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Abstract 

The global environmental awareness has resulted in an increased awareness of the use of 
recycled and renewable materials. Today, Bombardier Transportations (BT) customers are 
beginning to demand this use which will further increase in time. 

To ensure a strong development within this field, BT has initiated several projects. The aim of 
this project is to investigate the use and possible increased use of recycled and renewable 
materials in the production. Furthermore, the investigation will include possible changes in 
material properties, costs, investigate marketing opportunities and give recommendations on 
future work within the area. 

The investigation shows that a general BT train consists of 40% recycled material, 2% renewable 
material and obviously 58% virgin material. 

The investigation also shows that the market for recycled metals is more or less self-propelled 
and initial efforts should focus on increasing the use of recycled polymers and renewable 
materials. 

By demanding information in the purchasing phase, demanding recycled polymers, asking for 
recycled metals and initiating R&D projects for an increased use of renewable materials the 
following benefits are possible: 

 Decreased costs for polymers and renewable materials 

 Decreased energy use and carbon dioxide emissions 

 Decreased waste and landfill 

Consequently, these benefits will indirectly decrease costs in terms of energy prices, emission 
rights and taxes and landfill charges. All aspects of these benefits can be marketed in an 
industry where the use of recycled and renewable materials is a quite undeveloped field. If BT 
wants to maintain their position as global leader in rail technology, the future work within this 
field cannot be neglected. 
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Sammanfattning 

Resultatet av den globala miljömedvetenheten har resulterat i en ökad medvetenhet inom 
användandet av återvunna och förnyelsebara material. Idag börjar Bombardier Transportations 
(BT) kunder att kräva att dessa material används och dessa krav kommer bara öka med tiden. 

BT har startat flera projekt för att försäkra sig om en stark utveckling inom detta område. Syftet 
med detta projekt är att undersöka och se på möjligheterna med att öka användandet av 
återvunna och förnyelsebara material i produktionen. Vidare skall undersökningen inkludera 
möjliga förändringar av materialegenskaper, kostnader, undersöka marknadsföringsmöjligheter 
och ge rekommendationer för framtida arbete inom området. 

Undersökningen visar att generellt innehåller ett BT tåg 40% återvunna material, 2% 
förnyelsebara material och självfallet 58% jungfruligt material. 

Undersökningen visar även att marknaden för återvunna metaller är mer eller mindre 
självgående och initialt bör fokus läggas på att öka användandet av återvunna polymerer och 
förnyelsebara material. 

Genom att kräva information under inköpsfasen, kräva återvunna polymerer, fråga efter 
återvunna metaller och initiera FoU-projekt för en ökad användning av förnyelsebara material 
möjliggörs följande fördelar: 

 Minskade kostnader för polymerer och förnyelsebara material 

 Minskad energianvändning och minskade koldioxidutsläpp 

 Minskat avfall och minskad deponi 

Följaktligen påverkas indirekt kostnaderna av dessa fördelar i form av energipriser, 
utsläppsrätter, utsläppsskatter och deponiavgifter. Alla aspekter av dessa fördelar kan 
marknadsföras i en industri där användandet av återvunna och förnyelsebara är ett relativt 
outvecklat område. Om BT vill bibehålla sin marknadsledande position inom järnvägssektorn så 
får man inte ignorera det framtida arbetet inom detta område. 
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NOMENCLATURE 

Terminology and used definitions 

Term   Explanation 

Closed loop A closed loop is a process where the producing company collects the 
material at its end of life 

ECO4 A collection of BTs energy saving technologies. Includes optimizing 
energy use, decreasing energy waste and minimizing carbon dioxide 
emissions 

Embodied energy The available energy that was used in the work of making a product. 
Embodied energy is an accounting methodology which aims to find the 
sum total of the energy necessary for an entire product lifecycle. This life 
cycle includes raw material extraction, transport, manufacture, assembly, 
installation, disassembly, deconstruction and/or decomposition. 

Energy recycling The process of utilizing energy that would normally be wasted, usually by 
converting it into electricity or thermal energy through incineration. 
Normally used for materials that cannot be material recycled, for 
example thermosetting plastics and rubbers. 

Green Train A BT train designed for environmentally-friendly and cost-efficient high 
speed travel. 

Internal scrap Scrap that is melted in the same company or company group in which it 
was generated. This term is also known as turnaround, in-house or home 
scrap. 

Material recycling  Involves the collection, dismantling, sorting and processing of a waste 
material which can then find a new calling as “raw material” intended for 
similar use.  

New scrap Raw material mainly consisting of scrap from the production before the 
product is sold to the final user. Includes internal scrap. 

Old scrap Raw material mainly consisting of collection and/or treatment of 
products after use. 

Primary material A primary material has not yet been processed into a product. The term 
virgin material is also used. 

Re-use  Consists of reusing an element of waste for a similar use without 
transforming it. 

Redirection  Refers to the use of an element of waste for a purpose other than that of 
its original application or the manufacture of a different product or one 
of a different quality, from this waste. As an example, plastic bottles are 
converted and used in the textile industry.  

Secondary material A secondary material has already been processed into a product. It is 
used as raw material in the current process. Includes scrap. 

Vattenfall A Swedish energy company  
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Återvinnings-  A trade association for recycling companies. 
industrierna  

Abbreviations 

BT   Bombardier Transportation 

CSR   Corporate social responsibility 

DfE   Design for Environment 

EPDM   Ethylene propylene diene monomer 

EVA   Ethylene-vinyl acetate 

GRI   Global reporting initiative 

HDPE   High density polyethylene 

KTH   Kungliga tekniska högskolan, the Royal institute of technology 

NPO   Non-product outputs 

PVC   Polyvinyl chloride 
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1 INTRODUCTION 

1.1 Background 
Prior to this project the recycled content of passenger vehicles at Bombardier Transportation 
(BT) was unknown. This information has not been requested by BTs customers, neither did it 
have any significant value for BTs internal work. However, as BT declares in their sustainability 
report of 2008 in the chapter on Product Recyclability Goals and Future Targets, their vision is 
to “achieve 100 percent use of renewable and recycled materials in product construction and 
manufacture.” 

Today, BTs customers are starting to require specifications on the recycled and renewable 
content in their trains. This master thesis work was a direct response to meet this requirement. 

1.2 Purpose 
The main objective was to gather information regarding the use of recycled and renewable 
materials in the production phase of Bombardiers vehicles. Information regarding changes in 
material properties, costs, environmental impact, marketing opportunities and suggestions on 
renewable material use was also included.  

1.3 Scope 
A modern railway vehicle may contain more than 120 different materials. To ensure a 
qualitative analysis, the number of materials included has been limited. 

The investigated materials do not include specific alloys or specific material types. For instance, 
all alloys of stainless steel are summarized under the name stainless steel. 

The information gathered regarding the change in material properties has not been used to 
redesign any components. The new materials discussed are used in similar industries but are 
not thoroughly investigated when it comes to material properties and fire safety. 
Biodegradable polymers are not investigated.  

The investigation surrounding renewable materials includes and highlights some of the positive 
aspects of using renewable materials in production. It can be used as a basis for discussion and 
future work but it is not a complete investigation to be used for construction changes. 

There are a number of different actions available to reduce the environmental impact of 
materials and products. The pyramid in Figure 1 shows these actions, from most to least 
favorable. Recycle is the only action taken into account in this project. Closed loop systems 
have not been investigated. 
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Figure 1. The recycle hierarchy shows, from top to bottom, the most to the least favorable way to maintain a 
sustainable and environmental friendly society. 

1.4 Method 
An investigative process was used during this project. A definition for the term recycled 
material was set and a selection process was conducted to determine the materials to be 
included. 

Information was gathered through interviews and literary studies. The material knowledge 
came from the contact responsible for the material composition at the refinery or smelter. 
When this contact was unavailable, the information was gathered as close to the source as 
possible or allowed by the supplier. Interviews were also conducted with specialists within the 
field. This interview questionnaire is attached in Appendix D. 

Additional information was gathered from suppliers working with the same materials, but who 
did not deliver the specific components included in the study. This was to put the numbers 
from Bombardiers suppliers in perspective and investigate if there were any differences in the 
use of recycled material between suppliers. 

The information gathered through interviews was also compared to literary sources. The results 
are presented for each material and analyzed for different material groups and from an 
environmental, economic and marketing perspective. Recommendations for future work are 
presented to increase the use of recycled materials and a specific focus is made on the 
increased use of renewable materials.  

