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Abstract 
The design phase is one of the most important stages in the product development process. At this 

stage, important decisions are taken regarding the product specifications and characteristics. Apart 

from the product itself, these decisions can affect the environment throughout the entire lifetime of 

the product. Since designers know from the early stages of the product development the material 

composition and how the product will operate, estimations are possible regarding the environmental 

impacts that the product can have. 

Life Cycle Assessment (LCA) is a methodology that can help in defining and calculating the impacts of 

a product from the moment its materials are extracted from the earth (cradle) up to the point when 

the product is wasted (grave). Today there are several tools available based on LCA methodology to 

support calculating the environmental impact. Environmental engineers can use these tools in order to 

find the hot spots in the products’ life cycle and with the aid of this information work in order to 

minimize the environmental impacts. 

This study focus on developing a tool that will assist design engineers in the rolling stock 

manufacturing company, Bombardier Transportation, to make environmental assessments in the early 

design phases of train products and systems. Furthermore the purpose of this study is also to provide 

an overview whether a tool like this can be included into the design process of the train products. 

Due to the size of the company there is the need to develop a customized tool to support the design 

department in the best possible way. The tool developed is web-based using GaBi Envision and can 

be used in parallel with the design software. During the tool development there have been discussions 

with the designers regarding their needs, the tool structure and operation of the tool. A case study for 

two train motors with different material composition was used to evaluate the final tool. 

The results helped to understand the applicability of the tool in the early stages of product 

development and which difficulties occur when interpreting the outcomes of the tool. Moreover since 

design engineers normally do not have a background in environmental studies it is also important that 

the tool can provide easily understandable feedback based on the environmental impact assessment. 

With this in mind the tool can be improved in the future for better support of design engineers. 
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Sammanfattning 
Designfasen är ett av de viktigaste stegen i produktutvecklingsprocessen. Under denna fasen fattas 

viktiga beslut om produktens specifikationer och egenskaper. Bortsett från själva produkten, kan dessa 

beslut påverka miljön under hela produktens livslängd. Designer ingenjörer vet från redan tidigt i 

produktutvecklingen, produktens materialsammansättning samt hur den kommer fungera i drift, det är 

då möjligt att uppskatta produktens miljöpåverkan. 

Livscykelanalys (LCA) är en metod som kan stödja arbetet med att definiera och beräkna 

miljöeffekterna av en produkt från den tidpunkt då dess material utvinns från jorden (vaggan) fram till 

den punkt när produkten skrotas (grav). Idag finns det flera verktyg som är baserade på LCA metodik 

för att stödja dessa beräkningar. Miljöingenjörer kan använda dessa verktyg för att hitta hotspots i 

produkternas livscykel och med hjälp av denna information minimera effekterna på miljön. 

Denna studie fokuserar på att utveckla ett verktyg som hjälper konstruktörerna i 

tågtillverkningsföretaget Bombardier Transportation, att utföra miljöbedömningar tidigt i designfasen 

av tågprodukter och system. Syftet med denna studie är dessutom utvärdera om ett sådant här verktyg 

kan ingå i designprocessen för tågprodukter. 

På grund av storleken av företaget finns det ett behov av att utveckla ett kundanpassat verktyg som 

passar in i designavdelningens verksamhet på bästa möjliga sätt. Verktyget är webbaserat och använder 

GaBi Envision och kan användas parallellt med befintlig designmjukvara. Under verktygsutvecklingen 

har det förekommit diskussioner med designers avseende deras behov, verktygsstruktur och hur 

verktyget skall styras. Verktyget testades med en fallstudie bestående av två tåg motorer med olika 

materialsammansättning. 

Resultaten bidrog till att förstå hur verktyget fungerar i ett tidigt skede av produktutvecklingen och 

vilka svårigheter som kan uppstå vid tolkningen av verktygs resultat. Dessutom är det viktigt att skapa 

ett verktyg son kan ge lättförstådd feedback baserat på resultaten från LCA då konstruktörer normalt 

inte har en bakgrund i miljöstudier. Baserat på detta kan ytterligare förbättringar på verktygs behövas i 

framtiden. 
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1 Introduction 

1.1 Background 

The environmental problem 

During the last decades the modern way of life has created great pressures on the environment and as 

a result, consequences are already showing. The effects of human activities on the environment may 

appear in the form of impact to the natural environment and can be identified as global warming, 

eutrophication, ozone layer depletion acidification, resources depletion etc. Industrial activities, land 

and water exploitation are some of the most important causes that contribute to environmental 

deterioration. Part of this deterioration originates from the increased manufacture and use of 

consumer products like small electronic devices, cellphones and computers but also bigger and more 

complicated ones like cars, trains and airplanes. No matter the size, products create a substantial 

impact on the environment from the moment they enter the production process up to the point they 

are discharged and handled as waste.  

Efforts from organizations and the society have been made to face the challenges of protecting the 

environment from any harmful effects and provide a sustainable development for the future. The 

awareness from organizations and industries towards optimized environmental performance of 

products has increased during the recent years. This can be illustrated by the increased numbers of 

frameworks and policies that are introduced both by policy makers (Directive 2009/125/EC, 2009), 

(ISO/TR 14062, 2002) and the industries in order to integrate environmental thinking into industrial 

processes like designing and production (Poulikidou, 2012). A variety of environmental management 

schemes (ISO 14000 series) and guidelines like the Design for Environment (DfE) and Eco-Design 

frameworks (ISO 14006, 2011) have been introduced in order to assist industries in a more proactive 

environmental approach of their management and product development procedures. 

Pressures to the industries from organizations and governments is increasing in order to follow 

guidelines based on environmental perspectives and integrated them to product planning processes 

and development. (Chulvi & Vidal, 2011). 

The role of product development 

Product development is the stepwise process followed in order to transform an idea of a new product 

into a completed one (Poulikidou, 2013). The main steps during product development include product 

planning, conceptual design, detailed design, testing and production (ISO/TR 14062, 2002). The 

majority of the decisions related to the product specifications like size and material composition are 

made at the initial phase of the product development processes. According to previous studies the 

design process consumes about 15% of the manufacturing costs of the product but in this point 
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decisions regarding the products development are made and are responsible for the remaining 85% 

cost (Knight & Jenkins, 2009).  

In terms of the environmental performance of a product, the designing phase has proven to be the 

most important in determining the environmental impact of a product over its life cycle (Deutz, et al., 

2013), (Baumann, et al., 2002). The design decisions taken in that stage affect the entire lifecycle of the 

product until it is handled as waste making designing phase the intervention point to apply 

modifications in order to achieve higher environmental performance (Deutz, et al., 2013). 

When information about the product size, shape, material composition or energy consumption is 

available, the impacts on the environment can be estimated. This is something that can be done at 

least to some extend from the early designing phase. Applying environmental assessment at that early 

stage creates possibilities for making changes to the product when the extra cost will be lower 

compared to the latest product development stages (Johansson, 2006). 

Environmental assessment methods and tools 

Several methods and tools have been developed in order to assist design engineers towards the 

development of more sustainable products and provide information about their environmental 

performance (Baumann, et al., 2002), (Lindahl, 2006). These methods or tools can be qualitative or 

quantitative ways to assess the environmental burdens of the designed products (Calow, et al., 2001), 

(Lindahl, 2006). They can also be guidelines, list of strategies, checklists, matrices, graphs or software 

applications that direct the product development teams through specific steps and actions regarding 

the conceptual or detailed product development process (Poulikidou, 2012). 

More than one hundred methods and tools are available to support both management and operational 

practices of product development (Pigosso, et al., 2013). Each tool is developed and designed in a way 

that can cover the different needs of the user. Some of them are easy and simple to use, while others 

require a high level of environmental expertise (Pigosso, et al., 2013). Recent studies indicate that 

despite the great number of tools available, their application seems to be limited (Baumann, et al., 

2002). Obstacles and barriers in the use of these tools have created an implementation gap between 

theory and practice (Deutz, et al., 2013). The lack of available competences and expertise in the 

companies, as well as lack of a systematic process for the selection of tools are some reasons for this 

poor of implementation (Poulikidou, 2013). Moreover, designers are not trained to be environmental 

scientists thus rely on their basic knowledge on how to respond to environmental matters or the 

potential impacts of their products (Johansson, 2006). Additionally regarding the industry there are 

tools that cannot cover all the companies’ requirements and this is an important point where 

companies have to select the most appropriate tool for them. 

A solution to this problem could be to create a tool that is specifically designed to meet the needs and 

environmental knowledge levels of the users (Knight & Jenkins, 2009). This kind of customized tool 
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has the potential to assist specific phases in the product development processes and provide essential 

guidance to engineers based on the environmental strategies and particular needs of each company. 

1.2 Aim and specific objectives 
The purpose of this study is to develop an environmental assessment tool that can be used during 

early product design stages in order to provide design engineers with preliminary environmental 

assessments of their products. 

The tool will be developed with the aim to assist the design engineers from the Propulsion and 

Control (PPC) department of Bombardier Transportation (BT) and thus be customized to fit the 

needs and work procedures of this company and department. 

The suggested tool will take into consideration the whole life cycle of the product and can be applied 

in parallel with the designing software that design engineers are already using. The assessment process 

implemented into the tool would assist design engineers to identify hotspots in the products’ life cycle 

thus guide them to the necessary improvements on the products’ design and/or material composition. 

In order to fulfill the aforementioned aim, specific objectives have been formulated as follows:  

• To explore previous similar applications in order to retrieve information and ideas regarding 

the tool structure and functionality. 

• To understand the design process of Bombardier Transportation,  

• To develop a customized tool according to designers’ requirements. 

• To evaluate the usability of the tool and present it with the help of a case study. 

1.3 Scope of the study 
The scope of this study is to cover all aspects that have to do with tool development and application, 

customized and aimed specific for designers of train products. The products investigated in this thesis 

are the motor and converter system of a train. The results from the tool will refer to the 

environmental impact during the whole life cycle of both products. The expected users of this tool will 

be designers working with the early product development phases of train products in BT. Guidance as 

well as feedback will be offered from the engineers of the Design for Environment (DfE) department 

in BT. 

