Yokohama, are 
based the recycling 
report from TERM, 
1999. 
 
Data for regional truck 
transportation from 
CPM, 1999, is used for 
this truck transportation. 

Transportation 
of the BeO-
components 

The BeO-components are sent to Nihon 
Gaishi Co. for recycling. Nihon Gaishi Co. 
has three to five collection points. It is 
assumed that the BeO-components are sent to 
the collection point in Nagoya. 

The assumptions on the 
length and mode of this 
transportation from 
TERM in Yokohama to 
Nihon Gaishi Co. are 
based on the recycling 
report from TERM, 1999 
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 

 

Transportation 
of the 
remainder of 
the PBA 

 The assumptions on the 
length and mode of this 
transportation from 
TERM in Yokohama to 
Chugai Kogyo/Nikko 
Co. are based on the 
recycling report from 
TERM, 1999. 
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 

 



Transportation 
of the 
transceiver 
from the RBS 
to TERM  

 The assumptions on the 
lengths and modes of the 
transports involved in 
the transportation from 
the RBS to TERM in 
Yokohama are based on 
personal communication 
with Mikael Hietarinta at 
Nippon Ericsson, 1999. 
 
Data for diesel driven 
light truck (max 3.5 
tons) from CPM, 1999, 
is used for the service 
car transportation.  
 
Data for aeroplane 
transports from an 
internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for the aeroplane 
transportation. 

Subscenario   
Aluminium 
recycling at 
Sugaya 
Metal/Yokoha
ma Al. (Japan) 

 This subscenario is 
based on the subscenario 
“Aluminium recycling at 
Gotthard Aluminium AB 
(Sweden)”, but with the 
electricity input changed 
from Swedish average to 
Japanese average. 

 

Recycling of 
copper and 
precious 
metals at 
Chugai 
Kogyo/Nikko 
Co. (Japan) 

 This subscenario is 
based on the subscenario 
“Recycling of copper 
and precious metals at 
Boliden AB (Sweden)”, 
but with the electricity 
input changed from 
Swedish average to 
Japanese average.  

 
Subscenario Atomic 

activity 
Assumptions and limitations References 

Aluminium 
scrap 
resmelting 
(Japan) 

Aluminium 
scrap 
recycling 
(Japan) 

 Based on the atomic 
activity “Aluminium 
scrap recycling 
(Sweden)”, but with the 
electricity input changed 
from Swedish average to 
Japanese average. 

 



Chlorine 
production 
(Japan) 

This process is assumed to take place in Japan 
instead of in Sweden. 

Based on the atomic 
activity “Chlorine 
production (Sweden)”, 
but with the electricity 
input changed from 
Swedish average to 
Japanese average. 

Diesel 
production 

 Ericsson internal 
database, Malmodin 
1999 

El production 
(Japan) 

Stated above Stated above 

NaCl 
production 
(Japan) 

This process is assumed to take place in Japan 
instead of in Germany. 

Based on the atomic 
activity “NaCl 
production (Germany)”, 
but with the electricity 
input changed from 
German average to 
Japanese average.  

NaOH 
production 
(Japan) 

This process is assumed to take place in Japan 
instead of in Sweden. 

Based on the atomic 
activity “NaOH 
production (Sweden)”, 
but with the electricity 
input changed from 
Swedish average to 
Japanese average.  

Natural gas 
extraction 

 Ericsson internal 
database, Malmodin 
1999 

Oil extraction  Ericsson internal 
database, Malmodin 
1999 

 

Transportation 
of  chlorine 

This transportation is assumed to go from the 
chlorine production in Japan to Sugaya 
Metal/Yokohama Al. in Yokohama, Japan. 

The assumptions on the 
length and mode of this 
transportation are based 
on the transportation of 
chlorine in: Sunér Maria 
(1996), Life Cycle 
Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 54. 
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 



 
Transportation 
of NaCl 

This transportation is assumed to go from the 
NaCl production in Japan to Sugaya 
Metal/Yokohama Al. in Yokohama, Japan. 

The assumptions on the 
length and mode of this 
transportation are based 
on the transportation of 
NaCl in: Sunér Maria 
(1996), Life Cycle 
Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 54. 
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 

 

Transportation 
of NaOH 

This transportation is assumed to go from the 
NaOH production in Japan to Sugaya 
Metal/Yokohama Al. in Yokohama, Japan. 

The assumptions on 
length and mode of this 
transport are based on 
the transportation of 
NaOH in: Sunér Maria 
(1996), Life Cycle 
Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 54. 
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 

Recycling of 
copper and 
precious 
metals at 
Chugai 
Kogyo/Nikko 
Co. (Japan) 

Converter 
process 
(Japan) 

 Based on the atomic 
activity “Converter 
process (Sweden)”, but 
with the electricity input 
changed from Swedish 
average to Japanese 
average.  

 



El production 
(Japan) 

Stated above Stated above 

Electrolysis 
(Japan) 

 Based on the atomic 
activity “Electrolysis 
(Sweden)”, but with the 
electricity input changed 
from Swedish average to 
Japanese average.  

Kaldo furnace The data in Maria Sunérs table (s.70) is 
unallocated. In this study, “PBA scrap” is 
charged with the total environmental load 
since "PBA scrap" constitutes the whole 
inflow. 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 70. 

Oil extraction  Ericsson internal 
database, Malmodin 
1999 

 

Shredding 
(Japan) 

 Based on the atomic 
activity “Shredding 
(Sweden)”, but with the 
electricity input changed 
from Swedish average to 
Japanese average. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 

Appendix XIII 
 

Life Cycle Inventory data for the Japanese dismantling 
scenario 

 



Table EEE. Collection of TRX. 

Substance Quantity Unit Impact on 
Waste Input  
TRX (RBS 884, 10 W) 1850 g  
Waste Output  
TRX (RBS 884, 10 W) 1850 g  
TRX = Transceiver 
 

Table FFF. Dismantling (Japan). 

Substance Quantity Unit Impact on 
Energy Input  
Diesel 0.002523 l  
Japan (El) 0.305 kWh  
Waste Input  
TRX (RBS 884, 10 W) 1850 g  
Waste Output  
Aluminium scrap 1442 g  
BeO/PBA 52 g  
PBA scrap 318 g  
 

Table GGG. BeO treatment (Japan). 

Substance Quantity Unit Impact on 
Product Output  
Recycled BeO 0.052 kg  
Waste Input  
BeO/PBA 52 g  
 
 
Aluminium scrap resmelting (Japan) 
 

Table HHH. NaCl production (Japan). 

Substance Quantity Unit Impact on 
Energy Input  
Diesel 0.007313 l  
Japan (El) 0.094 kWh  
Product Output  
NaCl 1 kg  
Resource Input  
Cybernit 1.13 kg Resource 
Waste Output  
Waste (unspec.) 128 g  
 



Table III. NaOH production (Japan). 

Substance Quantity Unit Impact on 
Emission Output  
Acid as H+ 0.27 g Water 
BOD (Biological Oxygen Demand) 0.003 g Water 
Chlorides (Cl-) 29 g Water 
CO (carbon monoxide) 0.7 g Air 
CO2 (carbon dioxide) 1120 g Air 
COD (Chemical Oxygen Demand) 0.013 g Water 
Dissolved solid materials 0.05 g Water 
Dust 3.1 g Air 
HC (hydrocarbons, not CH4) 6.5 g Air 
HCl (hydrogen chloride) 0.15 g Air 
Metals (aq) 0.07 g Water 
Metals (unspec.) 0.002 g Air 
Na+ (sodium ions) 4.1 g Water 
NOx (as NO2) 7.2 g Air 
SO4

2- (sulphates) 3.9 g Water 
SOx (as SO2) 10 g Air 
Suspended matter (unspec.) 1.2 g Water 
Energy Input  
Japan (El) 3.8694 kWh  
Light oil (EO1) 1.62 MJ  
Natural gas 5.19 MJ  
Product Output  
NaOH 1 kg  
Raw Material Input  
NaCl 0.59 kg  
Resource Input  
Iron ore (as Fe) 0.00046 kg Resource 
Limestone 0.0105 kg Resource 
Sand 0.0002 kg Resource 
Water (total) 5.3 kg Resource 
Waste Output  
Waste (industrial) 1 g  
Waste (inert chemicals) 7 g  
Waste (mineral) 55 g  
Waste (regulated chemicals) 0.02 g  
Waste (slags and ashes) 11 g  
 

Table JJJ. Chlorine production (Japan). 

