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SAMMANFATTNING 
Detta examensarbete genomfördes på uppdrag av Bosch Rexroth AB under 20 veckor mellan 
januari och maj 2017. Företaget producerar hydrauliska drivsystem för många olika industriella 
applikationer, främst för att rotera tunga laster under konstant, låg hastighet och högt 
vridmoment. Produkterna har en lång livslängd vilket innebär att optimering av designen kan ha 
en betydande inverkan på energieffektivitet och miljöprestanda. Detta examensarbete utfördes i 
syfte att ge Bosch Rexroth en bättre förståelse för vilken roll enskilda delar av systemet har när 
det gäller miljöpåverkan. 
 
Projektet hade två huvudmål. Det första målet var att ge Bosch Rexroth en djupare kunskap om 
hur deras produktsystem påverkar miljön, och mer specifikt en särskild hydraulisk motor. Det 
andra målet var att utveckla ett verktyg som var skräddarsytt för Bosch Rexroth och som kunde 
leverera förenklade livscykelanalyser på ett snabbare och enklare sätt än den som avhandlas i 
denna rapport. Dessa förenklade analyser skulle sedan kunna användas som beslutsunderlag i 
anknytning till produktutveckling. Utöver det skulle det skräddarsydda verktyget ha ett grafiskt 
gränssnitt som skulle vara lätt att förstå och använda. Livscykelanalysen gjordes enligt gällande 
internationella standarder ISO 14040 och 14044. 
 
Analysen simulerades i mjukvaran SimaPro 8, som också användes för alla 
påverkansberäkningar och konsekvensbedömning enligt ReCiPe-metoden. Resultaten ansågs 
stabila med avseende på den genomförda fallstudien av en motor i drift vid ett pappersbruk i 
Sverige. Resultaten från den förenklad LCA-modellen betraktades som tillfredsställande och 
inom den önskade toleransen. 
 
En av de viktigaste slutsatserna av arbetet var att ett strukturerat återanvändningssystem för vissa 
av detaljerna i motorerna skulle kunna ge en potentiellt mycket fördelaktig miljömässig 
påverkansförbättring. Bosch Rexroth uppmuntras därför att vidare undersöka möjligheterna med 
ett sådant system, både i Sverige och på de globala marknaderna.   
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ABSTRACT 
This master thesis was commissioned by Bosch Rexroth AB and carried out over the course of 
20 weeks between January and May 2017. The company produces hydraulic drive systems for 
different industrial applications, mostly for rotating heavy loads under constant, low speed and 
high torque. The products have a long life span and thus, optimizing the design of their products 
can have a considerable impact in terms of energy efficiency and environmental performance. In 
order to gain a better understanding of what role individual parts of the system have in terms of 
sustainability and to further investigate the entire life-cycles and environmental footprints of 
their products, Bosch Rexroth looked to the Life Cycle Assessment (LCA) method. 
There were two different major aims to this thesis project. The first aim was to provide Bosch 
Rexroth with in-depth knowledge around how their product systems perform from an 
environmental point of view, and more specifically one particular hydraulic drive. The second 
aim was to develop a tool tailor-made for Bosch Rexroth, capable of delivering simplified LCAs 
in a quick and easy fashion. The purpose of the tool was to assist Bosch Rexroth in decision-
making during product development. In addition, the simplified tool should come with an 
interface easy to understand and use. The study was done according to a life cycle assessment 
approach and followed applicable international standards ISO 14040 and 14044. 

The LCA was simulated in the SimaPro 8 software, which was also used for all calculations 
including impact assessment according to the ReCiPe methodology. The results of the LCA were 
considered stable and representative for a specific case study of a hydraulic drive in operation at 
a paper mill in Sweden. The results from the simplified LCA model were considered satisfactory 
and within desired tolerance.  
One of the key conclusions of the thesis was a take-back system for some of the parts of the 
hydraulic drive could benefit the environment to a large extent, which should encourage Bosch 
Rexroth to examine such possibilities further.  
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A list of the Notations and Abbreviations that are used in this Master thesis. 
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AP Acidification Potential 
BR Bosch Rexroth 
CO2 Carbon Dioxide 
DALY Disability Adjusted Life Years 
DfE Design for Environment 
ED Ecosystem Damage 
ELCD European Life Cycle Database 
EP  Eutrophication Potential 
ESR Electro-Slag Remelt 
GJ Giga Joule 
GUI Graphical User Interface 
GWP Global Warming Potential 
HH Human Health 
kg Kilogram 
km Kilometer 
kPt Kilopoints 
kW Kilowatt 
kWh Kilowatt hour 
LCA Life Cycle Assessment 
LCI Life Cycle Inventory 
LCIA Life Cycle Inventory Analysis 
m Meter 
m2 Square meter 
m3 Cubic meter 
MJ Mega Joule 
N Nitrogen 
NOx Nitrogen Oxides 
P Phosphorus 
PDF Potentially Disappeared Fraction of Species 
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SOx Sulphur Oxides 
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1  INTRODUCTION 

This chapter describes the background to the thesis and why it was initiated by Bosch Rexroth, the 
purpose, problem definition and the methodological procedure(s) used. 

 
 
1.1 Background 
This master thesis was commissioned by Bosch Rexroth AB and carried out over the course of 20 
weeks between January and May 2017. Bosch Rexroth AB (from here on referred to as BR) 
produces hydraulic drive systems for many different industrial applications. In most of the cases, 
the direct drive system from BR is used to rotate heavy loads under constant, low speed and high 
torque. The customers are showing interest in the environmental efforts of BR and the company 
itself is putting great effort in minimizing their contribution to the environmental burden. The 
products have a long life span and thus, optimizing the design of their products can have a 
considerable impact in terms of energy efficiency and environmental performance. Although having 
a well implemented Design for Environment (DfE) strategy, BR continuously work to improve their 
performance. In order to gain a better understanding of what role individual parts of the system 
have in terms of sustainability and to further investigate the entire life-cycles and environmental 
footprints of their products, BR turned their eyes towards the Life Cycle Assessment (LCA) method. 
As a method to examine the products’ life cycles from cradle-to-grave, the work of LCA lead to a 
clear structure and help visualise how the product system perform in each phase of the life-cycle. 
The result of an LCA can be used in numerous different areas – for example product design and 
development, service design or customer advice – and of course for numerous different reasons. It 
makes a good base for decisions regarding everything from environmental adaption within the 
production to circular economy. 
 
1.2 Problem definition 
There were two different major aims to this thesis project, and together they defined the problem. 
The first aim was to provide BR with in-depth knowledge around how their product systems 
perform from an environmental point of view, and more specifically 
 

• to examine what part(s) of a BR hydraulic system that has the biggest environmental impact 
during the lifecycle�(dominance analysis/screening)�

• to map the key drivers of impact – for use with decision-making regarding improvement 
strategies (decision-making analysis) 

• to distinguish to what extent the environmental impact of the examined system is under 
BR’s control (contribution analysis)�
�

In addition to the three questions above, a secondary aim was to develop a tool tailor-made for BR 
that was capable of delivering simplified LCAs in a quick and easy fashion. This would be the 
solution to the second problem, namely that conducting complete LCAs on each of the products in 
the product range would be virtually impossible due to the time factor. The simplified model should 
therefore 
 

• create streamlined LCAs with a good enough accuracy, intended for internal use 
• allow the user to compare LCA results between different products within the product range 
• be designed with a graphical interface easy to understand and use 
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1.3 Methodology 
The work of the thesis was divided into three phases as illustrated in Figure 1. During phase one, a 
background study was done in order to form the frame of reference (see chapter 2  Frame of 
Reference) as well as to fully understand the BR Drive system that was chosen for assessment. 
Information and knowledge around the drive system was provided by the client through 
presentations and internal documentation, whilst reference material on the method of life cycle 
assessment was gathered from literature sources as well as through papers, theses, the ISO resource 
documents and web pages. Reference literature for the model was collected and studied during 
phase 3.  
 
A screening of the system was also conducted to help understand the impact distribution of the 
examined product system. The result of the screening was partly used as a basis for choosing one 
specific part of the product system to proceed with for a full assessment in phase two. The second 
phase consisted of a full LCA of the chosen part, constituted by the four main elements of a life 
cycle assessment as stated in the ISO 14040 and 14044 standards (ISO 14040, 2006); the goal and 
scope of the assessment, the inventory analysis, the impact assessment and the interpretation. These 
elements are further described in 2.1 A theoretical background to LCA. 
 

 
Figure 1: The three phases of the thesis project and their main contents.  

 
A graphical user interface (GUI) was made during phase 3, constructed as an application mock-up 
with the purpose of displaying how the simplified model could be transferred from a local running 
database to a stand-alone application in the internal network. The simplified model was also 
developed during the third phase, based on the results of the LCA from phase 2. The model focused 
on delivering single score results and was built using Microsoft Excel. It was tested towards the 
results from the LCA to determine the model accuracy. A suggestion for implementation of the 
single score in the client product configurator was done as a complement to the model. 
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2  FRAME OF REFERENCE 

This chapter presents the theoretical reference frame that was necessary for the research. No 
formerly performed research on hydraulic drives could be found, therefore other life cycle 
assessments have been referenced and used as contribution instead. 

 

 
2.1 A theoretical background to LCA 
LCA as a method derived from studies that saw the light around the decade shift of the late sixties 
and early seventies. One of the studies was conducted by the Coca Cola Company in 1969 in order 
to assess in what way their beverage containers were associated with resource consumption and 
environmental burden (Astrup Jensen, et al., 1997). Around 1970, researchers were also doing 
LCA-like studies at the Midwest Research Institute in the United States, however at that time 
termed Resource and Environmental Profile Analysis (REPA) and not LCA (Hunt & Franklin, 
1996). A couple of years later, Ian Boustead in the UK did similar studies but with a more 
comparative take. He was comparing various beverage containers of different materials (plastic, 
aluminium etcetera), then spent a couple of years refining and consolidating his methods – efforts 
that later resulted in the publication of the Handbook of Industrial Energy Analysis (Boustead, 
1996). These studies (amongst others) took a life cycle approach on products and set the foundation 
for the methodology of LCA. In the early nineties, several different guidelines on how to conduct 
LCAs surfaced. SETAC1 released their Code of Practice and countries including the Netherlands2, 
Denmark3 and the Nordic countries4 amongst others released similar guidelines. Many of these 
guidelines helped to form a basis for the development of an international standard, with ISO 14040 
being the umbrella document (Baumann & Tillman, 2011). In the ISO 14040 framework, LCA has 
been defined as follows (ISO 14040, 2006): 
 

“LCA addresses the environmental aspects and potential environmental impact (e.g. use of 
resources and the environmental consequences of releases) throughout a product's life cycle 
from raw material acquisition through production, use, end-of-life treatment, recycling and 
final disposal (i.e. cradle-to-grave).” 

 
This international standard has two major purposes; to make sure that any conducted studies, and 
their results, are as transparent and accurate as they can possibly be. LCA is broadly applied in 
practice and the methodology has developed greatly during the last decades (Finnveden, et al., 
2009). Environmental concern and climate challenges require great collective efforts and it is no 
coincidence that LCA have been gaining momentum within the industry – not only is the 
methodology standardised and clearly structured, it can also provide companies with a lot of useful 
insights in connection to product development (Baumann & Tillman, 2011). 
 
There are four mandatory phases of an LCA (ISO 14040:2006): 
 

• Goal and Scope Definition 
• Life Cycle Inventory Analysis 
• Life Cycle Impact Assessment 
• Interpretation 

 
                                                
1 The Society of Environmental Toxicology and Chemistry, 1993 
2 CML (Centrum voor Milieukunde Leiden) / NOH, 1992 
3 EDIP (Environmental Development of Industrial Products), 1997 
4 Nord, 1995 
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The arrows in Figure 2 point in both directions to clarify that the need for an iterative approach 
often is a rule rather than an exception when it comes to LCA.  
 

 
Figure 2: The four phases of the LCA framework (ISO 14040, 2006). 

 
2.1.1 Goal & Scope  
It is important to state a solid definition of the purpose of an LCA study in order to reach a 
successful outcome. Not only is the goal and scope fundamental for the assessment in terms of 
forming the base for the study, it is also closely interrelated to the other three phases of the LCA 
methodology. This is where every LCA starts, where the purpose of the project is formulated in 
detail and described through the goal and the scope (Curran, 2017). According to ISO 14040, the 
goal of an LCA should state the intended application, the reasons for carrying out the study, the 
intended audience (i.e. to whom the results of the study are intended to be communicated) and 
whether the results are intended to be used in comparative assertions intended to be disclosed to the 
public or not. If the intention is to publish, a critical review of the study will most likely be needed 
(Curran, 2017).  
 
There are also several items included in the scope; e.g. the product system to be studied, the 
functional unit (especially important in a comparative LCA), a system boundary, data requirements, 
assumptions, limitations amongst others. Although being quite the linear methodology – due to the 
simplification of the system analysis (the modelling relationships that otherwise occurs quickly 
become too complex) – the iterative nature of LCA often lead to revision of the scope, throughout 
the process (Klöpffer & Grahl, 2014). 
 
2.1.2 Life Cycle Inventory Analysis 
The inventory analysis (LCI) can be described as an incomplete mass and energy balance over the 
product system, modeled like a flow from inputs (energy, water, raw material and ancillary 
material) to outputs (mainly waste and emissions) of that system. The analysis serves to provide 
knowledge around the environmentally relevant flows and the result of the analysis is basically a 
list of emissions and consumed resources. The activities of the LCI include constructing 
flowchart(s), collecting and documenting data for the product system and calculating the 
environmental loads of the system (where the calculations are done to connect the inventory data to 
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the functional unit). This work is done within the system boundary, where environmental data on 
mass and energy are collected for all activities (Baumann & Tillman, 2011).  
 
2.1.3 Life Cycle Impact Assessment 
There are several reasons to conduct an impact assessment, but put simply, the aim of the impact 
assessment (LCIA) is to model how potential environmental impacts derive from the human 
activities of the inventory analysis. The amount and nature of data in the inventory is often easier to 
handle if aggregated through the impact assessment (Klöpffer & Grahl, 2014). The framework of 
the ISO 14040 and 14044 standards divide the elements of impact assessment into two categories; 
mandatory and optional.  
 
