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ABSTRACT 
This master thesis was performed with the main purpose of evaluating the environmental 

performance of a surface radar system with the means of a life cycle assessment, LCA. Saab 

Electronic Defence Systems, EDS, was the initiator and driver of the project, and is also owner of 

the radar system evaluated. Apart from the environmental performance the project was carried 

out with the intention of EDS wanting to gain knowledge about working with LCA, both in terms 

of methodology and to get an insight into whether and how well they can work with the tool in 

their current situation. 

In order to assess the radar systems environmental impact through its entire life cycle there was 

emphasis on the use phase since the object can be used in several different ways under various 

circumstances. Eight different operational profiles were thus addressed in order to compare 

these variations in use scenarios. In addition, studies were performed on whether there exist 

any guidelines on how use phase scenarios can or should be defined when conducting an LCA. 

The LCA was performed in accordance with the ISO 14040 family and the database Ecoinvent 

has been used for mapping the in- and outflows. To calculate the potential environmental 

impacts ReCiPé was used, where three out of 18 impact categories were chosen to focus upon in 

agreement with EDS, namely climate change, fossil depletion and mineral resource depletion.  

Apart from within some business areas, conclusion could be drawn that no general guidelines 

exist for the definition of the use phase in an LCA. Besides being described in order to increase 

transparency in the assessment, no further requirements are set by ISO. Found through the 

assessment is that the use phase shows a major contribution to the overall environmental 

impacts from the entire life cycle, by being accountable for roughly 85 %. Depending on impact 

category, the cause lies with either the radar operation due to its large amount of diesel 

consumption or with the extraction of materials needed to provide for the replacement of faulty 

components during maintenance.  

In accordance with their share of the object’s weight, aluminium, copper and iron stand for 

about 77 % of the materials environmental impact. Noticeable is though that gold takes place on 

the top ten list of contributing materials with its 0.0001 % of the total weight, meaning that not 

only do the large amounts of a material matter, more important is the relation between weight 

and environmental impact. Regarding the eight operational profiles, out of the two parameters 

compared the radar operation proved to have significantly larger impacts in all three impact 

categories than the vehicle operation. Interestingly enough, it was found that if the radar and 

vehicle would have the same amount of operating hours, the vehicle would have larger impacts 

than the radar. In conclusion, from an environmental perspective it is more important to keep 

the vehicle operating hours low. However, since the radar operating hours are high at this point 

it would make a significant difference in reducing the radar fuel consumption. 

Lastly, for EDS to be able to continue in working with LCA, conclusions are drawn that a more 

qualified information base needs to be built up within the organization to avoid as much 

assumptions as possible, this in order to achieve more reliable results. 

Keywords 

LCA, case study, use phase scenario, operational profiles, climate change, fossil depletion, mineral 

resource depletion   
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SAMMANFATTNING 
Detta examensarbete utfördes med det huvudsakliga syftet att utvärdera miljöprestandan av ett 

markradarsystem med hjälp av en livscykelanalys, LCA. Saab Electronic Defence Systems, EDS, 

både tog initiativ till och drev projektet. De är även ägare av det utvärderade markradar-

systemet. Utöver miljöprestandan utfördes examensarbetet även med avsikt att bistå EDS med 

kunskap om att arbeta med LCA, både vad gäller metodiken och för att ge en inblick i om och hur 

väl de kan arbeta med verktyget under nuvarande förhållanden. 

För att kunna bedöma radarsystemets miljöpåverkan genom hela dess livscykel lades betoning 

på användningsfasen då objektet kan användas på ett flertal sätt under olika omständigheter. 

Åtta olika driftsprofiler sattes därmed upp för att jämföra dessa varierande användnings-

scenarier. Dessutom studerades om det idag finns några riktlinjer för hur användningsfasen kan 

eller bör definieras vid utförandet av en LCA. Analysen utfördes i enlighet med ISO 14040-

familjen och databasen Ecoinvent har använts för kartläggning av in- och utflöden. För att 

beräkna den potentiella miljöpåverkan som uppstår användes ReCiPé, där tre utav 18 miljö-

påverkanskategorier valdes att fokusera på, nämligen klimatförändring, fossil utarmning och 

utarmning av mineraler. 

Bortsett från några branscher kunde slutsatsen dras att inga generella riktlinjer finns för 

definitionen av användningsfasen i en LCA. Utöver att beskriva sina val i syfte att öka 

transparensen i analysen ställs inga ytterligare krav av ISO. Genom att bidra till omkring 85 % av 

den totala miljöpåverkan visade sig användningsfasen vara överlägsen i förhållande till övriga 

faser i livscykeln. Beroende på påverkanskategori är den bakomliggande orsaken antingen 

radardriften, på grund av sin stora mängd dieselförbrukning, eller utvinningen av de ämnen som 

behövs för utbytet av felaktiga komponenter vid underhåll. 

I enlighet med deras andel av hela den funktionella enhetens vikt står aluminium, koppar och 

järn för ungefär 77 % av de utvunna ämnenas miljöpåverkan. Noterbart är dock att guld placerar 

sig på topp tio-listan över bidragande ämnen med sin andel på 0.0001 % av den totala vikten, 

vilket innebär att det inte bara är stora mängder av ämnen som spelar roll utan också 

förhållandet mellan vikt och miljöpåverkan. Vad gäller de åtta driftsprofilerna och dess två 

ingående parametrar visade sig radardrift ha betydligt större påverkan inom alla tre miljö-

påverkanskategorier än fordonsdrift. Anmärkningsvärt nog visade det sig att om radar och 

fordon skulle ha samma driftstider skulle fordonsdrift bidra med den större miljöpåverkan av de 

två. Ur miljösynpunkt skulle det därför vara viktigare att hålla fordonets driftstid nere, men 

eftersom driftstiden för radar i dagsläget är avsevärt högre skulle det göra större skillnad att 

reducera radarns dieselförbrukning.  

Slutligen, för att EDS ska kunna fortskrida sitt arbete med LCA, dras slutsatsen att en mer 

kvalificerad informationsbas måste byggas upp inom organisationen. Detta för att i så hög grad 

som möjligt kunna undvika antaganden, i syfte att uppnå mer tillförlitliga resultat. 

Nyckelord 

LCA, fallstudie, användningsscenario, driftsprofiler, klimatpåverkan, fossil utarmning, utarmning av 

mineraler  
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1 Introduction 
This chapter presents the background to this master thesis, introducing its challenges 

as well as the motives of the company to initiate the project. The aim of the thesis is 

described together with the research questions and lastly delimitations are declared.  

1.1 Background 
The demand for natural resources is rapidly growing and surpasses what the Earth can sustain 

in the long run, and in recent years the European Union, EU, has demonstrated its commitment 

to sustainable development by implementing several political instruments (European 

Commission, 2009a). These political instruments affect Sweden as a member state, and market 

analyses have shown that Sweden in many cases is well at working with sustainability issues. 

However, it is still important that Swedish companies work actively with these issues to create 

and maintain its competitiveness internationally (Jönbrink et al., 2013). Jönbrink et al. (2013) 

considers this encouragement on the companies to be partly due to increased demands for 

information from the customers regarding products environmental performance.  

Sustainable consumption and production, which is about producing and using products and 

services in the least harmful way to the environment (European Commission, 2009b), is among 

the key priority challenges stated in the EU’s Sustainable Development Strategy (European 

Commission, 2015a). The EU therefore aims to improve the overall environmental performance 

of products by imposing an obligation to consider products entire life cycles (European 

Commission, 2009b). The European Commission (2015b) believes that by addressing the entire 

life cycle the best framework for assessing potential environmental impacts of products is 

reached. 

There are a variety of methods that can be used to measure and illustrate how account can be 

taken to the environment and to sustainable development (Moberg et al., 1999). Among these 

environmental system analysis tools is the Life Cycle Assessment, LCA, taking environmental 

impacts from the entire life cycle into account. There are guidelines for what an LCA should 

contain but not for how the different phases should be mapped, which creates both uncertainties 

and diversities in how the phases are managed. All phases of the life cycle are, generally, 

accounted for when conducting an LCA to gain an understanding of the total environmental 

impact. Pre-use phases are often industrially standardized and waste management usually 

regulated in one way or another (Rebitzer et al., 2004). Thus, the challenges that arise are often 

within the use phase and this is partly due to that the human factor often plays a key role, which 

leads to numerous assumptions that can be more or less problematic (Guinée, 2004). 

1.1.1 Saab Electronic Defence Systems 

Saab AB, hereafter referred to as Saab, describes in their Code of Conduct how they are going to 

contribute to a sustainable development by reducing environmental risks and minimizing their 

impacts on the environment (Saabgroup, 2011). The group function Quality and Environment 

has established an internal document regarding the way Saab should work with life cycle 

assessments. Customers asking for information regarding environmental performance were one 

of the initiators for the creation of this document, since LCA was found to be a sufficient tool in 
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analyzing such information (Olsson, 2015). LCA was introduced to Saab around the turn of the 

millennium and it is in the past few years that they have actively begun to consider using the 

LCA tools, since they may be efficient to apply to Saab’s efforts in contributing to sustainable 

development. 

Saab’s operations are divided into six business areas, see Figure 1 below, where Saab Electronic 

Defence Systems, hereafter referred to as EDS, is one of them. Sales for EDS in 2014 amounted to 

SEK 4.6 billion and offices are located worldwide, with the main office in Gothenburg, Sweden. 

EDS offers a product portfolio including solutions for surveillance and threat detection, location 

and protection as well as airborne, land based and naval radar, self-protection systems and 

electronic support measures (Saabgroup, 2014a). This thesis project is initiated and run by EDS 

as a pilot project, aiming to both gain knowledge about the environmental performance of one of 

their products and to get an insight into whether and how well EDS, as well as Saab, can work 

with the tool in the current situation (Unosson & Rydén, 2015). 

 

Figure 1 Saab's business areas 

In this project one of EDS’s surface radar systems, Arthur, is the object of study, see Figure 2 

below. Arthur is a highly mobile weapon locating system that rapidly can detect and track 

artillery projectiles as well as calculate both points of origin and impact (Saabgroup, 2014b). 

Arthur can be operated in different ways under diverse circumstances and it is therefore of 

interest how these operations may vary in their environmental performance (Unosson & Rydén, 

2015). As well, by investigating the use of a product specifically, one can communicate how a 

customer may affect the environmental performance by using the object in different ways 

(Olsson, 2015). 

 

Figure 2 The object of study, Arthur, mounted on a tracked vehicle 
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1.2 Aim and research questions 
The aim of this master thesis is to evaluate the environmental performance of one of EDS’s 

surface radar systems with the means of an LCA. 

For the LCA, an average operational profile will be considered within the use phase in the 

assessment and eight pre-defined operational profiles will be reflected upon as well, in order to 

identify how they affect the total environmental impact. The LCA also aims to investigate what 

parameters and subsystems that give rise to significant environmental impacts and in what life 

cycle phases the most impact occurs. An indirect aspect of the project is also to provide EDS with 

methodology and experience of working with LCA and to grasp the quality of the information 

available within the organization. To be able to fulfill the aim for the project the following 

research questions (RQ) are addressed: 

RQ1. How is a definition of the use phase carried out and how can it be applied to the 

object of study?  

To be able to analyze the use phase in a life cycle it has to be clearly defined. When the 

studied object can be used in several different ways a complexity arises regarding the 

definition. Therefore, RQ1 aims to investigate if any recommendations, guidelines or 

standards exist when it comes to generalization of these complex use phases. The 

investigation will also involve how earlier studies have dealt with the issue. This will 

provide knowledge for how to define the use phase scenario and the eight operational 

profiles, as well as the average, in this project. 

RQ2. What is the total environmental impact from the life cycle and what parameters give 

rise to significant impact?  

In addition to the impacts from the entire life cycle, specific parameters, such as certain 

materials, influence the environmental impacts in different ways. By identifying the most 

significant parameters the results can be used for improvements of the life cycle’s impact 

from an environmental perspective.  

RQ3. How do different operational profiles influence environmental impacts?  

Depending on how, where and when an object is used the total environmental impact may 

differ. RQ3 therefore aims to compare the parameters in the operational profiles’ influence 

on the environmental impact to each other. The comparison involves the perspective from 

different environmental impacts categories. 

1.3 Delimitations 
This master thesis and LCA has a scope which can be divided into spatial, temporal and 

environmental categories. The spatial delimitations extend to the information available within 

EDS in Gothenburg, Sweden. The complexity in the object of study and the great number of 

components it consists of derives from long supply chains, which have not been thoroughly 

mapped in this study. Thus, the data concerning the supply chain is estimated in order to 

provide an assumed geographical extent. 

The temporal scope of this master thesis is limited to one semester. The time limit enhances the 

need for assumptions in the data retrieved for the LCA. Hence, a large proportion of the data is 

estimated with assistance and in consultation with employees at EDS, this to receive a satisfying 

result despite the complex environment and narrow time frame in which the object of study is 
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in. Still, the final LCA model with the current data is provided to EDS with the ability to modify 

the model if more detailed and accurate data is traced and retrieved. An important aspect of the 

temporal scope is to note that the LCA result derives from a time frame of mars 2015, meaning 

the result may be different in the future due to changes in the data used.    

In addition to the scope of the LCA, the delimitations concerning the overall master thesis are the 

confidentiality restrictions existing within Saab. Hence, some information is not allowed to be 

transferred outside the company. This may result in a decreased transparency in the calculations 

and the data concerned. 
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2 Theoretical frame of reference 
This chapter presents the theory which builds the foundation of this master thesis . 

The theoretical frame of reference covers areas needed to support the reasoning and 

methods, the analysis and the conclusions throughout the project.  

2.1 Sustainable development 
In 1983 Dr. Gro Harlem Brundtland, a Norwegian politician, established and chaired the World 

Commission on Environment and Development. This commission, which is best known for 

developing the concept of sustainable development, published its report Our Common Future in 

1987 (United Nations, 2015). In the report they described sustainable development to be “a 

development that meets the needs of the present without compromising the ability for future 

generations to meet their needs” (World Commission on Environment and Development, 1987), 

which has come to be the most common used definition worldwide (Drexhage & Murphy, 2010).  

Sustainable development consists of three dimensions, that is economic, social and 

environmental, which shall be coherent and mutually supportive (Regeringskansliet, 2015), 

meaning that the dimensions need to be intertwined to achieve well-being (McKeown et al., 

2002).  According to McKeown et al. (2002) sustainability can therefore be considered a 

paradigm for thinking about a future in which economic, social and environmental concerns are 

balanced in the pursuit of a better quality of life.  

Due to the necessity of the present to not compromise the future, the concept of sustainable 

development has been circulated and debated for decades and become one of the fundamental 

objectives for the European Union (Constantinescu & Grosaru, 2013). Sustainable development 

is a challenge for all decision makers, at both a national and international level, and since the 

defence sector is a part of a nations’ general resources they need to play their part, according to 

Constantinescu and Grosaru (2013). 

2.2 The life cycle perspective 
The development of LCA started already in the early 1970s and the reasons for this was, 

according to Klöpffer and Grahl (2014), the rising waste problems, the bottlenecks in energy 

supply and the acknowledgment of limited natural resources. The LCA methodology received a 

broad accepted structure and an English terminology during the 1990s, mainly thanks to SETAC, 

the Society of Environmental Toxicology and Chemistry (Hochschorner et al., 2002). The method 

is constantly under development, but is standardized under ISO (Moberg et al., 1999). 

In the introduction to the international standard ISO 14040, LCA is described as a technique for 

addressing the environmental aspects and potential environmental impacts throughout the life 

cycle of a product, service or activity, encompassing extraction and processing of raw materials 

through production, use and waste management (Swedish Standard Institute, 2006a). 

Transports are also included for all phases (Moberg et al., 1999). According to Principi et al. 

(2003) LCA provides an important methodology for evaluation of energy and material fluxes and 

as the approach aims to improve ecological efficiency of a product, process or activity, it has a 

wide range of potential use. It can, for instance, assist in identifying opportunities to improve 
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environmental performance of products, informing decision-makers in industry, government or 

non-governmental organizations and in marketing (Swedish Standard Institute, 2006a). 

LCA is a tool that addresses a variety of different environmental impact categories, such as 

climate change, ozone depletion, acidification and eutrophication; it all depends on the goal of 

the study and the assessment method chosen. For example, a footprint such as Carbon footprint, 

which is a measure of the direct and indirect greenhouse gas, GHG, emissions, can be calculated 

by performing an LCA that concentrates mainly on GHG emissions. (UNEP/SETAC Life Cycle 

Initiative, 2011) 

Although LCA is such a wide-ranged tool and the use of the tool has increased, it does encounter 

some criticism because of its limitation to only analyze and interpret environmental impacts – 

quantifying only the ecological aspects of sustainability, excluding the economic and social 

factors (Klöpffer & Grahl, 2014). Klöpffer and Grahl (2014) means that this separation on the 

other hand was made to avoid method overload, being well aware that the two other aspects 

cannot be neglected in the case of decision-making.  

2.2.1 Varieties 

As stated, LCA is a wide-ranged tool and can be applied in a number of varieties. The original 

term refers to a full LCA where precisely all materials, processes and consumables are mapped 

and taken into account, into the smallest detail (Baumann & Tillman, 2004). Baumann and 

Tillman (2004) describes that a full LCA always take all phases into consideration, so called 

cradle-to-grave, meaning from extraction of resources until waste management. If the object of 

study is complex the amount of data needed is rapidly expanding, with increasing supply chains 

and subprocesses (Vigon & Jensen, 1995). Since conducting a full LCA of an object is a solid, 

complex work the tool has been developed further, forming different varieties.   

A simplified LCA is a simplification of the full LCA in some way. The simplification can target the 

number of phases addressed, called cradle-to-gate. As the name refers it only includes the life 

cycle phases from extraction and upstream until the object is ready for the market. In a cradle-

to-gate LCA the use phase and the waste management is thus not addressed. In the variant 

cradle-and-grave only the use phase is left out (Circular Ecology, 2014). According to Rebitzer et 

al. (2004) the reason for leaving out later phases is that there often are many different scenarios 

to consider. The earlier life cycle phases of an object are often standardized in an industry 

environment, in contrast to the use phase where the customer’s behavior may differ as well as in 

the upcoming phase waste management. 

Another simplified method is called screening LCA. The purpose of performing this model, 

according to Itsubo (2000), is to get a quick overview of the environmental impacts of an object. 

The result may serve as a basis for decision-making internally, since a screening LCA will not get 

a result qualitative enough to communicate externally (Wenzel, 1998). In some cases the goal of 

an LCA can be satisfied by leaving out the assessment. The model then ends with the inventory 

step and is therefore only called life cycle inventory, LCI (Swedish Standard Institute, 2006b).   

Whether the LCA is full or simplified the tool can be divided into two major categories, namely, 

attributional and consequential LCA. Brander et al. (2009) describes a number of key differences 

between the two types. An attributional LCA addresses the total impact from processes and 

material flows directly connected to the life cycle. It is suitable for identifying parameters for 

reducing direct impacts in different parts of the life cycle. The attributional LCA does not 
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consider indirect effects, such as market effects of the production and consumption, and it is 

generally based on stoichiometric relations between inputs and outputs. In contrast to this, 

Brander et al. (2009) states that a consequential LCA provides information about changes, 

referred to as consequences, when consuming or producing more of the assessed object. A 

consequential LCA considers all process and material flows that are directly or indirectly 

affected by the changes in the life cycle.  The uncertainty in a consequential model is greater 

than in the attributional one, since the data in the first mentioned often derives from complex 

socio-economic models. Thomassen et al. (2008) recommends the practitioner of an LCA to first 

define the goal of the LCA and from the goal decide which type of LCA that is suitable to fulfill 

that purpose.  

2.3 Scenario analysis 
Since LCA often is considered to be a suitable tool for supporting decision-making that concerns 

the future, scenario development is of importance to enable systematic observation of the 

environmental impacts (Pedersen Weidema et al., 2004). This to be better prepared for different 

circumstances and to be able to actively construct one’s future. Depending on the goal of an LCA, 

the choice of scenario can vary and according to Pedersen Weidema et al. (2004), one can apply 

cornerstone scenarios to provide an overall view of the studied object for long term planning. A 

cornerstone scenario combines insight and opinions from experts, mechanisms that influence 

the future and the diversity of possible future scenarios. A variant of this cornerstone scenario is 

the what-if scenario, which has a more short-term horizon and is used to gain operational 

information and for comparing two or more options in a well-known situation where defined 

data exists (Pesonen et al., 2000). Whatever scenarios one may or may not choose, Pesonen et al. 