  

Avoid
Reduce
Reuse
Recycle
Recover
Treat
Dispose
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2 THE USE OF RECYCLED MATERIAL 
The population of the world has almost tripled in the last fifty years and is estimated to double 
before the year 2100 (see Appendix C). This inevitably leads to an increased demand of the 
worlds resources. One way to preserve the environment is to recycle and use recycled materials 
in production. 

2.1 Definition of recycled and renewable content 
The term recycled content declares how much of a product that has been produced out of 
recycled materials. The corresponding definition applies to renewable content. There are other 
terms used for recycled content: “recycled fraction”, “recycled use” and “recycled percent”. 
There are other definitions of recycled material depending on if the energy use or the global 
reserves is the main interest. Below are the definitions used for this project: 

Recycled material: Used material that is processed into new components. This includes scrap 
from the production process. 

Recycled content: The proportion, by mass, of recycled material in a component.  

Renewable material: Resources that can or will be replenished naturally in the same pace, or 
faster, than it is consumed. 

Renewable content: The proportion, by mass, of renewable material in a component.  

One way to illustrate the definition used for recycled material is shown in Figure 2. The figure 
contains a generalized mapping of a materials life cycle in a product. The green marked range is 
the definition of recycled material. The figure is made according to the life cycle of aluminum 
but is very similar to other metals, plastics, ceramics and renewable materials.  

 

Figure 2. The green range explains the definition of recycled material. The flow shown represents aluminum but 
similar material flows can be applied to almost all different materials. 

2.2 Reasons to use recycled and renewable materials 
The main reason for BT to investigate the use of recycled and renewable material and to find 
ways to increase this amount is due to the requirements from their customers. These 
requirements are increasing and BTs vision is to “achieve 100 percent use of renewable and 
recycled materials in product construction and manufacture” (Bombardier Transportation 
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Sustainability report, 2008). For profit driven companies in a competitive market this 
requirement might be the biggest driving force, since this will be required if they are to sell 
their products.  

Another very fundamental reasons for recycling is that environmentally damaging extraction 
and refining is avoided and replaced with the collection, processing and sorting of recycled 
material, which has a smaller environmental impact (Nordin, 2002). 

Scrap metal requires lower temperatures to melt compared to virgin metal. This is one reason 
why facts support lower energy consumption when producing components out of recycled 
material. In Table 1 Nordin compares the use of recycled material to virgin material in five 
different environmental impacting factors. For the polymer HDPE, the energy consumption is 7 
times higher for virgin material compared to recycled material. A comparison of copper shows 
that virgin material uses 23 times the energy compared to recycled material and the waste 
amount is reduced 652 times for recycled copper.  

 

 

 

  
 

Table 1. Comparison of energy consumption, emissions and waste between virgin and recycled material for 
aluminum, HDPE, copper and polycarbonate (Nordin, 2002). 

The most recycled materials tend to be materials with high energy content or materials that use 
significantly less energy to recycle than to produce, which indirect is a cost saving incentive. 
This is one of the reasons why metals such as gold, steel and copper include a high amount of 
recycled material and why plastics in general include very small amounts of recycled material 
(University of Cambridge, Department of Engineering). According to Ashby, the recycling of 
metals in the waste stream is highly developed. 

The recycled polymers included in the study above do benefit from a reduction in all factors, 
but it is not as great as it is for the included metals.  In effect, the recycling of polymers does 
not carry the same economic weight as the recycling of metals do. 

The use of recycled materials in a product can decrease the energy consumption and decrease 
various emissions which in turn results in lower costs of emission taxes and emissions trading. 
These savings usually benefit the processing company. 

The use and marketing of recycled and renewable materials can lead to an increased awareness 
of BTs environmental profile as well as the brand in general. It is a competitive tool and should 
be used as a competitive tool. 

For additional arguments as to why recycling and use of recycled materials are good for both 
companies and the society. The American national recycling coalitions top ten reasons to 
recycle is attached in Appendix A.  

  Recycled 
material  

Virgin 
Aluminum  

Virgin 
HDPE  

Virgin 
Copper  

Virgin 
Polycarbonate 

Energy consumption 1 14 7 23 9 

Carbon emission 1 17 3 40 7 

Acidifying emissions (SO2+NOx) 1 34 4 273 5 

Volatile hydrocarbons (VOC+CH4) 1 59 13 43 12 

Amount of waste 1 16 10 652 31 
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3 EXAMINED VEHICLES AND MATERIALS 
Three vehicles were included in the project: NAT, SSL and C20. These vehicles are used in 
different countries and are of different types; The NAT is a commuter train for the Ile-de-France 
region, the SSL is a sub-surface line for the London Underground and the C20 is a subway line in 
Stockholm. Both the NAT and the SSL are currently under construction and they represent the 
composition of materials used in BTs projects today. The C20 is an older model, but was 
developed and built in Sweden and information about the vehicle was easily obtained. The top 
30 materials of these trains were sorted based on weight percentage. For the full lists, see 
Appendix B. Note that the ten most common materials in each train comprise 90-93% of the 
total weight of the train. 

There were four criteria used for finalizing the list of materials: 

1. Total mass percent of a selected material is at least 5% of a whole train. If any material 
comprises at least 5% of a train, it is included regardless if it is investigated in another 
train. For example, steel is investigated in all the trains since it comprises between 37 
and 60 percent of the total weight of each train. 

2. The material exists in the top 30 list for at least 2 out of the 3 trains. 
3. On specific request by Bombardier. 
4. Prohibited or restricted. 

This selection process resulted in 20 materials to be included in the investigation.  

A number of components containing these materials were selected and investigated in order to 
collect information from several suppliers of the same material. The choice was based on which 
train had the highest percentage of the specific material. The biggest components of that 
specific material were selected for the investigation. This resulted in 70 different components. 
For a full list of selected materials and components, see Appendix I. 

 

Example 

Copper was found in all three vehicles. It comprised 5.03% of the NAT, 2.3% of the SSL and 
2.77% of the C20, so it fulfils selection criteria 1 and 2. Since the biggest percentage of copper 
was found in the NAT train, the copper components selected for further studies were taken 
from the NAT.  
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4 MATERIAL PRESENTATION 
The results of the theoretical study as well as the results of the investigation are presented for 
each material. Each material includes a material presentation in italics and results from the 
investigation in normal text. A full list of references regarding gathered values can be found in 
Appendix J. 

4.1 Metals 
Metals can be recycled without loss of material properties. One of the major problems within 
recycling metals and using them is the unknown mix of additives (copper, carbon, chromium, 
and nickel among others). This problem originates in the many different sources of scrap metal 
and the poor sorting process. Recycled metal is seldom used for products with specific 
requirements of exact composition and material properties. By comparison, the use of virgin 
material gives the producer greater control of the different additives and this equals a product 
with more precise material properties. 

4.1.1 Aluminum  

The aluminum comprised 10-27% of the selected trains. It was 
selected according criteria 1 and 2.  

The recycled fraction of the current global supply is 33-55%. The 
embodied energy of recycled aluminum equals 9% of the 
embodied energy of primary produced aluminum. The carbon footprint equals 10% of primary 
production (Ashby, 2009). 

Components in the investigation included parts from the doors, ventilation canals in the roof 
and other parts of the carbody and roof. They are located in all three trains. 

The total weight of the investigated aluminum components was 9582 kg. Values for 8882 kg 
have been gathered. The recycled material comprised 3319 kg, which resulted in an average 
amount of 37% recycled content. It is technically possible to increase this number in certain 
alloys. Limitations include specific material properties and the amount of recycled aluminum 
available on the market. 

4.1.2 Cadmium 

Cadmium did not qualify among the 30 most common materials 
in any of the three trains. It is a prohibited material and only 
allowed in specific applications and therefore selected 
according to criteria 3 and 4. 

The investigated cadmium was found in the batteries. They require special care and are handled 
in a closed loop. The cadmium components are found in the NAT train. 

The cadmium found in the batteries had a total weight of 358 kg. Values have been gathered 
for all components. Nothing out of this material was produced from recycled cadmium. 
According to the supplier, this amount cannot be increased due to specific component criteria.  
  

37%
63%

Recycled

Virgin

100%
Recycled

Virgin
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4.1.3 Copper 

Copper comprised 2-5% of the selected trains and was chosen 
according to selection criteria 1 and 2. Copper is one of the 
most recycled materials in the world (European Copper 
Institute, 2009). The recycled fraction of the current global 
supply is 35-60%. The embodied energy of recycled copper equals 25% of the embodied energy 
of new copper. The carbon footprint is also 25% of primary production copper (Ashby, 2009). 