Substance Quantity Unit Impact on 
Emission Output  
Acid as H+ 0.34 g Water 
BOD (Biological Oxygen Demand) 0.003 g Water 



Chlorides (Cl-) 42 g Water 
CO (carbon monoxide) 0.8 g Air 
CO2 (carbon dioxide) 1210 g Air 
COD (Chemical Oxygen Demand.) 0.01 g Water 
Dissolved solid materials 0.05 g Water 
Dust 3.5 g Air 
HC (hydrocarbons, not CH4) 6 g Air 
HCl (hydrogen chloride) 0.18 g Air 
Metals (aq) 0.09 g Water 
Metals (unspec.) 0.002 g Air 
Na+ (sodium ions) 2.8 g Water 
NOx (as NO2) 7 g Air 
SO4

2- (sulphates) 7.2 g Water 
SOx (as SO2) 12 g Air 
Suspended matter (unspec.) 2 g Water 
Energy Input  
Japan (El) 4.531 kWh  
Light oil (EO1) 1.06 MJ  
Natural gas 4.1 MJ  
Product Output  
Chlorine 1 kg  
Raw Material Input  
NaCl 1.21 kg  
Resource Input  
Iron ore (as Fe) 0.00065 kg Resource 
Limestone (as CaCO3) 0.0186 kg Resource 
Sand 0.0002 kg Resource 
Water (total) 0.9 kg Resource 
Waste Output  
Waste (industrial) 1 g  
Waste (inert chemicals) 13 g  
Waste (mineral) 72 g  
Waste (regulated chemicals) 0.02 g  
Waste (slags and ashes) 13 g  
 

Table KKK. Aluminium scrap recycling (Japan). 

Substance Quantity Unit Impact on 
Emission Output  
CO2 (carbon dioxide) 400 g Air 
HCl (hydrogen chloride) 0.323 g Air 
HF (hydrogen fluoride) 0.0806 g Air 
Particulates (unspec.) 0.215 g Air 
SO2 (sulphur dioxide) 0.86 g Air 
Energy Input  
Japan (El) 0.247 kWh  



Light oil (EO1) 4.92 MJ  
Propane 0.102 MJ  
Product Output  
Aluminium (primary) 1 kg  
Raw Material Input  
Chlorine 0.0007 kg  
NaCl 0.145 kg  
NaOH 0.00022 kg  
Waste Input  
Aluminium scrap 1150 g  
Waste Output  
Industrial waste to landfill 13 g  
Oil emulsions waste to external recycling 5 g  
Salt waste to landfill 253 g  
Sludge from gas purification waste to landfill 26.9 g  
 
 
PBA scrap resmelting (Japan) 
 

Table LLL. Shredding (Japan). 

Substance Quantity Unit Impact on 
Energy Input  
Japan (El) 0.00954 kWh  
Waste Input  
PBA scrap 0.318 kg  
Waste Output  
Shredded PBA scrap 0.318 kg  
 

Table MMM. Kaldo furnace. 

Substance Quantity Unit Impact on 
Emission Output  
As (arsenic) 0.000567 g Air 
Cd (cadmium) 0.00147 g Air 
Chlorides (to air) 0.00637 g Air 
CO2 (carbon dioxide) 6.7 g Air 
Cu (copper) 0.027 g Air 
Dioxins (TCDD-equivalents) 5.92E-9 g Air 
Fluorides (to air) 0.00166 g Air 
Hg (mercury) 0.000581 g Air 
NOx (as NO2) 0.52100003 g Air 
Particulates (unspec.) 0.423 g Air 
Pb (lead) 0.0746 g Air 
SO2 (sulphur dioxide) 0.52100003 g Air 
Zn (zinc) 0.0616 g Air 



Energy Input  
Light oil (EO1) 1.67 MJ  
Product Output  
Melted PBA scrap 1 kg  
Waste Input  
Shredded PBA scrap 1 kg  
 

Table NNN. Converter process (Japan). 

Substance Quantity Unit Impact on 
Emission Output  
As (arsenic) 0.00035 g Air 
Cd (cadmium) 7.6E-05 g Air 
CO2 (carbon dioxide) 2.09 g Air 
Cu (copper) 0.00307 g Air 
NOx (as NO2) 0.011 g Air 
Particulates (unspec.) 0.0281 g Air 
Pb (lead) 0.00367 g Air 
SO2 (sulphur dioxide) 1.09 g Air 
Zn (zinc) 2.6E-05 g Air 
Energy Input  
Japan (El) 0.034 kWh  
Light oil (EO1) 0.028 MJ  
Product Output  
Anode copper 0.048 kg  
Raw Material Input  
Melted PBA scrap 0.24 kg  
Waste Output  
Waste (landfill) 3.88 g  
 

Table OOO. Electrolysis (Japan). 

Substance Quantity Unit Impact on 
Emission Output  
As (arsenic) 0.000409 g Air 
Cd (cadmium) 2.92E-05 g Air 
Cu (copper) 0.00226 g Air 
Hg (mercury) 1.95E-05 g Air 
Particulates (unspec.) 0.0206 g Air 
Pb (lead) 0.00119 g Air 
SO2 (sulphur dioxide) 5.45 g Air 
Zn (zinc) 0.00279 g Air 
Energy Input  
Japan (El) 0.403 kWh  
Product Output  
Copper (primary) 1 kg  



Gold (primary) 0.000696 kg  
Palladium (primary) 0.000514 kg  
Platinum (primary) 2.57E-05 kg  
Silver (primary) 0.00257 kg  
Raw Material Input  
Anode copper 1.08 kg  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 



 

 
 
 
 
 

Appendix XIV 
 

Assumptions, limitations and references for the American 
dismantling scenarios 



Dismantling of the KRC 121 10/2 R2A transceiver at United Recycling Services in the USA 
 

Scenario Atomic 
activity 

Assumptions and limitations References 

Collection of 
the transceiver 

  

Dismantling at 
United 
Recycling 
Services 
(USA) 

Outgoing fractions: 
 
Outgoing aluminium scrap = aluminium 
covers (1020 grams) + copper cooling flange 
(357 grams) + nickel and tin surface treatment 
(33+32 grams) = 1442 grams 
Outgoing PBA scrap = 370 grams (this weight 
includes the BeO-components). 
 
The energy consumption is the only 
environmental effect accounted for in this 
process. In 1998 265372 kWh of electricity 
and 46109 therms of natural gas was used at 
the dismantling facility. The same year about 
2300 tons (1 lb = 0.45359 kg, Nordling and 
Österman, 1996) of scrap was handled at the 
facility. The weight of one KRC 121 10/2 
R2A transceiver is 1850 grams. 1850 grams is 
0.00008043 weight % of 2300 tons. Therefore 
0.00008043 % of the total energy 
consumption in 1998 is allocated to one 
transceiver. 
 
The gas consumption is converted from 
therms to MJ. 1 therm = 1 british thermal unit 
(btu), 1 btu = 1.055 MJ according to the 
Swedish Petroleum Institute.  

The dismantling scenario 
and the energy 
consumption are based 
on the recycling report 
from United Recycling 
Industries Inc., 1999.  

El production 
(USA) 

USA average Ericsson internal 
database, Malmodin 
1999 

Natural gas 
extraction 

 Ericsson internal 
database, Malmodin 
1999 

Dismantling 
of the KRC 
121 10/2 R2A 
transceiver at 
United 
Recycling 
Services in 
the USA 

 

Transportation 
of the 
aluminium 
covers 

The distance is converted from miles to 
kilometres, 1 mile = 1.6 km (Nordling and 
Österman, 1996). 

The assumptions on the 
length and mode of this 
transportation, from 
United Recycling 
Services in Chicago to a 
local metal recycler, are 
based on the recycling 
report from United 
Recycling Industries, 
1999.  
 
Data for regional 
distribution by truck 
from CPM, 1999, is used 
for this transportation.   

 



 Transportation 
of the 
remainder of 
the PBA  

The distance is converted from miles to 
kilometres, 1 mile = 1.6 km (Nordling and 
Österman, 1996). 

The assumptions on the 
length and mode of this 
transportation, from 
United Recycling 
Services in Chicago to a 
local metal recycler, are 
based on the recycling 
report from United 
Recycling Industries 
Inc., 1999.  
 
Data for regional 
distribution by truck 
from CPM, 1999, is used 
for this transportation.   

 



 Transportation 
of the 
transceiver 
from the RBS 
to United 
Recycling 
Services 

 The assumptions on the 
lengths and modes of the 
transports involved in 
this transportation from 
the RBS to the RLC/RC 
in Dallas are based on 
personal communication 
with Richard Slettmyr at 
Hardware Services, 
Ericsson Radio Systems 
AB 1999. The 
assumption on the flight 
distance between Dallas 
and Rijen is based on 
personal communication 
with Lisbeth Wesslau at 
SAS Flight Support 
1999. 
 
The transportation from 
Dallas to Chicago is 
assumed to go by 
aeroplane and the 
distance is estimated 
from a map to be about 
1350 km. 
 
Data for diesel driven 
light truck (max 3.5 
tons) from CPM, 1999, 
is used for the service 
car transportation.  
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for truck 
transportation 200 km 
and longer.  
 
Data for aeroplane 
transports from an 
internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for the aeroplane 
transportation. 

 



Subscenario   
Aluminium 
recycling by a 
local metal 
recycler 
(USA) 

 This subscenario is 
based on the subscenario 
“Aluminium recycling at 
Gotthard Aluminium AB 
(Sweden)”, but with the 
electricity input changed 
from Swedish average to 
American average. 

 

Recycling of 
copper and 
precious 
metals at 
United 
Refining & 
Smelting Co. 
(USA) 

 This subscenario is 
based on the subscenario 
“Recycling of copper 
and precious metals at 
Boliden AB (Sweden)”, 
but with the electricity 
input changed from 
Swedish average to 
American average. 

 
Subscenario Atomic 

activity 
Assumptions and limitations References 

Aluminium 
scrap recycling 
(USA) 

 Based on the atomic 
activity “Aluminium 
scrap recycling 
(Sweden)”, but with the 
electricity input changed 
from Swedish average to 
American average.   