(2000) means that these need to be clearly defined in the goal and scope definition, since they 

influence all of the following steps in conducting an LCA. 

As mentioned earlier, Rebitzer et al. (2004) states that life cycle phases are at times left out from 

assessments due to the variety in considered scenarios. The phases following after the product, 

service or activity has left the production phase, namely use and waste management, are the 

phases in which the most scenarios occur, since the earlier stages often are industrially 

standardized in one way or another. The responsibility for waste handling is legislated in some 

businesses within the EU, known as the Extended Producer Responsibility. As a result, the 

producer of a product is responsible for and obliged to recover its products post-use, to take 

care of the waste management accordingly (European Commission, 2014). This makes the waste 

management phase of an LCA, more or less, easier to define depending on the object of study, 

since guidelines for the affected businesses may exist. The use phase, on the other hand, is a life 

cycle phase of an object where many assumptions often occur, giving rise to a complexity in the 

definition of this particular phase (Guinée, 2004). 

2.3.1 The use phase 

Guinée (2004) states that significant for the use phase is that human behavior often plays a key 

role. This makes this particular phase generally challenging to define when performing an LCA, 

though it is still of importance since it can have major influence on the total environmental 

impact. This is especially important when the analyzed object remains within the use phase for a 

long period of time. There are two main perspectives identified in defining the use phase. Firstly, 

objects can be classified as active or passive (Lindahl, 2000). As the name reveals, the active 

object has an active use phase, either by requiring other objects or energy to function or by 
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having influence on other objects. An example of an active object is a car or the object of study in 

this report. In contrast, a passive object generally passes through its use phase without giving 

rise to any significant environmental impacts, for example a chair. There is a scale of varieties 

between active and passive objects and the relevance of defining the use phase in a valid way is 

increasing with the activeness of the object according to Lindahl (2000), since the 

environmental impacts of the use phase may not be negligible in relation to the total. The second 

aspect when defining the use phase is the purpose of the LCA (EPD, 2015a). If the purpose of 

conducting the LCA is to compare two or more objects the comparison will be inaccurate if the 

use phase is mapped differently between the two.  

The ISO 14040 family does not provide any guidelines on how to define the use phase (Swedish 

Standard Institute, 2006a), and therefore certain business areas have developed guidelines of 

their own to facilitate for a comparison of products. Guidelines for two business areas, namely 

buildings and automotive, are further described in the following paragraphs. The two business 

areas are considered to be somewhat related to the object of study, with support from Wendin 

(2015). The relation to the business areas are based on the fact that the radar system can be 

approximated as an automobile due to its indirect mobility and roughly as a building with 

regards to the long lifetime that indirect entails a high degree of maintenance.  

Guidelines for automotive 

Environmental impacts that originate from the use phase of the automotive are depending on 

several parameters, mainly fuel consumption and lifetime, often measured in total driving 

distance (Miljöfordon, 2014). For a general automotive, the use phase is the life cycle phase that 

gives rise to the greatest proportion of environmental impacts, which increases the incentive for 

transparency in the data accounted for in the LCA (European Commission, 1996).  

In 1993 the European Council for Automotive Research initiated the first research program to 

work out a common LCA methodology for the car industry. In 1996 the second phase of the 

program was initiated to correct the challenges detected in the methodology (European 

Commission, 1996). The methodology still consists of norms and not rules, with the 

consequence that different car manufacturers may define the usage in different ways. To define 

a proper use phase, basic fuel consumption must be calculated. The parameters are many and 

therefore the norm is to use driving cycles. The most recognized driving cycle is New European 

Driving Cycle, NEDC, and it is used to calculate for vehicle energy consumption under standard 

test conditions (Del Duce et al., 2013).  

Another large parameter affecting the use phase significantly is the lifetime, measured in total 

driving distance. When performing an LCA on a car is it recommended to use NEDC driving cycle 

and the driving distance assumed therefore should be 150 000 km (Edwards et al., 2014). Since 

this is only norms it is important to be aware of which parameters that have been used in an LCA 

in order to get an accurate result. 
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Guidelines for buildings 

Energy efficiency has in the last 20 years become a more important aspect of planning and 

evaluating buildings and the use of LCA in the building and construction sector is, according to 

Peuportier et al. (2011), emerging. The operational energy consumption, in other words energy 

consumption during the use phase, for older buildings dominates all other phases of the life 

cycle (EeBGuide, 2012a). Since energy efficiency has become a subject of legislation within the 

EU, the European standard SS-EN 15978:2011 provides general calculation rules for conducting 

an LCA on buildings (Swedish Standard Institute, 2011).  

The use phase is said to contribute significantly to the total environmental impact for buildings. 

Within this phase, there are seven categories aimed to be analyzed, namely use, maintenance, 

repair, replacement, refurbishment and operational energy and water use (EeBGuide, 2012b). 

For the operational energy and water use specifically, the LCA should cover heating, cooling, 

ventilation, domestic hot water and lightning in accordance with SS-EN 15978:2011 (Pwc, 

2013). Concerning the lifetime of a building, it may vary in relation to, for instance, building 

materials and repair frequency but the general consensus is that the lifetime of residential 

buildings range from 50 to 100 years (Aktas & Bilec, 2012). 
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3 Methodology 
This chapter presents the methods selected to carry out the project. The chapter also 

motivates and describes how the methods are used and why they have been selected, 

along with scientific references to support the decisions. 

3.1 Choice of methods 
According to Kothari (2004) the methodology chosen for a project is essential to its outcome. 

Therefore it is important to reflect upon the potential effects the approaches might have on the 

result. For an evaluation on how suitable the methods chosen in this project were, see chapter 

9.1. The approaches and tool chosen in this project are illustrated in Figure 3 below along with 

the schematics of the methodology and how the initiation of the project and the research 

questions are connected to it. The methods are further explained in more detail in the following 

subchapters to this chapter, along with reflections of the chosen methods and brief method 

critics.  

 

Figure 3 Methods chosen to conduct the project 

To initiate the project literature is retrieved and an interview study is performed for the 

background and the first part of the theoretical frame of reference. This is considered an 

appropriate and natural approach to gain a perspective of the study, to strengthen it and to give 

support to the result. The subjects researched are sustainable development in general, LCA 

perspectives and varieties, scenario analysis and Saab’s view upon sustainable development as 

well as LCA.  

RQ1 concerns the issue of defining the use phase of an object and how the findings can be 

applied to the LCA of the object of study. It is necessary to define it in order to conduct an LCA. 

RQ1 is first addressed by a literature study that aims to investigate the current status of the 

research in this subject. The literature study is followed by a brief statistical analysis with the 

aim to illustrate how other LCA reports have dealt with this issue. The conclusions are applied to 

this LCA study together with the specific requirements from EDS. This is considered an 

appropriate approach by referring to the combination of both scientific research and the specific 

requirements from the company.  

RQ2 and RQ3 both concern the results from the LCA, but from different perspectives. The 

methods chosen is to follow LCA guidelines of the ISO 14040 family and the internal LCA 

document established by Saab. The data needed is chosen to be conducted though the internal 
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component database IFS and through informal meetings motivated by the simple fact that this is 

where the accessible data is believed to be found. The data collected is compiled in the database 

Ecoinvent and modeled and analyzed in ReCiPé with the software SimaPro as a tool.  

3.2 Literature study 
A literature study consists of information collected from a number of sources, such as published 

scientific articles, books and internet references (Kumar & Phrommathed, 2005). According to 

Forsberg and Wengström (2003) there are two important aspects to consider when performing 

a literature study. The first aspect is to sift information and try to determine if it is essential for 

the project or not. This is especially important if there is a large accessibility of information. The 

second aspect is to be critical to the source of the literature. There are various methods 

developed to simplify the detection of a non-qualitative source. In this project the method for 

verifying a source is a method called “four principles”, which according to Leth and Thurén 

(2000) is a modern common used method. The principles are authenticity, time, dependency 

and tendency. The authors states that one simple question is enough to cover these aspects and 

that question is: who says what to whom for what purpose and when?  

Initially, theory about sustainable development and LCA perspectives and varieties are explored 

and retrieved. This is with the purpose of investigating the approach suitable to the LCA and to 

broaden the knowledge relevant for this project. To be able to answer a part of RQ1, concerning 

the complexity in defining the use phase, literature serves as a basis. This to retrieve knowledge 

of what is studied and known within the field of scenario analysis and use phase definitions and 

where information in the field lacks. To explore the subject further a brief statistical research 

based on LCA reports is retrieved. The aim of the statistical analysis is to explore different 

scenarios and to possibly identify or detect a procedure more common than another that is 

applicable on the LCA performed in this project. When studying case literature it is important to 

consider the subjectivity and separate it from the useful result (Baharein Mohd Noor, 2008). To 

understand what information is qualitative enough, when referring to an author’s subjectivity, 

might be difficult and it is a perspective to have in mind when reading the conclusions from the 

statistical research in chapter 2.3.1. In order to provide the statistical research with a higher 

degree of validity randomly published reports are retrieved. The weakness in the analysis may 

be the wide range of objects in the reports studied and the fact that only 20 reports were 

retrieved. The main reason for these weaknesses is the limited time and the difficulty in finding 

published reports since many reports available are not valid enough.    

3.3 Interview study 
Interviews are among the most familiar strategies for collecting information and are likely to 

differ in style based on their goal (Rubin & Rubin, 2011; DiCicco-Bloom & Crabtree, 2006). In 

this project interviews are carried out in relation to different stages of the project either by 

physical meetings or mail conversations. For the interviews to be qualitative they are performed 

in an unstructured manner (DiCicco-Bloom & Crabtree, 2006), meaning that the subject area is 

known to the respondent in advance and the respondent has time to prepare the meeting and to 

retrieve necessary information. The meeting is initiated with a couple of fundamental questions 

that are formed to support the interview (Bohgard et al., 2011) and the respondent is 

encouraged to speak freely regarding the subject and follow-up questions may be added. 

Bohgard et al. (2011) means that this method opens up for discussion and invites the 

interviewer to better understand the respondent’s perspective. After each interview, a text is 
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compiled containing the information gathered during the meeting. The compilation is 

afterwards sent to the respondent to confirm that the interview has been interpreted correctly. 

The corrected compilations for this study are to be found in Appendix I and in the report the 

interviews are referred to by the respondent’s surname. 

The information that is gathered through personal contact in the form of shorter meetings, 

without the arrangement of a structured interview, is done informally. Therefore there will be 

no compilations written regarding the specific outcome of those meetings, but the meetings will 

be referred to in context to the gathered information. This information is mainly regarding data 

collected in order to answer RQ2 and RQ3, which concern the results from the life cycle impact 

assessment. The successes and critics of this method are evaluated further on, in chapter 9.1. 

3.4 Data collection 
One common factor in terms of methods concerning data collection is the process of gathering 

information in a systematic, validated way with the aim to investigate a hypothesis or a research 

question (Sapsford & Jupp, 2006). According to Holme and Solvang (1997) these methods can be 

distinguished into two categories, namely, qualitative and quantitative data collection. The 

qualitative method is described as sampling and processing of data from interviews, 

observations and documentation while the quantitative method is data based on statistic 

processing and data logging. 

The data concerning RQ1 origins from literature sources and is thus described in chapter 3.2. 

The data collection method described in this chapter therefore concerns RQ2 and RQ3 and refers 

to the data gathered for the LCI. To map the object of study, materials and weights must be 

gathered and the method is chosen to be a combination of both a quantitative and qualitative 

method, which is developed solely for the frames and prerequisites of this project. As stated by 

Sapsford & Jupp (2006) it is important to work in a systematic and methodic way in order to get 

data as credible as possible for the LCI. The object of study is therefore divided into a number of 

subsystems, for example cooling system and power system, and material declarations from 

Saab’s internal component database IFS are drawn. A schematic picture of the subsystems is 

presented in chapter 6. The amount of materials declared in the different subsystems varies 

from nothing declared to all materials declared. Due to the lack of data in IFS the declarations 

are complemented with added material data in consultation with employees at the company. In 

order to receive a correct weight, the distribution of the declared and added materials is 

assumed equal to the rest. Therefore the remaining weight is scaled. The uncertainty with the 

scaled weight is analyzed further on with a sensitivity analysis regarding other possible material 

distribution scenarios to see how they affect the resulting impacts. A transparent view of the 

subsystems’ weight distribution is presented in Table 4, in chapter 6.1. The method is 

considered to be optimal for this particular case, primarily since all of the declared weight is 

accounted for. Thus, the method could not be more accurate, provided that IFS is used. The 

weakness of the method is the high degree of assumed data and one solution to that issue might 

be to contact each constructor of each component and collect all material declarations first hand, 

which from the time limit perspective in this project is not feasible.  
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In order to model a full LCA the information demand is nearly unlimited (Finkbeiner et al., 2006) 

and a consequence of this is that the data collection must be more or less limited. The data 

collected is comprehensive, but not fully complete due to the time limit of the project and the 

information available. Assumptions as a substitute to the lack of specific data are in this project 

seen as a necessary approach in order to complete the LCA. All assumptions are conducted in 

consultation with employees at EDS, motivated with the fact that the assumption is viewed upon 

as more qualitative with the consultation than without. To validate the data and the assumptions 

Sugiyama et al. (2005) suggests that uncertainty statistics should be presented in relation to the 

data collected. Inspired by that suggestion, statistics of the declared, added and scaled data are 

presented in connection to the result. It can be translated into declared data being the most 

certain data, the added data secondly most certain and the most uncertain data is the scaled 

data.  

Other data demand for conducting an LCA, apart from the materials needed to be extracted, 

cannot be found in IFS. Examples of such data are energy flows and processes. Life cycle phases 

connected to that data is thus collected through informal meetings with employees with insight 

and specific knowledge about the requested data. The data could be more qualitative, but the 

work load to retrieve it is estimated to be very time consuming and complex and in many of the 

cases the data is not accessible within the frames of Saab. Thus, consultations with employees 

are considered as an appropriate method in relation to the effort. Since the data is to a high 

degree estimated, several sensitivity analyses are performed on parameters assumed to 

influence the result significantly. Sensitivity analyses are also performed for the purpose of 

increasing the validity of the result.              

3.5 Life cycle assessment methodology 
This chapter describes the guidelines from the ISO 14040 family as well as the methods chosen 

and decisions made for this specific LCA. Further on, in chapter 5, 6 and 7, where the first three 

steps of the LCA is conducted, all procedures are defined further. 

The International Organization for Standardization, often referred to as ISO, is an independent 

non-profit organization with the aim to facilitate global trade. The aim is met by providing 

specifications for products, services and systems to ensure standard quality, procedures and 

efficiency (ISO, 2014a). ISO is applied by a large number of business areas, sectors and 

industries making it the most recognized standard-setting body in the world according to 

Koppell (2011). The environmental management standards are collected in ISO 14000 and it 

contains standards for environmental management systems as well as guidelines for specific 

environmental aspects and tools, such as LCA (ISO, 2014b). According to Finkbeiner et al. 

(2006), the ISO standards of LCA gave rise to the general acceptance of the tool by stakeholders 

as well as by the international community. With this motivation the LCA methodology chosen for 

this project is according to the ISO 14040 family. The document ISO 14040 describes the 

principles and framework for an LCA, while the second document, ISO 14044, describes the 

technical requirements and the guidelines for an LCA (Swedish Standard Institute, 2006b).  
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When performing an LCA according to the ISO 14040 family there exists four steps in the study, 

illustrated in Figure 4 below. The first three steps all interact with the interpretation step and 

the ISO 14040 family methodology regarding the steps is further described in the following 

chapters together with the choices individual to the LCA in this study.  

 

Figure 4 LCA framework 

3.5.1 Goal and scope definition  

Goal and scope definition is of central importance to an LCA. It defines not only the purpose of 

performing the study, its goal and system but also more specific aspects; functional unit, system 

boundaries, kind of impacts addressed and assumptions, such as data and allocation (Klöpffer, 

1997). The functional unit is not the object itself but the function the object provides for. This 

means that, for instance, it is not the laundry washer itself that is studied but its function of 

“washing X kg laundry per week in Y years” (Moberg et al., 1999). The procedure of formulating 

the goal and scope of this LCA follows in this chapter and a clarification of the result is presented 

in chapter 5.  

In this LCA the chosen functional unit gives rise to a reference flow which is Saab’s highly mobile 

surface radar system, Arthur. The radar system itself is not mobile, but by mounting it on a 

tracked vehicle or a truck the mobility arises. Due to the vehicles complexity, its own life cycle is 

excluded from this study, apart from the environmental impacts occurring when operating the 

vehicle. This since the operation is considered to not take place without the radar system being 

mounted on top of it and can therefore not be overlooked.  

The system is defined into six life cycle phases, namely extraction, manufacturing, assembly, use, 

waste management and transports. The transport phase is chosen to be one life cycle phase 

summing all transports into one, in order to provide a result easier to interpret. The use phase is 

the only phase that is not fixed and the environmental performance of the object is highly 

depending on how the usage is defined, which is an issue related to RQ1, concerning the use 

phase specifically.  

The other aspect of the study is the definition of the use phase. Therefore eight different 

operational profiles are developed with the purpose of allowing comparison with the findings 

from chapter 4 as guidance. These operational profiles are pre-defined by EDS and the 

parameters included to vary are radar and vehicle operation, since fuel consumption was an 

important factor to consider. Fixed factors are lifetime and maintenance and will thus not be a 

part of the operational profiles, only a part of the use phase scenario. Of course the maintenance 

and lifetime are not fixed in reality, but rather depending on how the object is operated. Why 

this is not taken into consideration is due to the limited maintenance information available 

about the radar system. The lifetime is communicated by Saab to be 20 years and that is why it is 

set as the lifetime in this study. How this might affect the result is further analyzed and 

discussed in chapter 7.4 and 9.2.1. 
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In order to assess the environmental impacts of the entire LCA an average operational profile is 

designed, with an average radar and vehicle operation in relation to the eight pre-defined. It is 

considered enough transparent to assess the total environmental impact of the object with an 

average use phase scenario, with the aim of answering RQ2, while the operational profiles are 

assessed by a comparison amongst them instead, answering RQ3. An aspect not taken into 

consideration is how the outer environmental influences, for example humidity or rainforest 

climate, are affecting the lifetime. This is excluded since the number of scenarios would increase 

rapidly and since it is not a parameter the user of the object could affect. It is not taken into 

consideration either whether there exists a difference of the environmental impacts regarding 

the fuel consumption of a tracked vehicle or a truck. The functional unit is expressed in more 

detail in chapter 5.2. 

The main assumptions in this LCA are performed regarding the data collected.  In general, 

qualified assumptions from employees in contact with the source of interest are made for all the 

different phases of the life cycle. The exception is for the extraction phase where data in the form 

of declared weight and materials are considered, together with some qualified assumptions in 

order to fill the gaps. Due to the high proportion of estimations this LCA is recommended to be 

used for internal purposes alone, in accordance with the guidelines in the ISO 14040 family. The 

assumptions made in each specific life cycle phase are collected in chapter 6.  

To rule out the in- and outputs, an appropriate allocation procedure is required. According to 

ISO 14044 the case of allocation procedures for recycling are needed, since those processes may 

change the inherent properties of materials in subsequent use and there is a difference in 

handling closed-loop and open-loop allocation (Swedish Standard Institute, 2006b). In general, 

allocations performed are the one that follows from the database used for retrieving data, 

further described in chapter 3.5.2. Other than that, allocations are performed by the avoided 

environmental impact from the materials estimated to be material recovered when disposed. 

This is declared as a positive net environmental impact in the life cycle phase waste 

management. According to one of the ISO 14040 family allocation strategies, this project uses 

the open-loop allocation. It is described as a system expansion with an avoided burden principle. 

This means that the avoided environmental impact of recycling materials will be taken into 

account as an avoidance of extraction of primary raw material in another life cycle than the one 

of study.  