This tool will be simple to use and suitable for non-environmental engineers. It will also be a web-

based application which means that there will not be any requirements of installing the software. In 

this way it is expected that the users will be highly motivated to operate this kind of application and 

furthermore it will be used more efficiently and succeed to integrate environmental thinking into 

designing processes. 



Xenofon Chrysovalantis Lemperos  TRITA-FMS-EX-2014:14 
 

4 
 

1.4 Outline of the study 
The remaining chapters of this thesis are organized as follow:  

Chapter 2 - Rolling stock, gives a brief description regarding the products that are going to be 

involved in this study. It provides an overview of the systems on the trains that are involved for 

moving and operating the train. A description about the train company Bombardier Transportation 

and the departments that were involved in this study can be also found in this chapter. 

Chapter 3 - Theoretical framework, is a description of the frameworks that are used for this study, 

like Life Cycle Assessment and Eco-Design. These are the main principles that this study is based and 

it is useful for the reader to have some information on them in order to understand the tool 

development. 

Chapter 4 - Methodology and research strategy, describes the research strategy and the way that 

this study was conducted. It provides an overview of the methods used as well the tool development 

process. 

Chapter 5 - Assessment Tools and methods. The findings of the literature review and the research 

on the available tools are presented in this chapter. It provides information about different tool 

categories that exist today and then focuses on the specific category that is relevant for this study. The 

chapter concludes with an illustration of the structure of the developed tool based on the findings 

from the literature review. 

Chapter 6 - Development of BT-LCA tool, provides an extended description of the tool 

development and structure. It includes information about the features and processes embedded in the 

tool from the input stage through the processing up to the final output stage. 

Chapter 7 - Application and evaluation of the tool on a case study, includes a case study that was 

conducted in order to check the tool usability and operation together with the design engineers. 

Values from existing projects in Bombardier Transportation were applied and the design engineers 

tried to interpret the results.  

Chapter 8 - Discussion and Conclusions, is the discussion part for the main objectives that were 

set for this study. It provides the problems and the benefits that arouse from the literature review, tool 

development and tool testing and makes suggestions for further improvements and modifications on 

the tool structure and application. 

Chapter 9 - Future work, suggests the future possibilities of applying the tool and presents also ideas 

for further development of this kind of tool in product development processes in Bombardier 

Transportation department. 
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2 Rolling stock 

2.1 The train product 
The products that are taken into consideration in this study are systems installed on rolling stock that 

mainly consume electricity in order to operate. The railway rolling stock nowadays covers a variety of 

applications and vehicle types regarding the needs based on different purposes. These can be 

passenger or cargo trains that consume electricity or other types of fuel like diesel or gas. The trains 

that operate with electricity are called electric locomotives or motorized carriages and they are the 

main units that provide movement to the train. The subcomponents that are referred in this study are 

the traction electric motor and the electric converter of the locomotive (Wickens, 2003). 

 

Figure 1: Distribution of electricity for electrical locomotives (Wickens, 2003). 

The electric locomotive receives electrical power for its motion from an external electrical supply 

source. As illustrated in Figure 1 along the rail tracks there is an electric network which provides high 

voltage electricity for the trains. Every electric locomotive is equipped with basic systems such as; 

electrical, mechanical, pneumatic and hydraulic components. The electrical system mainly consists of 

the pantograph, the power transformers, the converters or rectifiers, the traction electric motors and 

the electrical control and management unit (Figure 2). The pantograph is the device that inserts the 

high voltage electricity into the system. Then, the power transformers and converters are responsible 

for altering the voltage and distributing the electricity to the traction electric motors and rest systems 

on board. 

 

Figure 2: The electrical system of a locomotive (Sumida Crossing, 2014). 
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The carbody, main frame, coupling devices, suspension, devices for transmission of tractive and brake 

efforts and bogies belong to the mechanical system of the electric locomotive. The pneumatic system 

includes an air compressor which supplies with compressed air the braking system and other smaller 

systems on board. The hydraulic system includes liquid cooling systems like oil and water. 

All the above systems are responsible for the stability, movement and safety of the locomotives and 

the cars that they are coupled with. It is of high importance that these systems operate in a way that it 

covers all the safety and efficiency aspects of the vehicles. 

2.2 Bombardier Transportation (BT) 
This study is conducted for Bombardier Transportation in order to examine the possibility of 

developing and applying an environmental assessment tool inside the company. BT is a rail 

manufacture company and one of the biggest in the world. BT manufactures products from sub-

systems for already running trains to complete trains, maintenance of train fleets and signaling 

systems. The owned facilities are approximately 63 production and engineering sites in 26 countries 

and 19 service centers across the world. One of the main visions in BT is to achieve high level of 

product environmental performance and this is accomplished by fulfilling a set of strict environmental 

targets during the product development processes. 

2.2.1 Design for Environment (DfE) 

The department of Design for Environment at BT is responsible for the environmental performance 

of BT products and services. DfE department aims to ensure that BT develops, provides and 

maintains products that comply with environmental regulations and fulfill customer environmental 

requirements. Based on the entire life cycle of BT products, DfE specialists assess the environmental 

impacts and produce Environmental Product Declarations (EPD) for internal and external 

communication. Furthermore DfE specialists assist other departments in BT with tools and databases 

regarding the properties and composition of materials and substances. 

The environmental specialists of the DfE department provided feedback and support for the entire 

development and testing of the suggested tool in order to cover their environmental requirements and 

comply with the life cycle assessment (LCA) framework. 

2.2.2 Propulsion and controls (PPC) 

Propulsion and controls is a department in BT that is responsible for the electrical and mechanical 

systems that provide movement to the train. The electrical systems are the high voltage systems, 

transformers, converters and the cabling among them, while the mechanical systems include the 

motors and the gearboxes. The projects that the PPC department is dealing with can be systems in a 

new train or separate systems for trains already in use. 

The above systems are designed by PPC inside BT or they are just specified and ordered from external 

suppliers. For instance the electrical converters are designed by PPC, the parts are ordered from 
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suppliers outside BT and the final assembly takes place in one of BT assembly factories in Sweden, 

Germany or Spain. As for the motor parts, PPC is responsible for the design, the manufacture and the 

final assembly. The rest of the systems like transformers, high voltage systems or cabling, have precise 

specifications and are ordered from BT external suppliers. Suppliers have then the responsibility of the 

design and manufacture of these components. 

PPC is designing the electrical converters and motors from scratch. In this case the tool that is 

developed for this study can be integrated and used from the engineers in these departments. The tool 

will be used by the electrical converter and motor design department in PPC. 
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3 Theoretical framework 
This chapter provides a description of the theoretical frameworks and principles that have been 

investigated through the literature review. 

 

3.1 Life cycle thinking 
Life cycle thinking is an approach to illustrate a product’s system from the moment that its materials 

are extracted from the environment (cradle), up to the time when it is discarded back to the 

environment (grave). Life cycle thinking provides a holistic picture of a product and the system that is 

embedded in (Poulikidou, 2013). It includes the most important stages of a product’s life cycle, like 

manufacture, operation and waste disposal. 

Today life cycle thinking has many applications and it is widely used among industries for 

environmental impact assessments, cost analysis and management. Further studies indicate that can 

also be applied in social sciences (Ekener-Petersen & Finnveden, 2013). 

 

3.2 Life Cycle Assessment (LCA)  
Life Cycle Assessment (LCA) for environmental impacts is a “compilation and evaluation of the 

inputs, outputs and the potential environmental impacts of a product system throughout its Life 

Cycle” (ISO 14040, 2006). Taking into consideration the compilation and evaluation of these inputs 

and outputs of the system, the environmental impacts can be defined regarding their type and 

magnitude. 

In order for an LCA to be carried four stages have to be defined and processed. These four stages are 

goal and scope definition, life cycle inventory analysis (LCI), life cycle impact assessment (LCIA) and 

interpretation of the results (ISO 14044, 2006). The LCA process is illustrated in Figure 3. 

In the first stage, goal and scope, the context and the reason of the study are explained. This is 

accomplished by deciding the functional unit which defines and quantifies the service delivered by the 

product system. Additionally in goal and scope, the researcher sets the system boundaries, the 

assumptions and limitations of the study, the allocation methods that will be used in order to set the 

environmental impact of the processes and in the end the impact categories (ISO 14044, 2006). 

In the life cycle inventory analysis, all the required data inside the system boundaries are collected and 

create an inventory of flows between the nature and the product system. Furthermore the values 

regarding the data are determined and all the assumptions are explained and documented. Additionally 

the inputs and outputs for the product system are allocated to the different processes accordingly to 

the allocation procedure (ISO 14044, 2006). 
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In the life cycle impact assessment stage, the selection of the impact method is depended on the 

functional unit of the system. In this stage the potential environmental impacts are evaluated, based on 

the life cycle inventory flows. The procedures followed in this stage are the selection of the impact 

categories including category indicators and characterization models, the assignment of life cycle 

inventory results to the selected impact categories, and the calculation of category indicator results 

(ISO 14044, 2006). 

On the last stage, the interpretation, the results from the inventory analysis and the impact assessment 

are summarized. The output of the interpretation stage provides also conclusions and 

recommendations for the study. Some basic phases of the interpretation stage are the identification of 

the significant issues based on the results of the LCI and LCIA, the evaluation of the study 

considering the completeness, sensitivity and consistency checks and the conclusions, limitations and 

recommendations (ISO 14044, 2006). 

 

 

Figure 3: Stages and flows that occur during the life cycle of a product (ISO 14040, 2006). 

 

Concluding, LCA can provide information about the environmental impact through the whole lifetime 

of a product. In this way hot spots in the process can be identified and minimized. 
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3.3 Eco-Design 
Eco-design can be defined as a “process integrated within the design and development that aims to 

reduce environmental impacts and continually to improve the environmental performance of the 

products, throughout their life cycle from raw material extraction to end of life” (ISO 14006, 2011). 