Chlorine 
production 
(USA) 

This production is assumed to take place in 
the USA instead of in Sweden. 

Based on the atomic 
activity “Chlorine 
production (Sweden)”, 
but with the electricity 
input changed from 
Swedish average to 
American average.  

Diesel 
production 

 Ericsson internal 
database, Malmodin 
1999 

El production 
(USA) 

USA average Ericsson internal 
database, Malmodin 
1999 

NaCl 
production 
(USA) 

This production is assumed to take place in 
the USA instead of in Germany. 

Based on the atomic 
activity “NaCl 
production (Germany)”, 
but with the electricity 
input changed from 
German average to 
American average.  

Aluminium 
recycling by a 
local metal 
recycler 
(USA) 

NaOH 
production 
(USA) 

This production is assumed to take place in 
the USA instead of in Sweden. 

Based on the atomic 
activity “NaOH 
production (Sweden)”, 
but with the electricity 
input changed from 
Swedish average to 
American average.  



 
Natural gas 
extraction 

 Ericsson internal 
database, Malmodin 
1999 

Oil extraction  Ericsson internal 
database, Malmodin 
1999 

Transportation 
of chlorine 

This transportation is assumed to go from the 
chlorine production in the USA to a local 
metal recycler in Chicago, USA. 

The assumptions on 
length and mode of this 
transportation are based 
on the transportation of 
chlorine in: Sunér Maria 
(1996), Life Cycle 
Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 54. 
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 

 

Transportation 
of NaCl 

This transportation is assumed to go from the 
NaCl production in the USA to a local metal 
recycler in Chicago, USA. 

The assumptions on 
length and mode of this 
transportation are based 
on the transportation of 
NaCl in: Sunér Maria 
(1996), Life Cycle 
Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 54. 
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 

 



 Transportation 
of NaOH 

This transportation is assumed to go from the 
NaOH production in the USA to a local metal 
recycler in Chicago, USA. 

The assumptions on 
length and mode of this 
transportation are based 
on the transportation of 
NaOH in: Sunér Maria 
(1996), Life Cycle 
Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 54. 
 
Data for long distance 
truck transportation from 
an internal Ericsson 
database (obtained from 
Jens Malmodin 1999) is 
used for this truck 
transportation. 

Converter 
process (USA) 

 Based on the atomic 
activity “Converter 
process (Sweden)”, but 
with the electricity input 
changed from Swedish 
average to American 
average.  

El production 
(USA) 

USA average Ericsson internal 
database, Malmodin 
1999 

Electrolysis 
(USA) 

 Based on the atomic 
activity “Electrolysis 
(Sweden)”, but with the 
electricity input changed 
from Swedish average to 
American average.  

Kaldo furnace The data in Maria Sunérs table (s.70) is 
unallocated. In this study, “PBA scrap” is 
charged with the total environmental load 
since "PBA scrap" constitutes the whole 
inflow. 

Sunér Maria (1996), Life 
Cycle Assessment of 
Aluminium, Copper and 
Steel, Report 1996:6, 
Technical Environmental 
Planning, Chalmers 
University of 
Technology, 
Gothenburg, Sweden, 
page 70. 

Recycling of 
copper and 
precious 
metals at 
United 
Refining & 
Smelting 
(USA) 

Oil extraction  Ericsson internal 
database, Malmodin 
1999 

 



 Shredding 
(USA) 

The weight of the incoming fraction is 370 
grams, which is 0.000370 tons. 
0.000370*30=0.0111 kWh per incoming 
fraction from one transceiver. 

Based on the atomic 
activity “Shredding 
(Sweden)”, but with the 
electricity input changed 
from Swedish average to 
American average.  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 

Appendix XV 
 

Life Cycle Inventory data for the American dismantling 
scenarios



 
Table PPP. Collection of TRX. 

Substance Quantity Unit Impact on 
Waste Input  
TRX (RBS 884, 10 W) 1850 g  
Waste Output  
TRX (RBS 884, 10 W) 1850 g  
TRX = Transceiver 
 

Table QQQ. Dismantling of TRX (USA). 

Substance Quantity Unit Impact on 
Energy Input  
Natural gas 0.0391 MJ  
USA (El) 0.2134 kWh  
Waste Input  
TRX (RBS 884, 10 W) 1850 g  
Waste Output  
Aluminium scrap 1442 g  
PBA scrap 370 g  
 
 
Aluminium scrap resmelting (USA) 
 

Table RRR. NaCl production (USA). 

Substance Quantity Unit Impact on 
Energy Input  
Diesel 0.007313 l  
USA (El) 0.094 kWh  
Product Output  
NaCl 1 kg  
Resource Input  
Cybernit 1.13 kg Resource 
Waste Output  
Waste (unspec.) 128 g  
 

Table SSS. NaOH production (USA). 

Substance Quantity Unit Impact on 
Emission Output  
Acid as H+ 0.27 g Water 
BOD (Biologiocal Oxygen Demand) 0.003 g Water 
Chlorides (Cl-) 29 g Water 
CO (carbon monoxide) 0.7 g Air 



CO2 (carbon dioxide) 1120 g Air 
COD (Chemical Oxygen Demand) 0.013 g Water 
Dissolved solid materials 0.05 g Water 
Dust 3.1 g Air 
HC (Hydrocarbons, not CH4) 6.5 g Air 
HCl (hydrogen chloride) 0.15 g Air 
Metals (aq) 0.07 g Water 
Metals (unspec.) 0.002 g Air 
Na+ (sodium ions) 4.1 g Water 
NOx (as NO2) 7.2 g Air 
SO4

2- (sulphates) 3.9 g Water 
SOx (as SO2) 10 g Air 
Suspended matter (unspec.) 1.2 g Water 
Energy Input  
Light oil (EO1) 1.62 MJ  
Natural gas 5.19 MJ  
USA (El) 3.8694 kWh  
Product Output  
NaOH 1 kg  
Raw Material Input  
NaCl 0.59 kg  
Resource Input  
Iron ore (as Fe) 0.00046 kg Resource 
Limestone 0.0105 kg Resource 
Sand 0.0002 kg Resource 
Water (total) 5.3 kg Resource 
Waste Output  
Waste (industrial) 1 g  
Waste (inert chemicals) 7 g  
Waste (mineral) 55 g  
Waste (regulated chemicals) 0.02 g  
Waste (slags and ashes) 11 g  
 

Table TTT. Chlorine production (USA). 

Substance Quantity Unit Impact on 
Emission Output  
Acid as H+ 0.34 g Water 
BOD (Biological Oxygen Demand) 0.003 g Water 
Chlorides (Cl-) 42 g Water 
CO (carbon monoxide) 0.8 g Air 
CO2 (carbon dioxide) 1210 g Air 
COD (Chemical Oxygen Demand) 0.01 g Water 
Dissolved solid materials 0.05 g Water 
Dust 3.5 g Air 
HC (hydrocarbons, not CH4) 6 g Air 



HCl (hydrogen chloride) 0.18 g Air 
Metals (aq) 0.09 g Water 
Metals (unspec.) 0.002 g Air 
Na+ (sodium ions) 2.8 g Water 
NOx (as NO2) 7 g Air 
SO4

2- (sulphates) 7.2 g Water 
SOx (as SO2) 12 g Air 
Suspended matter (unspec.) 2 g Water 
Energy Input  
Light oil (EO1) 1.06 MJ  
Natural gas 4.1 MJ  
USA (El) 4.531 kWh  
Product Output  
Chlorine 1 kg  
Raw Material Input  
NaCl 1.21 kg  
Resource Input  
Iron ore (as Fe) 0.00065 kg Resource 
Limestone (as CaCO3) 0.0186 kg Resource 
Sand 0.0002 kg Resource 
Water (total) 0.9 kg Resource 
Waste Output  
Waste (industrial) 1 g  
Waste (inert chemicals) 13 g  
Waste (mineral) 72 g  
Waste (regulated chemicals) 0.02 g  
Waste (slags and ashes) 13 g  
 

Table UUU. Aluminium scrap recycling (USA). 

Substance Quantity Unit Impact on 
Emission Output  
CO2 (carbon dioxide) 400 g Air 
HCl (hydrogen chloride) 0.323 g Air 
HF (hydrogen fluoride) 0.0806 g Air 
Particulates (unspec.) 0.215 g Air 
SO2 (sulphur dioxide) 0.86 g Air 
Energy Input  
Light oil (EO1) 4.92 MJ  
Propane 0.102 MJ  
USA (El) 0.247 kWh  
Product Output  
Aluminium (primary) 1 kg  
Raw Material Input  
Chlorine 0.0007 kg  
NaCl 0.145 kg  



NaOH 0.00022 kg  
Waste Input  
Aluminium scrap 1150 g  
Waste Output  
Industrial waste to landfill 13 g  
Oil emulsions waste to external recycling 5 g  
Salt waste to landfill 253 g  
Sludge from gas purification waste to landfill 26.9 g  
 
 

PBA scrap resmelting (USA) 
 

Table VVV. Shredding (USA). 

Substance Quantity Unit Impact on 
Energy Input  
USA (El) 0.0111 kWh  
Waste Input  
PBA scrap 0.37 kg  
Waste Output  
Shredded PBA scrap 0.37 kg  
 

Table WWW. Kaldo furnace. 