To be able to answer RQ2, regarding what parameters give rise to significant environmental 

impacts, the object of study is divided into three main subsystems. These subsystems are chosen 

with regards to the product structure in IFS. The purpose is to identify and trace materials that 

give rise to significant environmental impacts and to enable comparison regarding what main 

subsystem that is the source. The object of study also consists of miscellaneous equipment which 

is customer specific for each particular order. Hence, these will not be taken into account in the 

study to reach a more general picture. Furthermore, these utilities are provided for by the 

customer and also are taken care of by the customer in connection to the waste management. 

Two of the three main subsystems are in turn separated into sixteen subsystems, also with 

regards to the product structure. The third main subsystem does not consist of any additional 

subsystems and is therefore not separated further. This division enhances the mapping of 

materials, which is described in detail in chapter 3.5.2. 
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This LCA addresses all the 18 environmental impacts that the chosen method accounts for, while 

three of them will be focused upon and analyzed further. These are climate change, fossil 

depletion and mineral resource depletion. Due to Saab’s climate goals (Saabgroup, 2015), climate 

change is a natural choice to address. The choice of addressing fossil and mineral resources 

depletion is mainly based upon what EDS believes to be significant in comparison with other 

impacts in this case. All impact categories will though be documented for the reader to consider 

both separately and in weighing performances, to enhance the transparency of the LCA.  

3.5.2 Life cycle inventory 

According to the ISO 14040 family, an LCI is based on and provides an initial plan from the goal 

and scope definition. It involves data collection and calculation of procedures to be able to 

quantify relevant in- and outputs of the system (Swedish Standard Institute, 2006a). All 

calculations must be documented and the assumptions made shall be clearly stated and 

explained (Swedish Standard Institute, 2006b). As stated in ISO 14044, the major headings 

under which data should be classified consist of different kinds of in- and outputs. Energy inputs, 

raw material inputs, secondary inputs and other physical inputs shall be accounted for as well as 

waste.  Releases to air, water and soil along with other environmental impacts shall be 

calculated for as well (Swedish Standard Institute, 2006b). The central result of this phase is the 

inventory table, containing the information needed to proceed with the next phase, but it results 

in much additional information as well and these other forms are especially useful in the 

interpretation phase (Guinée, 2004). 

In this project the in- and output data for the LCI is collected according to chapter 3.4. The 

software tool SimaPro, version 8.0.4.30, is used to compile the data. SimaPro is used since it is an 

LCA modeling software integrated and combined with both databases about life cycle data and 

impact assessment methods. Still note, SimaPro itself does not modify any information, but only 

provides the platform in which the LCA modeling is possible to perform (PRé, 2014).  

The database used to map the in- and outputs is Ecoinvent. The database origins from a 

cooperation of Swiss institutions and is the most recognized database containing life cycle data, 

and this is why it is chosen for this project. Ecoinvent itself is an integration of a number of life 

cycle inventory databases with insight in specialized areas. The characteristics of Ecoinvent and 

the main advantage of this database is that it covers a broad range of data (Ecoinvent, 2015). 

The advantage in choosing data from the same database when conducting an LCI is that the LCA 

acquires the same characteristics and a consistency of the data in terms of allocations and 

system boundaries, which enhances the credibility of the LCA (Goedkoop et al., 2013). A negative 

aspect might instead be the problem when data needed is not accessible in Ecoinvent. In this 

project the use of surrogate data in Ecoinvent is used where the characteristics of a process is 

similar to an existing one in the database. In a few cases, where no process has been considered 

to be representative enough, it has been excluded. How the surrogate data and excluded data 

may have affected the result and how the choice of Ecoinvent influenced the result is further 

discussed in both chapter 8 and 9.  
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3.5.3 Life cycle impact assessment 

Life cycle impact assessment, LCIA, is defined as the phase aimed at evaluating and 

understanding the degree and significance of the potential environmental impacts of a product, 

process or activity (Goedkoop et al., 2013). An LCIA can be categorized into mandatory and 

optional elements. Mandatory being choice of impact categories, category indicators and 

characterization models in addition to classification and characterization and optional are 

normalization and weighing (Swedish Standard Institute, 2006b). 

It is of importance that the impact categories, category indicators and characterization models 

chosen are internationally accepted, consistent with the goal and scope and that the related 

information and sources are referenced (Swedish Standard Institute, 2006b). Impact categories 

are chosen with regards to the goal and scope of the LCA (Swedish Standard Institute, 2006b) 

and can be categorized into, for instance, effects on human health, ecological health and resource 

depletion (Duda & Shaw, 1997). For every impact category a category indicator is set, which is a 

quantifiable representation of an impact category, and a characterization model is chosen, which 

provides for the basis for a characterization factor (Swedish Standard Institute, 2006b).   

The LCI results needs to be classified into the selected impact categories while considering and 

identifying whether the results contributes exclusively to one impact category or if it relates to 

more than one (Swedish Standard Institute, 2006b). The last of the mandatory elements to an 

LCIA is characterization, which attempts to quantify how large the contribution is to each impact 

category (Moberg et al., 1999). For this calculation characterization factors are used, which are 

determined by the chosen model (Goedkoop et al., 2013). 

Normalization, which depending on the goal and scope can be chosen as an optional element, is 

used to simplify the interpretation of the results and to better understand the relative 

magnitude for each indicator result. Normalization can be helpful when, for instance, preparing 

for additional procedures, such as grouping and weighing (Swedish Standard Institute, 2006b). 

When instead comparing the different impact categories to each other by converting indicator 

results, weighing is used, which is the most controversial and difficult step of an LCIA (Goedkoop 

et al., 2013). According to the ISO 14040 family it is not allowed to apply weighing to the impact 

assessment when the results are intended for comparing competing products, since it is based 

on value-choices and is not scientific (Swedish Standard Institute, 2006b).   

In this project the LCIA is performed with a method called ReCiPé. ReCiPé is used since it is an 

acknowledged method that is internationally accepted, in accordance with the methodology of 

the ISO 14040 family. Accordingly to ReCiPé, results from the LCI are divided into 18 different 

impact categories and thus 18 different quantifiable representations called category indicators. 

Characterization models, unique for ReCiPé and developed by researchers and institutes, are 

used to determine and classify the wide spectra of materials. Category midpoints are quantified 

by the category indicator. An extra modeling layer may also be applied to the category 

midpoints, called category endpoints. ReCiPé presents an endpoint method where the category 

midpoints in turn are classified into three category endpoints; Damage to human health, Damage 

to ecosystems and Damage to resource availability (ReCiPé, 2014). Figure 5, on the following 

page, illustrates how ReCiPé uses impact categories to simulate category midpoints and category 

endpoints and finally classifies it into one single weighed score. The midpoints without an arrow 

are not connected to any endpoint and will therefore only be taken into account when 

simulating the category midpoint result. 
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Figure 5 The modeling method ReCiPé 

There are several aspects to consider when choosing how many modeling layers that should be 

included when assessing the LCI. According to Bare et al. (2000) the type of impact assessment 

method chosen should be depending on the target audience and the goal of the LCA. Category 

midpoints are more difficult to interpret, but does not include uncertainties at the level of 

category endpoints. Bare et al. (2000) means that category midpoints is recommended if the 

audience is well informed in LCA methodology, while category endpoints are easier to interpret 

and compare. If the classification proceeds even further into the optional steps of normalization 

and weighing the uncertainties are high and the results are not suitable to commerce or 

externally advertise. Since this LCA will be used for internal purposes alone, the choice is made 

to assess the result with both impact categories according to both the ReCiPé midpoint and 

ReCiPé endpoint method. Table 1, on the next page, presents the abbreviations, indicators and 

units for category midpoints, category endpoints, normalization, weighing and the single score. 

The meaning of the abbreviations is presented in Figure 5 above. As described in the goal and 

scope definition, the environmental impacts chosen to analyze in more detail are connected with 

the category midpoints infra-red forcing, energy content of fossil resources and decreased 

concentration of mineral resources. 
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Table 1 Abbreviations, indicators and units to different ReCiPé’s terminology 

 Abbr. Indicator Unit [equiv.] 

M* OD Decreased ozone production kg CFC-115 to air 
M HT Hazard-weighted dose kg 14 DCB to urban air 
M IR Absorbed dose kg U235 to air 
M POF Ozone concentration kg NMVOC6 to air 
M PMF PM10 intake kg PM10 to air 
M CC Infra-red forcing kg CO2 to air  
M TET Hazard-weighted concentration kg 14 DCB to soil 
M TA Base saturation kg SO2 to air 
M ALO Occupied land area m2 

* year 
M ULO Occupied land area m2 * year           
M NLT Transformed area m2 
M MET Hazard-weighted concentration kg 14 DCB7 to marine water 
M ME Algae growth kg N to freshwater 
M FET Hazard-weighted concentration kg 14 DCB to freshwater 

M FE Algae growth kg P to freshwater 
M FD Energy content kg oil 
M MRD Decreased concentration kg Fe 
M WD Water use m3 water 
E* HH Disability-adjusted loss of life years (DALY)   year 
E ED Loss of species during a year species/year 
E RA Increased cost US$ 
N* - Average annual impact of a European citizen   normalization factor 
W* - Panel weighing assesses default values 103 points, kPt 
S* - Sum of the weighed category endpoints 103 points, kPt 

*M=category midpoint, E=category endpoint, W=weighing, N=normalization, S=single score 

Issues regarding the subjectivity of the normalization and weighing is a parameter to consider 

when discussing the uncertainties and the accuracy in the result of the LCA. The normalization 

and the weighing steps are added as a complement to the mandatory steps, since it assist the 

reader with an easier interpretation of the result. The discussion about the subjectivity issue 

follows in chapter 8 and 9. 

Lastly in the impact assessment, sensitivity analyses are performed to determine how changes in 

data and assumptions affect the results of the LCA (Swedish Standard Institute, 2006b). In this 

project, the amount of scaled weight is assumed to be representable by the declared weight in 

the LCA. A sensitivity analysis is therefore conducted to see whether the choice of material 

representing the scaled weight affects the results significantly or not. The parameters in the 

operational profiles are also analyzed to illustrate how an increased operation would affect the 

results. A sensitivity analysis is also performed on the life cycle phases with the highest degree 

of uncertainty as well as how the lifetime affects the results.   

3.5.4 Interpretation 

Interpretation is the last step of an LCA study in which all findings from the LCI and LCIA are 

considered. The aim of the interpretation step is to be able to deliver results in which 

conclusions are reached, limitations explained and recommendations are provided for. These 

are to be consistent with the defined goal and scope (Swedish Standard Institute, 2006a). 

According to ISO 14044, the interpretation comprises several elements, namely identification of 

the significant issues based on the results from both LCI and LCIA, an evaluation taking the final 
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intended use of the study into account as well as conclusions, limitations and recommendations 

(Swedish Standard Institute, 2006b).  

When identifying significant issues the information from the first three steps of the LCA study is 

reviewed in order to identify the data elements that contribute the most to the results of the 

studied object (EPA, 2014). The identification is made in accordance with the goal and scope 

definition in order to include the implications of the methods used and the assumptions made in 

earlier phases, such as allocations and selection of impact categories and models (Swedish 

Standard Institute, 2006b). During the evaluation, the use of completeness, sensitivity and 

consistency checks are considered. The purpose of the completeness check is to ensure that all 

information and data needed for the interpretation are available and complete. The sensitivity 

check sees to assess the reliability of the final results by determining how it is affected by 

uncertainties. Finally the consistency check determines whether the assumptions, methods and 

data are consistent with the goal and scope definition. (Swedish Standard Institute, 2006b) 

Conclusions are to be drawn from the study iteratively along with the other elements of the 

interpretations phase. The recommendations should be based on the final conclusion and reflect 

a logical and reasonable consequence of the conclusion, while recommendations made should be 

related to the intended use of the study (Swedish Standard Institute, 2006b). The interpretation 

should also reflect on the goal of the study in relation to both the appropriateness of the 

definitions of boundaries, functional unit and system function. The limitations identified by the 

sensitivity analysis and data quality assessment should also be reflected upon (Swedish 

Standard Institute, 2006b). The result of the interpretation in this study can be found in chapter 

8, starting with an overall interpretation of the LCI and LCIA and followed by a consideration of 

RQ2 and RQ3. 
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4 Defining the use phase 
This chapter presents the statistical research about the definition of the use phase. It 

also presents findings in the theory study to answer  the first part of RQ1 and ends 

with a concluding discussion.  

To provide for an overview of definitions for the use phase a brief statistic research of earlier 

assessments is conducted. It is difficult to retrieve adequate reports regarding desired objects of 

study that preferably are the same as or similar to this reports object of study. Though similar 

reports are troublesome to find, it is not the studied objects per se, or the use of them, that are of 

interest, but rather the management of mapping and defining the use phase for the objects. The 

outcome from the statistic research is presented in Table 2 below and the selected reports that 

serve as a foundation for the research are presented in Appendix II.   

Table 2 Statistical research outcome of use phase scenarios 

Use phase scenarios Frequency 

Extreme cases (max/min scenario) ││ 

Average case ││││   ││││ 

Assumption with motivation ││││ 

Assumption without motivation ││││ 

 

Found is that several ways to define and map a use phase seem to exist, and that the one 

common factor all assessments contain is a description of the phase, either by having applied 

existing guidelines for the studied object or by having made assumptions. The assumptions 

made are generally described well but not necessarily motivated in any way. This may be 

explained by the fact that it is described in the ISO 14040 family that all assumptions must be 

documented (Swedish Standard Institute, 2006a), leading to an LCA that is as transparent as 

possible. However, the ISO 14040 family has not set any requirements for motivating 

assumptions, leaving the grade of justifications entirely up to the practitioner.  

Commonly found in the statistical research is that an average use phase scenario for the studied 

object is chosen. This can at times be based on the practitioner’s assumptions alone, while there 

at other times exist some statistical data to base the assumptions upon. Regarding extreme cases 

are these typically used when comparing how the same product can be used in different 

scenarios. This can be connected to a what-if scenario where two separate use scenarios are 

studied and compared at once. One example from the statistical research is the different 

timespans in which a product is stored in a refrigerator during its use phase, see Andersson et al. 

(1998). This provides the reader of the LCA results with an understanding of how the actual use 

of a product may or may not affect the environmental impacts from the entire life cycle. In 

addition to the use phase scenarios encountered in the research, Wendin (2015) describes that 

another use phase scenario that can be considered is worst case scenario, so called marginal 

accounting. This may be equated to using one extreme case alone, described as max scenario in 

Table 2 in order to not receive a more optimistic result than what the reality might be. 
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4.1 Concluding underlining and consideration of RQ1 
The following describes and highlights the findings from the theoretical background and the 

statistical research, which can be connected to answering the first part of RQ1 that addresses the 

complexity in defining a usage. Further on, in chapter 3.5.1, the method of applying the findings 

is motivated and in chapter 5, where the functional unit is defined, the findings are applied. 

For a company to play their part in contributing to a more sustainable development, LCA is a 

wide-ranged tool capable of addressing at least the ecological aspect. This by for instance 

identifying opportunities in environmental performance improvements of products. However, 

the two other aspects of sustainable development, namely the economic and social aspects, are 

not taken into consideration by the tool. This means that when the tool is used for decision-

making, it is important that the other aspects are not overlooked in the process.  

The use of the tool has under recent years increased worldwide, is standardized under ISO and 

constantly under development. Even if a full LCA is what often is aimed for, the complexity in 

mapping exactly all flows related to the object of study the LCA methodology has been 

developed further, creating different varieties to address the necessities. The complexity in 

defining the use phase, according to RQ1, may arise when conducting an LCA including all 

phases of the life cycle. It is because the use phase is the phase in the life cycle in which the most 

assumptions occur and where human behavior has a significant impact on the final results. Since 

the human factor is difficult to both calculate and affect, it leaves only the ability to control the 

assumptions drawn for the phase. The ISO 14040 family, which provides for the general 

requirements and guidelines when performing an LCA, does not arrange for any strict guidelines 

for the use phase definition specifically. Although guidelines for some business areas exist, it 

leaves the definition to some extent up to the LCA practitioner.  

Observations made in the statistical research of LCAs were that even though several different 

use phase scenarios where identified, transparency is an important common thread. Most 

common for the studied assessments is that an average use phase scenario is applied, either 

based on statistical data or on assumptions. However, it is though not unusual to assume a use 

phase scenario without defining how well suited this scenario actually might be. Whatever use 

scenario chosen, it has not necessarily been clearly motivated with regards to how and why the 

different choices are made. In the case of wanting to compare different use scenarios of the same 

object, what-if scenarios can be used if there are known situations to compare, including data for 

these situations. The what if-definition seems to be used in earlier assessments to some extent.  

Some conclusions could be drawn regarding the study of guidelines for the automotive and 

building sectors, which are studied due to their somewhat similarity to the object of study in this 

report. Two factors significantly influence the environmental impacts for automotive, namely 

fuel consumption, calculated for with driving cycles, and lifetime. Likewise, lifetime is an 

important factor for the building sector. Within the use phase of buildings separate categories 

are focused upon, such as operational energy, water use and maintenance. 
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5 Goal and scope definition  
This chapter presents the first step out of four in this LCA and can be viewed upon as 

an extension of the goal and scope methodology in the previous chapter. It clarifies 

the goal, describes the functional unit and the life cycle phases in more detail and 

concludes with a description of the aspect of comparing different operational 

profiles.  

5.1 Purpose and goal 
As stated in chapter 3.5.1, the intended application for this LCA is not commercial; it is rather a 

study aiming to provide Saab with the environmental performance of one of their products. This 

to subsequently be used to enable comparison between products or operational profiles 

internally. Results from the study are therefore intended to be used only by, and within, Saab 

itself. Due to the target audience the study is therefore analyzed both by the mandatory impact 

assessment according to the ISO 14040 family and by a weighing applied to simplify the 

interpretation the result. The LCA is attributional, taking the circumstances of today into 

consideration, without taking indirect effects into account.  

The assessment is referred to as a simplified LCA that analyzes from cradle to grave, in 

accordance to the theory presented in chapter 2.2.1. A full LCA is not reachable with regards to 

the current situation at the company, since neither materials nor processes concerning the life 

cycle yet has been mapped for this purpose. 

5.2 Functional Unit 
In this LCA the functional unit gives rise to a reference flow that is one unit of Saab’s highly 

mobile surface radar system, Arthur. The radar system itself is not mobile, but by mounting it on 

a tracked vehicle or a truck the mobility arises. As described in chapter 3.5.1, the vehicles own 

life cycle is excluded from this study, apart from the environmental impacts occurring when 

operating the vehicle. The functional unit is “detecting and tracking artillery projectiles as well 

as calculating both points of origin and of impact”. The radar system is communicated to have a 

lifetime of 20 years and to provide the function during this time requires an average vehicle and 

radar operation of 3 341 h and 114 089 h respectively. One radar system consists of three main 

subsystems, SS, namely SS1, SS2 and SS3. 
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5.3 System definition 
The system is based on stoichiometric relations between inflows and outflows. Figure 6 below 

illustrates an overview of how the life cycle phases of the object are linked to each other. 

 

Figure 6 Phases of the life cycle 

Extraction is the first life cycle phase, also referred to as the cradle. The phase includes the 

resources, water and energy needed to extract the raw materials that build the foundation of the 

object. 

Manufacturing is the second life cycle phase which follows after extraction. The phase includes 

the resources, water and energy needed to process the raw material into finished components. 

The suppliers to EDS perform the majority of the manufacturing.  

Assembly is the third life cycle phase. This phase describes the resources and energy needed to 

assemble the separate components into the object. The assembly accounted is performed at the 

location of EDS, in Gothenburg.    

Use is the fourth life cycle phase and as described in chapter 2.3.1, the radar system can be 

roughly approximated as a combination of a building and an automotive. RQ1 addresses the 

application of the findings on the object in this study and the parameters affecting the use phase 

are approximated to be lifetime, maintenance and operation. Operation is divided into operation 

of the vehicle, which the radar system is mounted upon, and the electricity generator providing 

the object with energy to operate the radar. Together these four parameters constitute the use 

phase scenario of this LCA.   

Waste management is the fifth life cycle phase, also referred to as the grave, which describes 

how the object is disposed into processes such as material recovery, electronic scrap 

management and incineration. 