The mandatory elements consist of  
 

• Classification, where the inventory results are assigned to impact categories 
• Characterisation, which is the calculation of indicator results based on chosen impact 

categories and indicators 
 
In ISO 14044, it is required that the characterisation factors are based on environmental 
mechanisms, and that these mechanisms connect man-made interventions to a set of areas of 
protection. Selecting the most relevant mechanisms is of great importance and is completely 
dependent on the scope of the study (see section 3.7 Method for Impact Assessment for more on the 
implementation of LCIA). The optional elements of the ISO standards are 
 

• Normalisation (which is calculations of the indicator results relative to some reference) 
• Grouping (as in sorting results from the characterisation into sets) 
• Weighting (the relative importance of an environmental impact is weighted towards all other 

impacts) 
 
Normalisation and grouping can be very useful, for example in terms of presenting the results of the 
LCIA (global or regional, emissions to air or water etcetera) or better understanding the relation 
between the characterisation results and the magnitude of each impact category. However, 
normalising and weighting the data is, inevitably, subjective to its nature and lead to an involvement 
of non-scientific (ethical and ideological) values. It is quite debated and ISO, for example, does not 
allow weighting in comparative assessments if they are to be disclosed to the public (Goedkoop, et 
al., 2013). 
 
2.1.4 Interpretation 
Although it can be called the last mandatory phase of an LCA, the interpretation is also an 
important and ongoing work throughout the assessment. This is the step in which the results from 
the inventory analysis and the impact assessment are summarized and discussed (ISO 14040, 2006). 
There is always a measure of variation in the data and the model is most likely incomplete and/or 
lack correctness in some areas, hence the importance to analyse the uncertainty and sensitivity of 
the results in this phase (Goedkoop, et al., 2013). The result interpretation of this thesis is presented 
in section 8  Interpretation. 
 
2.2 Software 
There are several software tools that can be used to help conduct and simulate an LCA. Two 
different tools were used in the work of this thesis; Eco Audit within the CES EduPack software 
(Granta Design, 2017) and PRé SimaPro 8 (PRé Sustainability, 2017). Eco Audit is a relatively 
straight forward tool, suitable in early stages of product development and for conducting smaller 
and consequential LCAs or more general and overarching screenings of product systems. Although 
a quick way to get a good idea of overall environmental performance, it lacks in detail and the 
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bigger the product systems are, the more uncertain and sensitive the results become. For example, 
the system covered by this thesis can be considered rather big. Eco Audit is also limited to CO2-
impact and energy analysis and thus cannot perform impact assessments according to the ISO 
guidelines. Where Eco Audit is quick and a little rough, SimaPro is instead powerful and detailed. 
SimaPro requires more knowledge on the methods of LCA, but comes with several big, reputed and 
continuously updated material and process databases. This is especially helpful during the inventory 
analysis. One of these databases is ecoinvent v3, claimed to be “the world’s most consistent and 
transparent life cycle inventory database” (ecoinvent, 2017). The impact assessment can also be 
done with the help of SimaPro and there are several different LCIA methods available directly in 
the software.  
 
2.3 Limitations of the LCA methodology 
Although offering a good environmental tool in the way toward sustainability, there are limitations 
to the methodology that has yet to be fine-tuned for LCA to be even stronger. One of the main 
criticisms towards LCA is that there is much room for interpretation, i.e. from the person(s) 
conducting the assessment, meaning that different assessments done on seemingly the same product 
might still lead to different results. This may be considered a direct consequence of the framework 
of ISO 14040 being quite general when it comes to defining how to carry out an LCA and 
especially so in connection with a vague definition of what ‘life cycle approach’ means. Another 
widely debated issue is that there are several different approaches also to certain parts of the 
assessment (e.g. different impact models to choose from depending on assessment purpose amongst 
others) and that a lack of a ‘right way’, or more harmonised model approach, often lead to varying 
result depending on approach (Curran, 2014).  
 
As addressed in the ISO 14040 standard, transparency is of great importance on every level of the 
method. This is not only due to the issues with high result uncertainties caused by simplified 
modelling of often substantially much more complex environmental cause-effect chains or because 
collected foreground data may well rely on simulation and/or measurements of various quality, but 
also that background data used to fill the gaps can belong to outdated datasets. It is therefore 
debated how much uncertainty can be allowed and the situation dependency greatly adds to the 
complexity (Hellweg & Milà i Canals, 2014). In addition, gathering inventory data and keeping 
datasets accurate and under constant revision is a costly procedure (both monetary and time-wise), 
secondary sources such as publications, articles and reports are often used – such data can be very 
hard to ensure in terms of quality – and the publicly-available databases seldom contain data that 
can be considered industry averages but rather data specific for certain industry sites or facilities 
(Curran, 2014).  
 
Critics have also pointed at the fact that LCA does not account for the economic and social aspects 
of sustainability, hence missing out on two thirds of the foundation defining the sustainability 
problem. According to Klöpffer & Grahl, that was a deliberate limitation done to avoid method 
overload. However, they also state that the economic and social factors must not be neglected 
(Klöpffer & Grahl, 2014).  
 
2.4 Studies on the area of Hydraulic drives 
The system featured in this LCA case study consists of several different sub-assemblies with one 
important common denominator; hydraulic oil. A detailed description of the system design can be 
found in section 2.5 Structure of the BR drive system. No previously conducted LCAs were found 
on the area of hydraulic drives. However, one LCA comparing mineral oil-based and vegetable oil-
based hydraulic fluids was found. The study focused on the environmental performance in terms of 
energy consumption, global warming potential (GWP), eutrophication potential (EP), acidification 
potential (AP), photooxidant creation potential (POCP) and biodegradability. The results showed 
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that the vegetable oil-based fluid had better biodegradability but had higher EP and AP contribution 
whereas the mineral oil-based fluid had a higher primary energy consumption and GWP 
contribution (Ekman & Börjesson, 2011). 
 
According to BR, tests had been made with vegetable oil-based fluids, although not with satisfying 
results. And performance seems to be varying; when it comes to vegetable oil-based hydraulic 
fluids in industrial applications, some of the ones existing on the market as of today have 
anticorrosion properties and great lubricity, others with high thermal and oxidative stability. But 
there are drawbacks as well; for example, some are very sensitive to temperature and oxidation and 
can thicken rapidly, and the vegetable oil-based fluids are often far more expensive than the mineral 
oil-based ones. Some of them are also miscible with mineral oil (for example remains after an oil 
switch) which can impair the biodegradability (Marougy, 2013). 
 
2.5 Structure of the BR drive system 
The drive system consists of three major modules; a drive and control unit (1), piping (2) and the 
hydraulic motor (3). The drive and control unit are connected to the motor through the piping, in 
which the hydraulic oil flow. Simply put, the function of the oil is to rotate the motor and in order to 
accomplish that, the oil has to be pumped around in the system. The BR system is a closed loop 
system and the work of the drive unit is to take care of the pumping. The electric motor runs a pump 
which in turn runs the hydraulic motor. Figure 3 represents a graphical presentation of the system 
design.   
 

 
Figure 3: The BR drive system principle. Illustration ©Bosch Rexroth AB 

 
2.6 Features of the BR drive system 
Almost all BR drive systems have two things in common; low speed and high torque. The drive 
systems are – with very few exceptions – utilized to drive a rotating, heavy load under constant 
speed. The drive systems can be found in several different industrial applications, ranging from 
sugar plants and paper plants to mining and heavy drilling. Figure 4 and Figure 5 show two 
industrial applications utilising BR drives. The system runs without a gearbox, which is key when it 
comes to constant and sustained rotational speed – allowing great precision control of the 
revolutions. This is also known as hydraulic direct drives. 
 

1	

2	
3	

Electric motor 

Pump 

Tank 

Motor 
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Figure 4: Two hydraulic motors (in red) mounted on a shredder at a recycling site. 

In Figure 4, two hydraulic direct drives are utilized to shred big metal objects like disposed cars into 
smaller pieces of metal for easier separation.  
 

 
Figure 5: Towing winches used on a maritime cable plough to winch or pay out cable. Two BR 
hydraulic motors, in the bottom left of the picture (painted white), rotate the winches. 

 
 
 

©
	B
os
ch
	R
ex
ro
th
		

©
	M

ar
iti
m
e	
Jo
ur
na

l	



  9 

3  IMPLEMENTATION – GOAL & SCOPE 

This chapter defines the goal, scope and type of the performed LCA, including the context, 
delimitations and intended audience. The methodology follows ISO 14040 and includes result 
applicability, functional unit definition, system boundaries, data requirements and critical review.   

 

 
3.1 Goal 
As mentioned in the 1.2 Problem definition there are two major goals to the work of this thesis, with 
the combined purpose of providing BR with a deeper understanding of their products’ 
environmental performance. This thesis aims to clarify areas of possible improvement as a basis for 
further research and development. The deliverables of the study comprise a full life cycle 
assessment based on the result of an initial system screening and a simplified model for future 
streamlined LCAs. The results of the LCA are only intended for internal purposes at BR in 
Mellansel, Sweden. 
 
A third goal that arose during the project start-up was also added to the study; to outline the 
requirements for a platform that could be used to give a certain product configuration a single 
environmental score. The purpose of such a score is discussed in section 11  Environmental 
Indicator. 
 
3.2 System Boundaries 
In accordance with ISO 14040, the purpose of the system boundary is to state which part(s) and unit 
processes of the studied system that should be covered by the LCA, which in this thesis is a full 
assessment from cradle to grave5. An initial screening was done prior to the full assessment. The 
system boundaries for the screening contained everything depicted in Figure 6 except the piping and 
load (the grey part to the far right in figure 6), namely the drive unit, the control unit and the drive.  
 

  
Figure 6: The system boundaries (yellow) for the screening 

                                                
5 The expression ‘cradle to grave’ refers to a complete mapping of a product systems environmental impact during its 
entire life cycle, from raw material to disposal. 
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Many parts in the system were pieces of different subassemblies and not considered at individual 
level during the screening. The full assessment covered the hydraulic motor minus any additional 
components, like the depictured torque arm that can be seen in Figure 7 below. The motor was 
modelled in accordance to the ISO guidelines, considering energy and material input as well as 
waste, material and emissions output for each individual parts and for all of the five life cycle 
phases.  

 

 
Figure 7: The assessed drive system boundary  

 
3.3 Delimitations 
Some delimitations have been made throughout the project. The major delimitations as well as their 
reasons are listed below. Other minor delimitations may be denoted throughout the report. 

• The piping that connect the motor to the drive unit are rarely sold and delivered by BR. It 
can vary greatly in length and material depending on application, product system etcetera 
and therefore it is not considered within the scope of this study. 

• The examined product system is assembled from many different parts, all shipped to the BR 
factory in Mellansel from various locations throughout the world. The exact material and 
origin could not be traced for all of these parts within the time frame of the thesis work, why 
for some of these, assumptions have been made regarding material, origin and 
manufacturing methods.  

• Only the biggest assemblies and modules were considered in the screening since the purpose 
was to analyse the system hot-spots. 

• The transportation was not investigated in detail. Internal information on distributor 
locations and distribution to different world markets was used together with qualified 
assumptions on transport types and distances. For instance, a part sent with a shipping 
company may travel much further than necessary due to multiple delivery destinations along 
the way. 

• The interface was designed as a mock-up and does not run in connection to any database. 
• No unique inventory database was set up for the raw material of the studied system. The 

simplified Microsoft Excel model was developed for streamlined assessments and single 
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score calculation based on the ReCiPe6 methodology and uses excerpts from the ELCD 3.17 
database for raw material inventory.  

• Because of the closed design of the system, there is usually no need to replace the hydraulic 
oil during those 10 years, unless a failure occurs. For this specific project, such failures were 
not taken into account. 

 
3.4 Functional unit  
This study is carried out as an independent LCA of a single product rather than as a consequential 
LCA of a comparative kind; thus, defining a functional unit is not a requirement. However, the 
functional unit still reflects what function the hydraulic drive system is delivering (Curran, 2017). 
There may also be a need to conduct a comparative LCA later on. The result of the LCA is related 
to the function of the hydraulic motor rather than the motor itself and therefore, a possible 
functional unit needs to be described in quantitative manners (Baumann & Tillman, 2011). 
 
The torque delivered by the motor is directly related to the pressure drop which in turn also relates 
to the flow of the pump and the rotational speed of the electric motor as well as the rotational speed 
of the motor. Depending on application, a consequential LCA conducted in order to compare 
between two (or more) different options can therefore utilise either of the measures above and this 
thesis will not propose one option in favour of any other. However, as an example, a functional unit 
could be a certain torque at a given rotational speed. 
 
3.5 Data requirements and delimitations 
The used foreground data was almost exclusively collected at the BR factory in Mellansel. Much of 
the inventory could be specified with the help of internal databases and information and the 
collected data holds good quality and reliability, however some assumptions and simplifications 
were done where foreground data was missing. Any such assumptions are denoted where 
applicable, throughout the report as well as in Appendix 1.Transportation is the only exception, 
where almost all distances and transportation carriers have been estimated based only on known 
country of origin. These estimations apply to transportation to the assembly line at the factory in 
Mellansel, as well as to global transportation of market ready motors and transportation of take-
back motor parts etcetera. A full list of estimated distances and transportation carriers can be found 
in Appendix 2. 
 
The ecoinvent v3 database was used for the major part of background data in this accounting 
assessment, where average data was used when possible (Baumann & Tillman, 2011). Data-sets no 
older than 10 years (with data collected from 2007 and onwards) were utilized to the greatest 
possible extent. However, some data-sets were directly transferred from the older ecoinvent v2.2 
database, hence they could contain data collected prior to 2007. The reference year for each utilized 
data-set is denoted in Appendix 1. The 10-year timeframe did not apply to the initial screening due 
to the use of a different software (CES EduPack), which uses multiple sources to their database. The 
details on the initial screening data is further described in section 4  Implementation – Initial 
Screening. The three major data completeness limitations were that 
 

• processing data for parts processed in the factory in Mellansel existed for processing 
methods and machining times, but specific energy input for each process was not fetched 
within the frame of the thesis. Therefore, average energy background data for metal 
processing were used. 

                                                
6 ReCiPe is an LCIA method used to characterise the environmental impacts of the inventory. See further section 3.7.    
7 European reference Life Cycle Database by the European Commission Joint Research Centre is a background 
database containing inventory data for many different materials.  
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• processing data was missing for parts that are delivered in a finished state and not processed 
in the BR factory in Mellansel. Average background data have been used for all such parts 
in terms of energy and processing. 

• mass properties existed for most of the assemblies and for some of the parts, other parts 
masses were estimated based on part size, material and total assembly mass. The masses of 
all bolts and nuts were estimated based on their size, with the help of DIN charts on average 
weight. 

 

3.6 Method for Inventory Analysis 
The inventory analysis was done in accordance with the methodology of Baumann & Tillman 
(2011), namely following three steps including 
 

• creating flow-charts over the studied system(s), done both for the screening as well as the 
assessment on the selected motor 

• collecting and documenting foreground data (both numerical and descriptive) 
• calculating environmental loads (with emphasis on emissions and use of resources)  

 
The flow-chart depicted in Figure 8: below present the simplified structure of the complete drive 
system as it was used in the screening. 
 

 
Figure 8: The simplified system layout used for the screening. 