Copper is valued for its high electrical and thermal conductivity. All investigated copper was 
located in various cables. The copper components are found in the NAT train. 

The investigated copper had a total weight of 2811 kg. Values have been gathered for all 
components. None of it was recycled material. According to the suppliers, the recycled content 
cannot be increased due to specific material and component criteria regarding electrical 
conductivity.  

4.1.4 Iron (ferrous based metals)  

Iron (ferrous based metals) comprised 0.5-2.8% of the NAT and 
SSL. It was chosen because of selection criteria 2. 

Embodied energy and current recycled fraction can be 
compared to grey cast iron. 

Within the investigation iron was found in the MCM (motor 
converter module) conductor and the gearbox of the mechanical drive system. These 
components were found in the SSL train. 

The ferrous based metals had a combined weight of 799 kg. Values have been gathered for 420 
kg. The recycled content was 5%, with 21 kg of recycled material. This amount can be increased 
based on component criteria and the available supply of recycled material. 

4.1.5 Iron (grey cast)  

Grey cast iron comprised 1.9-4.6% of the selected trains. It was 
chosen because of selection criteria 2. 

Out of the current global supply, 60-80% is recycled. The 
embodied energy of recycled grey cast iron equals 31% of the 
embodied energy of primary produced material. Respectively, the carbon footprint from 
recycled material equals 29% of the carbon footprint of primary material (Ashby, 2009). 

The investigated grey cast iron was found in the propulsion engine and gearbox of the C20 train. 

The grey cast components had a total weight of 1960 kg. Values have been gathered for 1040 
kg. The recycled content was 60%, with 624 kg of recycled material. This amount can be 
increased based on component criteria and the available supply of recycled material.  

4.1.6 Nickel 

Nickel comprised about 0.2% of the selected trains. It is a 
restricted material and only allowed in specific applications. It 
qualified for selection criteria 3 and 4.  

The recycled nickel of the current global supply is approximated 

100%
Recycled

Virgin

5%

95%
Recycled

Virgin

60%
40% Recycled

Virgin

100%
Recycled

Virgin
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to 22-26%. The embodied energy of recycled nickel approximately equals 25% of primary 
production. The carbon footprint is approximately 25% of primary produced material (Ashby, 
2009). 

The nickel in the investigation was found in the batteries. These components require special 
handling and are therefore handled in a closed loop, as well as the already mentioned cadmium. 
The nickel is also found in the NAT train. 

The nickel used in the batteries had a total weight of 414 kg. Values have been gathered for all 
components. There was 0% recycled content. According to the supplier, this number cannot be 
increased due to specific component criteria. 

4.1.7 Stainless steel 

Stainless steel comprised 3.6-26.6% of all selected vehicles and 
it was the second most common material in the investigation. It 
is chosen because of selection criteria 1 and 2.  

The recycled fraction of current global supply is 35-40%.  
Recycled stainless steel has the embodied energy equal to 28% of primary produced material. 
The corresponding carbon footprint equals 29% of primary production (Ashby, 2009). The 
investigated components were found in the carbody, doors and brake resistors of the NAT and 
C20 trains. 

The stainless steel components have a total weight of 18161 kg. Values have been gathered for 
17951 kg. The recycled content was 79%, with 14131 kg of recycled material. This value can be 
increased, limited by specific material properties and the supply of recycled material available.  

4.1.8 Steel 

Steel comprised 37.5-61% of all vehicles and was the most 
common material in all trains. It is chosen because of selection 
criteria 1 and 2.  

As much as 40-44% of the global supply found today is recycled 
material. The embodied energy of recycled steel equals 29% of primary produced steel and the 
carbon footprint of recycled steel equals 28% (Ashby, 2009). The investigated components 
included the traction engine, wheels, mountings for heating and wheel axles. These components 
came from all three trains. 

The steel components have a total weight of 40117 kg. Values have been gathered for 37893 
kg. The recycle content was 28% with 10692 kg of recycled material. This value can be 
increased, limited by specific material properties and the supply of recycled material available.  

4.2 Polymers 
There are different types of polymers in this investigation: thermoplastics including thermo 
elastics, thermosetting polymers, cross-linked polymers and natural rubbers. Thermoplastics 
can be melted down and reshaped, but lose some of their material properties each time they 
are recycled. Thermosetting plastics, cross-linked polymers and natural rubbers can either be 
grinded down into a powder and used as filler in other polymer components or they can be 
energy recycled. In effect, this means that only thermoplastics can use any significant values of 
recycled material in the production. 
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4.2.1 Cross-linked polyethylene 

Cross-linked polyethylene comprised 0.5% of the NAT. It was not 
in the top 30 materials of the other trains and thus chosen 
because of selection criteria 3.  

Polyethylene is a thermoplastic which can be melted down and 
material recycled. Cross-linking the polymer chains converts the thermoplastic into a 
thermosetting rubber. These cross-links means that the only way to recycle the material is by 
grinding it down and using it as filler or to recover the energy. 

The cross-linked polyethylene found in this investigation was used as insulation in electrical 
wiring. The components were located in the NAT train. 

The cross-linked polyethylene in the cable insulation had a total weight of 607 kg. Values have 
been gathered for all components. None of this was recycled material. This amount cannot be 
increased in any substantial way. 

4.2.2 Cross-linked polyolefin 

Cross-linked polyolefin comprised 0.9% of the SSL. It was not in 
the top 30 materials of the other trains. It is chosen due to 
selection criteria 3.  

Cross-linked polyolefin has the same behavior as cross-linked 
polyethylene. More specifically, polyethylene is a type of polyolefin, produced by polymerizing 
the olefin ethylene. Just as polyethylene, polyolefin is a thermoplastic where the material can be 
recycled a set number of times. Cross-linking the polyolefin transforms it to a thermosetting 
rubber that cannot be material recycled. 

The investigated cross-linked polyolefin components were found in electrical wiring insulation in 
the SSL train. 

The analyzed cross-linked polyolefin had a total weight of 280 kg. Values have been gathered 
for all components. It had a recycled content of 0%. This amount cannot be increased in any 
substantial way. 

4.2.3 Ethylene-propylene diene monomer (EPDM) rubber 

EPDM rubber comprised 0.4-1.3% of the analyzed trains. It was chosen because of selection 
criteria 2. It can be found as both a thermoplastic and thermosetting plastic, as well as cross-
linked elastomers. 

EPDM rubber was used as floor covering in the SSL. It is suggested as an alternative for PVC 
flooring products by the Danish Environmental Protection Agency (Greenpeace, 2003). 

The investigated details containing EPDM rubber had a total weight of 228 kg. The supplier 
declined to give information regarding the use of recycled material or fillers in their products. 
Since EPDM rubber can be found in different forms, it is possible to increase the amount of 
recycled material depending on the form in which the EPDM is used. The use of recycled 
material can impact coloring and mechanical properties.  
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4.2.4 Ethylene-metyl acrylate rubber 

Ethylene-metyl acrylate rubber was found in the C20 and it 
comprised 0.5% of the train. It was chosen because of selection 
criteria 3. It is a thermoelastic and is used in the gangways of 
the train. 

The ethylene-metyl acrylate rubber had a total weight of 308 
kg. Values have been gathered for all components. None of this was recycled. This amount can 
be increased, but the use of recycled material can impact coloring and mechanical properties. 

4.2.5 Ethylene-vinyl (EVA) acetate rubber 

EVA rubber was found in the NAT, where it comprised 0.3% of 
the whole train. It was chosen because of selection criteria 3. 
EVA rubber is considered to be a thermoelastic. 

The recycled fraction of the current global supply is 6-10%. The 
embodied energy of recycled ethylene-vinyl acetate rubber equals 42% of the embodied energy 
of primary produced material. The carbon footprint also equals 42% of primary produced 
material (Ashby, 2009). The investigated EVA was used as insulation of electrical wiring in the 
NAT train. 

The ethylene-vinyl acetate rubber components had a total weight of 410 kg. Values have been 
gathered for all components. None of this was recycled. This amount can be increased since it is 
a thermoelastic material. As with other polymers, the use of recycled material can impact 
coloring and mechanical properties. 