Recently Eco-Design has been standardized by International Standardization Organization (ISO) thus 

it can provide guidance to manufacturing companies targeting a more sustainable development. 

The main purpose of Eco-Design is to guide engineers in industry towards a more holistic approach 

regarding the environmental performance of their products. It assists to minimize the potential 

burdens in the environment throughout the whole life cycle. The Eco-Design framework can be 

applied in the early design processes and set strategies and plans for the further product development. 

Eco-Design also provides guidance for the industries to comply with environmental legislations and 

issues. In this way designers have the possibility to understand the effects that their decisions may 

have. Additionally, according to (ISO 14006, 2011) Eco-Design may not only help to prevent the 

environment form negative effects, but also to increase creativity, innovation and further on economic 

factors within the industry. 
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4 Methodology and research strategy 

4.1 Literature review 
In order to acquire relevant knowledge and background for the purposes of this study, a literature 

review through past research papers and present applications was conducted before the initial tool 

development. The last decade was very important for the development and application of LCA 

framework into industry, therefore the majority of the researches and tools investigated for this study 

are developed during these years, approximately since 2000.  

The first part of the literature review concerns previous studies and research papers that have been 

published and are related with terms like Life Cycle Assessment (LCA), Eco-Design, product 

development and product environmental performance. Specifically the research subject was regarding 

consumer products and mainly integration of environmental thinking and design in the industrial 

processes of the automotive industry. 

The second part focuses on existing tools used of assessing the environmental impact of consumer 

products. The research covers mainly tools that were available on the internet or developed and 

described in previous research papers. Additional information and tool description were acquired from 

the participation in the Eco-Design tool conference held by Swerea IVF in 14th and 15th of May 2014. 

4.2 Tool development process 
The initial step of the tool development was to understand the product development processes in BT. 

DfE engineers, as it is mentioned are responsible in incorporating environmental impacts assessments 

into the product development processes. Therefore life cycle assessment and Eco-Design frameworks 

had to be included in the tool structure. These frameworks apply specific processes in the impact 

assessment of the product which are documented in the Product Category Rules of BT (PCR 2009:05, 

2013). 

The assessment tool was created through GaBi Envision LCA software and the materials and 

processes were acquired from databases included with this software. The databases have been 

developed by PE International, the company that provides the GaBi software. Further details about 

the processes and the data used are explained in the next chapters. 

Afterwards discussions with PPC design engineers took place in order to identify their needs and the 

phase in the product development process where the tool will be implemented. The PPC design 

engineers that took part in the tool development and feedback contribution are responsible for the 

electric motor and electrical converter systems on a train. Thus the tool development is oriented 

towards the assessment of this type of products. The material lists for the motor or the converter that 

were used in the tool were provided also from the design engineers. 
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The tool development process followed an iterative process (Figure 4) in which the tool developer was 

in contact with the PPC design engineers and acquired feedback in order to proceed to the next steps 

of the tool development. At every step of the tool evaluation and feedback there were also testing 

cases which took place in order to check the functionality and usability of the tool. These tests were 

not based on a specific case study or project. Their purpose was to visualize the use of the tool as well 

as the forms of the results that were acquired.  

 
Figure 4: Flowchart of the tool development process 

The initial version of the tool was simple and it had as a purpose to give an idea of the tool 

functionality and operation. Since it was the first time that something like this was introduced to the 

design engineers of PPC department, it was crucial to understand the way they elaborate their ideas 

into projects and how the tool can work in parallel with their tasks without creating obstacles and 

delays to their work. Furthermore it is important that design engineers can understand the structure of 

the tool and be able to use it in an effective way. 

During the tool developing process, several meetings with the design engineers took place in order to 

guarantee that the development was according to the initial purpose and the details inside the tool like 

materials and processes would follow the guidelines of their projects. Additionally the design engineers 

provided with feedback and prospective ideas of the following versions of the tool. 

4.3 Tool evaluation – testing 
Every new version of the tool was tested and then evaluated by the designers who provided feedback 

on the tool usability and contents. As a final step of the tool development process, the tool was 

applied on a case study of two specific projects for a train motor. 

Data from previous projects were used as input and designers had the opportunity to evaluate the 

functionality and usability of the tool. Having the specific material quantities and amounts of energy 

consumption, the designers received results regarding the environmental impact of these products. 

Additionally a comparison between different design alternatives was performed.  

Tool 
Development 

Presentation 
to design 
engineers 

Tool testing 

Feedback & 
Comments 
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5 Assessment Tools and methods 
This chapter includes the results of the research that has been conducted regarding the previous and 

existing applications for environmental assessment tools. It presents some of the main assessment tool 

categories as well as tools that have similarities in functionality and operation with the tool that has 

been developed. Some of these were used for the tool operation while others provided ideas for the 

initial tool development. 

5.1 Tool categories 
A significant number of tools and methods have been developed in order to assist engineer designers 

to assess and monitor the environmental performance of their designs (Poulikidou, 2013). These tools 

and methods play an important role in assuring that the environmental aspects are considered in the 

product development processes (Lindahl & Ekermann, 2013). Eco-Design tools and methods can vary 

in their structure or application. They can be qualitative or quantitative and presented in a variety of 

forms like graphs, checklists or software applications (Poulikidou, 2013). 

The qualitative tools are usually guidelines and checklists that lead the engineers through the processes 

of specific frameworks like Eco-Design and LCA, give recommendations or help on monitoring the 

environmental performance during or after the designing phases (Poulikidou, 2013). 

The quantitative tools are mainly matrixes, graphs and software applications. In the recent years 

several software applications have been developed in order to assist engineers for early environmental 

assessments. They provide an easy and simple way to calculate impacts of products and processes in 

small amount of time. Regarding the product material properties, these software applications retrieve 

specific values from databases and make estimation of the impacts in the environment. 

Since this study is conducted for a quantitative tool and more specifically for a software application, 

the following examples of existing applications will focus on this type of tools. 

5.2 Structure of LCA software applications 
The majority of software applications for environmental assessment provide quantitative results. 

These applications are using inputs from several databases and through calculation procedures they 

estimate the environmental impact of a specific product or process. The main processes that are 

involved in the most of these applications are the same. These can be assigning the values and the 

data, calculating the impacts and receiving the results. Some of the biggest differences can be found in 

the way that these main processes can be done regarding their operational environment. Thus various 

applications have a different way of setting the LCA model, connecting the values with a dataset and 

presenting the outcomes or results. Regarding the company and the industry type, some applications 

are more suitable for a specific use than others. 
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5.2.1 Databases 

There are several companies and organizations that are working on acquiring data from the industry 

for processes like material manufacture, energy consumption or transport and provide this data for 

impact assessment use. Then datasets are created and documented with given values for the input and 

output flows of various processes. These datasets can be purchased or used for free in order to be able 

to estimate the total environmental impact of a process. 

EcoInvent 

The ecoinvent database has been developed from the Ecoinvent Center which is a competence Center 

of the Swiss federal Institute of Technology Zurich (ETH Zurich) and Lausanne (EPF Lausanne), the 

Paul Scherrer Institute (PSI), the Swiss Federal Laboratories for Materials Testing and Research 

(Empa) and the Swiss Federal Research Station Agroscope Reckenholz-Tanikon (ART). 

The ecoinvent database provides access in Life Cycle Inventory data for unit processes as well as 

cradle to gate inventories covering different industrial areas. Furthermore ecoinvent contains 

international industrial life cycle inventory data on energy supply, resource extraction, material supply, 

chemicals, metal, agriculture, waste management and transport services. 

All the datasets from the ecoinvent can be used as inputs in the calculation software and provide LCA 

results. For the time being the latest is version ecoinvent 3.0 (EcoInvent Center, 2014) 

ELCD 

European reference Life Cycle Database (ELCD) has been developed from the Joint Research Center 

(JRC) of the European Commission for the first time in 2006. ELCD is suitable for cradle to grave 

LCA studies and the included datasets are in line with ISO 14040 and 14044. At this moment ELCD 

v3 is available and contains 440 datasets with data from chemical and metal industries. It also includes 

data on energy production, transport and end of life processes. The data are provided and approved 

by their respective industry associations (JRC ELCD, 2014). 

PE International 

PE International is the company that has developed the calculation software GaBi and is also 

responsible for developing the database for this software. There are around 8.000 Life Cycle Inventory 

datasets which consist of combination of data from other databases like ecoinvent, ELCD, Plastics 

Europe and World Steel Association. All datasets are generated in compliance with ISO 14044 and 

14064 (PE International, 2014). 
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5.2.2 LCA Software applications 

GaBi 

GaBi is one of the most well-known and widely applied software among LCA practitioners. It can be 

used by different types of industries to develop LCAs and determine the environmental performance 

of their products. Apart from that, GaBi can also support Life Cycle Costing by designing and 

optimizing products from a cost perspective. 

The users can develop a life cycle model of their products; connect it with the database provided with 

the software and get results based on different environmental impact categories. The results can be 

reported and demonstrated as graphs or tables for further interpretation.  

As it is mentioned above, the database that GaBi is using is from PE International and it is a 

combination of several other databases. There is also the option to import other datasets of inventory 

data with respect to the purpose of the assessment. Regarding the use and the industry type, the 

software can be purchased in different types of licenses and specific datasets (PE International, 2014) 

SimaPro 

SimaPro is another LCA software developed by Pre Consultants that is widely used among the 

industry but also academia and research institutes. It offers Life Cycle modelling of products and 

services with datasets from different databases like ecoinvent, ELCD and more. These datasets include 

inventory data about product sustainability performance. 

With SimaPro users can model and analyze life cycles of products, measure the environmental impacts 

and identify the hotspots in all aspects of the product development and supply chain. The advantage 

of SimaPro is that its models are developed on a single level and therefore it is easy to understand the 

entire model tree and get acquainted with the life cycle methodology. This is why SimaPro is also used 

among academia and LCA practitioners. Furthermore in the software several life cycle impact 

assessment methods like ReCiPe and EcoIndicator which include data for different impact categories. 