 
The foreground data collection was an iterative process, covering inventory input (e.g. raw 
materials and energy), inventory output (e.g. emissions and waste) and all unit processes in 
connection to the studied system. The foreground data was collected between January 30th and April 
12th 2017, mainly as primary data from BR but also secondary data from supplier data sheets, other 
LCAs in the frame of reference as well as expert consultation. Where missing, the collected data 
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was used to determine for example production techniques, and for estimations on required energy 
input of certain manufacturing.  
 

 
Figure 9: The flowchart used for the LCA, describing the studied hydraulic motor and the energy, 
waste and raw material flows connected to its life cycle. The white rectangles are not considered. 

By definition, the inventory analysis also covers the usage and waste treatment of the studied 
system. Two scenarios were modelled for the use phase (paper manufacturing in Sweden and in the 
U.S.) and three waste scenarios were modelled for decommissioning (see further section 5.6 
Disposal). 
 
3.7 Method for Impact Assessment 
There are several different methods for assessing the impact of the examined product system. 
Different methods are suitable for different audiences depending on the purpose of the LCA, e.g. if 
the LCA is to be used by designers, product managers or by environment management specialists. 
The choice is largely made based on the goal and scope of the LCA. The possibility to aggregate 
some impact category results into a single score – rather than around 10 to 20 different ones, 
depending on chosen method – was important for the project-specific goal of investigating the 
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possible use of an environmental performance indicator in connection with a product configuration 
system. The ReCiPe methodology for impact assessment (ReCiPe, 2012) is well renowned and 
suitable based on the project purposes, hence it was used for the LCIA. 
 
The aggregated scores of ReCiPe turn a plethora of inventory results into 18 midpoint indicators 
which in turn can be simplified into three endpoint indicators. The scores at endpoint level express 
relative severity on an environmental impact category. The basis for the ReCiPe modelling is a 
chain-like mechanism of effects causing damage on for example the ecosystem. This means that the 
longer the chain of environmental effects is, the higher the uncertainty gets. Thus, the 18 midpoint 
indicators benefit from having a lower uncertainty than the three endpoint ones, but the three 
endpoint indicators are in turn much easier to interpret and therefore, the endpoint model was 
chosen for this specific project. The three endpoint indicators are; Damage to Human health (HH), 
Damage to ecosystems (ED) and Damage to resource availability (RA). 
 
As seen in Table 1, ReCiPe can be used with three different cultural perspectives; the individualist-, 
hierarchist- or egalitarian perspective. The hierarchist approach was used together with an average 
weighting set (known as ReCiPe H/A) and can, according to the creators of the methodology, be 
considered the consensus and default model and is therefore recommended. The average weighting 
refers to a rating of the impact categories with a total score of 1000, where the human healt and 
ecosystem damage represents 400 each and resource availability the remaining 200 — in other 
words 40 % and 20 % respectively (ReCiPe, 2012).   
 

Table 1: An overview of the cultural perspectives of the ReCiPe methodology 

	 Time	span	 Management	 Evidence	

	 	 	 	
Individualist	 Short	time	span	 Technology	optimism		

(to	avoid	many	future	problems)	
Proven	effects	

	 	 	 	
Hierarchist	 Balanced	between	short	and	

long	
Scientific	approach,	emphasis	on	
policies	to	avoid	problems	

Inclusion	based	on	
consensus	

	 	 	 	
Egalitarian	 Long	term	 Precautionary,	problems	can	have	

catastrophic	impact			
Any	possible	effects	

  
3.8 Study-wide assumptions and simplifications of the LCA 
The most important assumptions and simplifications were done at a very early stage of the project 
in order to keep the study within reasonable limits. Perhaps the biggest simplification relates to how 
the hydraulic motor was treated in terms of energy consumption during use. The motors are 
configured very differently depending on the applications in which they are to be used, e.g. in terms 
of oil pressure, required power input and whether they should run with a constant power supply or 
not. Thus, a specific case with a Swedish (and later also an American) industrial application was 
chosen for measurability. 
 
Although varying depending on application and the conditions under which the motors are running, 
the lifetime of the studied motor was assumed to be 10 years or 40 000 hours. Parts with the same 
material and manufacturing methods were clustered, e.g. different screws were grouped and treated 
accordingly. Clustering also applied to the disposal scenarios, where some parts within the same 
material families were modelled together. Even though the piping of the drive system was 
disregarded, the drive unit and motor itself still hold a certain volume of oil. The tank was assumed 
to be a little less than full and 250 litres or a quarter of a cubic meter was chosen for calculations.   
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One of the parts in the motor is made with ESR8, an energy-intense method utilising electrical 
current to re-melt steel. This is done to refine the steel and achieve a higher quality on the finished 
product. As a simplification, the ESR part was assumed to require twice the amount of energy input 
as if it would have been a regular steel mould.  
 
Throughout the study, qualified assumptions were made by the author in consultation with the 
supervisors, e.g. if and where there was a lack of foreground data. All simplifications are denoted 
under each corresponding section and/or in their corresponding appendixes. 
 
3.9 Critical review 
This report was reviewed by Michael Westman and Annelie Genberg at Bosch Rexroth in 
Mellansel, Sweden, Anna Hedlund Åström and Katja Tasala Gradin at the Department of Machine 
Design at the Royal Institute of Technology (KTH) in Stockholm, Sweden. This report is not 
intended for peer review, however both the LCA and the report was conducted following applicable 
ISO standards.  
   

                                                
8 Electro-slag remelting 
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4  IMPLEMENTATION – INITIAL SCREENING 

This chapter covers the initial screening, a small and very simplified life cycle assessment done 
prior to the one covered by this report. It was used as support material for decision-making 
regarding what part of the system to assess in a complete LCA.    
 
 
 
4.1 Disclaimer  
Very sensitive data was used for the screening. Due to the great uncertainty, the results are 
considered a stand-alone part of the thesis. Therefore, the results are presented in this chapter and 
not in the section covering the results of the complete assessment that this thesis report describes. 
 
4.2 Purpose of the screening  
Due to the amount of assumptions and uncertainties of data collected prior to the inventory analysis 
described in section 5  Implementation – LCI. The screening should not be interpreted as anything 
but an indication on environmental burden distribution. The screening was done in the CES 
EduPack software and the purpose was to shed light on the first questions regarding dominance and 
contribution;  
 

• What part(s) of a BR hydraulic system has the biggest environmental impact during the 
lifecycle? Also called a dominance analysis.�

• To which extent is the environmental impact of the examined system under BR’s control? 
Known as a contribution analysis.�

 
4.3 Delimitations and simplifications 
It is very common that active products have a dominant use phase in terms of environmental 
burden, followed by manufacturing and transportation (Klöpffer & Grahl, 2014). At the time of the 
screening, very little was known about the transportation and therefore, only the manufacturing and 
use phases were considered. The modules described in section 2.5 Structure of the BR drive system 
were modelled in a very simplified fashion, only containing the major parts and materials. The 
electric motor predefined in CES EduPack was not suitably scaled to substitute the electric motor 
used in the BR drive unit, hence a simplified composition of materials and masses was used instead, 
based on component mass distribution mean values calculated from five electric motors in different 
sizes. Table 2 below list the inventory of the simplified power supply unit. The hydraulic oil in the 
system was not included in the screening. 
 

Table 2: Summary of the simplified electric motor material input 

Part	 Material	 %	 Mass	(kg)	

Frame	 Cast	grey	iron		 66,9	 850	

Shaft	 AISI	4140	low	alloy	steel	 4,7	 60	

Rotor	 Aluminium	T6	 3,9	 50	

Stator	slot	 Copper	C10100	 7,9	 100	

Stator	lamination	 Hiperco	27	Cobolt	iron	 15,8	 200	

Fan	 Aluminium	T6	 0,8	 10	

	 Total	 100	 1270	
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4.4 Inventory and use phase data 
The complete details of the inventory can be found in Appendix 3. In addition to the inventory list, 
some welding, nuts, bolts and paint was added as joining and finishing:  
 

• 8,8 meters of welding (gas) was calculated from blueprints  
• A total of 100 kg of nuts and bolts and other construction bits was assumed  
• 5 m2 of painting was assumed 

 
A use phase scenario was calculated based on a product life of 10 years and 40 000 hours. The 
energy was a Swedish country mix with electric input and mechanical output, with a total power 
rating of 200 kW. This figure was later revised in the LCA, for details see section 5.5 Utilisation.  
 
4.5 Screening result 
The total energy consumption during use was 3 510 GJ/year and the total CO2 footprint was 25 300 
kg/year. For a complete list of the results, see Appendix 3. 
 
4.5.1 Use 
The results of the screening confirmed that the use phase was indeed dominant at 97,7 % of the total 
energy consumption, followed by 2,1 % for material and 0,2 % for manufacturing. As for the CO2 
footprint, the use phase accounted for 76,6 % of the total emissions, followed by material extraction 
and production at 21,7 % and manufacturing at 1,6 %.  
 
4.5.2 Material 
The electric motor accounted for 79 % of the material energy demand, followed by the cam ring at 
5,4 % and the rest of the cast iron parts of the motor at 3,9 %.  
 
4.5.3 Manufacturing 
The frame module accounted for 24,5 % of the total manufacturing energy demand, followed by the 
cast iron details of the motor at 18,1 %. The flow module and the shaft coupling module accounted 
for 17 % and 16,7 % respectively. The cam ring was the highest demanding single detail with 10,8 
%. 
 
4.6 Chosen area for further analysis 
Design changes at product development level can have quite an impact on the energy demand of the 
product during use. Even though the whole system is designed by BR, some of the parts and units 
are easier to work with than others in terms of design and production changes. It would be a too big 
of a challenge to undertake a complete assessment of the whole system during the course of 20 
weeks. Therefore, one of the units in the system had to be chosen as a start to the mapping of the 
environmental performance of the system. The drive unit contain many different materials and parts 
delivered from suppliers beyond the control (in terms of manufacturing) of BR. The motor itself, 
with fewer material families and a manufacturing fully controlled by BR, provided a better 
foundation for the assessment, thus it was chosen for further analysis.  
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5  IMPLEMENTATION – LCI 

This chapter covers the life cycle inventory phase, with in-depth analysis of the motor and its sub-
assemblies. Detailed inventory data is presented in Appendix 4. 
 
 
 
5.1 Raw material  
The foreground data used in the LCI was exclusively collected from internal documents at BR. 
When summarized, it was clear that there were two dominant material categories used to 
manufacture the motor: iron and steel. There were also some internal seals and gaskets made from 
nitrile rubber, representing a mere 1,6 per mille of the total motor mass. Specific steels were known 
for some but not all of the parts in the sub-assemblies of the motor. The same scenario applied to 
the different irons used. Thus, pre-defined substitutes from the ecoinvent v3 database was used for 
all but three of the included units in order for the inventory to be as stringent as possible. The 
substitutes were chosen based on the closest match to the known material varieties in terms of 
content, characteristics and location. All inputs, both in terms of natural resources and materials 
from the technosphere, for the steel and iron outputs was used unmodified directly from the 
ecoinvent v3 database. The three units using a process that was not included in the ecoinvent v3 
database instead uses a process from the ELCD 3.1 database.  
 
5.2 Production & assembling 
No manufacturing for the motor is done in the factory in Mellansel, however some of the parts are 
further processed in the factory after delivery from the manufacturer. The motor is also assembled 
in the factory. Except from standardised components like bolts, nuts and washers, the rest of the 
parts are specifically manufactured for the motor. The manufacturing is done both in Sweden and at 
different locations throughout Europe. Material families, processing and manufacturing locations 
are listed in Appendix 4 together with transport details for the production line. 
 
5.3 Packaging and transport treatment 
An assembled motor ready for shipping is enclosed in a polyethylene (PE) anticorrosive bag. The 
bag is made from a thin plastic film acting as protection and any moisture within the closed 
environment of the bag. The PE bag solution has replaced a chemical solution formerly sprayed 
onto to the motor for similar transport corrosion protection purposes. The enclosed motor is loaded 
in a wooden box and shipped from the assembly line with road freight. 
 
5.4 Distribution route scenarios 
The manufacturing transportation figures were estimated as part of the foreground data collection 
but only covered transportation of parts to the assembly line. Thus, different distribution route 
scenarios (based on some of the biggest markets) were modelled to help estimate the total 
transportation impact share of the life cycle. For Sweden and Germany, the distribution was 
calculated as an estimated distance mean from the factory to the customer. For the U.S., the distance 
was estimated from the factory to one distributor location in each country. Two specific locations in 
Sweden and the U.S. were used in the utilisation modelling while figures from Germany were used 
to illustrate how the transportation share affected the impact total life cycle impact. The 
transportation had a very small impact on the result (see section 7  Results and Appendix 2 for 
details).  
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5.5 Utilisation 
The chosen application scenario is run by two CB 400 motors operating at approximately 80 kWh. 
The operating life is set to 40 000 hours or 10 years. For comparison purposes, a similar application 
in the U.S. was modelled with the same settings. The energy consumption was calculated based on 
country electricity production mix for Sweden and the U.S. with figures fetched from the ecoinvent 
v3 data-set on energy input. As for transparency, SimaPro does not provide figures on the country 
production mix in ecoinvent v3 and ecoinvent charge for data provision. Therefore, data from 
International Energy Agency IEA (Itten, et al., 2014), the U.S. Energy Information Administration 
EIA (U.S. Energy Information Administration, 2017) and Statistics Sweden SCB (Statistiska 
Centralbyrån, 2015) was used for reference values. The figures from IEA were the oldest, dating 
from 2008. The SCB figures were from 2015 and EIA from 2016. The ecoinvent v3 dataset uses 
data from 2012 for Sweden and 2015 for the U.S. Table 3 list the energy source distribution.  
 

Table 3: Electricity production mix reference values 

Production	mix	 Sweden,	IEA	[SEA]	(%)	 United	States,	IEA	[EIA]	(%)	

Fossil	fuels	 2,45						[-]	 70,28					[65,1]	

Hydro	 47,31				[47]	 6,37							[6,5]	

Nuclear	 41,46				[34]	 19,37					[19,7]	

Renewables	 7,34						[10]	 2,79							[8,4]	

Waste	 1,44						[-]	 0,68							[-]	

Other	 0.00						[0.00]	 0,02							[0,3]	

 
The importance of the reference values in connection to the use phase is further discussed under 
section 7.1 Inventory Results. 
  