4.2.6 Polyester 

Polyester comprised 0.1-0.3% of the NAT and C20 and was chosen because of selection criteria 
3. Polyester can be found as both a thermoplastic and thermosetting plastic. 

The recycled fraction in current global supply of thermosetting polyester is 0.1% (Ashby, 2009). 

The investigated polyester was used as a plastic film component in the floor heating of the NAT 
train. 

The investigated polyester had a total weight of 136 kg. The focus has been to investigate the 
possible use of recycled material in the future.  

It is possible to use recycled content in the production of polyester as a thermoplastic, but this 
can affect color and mechanical properties. 

4.2.7 Polyurethane 

Polyurethane comprised 0.4% of the C20, where it was used as flexible foam in the seats. It was 
chosen because of selection criteria 3. Polyurethane can be found as both a thermoplastic and a 
thermosetting plastic. 

Polyurethane foam has a recycled fraction of 0.1% of the current global supply (Ashby, 2009). 

The polyurethane components have a total weight of 227 kg. The supplier declined to give 
information regarding the use of recycled material in their products.  
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It is possible to use recycled content in the production of polyurethane as a thermoplastic, but 
this can affect color and mechanical properties. In the case of polyurethane in the form of a 
thermosetting plastic, it cannot include recycled material. 

4.2.8 Polyvinyl chloride (PVC) 

PVC was not found in the top 30 materials of any train. It was chosen because of selection 
criteria 3 and 4. It is a restricted substance and Bombardier aims to replace PVC details with 
other materials. PVC can be found as both a thermoplastic and a thermosetting plastic. 

The investigated PVC is used in details of the antenna mechanics in the NAT train. 

The PVC included in the research had a weight of 13 kg. The focus has been to investigate the 
possible use of recycled material in the future.  

It is possible to use recycled content if the PVC is in form of a thermoplastic, but this can affect 
color and mechanical properties. 

4.2.9 Silicone rubber 

Silicone rubber comprised 0.6% of the NAT and C20. It was 
chosen because of selection criteria 2. Silicone rubber is 
considered a natural rubber and cannot be reshaped. This 
means it can be recycled either by grinding it down and using 
the material as filler in other components or by recovering energy.  

The investigated silicone rubber was used in cable insulation in the NAT train.  

The components of silicone rubber had a total weight of 690 kg. Values have been gathered for 
all components. The recycle content was 0%. This value cannot be increased since it is a natural 
rubber and it cannot be heated and reshaped. 

4.3 Other materials 

4.3.1 Glass 

Glass comprised between 1.2 to 3.3 % of all the three trains and 
was chosen because of selection criteria 2. This post includes all 
types of toughened and tempered glass. 

Out of the current global supply, 22-26 % is recycled. The 
embodied energy of recycled glass equals 44% of the embodied energy of primary produced 
glass. The carbon footprint also equals 44% of primary produced material (Ashby, 2009). 

The investigated components were located in the NAT and C20 trains. 

The glass components had a combined weight of 2773 kg. Values have been gathered for all 
components. The recycled content was 34% which resulted in 950 kg of recycled material. 
According to the supplier, this amount was limited by the available supply of recycled glass.  

4.3.2 Glass fiber reinforced plastics (GFRP) 

GFRP comprised 1.4-1.7% of the trains. It was chosen because 
of selection criteria 2. 
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The recycled fraction in the current global supply is 0.5-1% (Ashby, 2009). The investigated glass 
fiber reinforced plastics were used in arc barriers in the SSL train. 

The GFRP components had a total weight of 360 kg with a recycled content of 0%. Values have 
been gathered for all components. This amount can be increased by using recycled glass or 
recycled plastics in the production. 

4.3.3 Plywood 

Plywood comprised 0.4-2.7% of the NAT and SSL and it was 
chosen because of selection criteria 3 and 4. It is a regulated 
material and only allowed if the raw wood comes from certified 
plantations.  

Raw wood is a renewable material, although the finished 
plywood material includes adhesives. The recycled fraction of current global supply is 1-2% 
(Ashby, 2009). 

The investigated plywood is used in floor blocks in the C20 train.  

The plywood had a weight of 1446 kg. The supplier was unable to answer questions regarding 
the use of recycled material in the product thus the raw wood was taken from certified and 
sustainably managed forests.  
  

100% Renewable
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5 VEHICLE SUMMARY 
This chapter applies the values for recycled content of each material on the different vehicles 
included in the investigation.  

5.1 Materials included in the study 
The included components had a total weight of 81 680 kg. 149 
kg were materials where the focus was on investigating 
possibilities. The amount where the contacted suppliers either 
declined or were unable to give answers was 4 888 kg. A value 
for the recycled content was gathered for 76 643 kg in 56 
different components from 20 different suppliers. 

The total amount of recycled material was 31 069 kg and 1 446 kg of renewable material. This 
equals to 40.5% recycled and 1.9% renewable materials. 

5.2 The NAT train 
The investigated NAT train has a total weight of 242 543 kg. The 
materials included in this investigation have a total weight of 
220 222 kg, 90.8% of the whole train.  

With values of recycled content applied to this train, the NAT 
would contain 72 398 kg of recycled material and 875 kg of 
renewable material. This equals 33.3% recycled and renewable material (32.9% and 0.4% 
respectively) of the investigated weight.  

5.3 The SSL train 
The investigated SSL train has a total weight of 33 797 kg. The 
materials included in the investigation have a total weight of 29 
794 kg. This equals 88.2% of the whole train.  

With corresponding values for recycled and renewable content, 
the SSL train would contain 9845 kg of recycled material and no 
renewable material. This equals 33.0% recycled material of the investigated weight.  

5.4 The C20 train 
The investigated C20 train has a total weight of 68 570 kg. The 
materials included in this investigation have a total weight of 
62 503 kg, 91.2% of the whole train.  

A C20 train constructed today would contain 28 333 kg of 
recycled material and 1832 kg of renewable material. This 
equals 45.3% recycled and 2.9% renewable materials of the investigated weight.  
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6 CONCLUSIONS AND ANALYSIS OF RESULTS 

6.1 Metals 
There are big differences in the use of recycled metals. Components with strict requirements of 
material properties were generally constructed out of virgin material while components with 
less strict requirements used more recycled metal. Compared to the values for the recycled 
fraction in current global supply, the values found are generally lower. Worth mentioning is 
that the recycled fraction in global supply is an average for all industries. 

The general mindset of the interviewed suppliers is to use as much recycled metal as possible, 
since it requires less energy and lower temperatures to process compared to virgin metal which 
means a reduction in costs. In the cases where there were no limiting material properties, the 
limiting factor was the amount of scrap metal available. According to the interviewed suppliers, 
one reason to use virgin metal was the increased control of additives and polluting substances 
in the batch. This control resulted in better specified qualities of the finished material, which 
was a prerequisite for certain components.  

The nickel and cadmium found in the batteries were taken from virgin materials due to the 
strict component requirements. These components require special care and are handled in a 
closed loop. When returned to the supplier, the material is recycled and redirected into 
products with less strict component requirements. 

The steel wheels are somewhat of a separate industry, where the standard is to use 100% 
recycled material. The wheels are the only components made out of 100% recycled metal. 

6.2 Polymers 
All polymers included in the study came from virgin material. The limiting factor for using 
recycled polymers in cable insulation was the coloring used to identify the cables. According to 
a cable supplier, the easiest way to include recycled material was not to color them at all, which 
often results in a black or grey color. 

The embodied energy of recycled polymers is substantially lower compared to primary 
produced polymers, but the recycled materials have the added disadvantage of losing material 
properties in the recycling process. This, combined with the lower prices of polymers compared 
to many other materials, may be a reason why BT suppliers do not use recycled polymers in 
their production as of today. 

6.3 Other materials 
The investigated plywood was taken from sustainably managed forests, which is a requirement 
for BT to use wooden products. 

The glass used in windows included 30-35 percent recycled glass, which seems to be industry 
standard. This amount can be increased based on the available supply of recycled glass. 
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6.4 The economic perspective 
Judging from the answers given in interviews, an increased use of recycled metal will not affect 
the prices of metal components for BT. Recycled metals do not lose their material properties 
and there are already many incentives to use recycled metal (it requires lower energy and 
lower temperature) which leads to the market being more or less self-propelled. 