Substance Quantity Unit Impact on 
Emission Output  
As (arsenic) 0.000567 g Air 
Cd (cadmium) 0.00147 g Air 
Chlorides (to air) 0.00637 g Air 
CO2 (carbon dioxide) 6.7 g Air 
Cu (copper) 0.027 g Air 
Dioxins (TCDD-equivalents) 5.92E-9 g Air 
Fluorides (to air) 0.00166 g Air 
Hg (mercury) 0.000581 g Air 
NOx (as NO2) 0.52100003 g Air 
Particulates (unspec.) 0.423 g Air 
Pb (lead) 0.0746 g Air 
SO2 (sulphur dioxide) 0.52100003 g Air 
Zn (zinc) 0.0616 g Air 
Energy Input  
Light oil (EO1) 1.67 MJ  
Product Output  
Melted PBA scrap 1 kg  
Waste Input  
Shredded PBA scrap 1 kg  



 

Table XXX. Converter process (USA). 

Substance Quantity Unit Impact on 
Emission Output  
As (arsenic) 0.00035 g Air 
Cd (cadmium) 7.6E-05 g Air 
CO2 (carbon dioxide) 2.09 g Air 
Cu (copper) 0.00307 g Air 
NOx (as NO2) 0.011 g Air 
Particulates (unspec.) 0.0281 g Air 
Pb (lead) 0.00367 g Air 
SO2 (sulphur dioxide) 1.09 g Air 
Zn (zinc) 2.6E-05 g Air 
Energy Input  
Light oil (EO1) 0.028 MJ  
USA (El) 0.034 kWh  
Product Output  
Anode copper 0.048 kg  
Raw Material Input  
Melted PBA scrap 0.24 kg  
Waste Output  
Waste (landfill) 3.88 g  
 

Table YYY. Electrolysis (USA). 

Substance Quantity Unit Impact on 
Emission Output  
As (arsenic) 0.000409 g Air 
Cd (cadmium) 2.92E-05 g Air 
Cu (copper) 0.00226 g Air 
Hg (mercury) 1.95E-05 g Air 
Particulates (unspec.) 0.0206 g Air 
Pb (lead) 0.00119 g Air 
SO2 (sulphur dioxide) 5.45 g Air 
Zn (zinc) 0.00279 g Air 
Energy Input  
USA (El) 0.403 kWh  
Product Output  
Copper (primary) 1 kg  
Gold (primary) 0.000693 kg  
Palladium (primary) 0.000513 kg  
Platinum (primary) 2.57E-05 kg  
Silver (primary) 0.00257 kg  
Raw Material Input  
Anode copper 1.08 kg  
 



 
 
 
 
 
 

Appendix XVI 
 

Life Cycle Inventory results for the Swedish dismantling 
scenarios



 
Substance Category Impact 

on 
Unit Dismantling 

(trp Europe-
Sweden) 

Dismantling 
(trp USA-
Sweden) 

Acid as H+ Emission Water g 0.000370795 0.000370795
Al3+ (aluminium ions) Emission Water g 0.001405687 0.001405687
Aldehyde (unspec.) Emission Air g 0 0.127557504
AOX (Adsorbable Organic 
Halogens) 

Emission Water g 5.3509E-09 5.3509E-09

Aromatic HC (unspec.) Emission Air g 3.25183E-05 3.25183E-05
Aromatic HC (unspec.) Emission Water g 1.38676E-06 1.38676E-06
Arsenic (As3+, As5+) Emission Water g 2.8217E-06 2.8217E-06
As (arsenic) Emission Air g 0.000662842 0.000662842
Ba2+ (barium ions) Emission Water g 0.000114933 0.000114933
Benzene (C6H6) Emission Air g 1.30073E-06 1.30073E-06
BOD (Biological Oxygen Demand) Emission Water g 0.285614354 0.303836855
Cd (cadmium) Emission Air g 0.000569909 0.000569909
Cd+ (cadmium ions) Emission Water g 7.77688E-08 7.77688E-08
CH4 (methane) Emission Air g 1.164003395 0.979095892
Chlorides (Cl-) Emission Water g 0.054351622 0.054351622
Chlorides (to air) Emission Air g 0.00202566 0.00202566
CN- (cyanides) Emission Water g 2.75288E-08 2.75288E-08
CO (carbon monoxide) Emission Air g 1.80831514 10.14043764
CO2 (carbon dioxide) Emission Air g 1375.220727 12173.11573
COD (Chemical Oxygen Demand) Emission Water g 0.076808356 0.084300857
Cr+ (chromium ions) Emission Water g 1.39708E-08 1.39708E-08
Cu (copper) Emission Air g 0.012786839 0.012786839
Cu+ (copper ions) Emission Water g 6.96822E-06 6.96822E-06
CxHy chloro Emission Air g 1.46935E-09 1.46935E-09
CxHy chloro Emission Water g 2.28833E-09 2.28833E-09
Dioxins (TCDD-equivalents) Emission Air g 1.88256E-09 1.88256E-09
Dissolved matter (unspec.) Emission Water g 0 41.7295243
Dissolved organic carbon Emission Water g 8.51671E-07 8.51671E-07
Dissolved solid materials Emission Water g 5.73038E-05 5.73038E-05
Dust Emission Air g 0.008222006 0.008222006
Fe2+, Fe3+ (iron ions) Emission Water g 0.002598027 0.002598027
Fluorides (to air) Emission Air g 0.00052788 0.00052788
Halon 1301 (CF3Br) Emission Air g 7.24351E-09 7.24351E-09
HC (hydrocarbons, not CH4) Emission Air g 1.025400831 23.15880084
HCl (hydrogen chloride) Emission Air g 0.405831528 0.405831528
HF (hydrogen fluoride) Emission Air g 0.101130944 0.101130944
Hg (mercury) Emission Air g 0.000186009 0.000186009
Hg (mercury) Emission Water g 2.15068E-09 2.15068E-09
Inorganic dissolved materials Emission Water g 0.010099615 0.010099615
Kjeldahl-N Emission Water g 2.04745E-07 2.04745E-07
Metals (aq) Emission Water g 0.000253121 0.000253121



Metals (unspec.) Emission Air g 0.000171594 0.000171594
Mn (manganese) Emission Air g 1.99584E-07 1.99584E-07
N2O (nitrous oxide) Emission Air g 0.18407175 0.222274246
Na+ (sodium ions) Emission Water g 0.003559483 0.003559483
NH3 (ammonia)  Emission Air g 8.96405E-06 0.072898968
NH4

+, NH3 (as N) Emission Water g 1.11836E-05 1.11836E-05
Ni (nickel) Emission Air g 1.08222E-06 1.08222E-06
Ni+ (nickel ions) Emission Water g 6.95101E-06 6.95101E-06
NO3

- (nitrates) Emission Water g 3.4583E-05 3.4583E-05
NOx (as NO2) Emission Air g 5.738792513 44.24099115
N-total Emission Water g 0.009098399 0.003751899
Oils (unspec.) Emission Water g 0.01918324 0.536376624
Organic matter (unspec.) Emission Air g 0 0.200447499
PAH (polyaromatic HC) Emission Air g 5.41973E-08 5.41973E-08
PAH (polyaromatic HC) Emission Water g 1.99584E-08 1.99584E-08
Particulates (unspec.) Emission Air g 0.883886655 1.29893418
Pb (lead) Emission Air g 0.028655961 0.028655961
Pb+ (lead ions) Emission Water g 7.93172E-06 7.93172E-06
Phenol (C6H5OH) Emission Water g 0.000272018 0.000112252
PO4

- (phosphates) Emission Water g 8.32745E-05 8.32745E-05
S2- (sulphides) Emission Water g 6.50367E-08 6.50367E-08
SO2 (sulphur dioxide) Emission Air g 4.358653415 3.503213369
SO4

2- (sulphates) Emission Water g 0.022038371 0.022038371
SOx (as SO2) Emission Air g 0.025687707 12.70854734
Suspended matter (unspec.) Emission Water g 0.002379296 0.020601797
TOC (Total Organic Carbon) Emission Water g 7.24351E-05 7.24351E-05
Toluene (C6H5CH3) Emission Water g 1.8754E-07 1.8754E-07
VOC (Volitale Organic 
Compounds) 

Emission Air g 0.000338948 0.000338948

Zn (zinc) Emission Air g 0.019788382 0.019788382
Zn2+ (zinc ions) Emission Water g 1.40741E-05 1.40741E-05
Potential energy hydropower Energy  MJ 0.001496876 0.001496876
Aluminium (primary) Product  kg 1.253913027 1.253913027
Copper (primary) Product  kg 0.058888888 0.058888888
Gold (primary) Product  kg 4.09867E-05 4.09867E-05
Palladium (primary) Product  kg 3.02689E-05 3.02689E-05
Platinum (primary) Product  kg 1.51344E-06 1.51344E-06
Silver (primary) Product  kg 0.000151344 0.000151344
Coal (res.) Resource Resource kg 0.005566946 0.023789447
Crude oil Resource Resource kg 1.198191634 4.047885269
Cybernit Resource Resource kg 0.206831798 0.206831798
Iron ore (as Fe) Resource Resource kg 6.93727E-07 6.93727E-07
Lignite (brown coal, res.) Resource Resource kg 0.001354071 0.001354071
Limestone Resource Resource kg 2.83071E-06 2.83071E-06
Limestone (as CaCO3) Resource Resource kg 1.63026E-05 1.63026E-05
Natural gas (res.) Resource Resource kg 0.027676766 0.029608167