5.6 Disposal  
The hydraulic motors are treated differently at their end of life depending on where they have been 
used. For example, if sold and used in Sweden, a motor can either be decommissioned by the owner 
or returned to BR. If decommissioned, most of the parts can be recycled or incinerated. Motors that 
have been returned to BR can be examined and serviced. As of today, no such company return 
policy exist on markets outside of Sweden. In order to examine the end of life potential, two 
different scenarios were modelled with SimaPro:  
 

• Scenario 1: Recycling or general decommissioning 
• Scenario 2: Take-back system  

 
The take-back system refers to a scenario where some of the parts of the motor are modelled for 
manual disassembly and reuse. Both scenarios were modelled for Sweden and the U.S. respectively 
in order to compare differences in connection to the use phase (section 5.5 Utilisation) for the two 
countries. Disposal differences to other markets of BR was not considered. The country specific 
treatment processes and background data was fetched from ecoinvent v3. The results from the 
disposal comparison can be found in section 7.3 Disposal scenario Results. 
 
  



  20 

6  IMPLEMENTATION - LCIA 

This chapter covers the impact assessment (LCIA), following the ReCiPe methodology described in 
section 3.7 Method for Impact Assessment. The impact assessment was done entirely in SimaPro. 
The reader is encouraged to view the ReCiPe main report (ReCiPe, 2012) for in-depth details on 
the methodology. 
 
 
 
6.1 Classification 
The purpose of the classification is to couple the substances in the results of the inventory analysis, 
as described in section 2.1.2 Life Cycle Inventory Analysis, with impact categories – in this case the 
predefined categories of the ReCiPe method as listed in section 6.3 Impact categories at Midpoint 
level below. The midpoint classification is the first step towards aggregated endpoint results and 
thus it has to be done prior to the endpoint categorisation. Table 4 below present an example of the 
result of such a classification. Note that this table is for explanatory purpose only.  
 

Table 4: Substance contribution by category as a result of classification 

Elementary	flow	 Climate	change	 Ozone	layer	depletion	 Human	Toxicity	

1	kg	CO2	 X	 -	 -	

1	g	CFC142b	 X	 X	 -	

Formaldehyde	 -	 -	 X	

 
Assigning the inventory parameters to impact categories “by hand” must be done with great care 
since there is a risk of allocation issues if one parameter is assigned to multiple categories9, thus 
leading to double-counting (Baumann & Tillman, 2011). Using the software to calculate how to 
assign the plethora of inventory results is one way to reduce such discrepancies or miscalculations, 
however one should still be aware of the issues connected to the classification. The inventory results 
have different units and — even though it may be tempting and convenient — it is not possible to 
compare different impact categories to each other, nor can their impact contribution be determined 
based on magnitude. Instead, each categories’ contribution has to be interpreted independently 
(Goedkoop, et al., 2013).    
 
6.2 Characterization 
Following the classification, the next step is then to determine how the substances contribute to the 
respective impact categories. This is a calculation step done using different characterization factors 
defined to result in corresponding equivalent (and common) units by simply multiplying an amount 
of a substance with its corresponding characterization factor. It is possible due to the fact that both 
the elementary flows and the characterization factors are numerical values and thus, the resulting 
category indicator can be used to aggregate the elementary flows into categories. In the ReCiPe 
method, this is done in steps as described in section 6.3 Impact categories at Midpoint level and 6.4 
Impact categories at Endpoint level below. 
 
6.3 Impact categories at Midpoint level 
The results from the inventory analysis are allocated on 18 different impact categories addressed at 
the midpoint level of the ReCiPe method. Calculating impact within the SimaPro software 

                                                
9 Only true if the impacts are parallel processes. If caused in independent series, this is no issue.  
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automatically includes all 18 categories, but the LCA practitioner also have the possibility to 
compose an own set of impact categories. However, no alterations to the method were done in this 
assessment. A complete list of the impact categories of the ReCiPe method is found in Table 5 
below. The most relevant impact categories10 for this assessment is further described below.  
 

Table 5: The eighteen midpoint level impact categories of the ReCiPe method 

Impact	category	 Abbr.	 Characterisation	factor	 Emphasised	
	 	 	 	
Climate	Change	 CC	 Global	warming	potential	 X	

Ozone	Depletion	 OD	 Ozone	depletion	potential	 X	

Terrestrial	Acidification	 TA	 Terrestrial	acidification	potential	 X	

Freshwater	Eutrophication	 FE	 Freshwater	eutrophication	potential	 X	

Marine	Eutrophication	 ME	 Marine	eutrophication	potential	 X	

Human	Toxicity	 HT	 Human	toxicity	potential	 X	

Photochemical	Oxidant	

Formation	

POF	 Photochemical	oxidant	formation	potential	 	

Particulate	Matter	Formation	 PMF	 Particulate	matter	formation	potential	 X	

Terrestrial	Ecotoxicity	 TET	 Terrestrial	ecotoxicity	potential	 X	

Freshwater	Ecotoxicity	 FET	 Freshwater	ecotoxicity	potnetial	 X	

Marine	Ecotoxicity	 MET	 Marine	ecotoxicity	potnetial	 X	

Ionising	Radiation	 IR	 Ionising	radiation	potential	 	

Agricultural	Land	Occupation	 ALO	 Agricultural	land	occupation	potential	 	

Urban	Land	occupation	 ULO	 Urban	land	occupation	potential	 	

Natural	Land	Transformation	 NLT	 Natural	land	transformation	potential	 	

Water	Depletion	 WD	 Water	depletion	potential	 	

Mineral	Resource	Depletion	 MRD	 Mineral	depletion	potential	 X	

Fossil	Resource	Depletion	 FD	 Fossil	depletion	potential	 X	

 
For impact category calculation factors, see Appendix 5. 
 
6.3.1 Climate Change 
The climate change impact category contains three steps, ultimately leading up to the endpoints of 
damage to the human health and damage to the ecosystem (further described in section 6.4 Impact 
categories at Endpoint level below). The purpose of the steps is to model the effect of greenhouse 
gases with respect to climate change, since the climate change is causing numerous environmental 
mechanisms that affect the two mentioned endpoints11. In ReCiPe, CO2 is emphasised rather than 
the impact of all emissions, and linked to temperature increase. The climate change category is 
measured in kg CO2 to air on midpoint level and multiplied with a characterisation factor on 
endpoint level to instead be expressed in years per kg CO2 emissions for both damage categories 
(De Schryver & Goedkoop, 2012). 
 

                                                
10 Based on the criteria of the goal and scope in section 3  Implementation – Goal & S. 
11 Such as health issues related to extreme temperatures or loss of species on land due to increasing temperatures. 
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6.3.2 Terrestrial Acidification 
Acidification is a result of atmospheric deposition of substances like phosphates, nitrates and 
sulphates. It refers to an unnatural change of levels of acidity in soil, causing harm to plants and 
species. At midpoint level the acidification is measured in kg SO2

12 to air, but the calculation factors 
also take the other two major acidifying emissions of NOx

13 and NH3
14 into account. At endpoint 

level, acidification is calculated as damage to the ecosystem and the unit of the indicator is years per 
kg released pollutants to air (van Zelm, et al., 2012). 
 
6.3.3 Eutrophication 
Similar to acidification (although it refers to aquatic environments rather than terrestrial), the 
eutrophication is a result of human activities causing nutrient enrichment through water pollution. 
The eutrophication is measured by the amount of phosphorus and nitrogen (also known as macro-
nutrients or shorter just P and N-nutrients) in freshwater. At midpoint level the unit of the indicator 
is kg of P or N to freshwater, at endpoint level a characterisation factor is used to express the 
eutrophication in years per kg (P and N). 
 
6.3.4 Toxicity  
Ecotoxicity is connected to human health (and species in general) through various routes, like 
inhalation or ingestion via meat or dairy products for example. In the ReCiPe method, the 
characterisation factor for toxicity is based on a model called USES-LCA (Uniform System for the 
Evaluation of Substances adapted for LCA purposes) and applied to account for toxic exposure, 
effect and damage of different chemicals. At midpoint level the toxicity is measured through kg of 
14DCB15 to urban air, soil and/or freshwater and at endpoint level, the unit of the characterisation 
factor is either years per kg (human health) or m2 times years per kg for damage to ecosystems (A.J. 
Huijbregts, et al., 2012). Further information on the endpoint levels can be found in section 6.4 
Impact categories at Endpoint level below. 
 
6.3.5 Particulate Matter Formation 
There are several organic and inorganic substances that are known to cause damage for human 
health. In the Particulate Matter impact category, a mixture of such substances, called PM10, is used 
together with ozone to express the respiratory human health damage caused by exposure to these 
substances. The damage is measured in kg released substances to air at midpoint level and years per 
kg at endpoint level (van Zelm, et al., 2012). 
 
6.3.6 Mineral Resource Depletion 
In ReCiPe, unlike its precursor Eco-indicator 99, resource availability is measured in monetary 
values (US dollar) rather than energy requirements (MJ surplus energy) like in the older method. 
This means that minerals or metals are considered commodities since they are the economic output 
of a mining operation, hence the damage is measured in US$ as the price for extracted minerals (in 
kg) increase as the deposits reach depletion. At midpoint level, this is measured in kg Fe and at 
endpoint level in US$/kg (Goedkoop & De Schryver, 2012).     
 
6.3.7 Fossil Fuel Depletion 
The case of fossil fuels is similar to mineral resource but with some differences for the endpoint 
calculations. At midpoint level, the fossil depletion is calculated as kg of crude oil feedstock in 
ground containing 42 MJ per kg oil and characterised with a connection between energy, energy 
and mass (MJ/kg) or energy and volume (MJ/m3). At endpoint level, the characterisation factors are 
therefore expressed in either US$ per kg, US$ per MJ or US$ per m3 of oil (Goedkoop, et al., 2012). 

                                                
12 Sulphur dioxide 
13 NOx is a generic term for the most relevant nitrogen oxides in terms of air pollution 
14 Ammonia 
15 1,4-dichlorobenzene 
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6.4 Impact categories at Endpoint level 
At the endpoint level (the end of an environmental mechanism), the 18 impact categories from the 
midpoint level have been aggregated down to a remaining three areas of protection, usually called 
endpoint or damage categories. The endpoint categories were emphasised over the midpoint ones 
for the purpose of interpretation and result comprehension. 
 
6.4.1 Damage to Human health (HH) 
The human health category contains six impact categories at midpoint level, all measured with an 
indicator called DALY, short for Disability Adjusted Life Years (eq 1);  
 
 !"#$ = $## + $#! (1) 
where 
 $#! = ' ∙ ! (2) 
 
DALY is, in the ReCiPe method, the default setting for quantifying how the human health area of 
protection is affected within the LCA. It is based on a sum of years of life lost (YLL) referring to 1 
lost life year of one individual and years of life disabled (YLD, eq 2) referring to a severity weight 
factor w (0 equals complete health, 1 equals dead) multiplied with the duration D of the disease. 
 
6.4.2 Damage to ecosystems (ED) 
The ecosystem is extremely complex to monitor and there are several different approaches to how it 
can be done. The ReCiPe ED method contains nine impact categories a midpoint level and uses an 
assumption based on diversity of species as an adequate representation of the quality of an 
ecosystem. The damage category is centred around disruptions in the ecosystem and this is 
measured as a potential loss of species over a certain area (in square meters) or volume (with the 
area integrated to also measure a potential loss of species in a certain volume of water) during one 
year. The characterisation factors for terrestrial, freshwater and marine systems are calculated as 

and 

 
where PDF, Potentially Disappeared Fraction of Species, is the indicator for ED and has species 
density (species/m2 or species/m3) as the reference.  
 
6.4.3 Damage to resource availability (RA) 
In ReCiPe, resource damage is based around the geological distribution of mineral and fossil 
resources and measured as an increased cost (in US dollars in the year 2000) depending on how the 
use of these resources affect an increase in costs due to resource depletion. The unit for this 
marginal cost increase measurement is US$/kg2, referring to an increase of the cost of a commodity 
(US$/kg) due to an extraction of the resource (in kg).  
 
6.5 Normalisation 
Despite the subjectivity issues presented in section 2.1.3 Life Cycle Impact Assessment, the 
optional normalising (and weighting, see section 6.6 Weighting below) step is suitable for this 
specific project because of the goal and scope, allowing for simplified results that are easier to 
interpret. Normalisation means to calculate the value of an impact category relative to a reference, 
thus making it easier to determine if the impact category value is low or high compared to the 
reference and that perspective is the key to easier interpretation. This is one of two major benefits of 
the normalisation and in the case of ReCiPe, that reference is the annual impact of a European 

 )!*+,-- = ()!*) ∙ 01 ∙ 23 (3) 

 )!*4 = ()!*) ∙ 05 ∙ 23 (4) 
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citizen in the year 2000. The normalised quotient is achieved by dividing the category indicator 
result with the reference value, hence the resulting value is expressed in years. For example, a unit 
of kg CO2 equivalent divided by an annual impact measured in kg CO2 equivalent/year only results 
in a scalar x with the unit of a year. This means that normalisation solves the incompatibility 
problem mentioned in section 6.1 Classification which of course is the second major benefit. Table 
6 below present the reference values that were used for normalisation in this assessment. 
 

Table 6: Normalisation values in connection to endpoint categories 

Endpoint	category	 Reference	value	 Unit	

Damage	to	human	health	 49,5	(DALY)	 Years		

Damage	to	ecosystems	 5530	(PDF	x	m2	yr)	 Years		

Damage	to	resource	availability	 0,00324	(increased	cost)	 US$	

   
 
6.6 Weighting 
Although a controversy within the LCA community, the weighting step is quite useful for internal 
decision-making since it allows the normalised results to be aggregated into a single figure. That is 
also why it is controversial, since the weighting factors16 used to aggregate the results are 
subjective. Weighting was included in this project for the decision-making purposes and done 
through the ReCiPe method, with the recommended average perspective weighting factors 
presented in section 3.7 Method for Impact Assessment and used for the three endpoint categories 
mentioned section 6.4 Impact categories at Endpoint level.   
 
 
   
 

                                                
16 A factor that reflects the importance of a certain category, determined by a panel and based on subjective opinions 
(Goedkoop, et al., 2013).  
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7  RESULTS  

This chapter covers the results obtained from the assessment, from inventory down to weighting and 
single score. The presented data is fetched from calculations in SimaPro unless anything else is 
denoted. The calculation results refer to one CB 400 motor.  

 

 
7.1 Inventory Results 
The inventory result of the study contains several hundreds of substances and raw materials mapped 
to the 18 midpoints of the ReCiPe method. Figure 10 below display a chart of the midpoints with 
the emission allocation of these substances distributed over the three categories of production, 
material and transportation. Table 21 in Appendix 7 contain figures for some of the most common 
substances from the inventory list.  
 

 
Figure 10: The share of inventory related emissions for production, transport and material. 

The normalised results of the inventory display how the emissions are distributed between three 
damage categories (Figure 11 below). For example, material extraction and fossil fuels (hard coal 
for example) needed for production and raw material processing explain why the predominant 
damage category is Resources.  
 

 
Figure 11: Inventory emissions aggregated to endpoint categories and mapped to the impact 
categories of production, transport and material.  