When it comes to polymers, the economic incentives do not seem strong enough to promote 
the use of recycled material in a large scale today. According to Ashby, the value of recycled 
polymers is typically about 60% of that of virgin material. Experiences from Volvo show that 
recycled polymers can be up to 20% cheaper compared to virgin material, but the use of 
recycled material needs to be explicitly requested from the suppliers. Volvo has requested the 
use of recycled materials in components that have less specific requirements or are hidden 
from the customer. This has resulted in the use of 5-10% recycled polymers in their products. 

Depending on the supply and demand of recycled material, there is a risk that products 
containing recycled material becomes premium products and carries an increased price.  

6.5 The environmental perspective  
Recycled material affects the environment in several ways. As discussed in 2.2 the use of 
recycled and renewable material has the following direct or indirect consequences: 

• Decreased energy consumption 
• Decreased carbon emissions 
• Decreased acidifying emissions 
• Decreased emission of volatile hydrocarbons 
• Decreased amount of waste 
• Decreased use of non-renewable resources 

As Nordin states in his report to Återvinningsindustrierna the use of recycled material removes 
environmentally damaging extraction and refining and replace these steps with more 
environmental friendly collection, processing and sorting of recycled material. 

An increase in the use of recycled materials can result in significant energy savings. The results 
of this investigation shows that a C20 train constructed today would include 12% more recycled 
material compared to the NAT and SSL. If the recycled content of five of the most common 
materials in the NAT train would be increased by 10%, the embodied energy would be reduced 
by 1 019 435 MJ. Figure 3 illustrates the potential energy savings for each material. 

According to Vattenfall, an average Swedish household consumes a total of 26 200 kWh 
(secondary energy) per year which means that the saved energy from one train equals the 
yearly energy consumption of almost 11 households. This can add up to a substantial amount 
since the total NAT order is for 172+200 trains with a mix of both 7 and 8 car models. 

The calculations for these figures are included in Appendix H. 
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Figure 3. Potential energy savings per NAT train if the recycled content is increased by 10% for each of the 
presented materials. 
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7 DISCUSSION AND PROJECT CRITICISM 
The recycled content definition used can be discussed. It seems to be a general difficulty 
defining the term. Communications with Jaguar show that the same definition is used but it 
does, however, differ from the definition used in the GRI definition of requirement “EN2: 
Percentage of materials used that are recycled input material”.  

In the GRI guidelines, recycled input material is defined as “materials that replace virgin 
materials that are purchased or obtained from internal or external sources and that are not by-
products and non-product outputs (NPO) produced by the reporting organization”. The 
difference to the definition used in this project is the inclusion of non-product outputs (NPO), 
for instance, waste from the production that is returned into the process. The interviewed 
suppliers were not always able to give information regarding how much of the recycled 
material that could be defined as recycled according to GRI and how much, in fact, was NPO. 
Our definition results in a higher final value for the use of recycled material. The definition must 
be specified and communicated to suppliers for further work within the field. 

To better understand the possibilities and conditions regarding the use of recycled metal, it 
helps to study the use of recycled steel today: 

Compared to virgin steel, recycled steel uses less energy and emits less polluting substances 
when used in production. Since energy equals cost, producers aim to use as much recycled 
material as possible. 

According to Sven Ekerot, a researcher specialized in steel at KTH, the limiting factor is the 
amount of recycled steel available. Steel has 20 years estimated life cycle. Approximately 75 
percent of the steel used in production comes back as recycled material; the remaining 25 
percent are irrevocable losses through the whole life cycle. Since the need for steel is 
increasing, the 75 percent that comes back 20 years later only comprises about 35-40 percent 
of the steel needed at this time. The remaining 60-65 percent will be new material. The same 
situation applies to many of the different metals today, although with different numbers.  

An increased use of recycled metal can have different consequences. If only BT decides to 
increase the use of recycled metals in their vehicles, it will not change the environmental 
impact on a global scale. The impact will be that for each additional kg recycled metal BT use; 
another producer will be able to use less. If producing companies start transporting scrap metal 
between different refineries and countries to fill certain quotas, the environmental impact 
might be negative. It does, however, give BT greater marketing opportunities. 

If several producers request more recycled metal there will be an increased incentive to further 
develop the recycling process. This might result in better methods of separating additives and 
polluting substances, which increases the overall quality of the recycled material. The price 
might change as well. 

BT can also work to minimize the losses of material in production and use by adhering to 
methods used in environmentally adapted construction. An increase in the demand for recycled 
metal can, in time, raise a greater awareness to minimize losses in the usage phase. This might 
increase the amount recycled steel, but the total effect will be marginal.  

Polymers are not recycled in the same scale as metals. There are multiple reasons for this; the 
different polymers are hard to sort out, the difference in price and energy between new and 
recycled is lower and polymers cannot be recycled more than a few times before they lose too 
much of their mechanical properties. The fact that the different polymers can be hard to 
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separate can limit the recycling to in-house; scrap of a certain polymer with a certain color is 
stored until that same material and color combination is used again.  

7.1 Project criticism 
One of the main issues with the project is the lacking level of information for different 
materials. There are many different alloys of steel, but they have all been summarized to one 
material which means that the results from this investigation should be considered general. The 
vast numbers of different alloys and material variations in a vehicle means that correct figures 
can only be gathered if the information is supplied in the purchasing phase. This will be 
discussed in chapter 8. 

The result of the investigation was limited by the number of suppliers. Several components of 
each material were selected to achieve a greater diversity but one supplier often delivered the 
majority of these components and that was irrevocable by the authors at that time. This meant 
that the data regarding the use of recycled material did not have the wide base it was meant to 
have. 

Another issue was finding literature relevant to the area. “Materials and the Environment” by 
Michael Ashby was one of the few resources where information regarding embodied energy 
and recycled fraction in global supply could be found. Future studies will most likely have a 
greater possibility to gather relevant and up to date information. 

According to the International Council on Mining and Metals, the car industry relies on the 
metal industry to manage itself regarding the recycling and all surrounding efforts. Both the car 
industry and the metal industry think that the recycled content of metals and alloys is a poor 
and misleading indicator of environmental performance which can discourage the efficient 
production and use of recycled metals. However, BTs customers are demanding figures on 
recycled material and these figures can also be used as a competitive tool in a market driven 
industry. The authors agree that the efforts should first and foremost be focused on ensuring 
that the materials used are recyclable, but the incorporation of recycled material in the 
production is not unimportant. One aspect does not limit the other and the use of recycled 
materials in production creates an incentive to enhance collecting, sorting and recycling of the 
materials. 
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8 RECOMMENDATIONS AND FUTURE WORK 
BT needs to work proactively if they want to increase the use of recycled and renewable 
materials and reach their ultimate goal as stated in the sustainability report. This project is a 
reaction to the requirements set by customers and will have a limited effect. However; it will 
contribute with a greater awareness of possible improvements in the future use of recycled and 
renewable materials. 

Requesting structured information on recycled content in the purchasing phase would 
undoubtedly make it easier for BT to obtain relevant data. This would also mean that it is 
possible to obtain data for specific alloys. This is by far the most important step if BT seriously 
has the desire to reach their ultimate goal. 

There are different languages used in documenting the information for all three trains included 
in the investigation. By storing the information in one specified internal language, 
misunderstandings can be prevented and the work can be made more effective.  

There is not one specific answer as to how the work with recycled content should continue. A 
number of strengths, weaknesses, opportunities and threats for the increased use of recycled 
and renewable materials are summarized in the SWOT analysis in Table 2. Specific 
recommendations for different material groups and viewpoints can be found later in this 
chapter, as well as recommendations to increase the use of renewable materials.  

  
Helpful 

(to achieving the 
objective) 

Harmful 
(to achieving the 

objective) 

Internal origin 
(attributes of the 

organization) 

Strengths 
• May reduce costs 
• Decreases waste 
• Decreases energy 

consumption 
• Decreases emissions 

Weaknesses 
• May have weaker 

material properties  
• No established standard 

of measuring 
• Needs more data 
• Implementation process 

External origin 
(attributes of the 

environment) 

Opportunities 
• Emerging market 
• Low competition today 
• Environmental profiling 
• CSR 
• Easy to market 
• Recycling incentive 

Threats 
• Can carry premium price 
• Competitors copy the 

idea 
• Limited by supply 

Table 2. A SWOT-analysis for the increased use of recycled and renewable materials at BT. 
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8.1 Metals  
Recommendations for future work within the area of recycled metals are: 

• Require information on the recycled content from suppliers during the purchase phase 
• Ask for an increased use of recycled metal 
• Re-evaluate the material requirements of components with a low content of recycled 

metal 

According to Andreas Andersson at Volvo, the general view of the automotive industry is to let 
the metal industry handle the recycled content itself. The many opportunities to save energy 
and thereby cost is given as an incentive for this self-propelled market, which corresponds with 
the results of this investigation. If the required information locates components with low values 
of recycled content, the material requirements of these components may be re-evaluated. 