Peat (res.) Resource Resource kg 0.001122761 0.001122761
Sand Resource Resource kg 2.29215E-07 2.29215E-07
Uranium ore (as U) Resource Resource kg 2.17023E-07 2.17023E-07
Water (total) Resource Resource kg 0.002217671 0.694672648
Wood Resource Resource kg 8.4823E-06 8.4823E-06
Ashes (unspec.) Waste  g 0.178707822 0.178707822
BeO/PBA to landfill Waste  g 51.99999933 51.99999933
Industrial waste to landfill Waste  g 16.30086936 16.30086936
Oil emulsions waste to external 
recycling 

Waste  g 6.269565137 6.269565137

Radioactive waste Waste  g 0.076661753 0.076661753
Salt waste to landfill Waste  g 317.2399959 317.2399959
Sludge from gas purification waste 
to landfill 

Waste  g 33.73025996 33.73025996

Waste (industrial) Waste  g 0.001146077 0.001146077
Waste (inert chemicals) Waste  g 0.013281447 0.013281447
Waste (landfill) Waste  g 5.1410002 5.1410002
Waste (mineral) Waste  g 0.077934458 0.077934458
Waste (regulated chemicals) Waste  g 2.29215E-05 2.29215E-05
Waste (slags and ashes) Waste  g 0.014359812 0.014359812
Waste (total) Waste  g 0 5.120522287
Waste (unspec.) Waste  g 23.42873469 28.54925698
 



 
 
 
 
 
 

Appendix XVII 
 

Life Cycle Inventory results for the Swedish shredding 
scenarios



 
Substance Category Impact on Unit Shredding 

(trp Europe-
Sweden) 

Shredding 
(trp USA-
Sweden) 

Acid as H+ Emission Water g 0.000277196 0.000277196
Al3+ (aluminium ions) Emission Water g 0.001050854 0.001050854
Aldehyde (unspec.) Emission Air g 0 0.127557504
AOX (Adsorbable Organic 
Halogens) 

Emission Water g 4.00019E-09 4.00019E-09

Aromatic HC (unspec.) Emission Air g 2.43098E-05 2.43098E-05
Aromatic HC (unspec.) Emission Water g 1.03671E-06 1.03671E-06
Arsenic (As3+, As5+) Emission Water g 2.10942E-06 2.10942E-06
As (arsenic) Emission Air g 0.001633035 0.001633035
Ba2+ (barium ions) Emission Water g 8.59205E-05 8.59205E-05
Benzene (C6H6) Emission Air g 9.72393E-07 9.72393E-07
BOD (Biological Oxygen Demand) Emission Water g 0.213517529 0.23174003
Cd (cadmium) Emission Air g 0.001322764 0.001322764
Cd+ (cadmium ions) Emission Water g 5.81378E-08 5.81378E-08
CH4 (methane) Emission Air g 1.372407005 1.187499501
Chlorides (Cl-) Emission Water g 0.040631795 0.040631795
Chlorides (to air) Emission Air g 0.00467558 0.00467558
CN- (cyanides) Emission Water g 2.05798E-08 2.05798E-08
CO (carbon monoxide) Emission Air g 2.131563747 10.46368624
CO2 (carbon dioxide) Emission Air g 1381.857101 12179.7521
COD (Chemical Oxygen Demand) Emission Water g 0.088585164 0.096077665
Cr+ (chromium ions) Emission Water g 1.04442E-08 1.04442E-08
Cu (copper) Emission Air g 0.030083863 0.030083863
Cu+ (copper ions) Emission Water g 5.20925E-06 5.20925E-06
CxHy chloro Emission Air g 1.09844E-09 1.09844E-09
CxHy chloro Emission Water g 1.71069E-09 1.71069E-09
Dioxins (TCDD-equivalents) Emission Air g 4.34528E-09 4.34528E-09
Dissolved matter (unspec.) Emission Water g 0 41.7295243
Dissolved organic carbon Emission Water g 6.36686E-07 6.36686E-07
Dissolved solid materials Emission Water g 4.28388E-05 4.28388E-05
Dust Emission Air g 0.006146548 0.006146548
Fe2+, Fe3+ (iron ions) Emission Water g 0.001942214 0.001942214
Fluorides (to air) Emission Air g 0.00121844 0.00121844
Halon 1301 (CF3Br) Emission Air g 5.41505E-09 5.41505E-09
HC (hydrocarbons, not CH4) Emission Air g 1.190679708 23.32407971
HCl (hydrogen chloride) Emission Air g 0.303388622 0.303388622
HF (hydrogen fluoride) Emission Air g 0.075602746 0.075602746
Hg (mercury) Emission Air g 0.000434096 0.000434096
Hg (mercury) Emission Water g 1.60779E-09 1.60779E-09
Inorganic dissolved materials Emission Water g 0.007550198 0.007550198
Kjeldahl-N Emission Water g 1.53062E-07 1.53062E-07
Metals (aq) Emission Water g 0.000189226 0.000189226



Metals (unspec.) Emission Air g 0.000128279 0.000128279
Mn (manganese) Emission Air g 1.49203E-07 1.49203E-07
N2O (nitrous oxide) Emission Air g 0.218066851 0.256269347
Na+ (sodium ions) Emission Water g 0.002660973 0.002660973
NH3 (ammonia)  Emission Air g 6.70128E-06 0.072896705
NH4

+, NH3 (as N) Emission Water g 8.36053E-06 8.36053E-06
Ni (nickel) Emission Air g 8.09042E-07 8.09042E-07
Ni+ (nickel ions) Emission Water g 5.19639E-06 5.19639E-06
NO3

- (nitrates) Emission Water g 2.58533E-05 2.58533E-05
NOx (as NO2) Emission Air g 6.985681547 45.48788018
N-total Emission Water g 0.010385845 0.005039344
Oils (unspec.) Emission Water g 0.021886623 0.539080008
Organic matter (unspec.) Emission Air g  0.200447499
PAH (polyaromatic HC) Emission Air g 4.05164E-08 4.05164E-08
PAH (polyaromatic HC) Emission Water g 1.49203E-08 1.49203E-08
Particulates (unspec.) Emission Air g 1.126980176 1.542027701
Pb (lead) Emission Air g 0.066442401 0.066442401
Pb+ (lead ions) Emission Water g 5.92954E-06 5.92954E-06
Phenol (C6H5OH) Emission Water g 0.000310452 0.000150686
PO4

- (phosphates) Emission Water g 6.22538E-05 6.22538E-05
S2

- (sulphides) Emission Water g 4.86197E-08 4.86197E-08
SO2 (sulphur dioxide) Emission Air g 8.203460082 7.348020035
SO4

2- (sulphates) Emission Water g 0.016475287 0.016475287
SOx (as SO2) Emission Air g 0.019203431 12.70206307
Suspended matter (unspec.) Emission Water g 0.001778697 0.020001198
TOC (Total Organic Carbon) Emission Water g 5.41505E-05 5.41505E-05
Toluene (C6H5CH3) Emission Water g 1.402E-07 1.402E-07
VOC (Volitale Organic 
Compounds) 

Emission Air g 0.000253388 0.000253388

Zn (Zinc) Emission Air g 0.046376934 0.046376934
Zn2+ (Zinc ions) Emission Water g 1.05214E-05 1.05214E-05
Potential energy hydropower Energy  MJ 0.001119024 0.001119024
Aluminium (primary ) Product  kg 0.937391304 0.937391304
Copper (primary) Product  kg 0.387955225 0.387955225
Gold (primary) Product  kg 4.77185E-05 4.77185E-05
Palladium (primary) Product  kg 3.51875E-05 3.51875E-05
Platinum (primary) Product  kg 1.76132E-06 1.76132E-06
Silver (primary) Product  kg 0.000176132 0.000176132
Coal (res.) Resource Resource kg 0.004714138 0.022936639
Crude oil Resource Resource kg 1.366830369 4.216524004
Cybernit Resource Resource kg 0.154621831 0.154621831
Iron ore (as Fe) Resource Resource kg 5.18612E-07 5.18612E-07
Lignite (brown coal, res.) Resource Resource kg 0.001012267 0.001012267
Limestone Resource Resource kg 2.11616E-06 2.11616E-06
Limestone (as CaCO3) Resource Resource kg 1.21874E-05 1.21874E-05
Natural gas (res.) Resource Resource kg 0.031151284 0.033082685



Peat (res.) Resource Resource kg 0.000972124 0.000972124
Sand Resource Resource kg 1.71355E-07 1.71355E-07
Uranium ore (as U) Resource Resource kg 2.76423E-07 2.76423E-07
Water (total) Resource Resource kg 0.00165787 0.694112848
Wood Resource Resource kg 6.34114E-06 6.34114E-06
Ashes (unspec.) Waste  g 0.155160643 0.155160643
Industrial waste to landfill Waste  g 12.18608696 12.18608696
Oil emulsions waste to external 
recycling 