Transports is the phase connecting all life cycle phases with each other and is in this case 

summed into one. It describes the distribution of transports from the extraction locations to the 

manufacturers and suppliers, to Saab, to the customer and finally to waste management.  
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5.4 Operational profiles 
Besides the average vehicle and radar operation that constitute the use phase scenario of the 

entire LCA, another aspect of the study is to compare the environmental impact from different 

use scenarios. Therefore, eight different operational profiles, OPX, are set to allow comparison in 

environmental impacts depending on how and when the object is used during that phase of the 

life cycle. All other phases of the life cycle are assumed to be identical, regardless of operation, 

and therefore they are neglected in the comparison. As introduced in the research for RQ1, in 

chapter 2.3, the operational profiles are described as what-if scenarios. The variable parameters 

constituting the operational profiles are vehicle and radar operation. The eight operational 

profiles are previously defined by EDS for operation on land, described in Table 3 below 

together with the average operational profile. From the statistical research in chapter 4 a 

common definition of the use phase was an average case. In this project an average operational 

profile is developed, simply an average of the other eight, set as default operation that 

constitutes the use phase in the entire LCA, as explained in chapter 5.2.   

Table 3 Definition of operational profiles 

 OP1 OP2 OP3 OP4 OP5 OP6 OP7 OP8 Avg. 

Truck x x x    x  x 
Tracked vehicle    x x x x  x 
No vehicle        x x 
Combined mission x   x     x 
Peace time  x   x    x 
Typical   x   x x x x 

 

In Table 3 each operation profile is categorized based on what vehicle that is used, if a vehicle is 

used, and under what circumstances. While in combined mission, described as operation at 

warfare, the object follows the troupe out in the field, which in practice means a lot of 

movement. The object is positioned, operates the radar and is then relocated again to avoid 

attacks. When instead operating during peace time, as the name suggests, there are no concerns 

for attacks, but both vehicle and radar are still in use for precautionary, informative and 

educational reasons. The typical case during the object’s lifetime is when it is used both in 

warfare and in peace time, leading to operation periods for both radar and vehicle in between 

the cases.  

Regarding OP7, it is classified as a typical case for both truck and tracked vehicle. It represents a 

case where the object is used at one place, for instance at base camp, for surveillance and 

defence purposes alone. This means that the radar practically runs all hours of the day and that 

only a small amount of movement occurs. The exact operational data can be found in Table 19 in 

Appendix III. 

  



28 
 

  



29 
 

6 Life cycle inventory 
This chapter covers the second step in this LCA, namely the gathered data to be 

analyzed. All phases of the life cycle are separately defined along with the 

assumptions that were needed.  

The three main subsystems are divided into a number of subsystems, as described in chapter 

3.5.1. Figure 7 below illustrates the structure. This means, for instance, that material 

declarations are compiled at a subsystem level. Hence, specific components are not declared, but 

their materials are taken into consideration by the upper subsystem to which they belong.  

 

Figure 7 The radar system divided into subsystems to trace materials 

As described in chapter 3.4 the subsystems are only material declared to a certain percentage in 

the internal component database IFS, individual to each of the subsystems. Table 4, on the 

following page, presents the the percentage declared material weights and the added material 

weights, which are estimated in consultation with Rydén (2015a). The proportion of data that is 

declared in IFS is described in the table under Declared weight [%], and the proportion of the 

added materials under Added assumed weight [%]. For the entire system the total materials 

declared and assumed weight amounts to 39.16 and 52.00 % respectively, leaving 8.84 % 

unspecified. 

The distribution of materials for the declared and the added assumed weights together are 

presumed to be representative for the distribution of materials for the entire radar system.  

Hence, the weights are scaled up for materials within each subsystem to represent the 

unspecified 8.84 % and to be equivalent to reality, as can be seen in the far right column in Table 

4, on the following page.  
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The subsystems are scaled in different degrees in order to reach 100 % respectively. Therefore a 

variety in scaling arises, increasing the uncertainties. For instance subsystem SS2j, which weighs 

682 kg, is 43.33 % scaled, meaning that almost half of the subsystem could actually be composed 

of different materials than what by scaling is adopted. The same applies for SS2b but since this 

subsystem is not as heavy, its scaling may perhaps not have as significant effects on the results 

as SS2j possibly may have. This uncertainty will be considered during the interpretation, see 

chapter 8.  

Table 4 Weight distribution between subsystems 

System Declared weight [%] Added assumed weight [%] Scaled 

Object 39.16 52.00 1:1.0884 
SS1 0.48 92.98 1:1.0654 
SS1a 0.68 86.11 1:1.1321 
SS1b 1.73 93.33 1:1.0494 
SS1c 0.00 99.89 1:1.0011 
SS1d 0.00 100.00 1:1.0000 
SS1e 0.00 100.00 1:1.0000 
SS2 20.09 65.80 1:1.1411 
SS2a 2.07 97.50 1:1.0043 
SS2b 5.98 71.43 1:1.2260 
SS2c 0.00 100.00 1:1.0000 
SS2d 0.25 78.66 1:1.2108 
SS2e 0.23 99.77 1:1.0000 
SS2f 0.65 99.35 1:1.0000 
SS2g 2.06 90.91 1:1.0704 
SS2h 6.50 93.50 1:1.0000 
SS2i 0.08 99.92 1:1.0000 
SS2j 56.67 0.00 1:1.4333 
SS2k 0.15 99.85 1:1.0000 
SS3 100.00 0.00 1:1.0000 

*Weights assumed by EDS internally 

It is important to note that it is only the subsystems that are scaled. It means that the declared, 

added and scaled materials weights in Table 4 the Object, SS1 and SS2 are only presenting the 

sum of the subsystems they consist of. For example, SS1a, SS1b, SS1c, SS1d and SS1e are scaled 

differently and the scale of SS1 represents the sum of the previous mentioned.  
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6.1 Extraction 
The declared data of materials in the life cycle phase extraction is defined from IFS and 

additional data is added and assumed in consultation with Rydén (2015a). The sorting, 

assumptions and merging concerning the declared data are completed in consultation with 

Naujoks (2015).  

Table 5 below presents the weight of the materials for the extraction phase. To identify from 

what subsystem the amounts origin, see Table 16, Table 17 and Table 18 in Appendix III for the 

amounts belonging to SS1, SS2 and SS3 respectively. Those tables also provide data for amounts 

of materials declared, assumed and scaled. Due to data not available in the database Ecoinvent, 

some of the materials are excluded from calculations, amounting to 2.51 % of the total weight. 

These materials are found in Table 22, Appendix IV, marked with N/A. Whether or not these 

materials could have affected the final results significantly is debatable, but with regards to the 

low percentage it is assumed to be negligible. 

Table 5 Extraction: Amount of materials extracted 

Material Weight [g] Material Weight [g] 

Acrylate resin  15.00 Platinum  0.01 
Acrylonitrile/butadiene/styrene 14.18 Polyamide 7 736.06 
All types of glass  1.45 Polybutylene terephtalate  8.90 
Aluminium  2 041 533.90 Polycarbonate  3 533.17 
Antimony  1 496.16 Polyetherimide  3.08 
Arsenic  0.01 Polyethylene  66.46 
Beryllium  0.07 Polyethylene terephtalate  1.08 
Bismuth  0.01 Polyimide  72.42 
Bromine  772.31 Polyphenylene ether  1.60 
Cadmium  115.58 Polyphenylene sulfide  12.41 
Carbon  3 000.00 Polypropylene  3.66 
Chlorine  13.37 Polytetrafluoroethylene  0.06 
Chromium  2 053.20 Polyurethane  85 010.28 
Coated fabrics  12 304.54 Primer lacquer  20 000.00 
Cobalt  0.59 Propylene carbonate  9.51 
Cooling media (R134a) 33 879.57 Rubber 20 000.00 
Copper  330 382.09 Ruthenium  0.0009 
Epoxy  11.42 Silicon  10.73 
Ethyl cyanoacrylate  21 691.36 Silver  65.71 
Ethylene/vinylacetate  0.01 Stainless steel  152 063.62 
Fluorine  5 284.14 Steel (including Iron)  96 030.04 
Gold  10.46 Sulfur  0.08 
Iron  1 255 328.86 Sulphuric acid   456.00 
Lead  40 292.50 Surface lacquer  20 000.00 
Liquid crystalline polymers  73.56 Tantalum  29.38 
Magnesium  102.42 Tetrabromobisphenol-A   186.18 
Manganese 6.87 Tin  918.02 
Mercury   0.00003 Titanium  0.24 
Molybdenum  118.26 Vanadium  0.03 
Nickel 1 131.67 Wood 105 000.00 
Oils 7 058.24 Zinc  3 088.62 
Palladium  0.16 Zirconium  0.003 
Phosphorus  0.66   
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6.2 Manufacturing 
For the manufacturing phase of the object’s life cycle all processes are approximated in 

consultation with Rydén (2015b) since no exact information is available. Table 6 below presents 

the processes assumed to be used in this phase. SS3 is assumed to be processed entirely by 

rolling. The chromatic surface treatment of all the components as well as the total welding 

process is estimated. All the aluminium in both SS1 and SS2 together is assumed to be processed 

by both rolling and milling. 80 % of the stainless steel and iron in SS1 and SS2 are assumed to be 

processed by rolling and 20 % of the stainless steel and iron in SS1 and SS2 are assumed to be 

processed by milling. All copper is assumed to be manufactured through general manufacturing 

and all plastics estimated to be processed by injection moulding. The rest of the materials in SS1 

and SS2 are estimated to be electronics equally distributed between the processes for electronic 

components in Ecoinvent. In Table 23, Appendix IV, chosen process data for modeling in 

Ecoinvent is defined. 

Table 6 Processes for manufacturing of the radar system     

Process Amount Unit 

Rolling  1 200.00 kg 
Chromatic surface treatment 10.00 m2 
Welding 100.00 m 
Rolling of aluminium 1 202.53 kg 
Milling of aluminium 1 202.53 kg 
Rolling of stainless steel and iron 1 144.74 kg 
Milling of stainless steel and iron 286.19 kg 
Injection moulding of plastics 11.07 kg 
General manufacturing of copper  329.38 kg 
General manufacturing of electronics 1 11.23 kg 
General manufacturing of electronics 2 11.23 kg 
General manufacturing of electronics 3 11.23 kg 
General manufacturing of electronics 4 11.23 kg 
General manufacturing of electronics 5 11.23 kg 

6.3 Assembly 
The data and the estimations in the life cycle phase assembly are defined in consultation with 

Nyman (2015). Apart from components that are bought in already assembled, the assembly of 

the object is performed on site at EDS in Gothenburg. Hence, that is the part of the assembly 

calculated for in the assessment, since the assembly performed outside the site is not possible to 

map with the resources available in this project.  

The total assembly time is estimated to 6 000 hours with manual power as the major process. 

Table 7, on the next page, describes the processes needed for the assembly. The actual, effective 

times for soldering and using electrical utilities are estimated to be low, but the tools are 

connected to the grid and available for use more often than they are used. Thus, the time the tool 

is available is the time accounted for in the table. To model for the electricity consumed during 

the processes, Swedish electricity production is assumed in Ecoinvent, see Table 23, Appendix IV 

for details. The tin used in the soldering process is accounted for in the extraction phase, since it 

is assumed to be declared for.  
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Table 7 Processes for the life cycle phase assembly  

Process Duration [h] Effect [W] Energy [kWh] 

Soldering 2 000.00 48.00 96.00 
Electrical assembly 20.00 720.00 14.40 
Electronic measurements 2 000.00 36.00 72.00 

6.4 Use 
The data regarding the eight operational profiles along with the average operational profile are 

defined in Table 8 below and is conducted in consultation with Rydén and Palrud (2015) 

together with internal documents concerning already identified operations. The calculations 

used for deriving the values in the table, which are used for the LCA modeling, are described in 

Appendix III. All assumptions regarding the operational profiles are drawn together with Rydén 

and Palrud (2015).  

Table 8 Use: Definition of operational profiles 

 Vehicle operation [tkm] Radar operation [MJ] 

OP1 484 997.68 27 364 634.04 
OP2 615 024.00 19 278 336.00 
OP3 567 188.80 21 977 303.04 
OP4 387 131.98 27 364 634.04 
OP5 280 177.60 19 278 336.00 
OP6 315 755.03 21 977 303.04 
OP7 34 168.00 42 219 555.84 
OP8 0.00 40 484 505.60 
Avg. 335 555.39 27 493 075.95 

 

In the operational profiles, constituting a part of the use phase scenario, the parameters variable 

is vehicle and radar operation. Since OP7 is assumed to be operating all hours of the day the 

radar is approximated to operate accordingly, without taking leap years and time for 

maintenance into account. The weight of the vehicle is estimated to be around eight tons. To 

approximate the environmental impacts caused by the vehicle a truck is assumed, carrying the 

weight of the object. For the operational profiles described as the radar system operated on a 

tracked vehicle in Table 3, chapter 5, the impact from the vehicle operation might be 

underestimated. This because no life cycle data exist for a tracked vehicle in Ecoinvent. A 

consequence of this is that the vehicle operation only differs in their values and do not consider 

the type of vehicle accounted for. Fuel consumption for the radar is a given value, 6.6 litres per 

hour, and both vehicle and radar are operated on conventional diesel. 

The two fixed parameters, constituting the use phase scenario, are maintenance and lifetime. 

Maintenance is assumed to be the same for all operational profiles and is determined through 

both internal documents and in consultation with Palrud (2015). Every 250 hours an oil change 

occurs preventively, where 6.5 litres of oil is replaced, which amounts to 3 644.16 kg oil in 20 

years. It is assumed that 50 kg of cooling media is replaced over a lifetime and that this is 

properly waste managed. Due to random errors, repairing maintenance occurs every 600 hours, 

which amounts to 292 occasions per lifetime. All maintenance of the object is assumed to be 

performed where it is located at that moment. Hence, it will not be driven anywhere. A car with 

maintenance staff and equipment is instead driven to and from the location, the roundtrip is 

assumed to be 50 km long and the maintenance staff consists of one person. 
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Due to replacement of components during maintenance more materials need to be extracted in 

order to cover all that is replaced. Table 9 below presents the amount of materials extracted as a 

result of maintenance. The amount of each extracted material is calculated for with an internal 

document regarding failure rates for the separate subsystems. The failure rates describe how 

many times each system has an error. Palrud (2015) has then approximated the percentage of 

each subsystem that is replaced due to the errors. In this case the percentage of each subsystem 

that is replaced is assumed in relation to each subsystems total weight. This means that it has 

not been taken into account what sort of component that actually is replaced, and what material 

or materials it contains. Most frequently it is an electronic component that is in need of 

replacement (Palrud, 2015) but due to the chosen method, all materials are accounted for within 

the extra amount needed for each subsystem. Due to lack of information, some of the subsystems 

are not accounted for. Failure rates for the separate subsystems as well as their grade of 

replacement are demonstrated in Table 20, Appendix III.  

Table 9 Use: Materials extracted due to maintenance 

Material Weight [g] Material Weight [g] 

Acrylate resin  8.45 Platinum  0.02 
Acrylonitrile/butadiene/styrene 22.02 Polyamide  1 041.05 
All types of glass  1.23 Polybutylene terephtalate 40.14 
Aluminium  973 768.34 Polycarbonate  126.61 
Antimony  2 750.92 Polyetherimide  4.90 
Arsenic  0.01 Polyethylene  54.17 
Beryllium  0.12 Polyethylene terephtalate 1.24 
Bismuth  0.02 Polyimide  11.72 
Bromine  683.13 Polyphenylene ether 2.54 
Cadmium  58.08 Polyphenylene sulfide  25.88 
Carbon  53.77 Polypropylene  11.35 
Chlorine  9.82 Polytetrafluoroethylene 0.09 
Chromium 2 025.22 Polyurethane  1 539.76 
Coated fabrics  2 156.79 Primer lacquer  358.44 
Cobalt  3.04 Propylene carbonate 16.72 
Cooling media (R134a) 93 439.46 Rubber 358.44 
Copper  616 881.22 Ruthenium  0.0004 
Epoxy  23.16 Silicon  26.49 
Ethyl cyanoacrylate 969.63 Silver  92.20 
Ethylene/vinylacetate 0.06 Stainless steel 64 139.16 
Fluorine  1 703.87 Steel (including Iron)  71 757.97 
Gold  9.80 Sulfur  0.27 
Iron  5 736 133.45 Sulphuric acid  2 848.18 
Lead  249 334.75 Surface lacquer 358.44 
Liquid crystalline polymers  132.15 Tantalum 9.94 
Magnesium  71.01 Tetrabromobisphenol-A  22.06 
Manganese  19.33 Tin  593.45 
Mercury  0.00001 Titanium  0.37 
Molybdenum  169.50 Vanadium  0.04 
Nickel  1 016.28 Wood 1 881.81 
Oils 3 651 915.51 Zinc  3 196.20 
Palladium  0.23 Zirconium 0.004 
Phosphorus  1.01   
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The extracted materials go through manufacturing and are processed in the same way that is 

assumed under chapter 6.2. Table 10 below therefore presents the processes due to the 

manufacturing of components for the maintenance. More specific data for the operational 

profiles’ fuel consumptions and consumables as well as the calculations performed within the 

use phase are defined in and alongside Table 19, found in Appendix III. All Ecoinvent data 

chosen for the modeling is found in Table 22 and Table 23 in Appendix IV. 

Table 10 Use: Manufacturing due to maintenance 

Process Amount Unit 

Rolling  21.60 kg 
Rolling of aluminium 973.77 kg 
Milling of aluminium 973.77 kg 
Rolling of stainless steel and iron 4 697.62 kg 
Milling of stainless steel and iron 1 174.41 kg 
Injection moulding of plastics 4.05 kg 
General manufacturing of copper  616.88 kg 
General manufacturing of electronics 1 59.87 kg 
General manufacturing of electronics 2 59.87 kg 
General manufacturing of electronics 3 59.87 kg 
General manufacturing of electronics 4 59.87 kg 
General manufacturing of electronics 5 59.87 kg 

6.5 Waste management 
Due to the object’s long lifetime and the fact that the first product was delivered for about fifteen 

years ago, it has thus far never been disposed. Neither has any requirement from customers 

regarding the waste management of the product been received. Hence, there are no documents 

on the subject. (Brantebäck, 2015) 

A disposal plan for a different product with a number of similar components is thus used as 

support when estimating how the object would be waste managed. All assumptions are 

performed in consultation with Brantebäck (2015). The waste managed in this phase is all waste 

from the life cycle, meaning the waste origins from both the extraction phase and the 

maintenance in the use phase. The waste scenarios approximated are incineration without 

energy recovery, material recovery and electronic scrap. Other potential waste scenarios are 

disregarded, due to the fact that the uncertainty is growing with further scenarios than the most 

probable ones, which the three mentioned are assumed to be.  

Assumptions are made that all materials that constitute a mechanical component are easily 

separated, thus material recovery is chosen as the scenario for those. For all materials that 

constitute the electronic components, such as printed boards and batteries, electronic scrap is 

the assumed scenario. For materials estimated to be too complex for material recovery, but not 

belong to electronic scrap, the third scenario is assumed: incineration. The materials are 

categorized into waste categories in the modeling software, which is presented in Table 21 in 

Appendix III, where the scenarios chosen for each of the materials also are described.    
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In Table 11 below the waste categories, originating from Ecoinvent, are presented and divided 

into the three separate waste scenarios. The percentages origins from the quantity of the 

extraction and maintenance material flow. The waste category Not defined is the waste flow that 

is treated as remaining waste according to the chosen scenario. From the table the total 

percentage of each waste scenario can be seen, where the waste flow to the scenario material 

recovery accounts for almost 73 %.      

Table 11 Waste scenario per waste category 

Waste category Incineration [%] Material recovery [%] Electronic scrap [%] 

Plastics 75.30 22.24 2.47 
Glass 100.00 0.00 0.00 
Aluminium 0.00 100.00 0.00 
Non-ferro 0.00 1.37 98.63 
Coppers 0.00 100.00 0.00 
Ferro metals 0.00 100.00 0.00 
PET 0.00 0.00 100.00 
PE 0.00 0.00 100.00 
PP 0.00 0.00 100.00 
Steel 0.00 100.00 0.00 
Zincs 0.00 0.00 100.00 
Not defined 99.99 0.00 0.01 
Total 25.11 % 72.94 % 1.95 % 

 

6.6 Transports  
The transports between the separate phases of the life cycle are estimated in consultation with 

Nyman (2015). The assumptions of transports for each separate subsystem are found in Table 

12 on the next page. They refer mainly to the transport between the manufacturing phase and 

assembly phase, except for the finished product, where it refers to the transport of the radar 

system to the final customer. Where two suppliers are listed, the total weight is divided by 

percentage. All transports are estimated to be performed with truck, thus the same modeling 

data in Ecoinvent is used, see Table 23 in Appendix IV.  