8.2 Polymers  
Recommendations for future work within the area of recycled polymers are: 

• Require information on the recycled content from suppliers during the purchase phase 
• Require increased use of recycled content 
• Re-evaluate requirements of cables. Is it possible to identify the cables by color without 

using only virgin material?  Is it possible to color only specific parts of the cable?  
• Investigate implementation possibilities of bioplastics 

Once again, according to Andreas Andersson the polymers in their cars have a general recycled 
content of 5-10%, often in components with less strict requirements of material properties or 
parts that are not visible for the costumer. Loss of material properties coupled with lower 
economic incentives and the difficulty of sorting results in a limited use of recycled polymers. 
However, the price of recycled polymers can be reduced with 20-40% compared to virgin 
polymers. If Bombardier wishes to increase their use of recycled polymers in components, it 
need to be a requirement for suppliers. The use of bioplastics would also increase the total 
amount of renewable materials. 

8.3 Other materials 
Recommendations for future work within the area of recycled other materials are: 

• Require information from suppliers on the recycled content during the purchase phase 
• Ask for more recycled material in glass products 
• Increase the use of wood  
• Start looking into use of other renewable materials 

Wooden products can be used in floor blocks, as it is in the C20, but also in decorative surfaces, 
seating, tables and trays. It can also be used in underlying construction, for example under floor 
paneling. 

The increased use of renewable materials is strongly recommended and further discussed in 
chapter 8.5 Renewable materials. 
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8.4 Marketing 
Recommendations within the area of marketing are: 

• Advertise the decreased use of raw materials, energy and water 
• Advertise the decreased emissions of CO2 and other polluting and acidifying emissions 
• Focus on recycled and renewable materials in the interior where it is visible and can 

increase BTs environmental profiling 
• Combine an interior mock-up where the use of recycled and renewable materials have 

been specifically labeled with the Green Train and other environmental projects at BT 
• When applicable, apply these recommendations to already well known ongoing BT 

projects (for example, Green train and ECO4) 

One quite common misunderstanding is that environmentally friendly work and eco-design 
related work is costly for the companies. This project shows that the pricing for recycled 
material can be up to 40% lower compared to virgin material and there has been no indication 
of an increase in purchasing cost. The use of renewable and recycled materials is a highly 
competitive aspect in marketing today and the added profits connected to marketing 
opportunities and positive brand recognition should be recognized. 

8.5. Renewable materials 
The following chapter should not be viewed as a complete investigation. It includes and 
highlights some of the positive aspects of using renewable materials in production. This can be 
used as a basis for discussion and future work.  

The automotive industry has already worked with the use of renewable materials for 10-15 
years. Today the area is well developed and almost every car manufacturer has at least some 
components made out of renewable material (Suddell, 2008). 

Two articles are attached in Appendix E and F in order to highlight the benefits and possibilities 
as well as the importance of using renewable material in the production. 

Suddell writes that the recent increase in consumer environmental awareness, along with 
increased commercial desire to use natural materials, has led to new innovations. A number of 
these innovations are further discussed in his paper in Appendix F.  These materials discussed 
are mainly used as a replacement for conventional synthetic petroleum based composites 
systems. Also Schuh (which is attached as Appendix E) mentions that the increased awareness 
for the environment is the reason that renewable materials have gathered much momentum 
throughout the nineties.  

Renewable materials are one of many recent global environmental movements supported by 
environmental organizations. However it might be one of the better ones since it has many 
positive effects. It decreases the emissions of producing companies, it benefits the environment 
as well as the sociological and agricultural aspects of the society.  

Below are some of the most interesting and important positive effects for BT when using 
renewable materials compared to synthetic equivalents, according to Schuh and Suddel: 

• Price is generally lower on fiber materials  
• Decreased use of non-renewable resources (for example petroleum) 
• Often lighter weight  
• Less CO2 emission  
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• The “production” of crops and plants decreases CO2 gases (plants actually lock up CO2) 
• Less landfill 
• Low energy requirement for processing 

Figure 4 explains the fact that crops and plants that are used for renewable materials “lock up” 
CO2. Not only does the production require less energy and emit less CO2 but it increases its 
positive effect by locking up carbon dioxide in the material itself. 

 

Figure 4. The figure shows a simplified life cycle of a renewable product compared to a regular industrial products 
life cycle. At the top the CO2 “lock up” effect is illustrated in which the plant/crops photosynthesis generates 

oxygen and absorbs carbon dioxide (picture source: Schuh). 

 

Another argument mentioned that also will decrease the various emissions is the possible 
weight reduction when using natural fibers. Compared to glass fiber reinforced composites a 
composite with natural fibers results in a potential 15% decrease in weight, which indirectly 
decreases energy use (Schuh, 1999). 

To get a view of what an introduction of renewable materials in a production process can make 
one of many examples is the 2008-2009 “Ford Escape” and “Ford Mercury Mariner” models. 
Here Ford uses 100% post-industrial recycled yarns in the seat fabrics. The benefits from this is 
that the production uses 2,3 million liter less water, 800 000 kg less CO2 equivalents and 7 
million kWh less electricity (Ford, 2009). 

Looking at the price for natural fibers the outcome is yet another advantageous perspective. In 
the year 2002 natural fibers were purchased for about 0.5-0.6 Euros/kg and glass fibers were 
purchased for about 1.5 Euros/kg (Flake et al, 2008). 

Table 3 declares a couple of renewable materials, their actual use today and a glance into 
where and how these materials can be used by BT. To get a better insight on what types of 
products and components that today can be made out of renewable material please see 
Appendix G for a picture of the Mercedes Benz E-class. 
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Table 3.  A list of selected renewable or partly renewable materials, their use today and BTs possible future use. 

 

 
 

Material Example of use 
today 

Future possible 
BT use Material info Source 

Balsa wood Floor panels in 
cars Floor panels Extremely fast growing, light 

weight GM 

Coconut fibers Seat cushions in 
cars Seat cushions 

Greater humidity absorption 
than synthetic equivalents, 
fungi and mites resistant 

Schuh, 
Daimler 

Abaca plant 
fibers 

Under-floor body 
panels in cars 

Under-floor body 
panels 

Impressively good elasticity 
and tensile strength 

Elliott-
Sink 

Castor oil Tubing for fluids Tubing for fluids 
Made out of the castor 
plant. Gives the tubes great 
flexibility 

Elliott-
Sink 

Caoutchouc 
 

seat bottoms, 
back cushions 
and head 
restraints in cars 

seat bottoms, 
back cushions 
and head 
restraints 

A latex source Elliott-
Sink 

Kenaf plant 
fiber 

Components of 
the headliner, 
door panels in 
cars 

Interior roof, 
diverse panels Quick growing plant 

GM, Ford  
 
 

Soy based 
foam Seat foam in cars Seat foam Very low CO2 emission 

compared to synthetic foam Ford 

Cellulose 
Cellulose based 
cargo floor in 
cars 

Cargo floor Improves noise reduction 
compared to equivalents 

The 
Vancouver 
Province 

Wood fibres 
Enclose rear side 
of backrest in 
cars 

Various interior 
components  Suddell 

Cotton fibres Sound proofing 
material in cars 

Sound proofing 
material  Suddell 

Post-industrial 
recycled yarns Seat fabrics Seat fabrics Both 100% recycled and 

100% renewable Ford 

Flax and sisal  
fiber blend 

Door trim 
panels, door 
linings in cars 

Interiors panels 
and door linings 

Great strength and impact 
resistant. Can be 3D molded. Suddell 

Sisal fibres Carpets in cars Carpets Good abrasion properties Suddell 

Soy-resin 
Door panels in 
harvester 
machine 

Diverse interior 
panels Weight saving Elliott-

Sink 
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APPENDIX A - TOP 10 REASONS TO RECYCLE 

Source: http://nrc-recycle.org/top10reasonstorecycle.aspx 

1. Good For Our Economy  
American companies rely on recycling programs to provide the raw materials they need to 
make new products.  
 
2. Creates Jobs  
Recycling in the U.S. is a $236 billion a year industry. More than 56,000 recycling and reuse 
enterprises employ 1.1 million workers nationwide.  
 