Waste  g 4.686956522 4.686956522

Radioactive waste Waste  g 0.066920276 0.066920276
Salt waste to landfill Waste  g 237.16 237.16
Sludge from gas purification waste 
to landfill 

Waste  g 25.21582573 25.21582573

Waste (industrial) Waste  g 0.000856776 0.000856776
Waste (inert chemicals) Waste  g 0.009928849 0.009928849
Waste (Landfill) Waste  g 11.86633395 11.86633395
Waste (mineral) Waste  g 0.058261683 0.058261683
Waste (regulated chemicals) Waste  g 1.71355E-05 1.71355E-05
Waste (Slags and ashes) Waste  g 0.010735005 0.010735005
Waste (total) Waste  g  5.120522287
Waste (unspec.) Waste  g 17.51468538 22.63520767
 



 
 
 
 
 
 

Appendix XVIII 
 

Life Cycle Inventory results for the Dutch dismantling 
scenarios



 
Substance Category Impact on Unit Dismantling 

(trp Europe-
Netherlands) 

Dismantling 
(trp USA-
Netherlands)

Aldehyde (unspec.) Emission Air g 0 0.124320004
Aromatic HC (unspec.) Emission Air g 0.000869207 0.000869207
As (arsenic) Emission Air g 0.0014966 0.0014966
Benzene (C6H6) Emission Air g 0.000286461 0.000286461
Cd (cadmium) Emission Air g 0.001207617 0.001207617
CH4 (methane) Emission Air g 1.314249259 1.114079256
Chlorides (to air) Emission Air g 0.00424879 0.00424879
CO (carbon monoxide) Emission Air g 1.645167904 9.735402899
CO2 (carbon dioxide) Emission Air g 1255.78244 11766.92744
Cu (copper) Emission Air g 0.027407576 0.027407576
CxHy chloro Emission Air g 4.0647E-08 4.0647E-08
Dioxins (TCDD-equivalents) Emission Air g 3.94864E-09 3.94864E-09
Dust Emission Air g 0.101755228 0.101755228
Fluorides (to air) Emission Air g 0.00110722 0.00110722
Halon 1301 (CF3Br) Emission Air g 1.23408E-06 1.23408E-06
HC (hydrocarbons, not CH4) Emission Air g 0.901977821 22.45725283
HCl (hydrogen chloride) Emission Air g 0.321784007 0.321784007
HF (hydrogen fluoride) Emission Air g 0.078163757 0.078163757
Hg (mercury) Emission Air g 0.0003978 0.0003978
Metals (unspec.) Emission Air g 0.004496691 0.004496691
Mn (manganese) Emission Air g 6.11488E-06 6.11488E-06
N2O (nitrous oxide) Emission Air g 0.160604792 0.194644788
NH3 (ammonia)  Emission Air g 0.00028801 0.071328014
Ni (Nickel) Emission Air g 0.000155504 0.000155504
NOx (as NO2) Emission Air g 5.545882838 42.9750815
Organic matter (unspec.) Emission Air g 0 0.195359999
PAH (polyaromatic HC) Emission Air g 5.68557E-06 5.68557E-06
Particulates (unspec.) Emission Air g 0.969728891 1.366738916
Pb (lead) Emission Air g 0.060432439 0.060432439
SO2 (sulphur dioxide) Emission Air g 7.458018297 6.602578251
SOx (as SO2) Emission Air g 0.43302982 12.79398946
VOC (Volitale Organic 
Compounds) 

Emission Air g 0.049521177 0.049521177

Zn (zinc) Emission Air g 0.042252322 0.042252322
Acid as H+ Emission Water g 0.000281053 0.000281053
Al3+ (aluminium ions) Emission Water g 0.049613009 0.049613009
AOX (Adsorbable Organic 
Halogens) 

Emission Water g 8.98147E-07 8.98147E-07

Aromatic HC (unspec.) Emission Water g 0.000242436 0.000242436
Arsenic (As3+, As5+) Emission Water g 9.97173E-05 9.97173E-05
Ba2+ (barium ions) Emission Water g 0.004582797 0.004582797
BOD (Biological Oxygen Demand) Emission Water g 0.216507356 0.234267357



Cd+ (cadmium ions) Emission Water g 2.92896E-06 2.92896E-06
Chlorides (Cl-) Emission Water g 0.249421507 0.249421507
CN- (cyanides) Emission Water g 5.03481E-06 5.03481E-06
COD (Chemical Oxygen Demand) Emission Water g 0.067088277 0.073193278
Cr+ (chromium ions) Emission Water g 0.000486006 0.000486006
Cu+ (copper ions) Emission Water g 0.000246993 0.000246993
CxHy chloro Emission Water g 4.20985E-07 4.20985E-07
Dissolved matter (unspec.) Emission Water g 0 40.67039932
Dissolved organic carbon Emission Water g 0.000200948 0.000200948
Dissolved solid materials Emission Water g 4.34349E-05 4.34349E-05
Fe2+, Fe3+ (iron ions) Emission Water g 0.024450992 0.024450992
Hg (mercury) Emission Water g 1.09533E-07 1.09533E-07
Inorganic dissolved materials Emission Water g 0.2914158 0.2914158
Kjeldahl-N Emission Water g 2.72361E-05 2.72361E-05
Metals (aq) Emission Water g 0.006803535 0.006803535
Na+ (sodium ions) Emission Water g 0.002697999 0.002697999
NH4

+, NH3 (as N) Emission Water g 0.000564361 0.000564361
Ni+ (nickel ions) Emission Water g 0.000224429 0.000224429
NO3

- (nitrates) Emission Water g 0.001244362 0.001244362
N-total Emission Water g 0.008161172 0.002814671
Oils (unspec.) Emission Water g 0.023954445 0.527735331
PAH (polyaromatic HC) Emission Water g 4.21896E-06 4.21896E-06
Pb+ (lead ions) Emission Water g 0.000273597 0.000273597
Phenol (C6H5OH) Emission Water g 0.00027532 0.000115554
PO4

- (phosphates) Emission Water g 0.002949978 0.002949978
S2

- (sulphides) Emission Water g 1.16271E-05 1.16271E-05
SO4

2- (sulphates) Emission Water g 0.359259031 0.359259031
Suspended matter (unspec.) Emission Water g 0.033263675 0.051023676
TOC (Total Organic Carbon) Emission Water g 0.015625768 0.015625768
Toluene (C6H5CH3) Emission Water g 3.246E-05 3.246E-05
Zn2+ (zinc ions) Emission Water g 0.00049917 0.00049917
Potential energy hydropower Energy  MJ 0.014989518 0.014989518
Aluminium (primary) Product  kg 0.950434783 0.950434783
Copper (primary) Product  kg 0.383422071 0.383422071
Gold (primary) Product  kg 4.10262E-05 4.10262E-05
Palladium (primary) Product  kg 3.0252E-05 3.0252E-05
Platinum (primary) Product  kg 1.51068E-06 1.51068E-06
Silver (primary) Product  kg 0.000151068 0.000151068
Coal (res.) Resource Resource kg 0.032613562 0.050373563
Crude oil Resource Resource kg 1.043184093 3.802690231
Cybernit Resource Resource kg 0.156773341 0.156773341
Iron ore (as Fe) Resource Resource kg 5.25828E-07 5.25828E-07
Lignite (brown coal, res.) Resource Resource kg 0.005911579 0.005911579
Limestone Resource Resource kg 2.14561E-06 2.14561E-06
Limestone (as CaCO3) Resource Resource kg 1.2357E-05 1.2357E-05



Natural gas Resource Resource m3 0.000189561 0.000189561
Natural gas (res.) Resource Resource kg 0.032504318 0.033973219
Peat (res.) Resource Resource kg 0.000426129 0.000426129
Sand Resource Resource kg 1.73739E-07 1.73739E-07
Uranium ore (as U) Resource Resource kg 1.61625E-06 1.61625E-06
Water (fresh, limited) Resource Resource kg 0.000597919 0.000597919
Water (total) Resource Resource kg 0.001680939 0.676560917
Wood Resource Resource kg 0.000306439 0.000306439
Ashes (unspec.) Waste  g 0.067793235 0.067793235
BeO/PBA to landfill Waste  g 52 52
Industrial waste to landfill Waste  g 12.35565217 12.35565217
Oil emulsions waste to external 
recycling 

Waste  g 4.752173913 4.752173913

Radioactive waste Waste  g 0.029054244 0.029054244
Salt waste to landfill Waste  g 240.46 240.46
Sludge from gas purification waste 
to landfill 

Waste  g 25.56669529 25.56669529

Waste (industrial) Waste  g 0.000868697 0.000868697
Waste (inert chemicals) Waste  g 0.010067005 0.010067005
Waste (landfill) Waste  g 10.78316723 10.78316723
Waste (mineral) Waste  g 0.059072374 0.059072374
Waste (regulated chemicals) Waste  g 1.73739E-05 1.73739E-05
Waste (slags and ashes) Waste  g 0.010884379 0.010884379
Waste (total) Waste  g  4.990559793
Waste (unspec.) Waste  g 17.75839622 22.74895601
 



 
 
 
 
 
 

Appendix XIX 
 

Life Cycle Inventory results for the Japanese dismantling 
scenario 



 
Substance Category Impact on Unit Dismantling 

(trp within 
Japan) 