There are several versions available depending the use and industry orientation (PRé Consultants, 

2014). 

Ecodesign+ 

Ecodesign+ is an online application developed by Ecodesign Company GmbH in Austria and is based 

on LCA framework for assessing, identifying and understanding the environmental impacts of 

industrial products. It is mainly focused on the product carbon footprint (PCF) assessments and 

provides industries with results based on climate change thus greenhouse gas emissions. It is targeted 

for product developers, designers or product managers (Ecodesign Company, 2014). 

The product designers can calculate, compare and improve the carbon footprint of their products. 

Since it is based on LCA methodology it covers every stage of a product’s life, like material 

acquisition, manufacture, distribution, use and end of life. The assessment is using environmental 
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databases based on Ecoinvent datasets. The software can also acquire data from design software like 

SolidWorks or CATIA and Excel spreadsheets. Once the data have been imported in the system, then 

the designer can connect them with the database and generate results. Apart from materials processes 

can also be defined for manufacture, energy use, transportation and product operation.  

Results are generated and presented within the tool interface every time a change in the materials or 

processes is applied. Moreover, the results can be summed in a report to demonstrate the CO2 

emission for every stage of the product’s life and identify the hot spots in the product development 

process. Additionally there is a recommendation regarding the stage with the highest impact referring 

to an eco-design checklist. Furthermore the designer can create a benchmark product and then 

compare it other similar products. The software has also the ability to create a material with company 

specific trade name and connect it with a material in the database. 

So far Ecodesign+ is used by small and medium enterprises (SME) and is the main training tool in the 

EU project “Product Innovation though Eco-design in the Danube region” (Company, 2014) 

5.2.3 Interfaces 

The communication between the user and the tool is achieved through the interface of the tool. All 

the above tools have their own interface structure but sometimes these are too complicated to be 

handled from someone who has not environmental background. For these cases there are tools that 

have been developed and provide simpler handling of the inputs and outputs during life cycle 

modelling and environmental assessment procedure. 

The interface is another type of tool that is integrated with the main LCA software application and 

offers a better and easy to use environment for users that are not fully aware of environmental issues 

or life cycle processes. 

GaBi Envision 

GaBi Envision is another software application developed by PE International that helps in scenario 

modelling for sustainable product design. It uses the previously described application GaBi in order to 

calculate the inputs and outputs of processes and estimate their environmental impacts. Mainly this 

application is providing a different operation environment (interface) for the users. It integrates LCA 

into product development and design processes and gives the possibility of exploring and comparing 

different alternatives. 

This software is provided in two versions; desktop and online. Both require licenses but the online 

version is significantly limited in operation and modification of the investigated model. For this study, 

GaBi Envision online version will be used for the development and modeling of the assessment tool 

(PE International, 2014) 
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SolidWorks Sustainability 

SolidWorks is a suite of Computer Aided Design (CAD) software widely used from various types of 

industries. SolidWorks Sustainability is a support tool for the main CAD suite that offers 

environmental assessments in parallel with the designing procedures. PE International supports the 

software with data and calculation methods through GaBi software. 

It is also based on LCA framework and provides with real time results regarding the selection of 

materials and sizes of the designed product. Since it is linked with PE International database, it can 

provide list of alternative materials regarding the mechanical requirement of the product. The results 

provide an estimation of air, carbon, energy and water impacts. It also provides the selection of a 

baseline scenario and comparison with other alternatives. The results can be presented on the screen 

during designing or in the form of a report (SolidWorks, 2014). 

 

5.3 Bombardier Transportation Life Cycle Assessment tool 
The above investigation through the literature and tool review provided important information in 

order to finalize the form and function of the tool that is developed for this study. The initial need 

from PPC department was to develop a tool that would be easy in operation and provide 

environmental impact estimations in parallel with the design of the product, without being time 

consuming. 

In this case the tool that is developed borrows functions from the above described tools. It is an 

online application that can be used from any computer and it is independent from any CAD software. 

This gives the freedom to be applied in any different department of BT in the future. By observing the 

other tools’ reports it is clear that the results are presented in a simple way without too many details 

for specific impact categories like carbon emissions and energy use. These impact categories are some 

of the simplest ones that a non-environmental engineer can understand and interpret. 

The tool is called BT-LCA tool; (Bombardier Transportation Life Cycle Assessment tool). It is a 

quantitative tool based on the software application GaBi 6 that calculates the input and output flows 

of a model associated with different processes and then provides results with the final impact 

assessment. 
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Figure 5: Map of the BT-LCA Tool and its subcomponents 

 

Figure 5 demonstrates the structure of the tool and the different components that this consists of. 

Every component serves a different purpose in the impact assessment procedures. The database is 

provided by PE International where all the environmental impact values are taken from. Another 

component is the LCA software application which is supported by GaBi 6. The values acquired from 

the databases are calculated and the impact assessment results are presented. The third component is 

the interface which is the operation environment of the tool. In this case the interface is supported by 

GaBi Envision. 
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6 Development of BT-LCA tool  
The main aim of this tool is to support design engineers in early environmental assessments of their 

products. It can provide results for environmental impacts with respect to specific impact categories 

and operate in parallel with the design software. During the tool development process, meetings were 

held in order to demonstrate the tool and acquire feedback from the design engineers. In the 

following sections the tool structure and specifications are justified and explained. 

6.1 Tool structure 
The tool consists of three sections; input, processing and output. In this way it is easy to understand 

the tool functionality and divide the processes for a better understanding. The input and output stages 

are the ones that the designer is using while the processing stage is defined and set from the tool 

developer. 

 
Figure 6: Processes occurring in the assessment tool 

6.1.1 Input 

In this section the designer can insert values based on the specifications of the product. For example 

the amount and type of materials and processes like energy consumption. 

As it was mentioned previously, the development of the tool followed an iterative process which 

involved feedback from the PPC designers. The designers that were involved in this procedure were 

responsible for the electric motor and electricity converter systems on the train. Due to different 

products and designers’ needs, there was the necessity of creating two different types of input 

methods in order to assist each designer separately. Thus as it is seen from the figure below, in the 

input section there are two input options; one for motor and one for the electrical converter. For 

simplicity the two input options are going to be described here as the static set and the dynamic set. 

 
 

 
Figure 7: The two different input sets for the assessment tool 

 

Input Processing Output 

Input Processing Output 

Static (Motor) Dynamic (Converter) 
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6.1.1.1 Static set 

The static set refers to the motor (Figure 8). It has been defined as static since the parameters related 

to the material composition are grouped in order to represent the different components of the motor 

as it is shown in Figure 9 and Figure 10. The motor designer, during product development, has the 

amount of materials summed in specific categories which are parts of the product. These parts are 

predefined in the tool from the tool developer and each of them has specific composition of different 

materials. In this way it is easier for the motor designer to input the desired values for these materials. 

 

 

Figure 8: Example of a motor Mitrac DR 1200 designed by BT (Bombardier Transportation, 2009). 

Nevertheless during the tool development, the motor designer provided a list of materials (Table 1) 

that can be used as alternatives for each component. In this way the designer can add values to the 

ones that he wants to use and assign zero values for the rest. Apart from the amount of the materials 

the designer can insert values for electricity consumption for assembly and operation with respect to 

the country grid mix that the product is assembled or operated. 

 

 
Figure 9: Static input process for motor. 
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Figure 10: Screenshot from the input table for the static set. 

The static set (motor) includes the following list of materials: 

Table 1: List of materials for motor assembly 

Metals Polymers 
Aluminium Polyamide 6.6 

Stainless Steel Ethylene propylene (EPDM) 
Steel  

Copper  
Iron  

6.1.1.2 Dynamic set 

On the other hand the dynamic set which is referring to the electricity converter (Figure 11 and Figure 

12) is open to adjustments and can assist in design for different types of products. As seen in Figure 

12 and Figure 13 below, the materials are not grouped into product components. They are divided as 

well into metals and polymers for simplicity and usability and are summed for the whole product 

assembly. This input method was decided after discussing with the converter designer and concluding 

that is more convenient for the department to sum themselves the amount of each material and then 

add it in the tool. 

The input fields include most of the main materials that the product consists of such as aluminium, 

steel, stainless steel, copper and polymers (Table 2).Regarding the energy consumption during 

assembly and operation the same input principle as for the static set is followed. 

 

Figure 11: Example of electrical traction converter Mitrac TC 1410 design by BT (Bombardier Transportation, 2009). 
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Figure 12: Dynamic input process for electrical converter. 

 

 
Figure 13: Screenshot from the input table for dynamic set. 

 

The dynamic set (converter) includes the following list of materials: 

Table 2: List of materials for electricity converter assembly 

Metals Polymers 
Aluminium Polyethylene 

Stainless Steel Polycarbonate 
Copper Polyamide 6.6 

Iron Polypropylene fibers 
 Polyester 
 Ethylene propylene (EPDM) 
 Epoxy 

 

6.1.2 Input data processing and impact assessment  

The second stage of the tool structure is the processing of the input data and the environmental 

assessment procedure. During this step all input values are linked with a database and being processed 

in order to calculate the final impact and result of the assessment. 

In order to calculate the environmental impact of the materials and processes included in the product, 

a model had to be built based on life cycle framework. This model defines the main structure of the 

processing part. In this model there is all the information that links the processes and materials with 

the database. Calculations occur in this stage in order to estimate the environmental impacts of the 
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product. All these processes are done in the background and they are not modifiable by the designer. 

The tool developer is the responsible one that can make changes in the model. The processing part is 

following the framework of a LCA thus the main parts of scope, inventory analysis and impact 

assessment have to be defined. 

6.1.2.1 Scope 

Functional Unit 

This tool can serve two types of life cycle assessments. In the first case it can be used as a screening 

tool that will help to study the life cycle phases and identify the hot spots in the product’s life. The 

second phase is to be used as LCA comparison tool between two products or more. 