Method: ReCiPe Endpoint (H) V1.12 / Europe ReCiPe H/A / Normalisation / Excluding infrastructure processes / Excluding long-term emissions
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7.2 Life Cycle Impact Assessment Results 
The LCIA models how potential environmental impacts derive from the human activities of the 
inventory (processing raw material into units, using the processed units and disposing them). The 
characterisation and damage assessment results present the calculated environmental effects of the 
studied hydraulic motor as required in the ISO 14040 and 14044 standards. The normalised and 
weighted results are calculated for interpretational purposes. For methodology information, please 
review section 6  Implementation - LCIA. All figures presented in this chapter are available in a 
more readable format in Appendix 8.  
 
7.2.1 Characterisation Results 
The results of the characterisation is visually presented in Figure 12 below and the corresponding 
calculation factors are listed in Table 7. The bars express the proportional impact of the five 
categories of production, use, transport, waste and material. With the motor being an active product, 
it is no surprise that the use phase is predominant in all of the categories.  
 

 
Figure 12: Impact results of the complete life cycle, proportionally mapped to each impact 
category and distributed over each life cycle phase.  

The negative values in Table 7 indicates a positive effect on the impact (the green bars of ‘waste’ in 
Figure 12). In LCA methodology, this is calculated as avoided products, referring to reused and 
recycled products as material resources for new products i.e. there is a decreased need for raw 
material extraction and processing, hence a decreased impact. Material hygiene (low material mix, 
high structural order) play a major role when it comes to potentially avoided products (Luttropp & 
Brohammer, 2014).  
 
Even though the use phase is the undoubtedly biggest contributing factor for all impact categories, 
the significance of the production and material must not be neglected. These impacts are further 
described in section 7.2.2 Damage Assessment Results.  
 

Table 7: Characterisation calculation results for each impact category 

Impact	category	 Endpoint	 Unit	 Total	 Material	 Transport	 Utilisation	 Disposal	

Climate	change	Human	Health	

H
H
	

DALY	 1,42E-01	 1,45E-02	 4,34E-05	 1,29E-01	 -1,29E-03	
Ozone	depletion	 DALY	 2,75E-04	 2,87E-06	 1,58E-08	 2,72E-04	 -1,23E-07	
Human	toxicity	 DALY	 1,31E-02	 2,79E-03	 5,80E-06	 1,03E-02	 -3,33E-05	
Photochemical	oxidant	formation	 DALY	 2,32E-05	 1,51E-06	 1,58E-09	 2,18E-05	 -1,27E-07	
Particulate	matter	formation	 DALY	 7,49E-02	 8,30E-03	 7,41E-06	 6,74E-02	 -7,86E-04	
Ionising	radiation	 DALY	 1,02E-02	 1,06E-05	 3,42E-08	 1,02E-02	 -6,26E-07	
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Climate	change	Ecosystems	

ED
	

species.yr	 8,07E-04	 8,19E-05	 2,46E-07	 7,32E-04	 -7,31E-06	
Terrestrial	acidification	 species.yr	 3,54E-06	 3,09E-07	 2,83E-10	 3,25E-06	 -2,16E-08	
Freshwater	eutrophication	 species.yr	 5,14E-07	 7,06E-08	 2,00E-12	 4,44E-07	 -1,12E-09	
Terrestrial	ecotoxicity	 species.yr	 3,09E-06	 3,21E-07	 2,98E-09	 2,77E-06	 -1,53E-09	
Freshwater	ecotoxicity	 species.yr	 5,33E-08	 6,51E-09	 1,91E-11	 4,69E-08	 -1,29E-10	
Marine	ecotoxicity	 species.yr	 3,03E-08	 5,24E-09	 2,65E-11	 2,51E-08	 -4,06E-11	
Agricultural	land	occupation	 species.yr	 5,90E-03	 1,04E-05	 1,09E-09	 5,89E-03	 -6,67E-08	
Urban	land	occupation	 species.yr	 1,13E-04	 5,00E-06	 6,98E-11	 1,08E-04	 -6,49E-08	
Natural	land	transformation	 species.yr	 8,09E-05	 4,35E-06	 3,54E-11	 7,67E-05	 -1,00E-07	
Metal	depletion	

RA
	 $	 1,61E+03	 4,03E+02	 6,01E-04	 1,24E+03	 -3,39E+01	

Fossil	depletion	 $	 3,66E+03	 4,90E+02	 1,84E+00	 3,20E+03	 -3,23E+01	
 
Please note that direct comparing of results is not possible at this stage, hence the need for 
normalisation if comparison is desired. Normalised results are presented in section 7.2.3 
Normalised Results.  
 
7.2.2 Damage Assessment Results 
The endpoint categories in Figure 13 summarise how the impacts listed in Table 7 are distributed in 
terms of damage to Human Health (HH), the Ecosystems (ED) and the Resource Availability (RA).  
 

 
Figure 13: The LCIA damage results expressed per endpoint category.  

While the use phase account for almost all of the impacts related to the ED category, the production 
and material processes have a noticeable impact on HH and RA. For example, the production 
exceeds material in terms of particulate matter and climate change. For human toxicity, both 
production and material account for around 10 % each. At endpoint level, this sums up to a total of 
10 % (together with the other midpoint categories in HH). When it comes to RA, the material input 
and production processes account for about a quarter of the total metal depletion. For fossil 
depletion, the production and material account for just shy of 15 % of the impacts. Table 8 list the 
data used in Figure 13. 
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Table 8: Characterisation results for the endpoint categories 

Damage	category	 Unit	 Total	 Material	 Transport	 Utilisation	 Disposal	

Human	Health	 DALY	 2,41E-01	 2,56E-02	 5,67E-05	 2,17E-01	 -2,11E-03	
Ecosystems	 species.yr	 6,91E-03	 1,02E-04	 2,50E-07	 6,81E-03	 -7,56E-06	
Resources	 $	 5,26E+03	 8,93E+02	 1,84E+00	 4,43E+03	 -6,62E+01	

 
7.2.3 Normalised Results 
In this section, the three endpoint categories are presented with the same unit to allow result 
comparison between the categories. Figure 14 shows that the biggest damage is done to the 
ecosystem, followed by the resources and lastly the human health. It is also obvious that the use 
phase causes the biggest impacts, by far. The normalisation is done with the environmental impact 
caused by an average European during one year as reference.   

 
Figure 14: The impact expressed in years needed for the reference to cause the same damage.  

In terms of utilisation, it would take one average European 37,7 years to reach the ED level. That 
figure is 14,4 years for RA damage and 10,8 years for damage to the HH. The contribution from the 
transportation category is notably small and almost non-existent in this context – equal to roughly 
38 days needed for the reference to release the same amount of substances related to HH. The 
calculation results are listed in Table 9 below. 

Table 9: Normalised results in years 

Damage	category	 Unit	 Total	 Material	 Transport	 Electricity	 Disposal	

Human	Health	 Years	 1,19E+01	 1,27E+00	 2,80E-03	 1,08E+01	 -1,04E-01	
Ecosystems	 Years	 3,82E+01	 5,66E-01	 1,38E-03	 3,77E+01	 -4,18E-02	
Resources	 Years	 1,70E+01	 2,89E+00	 5,97E-03	 1,44E+01	 -2,14E-01	

 
7.2.4 Weighted Results 
The results of the weighting are visually presented in Figure 15 and reflect the appearance of the 
normalised values but with scoring instead of years. The calculation results are listed in Table 10.  
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Figure 15: Weighted results per endpoint category, expressed in scores (kPt).  

 
Table 10: Weighted scores for each endpoint category 

Damage	category	 Unit	 Total	 Material	 Transport	 Electricity	 Disposal	

Total	 kPt	 2,35E+01	 1,31E+00	 2,87E-03	 2,22E+01	 -1,01E-01	
Human	Health	 kPt	 4,77E+00	 5,06E-01	 1,12E-03	 4,31E+00	 -4,18E-02	
Ecosystems	 kPt	 1,53E+01	 2,26E-01	 5,54E-04	 1,51E+01	 -1,67E-02	
Resources	 kPt	 3,41E+00	 5,79E-01	 1,19E-03	 2,87E+00	 -4,29E-02	

 

The results of the utilisation scenario for the U.S. market (see section 5.5 Utilisation for details) are 
presented as single scores in Table 11 below together with the single scores for the operational 
scenario in Sweden. The single scores have been aggregated from the endpoint categories and 
mapped for each LCA phase. 

Table 11: Aggregated Single Score 

Market	 Unit	 Material	 Manufacturing	 Transportation	 Utilisation	 Disposal	 Total	

Sweden	 kPt	 0,42	 0,79	 0,1	 22,2	 -0,1	 23,5	
U.S.	 kPt	 0,42	 0,79	 0,1	 195	 -0,1	 197	

 

The material and manufacturing are of course identical, and the transportation have a similar impact 
even though sea freight is utilised for transportation to the U.S. distributor. The big difference is the 
use phase, which confirms the figures in Table 3.  
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7.2.5 Energy demand and emissions  
The consumed energy and emitted CO2 during the complete life cycle of the motor is presented in 
Table 12 below, which demonstrates how the geographical location affects the impact (all values 
are for global impact, but geographical location influence the energy sources, hence the difference).    

Table 12: Energy and emissions for the complete life cycle 

Sweden	 Unit	 Material	 Manufacturing	 Transport.	 Utilisation	 Disposal	 Total	

Energy	(consumed)	 MJ	 2,54E+03	 11,97E+03	 210,3	 11,15E+06	 -4,65E+03	 11,16E+06	
CO2	(emitted)	 kg	 2382,65	 7287,7	 977	 3,24E+05	 -303	 3,25E+05	
	 	 	 	 	 	 	 	
United	States	 Unit	 Material	 Manufacturing	 Transport.	 Utilisation	 Disposal	 Total	
Energy	(consumed)	 MJ	 -“-	 -“-	 228,2	 -“-	 -4,55E+03	 -“-	
CO2	(emitted)	 kg	 -“-	 -“-	 1059	 1,98E+06	 -303	 19,8E+05	
 

The CO2 emissions of the utilisation in the U.S. are over six times higher than in Sweden, which is 
explained by the amount of fossil fuels used for electrification.  
 
7.3 Disposal scenario Results 
A consequential analysis of the decommissioning of the motor was modelled as two disposal 
scenarios; one on general disposal/recycling and one on an estimated “take-back”. The scenarios 
were analysed as two identical cases of utilised motors, but one operating in Sweden and one in the 
U.S. The parts chosen for the take-back scenario are presented in Table 13 below. Please note the 
difference in mass proportion and iron proportion in the table. Weighted scores were chosen for the 
display of the results.   

Table 13: Parts modelled for take-back  

Part	 Material	family	 Total	mass	proportion	of	motor	(%)	

Cylinder	block	1	 Nodular	iron	 17,3	

Cylinder	block	2	 Nodular	iron	 14,7	

Connection	housing	 Grey	iron	 16,2	

Housing	cover	end	cap	 Nodular	iron	 11,9	

Middle	part	 Nodular	iron	 4,4	

End	cover	end	cap	 Nodular	iron	 0,5	

	 Total	iron	proportion	 99,8	

 
As seen in Table 13, close to all of the iron in the complete motor is allocated on four parts. For this 
scenario, the parts are assumed to be reusable after overhaul, thus the result should be considered 
the best case scenario – generally, the amount of reusable parts is lower than in this scenario. Figure 
16 below show the weighted scores for each damage category, compared between the two disposal 
scenarios for Sweden.  
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Figure 16: The take-back scenario have a much bigger end of life potential for all of the damage 
categories compared to the general recycling/disposal scenario. 

As seen in Table 14 below, SimaPro model the scenarios almost identically for the two compared 
countries. Thus, Figure 16 represent the results of the U.S. scenario as well. Please note that the 
damage categories have different units and therefore cannot be directly compared.  

Table 14: 

	 	 Takeback	 Recycle/general	 Potential	gain	(%)	

Damage	category	 Unit	 U.S.	 Sweden	 U.S.	 Sweden	 U.S.	 Sweden	

Human	Health	 DALY	 -0,015	 -0,015	 -0,002	 -0,002	 750	 750	
Ecosystems	 species.yr	 -0,00006	 -0,00006	 -0,00001	 -0,00001	 600	 600	
Resources	 $	 -507,3	 -507,9	 -65,8	 -66,2	 771	 767	
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8  INTERPRETATION 

This chapter contains the interpretations of the results from the LCA.   

 
 
 
8.1 Sensitivity analysis 
A sensitivity analysis was done to evaluate the influence of some assumptions made throughout the 
study. The principle is to change an assumption and recalculate the LCA. Assumptions regarding 
very small parts like washers or seals and gaskets was presumed to have a barely measurable 
impact, hence they were not tested for sensitivity. The results of the analysis are presented in Table 
15 below. 

Table 15: Model stress-test for the major assumptions 

Scenario	 Reason	 Impact	due	to	scenario	
All	distances	are	increased	by	300	%	 All	transport	distances	are	

estimated	as	the	shortest	routes.	
HH	single	score	increase:	1,2	%	
RA	single	score	increase:	1,7	%		

Energy	country	mix	exchanged	to	

specific	input	according	to	Table	3	

Energy	Country	mix	background	
data	unknown	

HH	single	score	increase:	35	%	
ED	single	score	decrease:	74,4	%	
RA	single	score	increase:	38	%	
Total	CO2	emissions	decrease	with	
450	%	which	is	reflected	by	the	ED	
single	score	

Production	energy	amount	

increased	with	300	%	(which	equals	

three	times	the	raw	material	input)	

Energy	input	for	production,	
general	background	data	used	

HH	single	score	increase:	10	%	
ED	single	score	increase:	1,3	%	
RA	single	score	increase	13,2	%	

 
Out of the three tested scenarios, the only scenario that really affects the results without very drastic 
changes in the first place is the scenario with energy specific input instead of the ecoinvent v3 
country mix. In that specific context, the model should be considered unstable. Possible issues with 
the country mix of ecoinvent v3 is also confirmed in ‘Life Cycle Inventories of Electricity Mixes 
and Grid’ pp. 191-193 (Itten, et al., 2014). In terms of energy input for production as well as 
estimated distances, the assumptions are considered robust.  
  
Running the motors at different operational settings will either improve or impair the outcome. 
However, that is not equated to model instability but rather considered a drawback of the model. 
Although other assumptions and estimations were made, they are considered small in the context of 
the tested scenarios and therefore unconsidered in the sensitivity analysis. The foreground data is 
considered robust, but an uncertainty analysis is encouraged as future work.  
 
8.2 Identified main parameters 
The most important parameter found to influence the results of the LCIA is without a doubt the 
source of energy input. When isolating the different unit processes of the motor, the most 
interesting part to further evaluate in terms of product development is the cam ring. That also 
confirms the belief of some of the engineers at BR. As for other areas of development, the end of 
life scenario has a great potential of further reducing the impact of the studied motor without even 
making any changes to the product design.  
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8.3 Future work 
Recommendations on further work in relation to the identified main parameters are presented 
below.  
 