Aldehyde (unspec.) Emission Air g 0.0017612
Aromatic BTEX Emission Air g 0.003133691
As (arsenic) Emission Air g 0.000662842
Benzopyrene Emission Air g 3.9242E-07
Cd (cadmium) Emission Air g 0.00056988
CH4 (methane) Emission Air g 1.024045368
Chlorides (to air) Emission Air g 0.00202566
CO (carbon monoxide) Emission Air g 0.922090898
CO2 (carbon dioxide) Emission Air g 1731.566667
Cu (copper) Emission Air g 0.012786839
Dioxins (TCDD-equivalents) Emission Air g 1.88256E-09
Dust Emission Air g 0.003903431
Fluorides (to air) Emission Air g 0.00052788
HC (hydrocarbons, not CH4) Emission Air g 0.72325402
HCl (hydrogen chloride) Emission Air g 0.423270128
HF (hydrogen fluoride) Emission Air g 0.101065392
Hg (mercury) Emission Air g 0.000195967
Metals (unspec.) Emission Air g 2.29215E-06
N2O (nitrous oxide) Emission Air g 0.047112399
NH3 (ammonia)  Emission Air g 0.0010064
NOx (as NO2) Emission Air g 2.883938116
Organic matter (unspec.) Emission Air g 0.0027676
Particulates (unspec.) Emission Air g 0.615898102
Pb (lead) Emission Air g 0.028655629
SO2 (sulphur dioxide) Emission Air g 3.354859191
SOx (as SO2) Emission Air g 1.574155262
VOC (Volitale Organic Compounds) Emission Air g 0.321608897
Zn (zinc) Emission Air g 0.01978755
Acid as H+ Emission Water g 0.000370795
Aromatic HC (unspec.) Emission Water g 0.00196802
BOD (Biological Oxygen Demand) Emission Water g 0.000255038
Chlorides (Cl-) Emission Water g 1.632848045
COD (Chemical Oxygen Demand) Emission Water g 0.02517202
Dissolved matter (unspec.) Emission Water g 0.57616399
Dissolved solid materials Emission Water g 5.73038E-05
Fat and greasy water Emission Water g 0.032395208
Metals (aq) Emission Water g 9.77551E-05
Na+ (sodium ions) Emission Water g 0.003559483
NH4

+, NH3 (as N) Emission Water g 0.002708828
N-total Emission Water g 0.003162469
Oils (unspec.) Emission Water g 0.013938315
Phenol (C6H5OH) Emission Water g 9.44996E-05



SO4
2- (sulphates) Emission Water g 0.0073621

Sulphates (SO4
2-) Emission Water g 0.870584213

Suspended matter (unspec.) Emission Water g 0.00232808
Zn2+ (zinc ions) Emission Water g 0.001079669
Potential energy hydropower Energy  MJ 0.301524435
Aluminium (primary) Product  kg 1.253913043
Copper (primary) Product  kg 0.058888888
Gold (primary) Product  kg 4.09867E-05
Palladium (primary) Product  kg 3.02689E-05
Platinum (primary) Product  kg 1.51344E-06
Recycled BeO Product  kg 0.052000001
Silver (primary) Product  kg 0.000151344
Black coal Resource Resource kg 0.061540854
Coal (res.) Resource Resource kg 0.0002516
Copper ore (as Cu) Resource Resource kg 8.48182E-06
Crude oil Resource Resource kg 0.46770011
Cybernit Resource Resource kg 0.2068318
Gravel Resource Resource kg 0.003396334
Iron ore (as Fe) Resource Resource kg 6.93727E-07
Land (unspecific) Resource Resource m2 0.027165795
Lignite (brown coal, res.) Resource Resource kg 0.001490113
Limestone Resource Resource kg 2.83071E-06
Limestone (as CaCO3) Resource Resource kg 0.00125021
Materials (unspec.) Resource Resource kg 0.009197654
Natural gas (res.) Resource Resource kg 0.0423165
Sand Resource Resource kg 2.29215E-07
Steel and cast iron Resource Resource kg 0.00085565
Uranium ore (as U) Resource Resource kg 6.20558E-06
Waste heat Resource Resource MJ 4.967042138
Water (fresh, limited) Resource Resource kg 1561.180823
Water (total) Resource Resource kg 0.01177847
Wood Resource Resource kg 4.7559E-07
Industrial waste to landfill Waste  g 16.30086957
Oil emulsions waste to external recycling Waste  g 6.269565217
Radioactive waste Waste  m3 2.74627E-08
Salt waste to landfill Waste  g 317.24
Sludge from gas purification waste to landfill Waste  g 33.73026039
Special waste Waste  g 0.039782686
Waste (incineration) Waste  g 0.004488105
Waste (industrial) Waste  g 0.001146077
Waste (inert chemicals) Waste  g 0.013281447
Waste (landfill) Waste  g 30.57873454
Waste (mineral) Waste  g 0.077934459
Waste (regulated chemicals) Waste  g 2.29215E-05
Waste (slags and ashes) Waste  g 0.014359812
Waste (total) Waste  g 0.070699597



Waste (unspec.) Waste  g 23.79838409
 



 
 
 
 
 
 

Appendix XX 
 

Life Cycle Inventory results for the American dismantling 
scenarios



 
Substance Category Impact 

on 
Unit Dismantling 

(trp Europe-
USA) 

Dismantling 
(trp within 
USA) 

Aldehyde (unspec.) Emission Air g 0.119787504 0.039497501
As (arsenic) Emission Air g 0.000771231 0.000771231
Cd (cadmium) Emission Air g 0.000663067 0.000663067
CH4 (methane) Emission Air g 1.53337667 0.368616672
Chlorides (to air) Emission Air g 0.0023569 0.0023569
CO (carbon monoxide) Emission Air g 10.55322276 3.356167696
CO2 (carbon dioxide) Emission Air g 12232.05539 4620.600391
Cu (copper) Emission Air g 0.014877769 0.014877769
Dioxins (TCDD-equivalents) Emission Air g 2.1904E-09 2.1904E-09
Dust Emission Air g 0.003903431 0.003903431
Fluorides (to air) Emission Air g 0.0006142 0.0006142
HC (hydrocarbons, not CH4) Emission Air g 22.27293306 7.290708069
HCl (hydrogen chloride) Emission Air g 0.405212136 0.405212136
HF (hydrogen fluoride) Emission Air g 0.101065392 0.101065392
Hg (mercury) Emission Air g 0.000216306 0.000216306
Metals (unspec.) Emission Air g 2.29215E-06 2.29215E-06
N2O (nitrous oxide) Emission Air g 0.306893336 0.077863343
NH3 (ammonia)  Emission Air g 0.068450003 0.022570001
NOx (as NO2) Emission Air g 46.16982964 15.78543025
Organic matter (unspec.) Emission Air g 0.188237499 0.0620675
Particulate (PM-10) Emission Air g 0.018158379 0.018158379
Particulates (unspec.) Emission Air g 1.580128615 0.837168616
Pb (lead) Emission Air g 0.033341455 0.033341455
SO2 (sulphur dioxide) Emission Air g 4.458751588 3.603311542
SOx (as SO2) Emission Air g 14.88012137 6.897001599
Zn (zinc) Emission Air g 0.02302325 0.02302325
Acid as H+ Emission Water g 0.000370795 0.000370795
BOD (Biological Oxygen Demand) Emission Water g 0.017115939 0.005645938
Chlorides (Cl-) Emission Water g 0.044630528 0.044630528
COD (Chemical Oxygen Demand) Emission Water g 0.116595838 0.035010839
Dissolved matter (unspec.) Emission Water g 39.18762435 12.92132478
Dissolved solid materials Emission Water g 5.73038E-05 5.73038E-05
Metals (aq) Emission Water g 9.77551E-05 9.77551E-05
Na+ (sodium ions) Emission Water g 0.003559483 0.003559483
N-total Emission Water g 0.007793799 0.002447298
Oils (unspec.) Emission Water g 0.512659534 0.168770443
Phenol (C6H5OH) Emission Water g 0.000232853 7.30867E-05
SO4

2- (sulphates) Emission Water g 0.0073621 0.0073621
Suspended matter (unspec.) Emission Water g 0.019188981 0.00771898
Aluminium (primary) Product  kg 1.253913043 1.253913043
Copper (primary) Product  kg 0.068518518 0.068518518
Gold (primary) Product  kg 4.74833E-05 4.74833E-05



Palladium (primary) Product  kg 3.515E-05 3.515E-05
Platinum (primary) Product  kg 1.76093E-06 1.76093E-06
Silver (primary) Product  kg 0.000176093 0.000176093
Coal (res.) Resource Resource kg 0.180864743 0.169394742
Crude oil Resource Resource kg 4.365218851 1.424875198
Cybernit Resource Resource kg 0.2068318 0.2068318
Iron ore (as Fe) Resource Resource kg 6.93727E-07 6.93727E-07
Limestone Resource Resource kg 2.83071E-06 2.83071E-06
Limestone (as CaCO3) Resource Resource kg 1.63026E-05 1.63026E-05
Natural gas (res.) Resource Resource kg 0.06538443 0.03762333
Sand Resource Resource kg 2.29215E-07 2.29215E-07
Uranium ore (as U) Resource Resource kg 4.67166E-07 4.67166E-07
Water (total) Resource Resource kg 0.65249265 0.216632664
Ash (bottom) Waste  g 3.044853969 3.044853969
Ash (fly) Waste  g 9.701653411 9.701653411
FGD sludge Waste  g 3.071585734 3.071585734
Industrial waste to landfill Waste  g 16.30086957 16.30086957
Oil emulsions waste to external 
recycling 