In both cases the functional unit is is defined by the design engineers during the input procedure. 

When comparing two products that have the same function, like motors or converters the functional 

unit can be a specific number of operation years which comes from the duration of the same number 

of loading cycles. A loading cycle is a fixed operation route with specific environmental parameters 

such as wind resistance, landscape and number of stops and weather conditions. On this route runs a 

train that the investigated product is attached on.  

In chapter 7 (Application and evaluation of the tool on a case study) there are detailed values 

regarding the loading cycles and the route that they follow.  

The functional unit is the parameter that is most difficult to predefine in a tool that is as versatile as 

this, However for the design engineers the functional unit can seem fairly obvious as when working 

with product development the aim is often to compare two or more products with each other in order 

to track the enhancements done. The products will have the same function in the train but e.g. 

differences in materials and/or operational efficiency (energy use during operation) 

System boundaries 

The processes that are included in the model are the following: 

• Cradle to gate data of the raw material used in component production 

• Transport of major subcomponents to assembly plants 

• Energy consumption during operation 

• End-of-life processes, waste and impacts generated from landfill and incineration 

The following processes are not included: 

• Manufacturing processes at suppliers 

• Energy used in maintenance 

• Spare parts for maintenance 

• Disassembly during end-of-life processes 
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• Benefits from End-of-life processes like recycling of metals, heat and electricity generated 

from incineration processes 

During the meeting that occurred for the tool development it was decided that allocations have to 

been made from the designers in order to calculate the energy consumption and losses during the 

product operation. 

The place of production, assembly and operation of the products is decided by the designer from a 

drop down list in the tool. The countries available for manufacture and assembly are: Germany, 

Sweden, Spain, Switzerland, China, India, USA and an average value of the Europe’s 27 countries. The 

countries available for operation are: Germany, Sweden, Italy, Switzerland, France, Great Britain, 

China, India, USA, Canada, Australia and an average value of the Europe’s 27 countries. 

At the end-of-life processes, the products are assumed to be dismantled and shredded. The materials 

are separated in categories of metals, polymers and rest, and processes are waste to landfill or 

incineration. Flows from processes that produce and give back energy or materials to the system have 

been cut-off. Such flows are the energy gain from incineration of material reuse from recycling. 

6.1.2.2 Inventory analysis 

This model also includes  

• material inventory lists 

• information about energy consumption 

• calculations of the products energy consumption during the entire life cycle. 

• assumptions about the end-of-life scenario depending on material type 

The material data were provided by PPC designers of motor and electrical converters in BT in 

Västerås More details about the correlation of the materials with the GaBi database can be found in 

the Appendix. 

As it is seen from Figure 14 and Figure 15, the structure of the assessment process has three stages 

which are the life cycle stages of a product; assembly, operation and end of life. 

 
 

 
Figure 14: Sub-processes occurring in the processing stage. 
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Figure 15: Life cycle phases in the tool model. 

6.1.2.3 Assembly 

In this stage the materials for the product are gathered and assembled. All the values that the designer 

has assigned in the input stage are linked with these materials and processes. These processes are raw 

material extraction, acquisition, processing and transportation to the assembly point. Energy during 

assembly of the train is also a process that is included in this part and can be defined by the designer. 

The transportation of the assembled product is something that cannot be defined by the designer and 

has a predefined value. This is due to the fact that at this point of product development, it is difficult 

to know the origin of the materials and components. Thus a random value of 1500 km of road 

transport throughout Europe has been assigned to this model. Figure 16 and Figure 17 provide 

screenshots from the GaBi software illustrating a detailed flowchart for the motor and converter 

assembly. 

 
Figure 16: Diagram of the motor assembly and the materials and processes that are involved. 
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Figure 17: Diagram of the electricity converter assembly and the materials and processes that are involved. 

6.1.2.4 Operation 

The operation phase contains processes that have to do with the use of the product. In this case 

motor or electricity converter. The only process that is included is the energy consumption which is 

defined as electricity consumption in order to operate the product. The amount of this process is also 

assigned by the designer in the input stage. 

Since these products are part of a whole train system it is very difficult to identify by precision the 

amount of energy that they allocate from the whole train. Each vehicle operates under different 

conditions like number of cars, route, and number of stops etc. thus the total electricity consumption 

varies. The amount of electricity that the train receives from the electric grid is distributed to the 

various systems in order to provide movement. Part of this energy is consumed as thermal energy due 

to mechanical friction and resistance in electrical circuits. This energy is defined a “losses”. 

Nevertheless, regarding the product specifications, designers are able to calculate these energy losses 

of the product in MWh units. In this way the designer can input this amount of “lost” as well as used 

energy and evaluate the environmental impacts. 

In order to provide design engineers with a comparison of the product and the total train in terms of 

energy consumption, there is also the possibility in the tool of having the input of the total train 

electricity consumption. In this way it is easy to demonstrate the proportion of the product 

consumption towards total train consumption. 

In the tool there is the option to choose the country electricity mix. This set is the same for both 

motor and converter and the selection of countries was made regarding the assembly points and 
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customers of BT. In Table 3 the different country electricity grid mix for assembly and operation 

phases that can be chosen are listed. 

Table 3: List of country specific electricity grid mix 

During assembly During operation 
Germany Germany 
Sweden Sweden 
Spain Italy 

Switzerland Switzerland 
Europe – 27 France 

China Great Britain 
India Europe – 27 
USA China 

 India 
 USA 
 Canada 
 Australia 

 

6.1.2.5 End of Life 

This stage includes processes that occur after the product reaches its serving time. Parts of the product 

are then discarded while others can be recycled or reused. The main procedure is that the train is 

shredded and then metals with the rest materials are separated. The different materials are then sent 

for material recovery, energy recovery or landfill. 

As it is mentioned, in this tool only the environmental impacts from the landfill and the energy 

recovery process were included. Gained heat or energy from incineration is not accounted in the 

model since they are out of the system boundaries that were defined previously. The same applies for 

material recovery coming from recycling of metals or polymers. 

The following table shows the amount of each material (metals or rest) that contributes to incineration 

and landfill during the end of life processes. 

 

Table 4: Percentage of materials that contribute to incineration or residue (UNI-LCA-001:00, 2013) 

 Metals Mixed Materials 
Energy recovery (Incineration) 0% 19% 
Residue (Landfill) 2% 67% 
Material recovery (Recycling) 98% 14% 
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Figure 18: The processes in the tool model regarding the End of Life. 

6.1.2.6 Impact assessment 

In the DfE department in BT there are specific impact categories and impact assessment methods 

which are being used for the life cycle assessments and the Environmental Product Declarations 

(EPDs) of BT products. These are chosen according to documents called Product Category Rules 

(PCR 2009:05, 2013). PCRs provide guidance to environmental specialist in DfE department in order 

to proceed with LCAs and EPDs. 

The following impact categories in Table 5 are the ones that have been selected for the BT-LCA tool 

and the life cycle impact assessment method (LCIA) used is CML 2001 (PE International, 2014) 

according to (PCR 2009:05, 2013). 

 

Table 5: Summary of impact categories and units (PCR 2009:05, 2013) 

Impact Category CML 2001 Unit 
Global Warming Potential (GWP) for the time horizon of 100 years kg CO2 equiv. 
Ozone Depletion Potential (ODP) for the time horizon of 20 years kg CFC 11 equiv. 
Acidifying Potential (AP) kg SO2 equiv. 
Eutrophication Potential (EP) kg PO43- equiv. 
Photochemical Ozone Creation Potential (POCP) kg C2H4 equiv. 
 

6.1.3 Output section 

In this section the assessment results are being finalized and presented to the designer. The tool has 

the ability to present them through its interface on screen or export them in the form of a pre-made 

report in electronic text format for further processing. Since it is an assessment of environmental 

impact, the above described impact categories are used in the output section. 
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Figure 19: The two different ways of presenting the assessment results. 

The designers are not environmental engineers and the knowledge regarding environmental factors 

may be limited thus it was decided that the most appropriate and understandable impact category is 

the global warming potential (GWP) in other words CO2 emissions in the atmosphere. 

From this section the designers have the ability to compare the results from two or more different 

design alternatives. By changing the values in the input section, they can observe the changes in the 

results. 

Finally the interface of GaBi Envision gives the ability for the user to extract the results in a report 

which describes the product, presents the impact results and it is open for further processing. 

6.2 Assumptions and justifications 
During the selection of the materials and processes described above, assumptions were made about 

the choice and connection of these materials with the database provided by GaBi. In complex 

automotive products like motors and converters there are different types of metals and polymers and 

sometimes some of them are not included in the databases of the assessment tools. Nevertheless these 

have to be linked with the ones which are available. The necessity of this selection comes with the fact 

that every different type or form of metal creates different impact on the environment thus the final 

results may vary. 

Considering for example the aluminium, there are different kinds of aluminium alloys with diverse 

content of other metals and diverse final forms like sheets or ingots. In this case during the tool 

development the selection of the material type and form was defined and linked to a specific data set. 

This issue occurs for most of the metals that are included in the materials list. 

Also another issue occurs regarding the country where the material is manufactured. The databases 

included in GaBi have manufacturing processes that are country specific or sometimes generic data for 

Europe or USA and Asia. In this case the most appropriate one has been chosen with respect to data 

availability or worst case scenario. 

Figure 20, illustates the CO2 emissions for the same amount of aluminium (1 kg) but in different 

physical shape. The shapes are aluminium ingot and aluminium sheet and both are generic data for the 

27 countries of EU.  

Input Processing Output 

On Screen Report 
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Figure 20: Comparison for GWP between 1 kg of aluminium ingot and sheet form 

 

Figure 21 shows another comparison for CO2 for the amount of 1000 kg of copper but again in 

different shape. It is noticeable that the machinery process differs for the impacts in GWP of the same 

amount of copper sheet or copper wire. 