No consideration is taken to the transports between the extraction phase and the manufacturing 

phase since no information is available and assumptions are too difficult to establish. The 

transportation to waste management after the lifetime has passed is not taken into 

consideration since no information regarding it is available either. The transport occurring due 

to operation of the object is also not taken into consideration within this phase, since it is 

calculated for within the use phase.  
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Table 12 All transports in the life cycle summed into one phase  

Subsystem Distance [km] Unit [tkm] 

Object 2 320.00 9 908.72 
SS1a 1 094.00 255.78 
  1 555.00 155.81 
SS1b 747.00 56.03 
SS1c 200.00 39.38 
  747.00 88.22 
SS1d 747.00 6.72 
SS1e 200.00 0.80 
SS2a 469.00 1.88 
SS2b 747.00 52.29 
SS2c 747.00 35.11 
SS2d 1 526.00 198.38 
SS2e 348.00 2.09 
SS2f 200.00 14.00 
SS2g 747.00 12.33 
  200.00 3.30 
SS2h 747.00 358.19 
  200.00 95.90 
SS2i 1 555.00 418.30 
SS2j 1 555.00 1 060.51 
SS2k 200.00 12.80 
SS3 747.00 896.40 
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7 Life cycle impact assessment 
This chapter presents the third step out of four: the impact assessment of the model 

created from the information gathered during the LCI. Both tables and figures 

illustrate the final results from the analysis , which are to be interpreted in the 

following chapter. 

7.1 Assessment overview 
As described earlier, in chapter 3.5.3, ReCiPé is the method chosen when performing the LCIA, 

along with ReCiPé’s unique characterization models. Thus all flows will be classified into 18 

different impact categories which will be accounted for. In doing so, 18 different category 

indicators also will be represented. Among these 18 impacts categories are climate change, fossil 

depletion and mineral resource depletion, which are to be focused upon in the impacts 

assessment.  

Since this assessment is not intended for commercial purposes, normalization will be used to 

simplify the interpretation and to better understand the relative magnitude of each indicator 

result. The 18 impact categories will therefore be classified into three category endpoints, 

namely damage to human health, damage to ecosystem diversity and damage to resource 

availability. Additionally, weighing is applied to reach one final single score. All the steps and 

methods mentioned above are performed in accordance with the ISO 14040 family. 

7.2 The entire life cycle 
To be able to identify in which life cycle phase the most environmental impact occurs, and what 

parameters that might affect the impact significantly, an assessment is performed for the entire 

life cycle. This chapter aims to answer RQ2 with an interpretation of the result in chapter 8.2. 

For all assessments of the entire LCA the average operational profile is chosen as a default 

profile in the use phase. In Figure 8, on the following page, all 18 impact categories are 

represented, for which the abbreviations are explained earlier, in Table 1 in chapter 3.5.3. The 

magnitude of the life cycle phases are compared in each individual category and the total 

quantity of the contribution is presented with values in Table 13 below, while contribution from 

each of the life cycle phases are to be found in Table 24, Appendix V.  

Table 13 Total contribution to each of the 18 impact categories from the entire life cycle 

Impact category Total [equiv.] Impact category Total [equiv.] 

OD 1.64 kg CFC-115  ULO 7 134.98 m2 
* year           

HT 67 453.34 kg 14 DCB  NLT 1 270.95 m2 
IR 91 693.20 kg U235  MET 3 803.05 kg 14 DCB7  
POF 44 594.43 kg NMVOC6  ME 1 565.64 kg N  
PMF 14 645.92 kg PM10  FET 2 780.79 kg 14 DCB  

CC 2 605 07.00 kg CO2  FE 44 594.43 kg P  
TET 60.00 kg 14 DCB  FD 852 511.60 kg oil 
TA 27 120.43 kg SO2  MRD 73 298.10 kg Fe 
ALO 4 083.12 m2 * year WD 4 226.66 m3 water 
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As shown in Figure 8 below all phases but the waste management phase have an avoidance of 

environmental impact. The avoidance of environmental impacts from waste management in a 

few of the impact categories are related to the recycling of materials, since it provides an 

positive net effect on the environment due to the indirect avoidance of primary materials. Since 

the impact categories are not normalized they cannot be compared with one another in this 

figure. As can be seen in the figure, the unambiguously greatest proportion, regardless of the 

impact categories, derives from the use phase. The other life cycle phases differ in proportion 

between different categories, indicating that there are different parameters within each phase 

giving rise to different amounts of environmental impact. In general, the assembly and transport 

phases contribute to minor environmental impact in comparison with the other phases. 

 

Figure 8 Distribution of the life cycle phases in all 18 impact categories 

If highlighting two of the selected impact categories, that is climate change and fossil depletion, 

the use phase leaves only 3.04 % and 2.29 % respectively for the environmental impacts of the 

other life cycle phases. In the also selected category mineral resource depletion on the other 

hand, waste management is a significant second runner up after the use phase, when accounting 

for the magnitude, with its avoided impact amounting to 25.05 %. 
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When the 18 different impact categories are normalized to each other, one can grasp the relative 

impact amongst them. Figure 9 below therefore illustrates how much of the total environmental 

impacts climate change, fossil depletion and mineral resource depletion represent, which 

together amounts to about 7.27 % when normalized. Only one impact category showed a 

double-digit percentage contribution, namely natural land occupation, and this with 64.75 % 

which therefore makes it the main contributor to the total environmental impacts. 

 

Figure 9 Normalized contribution from CC, FD and MRD compared to other impact categories 

For a further presentation of the three selected environmental impact categories, Figure 10 

below presents how each phase in the life cycle contribute to each of the impact categories. The 

amounts of one impact category are only to be compared in between the life cycle phases and 

not between the categories themselves, since their equivalents are not alike. The values in the 

figure are to be found in Table 24, Appendix V, along with the values for the remaining impacts 

categories. 

 

Figure 10 Life cycle phases with connecting impact categories CC, FD and MRD 

As can be recognized in Figure 10, all phases have an environmental impact with the exception 

of the waste management, due to the cause described in the earlier paragraph. The category 

climate change has the greatest contribution deriving from the use phase followed by the 

extraction phase. The fossil depletion impact is also contributed greatest to from the use phase, 

where the contribution almost is 100 times greater than the impact origin from the extraction 

phase. The mineral resource depletion impact is more evenly distributed between the life cycle 

phases than the two other categories, but the use phase is still contributing the most.   
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To clarify even further that the use phase contributes to the majority of the total environmental 

impact Figure 11 below illustrates the phases’ individual single score after weighing. The waste 

management and the extraction phase are, similar in their score, apart from the minus sign. This 

means that they basically offset one another. 

 

Figure 11 Single score for each individual phase of the life cycle 

The use phase consists of two major parameters influencing the results, namely maintenance 

and operation, where operation is both operation of vehicle and radar. Maintenance in turn 

consists of two fractions, being the extraction of materials needed to provide for the 

replacement of components and the manufacturing of materials into functional components. 

Figure 12 below illustrates the two parameters’ share of the use phase’s environmental impact 

with regards to the average operational profile. In the figure it is clear that within both climate 

change and fossil depletion it is operation that contributes to the majority of impacts, where in 

mineral resource depletion it is the opposite. Within maintenance extraction stands for 43.54 

and 49.81 % in climate change and fossil depletion respectively while in mineral resource as 

much as 74.96 %. Regarding the operation, radar stands for the majority of the impacts, 

accounting for 96.37, 96.21 and 84.63 % in climate change, fossil depletion and mineral resource 

depletion respectively. More on the operations is considered further along, in chapter 7.3, with 

regards to the eight operational profiles as well as the average case. 

 

Figure 12 Maintenance and operations proportions within the use phase for CC, FD and MRD 
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In Figure 13 below the 18 different category indicators are grouped and summed into three 

endpoint categories, called damage categories. The figure also illustrates the categories with 

normalization factors, weighed points and a final single score. As a clarification in the category 

damage to human health, 1 DALY is a setting for quantifying the disability loss of life years that 

an object gives rise to, meaning that this radar system impacts the human health with the 

quantity of 7.51 life years. The damage to ecosystem diversity should be interpreted as meaning 

that in 1 year 0.02 species’ life quality is damaged due to the object, resulting in 0.4 damaged 

species in the object’s entire life time. The damage to resource availability is explained as the 

marginal cost for extracting future resources in the same frequency as for the object. It is built 

on the concept that all resources, such as fossil or mineral resources, decrease in availability 

which results in increased costs for future extraction. 

 

Figure 13 Damage categories resulting in a single score for the entire LCA 

The weighed points in Figure 13 are presented in thousands and the points are in this step 

comparable to each other, in contrast to the normalized points, which are not comparable. From 

the weighing Figure 13 indicates that the impact is almost three times greater in the damage to 

human health category than in the category damage to ecosystem diversity, while the category 

damage to resource availability is situated in between the two. The total environmental impact 

of the radar system is summed into a final single score which amounts to 294 000 points, which 

needs to be viewed upon as a major subjective value. The aim of this single score can be to 

simplify a comparison with other functional units as a guidance of the magnitude of total 

environmental impact. 

The three main subsystems individual contribution to the impact categories climate change, 

fossil depletion and mineral resource depletion with regards to their extraction of materials is 

illustrated in Figure 14 below. SS2 contributes the most out of the three subsystems in the 

impact category climate change and it is most significantly in mineral resource depletion. The 

values in the figure represent the subsystems proportion of each impact category in their own 

equivalents. Therefore the values in each impact category cannot be compared to one another, 

only the values between the main subsystems within each impact category. 

 

Figure 14 Main subsystems contribution to CC, FD and MRD 
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To address which materials that give rise to the most environmental impacts all extractions are 

accounted for, in this case taking no concern to benefits from waste management. By applying 

weighing to get a single score for each material and using a cut-off of 0.25 % Figure 15 below is 

conducted. The weight of the minerals aluminium, copper and iron stands for around 19, 6 and 

45 % respectively out of all extracted materials. From the figure one can see that out of the three, 

copper stands for the most environmental impact in relation to its weight percentage. However, 

gold which only amounts to 0.0001 % with its 20.26 g of the total weight still contributes to such 

an extent that it does not fall below the cut-off limit. 

 

Figure 15 Materials giving rise to most environmental impacts calculated with single score 
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7.3 Operational profile scenarios 
To be able to identify what parameter in the operational profiles that is giving rise to a certain 

environmental impact an assessment is performed with the aim of a comparison, in accordance 

to RQ3. Here, the only two parameters addressed are the impacts from radar operation and from 

vehicle operation, since theses parameters are the only ones that differ between the operational 

profiles. Figure 16 below therefore aims at illustrating the environmental impacts climate 

change, fossil depletion and mineral resource depletion with regards to vehicle and radar 

operation in each individual operational profile. The values for the vehicle and radar operation 

can be found in detail in Table 25 in Appendix V.   

 

Figure 16 Operational profiles contributions to CC, FD and MRD 

In accordance with the figure, it shows that the radar operation has clearly higher 

environmental impacts than vehicle operation, in all of the three impact categories. However, in 

mineral resource depletion the ratio between the two operations is lower. 

7.4 Sensitivity analysis 
Out of the total weight of the object of study, apart from the excluded materials, 8.84 % is scaled. 

If, by chance, this percentage would not be equivalent to the ratio of the declared share the 

results may be different. Therefore a sensitivity analysis is performed where these 8.84 % are 

represented by other materials instead in each of the three focused upon impact categories, 

namely climate change, fossil depletion and mineral resource depletion. The analysis is 

performed on the materials extracted during the extraction phase, meaning that extraction due 

to maintenance is excluded, with the motivation of the results being somewhat representative 

for maintenance as well. 

The two different scenarios chosen to represent these 8.84 % are plastics and electronics. 

Electronics, which is represented of printed boards in Ecoinvent, is chosen since the radar 

systems to a high degree consists of electronic equipment. Hence, there exists a great possibility 
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that the undefined 8.84 % actually is electronics. Plastics, which is represented by 

polypropylene in Ecoinvent, is also chosen with regards to the high degree of electronics. This 

since the electronic equipment often is, in some way, enclosed by plastics. Figure 17 below 

illustrates the differences that might occur if the scaled weight is represented by these other 

materials instead. In each of the impact categories, the original impact due to the scaled weight 

is presented as well, to simplify a comparison. 

 

Figure 17 How the share of the scaled weight can impact CC, FD and MRD 

Clear in Figure 17 is that electronics increases the environmental impacts in all three impact 

categories significantly. The plastics does affect the results as well, but not to the same extent. In 

both climate change and mineral resource depletion the plastics lower the impacts but in fossil 

depletion they increase. These results reveal that if the scaled weight is not representable by the 

declared weight, the environmental impacts from material extraction can differ a great deal. 

In the operational profiles the two parameters varying are vehicle operation and radar 

operation. From Figure 16, on the previous page, it can be seen that the contribution from radar 

operation is significantly greater than from the vehicle. Thus, it is interesting to view the relation 

between the two and what affect an increased vehicle or radar operation has on the selected 

environmental impacts. Figure 18, on the next page, illustrates an analysis of the environmental 

impacts from vehicle and radar operation. The operation is described in hours per year, meaning 

a maximum operation is 8 760 hours. The environmental impact is amounted as a total for the 

estimated lifetime of the object, 20 years. 
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Figure 18 How the vehicle and radar operation impact CC, FD and MRD 

As can be seen in Figure 18 the vehicle operation actually contributes more to the environmental 

impacts in general than the radar operation, referred to operation hours. The operational profile 

containing the highest degree of vehicle operation is OP2 where the operation amounts to 277 

hours/year, which only responds to approximately 3 % of a maximum operation time. In the 

average operational profile, which is the one used for the entire life cycle, the vehicle operation 

accounted for is 167 hours. Thus, if the vehicle is operating more than predicted for in the 

operational profiles it will give rise to significantly greater environmental impacts than 

illustrated in Figure 16 previously in the report. 

To check whether some assumptions made during the LCI might affect the final results of the 

entire LCA, calculations are performed on the three least contributing phases of the life cycle, 

namely manufacturing, assembly and transports. These phases are also the three which consists 

entirely of approximations, which makes them even more interesting to analyze. Calculated for 

is if the approximations made in the LCI might in fact be 10 or 100 times larger to check how 

much greater the total environmental impact for the entire LCA would be. In Table 14 below the 

increased percentage for the entire life cycle is presented. Transports is chosen to be combined 

with each of the other two phases since this is where the most exclusions are made and is 

therefore the phase where it is most likely that the results have been beautified. 

Table 14 Increases in environmental impact from manufacturing, assembly and transports 

[%] 
Transports  

[%] 
Transports 

x1 x10 x100  x1 x10 x100 

A
ss

em
b

ly
 x1 100.00 101.04 111.45  

M
a

n
u

fa
ct

. x1 100.00 101.04 111.45 

x10 100.00 101.04 111.45  x10 106.40 107.44 117.53 

x100 100.03 101.07 111.48  x100 170.38 171.42 181.83 

 

Clear in the table is that an increase in assembly will affect the final results the least. Thereafter 

transports and finally manufacturing, where the total result would differ more than 80 % if the 

assumptions made in this LCA are way too optimistic in comparison to reality.  
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To understand how the use phase influences the total impacts it is compared to the sum of the 

other life cycle phases’ impact in climate change, fossil depletion and mineral resource depletion. 

If the use phase is considered significant when it represents 50 % of the impact in the three 

categories, it is interesting to know when that time in the lifetime occurs. Figure 19 below 

presents the impact from the use phase in months and the time marked with a dot represents 

the lifetime when the use phase has an equal share of the impacts compared to the sum of the 

other phases. 

 

Figure 19 Use phase impacts with a mark when it is equal to the other phases’ impacts 

In the figure above it can be seen that for the use phase to have an equal share to the sum of the 

other phases in climate change it takes no more than approximately three months. After that the 

use phase will contribute to more than 50 % to the impact. For fossil depletion this happens 

after only approximately 2.5 months. A difference from these two occurs in mineral resource 

depletion, where there lacks a time marked with a dot. This is because the sum of the other 

phases in this impact category are calculated for as an avoidance of impact and therefore the use 

phase can never have an equal share of impact. What is noticeable is that the impacts are very 

sensitive to the lifetime and affects the result with only minor changes of months.  
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8 Interpretation 
This chapter is the final step in conducting an LCA and it covers an evaluation of the 

LCI and LCIA in relation to the goal and scope of the LCA.  It also addresses RQ2 and 

RQ3 by a consideration and a reflection of the previous results.   

8.1 Evaluation of LCI and LCIA 
An essential aspect when interpreting the result of the LCA from a qualitative perspective is the 

credibility of the data used. Thus, it is necessary to evaluate the LCI and LCIA from a critical 

point of view in order to provide for an accurate interpretation. The LCI in this project is to a 

great extent consisting of assumptions, which inevitably has affected the result more or less. 

Since the data to support parts of the extraction phase and the operational profiles is data 

strictly derived from documents within the company it is considered very credible. The other 

data constituting the LCI is considered to have a lower degree of credibility, since it is only 

supported by estimations from employees with insight in the area concerned. These estimations 

were performed with the employees experience in mind, but almost without any relevant 

support from documents or further research.   

The data required was in almost all cases found in the database Ecoinvent. In some cases, where 

for example different plastics could not be found, surrogate data was used from the same 

database. This data is assumed to be similar to the actual data, but includes a lower degree of 

credibility and is therefore marked to increase the transparency. Out of the material data 

required for extraction, including extraction due to maintenance, 0.71 % could either be found 

exactly nor corresponded to any sufficient enough surrogate data in Ecoinvent and was 

therefore excluded, which affected the results in an optimistic way. According to the defined goal 

and scope, where it is stated that the intended use of the LCA is for internal purposes, the LCIA is 

performed with both category midpoints and more subjective analyses through normalization 

and weighing. The method used for the LCIA, ReCiPé, may also have affected the result. Thus, it is 

important to have in mind that the result is only potential environmental impacts and not actual 

environmental impacts. Hence, a critical perspective is recommended when interpreting the 

more subjective steps, for example found in Figure 11 and Figure 13, where single scores are 

evaluated.  

In order to provide for a more transparent LCIA the life cycle phases where most assumptions 

were performed are reviewed, see chapter 7.4. One clear example is the data from the 

manufacturing, assembly and transports phase which might be underestimated due to lack of 

information available at Saab. In Table 14, previously in the report, an analysis is performed to 

illustrate how these phases reflect on the overall LCA result. From that table it could be seen that 

the assembly phase is not affecting the result noticeably, since it only displayed 0.03 % increased 

result even if the assembly phase where 100 times larger. The transports phase affects the total 

result by 11.45 % if the estimates would be 100 times larger. The manufacturing phase, on the 

other hand, turned out to be the phase most sensitive to assumptions since the total impact from 

the LCA would increase to 70.38 % with 100 times larger manufacturing processes. It is difficult 

to estimate where the upper boundaries are, but the sensitivity analysis however suggests that 

the manufacturing phase affect the result the significantly, but not enormously. However, this 
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gives a signal that the manufacturing phase is a phase to explore further and in more detail in 

order to provide a more credible result. Important to notice is though that even if the result is 

very optimistic, the manufacturing, transports or assembly phase will unlikely compete with the 

use phase in significant environmental impact and this makes the reasoning of the use phase’s 

importance solid. 

Another parameter which may have influenced the result is the materials scaled, which amounts 

to 8.84 %. This proportion was assumed to be equal to the distribution of the declared weight. 

Figure 17, previously in the report, illustrates the result if the scaled weight is not representative 

compared to the declared. If this share would be represented by plastics, the impacts in climate 

change and mineral resource depletion would decrease by about 10 and 25 % respectively while 

in fossil depletion it would increase by about 2 % instead. The increase in fossil depletion is 

though not that surprising with regards to the manufacturing of plastics deriving from fossil 

resources. Would this 8.84 % share instead be represented by electronics, the environmental 

impacts would increase greatly within all three impact categories, with roughly 3 times. Both 

scenarios are considered somewhat likely, meaning that the actual environmental impacts from 

extraction of materials in the extraction phase of the life cycle might be what the sensitivity 

analysis showed. This is a span of 30.8 to 88.7 tons in climate change, 7.47 to 22.1 tons in fossil 

depletion and 18.2 to 85.6 tons in mineral resource depletion. 