Waste  g 6.269565217 6.269565217

Salt waste to landfill Waste  g 317.24 317.24
Sludge from gas purification waste 
to landfill 

Waste  g 33.73026039 33.73026039

Spent nuclear fuel Waste  g 0.000923512 0.000923512
Waste (industrial) Waste  g 0.001146077 0.001146077
Waste (inert chemicals) Waste  g 0.013281447 0.013281447
Waste (landfill) Waste  g 5.981666977 5.981666977
Waste (mineral) Waste  g 0.077934459 0.077934459
Waste (regulated chemicals) Waste  g 2.29215E-05 2.29215E-05
Waste (slags and ashes) Waste  g 0.014359812 0.014359812
Waste (total) Waste  g 4.8086123 1.585542434
Waste (unspec.) Waste  g 28.23734729 25.01427742
 



 
 
 
 
 
 

Appendix XXI 
 

Life Cycle Inventory results for the comparison of the Swedish 
dismantling and shredding scenarios 



 
Substance Category Impact 

on 
Unit Dismantling 

(Sweden) 
Shredding 
(Sweden) 

Aromatic HC (unspec.) Emission Air g 3.25183E-05 2.43098E-05
As (arsenic) Emission Air g 0.000662842 0.001633035
Benzene (C6H6) Emission Air g 1.30073E-06 9.72393E-07
Cd (cadmium) Emission Air g 0.000569909 0.001322764
CH4 (methane) Emission Air g 0.251213395 0.390210924
Chlorides (to air) Emission Air g 0.00202566 0.00467558
CO (carbon monoxide) Emission Air g 0.365130101 0.582177605
CO2 (carbon dioxide) Emission Air g 716.3802288 676.4077032
Cu (copper) Emission Air g 0.012786839 0.030083863
CxHy chloro Emission Air g 1.46935E-09 1.09844E-09
Dioxins (TCDD-equivalents) Emission Air g 1.88256E-09 4.34528E-09
Dust Emission Air g 0.008222006 0.006146548
Fluorides (to air) Emission Air g 0.00052788 0.00121844
Halon 1301 (CF3Br) Emission Air g 7.24351E-09 5.41505E-09
HC (hydrocarbons, not CH4) Emission Air g 0.259500836 0.367655414
HCl (hydrogen chloride) Emission Air g 0.405831528 0.303388622
HF (hydrogen fluoride) Emission Air g 0.101130944 0.075602746
Hg (mercury) Emission Air g 0.000186009 0.000434096
Metals (unspec.) Emission Air g 0.000171594 0.000128279
Mn (manganese) Emission Air g 1.99584E-07 1.49203E-07
N2O (nitrous oxide) Emission Air g 0.037921754 0.060722875
NH3 (ammonia)  Emission Air g 8.96405E-06 6.70128E-06
Ni (nickel) Emission Air g 1.08222E-06 8.09042E-07
NOx (as NO2) Emission Air g 1.372977341 2.284809162
PAH (polyaromatic HC) Emission Air g 5.41973E-08 4.05164E-08
Particulates (unspec.) Emission Air g 0.534051667 0.751044649
Pb (lead) Emission Air g 0.028655961 0.066442401
SO2 (sulphur dioxide) Emission Air g 3.376488363 7.144320225
SOx (as SO2) Emission Air g 0.025687707 0.019203431
VOC (Volitale Organic 
Compounds) 

Emission Air g 0.000338948 0.000253388

Zn (zinc) Emission Air g 0.019788382 0.046376934
Acid as H+ Emission Water g 0.000370795 0.000277196
Al3+ (aluminium ions) Emission Water g 0.001405687 0.001050854
AOX (Adsorbable Organic 
Halogens) 

Emission Water g 5.3509E-09 4.00019E-09

Aromatic HC (unspec.) Emission Water g 1.38676E-06 1.03671E-06
Arsenic (As3+, As5+) Emission Water g 2.8217E-06 2.10942E-06
Ba2+ (barium ions) Emission Water g 0.000114933 8.59205E-05
BOD (Biological Oxygen Demand) Emission Water g 0.285614354 0.213517529
Cd+ (Cadmium ion) Emission Water g 7.77688E-08 5.81378E-08
Chlorides (Cl-) Emission Water g 0.054351622 0.040631795
CN- (cyanides) Emission Water g 2.75288E-08 2.05798E-08



COD (Chemical Oxygen Demand) Emission Water g 0.022048357 0.029662665
Cr+ (chromium ion) Emission Water g 1.39708E-08 1.04442E-08
Cu+ (copper ions) Emission Water g 6.96822E-06 5.20925E-06
CxHy chloro Emission Water g 2.28833E-09 1.71069E-09
Dissolved organic carbon Emission Water g 8.51671E-07 6.36686E-07
Dissolved solid materials Emission Water g 5.73038E-05 4.28388E-05
Fe2+, Fe3+ (iron ions) Emission Water g 0.002598027 0.001942214
Hg (Mercury) Emission Water g 2.15068E-09 1.60779E-09
Inorganic dissolved materials Emission Water g 0.010099615 0.007550198
Kjeldahl-N Emission Water g 2.04745E-07 1.53062E-07
Metals (aq) Emission Water g 0.000253121 0.000189226
Na+ (sodium ions) Emission Water g 0.003559483 0.002660973
NH4

+, NH3 (as N) Emission Water g 1.11836E-05 8.36053E-06
Ni+ (nickel ions) Emission Water g 6.95101E-06 5.19639E-06
NO3- (nitrates) Emission Water g 3.4583E-05 2.58533E-05
N-total Emission Water g 0.002891649 0.003707344
Oils (unspec.) Emission Water g 0.00611299 0.007822923
PAH (polyaromatic HC) Emission Water g 1.99584E-08 1.49203E-08
Pb+ (lead ions) Emission Water g 7.93172E-06 5.92954E-06
Phenol (C6H5OH) Emission Water g 8.65369E-05 0.000110874
PO4

- (phosphates) Emission Water g 8.32745E-05 6.22538E-05
S2

- (sulphides) Emission Water g 6.50367E-08 4.86197E-08
SO4

2- (sulphates) Emission Water g 0.022038371 0.016475287
Suspended matter (unspec.) Emission Water g 0.002379296 0.001778697
TOC (Total Organic Carbon) Emission Water g 7.24351E-05 5.41505E-05
Toluene (C6H5CH3) Emission Water g 1.8754E-07 1.402E-07
Zn2+ (zinc ions) Emission Water g 1.40741E-05 1.05214E-05
Potential energy hydropower Energy  MJ 0.001496876 0.001119024
Aluminium (primary) Product  kg 1.253913027 0.937391304
Copper (primary) Product  kg 0.058888888 0.387955225
Gold (primary) Product  kg 4.09867E-05 4.77185E-05
Palladium (primary) Product  kg 3.02689E-05 3.51875E-05
Platinum (primary) Product  kg 1.51344E-06 1.76132E-06
Silver (primary) Product  kg 0.000151344 0.000176132
Coal (res.) Resource Resource kg 0.005566946 0.004302698
Crude oil Resource Resource kg 0.387205301 0.493487013
Cybernit Resource Resource kg 0.206831798 0.154621831
Iron ore (as Fe) Resource Resource kg 6.93727E-07 5.18612E-07
Lignite (brown coal, res.) Resource Resource kg 0.001354071 0.001012267
Limestone Resource Resource kg 2.83071E-06 2.11616E-06
Limestone (as CaCO3) Resource Resource kg 1.63026E-05 1.21874E-05
Natural gas (res.) Resource Resource kg 0.008764217 0.010759844
Peat (res.) Resource Resource kg 0.001122761 0.000872964
Sand Resource Resource kg 2.29215E-07 1.71355E-07
Uranium ore (as U) Resource Resource kg 2.17023E-07 1.52103E-07
Water (total) Resource Resource kg 0.002217671 0.00165787



Wood Resource Resource kg 8.4823E-06 6.34114E-06
Ashes (unspec.) Waste  g 0.178707822 0.138880643
BeO/PBA to landfill Waste  g 51.99999933 
Industrial waste to landfill Waste  g 16.30086936 12.18608696
Oil emulsions waste to external 
recycling 

Waste  g 6.269565137 4.686956522

Radioactive waste Waste  g 0.076661753 0.059520276
Salt waste to landfill Waste  g 317.2399959 237.16
Sludge from gas purification waste 
to landfill 

Waste  g 33.73025996 25.21582573

Waste (industrial) Waste  g 0.001146077 0.000856776
Waste (inert chemicals) Waste  g 0.013281447 0.009928849
Waste (landfill) Waste  g 5.1410002 11.86633395
Waste (mineral) Waste  g 0.077934458 0.058261683
Waste (regulated chemicals) Waste  g 2.29215E-05 1.71355E-05
Waste (slags and ashes) Waste  g 0.014359812 0.010735005
Waste (unspec.) Waste  g 23.42873469 17.51468538
 
 