 
Figure 21: Comparison for GWP between 1000 kg of copper sheet and wire form 

In this case when such great differences in the environmental impacts occur, both metal shapes have 

been considered as inputs in the tool. This has been decided after receiving feedback from the design 

engineers that they would prefer to have the option of different shapes. 

Another issue that had to be considered was the transportation of the parts for assembly. Design 

engineers in BT are not the ones in contact with the supplier thus they do not know the origin of the 

product parts. In this case, transportation was considered as fixed and could not be managed by the 

design engineers.  
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7 Application and evaluation of the tool on a case study 
As it is mentioned previously in the methodology chapter (4.3 Tool evaluation – testing), the 

evaluation of the tools mainly took place during its development. Every time a newer version was 

available, the design engineers were testing its functionality and provided feedback for further 

developments. In the final version in which the tool was completed, a case study was applied to check 

the tool operation on a project scale. For this evaluation discussions took place with the designers to 

check if it covers their initial expectations. Since three design engineers were responsible for this 

feedback and testing, there was no need to conduct a questionnaire study rather than open discussion. 

The main topics of the evaluation discussion were whether the tool has the potential to represent their 

projects in the matter of material and processes. Also great importance was given to the use phase 

processes like electricity consumption since it is something that contributes the most in the life cycle 

of the product. Further on, discussions were made regarding the impact categories that will be 

included in the results, so that design engineers can have a clear view of the impacts and proceed to 

reasonable changes in the product. 

The case study included two different motors with similar dimensions but differences in the material 

composition thus total amount of weight. The functional unit for a motor is defined by a load cycle 

which is a distance between point A and B of 20 km and is repeated for 18.750 times per year for 33 

years.  

After calculating the train electricity consumption, design engineers are able to allocate the amount of 

energy that is distributed in the motor system in the form of energy losses. This indicates the amount 

of energy in MWh that the motor will consume for its operation. 

The main difference between these two motors is that in one case (Motor A) the rotor is casted 

aluminium while in the second case (Motor C) the rotor is casted copper. The rest of the materials 

have small differences. As it is seen from Figure 22, the differences in material amount and 

composition are for the stator core, the rotor and the stator winding. 
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Figure 22: Screenshot from the tool input table, indicating the differences in material amount and composition. 

 

Considering these input values and retrieving the results from the LCA tool, we can observe in Figure 

23 that Motor A has greater environmental impact for kg CO2 emissions than Motor C. By analyzing 

these values in Figure 24 it is also observed that the use phase rather than the assembly phase 

contributes the most to the environmental impact. 

These results help design engineers to evaluate their products and find the best solution considering 

the interconnection between materials and energy losses or consumption. Additionally, they can 

observe the sensitivity of their products and how changes in material and energy consumption affect 

the environmental impacts. 

Further details and graphs on the results can be found in the Appendix. 
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Figure 23: Graph indicating the GWP in CO2 equivalents for the life cycle of the products. 

 

 
Figure 24: Graph indicating the GWP in CO2 equivalents for the different life cycle phases of the products. 
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8 Discussion and Conclusions 
The purpose of this study is to develop an environmental assessment tool that will assist and guide 

design engineers in BT to make preliminary life cycle assessments of their products. Some of today’s 

available environmental assessment tools that have common structure and functionality with BT-LCA 

tool were investigated prior the tool development. Together with the tool development, investigations 

took place regarding the applicability of this tool in BT and what are the benefits or drawbacks of this 

action. 

8.1 Previous applications and tools 
Through the investigation and the literature review that has been made regarding previous applications 

and environmental assessment tools, it can be seen that nowadays there is a great number of such 

tools serving different purposes (Pigosso, et al., 2013). Some of the most well-known have been 

described in previous chapters while there are plenty other tools that are available on the market. 

Apart from the already existing tools, there are also methods and guidelines like Eco-Design that lead 

industries and engineers in designing environmentally sustainable products. 

Although there is a great offer for methods and tools in order to increase sustainability the main issue 

arises when there is time for applying these into product development processes. Many industries find 

it difficult to incorporate environmental thinking and assessment tools in their product development 

processes due to lack of knowledge in this area or they are unable to select the appropriate tool. 

Depending on the size of the company and the level of environmental awareness, different tools can 

be useful. In BT, as it is mentioned, environmental specialists use GaBi 6 for their environmental 

assessments. This study serves as a starting point to increase the awareness of design engineers in 

environmental issues and connects designing tools with environmental assessment tools. 

Many of these tools can be purchased while there are also applications that are open source or free for 

use. As it is mentioned previously these tools can retrieve data for a great variety of materials and 

processes from several databases. 

Regarding the needs of the industry and each company separately, there are also customized tools 

developed in order to serve specific purposes inside the product designing or development processes 

(Knight & Jenkins, 2009). Such tool is the result of this study, customized for assisting design 

engineers in BT. 

An additional issue that arises from the implementation of Eco-Design guidelines in the designing 

processes is that many big industries such as automotive manufacture companies have long response 

time in order to make changes. Mainly this is due to the size of the company and the numerous 

applications and procedures that should be followed. Also there are several factors that affect the final 

design such as the supply management department. Some of these companies have already an 

environmental design team but it is difficult to introduce Eco-Design principles to all departments. 
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Therefore, each company should give effort on applying these Eco-Design principles by creating 

different strategies and tools that can assist the departments in the most effective and productive way. 

8.2 Tool development 
During the tool development, several issues arise regarding the materials and the processes that are 

going to be included in the tool. The most difficult part was to relate all the design and material 

requirements from the design engineers with the databases and processes provided from GaBi 6 

software. 

The environmental engineer who is responsible for developing and calibrating the tool needs to make 

all the modifications before the design engineers can apply their inputs in the tool. This means that the 

tool has specific input fields which can be changed only from the tool developer. This is a software 

limitation that increases the time if any modifications need to be applied in the tool. The main 

problem from this situation is that there is no possibility of connecting the input fields straight with 

the database from GaBi. This means that every time the developer has to input manually all the 

materials. In the other case, the design engineer has the ability to select straight away the desired 

material for the datasets. 

As it is mentioned earlier, the complexity of the products regarding materials and production 

processes do not allow accurate assessments rather than estimations for a range of values. Several 

assumptions have been made on assembly energy, transportation and maintenance processes. 

Products for trains or even entire trains have large environmental impacts for their entire life in energy 

consumption in comparison with processes such as energy for assembly or transportation. 

During design processes of a product, designers are not fully aware of the specifications of the 

materials and processes they use. In this case they can only assign specific materials but the origin of 

the supplier is unknown and in some cases the material chosen may be changed. This is something 

that is decided from the supply management department and the choices vary every time depending of 

the project. This fact restricts them of making reliable environmental assessments. A solution to this 

matter is by including supply management department to the assessment tool. Lists of suppliers and 

distributors as well as data from factories and assembly points can be included in the tool. In this case 

even if it is not yet decided, the design engineers can take the worst case scenario of a supplier and 

apply it on the product. 

Additionally regarding the assembly procedures the same issues occur. Design engineers do not know 

where the product is going to be assembled thus processes like energy for assembly cannot be defined. 

Even if the assembly point is known, it is difficult to allocate the amount of energy the product needs 

to be assembled, beforehand. After consulting the DfE department and the PPC design engineers the 

solution was to relate the amount of energy with the working hours that the products need for 

assembling. This is the value that design engineers can know and provide. 
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The two input methods that are explained previously in section 6.1.1 provide two ways of adding data 

to the tool. Depending of the project and the designers, they can select one of two ways. This is also a 

helpful ways for the tool developer to understand which method is more appropriate for the different 

departments in BT since it can help for the further development of the tool. 

Regarding the output section during the tool development it was made clear that design engineers are 

not aware of all the impact categories that DfE engineers in BT are using. It was decided then that the 

main impact category that will be presented is global warming potential (GWP). This would make it 

easier and more understandable to interpret the results. This is something that can be explained as a 

lack of relevant environmental knowledge from the designer. In the future it can be improved by 

providing educational seminars on environmental factors to design engineers so that the will be able to 

understand and interpret results from different impact categories and have a holistic picture of the 

products’ environmental impact.  

8.3 Tool operation 
During the testing and the case study of the tool it was observed that design engineers have the ability 

to use the tool in parallel with the designing software without spending significant amount of time. 

The tool is simple in the input fields and can give results on screen after every change of the values. In 

this case design engineers have also the ability to compare different product with various material 

composition.  

The final step of the assessment tool is the presentation of the results and their interpretation. As it is 

mentioned previously, design engineers have a limited knowledge on environmental issues. This makes 

the interpretation of the results a difficult task and sometimes can lead to wrong or negative 

conclusions. It is of high importance that design engineers can interpret the results and proceed to 

suitable modifications in order to increase the environmental performance of their products. A way to 

succeed this task is by applying a guide in the end of the assessment in order to interpret and explain 

why the results have these specific values and lead design engineers to make the suitable decisions on 

the product development based on environmental factors. 

By highlighting the important factors that affect the environmental performance is an easy way for the 

design engineers to include environmental considerations to their projects. In this case their awareness 

is increasing and the environmental performance of the products is considered from the early stages of 

the product development. 
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9 Future work 
Consideration of environmental impacts in the developing process of products is something that will 

increase in demand the following years. Many industries are already applying environmental 

sustainability by considering the impacts in the environment from the early design processes and for a 

life cycle perspective of their products.  

BT-LCA tool is an attempt for BT to incorporate consideration of environmental impacts to the 

groups of design engineers. In this case design engineers are becoming more aware of the impacts that 

their designs might have and how to achieve a better environmental performance of these products. 

Furthermore the next stage of this BT-LCA tool is to be applied on a higher level in the development 

processes. This means that the tool can be applied on an entire train system. Each department that is 

responsible for a specific product can visualize and compare the impacts of this system in comparison 

with the impacts of the train. This will increase the collaboration among the departments in BT and 

provide train system engineers with valuable data. 