8.3.1 Uncertainty analysis 
Uncertainty amongst the data is inevitable in any LCA project. According to PRé, three main types 
of uncertainty can be distinguished for LCA projects in general: variation in the data, correctness of 
the model and incompleteness of the model (Goedkoop, et al., 2013). In this study, foreground data 
has been considered reliable and no concrete possibility to further examine the data sources could 
be fitted within the scope, but subjective choices (e.g. regarding waste scenarios for a product that 
can live for decades) add to the uncertainty of the result. Verifying the foreground data and further 
evaluating model uncertainties is suggested as future work if a mapping of the uncertainty is 
desired.   
 
8.3.2 Examine decommissioning 
Based on the difference in take-back and disposal results, gathering data on the end of life treatment 
of the motor(s) is recommended in order to further examine the possibility of implementing take-
back systems for markets both in Sweden and on global level. The existing solution for the Swedish 
market, where the customers’ can get their motors overhauled or exchanged is not standardised. It is 
therefore hard to measure any possible positive environmental outcome in practice, but it is an area 
with great opportunities and therefore well worth investigating further.  
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9  STREAMLINED MODEL 

This chapter contains details around the development of a simplified tool for conducting 
streamlined assessments on the BR product range exclusively.   

 
 

 
9.1 Requirements 
The purpose of the model was to assist BR employees in their internal education and decision-
making by allowing them to conduct quick assessments of their products. The aim was to create a 
simple tool without sacrificing too many of the advantages of a more detailed LCA, like the one 
covered by this thesis.  In order to achieve that, the following requirements were specified: 
 

• The model should enable the user to perform all the four steps of the LCA method. 
• The model must be based on scientific data. 
• Given the same case as covered by this thesis, the result of the model should not differ from 

the SimaPro result by more than  
o 2 % if all (or as many as possible) unit processes are covered by the simplified 

model 
o 5 % if as many unit processes as possible are substituted by clusters of material and 

manufacturing processes  
• The model should allow the user to adjust at least four different parameters:  

o Pre-set hydraulic motors (including the unit processes of the chosen product) 
o Choice of energy output (in kWh) 
o Choice of market (for utilisation) 
o Choice of comparison between two parameters (e.g. energy output) 

• The model should have a simple interface and be intuitive  
 
9.2 Construction of the model 
At first, a combined flow-chart and system blueprint was set up to illustrate the architectural layout 
of the different desired operations (see Appendix 9). The model was then created using matrix 
calculations of linear algebra, based on the work of T. Mattila17 and structured following the 
guidelines of ‘The computational Structure of Life Cycle Assessment’ (Heijungs & Suh, 2002). The 
system utilizes three equations, where 
 6 = "789 (5) 
 
is the first equation and A the first important matrix. The A-matrix (or technology matrix) is a 
database containing the process flows and production processes of the system. f is the final demand 
vector, where the demands (e.g. output of processed iron) are specified. The scaling vector s is used 
to calculate how much of each process is needed to produce what is specified as demands. So far, 
only the inventory relations are covered by the calculation. To add emissions and resource 
consumption, a matrix B (or intervention matrix, containing all unit emissions) is introduced 
through the equation 
 : = ;6 (6) 
 
where g is a vector representing the inventory results, or all the emissions of the system for the 
specified demand. In order to complete the inventory analysis and assessment, the necessary 

                                                
17 Tuomas Mattila, http://rlca.sourceforge.io 
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characterisation is added through a matrix called Q, or the characterisation matrix. The third and 
final equation 
 ℎ = =: (7) 
 
produces a vector h containing the environmental impacts caused by the system. 
 

 
Figure 17: The technology matrix A (blue) and intervention matrix B (pink)   

 
9.3 Results and accuracy  
The simplified model works satisfactory in terms of energy demand and deliver results with a 
deviation of about 1 % from the SimaPro result in terms of energy input and output although some 
small details of the motor was left out when the units were clustered. For the CO2 values, the 
deviation is 2,3 %. For the inventory emissions, they are close to 100 % accurate which is explained 
by the fact that the characterisation utilises the same factors as the ReCiPe midpoint method (H/A) 
and the emission factors are imported directly from SimaPro. However, it must be emphasised that 
this scenario only accounts for the same case as the one assessed in SimaPro and covered by this 
thesis. Changes to the parameters will cause a change in the conditions, leading to bigger deviation 
in the results.   
 
9.4 Future work and recommendations 
The model has yet to receive code for the energy market parameters as well as for the comparison 
functionality. In addition, it does not take recycling into consideration at this stage, which is 
desirable. It is also advised that the model is extended with matrices for sensitivity analysis. 
Instructions and information on how to expand the model with sensitivity analysis according to the 
Monte Carlo18 method can be found in the book by Heijungs & Suh. The remaining work is fairly 
easy for someone with basic knowledge of Microsoft Excel and linear algebra.  

                                                
18 The Monte Carlo analysis is a numerical method that can be used to establish a range of uncertainty amongst the 
calculated results (Goedkoop, et al., 2013).  
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10  INTERFACE PROTOTYPE 

Below follows a summary of the work behind the graphical user interface and application mock-up 
that was created during the project. 

 

 

10.1 Purpose  
The purpose of the interface was to provide BR with an example of how the streamlined Excel 
model can be transformed into an application running on the internal network or from the cloud. 
The interface was also done in order to meet the examination requirements stated for master theses 
conducted within the Industrial Design Engineering masters track at KTH and not initially 
requested by BR. The interface is an example of a graphical presentation of the content in the 
streamlined model. Compared to the Excel spreadsheet, the interface enables a better and easier 
overview and understanding of the LCA procedure by utilising floating comments and call-out 
helpers to the user. 
 
10.2 Procedure 
The interface was illustrated from scratch using the Adobe InDesign software (Adobe, 2017). A 
total of seven different pages were designed and turned into an application mock-up using the 
Axure RP software (Axure, 2017). The resulting mock-up has no connection to the database but 
presents the function of the interface. A complete set of screenshots from the interface prototype 
can be found in Appendix 6. 
 
10.3 Future work and recommendations 
The intellectual property rights of the interface were given to BR so that they, if interested, could 
use it to finalise a proof of concept. There are several ways to create a working website from the 
interface prototype. For example, the Excel spreadsheet can be migrated to an SQL database19, and 
PHP20 can be used to run the interface from a server within the local network. Optionally, a cloud 
based service like Microsoft Azure21 can be used for the same purpose but without the need for a 
local server. Using a cloud based solution does not require installing any software or downloading 
any files, hence it facilitates access for more than just one or a couple of users. The interface itself 
can either be programmed with HTML522, Java23 or .NET24 to name a few (Elm, 2017). 

  

  

                                                
19 Structured Query Language is used to retrieve and manage data from a relational database (Wikipedia, 2017). 
20 PHP or Hypertext Preprocessor is a server-side scripting language (Wikipedia, 2017) 
21 Azure is a cloud service provided by Microsoft (Microsoft, 2017) 
22 HTML5 or HyperText Markup Language 5 is a language used to present content on the web (W3C, 2017) 
23 Java is a programming language designed to run on many different platforms without recompilation (Oracle, 2017) 
24 .NET is framework developed by Microsoft, combining language interoperability for several different programming 
languages (Microsoft, 2017). 
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11  ENVIRONMENTAL INDICATOR 

This chapter presents the details of the environmental indicator platform. The platform is a 
proposal for the implementation of a single score into a software configuration platform used by 
sales representatives at BR.  

 

 
11.1 Function 
The environmental indicator is a way of using an aggregated single value as an attribute for 
environmental performance, thus giving a unique indicator to each motor in the BR product 
segment. The idea is to integrate the attribute in the product configuration platform that BR use to 
frame complete drive systems based on customers' needs and wishes. The purpose of the indicator 
is to give the customer the possibility to choose a specification based on its environmental 
performance and thus maybe reduce their energy demands.  
 
11.2 Requirements 
It is the performance of the complete specification of motors, drive units and control units, not the 
motor itself, that should be represented by the single score. The most important basic requirements 
are thought to be that 
 

• the indicator must be mapped to the energy requirements of each possible specification   
• the indication must be made through comparison of possible specifications proposed by the 

configurator and then mark a configuration based on lowest energy requirements 
• the indicator must be programmed in a transparent manner to allow for manual verification  
• the indicator must be designed so that a certain tolerance requirement is met in order for 

indication, e.g. missing input parameters or too sensitive calculation results must disable 
indication  

 
11.3 Challenges 
Apart from the issues with the subjective nature of weighted and normalised values, aggregating a 
single score for just one product is easy. In theory, adding multiple aggregated scores for a complete 
hydraulic drive system would be no problem if it wasn’t for the many factors influencing the system 
setup. Each drive system can be run at a plethora of different settings for almost as many different 
applications, and the customer may very well run the motor using different settings — thus greatly 
affecting the energy demand. On top of that, the different possible pressure levels of each drive 
sytem affect the life length of the pump. Creating an algorithm that can provide a solid estimate of 
required input energy based on that information may well be one of the biggest challenges.  
 
11.4 Implementation 
It is very important that the implementation is done in such a way that the configurator marks the 
least energy demanding setup as the ‘greenest’ alternative only if there is no risk for miscalculations 
and that it is clear that the purpose is to help the customer minimise the amount of energy required 
for their specific application. A comprehensive and thorough statistical study on indicator results 
based on beta testing of the configurator must be done to assure function and precede any use in 
sharp situations. 
 
11.5 Future work and recommendations 
Firstly, it is key to investigate the potential energy saving to be made through the use of the 
indicator. This can for example be done by modelling and testing different scenarios based on data 



  38 

from a couple of different customer sites, maybe even collected with the Spider325. When 
measuring the energy demand there is no need for impact assessment and thus, such models can for 
example be created in Excel or MatLab. If the results are promising, real tests can follow.  
 
If the possibility of the indicator is to be examined, a streamlined LCA model can be used to 
estimate the first aggregated scores. However, for any real implementation it is advised to use a 
more comprehensive computational software to model the different possible configurations. 
 
There is also an obvious risk of interpreting the indicator as a tool for greenwashing. One may say 
that it is a way for BR to put the responsibility of emissions on the customer and turn eyes away 
from the own production. Being transparent and honest about how combined efforts from both BR 
and the customers can help reduce the energy demand at the customers’ site may be the best way 
the explain the benefit of the indicator, especially in countries where a great deal of the energy 
originates from hard coal or fossil fuels.  
 
 
 

 

                                                
25 A BR control unit 
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12  DISCUSSION AND CONCLUSIONS 

This chapter discusses the work of the thesis and presents the conclusions drawn based on the 
performed study and the defined problem.  

 
 
12.1 Discussion 
First and foremost, it should be stated that the results of this thesis are based on an assessment 
model that isn’t representative of the dynamic operational range of the studied motor, meaning that 
they should only be considered as an indication of the environmental performance in this specific 
case. However, the results are considered to reflect the overall distribution in a satisfactory way. 
Even though the foreground data can be considered very solid, the study completely rely on second-
hand background data which in practice means that the picture painted is likely somewhere between 
one and ten years old depending on the database update rates. In this case, the use phase is likely the 
most sensitive piece of modelling in terms of how recent the background data is.  
Even though the use phase is predominant in all of the assessed situations, it should not be seen as a 
reason or incentive to look away from the impact of the own production. This thesis reflects an 
estimate of environmental impact based on one single unit amongst all the manufactured and sold 
motors, and on top of that they all have greatly varying impact based on operational site and 
application. This sheds a light on the difficulty of accurate assessment at a larger scale as well as 
demonstrates the advantage of a simplified yet accurate LCA modelling tool.  
The cam ring was the one part of the motor that on beforehand was thought to have the greatest 
possibility of positively influencing the results based on re-design (potentially, only the wear 
surface needs to be manufactured in ESR), but taking those measures would inevitably introduce at 
least a second material as well as different manufacturing methods. In addition, it would worsen the 
material hygiene and potentially also the sorting border of the cam ring, which in turn could 
contribute negatively to the possible gain of reducing the amount of ESR. 
The amount of oil used in the calculations should be considered low due to the simplification of not 
accounting for the volume of the piping. It should also be said that modelling leakage due to failure 
can affect the result quite a fair amount, at least in terms of damage to human health and the 
ecosystem. Vegetable oil-based fluids could possibly be examined for use in at least some 
applications, but that would require designing for that specific fluid and possibly lead to changes in 
the manufacturing that may even turn out to be a white elephant in terms of environmental 
improvement. 

The take-back scenario was modelled on assumptions and should be considered a rough estimate. 
However, not saying product development is to ignore, but reusing all parts possible may even 
outperform any environmental advantages of re-designing the studied system. According to an 
engineer at BR, an estimated 50 % of the motors arrive at their end of life having wear parts (not 
presented in Table 13) that potentially could be refurbished for a second life cycle, however it 
should also be denoted that there is a large variation in motor condition after intended use and life 
length. Incorporating also the wear parts in the calculation would of course improve the end of life 
potential further, although such decisions obviously have to be done with great care.  
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12.2 Conclusions 
 

• The aims and objectives in terms of examining and mapping the key drivers of impact and 
contribution are considered fulfilled.  

 
• The objective of creating a simplified LCA model in Microsoft Excel is considered fulfilled 

for two of the three aims — more work is required to achieve the last goal, namely 
comparing different assessment results in a consequential LCA step.  The aim to create an 
interface is considered fulfilled even though it is detached from Microsoft Excel. 

 
• The impact from utilisation of the hydraulic motor greatly exceeds the impact from the 

material extraction and manufacturing.  
 

• Two parameters were found to have the greatest influence the result of the impact: 
geographical location of use and chosen operational configuration in terms of pressure (and 
thus energy input). 

 
• BR have been provided with a foundation that can facilitate future work and decision-

making on the area of LCA. 
 

• The level of knowledge regarding the production and use of a BR hydraulic motor, as well 
as the methodology of LCA is considered increased. 
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13  RECOMMENDATIONS AND FUTURE WORK 

In this chapter, recommendations on more detailed solutions and/or future work in this field are 
presented.  
 
 
13.1 Recommendations 
 

• The results are sensitive to energy input source and will vary quite a bit even with 
reasonably small changes. It is therefore recommended that emphasis is put on data 
collection in terms of energy in order to get the best results regarding impact during the use 
phase. 

 
• Examine the decommissioning both locally and globally in order to evaluate and perhaps 

implement a more general take-back solution. 
 

• Investigate the potential energy saving to be made through the use of an indicator. If 
promising, do a pilot project together with a customer and examine the effects. 