8.2 Consideration of RQ2 
RQ2 aims at addressing factors that give rise to the most significant environmental impacts in 

the life cycle of the radar system. This by identifying in what phase of the life cycle the most 

impact occurs when applying the default use scenario through the average operational profile 

and by detecting parameters that distinguish themselves in relation to others. 

Clearly revealed during the impact assessment is that the use phase contributes to the majority 

of the total environmental impacts from the object. The highest contribution from the use phase 

among the 18 impact categories is found in P.C. oxidant formation where the use phase 

accounted for 99.47 % and the lowest is found in mineral resource depletion, with 54.53 %. On 

an average, the use phase does though contribute to 85.44 % of the environmental impacts. The 

low contribution to mineral resource depletion is however due to the gains from a quite 

optimistic waste management approximation where most of the minerals are assumed to be 

recycled properly, leading to an indirect avoidance of primary extraction. This revelation about 

the use phase being the main contributor is though not that unexpected since the radar system is 

an active product using fuel for both transportation and for surveillance through radar 

operation. Apart from the operational fuel consumption itself this is also affected by the fact that 

the object is approximated to have a rather long lifetime, naturally contributing to large increase 

of the operational fuel consumption. 

With consideration to the three impact categories, in which focus is upon according to the goal 

and scope definition, the use phase’s contribution derives from the operation of both radar and 

vehicle and the maintenance of the radar system. It is shown that the percentage distribution 

between the two is alike in both climate change and fossil depletion, with the majority 

contributed from operation, in contrast to mineral resource depletion where the opposite takes 

place. This is on the other hand not surprising after finding that the extraction phase’s 

proportion in the entire life cycle is of higher percentage in mineral resource depletion than in 

the other two impact categories. Concerning the operational part of the use phase, the 
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distribution between radar and vehicle operation is quite alike in all three impact categories. 

Radar stands for 96.37, 96.21 and 84.63 % in climate change, fossil depletion and mineral 

resource depletion respectively, for the average operational profile. This clearly shows that 

radar operation contributes to the most significant environmental impacts in comparison to 

vehicle operation. 

With regards to the three main subsystems of which the radar system consists of, the impact 

assessment revealed that SS2 accounted for the majority of the environmental impacts in 

mineral resource depletion. In climate change it was the dominant subsystem as well, but not as 

significant, while in fossil depletion SS3 turned out to stand for most of the impacts but not 

significantly. Noticeable is that within both climate change and fossil depletion the distribution 

between the three main subsystems were quite even so no clear significance can really be 

pronounced. 

When addressing the materials of which the radar system is constructed of and the materials 

which constitute the replacement of faulty components during maintenance it is found that 

aluminium, copper and iron together stand for about 76.5 % of the environmental impacts. Both 

copper and iron are mainly to be found in subsystems within SS2, namely SS2h and SS2j. This 

can therefore clarify why SS2 earlier was found to have the most impacts on mineral resource 

depletion of the three main subsystems. Aluminium on the other hand, is most represented 

within SS3. Since aluminium, copper and iron together also stand for about 70 % of the total 

weight extracted materials it might however not be that surprising that these materials are top 

represented in impacts. Noticeable is though that copper, which out of the 70 % only contributes 

by about 6.1 % still accounts for almost twice as much environmental impacts as iron, standing 

for 44.7 % of the weight. Gold on the other hand, to be found in eighth place among the materials 

giving rise to the most significant environmental impacts, contributes about 6 500 times in 

relation to its weight. 20.26 g of gold does therefore contribute more than 289 627.25 g of lead, 

which is in ninth place. Apart from gold, three other materials were found to have a very high 

ratio between their relative weight and their impacts. That is mercury, palladium and platinum, 

but since their weights are all more than 100 times smaller than gold, their impacts turn out to 

be minor as well. 

In conclusion, found is that the use phase shows a superior contribution to the overall 

environmental impacts from the entire life cycle. Within this use phase’s contribution the radar 

operation has the largest impacts on climate change and fossil depletion whereas the extraction 

of materials during maintenance stands for the main impacts on mineral resource depletion. Out 

of all the materials extracted for the object, aluminium stands for the majority of environmental 

impacts and significantly enough gold took place on the top ten list of materials giving rise to the 

most significant environmental impacts with its 0.0001 % of the total weight extracted. 

8.3 Consideration of RQ3 
RQ3 aims to consider how the operational profiles in the use phase influence the selected 

environmental impact categories climate change, fossil depletion and mineral resource 

depletion, according to the defined goal and scope. The two parameters variable within the 

operational profiles are vehicle operation and radar operation.  

Figure 16 in the impact assessment presents a distinct majority of impacts from the radar 

operation, regardless of impact category. Climate change is the impact category where the radar 
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operation in relation to the vehicle operation has the largest contribution, closely followed by 

the impact category fossil depletion. The fossil depletion refers to the decreased amount fossil 

resources available due to the fuel consumption from the diesel engines, which run the radar 

and the vehicle. The category mineral resource depletion, in contrast, has a clear contribution 

from the vehicle operation. This contribution may be explained by all elements surrounding the 

vehicle operation, other than the fuel consumption, such as contributions from production and 

maintenance of the vehicle along with contribution from construction and abrasion of the road 

on which it operates.  

A comparison of the operational profiles clearly distinguishes OP7 as the profile with greatest 

environmental impact all categories. It has a climate change impact equivalent to 3 679 170 kg 

CO2, a fossil depletion corresponding to 1 210 000 kg oil and a mineral resource depletion 

equivalent to 28 742 kg Fe. OP7 is classified as a profile where the object is used at one place, for 

instance at base camp, for surveillance and defence purposes alone. This means that the radar 

practically runs all hours of the day and that only a small amount of movement occurs. In 

contrast, the profile with the smallest environmental impact all categories is OP5. This profile is 

described to have an operation during peace time, when there are no concerns for attacks. Both 

vehicle and radar are still in use for precautionary, informative and educational reasons. 

Generally, the operational profiles operating during peace time seems to have a lower 

environmental impact, which therefore concerns OP2 as well because it also operates in peace 

time.    

As motivated earlier, the radar operation gives rise to a significant proportion of the total impact 

of the operational profiles. Therefore it is interesting to present the relation in operation hours 

between vehicle and radar operation, illustrated in Figure 18 previously in the report. Provided 

that the object is active in 20 years, the maximum operation is 8 760 hours per year. The result 

is interesting since the vehicle operation is found to have a greater environmental impact than 

the radar operation per operating hour. The difference is most distinguished in the category 

mineral resource depletion where the vehicle operation has an impact almost seven times 

greater than the radar operation per hour. This means that if the vehicle is operated more often 

than what the profiles indicate, the impacts from vehicle operation might get a significant 

increase in relation to the radar operation. 

In conclusion, found is that OP7 clearly gives rise to the greatest environmental impact all 

categories, due to its major radar operation. The profile that has the smallest environmental 

impact all categories is OP5, closely followed by OP2, which indicates that peace time is the 

scenario where the vehicle and the radar operation are not used as frequently. The impact 

category where vehicle operation contributed to a greater proportion in relation to radar 

operation compared to the other impact categories is mineral resource depletion. This relation is 

explained by the vehicle and road parameters affecting the operation apart from the fuel 

consumption. Lastly, an interesting note is to connect the vehicle and radar operation per hour 

and found is that the vehicle operation gives rise to a greater environmental impact than the 

radar operation all categories, given that they are operating under equal amount of hours.      
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9 Discussion 
In this chapter a discussion regarding the entire project is held, taking aspects such 

as choice of methods, quality of data, uncertainties and the overall exp erience of 

conducting an LCA within the organization of Saab  into consideration. 

9.1 Background settings and RQ1 
According to Kothari (2004) the theoretical frame of reference and the methodology chosen may 

be parameters with a significant influence on the result. Thus, it is important to discuss and 

highlight the successful factors as well as to be critical to minor successful ones. The theoretical 

frame of reference consists of background information considered necessary to support the 

reasoning in the project and to answer RQ1. When addressing RQ1 a literature study including a 

statistical analysis was performed with the objective to investigate the issue in defining the use 

phase when performing life cycle assessments. As the research for relevant literature progressed 

an evident lack of knowledge as well as standard procedures was discovered. Hence, RQ1 

became difficult to address in that sense. The analysis aimed to provide statistics in what various 

approaches to define the use phase existed and which approach that seemed to be more 

common than the other. The major findings dealt with the transparency in the use phase 

scenarios and the fact that some branches have developed guidelines in how the phase could or 

should be approached.  

The strength when addressing RQ1 is considered to be the combination of a literature study and 

a statistical analysis. In order to provide relevant research the literature solely consisted of 

published articles and reports. The weakness in the study of RQ1 may be the lack of information 

available in the subject, which complicated the research. The research within this area is 

considered deficient, since only a minor proportion is dealing with scenario analysis. The major 

proportion of the research in this project is instead investigating how other published LCAs 

defined their use phase. Primarily, the reports taken into account in the statistical analysis aimed 

to be related or similar to the object of study, but due to difficulties in finding valid published 

reports, 20 accessible and usable reports found to match the requirements were included in the 

research. Although difficulties in finding relevant information was experienced, the conclusions 

still lead to a motivation of the use phase scenario provided for in the LCA in this project. Even 

though only published reports were retrieved, LCAs are case studies that might be influenced by 

subjectivity according to Baharein Mohd Noor (2008). The research were considered to give a 

proper support to the use phase in the LCA, where especially the reasoning of Pesonen et al. 

(2000), describing what-if-scenarios, influenced the result significantly.  

In addition to the literature study and the statistical research, which are discussed above, the 

methods used to carry out the project are in conclusion considered appropriate for its purpose. 

The interviews conducted were informal which contributed to a good, inspirational and relevant 

discussion about the topic of interest. The aspect of giving the respondent a summary of the 

interview to approve afterwards was also considered a valuable resource. Mainly since 

misunderstandings or wrong interpretations could be corrected, resulting in a more qualitative 

reference, as supported by the reasoning of DiCicco-Bloom & Crabtree (2006). In contrast, the 

informal meetings with employees regarding different areas in the LCI could have been 
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performed more qualitative retrospectively. The topic of interest was known to the respondent, 

but the exact data required was not always known in advance. This led in a few cases to 

assumptions from the respondents, which possibly could have been investigated more in detail if 

the respondent would have been provided with a more detailed description of the requirements. 

The meetings could have been better prepared if they were scheduled for more in advance and 

for later on in each life cycle phase research instead of, as in this project, in the beginning. 

As for the LCA methodology chosen for this project, the ISO 14040 family was considered a 

suitable methodology to follow. The standards were experienced as well described guidelines 

from goal and scope definition to interpretation of the result, in line with the reasoning of 

Finkbeiner et al. (2006). To simplify the process, two tools were used to support the modeling 

and calculations, namely Ecoinvent and ReCiPé. Ecoinvent provided for the database where all 

materials and processes were retrieved. The advantage of using Ecoinvent as the only database 

is considered to be the consistency in what allocations that were made and what in- and 

outflows that were accounted for, supported by the reasoning of Klöpffer (1997). In the cases 

where Ecoinvent could not correspond to the data required, surrogate data in Ecoinvent was 

used. An alternative could have been to use data from another database, but the consistency 

would then have been affected in a negative aspect. Thus, in those cases no surrogate data was 

corresponding, it was excluded. The choice of using Ecoinvent and no other database in this 

manner may have affected the result, but it was considered the most appropriate option.  

For the impact assessment the method ReCiPé was applied. There were several impact 

assessment methods available and all of them could provide the practitioner with individual, yet 

sufficient, results. Using only one method to assess the LCI entailed a risk of misinterpretation, 

which is important to be aware of. Still, the LCA reports studied for the statistical research only 

used one impact assessment method and therefore it was considered sufficient. ReCiPé is also 

one of the most acknowledged methods and therefore it was considered appropriate to use. In 

this LCA the environmental impacts were assessed to the level of individual impacts, but also to 

the level of normalization, weighing and single score. The last three ones listed are subjective 

since different environmental impacts are compared to each other and the result should be 

interpreted as potential environmental impacts, not actual environmental impacts. A more valid 

result could have been achieved by applying several methods other than ReCiPé and compare 

the results. The reason why this was not provided for in this project was mainly due to the lack 

of time. Using ReCiPé was considered to be qualitative enough, also since the result will only be 

communicated within the organization. Thus, the accuracy did not have to be as high as if the 

result was to be communicated outside the organization, described in the ISO 14040 family 

(Swedish Standard Institute, 2006a).      

9.2 The life cycle assessment 
To begin with, the object of study is a complex product containing great amounts of components, 

which in turn are complex as well, and this led to difficulties in mapping the radar system 

entirely. Unfortunately enough, the complexity of the object was not the only factor playing its 

part in complicating the mapping procedure. Since the defence sector has been omitted from 

undertaking some environmental legislation, there have not been any strict requirements for 

product declarations. And together with the military secrecy, such declarations have therefore 

been somewhat undone. There exists however a rising awareness within the organization of the 

problems with lack of product declarations as more legislation will apply and materials will be in 
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need of substitution. If these declarations would have been conducted already, the gathering of 

data for the LCI would have been both easier and less time consuming as well as containing 

fewer assumptions. This in turn would have made the entire LCA more reliable and could also 

have been used for external communication, which it cannot as of today. 

9.2.1 Goal and scope definition and life cycle inventory 

In accordance with Saab’s internal component database the object of study was divided into 

three main subsystems where two of them could be broken down further into five and eleven 

subsystems of their own. That is how far down in detail the radar system is dismantled when 

tracing where specific materials derive from. Desirable would have been to be able to perform a 

component trace in order to clarify even further what components that account for what 

environmental impact. Primarily the idea was to map the object component by component but 

due to the encounter of shortage in both material and weight declarations this approach had to 

be discarded. On the other hand, after discovering the extent of components, mapping every 

single component would probably take such extensive time that it would not have been 

realistically possible in this project. 

Despite the knowledge of insufficient information, the choice was made to include all phases of 

the life cycle. This with the motivation that even though all desired information would not be 

retrieved, it will still be closer to reality if as much as possible is accounted for. Extraction of 

materials was based on both the declarations that were indeed conducted and on 

approximations from qualified personnel for the major part of the remaining undeclared weight. 

The extracted materials would preferably have been declared for entirely and the sensitivity 

analysis on this matter showed that the scaled weight could have had an influence on the final 

results depending on material. The scaled weight, which was approximated to be representable 

by the declared share, is assumed to reasonably be represented by either plastics or electronics. 

This means that the total environmental impacts could be affected as well, but since the 

extraction phase does not stand for the foremost contribution the approximation regarding 

scaling does feels adequate still. The method of scaling was not scientifically supported, but it 

was experienced as performing a sensitivity analysis on the material distribution contributed to 

a valid and systematic result, which is strengthen by Sapsford and Jupp (2006).  

With regards to the use phase, which is of extra interest in this specific project, the mapping of 

the different operational profiles was completed relatively hasty as internal documents already 

existed regarding eight different scenarios. By requests from EDS, these eight operational 

profiles were to be investigated, described as what-if scenarios according to Pesonen et al. 

(2000). The choice was made to account for an average operational profile in the entire life cycle 

and compare only the eight operational profiles against each other within the use phase alone. 

This because the other life cycle phases would have offset each other, since they would have 

been the same regardless of what use phase that was in focus. In the use phase, the parameters 

which were accounted for were radar and vehicle operation as well as maintenance, where 

maintenance was assumed to be the same for all profiles. These assumptions was made to both 

simplify the assessment and because there existed only one documented failure rate for the 

object. Since the object is used in rather different ways depending on operational profile it is 

probably safe to state that maintenance as well would differ amongst them. Other parameters 

not taken into account are the outer environmental influences depending on the object’s location 

and the fact that all operational profiles are not defined on truck, as assumed and calculated for 

in Ecoinvent. Experienced was that the use phase complexity and the approximations made 
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probably affected the result in one way or another, as described in the theory by Guinée (2004). 

These parameters together with the simplified maintenance and the use of an average 

operational profiles’ life cycle instead of eight separate life cycles would have an impact on the 

final results. Not least by the results being eight separate LCAs instead of one default case 

together with eight complementary use scenarios. Nevertheless, since it was these operational 

profiles that were of most interest from EDS’ point of view, together with an awareness of the 

object’s entire environmental impacts, the choice to include only one life cycle and refer the 

operational profiles to that one is still a choice that would have been made again if the project 

was to be restarted. 

While addressing the maintenance part of the use phase, one can consider its magnitude in 

relation to the radar system’s lifetime. It is said to have a lifetime of 20 years but in accordance 

with the calculations performed for maintenance, in these 20 years the object is replaced about 

1.8 times, by weight. Perhaps this should be interpreted as the object not having as long lifetime 

as stated originally. This provides a clear example of the complexity in mapping the use phase, as 

stated by Guinée (2004). Nevertheless, since the replacement is calculated by weight one cannot 

state that every single component actually is exchanged during the lifetime. In accordance with 

the failure rates, the subsystems containing large amounts of electronics stand for the major part 

of the faults, meaning that these may be replaced far more often than the mechanics, which over 

time leads to a large proportion of the weight. Because of this reason, together with the fact that 

EDS markets their product with this long lifetime and therefore wished for it to be calculated for, 

it is not considered that the level of maintenance contradicts why 20 years is set as lifetime. 

Even so, the same issues were identified for the automotive industry, described in the theory by 

Edwards et al. (2014). In that industry a certain lifetime is approximated, calculated in a driving 

distance, with no concern for the maintenance rate due to external factors. Therefore, the same 

reasoning can be applied to this project. A sensitivity analysis performed on the lifetime, indirect 

the use phase, showed that it is within the very first months of the lifetime that the use phase has 

equal impacts as the sum of the other phases. This is an interesting result since it means that 

after these first months the use phase is so significant that the other life cycle phases become 

minor important. The result also points out the importance of the lifetime assumed and how it 

influences the result majorly.  

Two of the life cycle phases could be viewed upon as the most uncertain, that is waste 

management and transports. The environmental impacts from these phases should therefore be 

regarded more or less entirely as estimations, since no statistical data once again, is the base for 

the assumptions. Regarding the entire LCI as a whole, the majority of the data collected is based 

on pure assumptions. Even though these assumptions are made by qualified personnel well 

familiar in their surveyed field, the information is not statistically verified in any way. In 

practice, this means that the results deriving from these assumptions are not completely reliable 

and that should be kept in mind when viewing the results. Still, the methodology of the LCA is 

considered to follow the ISO 14040 family due to its transparency.   
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9.2.2 Life cycle impact assessment, RQ2 and RQ3 

For starters, the quality of the LCIA depends more or less entirely on the information gathered 

during the LCI. As mentioned, the LCI contains a great amount of uncertainties which leads to 

the LCIA results being uncertain as well and the potential environmental impacts may therefore 

differ from reality. 

The research questions for the project, RQ2 and RQ3, are both in relation to the outcome from 

the LCIA. The first relates to the parameters and phases of the life cycle that significantly affect 

the results and the second to how the various operational profiles differ in their environmental 

impacts. To address the part of RQ2 dealing with significant phases the choice was made to 

perform an analysis of all phases at once in relation to all impact categories as well. The analysis 

clearly revealed that the use phase undeniably contributes to the overall majority of all impacts, 

so clearly that none of the sensitivity analyses performed could prove any difference. This 

proves the importance of mapping the use phase in a valid way, which is supported by Lindahl 

(2000). Although the main focus in the project was three of the 18 categories, all were addressed 

when analyzing the entire life cycle to gain a perception of the magnitude in the remaining 15 

categories as well. Normalization was performed on all 18 impact categories to be able to grasp 

the contribution from the three focused upon categories in comparison to the 15 remaining. 