Regarding the BT-LCA tool, modifications need to be made in order to fulfill the above goals. There 

are specific restricts from GaBi Envision software that need to change and provide the tool developer 

and user with more options in order to increase the usability of the tool. It is very important to 

provide design engineers with simple solutions that will improve their designs rather than delay and 

setback the product development process. 

  



Xenofon Chrysovalantis Lemperos  TRITA-FMS-EX-2014:14 
 

38 
 

10 References 
Baumann, H., Boons, F. & Bragd, A., 2002. Mapping the green product development field: 

engineering, policy. Journal of Cleaner Production, Volym 10, pp. 409-425. 
Bombardier Transportation, 2009. Propulsion & Controls: MITRAC 1000, Driven by reliability. Zurich, 

Switzerland: Bombardier Transportation. 
Calow, P., Holloway, L. & Owen, A., 2001. Ecodesign from the ground up: taking steps without footprints. A 

step by step guide to greener product development.. Brighouse: Shot in the Dark. 
Chulvi, V. & Vidal, R., 2011. Usefulness of evolution lines in eco-design. Procedia Engineering, Volym 9, 

pp. 135-144. 
Clancy, G., Fröling, M. & Svanström, M., 2010. The ageing society: An example of consequences for biomass 

use.. Tokyo, Japan, u.n. 
Company, E., 2014. DANUBEPIE. [Online]  

Available at: https://ecodesign-company.com/webpages/53d4d92c-e7b0-11e2-b8c5-
00163e004261?locale=en 
[Använd 19 May 2014]. 

Deutz, P., Mcguire, M. & Neighbour, G., 2013. Eco-design practice in the context of a structured 
design process: an interdisciplinary empirical study of UK manufacturers. Journal of Cleaner 
Production, pp. 117-128. 

Directive 2009/125/EC, 2009. Establishing a framework for the setting of ecodesign requirements for 
energy-related products. Official Journal of the European Union, Volym L 285, pp. 10-35. 

Ecodesign Company, 2014. Ecodesign+. [Online]  
Available at: http://ecodesignplus.com/ 
[Accessed 20 May 2014]. 

EcoInvent Center, 2014. The ecoinvent Database. [Online]  
Available at: http://www.ecoinvent.org/database/ 
[Använd 04 July 2014]. 

Ekener-Petersen, E. & Finnveden, G., 2013. Potential hotspots identified by social LCA—part 1: a 
case. The International Journal of Life Cycle Assessment, 18(1), p. 127–143. 

Environmental Resources Management, 2014. ERM. [Online]  
Available at: http://www.erm.com/ 
[Accessed 20 May 2014]. 

ISO 14006, 2011. Environmental management systems - Guidelines for incorporating ecodesign, Switzerland: 
International Organization for Standartization. 

ISO 14040, 2006. Environmental management - Life cycle assessment- Principles and framework, Switzerland: 
International Organization for Standardization. 

ISO 14044, 2006. Environmental management - Life cycle assessment - Requirements and guidelines, Switzerland: 
International Standartization Organisation. 

ISO/TR 14062, 2002. Environmental management - Integrating environmental aspects into product design and 
development, Switzerland: International Organisation for Standartization. 

Johansson, G., 2006. Incorporating environmental concern in product development: a study of project 
characteristics. Management of Environmental Quality: An International Journal , Volym 17, pp. 421-
436. 



Developing and integrating a web-based LCA tool to rail vehicle systems design.
 

39 
 

JRC ELCD, 2014. Joint Research Center - European reference Life Cycle Database. [Online]  
Available at: http://eplca.jrc.ec.europa.eu/ELCD3/index.xhtml 
[Använd 04 July 2014]. 

Knight, P. & Jenkins, J. O., 2009. Adopting and applying eco-design techniques: a practitioners 
perspective. Journal of Cleaner Production, Volym 17, pp. 549-558. 

Lindahl, M., 2006. Engineering designers' experience of design for environment methods and tools - 
Requirement definitions from an interview study. Journal of Cleaner Production, Volym 14, pp. 487-
496. 

Lindahl, M. & Ekermann, S., 2013. Structure for Categorization of EcoDesign Methods and Tools. Singapore, 
20th CIRP International Conference on Life Cycle Engineering. 

PCR 2009:05, 2013. Product Category Rules 2009:05 (ver 2.0), Rolling Strock UN CP 495. s.l.:The 
International EPD System. 

PE International, 2014. CML 2001: GaBi Software. [Online]  
Available at: http://database-documentation.gabi-software.com/support/gabi/gabi-lcia-
documentation/cml-2001/ 
[Använd 9 September 2014]. 

PE International, 2014. Databases: GaBi Software. [Online]  
Available at: http://www.gabi-software.com/databases/ 
[Använd 02 October 2014]. 

PE International, 2014. GaBi Envision: GaBi Software. [Online]  
Available at: http://www.gabi-software.com/software/gabi-envision/ 
[Använd 02 October 2014]. 

PE International, 2014. GaBi Product Sustainability Software. [Online]  
Available at: http://www.gabi-software.com/software/gabi-software/ 
[Använd 9 September 2014]. 

Pigosso, D. C., Rozenfeld, H. & McAloone, T. C., 2013. Ecodesign maturiy model: a management 
framework to support ecodesign implementation into manufacturing companies. Journal of 
Cleaner Production, Volym 59, pp. 160-173. 

Poulikidou, S., 2012. Literature review: Methods and tools for environmentally friendly product design and 
development - Identification of their relevance to the vehicle design context, Stockholm: KTH, Royal 
Institute of Technology, School of Architecture and Built Environment. 

Poulikidou, S., 2013. Integration of Design for Environment in the vehicle manufacturing industry in Sweden - Focus 
on practices and tools - Licentiate Thesis in Planning and Decision Analysis. Stockholm, Sweden: KTH, 
Royal Institute of Technology, School of Architecture and Built Environment. 

PRé Consultants, 2014. SimaPro: World’s Leading LCA Software. [Online]  
Available at: http://www.pre-sustainability.com/simapro 
[Använd 9 September 2014]. 

Renström, S., Selvefors, A. & Strömberg, H., 2014. Design for Sustainable Behaviour - an approach 
for targeting the use phase. the International Journal of Life Cycle Assessment. 

Selvefors, A., Renström, S. & Strömberg, H., 2012. Benefits and Difficulties for Industry when Designing for 
Sustainable Behaviour. Bohn, Germany, u.n. 



Xenofon Chrysovalantis Lemperos  TRITA-FMS-EX-2014:14 
 

40 
 

SolidWorks, 2014. SolidWorks Sustainability. [Online]  
Available at: http://www.solidworks.com/sustainability/products/features.htm 
[Använd 02 October 2014]. 

Sumida Crossing, 2014. Electric Propulssion. [Online]  
Available at: http://sumidacrossing.org/Prototype/ElectricPropulsion/ 
[Använd 02 October 2014]. 

UNI-LCA-001:00, 2013. UNIFE Sustainable Transport Committee Topical Group: Life Cycle Assessment, 
Recyclability and Recoverability Calculation Method Railway Rolling Stock. u.o.:UNIFE. 

Wickens, A. H., 2003. Fundamentals of Rail Vehicle Dynamics: Guidance and stability. Lisse, The 
Netherlands: Swets & Zeitlinger. 

VTT - Technical Research Centre of Finland, 2014. SULCA software. [Online]  
Available at: http://www.vtt.fi/research/technology/sulca_software.jsp?lang=en 
[Använd 9 September 2014]. 

Zackrisson, M. & Rocha, C., 2008. Stepwise environmental product declarations: ten SME case 
studies. Journal of Cleaner Production, Volym 16, pp. 1872-1886. 

Zackrisson, M. o.a., 2012. Application of eco-design including life cycle assessment for improving product 
environmental performance at Hultafors Group.. Copenhagen, Denmark, u.n. 



Developing and integrating a web-based LCA tool to rail vehicle systems design.
 

41 
 

Appendix 

Tool development report 

 

1. Goal 

The goal of this study is to develop a LCA tool that will help design engineers in PPC department in 

Bombardier Transportation to have an early environmental assessment of their designs. 

1.1. Purpose of the LCA tool 

• The purpose of this tool is to: 

• Provide design engineers early environmental assessments for their projects 

• Provide better understanding of the relative environmental impact of different processes 

during manufacture, use and end-of-life 

• Based on the tool results to modify the design on a higher level of environmental 

sustainability 

• Increase the awareness of designers on environmental issues 

• Create a starting point for future similar studies 

• Provide information for future improvement of the environmental performance of 

Bombardier products 

1.2. Intended application 

This tool is developed and tested inside PPC department for the design of motors and electrical 

converters. The results of the assessments will be provided to the design engineers for further 

modifications of their designs.  

1.3. Intended audience 

All interested parties at Bombardier Transportation. 

 

2. Scope 

2.1. Product Category Rules (PCR) 

The BT-LCA tool has been developed according to Product Category Rules (PCR 2009:05, 2013). 

2.2. Function and Functional unit 

The functional unit that is used in the tool is for one train product (motor or converter) and for the 

whole lifetime of it. The lifetime of the product is decided by the design engineer and it can be used as 

input in the tool. 
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2.3. System boundaries 

2.3.1. Physical boundaries - included processes 

This is included in the study: 

• Cradle to gate data of the raw material used component production 

• Transport of major subcomponents to assembly plants 

• Energy consumption during operation 

• End-of-life processes, waste and impacts generated from landfill and incineration 

This is not included in the study: 

• Manufacturing processes at suppliers 

• Effects of possible accidents 

• Energy used in maintenance 

• Spare parts for maintenance 

• Disassembly during end-of-life processes 

• Benefits from End-of-life processes like recycling of metals, 

heat and electricity generated from incineration processes 

2.3.2. Cut-off criteria and allocation 

Cut-off criteria have been applied in the end of life processes (EOL) and are described in section 

2.3.5. 

Allocations have been made for the calculation of the energy needed for product operation.  

2.3.3. Temporal boundaries 

The operational lifespan of the products is decided by the designer during the input procedure in the 

tool. 