 
• Assess the difference in energy demand and impact based on a handful of scenarios 

regarding different operational pressures in connection to pump exchange 
 
 
13.2 Future work 
The list of future work is not presented in any proposed order. 
 

• Perform an uncertainty analysis on the foreground data in order to verify the amount of 
uncertainty in the model. 

 
• Complete the streamlined model in terms of pre-defined drive configurations in order to 

enable quick assessments and score calculations for decision-making purposes 
 

• Create a proof-of-concept from the interface and model and run it from a local server or the 
cloud 
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APPENDIX 1: FOREGROUND AND BACKGROUND DATA SOURCES 

This appendix includes tables on all data used in the study, followed by a description of the background data fetched from the ecoinvent v3 and ELCD 
3.1 databases. The source region refers to generalised background data for manufacturing in Europe.  
 

Table 16: Data sources 

Note	 Part	 FG	material	 BG	material	 Qt	 Mass	(total)	 Type	 BG	source	 Source	year	 Source	region	
	 Cylinderblock	 -	 -	 1	 184,1	 M	 ecoinvent	v3	 2010	 Europe		

	 Cylinderblock	 -	 -	 1	 157	 M	 ecoinvent	v3	 2010	 Europe		

	 Anslutningsenhet	 	 	 	 205,2	 M/E	 	 	 	
	 Anslutningshus	 -	 -	 1	 172,2	 M	 ecoinvent	v3	 2010	 Europe		

	 Axiallager	 -	 -	 1	 14,2	 M	 ecoinvent	v3	 2010	 Europe		

	 Förslitningsdetalj	 -	 -	 1	 0,2	 E	 	 	 	

	 Skylt	 -	 -	 1	 0	 E	 	 	 	
	 Tryckfjäder	 -	 -	 20	 2	 M	 ELCD	3.1	 2011	 Europe		

	 Kolv	 -	 -	 20	 0,1	 M	 ecoinvent	v3	 2010	 Europe		

	 Hylsa	 -	 -	 20	 0,1	 M	 ecoinvent	v3	 2010	 Europe		
	 Blindfläns	 -	 -	 4	 7,2	 M	 ecoinvent	v3	 2010	 Europe		

	 Kodminne	 -	 -	 1	 0	 E	 	 	 	

Detaljkluster	

Skruv	m	cyl	huvud	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 16	 1,6	 E	 ecoinvent	v3	 2000	 Europe		
Inställningsskruv	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 2	 0,16	 E	 ecoinvent	v3	 2000	 Europe		

Skruv	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 2	 0,16	 E	 ecoinvent	v3	 2000	 Europe		

Plugg	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 1	 0,05	 E	 ecoinvent	v3	 2000	 Europe		
Skruvplugg	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 2	 0,2	 E	 ecoinvent	v3	 2000	 Europe		

Skruvkoppling	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 3	 3,6	 E	 ecoinvent	v3	 2000	 Europe		

	 Lasthållare	 Stål	 Steel,	low-alloyed	{RER}	 2	 2,58	 E	 ecoinvent	v3	 2010	 Europe		

Detaljkluster	 Plugg	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 2	 0,1	 E	 ecoinvent	v3	 2000	 Europe		

Confidential 
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Plugg	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 3	 0,15	 E	 ecoinvent	v3	 2000	 Europe		
Plugg	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 4	 0,6	 E	 ecoinvent	v3	 2000	 Europe		

	 Kamring	 Lagerstål	 Steel,	low-alloyed	{RER}	 2	 162,4	 M	 ecoinvent	v3	 2010	 Europe		

	 Gavelshusenhet	 	 	 	 139,46	 M/E	 	 	 	
	 Gavel	 Segjärn	 Cast	iron	{RER}	 1	 126,3	 M	 ecoinvent	v3	 2010	 Europe		

Detaljkluster	

Strypskruv	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 1	 0,1	 E	 ecoinvent	v3	 2000	 Europe		

Plugg	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 1	 0,05	 E	 ecoinvent	v3	 2000	 Europe		
Skruvplugg	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 1	 0,05	 E	 ecoinvent	v3	 2000	 Europe		

	 Förslitningsdetalj	 -	 	 1	 0,5	 E	 	 	 	

	 Cylindriskt	rullager	 Lagerstål	 Steel,	low-alloyed	{RER}	 1	 7	 M	 ecoinvent	v3	 2010	 Europe		
	 Spårring	 Stål	 Steel,	low-alloyed	{RER}	 1	 5,16	 E	 ecoinvent	v3	 2010	 Europe		

Detaljkluster	 Plugg	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 6	 0,3	 E	 ecoinvent	v3	 2000	 Europe		

	 Fördelare	 -	 -	 1	 3,7	 M	 ecoinvent	v3	 2010	 Europe		
	 Basenhet	 	 	 	 85,98	 M/E	 	 	 	

	 Tryckfjäder	 -	 -	 16	 0,832	 E	 ELCD	3.1	 2011	 Europe		

	 Hylsa	 -	 -	 16	 1,528	 E	 ecoinvent	v3	 2010	 Europe		
	 Fjädrande	rörpinne	 -	 -	 12	 1,44	 E	 ELCD	3.1	 2011	 Europe		

Detaljkluster	

Skruv	m	cyl	huvud	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 4	 2,72	 E	 ecoinvent	v3	 2000	 Europe		

Sexkantmutter	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 34	 1,7	 M	 ecoinvent	v3	 2000	 Europe		
Bricka	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 16	 0,32	 E	 ecoinvent	v3	 2000	 Europe		

Bricka	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 72	 0,72	 E	 ecoinvent	v3	 2000	 Europe		

	 Mellanstycke	 Segjärn	 Cast	iron	{RER}	 1	 47	 M	 ecoinvent	v3	 2010	 Europe		

Detaljkluster	
Skruv	m	cyl	huvud	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 16	 3,2	 E	 ecoinvent	v3	 2000	 Europe		

Sexkantskruv	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 34	 26,52	 E	 ecoinvent	v3	 2000	 Europe		

	 Ändlocksenhet	 	 	 	 16,6	 M/E	 	 	 	
	 Tätningshållare	 Gjutjärn	 Cast	iron	{RER}	 1	 10,4	 M	 ecoinvent	v3	 2010	 Europe		

Detaljkluster	
Strypskruv	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 1	 0,01	 E	 ecoinvent	v3	 2000	 Europe		

Sexkantskruv	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 6	 0,18	 E	 ecoinvent	v3	 2000	 Europe		
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Skruv	m	cyl	huvud	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 12	 0,72	 E	 ecoinvent	v3	 2000	 Europe		
Plugg	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 1	 0,05	 E	 ecoinvent	v3	 2000	 Europe		

	 Lagerhållare	 Stål	 Steel,	low-alloyed	{RER}	 1	 3,9	 M	 ecoinvent	v3	 2010	 Europe		

	 Gavellock	 Segjärn	 Cast	iron	{RER}	 1	 5,3	 M	 ecoinvent	v3	 2010	 Europe		

Detaljkluster	

Bricka	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 12	 0,012	 E	 ecoinvent	v3	 2000	 Europe		

Skruvplugg	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 1	 0,016	 E	 ecoinvent	v3	 2000	 Europe		

Plugg	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 1	 0,05	 E	 ecoinvent	v3	 2000	 Europe		
Plugg	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 1	 0,012	 E	 ecoinvent	v3	 2000	 Europe		

	 Flänshus	 Gjutjärn	 Cast	iron	{RER}	 1	 0,03	 E	 ecoinvent	v3	 2010	 Europe		

Detaljkluster	
Blindmutter	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 1	 0,016	 E	 ecoinvent	v3	 2000	 Europe		
Skruv	m	rundat	huvud	 Skruvstål	 Chr.	steel	18/8,	hot	rolled,	{RER}	 4	 0,004	 E	 ecoinvent	v3	 2000	 Europe		

	 Kolvsats	 	 	 	 104	 M	 	 	 	

	 Kolv	 -	 -	 32	 48	 M	 ecoinvent	v3	 2010	 Europe		
	 Kolvring	 -	 -	 32	 0,32	 M	 ecoinvent	v3	 2010	 Europe		

	 Kamrulle	 -	 -	 32	 55,68	 M	 ecoinvent	v3	 2010	 Europe		

	 Smörjfett	 	 Lubricating	oil	{GLO}	 	 -	 	 	 2011	 Global	
	 Tätningssats	 	 	 	 1,56	 M/E	 	 	 	

Detaljkluster	

Radiell	axeltätning	 72	NBR	902	 NBR	copolymer	{RER}	 1	 0,3	 E	 ecoinvent	v3	 1996	 Europe		

O-ring	 Nitrilgummi	 NBR	copolymer	{RER}	 1	 0,16	 E	 ecoinvent	v3	 1996	 Europe		
O-ring	 Nitrilgummi	 NBR	copolymer	{RER}	 4	 0,04	 E	 ecoinvent	v3	 1996	 Europe		

O-ring	 Nitrilgummi	 NBR	copolymer	{RER}	 1	 0,16	 E	 ecoinvent	v3	 1996	 Europe		

O-ring	 Nitrilgummi	 NBR	copolymer	{RER}	 4	 0,08	 E	 ecoinvent	v3	 1996	 Europe		
Radialtätning	 72	NBR	902	 NBR	copolymer	{RER}	 1	 0,3	 E	 ecoinvent	v3	 1996	 Europe		

O-ring	 Nitrilgummi	 NBR	copolymer	{RER}	 1	 0,08	 E	 ecoinvent	v3	 1996	 Europe		

O-ring	 Nitrilgummi	 NBR	copolymer	{RER}	 1	 0,08	 E	 ecoinvent	v3	 1996	 Europe		
O-ring	 Nitrilgummi	 NBR	copolymer	{RER}	 1	 0,08	 E	 ecoinvent	v3	 1996	 Europe		

O-ring	 Nitrilgummi	 NBR	copolymer	{RER}	 1	 0,08	 E	 ecoinvent	v3	 1996	 Europe		

Radiell	axeltätning	 72	NBR	902	 NBR	copolymer	{RER}	 1	 0,2	 M	 ecoinvent	v3	 1996	 Europe		
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Detaljkluster	 O-ring	 Nitrilgummi	 NBR	copolymer	{RER}	 1	 0,2	 E	 ecoinvent	v3	 1996	 Europe		

	 Trälåda	 Trä	 Sawnwood,	soft,	raw,	u=20%	{RER}	 1	 105	 M	 ecoinvent	v3	 2014	 Europe		

	 Rostskyddspåse	 Polyeten	 Packaging	film,	LD	PE	{RER}	 1	 0,5	 E	 ecoinvent	v3	 1993	 Europe		
	 Motorolja	 	 Lubricating	oil	{GLO}	 250	L	 225	 E	 ecoinvent	v3	 2011	 Global	
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APPENDIX 2: TRANSPORTATION DISTANCE AND TYPE ESTIMATIONS 

This appendix lists all the estimations that was done on transportation carrier types and distances throughout the study, both for delivery of parts to 
the factory and shipping of assembled units from the factory to some different worldwide locations. All road transport was estimated to meet the 
EURO5 exposure class. The German and Japan figures was left out in the assessment but listed here for future purposes. 
 

Table 17: Transportation from assembly line to market 

Country	 Carrier	 Distance	(km)	 Payload	(kg)	 Tonne-km	(tkm)	 Data	type		 Data	source	
Sweden	 	 	 	 	 	 	
-	Case	specific	(Korsnäs)	 Road	freight	>32	ton	{RER}26	 380	 1200		 456	 Estimated	 Google	Maps27	
	 	 	 	 	 	 	
Germany	(to	distributor)	 	 	 	 	 	 	
-	Münich	 Road	freight	>32	ton	{RER}	 2170	 1200	 2604	 Estimated	 Google	Maps	
-	Köln	 Road	freight	>32	ton	{RER}	 1945	 1200	 2334	 Estimated	 Google	Maps	
-	Hamburg	 Road	freight	>32	ton	{RER}	 1530	 1200	 1836	 Estimated	 Google	Maps	
-	Dresden	 Road	freight	>32	ton	{RER}	 1810	 1200	 2172	 Estimated	 Google	Maps	
-	Calculated	mean	 Road	freight	>32	ton	{RER}	 1864	 1200	 2237	 Estimated	 Google	Maps	
	 	 	 	 	 	 	
USA	(to	distributor)	 	 	 	 	 	 	
-	Mellansel	->	Gothenburg	 Road	freight	>32	ton	{RER}	 890	 1200	 1070	 Estimated	 Google	Maps	
-	Gothenburg	->	Philadelphia	(PA)	 Sea	freight,	transoceanic	{GLO}28	 6876	 1200	 7289	 Estimated	 Sea	Distances29	
-	Philadelphia	(PA)	->	Columbus	(OH)	 Road	freight	>32	ton	{RoW}30	 750	 1200	 795	 Estimated	 Google	Maps	
	 	 	 	 	 	 	
Japan	(to	distributor)	 	 	 	 	 	 	
-	Mellansel	->	Genua	(IT)	 Road	freight	>32	ton	{RER}	 2760	 1200	 3312	 Estimated	 Google	Maps	
-	Genua	(IT)	->	Yokohama	(JP)	 Sea	freight,	transoceanic	{GLO}	 17	270	 1200	 20	724	 Estimated	 Sea	Distances	
	 	 	 	 	 	 	

                                                
26 {RER} indicates an ecoinvent emission data-set for Europe 
27 Main road distance calculation according to Google Maps (Google, 2017) 
28 {GLO} indicates an ecoinvent emission data-set for global allocation 
29 Sea freight distance calculator port-to-port (Sea-Distances.org, 2017) 
30 {RoW} indicates an ecoinvent emission data-set for Rest-of-the-World, which is {GLO} adjusted for uncertainty 



  vi 

APPENDIX 3: SCREENING INVENTORY AND RESULTS 

This appendix lists the inventory used in the initial screening and presents the screening results. No transportation was modelled in the screening. 
 