Revealed were that climate change, fossil depletion and mineral resource depletion together 

stand for about 7.27 % of the total environmental impacts and that one impact category proved 

to be prominent, namely natural land occupation. Natural land occupation stands for 64.75 % of 

the normalized results and is also one out of the five categories presented in Figure 5 earlier, in 

chapter 3.5.3, which means it cannot be translated further into category endpoints. This means 

that this major contribution is not taken into account when calculating for the final single score, 

which is as far as the subjectivity reaches in ReCiPé. Apart from climate change, fossil depletion 

and mineral depletion, which for reasons where interesting for this assessment, it would also 

have been interesting to further analyze the causes for natural land occupation. It is therefore 

easy to understand that this step is controversial, which reasoning is strengthened by Goedkoop 

et al. (2013). 

The other part of RQ2, which deals with significant parameters, was addressed by at first hand 

finding what results that came out from the analysis of the entire life cycle as well as analyses in 

each individual phase. Furthermore some sensitivity analyses where performed in order to 

detect if any new parameters arose. An interesting aspect can be identified from the sensitivity 

analysis of extracted materials, which showed differences from the original result. For instance, 

the impact on mineral resource depletion could be about 3.5 times larger. Since the object 

consists of large amounts of electronics and the chosen to represent these in the analysis was 

printed boards alone, it would though have been interesting to map the average material content 

in the electronics and use those values to represent the scaled weight. That would perhaps 

present an even more accurate result of what materials that actually are extracted, than with 

regards to the entire object.  

Found was also that the radar operation was the most significant parameter affecting the 

environmental impact, due to the large amount of diesel burned in the electric generator. In 

relation to RQ3, the different operational profiles were compared to each other with regards to 

climate change, fossil depletion and mineral resource depletion. Interestingly, however, was that 

through trend analysis it was discovered that the vehicle operation actually has a higher 

environmental impact per hour. The maintenance also contributed significantly to the use 
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scenario, which once again indicates the importance of what factors that are or are not 

accounted for (Lindahl, 2000).     

Because of this LCA being the first ever performed at Saab there are no other values and results 

to compare the findings from this assessment with. This would have been interesting in order to 

get a better perception of how good or bad this environmental impact is in comparison. The 

objective results in each impact category could perhaps be compared with similar objects 

outside Saab. But since these similar objects, as has been discussed earlier, are hard to find the 

closest would perhaps be freight vehicles and buildings. They do, however, have an entirely 

different function so their results may not be appropriate to compare, at least according to the 

theory presented by Lindahl (2000).  

9.3 The project 
In addition to the LCA result, two other aspects of this project were firstly to provide Saab with 

methodology and experience of working with LCA as a tool and secondly to grasp the quality of 

the information available within the organization. The first aspect listed, to provide 

methodology and experience of working with LCA, is considered to be managed in the project. 

No actual effort has been performed to highlight specific parts in the report, but the report is 

considered to be descriptive in its methodology which is considered to follow the guidelines for 

the ISO 14040 family. This approach is also considered to follow the expectations and guidelines 

that the internal document concerning LCA within Saab contains. Thus, the first aspect can be 

considered achieved. 

The second aspect, to grasp the quality of the information available within the organization, has 

become more evident as the project progressed. When working with the LCI this aspect 

influenced the entire process. The overall experience is unambiguously that the employees have 

been very supportive, interested and helpful with the large quantity of information requested to 

perform this LCA. Even so, the supportive generosity to assist cannot replace the fact that the 

information available in several cases has been insufficient. As in the reasoning in chapter 9.2 

the insufficient information available might derive from the omission of the defence sector from 

some environmental legislation. It is experienced as mapping of hazardous and rare materials 

has been enough to satisfy the requirements of the company and a mapping in more detail than 

that may have been more or less unnecessary. Hence, the step from mapping specific materials 

to a trace of all materials is a major challenge, which has complicated the process. The 

information regarding processes in the life cycle, such as manufacturing processes and 

transports to list a few, have not either been mapped before. This is probably for the same 

reason as for the material declarations, since no one has ever requested such information 

earlier. The large quantity of assumptions might have led to an impact assessment not entirely 

reliable.  

In conclusion, if Saab intends to continue with LCA as a tool, a comprehensive mapping of data is 

encouraged in order to perform a valid LCI. All areas are advised to be investigated further in 

order to better meet the data required. Of course the data required is depending on the goal of 

the LCA. Therefore, if the company wants to communicate the environmental performance to 

their customers it is an aspect to truly consider.  
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10 Conclusions 
This chapter concludes the entire master thesis by highlighting the major findings 

from the project, regarding the research, the LCA as well as experiences . 

The conclusions from this project may with advantage be divided into the three research 

questions with connecting recommendations for future work. By addressing the issue of defining 

a use phase scenario conclusions can be drawn that no actual rules or guidelines exist in general. 

If an LCA is to be performed within the framework of the ISO 14040 family it requires full 

transparency, meaning that all assumptions performed needs to be presented. The ISO 14040 

family has though not set any requirements for motivating assumptions and this leaves the 

grade of justifications entirely up to the practitioner.  

Two main aspects for defining the use phase scenario are identified. First is the difference in 

whether the object of study is active or passive. For an active object the use phase is more 

important to map carefully since it has a greater influence on the final result, than for a passive 

one. The second aspect concerns the purpose of the LCA. If the LCA aims to compare two or 

more objects the comparison will be inaccurate if the use phase is mapped differently between 

them. To facilitate the second aspect specific branches have developed guidelines and 

recommendations for how to define a use scenario. Two branches, somewhat similar to the 

studied object in this project, which have developed such guidelines, are the automotive and 

building sector. The guidelines in these two sectors involve, among other parameters, fuel 

consumption, lifetime, operational energy and maintenance.  

In addition to the research of use phase scenarios the findings gave rise to consider the lifetime, 

operation of radar, vehicle operation and maintenance in the use phase of the object in this 

project. The vehicle and radar operation forming the operational profile are variable, while the 

other parameters remain fixed. Clearly revealed during the impact assessment for the entire life 

cycle, from extraction to waste management, is that the use phase stands for the majority of the 

total environmental impacts from the radar system. On an average of all 18 impact categories 

accounted for, the use phase contribute to about 85.44 % of the total environmental impact. The 

parameters identified as the significant contributors in the use phase are the diesel combusted 

in the electric generator for the radar operation and the extraction of materials needed to 

replace faulty components during maintenance. Since the use phase is clearly significant, an 

interesting conclusion can be drawn from the expected lifetime of 20 years. The resulting 

impacts would be noticeable increased or decreased if the lifetime is in fact longer or shorter 

than estimated for. However, found was that within the very first months of the lifetime, the use 

phase becomes significant in comparison to the other life cycle phases. 

The life cycle phases not giving rise to any significant environmental impacts are the 

manufacturing, assembly and transports phases. The sensitivity analysis from varying the 

impact of these phases resulted in that a major increase of processes in the assembly phase will 

not affect the result of the entire LCA noticeably. Even an increase of transportations in the 

transports phase will not affect the result significantly. In contrast, the manufacturing phase 

showed an increase of impacts, but not a significant one, of the LCA if new processes were to be 

added. The finding that the LCA result is not very sensitive to changes is satisfying results and 
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makes the interpretation pretty solid. However, if the results do not represent the reality, it is 

believed to be in a more optimistic way. 

In addition to the analysis of the life cycle phases’ contribution, other parameters are 

considered. From an assessment of the three main subsystem’s contribution to climate change, 

fossil depletion and mineral resource depletion, the extraction of SS2 is the main contributor in 

the first and last impact category listed. For fossil depletion on the other hand, SS3 instead stood 

for the most of the impacts. SS2 is most significant in the impact category mineral resource 

depletion where it stands for nearly 82 %. The conclusion drawn for this is that since SS2 stands 

for the main share of the radar system’s entire weight and contains large amounts of iron and 

other minerals, this is what gives rise to the significance in that specific impact category. 

Materials giving rise to the most significant environmental impact are aluminium, copper and 

iron. Aluminium and iron stand for a large proportion of the total weight which naturally reflects 

on the total impact. Gold on the other hand, to be found in eighth place among the materials 

giving rise to the most significant environmental impacts, contributes about 6 500 times in 

comparison to its relative weight. A conclusion can be drawn that it is not only a large quantity 

of a certain material that matters, but the materials with a great impact in relation to its weight, 

for example gold used in electronics, might be as or even more important.  

When assessing the operational profiles it was found that the radar operation contributes to the 

majority of the impacts in climate change, fossil depletion and mineral resource depletion. It is 

only in the category mineral resource depletion that the vehicle operation contributes more in 

proportion to the other impacts. An explanation of this relation might be all elements 

surrounding the vehicle operation, other than the fuel consumption, such as contributions from 

production and maintenance from the vehicle along with contribution from construction and 

abrasion of the road. In the comparison OP7 is clearly distinguished as the profile with greatest 

environmental impact all categories, mainly caused by the radar operating nonstop. In contrast, 

the profile with the smallest environmental impact all categories are OP5 followed by OP2. 

Common for these profiles is that both are estimated to be operated during peace time. Even 

though in all operational profiles the radar operation contributes to the majority of the total 

impact, the relation between vehicle and radar operation impact per operating hour is the 

reverse. An interesting conclusion can therefore be drawn from the findings, namely that one 

decreased operation hour for the vehicle has a greater reduced impact on the environment than 

if the radar operation is decreased one hour. 

Lastly, for the company to be able to continue in working with LCA conclusions are drawn that a 

more qualified information base needs to be built up within the organization to avoid as much 

assumptions as possible. This is considered necessary in order to achieve more reliable results 

to build future decisions on or to be able to communicate the environmental performance to 

customers. 
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10.1  Future studies 
The aim of this study was to provide information about the environmental performance of one of 

Saab’s surface radar systems. Significant parameters are highlighted and uncertainties are 

reflected upon throughout the study. Therefore, in order for the company to follow up these 

findings the next step is recommended to be identification of improvements in the 

environmental performance of the radar system. Perhaps the significant parameters found in 

this analysis could be factors to investigate further, since improvements connected to these may 

have a significant influence on the final results. Recommended parameters to investigate further 

are especially maintenance and alternative energy sources for the radar operation. This since as 

of today maintenance contributes a great deal to the environmental impacts and contains 

uncertainties regarding both quantity and occurrence in relation to the different operation 

profiles. The radar, which contributes most significantly of all parameters, could feasibly be 

operated with a substitution to diesel, such as biodiesel or electricity. Where the radar is 

operated matters to how it can be operated and it would thus be of interest to analyze what the 

alternatives might be and how they perhaps would improve the radar systems environmental 

performance. 

A decision was made to concentrate on three out of the 18 available impact categories within 

ReCiPé. Normalization amongst them did reveal that these three impact categories together 

stood for not even a tenth of the total and that natural land occupation was the one prominent 

impact category, with more than half of the total environmental impact. Natural land occupation 

also happens to be one out of the impact categories that are not taken into consideration when 

calculating for a single final score, which proves it is difficult to quantify. It would though be 

interesting to investigate this impact category further despite its complexity, especially since it 

proved its significance in comparison to the remaining 17 impact categories. 

The LCA in this study is considered solid in its result, despite a high degree of assumptions. 

However, in order to provide for an even more accurate result it is recommended to study the 

operational profiles in more detail. Firstly, the maintenance in this assessment is assumed to be 

fixed with no consideration taken to the description of whether the use is described as in peace 

time or at warfare. Almost certainly these two very different scenarios affect the rate of 

maintenance of the radar system, with regards to both hours of operation as well as outer 

attacks. It is neither taken into consideration if the environmental impact differs from a truck or 

a tracked vehicle since life cycle data regarding a tracked vehicle is nonexistent within 

Ecoinvent. Likely is though that a difference between the two vehicles do exist. Therefore, it is 

recommended for future studies to connect the degree of maintenance with each of the eight 

operational profiles and to account for the impact difference of the vehicle used. 

As a scientific contribution from this study, a future study regarding general guidelines for the 

defining of the use phase for radar systems could be developed. A development of such 

guidelines would enable a comparison between different LCA’s of radar systems. This could be 

usable within Saab to better grasp each of their radar systems environmental performance and 

to perhaps facilitate for future communication to interested customers.  
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Appendix I  
Interviews 

Matter: Saab AB’s relation to sustainable development and life cycle assessments 

Name: Lars Olsson 

Title: Group Environmental Coordinator  

Department: Group Quality & Environment (CQEFA) 

Date: 2015-02-09 

Type of meeting: Informal interview 

Lars Olsson works as a Group Environmental Coordinator at Saab Group Function Quality and 

Environment, hereafter called Saab. His role concerns issues about environmental management 

and strategies such as phasing out hazardous materials for the entire company. He also makes 

sure that environmental legislation and directives are interpreted, implemented and correctly 

followed, which involves knowledge about national as well as international legislations that 

might affect Saab and its businesses. 

Saab must follow legislations and regulations such as Reach, which is a directly binding 

regulation. This means that changes in Reach has a direct effect on the entire business. In 

addition to Reach, many nations have their own guidelines and requirements, influencing and 

affecting the company’s business. Olsson states that there is a challenge to meet all requirements 

from different regions of the world when operating a global business. He therefore thinks it 

would be preferable to aim for a globalized and harmonized legislation and standards to simplify 

international activity and collaboration. 

Olsson describes how the company continuously works with sustainable development and 

refers to documents such as their Code of Conduct. For instance, Saab works actively with 

substitution of materials and chemicals. They also have their own environmental objectives and 

targets regarding their transports and use of energy, where the main objective is to reduce 

greenhouse gas emissions. From the perspective of an environmental sustainable development, 

initiators for change are both legislative and increased customer demand.  

According to Olsson the term Life Cycle Assessment was introduced to Saab in 1999, but Saab 

has not worked actively with it until a few years ago. The main reason for the introduction was 

American customers asking for environmental performance for certain products delivered by 

Saab and the information could be analyzed and obtained through a simplified LCA. Another 

driver is the GRI index where companies’ environmental performance is measured. Potential 

investors check the index and can require certain information and this information may be 

conducted by a LCA. The purpose of using LCA may vary and since LCA is a dynamic tool, it can 

satisfy various demands that customers of Saab have. One example Olsson mentions is to 

specifically investigate the use phase to communicate how the customer affects the environment 

by using the object in different ways. Even though Saab is aware of other environmental system 

analysis tools on the market, no deeper study is performed on how a tool might suit the 

company. Still, the opinion is that LCA may fit the demand of Saab today. 
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Matter: Working with life cycle assessments as a business 

Name: Marcus Wendin 

Title: CEO at Miljögiraff 

Date: 2015-02-19 

Type of meeting: Informal interview 

Marcus Wendin works as CEO at Miljögiraff in Gothenburg. Miljögiraff is a consulting business 

with the mission of providing companies with life cycle assessment services and product 

development services connected to environmental sustainability. Wendin also worked with LCA 

as a tool in his former work at the company Volvo. The aim of the meeting was to receive general 

knowledge in working with LCA professionally, something Wendin has experience of since 1998.  

Wendin categorizes the objects modeled into two categories; small LCA and large/commercial 

LCA. A small LCA takes approximately 100 effective working hours while a large LCA or a LCA 

for a commercial purpose is generalized to 200-300 effective working hours. The LCI takes 

approximately half of the total working time to conduct. According to Wendin the data is 

preferably supplied from the client itself, but the client sometimes experiences difficulties in the 

data collection, often referring to their lack of knowledge of working with LCA. Therefore the 

data is collected with both data from the client and from contacts with the client’s suppliers.   

When discussing the use phase Wendin believes there are no concrete standards when 

investigating this phase. Assumptions in consultation with the client are the most common 

approach from a professional perspective. In some branches there exist guidelines, like for the 

textile and the automotive branches. Therefore the use phase is the phase where most 

assumptions are made. Assumptions are, according to Wendin, a necessary mean to conduct a 

LCA. When the data needed is not available with the client, the data must be approximated. 

Wendin recommends searching for additional information to increase the credibility of the 

assumptions in an environmental product declaration, EPD, provided by the International EPD 

System. The system helps and supports organizations to communicate the environmental 

performance of their products and an EPD is a verified document that reports environmental 

data of products. 

Wendin briefly described some applications in SimaPro and stated how common it is to not find 

the ‘right’ processes and materials in the software. Sometimes the materials and processes can 

be chosen individually and connected together, but that method can cause problems when 

updates of the software are made. Overall, Wendin states it is necessary to make assumptions in 

the software, but always make sure to document them. Another advice is to assume the worst 

case scenario if the data is not available. 
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Appendix II 
Statistics of use phase scenarios 

Table 15 below is the result of a brief statistical analysis that serves as a method for getting 

perception and to identify different options of how define the use phase. The branch categories 

are chosen with inspiration from the categories used when establishing environmental product 

declarations according to the ISO 14025 standard (EPD, 2015b). The sources are LCA reports 

randomly collected where the definition of the use phase is identified.  

Table 15 Case study of use phase definitions 

Source Studied object Branch category Use phase definition 

Andersson et al., 
1998 

Tomato ketchup 
Food and agricultural 
products 

Extreme cases in how long a tomato ketchup is 
stored in the refrigerator (1 month resp. 1 year) 

Ardente et al., 
2008 

Italian wind farm Electricity Average/Assumptions 

Bai et al., 2010 
Switchgrass-derived 
ethanol 

Transport vehicles 
and equipment 

Average. A midsized car was chosen. 

Castro et al., 2003 Car in Netherlands Transport vehicles Assumed driving distance with motivation   

Chester & 
Horvath, 2009 

Rail 
Construction and 
infrastructure 

Estimation of train activity similar to the case in 
California. Estimated as average. 

Choi et al., 2006 Personal computer 
Machinery and 
equipment 

Average use cases. “A PC at home versus a PC at 
an office” 

Duan et al., 2009 
Chinese desktop 
personal computer 

Machinery and 
equipment 

Only assumptions, no motivation 

Eide, 2002 
Industrial milk 
production 

Food and agricultural 
products 

Only assumptions, no motivation 

Fleck & Huot, 
2009 

Wind turbine Electricity 
Average windpower plant and reference 
weather values were chosen.    

Hawkins et al., 
2012 

Conventional and 
electric vehicles  

Transport vehicles 
The use was defined with two average cars and 
average electricity production.  

Kim et al., 2001 
Color computer 
monitor 

Machinery and 
equipment 

Average. Motivation: companies keep 
components for X years. 

Kofoworola & 
Gheewala, 2008 

Office building in 
Thailand  

Construction and 
infrastructure 

Average. “Atypical office building” based on 
interviews. 

Lardon et al., 2009 
Biodiesel production 
from microalgae 

Food and agricultural 
products 

No data on combustion of microalgae biofuel, 
an average for biofuel is used 

Meier, 2002 
Electricity generation 
systems 

Electricity 
Defined as assumptions on average lifetime and 
average power production 

Nicoletti et al., 
2002 

Flooring materials 
Construction 
products 

Average data is used for lifetime and 
maintenance of the two floors. 

Samaras & 
Meisterling, 2008 

Plug-in hybrid 
vehicles 

Transport vehicles 
and equipment 

Extreme cases. Compared carbon-intensive 
with low-carbon electricity production 

Scharnhorst et al., 
2006 

Mobile phone 
networks 

Construction and 
infrastructure 

Average data based on statistics and Swiss 
conditions. 

Stripple, 2001 Road 
Construction and 
infrastructure 

Defined with a lifetime and maintenance 
connected to the average of that type of roads 

Walser et al., 2011 Nanosilver T-shirts Other Only assumptions, no motivation. “100 washes” 

Ziegler et al., 2003 Cod fillets  
Food and agricultural 
products 

Defined as frozen with municipal heated 
refrigerator and baked in oven, but the choices 
are not motivated 
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Appendix III  
LCI data 

Extraction 

In this section tables belonging to the life cycle phase extraction are presented describing the 

distribution of materials within each of the three main subsystems separately. The contribution 

from the subsystems is presented as well for the purpose of locating where the amount of each 

material originates. The marked subsystems under Source indicate that the values are assumed, 

hence to increase the transparency. 