2.3.4. Geographical boundaries 

The place of production, assembly and operation of the products is decided by the designer from a 

drop down list in the tool. The countries available for manufacture and assembly are: Germany, 

Sweden, Spain, Switzerland, China, India, USA and the rest 27 Europe countries. The countries 

available for operation are: Germany, Sweden, Italy, Switzerland, France, Great Britain, China, India, 

USA, Canada, Australia and the rest 27 Europe countries 

2.3.5. End-of-Life scenario 

At the end-of-life processes, the products are assumed to be dismantled and shredded. The materials 

are separated in categories of metals, polymers and rest, and processes are waste to landfill or 

incineration. 
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Flows from processes that produce and give back energy or materials to the system have been cut-off. 

Such flows are the energy gain from incineration of material reuse from recycling. 

 

2.3.6. Assumptions and limitations 

In the transportation processes there is a set of default values since the designer is not aware of the 

destination of the materials. 

From the case studies it is decided that transportation processes have insignificant impact in the entire 

life cycle thus the transportation distance is not adjustable. 

 

2.4. Impact assessment method and impact categories 

Based on the PCR requirements, the impact assessment method used in this study is CML 2001 (PE 

International, 2014). The results from the LCA are presented in the following impact categories: 

• Global Warming Potential – 100 years [kg CO2 equivalents] 

• Eutrophication Potential [kg Phosphate equivalents] 

• Acidification Potential [kg SO2 equivalents] 

• Ozone Layer Depletion Potential [kg R11 equivalents] 

• Photochemical Ozone Creation Potential [kg Ethene 

equivalents] 

3. Life cycle inventory analysis 

3.1. Data collection procedure and sources of information 

The study is based on: 

• material inventory lists 

• information about energy consumption 

• calculations of the products energy consumption during the 

entire life cycle. 

• assumptions about the end-of-life scenario depending on 

material type 

The material data were provided by PPC designers of motor and electrical converters in BT in 

Västerås. 

 

3.1.1. Data quality 

The LCI data used in this LCA is from the databases provided by the GaBi 6 software developed and 

supported by PE International. The different datasets cover all relevant process steps and technologies 

with a good overall data quality. According to PE International the inventories are based on measured 

operating or literature data as well as calculations using models published in the literature. Most 
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processes describe average technology application at country, regional e.g. European or global level of 

data aggregation.  

The following processes from the respective databases were used to complete the life cycle inventories 

in GaBi: 

 

3.1.1.1.Converter materials 

 

  

Main GaBi process Sub-processes Description

Ingot EU-27: Aluminium ingot mix PE All aluminium types apart from the form 
of sheet (kg)

Sheet EU-27: Aluminium sheet mix PE Aluminium sheet type (kg)

Sheet EU-27: Copper Sheet Mix  DKI/ECI Copper in the form of sheet or bar (kg)
Wire EU-27: Copper Wire Mix DKI/ECI Copper in wiring (kg)
CuSn EU-27: Copper Wire Mix DKI/ECI CuSn (copper) (kg)

PCBA EU-27: Copper Sheet Mix  DKI/ECI PCBA (Printed Circuit Board Assembly) 
incl. copper (kg)

CN: Electricity grid mix PE

GLO: Steel finished cold rolled coil worldsteel

CN: Lubricants at refinery PE
GLO: Compressed air 14 bar (high power 
consumption) PE <u-so>

Stainless RER: Stainless steel cold rolled coil (430) 
Eurofer Stainless steel (kg)

CN: Electricity grid mix PE
CN: Thermal energy from hard coal PE

EPDM rubber DE: Ethylene Propylene Diene Elastomer 
(EPDM) PE EPDM rubber (kg)

RER: Epoxy resin PlasticsEurope Epoxy (kg)
DE: Hexamethylenediamine (HMDA; via 
adipic acid) PE

GRILON TS EU-27: Polyamide 6.6 fibres (PA 6.6) PE GRILON TS (kg)
Nomex EU-27: Polyamide 6.6 fibres (PA 6.6) PE Nomex (kg)
PA 66 (Nylon 66) EU-27: Polyamide 6.6 fibres (PA 6.6) PE PA 66 (Nylon 66) (kg)
PA 6 (Nylon 6) EU-27: Polyamide 6.6 fibres (PA 6.6) PE PA 6 (Nylon 6) (kg)
Polyamide EU-27: Polyamide 6.6 fibres (PA 6.6) PE Polyamide (kg)

Polycarbonate EU-25: Polycarbonate granulate (PC) 
PlasticsEurope Polycarbonate (kg)

Polyester DE: Polyester Resin unsaturated (UP) PE Polyester (kg)

Polyethylene 
terephthalate (PET)

EU-27: Polyethylene terephthalate fibres 
(PET) PE Polyethylene terephthalate (PET) (kg)

Polyolefin EU-27: Polypropylene fibers (PP) PE Polyolefin (kg)
Polypropylene EU-27: Polypropylene fibers (PP) PE Polypropylene (kg)
Thermoplastics EU-27: Polypropylene fibers (PP) PE Thermoplastics (kg)
Unsaturated 
polyester resin DE: Polyester Resin unsaturated (UP) PE Unsaturated polyester resin (kg)

Converter Assembly

Iron Casting of iron (kg)

Steel including 5% loss (kg)

Polymers

Epoxy

Metals
Aluminium

Copper

Steel

GLO: Steel sheet stamping and bending (5% 
loss) PE <u-so>

DE: Cast iron part PE <p-agg>

Epoxy BT <u-so>

Steel

Iron
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3.1.1.2. Motor Materials 

 

3.1.1.3. Energy Use for Assembly and Operation 

 

 

Main GaBi process Sub-processes Description

Steel GLO: Steel sheet stamping and bending (5% loss) 
PE <u-so>

sub-processes included same as converter 
assembly

Steel for stator core package (kg) (ex. M600-
50A)

Aluminium EU-27: Aluminium extrusion profile PE Cast aluminium for rotor complete (kg)

Stainless steel RER: Stainless steel cold rolled coil (304) Eurofer Stainless steel for rotor complete (kg) (ex. 
EN10083-1-42 CrMo4)

Steel GLO: Steel sheet stamping and bending (5% loss) 
PE <u-so>

sub-processes included same as converter 
assembly Steel for rotor complete (kg)

Copper GLO: Copper mix (99,999% from electrolysis) PE Copper for Rotor complete (kg)

Copper GLO: Copper mix (99,999% from electrolysis) PE Copper for stator winding (kg)

Polyamide EU-27: Polyamide 6.6 fibres (PA 6.6) PE Insulation for stator winding (kg)

Iron DE: Cast iron part PE <p-agg> sub-processes included same as converter 
assembly

Cast iron for frame casting (kg) (ex. EN-GJS-
500-7)

Steel GLO: Steel sheet stamping and bending (5% loss) 
PE <u-so>

sub-processes included same as converter 
assembly Steel for frame casting (kg)

Aluminium EU-27: Aluminium extrusion profile PE Aluminium for frame casting (kg)

Iron DE: Cast iron part PE <p-agg> sub-processes included same as converter 
assembly

Cast iron for end shield casting (kg) (ex. EN-
GJS-500-7)

Steel GLO: Steel sheet stamping and bending (5% loss) 
PE <u-so>

sub-processes included same as converter 
assembly Steel for end shield casting (kg)

Aluminium EU-27: Aluminium extrusion profile PE Aluminium for end shield casting (kg)

Stainless steel RER: Stainless steel cold rolled coil (304) Eurofer Stainless steel for bearings (kg)

Steel GLO: Steel sheet stamping and bending (5% loss) 
PE <u-so>

sub-processes included same as converter 
assembly Steel for bearings (kg)

EPDM DE: Ethylene Propylene Diene Elastomer (EPDM) 
PE

EPDM for motor mounting (kg) (rubber 
elements) 

End Shield Casting

Bearings

Motor Mounting

Motor Assembly
Stator Core Package

Rotor Complete

Stator Winding

Stator Frame Casting

Main GaBi process Sub-processes Description
Electricity consumption during assembly 
(kWh)

Europe 27 EU-27: Electricity grid mix PE
Germany DE: Electricity grid mix PE
Sweden SE: Electricity grid mix PE
Spain ES: Electricity grid mix PE
USA US: Electricity grid mix PE
Switzerland CH: Electricity grid mix PE
India IN: Electricity grid mix PE
China CN: Electricity grid mix PE

Use Phase Electricity consumption during use phase 
(MWh)

Europe 27 EU-27: Electricity grid mix PE
Germany DE: Electricity grid mix PE
Sweden SE: Electricity grid mix PE
USA US: Electricity grid mix PE
Switzerland CH: Electricity grid mix PE
India IN: Electricity grid mix PE
China CN: Electricity grid mix PE
France FR: Electricity grid mix PE
Great Britain GB: Electricity grid mix PE
Italy IT: Electricity grid mix PE
Canada CA: Electricity grid mix PE
Australia AU: Electricity grid mix PE

Energy

Energy for Assembly
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3.1.1.4. Transportation processes 

 

3.1.1.5. End of life processes 

 

 

3.1.2. Sensitivity analysis 

No numerical sensibility or error analysis is conducted. However, the relevance of the results is 

checked by DfE specialists to make sure that the results are realistic. 

Main GaBi process Sub-processes Description
Transportation Default value 1500 km

GLO: Truck-trailer PE <u-so>
EU-27: Diesel mix at refinery PE

Transportation

Main GaBi process Sub-processes Description
EU-27: Landfill (Commercial waste for municipal 
disposal; AT, DE, IT, LU, NL, SE, CH) PE <p-
agg>

67% of polymers go to landfill

EU-27: Landfill for inert matter (Steel) PE 2% of metals go to landfill
EU-27: Waste incineration of municipal solid 
waste (MSW) ELCD/CEWEP <p-agg> 19% of polymers go to incineration

DE: Motor shredder BT <p-agg>Shredding

End of Life
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