3. Reduces Waste  
The average American discards seven and a half pounds of garbage every day. Most of this 
garbage goes into to landfills, where it's compacted and buried.  
 
4. Good For The Environment  
Recycling requires far less energy, uses fewer natural resources, and keeps waste from piling up 
in landfills.  
 
5. Saves Energy  
Recycling offers significant energy savings over manufacturing with virgin materials. 
(Manufacturing with recycled aluminum cans uses 95% less energy.)  
 
6. Preserves Landfill Space  
No one wants to live next door to a landfill. Recycling preserves existing landfill space.  
 
7. Prevents Global Warming  
In 2000, recycling of solid waste prevented the release of 32.9 million metric tons of carbon 
equivalent (MMTCE, the unit of measure for greenhouse gases) into the air.  
 
8. Reduces Water Pollution  
Making goods from recycled materials generates far less water pollution than manufacturing 
from virgin materials.  
 
9. Protects Wildlife  
Using recycled materials reduces the need to damage forests, wetlands, rivers and other places 
essential to wildlife.  
 
10. Creates New Demand  
Recycling and buying recycled products creates demand for more recycled products, decreasing 
waste and helping our economy.2.5. 
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APPENDIX B – TOP 30 MATERIALS IN EACH VEHICLE 

B.1 The NAT vehicle 

 
  

# NAT vehicle, 8 wagon Weight (kg) % of total train Percentage 

1 Steel 147 518 60,821%   

2 Aluminium 25 494 10,511%   

3 Stainless steel 14 629 6,031%   

4 Copper 12 199 5,030%   

5 Glass 5 014 2,067%   

6 Iron (grey cast) 4 558 1,879%   

7 Glass fibre reinforced polyester 4 255 1,754%   

8 Silicone rubber 1 693 0,698%   

9 Polypropylene 1 605 0,662% 1-10: 

10 Rubbers 1 516 0,625% 90,079% 

11 Iron (Ferrous based metals) 1 291 0,532%   

12 Rubber based floor covering 1 236 0,510%   

13 Cross-linked polyethylene (PEX) 1 108 0,457%   

14 Railfiber T 2SL 1 076 0,443%   

15 Synthetic ester 1 020 0,421%   

16 Paint, lacquer and coatings 981 0,404%   

17 EPDM rubber 962 0,397%   

18 Plywood 875 0,361%   

19 Unspecified electrical components 760 0,313% 11-20: 

20 Al-Mg-Si alloy 760 0,313% 4,151% 

21 Polyester 735 0,303%   

22 Ethylene-vinylacetate rubber 727 0,300%   

23 High Pressure Laminate 672 0,277%   

24 Unspecified 554 0,228%   

25 Polymers 548 0,226%   

26 Nickel 415 0,171%   

27 Metals 406 0,167%   

28 Epoxy 388 0,160%   

29 Polycarbonate 378 0,156% 21-30: 

30 Potassium hydroxide 374 0,154% 2,143% 

 
TOTAL 233 747 

96,373%  

 
TOTAL train 242 543 
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B.2 The SSL vehicle 

  

# SSL vehicle Weight (kg) % of total train Percentage 

1 Steel 15 556 46,029%   

2 Aluminium 9 295 27,502%   

3 Stainless steel 1 229 3,635%   

4 SG Iron 1 080 3,196%   

5 Iron 964 2,852%   

6 Copper 783 2,317%   

7 Glass fibre reinforced plastics 568 1,682%   

8 Unspecified 499 1,476%   

9 EPDM rubber 440 1,302% 1-10: 

10 Iron (grey cast) 427 1,264% 91,254% 

11 Glass 398 1,177%   

12 Cross linked polyolefin 302 0,895%   

13 Silicon 181 0,537%   

14 Natural rubber 144 0,426%   

15 Al-Cu-Si alloy 130 0,385%   

16 Synolite 5001-T-1 91 0,269%   

17 Toughned glass 82 0,244%   

18 Calcium silicate 80 0,237%   

19 Nickel 77 0,228% 11-20: 

20 Glass fibre 66 0,195% 4,592% 

21 Al-Mg-Si alloy 58 0,171%   

22 Other halogen free insulation 56 0,166%   

23 Al-Si alloy 56 0,164%   

24 Melamine foam insulation 50 0,147%   

25 Metals 46 0,135%   

26 Glass fibre reinforced PP 45 0,133%   

27 Aluminium based metals 42 0,126%   

28 Nylon 42 0,125%   

29 Silicone rubber 42 0,124% 21-30: 

30 PVB 39 0,115% 1,407% 

 

TOTAL 32869 

97,253%  

 
TOTAL train 33 797 
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B.3 The C20 vehicle 

 

  

# C20, a wagon three sections Weight (kg) % of total train Percentage 

1 Steel 25 766 37,576%   

2 Stainless steel 18 237 26,596%   

3 Aluminium 8 360 12,192%   

4 Iron (grey cast) 3 176 4,632%   

5 Toughned glass 2 238 3,264%   

6 Copper 1 894 2,762%   

7 Plywood 1 832 2,672%   

8 Glass reinforced plastics 963 1,405%   

9 Unspecified electrical components 470 0,686% 1-10: 

10 Unspecified polyolefin 456 0,666% 93,086% 

11 Rock wool 436 0,635%   

12 Silicone rubber 423 0,617%   

13 EPDM rubber 370 0,539%   

14 Rubbers 364 0,531%   

15 Glass wool 345 0,503%   

16 Ethylene-methylacrylate rubber 318 0,464%   

17 Polyurethane 268 0,390%   

18 Printed Circuit Board Assembly 267 0,389%   

19 Glass fibre 225 0,328% 11-20: 

20 Polyamide 170 0,248% 4,201% 

21 Laminated glass + polyester 131 0,191%   

22 Glass fibre reinforced phenolic plastic 130 0,190%   

23 Balsa wood 124 0,181%   

24 Aluminium based metals 122 0,177%   

25 Fluids 100 0,146%   

26 Brass 93 0,135%   

27 Polyester 85 0,123%   

28 MS Polymer adhesive 79 0,115%   

29 Copper based metals 76 0,111% 21-30: 

30 ABS  76 0,110% 1,289% 

 
TOTAL 67594 

98,576%  

 
TOTAL train 68570 
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APPENDIX C – WORLD POPULATION GROWTH 

 

 
 

Picture source: 
http://web000.greece.k12.ny.us/SocialStudiesResources/Social_Studies_Resources/GHG_Docu
ments/World%20Population%20Growth%20Chart%2008.03.jpg 
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APPENDIX D - INTERVIEW QUESTIONNAIRE 

When producing this component, what is the composition (preferably in percent) between 
virgin and recycled material? 

 

The amount recycled material used described in the question above; is that industry standard 
or does this specific component contain less or more recycled material than the industry 
standard? 

 

Is it possible to increase the amount recycled material when producing this 
material/component without interfering with the properties and interfering with the quality 
and use of this component? If no, please explain why. 

 

Does a change in the composition of virgin/recycled material force a change in the production 
method? 

 

In your point of view, what is the limiting factor for the amount of recycled material used in this 
component? 

 

What would the difference be in the component if Bombardier asks for use of more recycled 
material in the component? 

 

How would the price change if the amount of recycled material in this component would 
increase?  
 

What part of this cost change is associated with the change in raw material versus production 
method? 
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APPENDIX E – ARTICLE: RENEWABLE MATERIALS FOR 
AUTOMOTIVE APPLICATIONS  
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APPENDIX F - ARTICLE: PROCEEDINGS OF THE 
SYMPOSIUM ON NATURAL FIBRES 
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APPENDIX G – RENEWABLE MATERIALS IN        
MERCEDES BENZ 

 

 

 

 

 

 

 

Photo courtesy of DaimlerChrysler AG 

Picture source: http://www.edmunds.com/media/advice/specialreports/biobased.materials/dcx.e.class.500.jpg 

 

According Sue Elliott-Sink, the writer of the article “Cars Made of Plants?” there is up to 50 components in 
Mercedes-Benz A-, C-, E- and S-Class models that are biobased. 
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APPENDIX H – CALCULATIONS: 10% INCREASED 
RECYCLED CONTENT IN THE NAT PROJECT 

The following calculation shows the difference in the energy use when the recycled content is 
increased with 10%, calculated upon the embodied energy for the 5 most common materials 
(adds up to almost 85% of the total mass of the train) in the NAT train.  
 