Table 18: Unit inventory 

Component Material Recycled content* (%) Part mass (kg) Qty. Component Material Recycled content* (%) Part mass (kg) Qty. 
Power Module - 
PRM (I) - 
FRAME 

Cast iron, gray, 
flake graphite, 
EN GJL 100 

Virgin (0%) 9e+02 1 Flow Module - FWM 
Cast iron, gray, 
flake graphite, 
EN GJL 100 

Virgin (0%) 4e+02 1 

Power Module - 
PRM (I) - 
ROTOR 

Aluminum, 
296.0, 
permanent mold 
cast, T6 

Virgin (0%) 80 1 
Shaft Coupling Module - 
SCM (I) - BALK 

Structural steel, 
S275N 
(Normalised) 

Virgin (0%) 37 2 

Power Module - 
PRM (I) - 
STATOR SLOT 

Copper, 
C10100, soft 
(electrolytic 
tough-pitch h.c. 
copper) 

Virgin (0%) 70 1 
Shaft Coupling Module - 
SCM (II) - ÖVRIGT 

Structural steel, 
S275N 
(Normalised) 

Virgin (0%) 60 1 

Power Module - 
PRM (I) - 
STATOR 
LAMINATION 

27Co-0.6Cr-Fe 
soft magnetic 
alloy 

Virgin (0%) 1,5e+02 1 
Shaft Coupling Module - 
SCM (III) - 
FÖRSTÄRKNINGSPLATTA 

Structural steel, 
S275N 
(Normalised) 

Virgin (0%) 19 2 

Power Module - 
PRM (I) - SHAFT 

Low alloy steel, 
AISI 4140, 
normalized 

Virgin (0%) 60 1 
Shaft Coupling Module - 
SCM (IIII) - 
PUMPHÅLLARE 

Structural steel, 
S275N 
(Normalised) 

Virgin (0%) 2,4e+02 1 

Power Module - 
PRM (I) - FAN 

Aluminum, 
333.0, 
permanent mold 
cast, T6 

Virgin (0%) 10 1 Frame Module - FEM (I) 
Structural steel, 
S275N 
(Normalised) 

Typical % 6,1e+02 1 

Power Module - 
PRM (II) 

Cast iron, gray, 
flake graphite, 
EN GJL 100 

Virgin (0%) 14 1 Panel Module - PLM (I) 

Carbon steel, 
SA216 (Type 
WCC), cast, 
normalized 

Typical % 1,8e+02 1 

Control Panel 
Module - CPM (I) 

Low alloy steel, 
AISI 3140, 
normalized 

Virgin (0%) 3,2 1 Panel Module - PLM (II)  
Natural rubber 
(15-42% carbon 
black) 

Virgin (0%) 2,5 1 

Control Panel 
Module - CPM 

LCD panel 
(liquid crystal 
display) 

Virgin (0%) 0,3 1 Panel Module - PLM (III) Glass foam 
(0.13) Virgin (0%) 20 1 
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(II)  

Top Cover 
Module - TCM (I) 
- ÖVRIGT 

Carbon steel, 
SA216 (Type 
WCC), cast, 
normalized 

Typical % 42 1 Air Filter Module - AFM  
Stainless steel, 
austenitic, AISI 
301, annealed 

Virgin (0%) 9,8 1 

Top Cover 
Module - TCM 
(II) - BALKAR 

Carbon steel, 
SA216 (Type 
WCC), cast, 
normalized 

Typical % 18 1 Kamring gjutning 1 

Maraging steel, 
280 (300), 
maraged at 
482°C 

Virgin (0%) 3e+02 1 

Top Cover 
Module - TCM 
(IIII) - HÖLJEN 

Carbon steel, 
SA216 (Type 
WCC), cast, 
normalized 

Typical % 1e+02 1 Kamring gjutning 2 

Maraging steel, 
280 (300), 
maraged at 
482°C 

Virgin (0%) 3e+02 1 

Spider Module - 
SRM 

Low alloy steel, 
AISI 3140, 
normalized 

Virgin (0%) 9 1 Kamring gjutning 3 

Maraging steel, 
280 (300), 
maraged at 
482°C 

Virgin (0%) 3e+02 1 

Cooler Module - 
CRM (I) 

Power supply 
unit Virgin (0%) 52 1 Kamring, slutgiltig 

Maraging steel, 
280 (300), 
maraged at 
482°C 

Virgin (0%) 3e+02 1 

Cooler Module - 
CRM (II) 

Aluminum, 
6061, T4 Typical % 38 1 

Sammanlagda gjutdetaljer 
motor 

Cast iron, gray, 
flake graphite, 
EN GJL 350 

Virgin (0%) 8,6e+02 1 

Cooler Module - 
CRM (III)  

Structural steel, 
S275N 
(Normalised) 

Typical % 50 1 
Replenishment Module - 
RTM  

Low alloy steel, 
AISI 3140, 
normalized 

Typical % 0,4 1 

Tank Module - 
TKM (II) 

Stainless steel, 
austenitic, AISI 
205, annealed 

Typical % 1,1e+02 1 Filter Module - FRM  
Low alloy steel, 
AISI 3140, 
normalized 

Virgin (0%) 52 1 

        Total 36 
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PHASE ENERGY (MJ) ENERGY (%) CO2 FOOTPRINT (KG) CO2 FOOTPRINT (%) 
Material 2,52e+05 0,7 1,88e+04 8,6 
Manufacture 7,33e+04 0,2 5,42e+03 2,5 
Use 3,43e+07 99,1 1,94e+05 88,8 
Disposal 3,08e+03 0,0 215 0,1 
Total (for first life) 3,46e+07 100 2,19e+05 100 
End of life potential -1,79e+05  -1,32e+04  
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APPENDIX 4: LCI DATA SOURCES 

LCI	production	and	assembling	data	sources	
 
This appendix lists the material families, processing and manufacturing details as well as transport details for the production line. 
 

Table 19: SimaPro process basis for manufacturing related calculations 

Part	 Mtrl	family	 Processing	 Year	 Energy	input	 Year	 Removed		
mass	(%)	

Mfg	 Data	 Tkm	 Notes	

Cylinderblock	 Iron	
Cast	iron	removed	by	turning,	primarily	roughing,	CNC	{RER}	
Cast	iron	removed	by	milling,	large	parts	{RER}	
Metal	working,	average	for	metal	product	manufacturing	{RER}	

20
06

	

En
er
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nd

	a
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y,
	m
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	w
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	m
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ne

	{R
ER

}	

20
06

	

42,3	 SE	 K	 318,8	
	

Cylinderblock	 Iron	
Cast	iron	removed	by	turning,	primarily	roughing,	CNC	{RER}	
Cast	iron	removed	by	milling,	large	parts	{RER}	
Metal	working,	average	for	metal	product	manufacturing	{RER}	

38,6	 SE		 K	 255,9	
	

Anslutningshus	 Iron	
Steel	removed	by	turning,	primarily	dressing,	CNC	{RER}	
Steel	removed	by	milling,	dressing	{RER}	
Metal	working,	average	for	metal	product	manufacturing	{RER}	

17	 SE	 K	 207,6	
	

Axiallager	 Steel	
	 	

DE	 K	 26,3	
	

Tryckfjäder	CU	 Steel	 Metal	working,	average	for	metal	product	manufacturing	{RER}	
	

SE	 K	 1,2	
	

Kolv	CU	 Steel	 Metal	working,	average	for	metal	product	manufacturing	{RER}	
	

DE	 K	 0,185	
	

Hylsa	CU	 Steel	 Metal	working,	average	for	metal	product	manufacturing	{RER}	
	

DE	 K	 0,185	
	

Blindfläns	 Iron	 Metal	working,	average	for	metal	product	manufacturing	{RER}	
	

SE	 E	 3,33	
	

Lasthållare	 Steel	 Metal	working,	average	for	metal	product	manufacturing	{RER}	
	

SE	 E	 1,29	
	

Kamring	 Steel	
Steel	removed	by	turning,	primarily	dressing,	CNC	{RER}	
Metal	working,	average	for	metal	product	manufacturing	{RER}	

26,4	 SE	 K	 220,8	
	

Gavel	 Iron	
Cast	iron	removed	by	turning,	primarily	roughing,	CNC	{RER}	
Cast	iron	removed	by	milling,	dressing	{RER}	
Metal	working,	average	for	metal	product	manufacturing	{RER}	

43,1	 CZ	 K	 348,9	
	

Cylindriskt	rullager	 Steel	
	 	

DE	 K	 12,95	
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Spårring	 Steel	 Metal	working,	average	for	metal	product	manufacturing	{RER}	
	

SE	 K	 5,16	
	

Fördelare	 Iron	
Cast	iron	removed	by	milling,	dressing	{RER}	
Cast	iron	removed	by	drilling,	CNC	{RER}	
Metal	working,	average	for	metal	product	manufacturing	{RER}	

54,3	 SE	 K	 8,1	
	

Tryckfjäder	BAS	 Steel	 Metal	working,	average	for	metal	product	manufacturing	{RER}	
	

SE	 E	 0,5	
	

Hylsa	BAS	 Steel	 Metal	working,	average	for	metal	product	manufacturing	{RER}	
	

SE	 E	 0,92	
	

Fjädrande	rörpinne	 Steel	 Metal	working,	average	for	metal	product	manufacturing	{RER}	
	

SE	 E	 0,86	
	

Mellanstycke	 Iron	
Cast	iron	removed	by	turning,	primarily	roughing,	CNC	{RER}	
Cast	iron	removed	by	drilling,	CNC	{RER}	
Metal	working,	average	for	metal	product	manufacturing	{RER}	

44,6	 SE	 K	 84,83	
	

Tätningshållare	 Iron	 Metal	working,	average	for	metal	product	manufacturing	{RER}	 44	 SE	 E	 10,4	
	

Lagerhållare	 Steel	 Metal	working,	average	for	metal	product	manufacturing	{RER}	
	

CZ	 K	 8	
	

Gavellock	 Iron	 Metal	working,	average	for	metal	product	manufacturing	{RER}	
	

CZ	 K	 10,9	
	

Flänshus	 Iron	 Metal	working,	average	for	metal	product	manufacturing	{RER}	
	

SE	 E	 0,056	
	

Kolv	 Iron	

Cast	iron	removed	by	milling,	dressing	{RER}	
Cast	iron	removed	by	turning,	primarily	dressing,		
conventional	{RER}	
Metal	working,	average	for	metal	product	manufacturing	{RER}	

46,4	 SE	 K	 89,6	
	

Kolvring	 Steel	 Metal	working,	average	for	metal	product	manufacturing	{RER}	
	

SE	 K	 0,32	
	

Kamrulle	 Steel	 Metal	working,	average	for	metal	product	manufacturing	{RER}	
	

DE	 K	 55,68	
	

Fasteners	 Steel	 Metal	working,	average	for	chromium	steel	manufacturing	{RER}	
	

IT	 E/K	 134,4	
	

Tätningssats	 NBR	 Injection	moulding	{RoW}	 1993	 	 	
	

DE	 E/K	 3,26	
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APPENDIX 5: IMPACT CATEGORY CALCULATION FACTORS AND EQUATIONS 

This appendix contains the characterisation calculation factors used to convert midpoint results to endpoint results. 
 
 

Table 20: Endpoint to midpoint calculation factors from ReCiPe 

	Calculation	factors	midpoint	to	endpoint	 		
		
	

Human	health	(DALY)	
	

Ecosystems	(species.yr)	
	

Resources	($)	
	

		 		 Perspective	 Hierarchical	 Hierarchical	 Hierarchical	
CLIMATE	CHANGE	 kg	CO2	eq	 CC	 1,40E-06	 7,93E-09	 	
OZONE	DEPLETION	 kg	CFC-11	eq	 OD	 /	 	 	
TERRESTRIAL	ACIDIFICATION	 kg	SO2	eq	 TA		 	 5,80E-09	 	
FRESHWATER	EUTROPHICATION	 kg	P	eq	 FE	 	 4,44E-08	 	
HUMAN	TOXICITY	 kg	1,4-DB	eq	 HT	 7,00E-07	 	 	
PHOTOCHEMICAL	OXIDANT	FORMATION	 kg	NMVOC	 POF	 3,90E-08	 	 	
PARTICULATE	MATTER	FORMATION	 kg	PM10	eq	 PMF	 2,60E-04	 	 	
TERRESTRIAL	ECOTOXICITY	 kg	1,4-DB	eq	 TET	 	 1,51E-07	 	
FRESHWATER	ECOTOXICITY	 kg	1,4-DB	eq	 FET	 	 8,61E-10	 	
MARINE	ECOTOXICITY	 kg	1,4-DB	eq	 MET	 	 1,76E-10	 	
IONISING	RADIATION	 kg	U235	eq	 IR	 1,64E-08	 	 	
AGRICULTURAL	LAND	OCCUPATION	 m2a	 ALO	 	 /	 	
URBAN	LAND	OCCUPATION	 m2a	 ULO	 	 /	 	
NATURAL	LAND	TRANSFORMATION	 m2	 NLT	 	 /	 	
FOSSIL	DEPLETION	 kg	oil	eq	 FRD	 	 	 1,65E-01	
METAL	DEPLETION	 kg	Fe	eq	 MRD	 	 	 7,15E-02	

 
/ indicates a dependency on type of substance and land use  
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APPENDIX 6: INTERFACE SCREENSHOTS 

This appendix contains screenshots from each of the interface pages. 
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APPENDIX 7: COMMON INVENTORY SUBSTANCES 

This appendix contains a list of some common substances released in connection to the life cycle activities. These substances are also the ones used in 
the simplified Microsoft Excel model.  
 

Table 21 

 
Substance	 Impacted	medium	 Amount	(kg)	
Carbon dioxide, CO2 

	

Air	 10	630	
 Methane, CH4	 Air	 0,4		
 F-gases expressed as CFC-11 Air	 3,08E-07	
 Volatile organic compounds, VOC	 Air	 2,21E-05	
 Nitrogen oxides, NOx	 Air	 23,2	
 Sulfur oxides, SOx	 Air	 38,64	
 Non-methane volatile organic compounds (NMVOC)	 Air	 8,7	
 PM10 (kg)	 Air	 8,38	
 PM2.5 (kg)	 Air	 10,58	
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APPENDIX 8: RESULT DIAGRAMS 

This appendix contains the result diagrams used in chapter 7  Results in a larger format. 
 

 
 
Figure	10:	The	share	of	inventory	related	emissions	for	production,	transport	and	material. 	
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Figure 11: Inventory emissions aggregated to endpoint categories and mapped to the impact categories of production, transport and material.  

	
 
 

Method: ReCiPe Endpoint (H) V1.12 / Europe ReCiPe H/A / Normalisation / Excluding infrastructure processes / Excluding long-term emissions
Analysing 1 p 'CB400 ASM';

Human Health Ecosystems Resources

2,8

2,6

2,4

2,2

2

1,8

1,6

1,4

1,2

1

0,8

0,6

0,4

0,2

0

Top Production Transport Material



  xxiii 

 
Figure 12: Impact results of the complete life cycle, proportionally mapped to each impact category and distributed over each life cycle phase. 
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Figure 13: The LCIA damage results expressed per endpoint category. 

 

  



  xxv 

 
Figure 14: The impact expressed in years needed for the reference to cause the same damage. 
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Figure 15: Weighted results per endpoint category, expressed in scores (kPt). 
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Figure 16: The take-back scenario have a much bigger end of life potential for all of the damage categories compared to the general 
recycling/disposal scenario. 

 

 

 
 



  xxviii 

APPENDIX 9: FLOWCHART AND BLUEPRINT FOR STREAMLINED MODEL 

Flowchart	and	model	blueprint	for	the	streamlined	LCA	model	
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