Embodied energy is the energy that was used in the work of making a product out of this 
material. It is an energy accounting methodology which aims to find the sum of the total energy 
necessary for a products life cycle. The life cycle includes transportations, extraction, 
manufacture, assembly, installation, disassembly, deconstruction and/or decomposition.  
 
The final results included in the report shows the possible energy savings for the complete NAT 
project and also recalculated as the total yearly energy consumption of Swedish average 
houses, to set it in proportions. 
 

  BT 
recycled 
content 

Embodied 
energy, primary 

production MJ/kg 

Embodied energy, 
secondary 

production  MJ/kg 

Total 
weight in 
NAT train 

Total potential energy 
savings MJ/NAT train 

(10% increase ) 

Steel 28% 33,5 9,5 147 518 354 043 

Aluminium 37% 220 19,5 25 494 511 155 

Stainless steel 79% 81 23 14 629 84 848 

Copper 0% 71 17,75 12 199 64 960 

Glass 34% 15,5 6,82 5 102 4 429 

    TOTAL 1 019 435 

 
The following table shows the 5 most, by weight, used materials in the NAT project. The column 
to the right shows the difference in embodied weight between primary and secondary material 
multiplied with 10% of the total weight of the specific material in the train.  
 
Example: Steel 

  33,5 − 9,5 ∗  0,1 ∗ 147 518 = 354 043 𝑀𝐽 
 
The exact same calculation was made for all these five materials and finally a summarized value 
was calculated. This is the theoretical value of saved energy when increasing the recycled 
content with 10% for one single NAT train. 
 
From the Swedish company Vattenfall a figure on the “total yearly energy consumption of an 
average Swedish household” (secondary energy) was gathered and converted to MJ.  
 

26 200 𝑘𝑊ℎ = 94 320 𝑀𝐽 
 
The possible energy savings for one train equals the total energy consumption of almost 11 
households. The total NAT order includes 172+200 trains, both 7 and 8 car vehicles. 
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APPENDIX I - MATERIAL AND COMPONENT LIST 

I.1 The NAT vehicle 

In the following appendix some information is confidential and treated as internal classified information and 
therefore not included in this print. 
Material Component // Location in the NAT Weight (kg) 

Copper  612,69 

   632,08 

   950,53 

   615,44 

Glass  508,20 

   400,40 

   635,32 

   358,36 

   448,12 

Silicone rubber  280,73 

   198,88 

   209,92 

Steel  3 848,00 

   3 848,00 

   3 196,00 

   3 183,00 

   3 182,00 

   3 132,00 

   3 132,00 

   3 132,00 

Cross-linked 
polyethylene 

 144,16 

   175,88 

   99,59 

   186,83 

Ethylene-vinyl 
acetate rubber 

 110,05 

   90,29 

   209,92 

Polyester  27,36 

   27,36 

   24,00 

   28,80 

   28,80 

Stainless steel  1 101,50 

   426,00 

Aluminium  1308,21 

   709,4 

   690,88 

   616 

Cadmium  358,40 

Polyvinyl chloride  12,92 

Nickel  414,40 
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I.2 The SSL vehicle 

In the following appendix some information is confidential and treated as internal classified information and 
therefore not included in this print. 
Material Component // Location in the SSL Weight (kg) 

Aluminium  2130,00 

   1670,00 

EPDM rubber  228,19 

Glass fibre 
reinforced plastics 

 360,00 

Iron (Ferrous based 
metals) 

 420,00 

   378,56 

Cross-linked 
polyolefin 

 280,00 

Steel  3200,00 

   2304,00 

   1328,00 
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I.3 The C20 vehicle 

In the following appendix some information is confidential and treated as internal classified information and 
therefore not included in this print. 
Material Component // Location in the C20 Weight (kg) 

Iron (grey cast)   1040,00 

   920,00 

Plywood  1446,00 

Glass  423,00 

Stainless steel  16423,00 

   210,00 

Ethylene-metyl 
acrylate rubber 

 200,00 

  108,00 

Polyurethane  226,80 

Steel  1368,00 

   960,00 

   896,00 

   852,00 

   852,00 

   852,00 

   852,00 

Aluminium  998,00 

   760,00 

   700,00 
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APPENDIX J -  CONTACT REFERENCES 

The following appendixes are the supplier information gathered during the investigation phase.  

 

In the status row there are four different colors, here follows the explanation: 

Green  The supplier has answered questions regarding the use of recycled or 
renewable material. 

White The supplier has not been able to give an answer, or the focus is on 
investigating what is possible for that specific material. 

Yellow The supplier has declined to give out information. 

Orange   Is a note that is further explained 

 
  



72 

 

J.2 The NAT vehicle 

In the following appendix some information is confidential and treated as internal classified information and 
therefore not included in this print. 

Material CE-MAT code Weight (kg) Status Recycled 
content 

Contact person Company Date 

Copper        

  612,69  0%   2009-10-13 

  632,08  0%   2009-10-13 

  950,53  0%   2009-10-13 

  615,44  0%   2009-10-13 

Glass        

  508,20  35%   2009-09-08 

  400,40  35%   2009-09-08 

  635,32  35%   2009-09-08 

  358,36  35%   2009-09-08 

  448,12  35%   2009-09-08 

Silicone rubber        

  280,73  0%   2009-10-06 

  198,88  0%   2009-10-06 

  209,92  0%   2009-10-06 

Steel        

  3 848,00  <5%   2009-11-11 

  3 848,00  <5%   2009-11-11 

  3 196,00  <5%   2009-11-11 

  3 183,00  <5%   2009-11-11 

  3 182,00  <5%   2009-11-11 

  3 132,00  <5%   2009-11-11 

  3 132,00  <5%   2009-11-11 

  3 132,00  <5%   2009-11-11 

cross-linked 
polyethylene 

       

  144,16  0%   2009-10-06 

  175,88  0%   2009-10-06 

  99,59  0%   2009-10-06 

  186,83  0%   2009-10-06 

Ethylene-vinyl 
acetate rubber 

       

  110,05  0%   2009-10-06 

  90,29  0%   2009-10-06 

  209,92  0%   2009-10-06 

Polyester        

  27,36      

  27,36      

  24,00      

  28,80      

  28,80      

Stainless steel        

  1 101,50  60-70%   2009-11-23 

  426,00      

Aluminium        

  1308,21  30%   2009-10-29 

  709,4  At least 50%   2009-10-20 

  690,88  44% (global 
average) 

  2009-09-08 

  616  30%   2009-10-29 

Cadmium  358,40  0%   2009-10-09 

Polyvinyl chloride  12,92      

Nickel  414,40  0%   2009-10-09 
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J.3 - The SSL vehicle 

In the following appendix some information is confidential and treated as internal classified information and 
therefore not included in this print. 

Material CE-MAT code Weight (kg) Status Recycled 
content 

Contact person Company Date 

Aluminium        

  2130,00  0%   2009-10-29 

  1670,00  90%   2009-10-23 

EPDM rubber  228,19      

Glass fibre 
reinforced plastics 

 360,00  0%   2009-10-14 

Iron (Ferrous based 
metals) 

       

  420,00  <5%   2009-10-06 

  378,56  70%    

Cross-linked 
polyolefin 

 280,00  0%   2009-09-07 

Steel        

  3200,00  100%   2009-09-12 

  2304,00  100%    

  1328,00      
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J.4 - The C20 vehicle 

In the following appendix some information is confidential and treated as internal classified information and 
therefore not included in this print. 

Material CE-MAT code Weight (kg) Status Recycled 
content 

Contact person Company Date 

Iron (grey cast)        

  1040,00  50-70%   2009-10-19 

  920,00      

Plywood  1446,00  100% 
renewable 

  2009-09-30 

Glass  423,00  30%   2009-10-13 

Stainless steel        

  16423,00  80%   2009-09-18 

  210,00      

Ethylene-metyl 
acrylate rubber 

       

  200,00  0%   2009-10-01 

  108,00  0%   2009-10-01 

Polyurethane  226,80      

Steel        

  1368,00  95%   2009-11-02 

  960,00  50%   2009-10-19 

  896,00      

  852,00  100%   2009-09-23 

  852,00  100%   2009-09-23 

  852,00  100%   2009-09-23 

  852,00  100%   2009-09-23 

Aluminium        

  998,00  10-30%   2009-10-12 

  760,00  75-90% / 
25% 

  2009-09-17 

  700,00      
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