Table 16 Extraction, SS1 

Material Source Declared/added weight [g] Scaled weight [g] 

Acrylate resin (AR)  TOT 3.25000000 4.70515341 

  SS1a 0.48000000 0.55308969 

  SS1b 0.00040000 0.00042079 

  SS1c* 3.66749640 3.67164294 

  SS1e* 0.48000000 0.48000000 

Acrylonitrile/butadiene/styrene (ABS)  TOT 3.25000000 3.25367451 

  SS1c* 3.25000000 3.25367451 

All types of glass  TOT 0.00559200 1.42836792 

  SS1a 0.00139800 0.00161087 

  SS1b 0.00139800 0.94964440 

  SS1c* 0.00139800 0.47571464 

  SS1e* 0.00139800 0.00139800 

Aluminium (Al)  TOT 353 438.50164242 679 723.03054472 

  SS1a 57.80568182 66.60776337 

  SS1a* 280 000.00000000 322 635.65031844 

  SS1b 49.64820161 52.22875103 

  SS1b* 65 000.00000000 68 378.48515926 

  SS1c* 280 215.43639537 280 532.25287080 

  SS1d* 8 000.00000000 8 000.00000000 

  SS1e* 57.80568182 57.80568182 

Antimony (Sb)  TOT 98.93715315 106.06597424 

  SS1a 46.61575850 53.71394842 

  SS1b 0.47555830 0.50027625 

  SS1c* 5.23007785 5.23599107 

  SS1e* 46.61575850 46.61575850 

Arsenic (As)  TOT 0.00376704 0.00379338 

  SS1a 0.00011950 0.00013770 

  SS1b 0.00008170 0.00008595 

  SS1c* 0.00344634 0.00345024 

  SS1e* 0.00011950 0.00011950 

Beryllium (Be)  TOT 0.06847140 0.06856858 

  SS1a 0.00005790 0.00006672 

  SS1b 0.00021790 0.00022923 

  SS1c* 0.06813770 0.06821474 

  SS1e* 0.00005790 0.00005790 

Bismuth (Bi)  TOT 0.01067580 0.01070902 

  SS1b 0.00041600 0.00043762 

  SS1c* 0.01025980 0.01027140 

Bromine (Br)  TOT 388.50425696 393.06138848 

  SS1a 27.26652811 31.41840725 

  SS1b 0.54396914 0.57224285 
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  SS1c* 333.42723160 333.80421026 

  SS1e* 27.26652811 27.26652811 

Cadmium (Cd)  TOT 19.79278240 20.69069849 

  SS1a 5.71503440 6.58526372 

  SS1b 0.35856740 0.37720455 

  SS1c* 8.00414620 8.01319583 

  SS1e* 5.71503440 5.71503440 

Chlorine (Cl)  TOT 4.53861110 4.59340767 

  SS1a 0.33108120 0.38149499 

  SS1c* 3.87644870 3.88083148 

  SS1e* 0.33108120 0.33108120 

Chromium (Cr)  TOT 436.64010650 450.97042723 

  SS1a 76.09256400 87.67919239 

  SS1b 47.63558350 50.11152368 

  SS1c* 236.81939500 237.08714715 

  SS1e* 76.09256400 76.09256400 

Coated fabrics (PVC) TOT 2 000.00000000 2 304.54035942 

  SS1a* 2 000.00000000 2 304.54035942 

Cobalt (Co)  TOT 0.09519340 0.09968127 

  SS1a 0.00106960 0.00123247 

  SS1b 0.08299160 0.08730523 

  SS1c* 0.01006260 0.01007398 

  SS1e* 0.00106960 0.00106960 

Copper (Cu)  TOT 18 972.53310091 20 233.43174723 

  SS1a 1 283.48393540 1 478.92026490 

  SS1a* 5 000.00000000 5 761.35089854 

  SS1b 749.64126851 788.60514390 

  SS1b* 5 000.00000000 5 259.88347379 

  SS1c* 4 655.92396160 4 661.18803070 

  SS1d* 1 000.00000000 1 000.00000000 

  SS1e* 1 283.48393540 1 283.48393540 

Epoxy (EP)  TOT 5.80588670 5.84024856 

  SS1a 0.08842720 0.10189203 

  SS1b 0.28581860 0.30067451 

  SS1c* 5.34321370 5.34925483 

  SS1e* 0.08842720 0.08842720 

Ethyl cyanoacrylate (EC) TOT 600.00000000 691.36210783 

  SS1a* 600.00000000 691.36210783 

Fluorine (F)  TOT 869.08874257 905.74066809 

  SS1a 221.74509727 255.51026308 

  SS1b 47.31083837 49.76989937 

  SS1c* 378.28770966 378.71540837 

  SS1e* 221.74509727 221.74509727 

Gold (Au)  TOT 7.58893109 7.77283706 

  SS1a 0.18699970 0.21547418 

  SS1b 2.89647065 3.04701962 

  SS1c* 4.31846104 4.32334357 

  SS1e* 0.18699970 0.18699970 

Iron (Fe)  TOT 1 798.15582353 1 859.07727001 

  SS1a 329.24587950 379.38020874 

  SS1b 186.81073590 196.52054050 

  SS1c* 952.85332863 953.93064128 

  SS1e* 329.24587950 329.24587950 

Lead (Pb)  TOT 172.21567124 175.30040022 

  SS1a 17.48087216 20.14268770 

  SS1b 5.26553391 5.53921896 

  SS1c* 131.98839302 132.13762141 

  SS1e* 17.48087216 17.48087216 

Liquid crystalline polymers (LCP)  TOT 54.39030500 57.13228788 

  SS1b 52.71770000 55.45779180 

  SS1c* 1.67260500 1.67449608 
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Magnesium (Mg)  TOT 44.17119117 44.92479590 

  SS1a 4.22545667 4.86886772 

  SS1b 1.37292232 1.44428229 

  SS1c* 34.34735551 34.38618923 

  SS1e* 4.22545667 4.22545667 

Manganese (Mn)  TOT 1.17705170 1.24269015 

  SS1a 0.09229070 0.10634382 

  SS1b 0.99247030 1.04405563 

  SS1e* 0.09229070 0.09229070 

Mercury (Hg)  TOT 0.00000900 0.00000931 

  SS1a 0.00000150 0.00000173 

  SS1b 0.00000150 0.00000158 

  SS1c* 0.00000450 0.00000451 

  SS1e* 0.00000150 0.00000150 

Molybdenum (Mo)  TOT 25.21798200 25.81075794 

  SS1a 2.71200000 3.12495673 

  SS1b 3.09640000 3.25734064 

  SS1c* 16.69758200 16.71646058 

  SS1e* 2.71200000 2.71200000 

Nickel (Ni)  TOT 261.84052675 269.71619895 

  SS1a 40.57651850 46.75511226 

  SS1b 29.35900029 30.88498409 

  SS1c* 151.32848946 151.49958410 

  SS1e* 40.57651850 40.57651850 

Palladium (Pd)  TOT 0.15373310 0.15507323 

  SS1a 0.00182790 0.00210623 

  SS1b 0.01754550 0.01845746 

  SS1c* 0.13253180 0.13268164 

  SS1e* 0.00182790 0.00182790 

Phosphorus (P)  TOT 0.48835043 0.50993003 

  SS1a 0.00018310 0.00021098 

  SS1b 0.41301110 0.43447805 

  SS1c* 0.07497313 0.07505789 

  SS1e* 0.00018310 0.00018310 

Platinum (Pt)  TOT 0.00974870 0.00976222 

  SS1a 0.00000290 0.00000334 

  SS1b 0.00004060 0.00004271 

  SS1c* 0.00970230 0.00971327 

  SS1e* 0.00000290 0.00000290 

Polyamide (PA)  TOT 1 737.96670291 1 737.97018960 

  SS1a 0.01900000 0.02189313 

  SS1b 0.00050000 0.00052599 

  SS1c* 0.50200000 0.50256757 

  SS1d* 1 737.42620291 1 737.42620291 

  SS1e* 0.01900000 0.01900000 

Polybutylene terephtalate (PBT)  TOT 2.55000000 2.68254057 

  SS1b 2.55000000 2.68254057 

Polycarbonate (PC)  TOT 12.50940000 12.99282722 

  SS1b 9.22950000 9.70921890 

  SS1c* 3.27990000 3.28360831 

Polyetherimide (PEI)  TOT 3.08000000 3.08348230 

  SS1c* 3.08000000 3.08348230 

Polyethylene (PE)  TOT 17.23470000 17.69946490 

  SS1a 2.96835000 3.42034119 

  SS1c* 11.29800000 11.31077372 

  SS1e* 2.96835000 2.96835000 

Polyethylene terephtalate (PET)  TOT 0.45399900 0.45953760 

  SS1a 0.03350000 0.03860105 

  SS1c* 0.38699900 0.38743655 

  SS1e* 0.03350000 0.03350000 

Polyimide (PI)  TOT 12.06000000 12.75325165 
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  SS1a 4.50000000 5.18521581 

  SS1b 0.09000000 0.09467790 

  SS1c* 2.97000000 2.97335793 

  SS1e* 4.50000000 4.50000000 

Polyphenylene ether (PPE) TOT 1.60000000 1.60180899 

  SS1c* 1.60000000 1.60180899 

Polyphenylene sulfide (PPS)  TOT 7.21119800 7.29023820 

  SS1a 0.19800000 0.22814950 

  SS1b 0.81000000 0.85210112 

  SS1c* 6.00519800 6.01198758 

  SS1e* 0.19800000 0.19800000 

Polypropylene (PP)  TOT 0.71286970 0.72049105 

  SS1a 0.01999940 0.02304471 

  SS1b 0.07503580 0.07893591 

  SS1c* 0.59783510 0.59851102 

  SS1e* 0.01999940 0.01999940 

Polytetrafluoroethylene (PTFE)  TOT 0.05748750 0.05755250 

  SS1c* 0.05748750 0.05755250 

Polyurethane (PUR)  TOT 10.25348000 10.26621772 

  SS1a 0.00004000 0.00004609 

  SS1b 0.02240000 0.02356428 

  SS1c* 10.23100000 10.24256735 

  SS1e* 0.00004000 0.00004000 

Propylene carbonate (PPC) TOT 8.80720100 8.82130175 

  SS1a 0.01840000 0.02120177 

  SS1b 0.02720000 0.02861377 

  SS1c* 8.74320100 8.75308622 

  SS1e* 0.01840000 0.01840000 

Ruthenium (Ru) TOT 0.00084000 0.00088366 

  SS1b 0.00084000 0.00088366 

Silicon (Si)  TOT 7.38851780 7.46482809 

  SS1a 0.03936520 0.04535935 

  SS1b 1.22038060 1.28381195 

  SS1c* 6.08940680 6.09629159 

  SS1e* 0.03936520 0.03936520 

Silver (Ag)  TOT 19.81426726 20.42800230 

  SS1a 3.22067051 3.71108259 

  SS1b 2.12805584 2.23866515 

  SS1c* 11.24487040 11.25758405 

  SS1e* 3.22067051 3.22067051 

Stainless steel (SS) TOT 26 000.00000000 26 029.39605493 

  SS1c* 26 000.00000000 26 029.39605493 

Steel (including Iron)  TOT 32.19700000 32.45875231 

  SS1b 4.43200000 4.66236071 

  SS1c* 27.76500000 27.79639159 

Sulfur (S)  TOT 0.01215520 0.01262046 

  SS1b 0.00888000 0.00934155 

  SS1c* 0.00327520 0.00327890 

Tantalum (Ta)  TOT 10.82906760 11.28378677 

  SS1a 1.36457700 1.57236139 

  SS1b 4.67640560 4.91946971 

  SS1c* 3.42350800 3.42737868 

  SS1e* 1.36457700 1.36457700 

Tetrabromobisphenol-A (TBBP-A)  TOT 31.38600638 33.57345679 

  SS1a 11.50965392 13.26223099 

  SS1b 8.36669854 8.80157188 

  SS1e* 11.50965392 11.50965392 

Tin (Sn)  TOT 326.16450942 332.89183568 

  SS1a 36.84502093 42.45541889 

  SS1b 16.35281026 17.20277529 

  SS1c* 236.12165729 236.38862057 



79 
 

  SS1e* 36.84502093 36.84502093 

Titanium (Ti) TOT 0.19783250 0.19860757 

  SS1a 0.00243680 0.00280785 

  SS1b 0.00365520 0.00384519 

  SS1c* 0.18930370 0.18951773 

  SS1e* 0.00243680 0.00243680 

Vanadium (V) TOT 0.02697040 0.02700089 

  SS1c* 0.02697040 0.02700089 

Zinc (Zn) TOT 1 407.28740800 1 425.31340368 

  SS1a 87.68598340 101.03794385 

  SS1b 64.53221670 67.88638803 

  SS1c* 1 167.38322450 1 168.70308840 

  SS1e* 87.68598340 87.68598340 

Zirconium (Zr) TOT 0.00232400 0.00232989 

  SS1a 0.00001440 0.00001659 

  SS1b 0.00002160 0.00002272 

  SS1c* 0.00227360 0.00227617 

  SS1e* 0.00001440 0.00001440 

*Assumed 

 

Table 17 Extraction, SS2 

Material Source Declared/added weight [g] Scaled weight [g] 

Acrylate resin (AR)  TOT 4.15629700 10.29616335 

  SS2d* 0.48000000 6.36443329 

  SS2g 3.37500000 3.63043306 

  SS2h 0.30129700 0.30129700 

Acrylonitrile/butadiene/styrene (ABS) TOT 6.59999970 10.92522966 

 
SS2h 0.94285710 0.94285710 

  SS2j 5.65714260 9.98237256 

All types of glass  TOT 0.00395090 0.02108931 

  SS2d* 0.00139800 0.01853641 

  SS2h 0.00255290 0.00255290 

Aluminium (Al)  TOT 489 976.84273192 522 810.86992914 

  SS2a* 3 900.00000000 3 916.84242242 

  SS2b 9.78912000 12.64666067 

  SS2c* 47 000.00000000 47 000.00000000 

  SS2d* 100 057.80568182 100 435.95870118 

  SS2f* 70 000.00000000 69 542.80400120 

  SS2g* 20 000.00000000 21 513.67740317 

  SS2h 9.24793010 9.24793010 

  SS2i* 150 000.00000000 143 989.40357143 

  SS2j 49 000.00000000 86 463.48340116 

  SS2k* 50 000.00000000 49 926.80583781 

Antimony (Sb)  TOT 740.08305766 1 390.08952703 

  SS2b 262.86335000 339.59575422 

  SS2d* 46.61575850 618.08934444 

  SS2g 1.56500000 1.68344526 

  SS2h 426.83894916 426.83894916 

  SS2j 2.20000000 3.88203395 

Arsenic (As) TOT 0.00111950 0.00334904 

  SS2d* 0.00011950 0.00158448 

  SS2j 0.00100000 0.00176456 

Beryllium (Be) TOT 0.00005790 0.00076771 

  SS2d* 0.00005790 0.00076771 

Bismuth (Bi)  TOT 0.00000530 0.00000685 

  SS2b 0.00000530 0.00000685 

Bromine (Br)  TOT 44.97786611 379.24466982 

  SS2d* 27.26652811 361.53333182 
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  SS2h 17.71133800 17.71133800 

Cadmium (Cd)  TOT 22.10403440 94.88465762 

  SS2b 8.87000000 11.45924048 

  SS2d* 5.71503440 75.77699000 

  SS2g 1.70000000 1.82866258 

  SS2h 5.81800000 5.81800000 

  SS2j 0.00100000 0.00176456 

Chlorine (Cl)  TOT 4.60726021 8.77958859 

  SS2d* 0.33108120 4.38988377 

  SS2g 1.50000000 1.61352581 

  SS2h 0.50417901 0.50417901 

  SS2k 2.27200000 2.27200000 

Chromium (Cr)  TOT 601.64444760 1 602.22580699 

  SS2a 14.27800000 14.33966054 

  SS2b 2.95700000 3.82017746 

  SS2d 47.87855920 47.87855920 

  SS2d* 76.09256400 1 008.92926584 

  SS2e 2.35400000 2.35400000 

  SS2f 78.19527960 78.19527960 

  SS2g 32.87540000 35.36353751 

  SS2h 210.34571880 210.34571880 

  SS2i 37.36260000 37.36260000 

  SS2j 84.14200000 148.47368205 

  SS2k 15.16332600 15.16332600 

Cobalt (Co)  TOT 0.47759620 0.49070868 

  SS2d* 0.00106960 0.01418208 

  SS2h 0.47652660 0.47652660 

Cooling media  TOT 19 200.00000000 33 879.56900617 

  SS2j 19 200.00000000 33 879.56900617 

Copper (Cu)  TOT 211 443.11294800 309 148.65364800 

  SS2b 2 701.27002710 3 489.79738792 

  SS2b* 50 000.00000000 64 595.49309963 

  SS2d 71.64000000 71.64000000 

  SS2d* 1 283.48393540 17 018.01643401 

  SS2g 357.02536850 384.04643013 

  SS2h 19 968.23033080 19 968.23033080 

  SS2h* 50 000.00000000 50 000.00000000 

  SS2j 87 056.46328620 153 616.42996551 

  SS2k 5.00000000 5.00000000 

Epoxy (EP)  TOT 4.02350720 5.58424592 

  SS2b 1.63300000 2.10968880 

  SS2d* 0.08842720 1.17247712 

  SS2h 2.30208000 2.30208000 

Ethylene/vinylacetate (E/VAC) TOT 0.00900000 0.00900000 

 
SS2h 0.00900000 0.00900000 

Fluorine (F)  TOT 1 359.74699927 4 378.39762746 

  SS2b 941.60035300 1 216.46278210 

  SS2d* 221.74509727 2 940.17058212 

  SS2g 59.83943840 64.36831869 

  SS2h 109.31269940 109.31269940 

  SS2j 27.24941120 48.08324516 

Gold (Au)  TOT 0.38992640 2.68722221 

  SS2b 0.01652000 0.02134235 

  SS2d* 0.18699970 2.47947316 

  SS2h 0.18640670 0.18640670 

Iron (Fe)  TOT 1 075 828.24345843 1 253 469.77964712 

  SS2a 58.75000000 59.00371598 

  SS2b 11.84552160 15.30334618 

  SS2d 179.56655920 179.56655920 

  SS2d* 329.24587950 4 365.54882661 

  SS2e 9.67600000 9.67600000 
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  SS2f 321.92503960 321.92503960 

  SS2g 129.54520000 139.34968210 

  SS2h 863.69746480 863.69746480 

 SS2h* 846 664.17158333 846 664.17158333 

  SS2i 153.84600000 153.84600000 

  SS2j 227 047.60400000 400 639.32121892 

  SS2k 58.37021040 58.37021040 

Lead (Pb)  TOT 39 900.40508966 40 117.19641075 

  SS2b 0.00027060 0.00034959 

  SS2d 0.03600000 0.03600000 

  SS2d* 17.48087216 231.78300984 

  SS2h 39 879.63234690 39 879.63234690 

  SS2j 3.25560000 5.74470442 

Liquid crystalline polymers (LCP) TOT 16.42707000 16.42707000 

 
SS2h 16.42707000 16.42707000 

Magnesium (Mg)  TOT 5.69458477  57.49545543 

  SS2d* 4.22545667 56.02632733 

  SS2h 1.46912810 1.46912810 

Manganese (Mn)  TOT 4.36910730 5.62541454 

  SS2d* 0.09229070 1.22370417 

  SS2g 0.64000000 0.68843768 

  SS2h 2.96002460 2.96002460 

  SS2j 0.10000000 0.17645609 

  SS2k 0.57679200 0.57679200 

Mercury (Hg)  TOT 0.00000150 0.00001989 

  SS2d* 0.00000150 0.00001989 

Molybdenum (Mo)  TOT 52.14354000 92.44915410 

  SS2a 1.25200000 1.25740685 

  SS2b 0.00800000 0.01033528 

  SS2d 3.55200000 3.55200000 

  SS2d* 2.71200000 35.95904810 

  SS2e 0.26000000 0.26000000 

  SS2f 8.20000000 8.20000000 

  SS2g 2.12200000 2.28260117 

  SS2h 18.61275200 18.61275200 

  SS2i 4.39560000 4.39560000 

  SS2j 9.01200000 15.90222270 

  SS2k 2.01718800 2.01718800 

Nickel (Ni)  TOT 325.05004910 861.95729784 

  SS2a 8.52000000 8.55679422 

  SS2b 1.65618000 2.13963528 

  SS2d 27.50335920 27.50335920 

  SS2d* 40.57651850 538.01363587 

  SS2e 1.51000000 1.51000000 

  SS2f 48.87567960 48.87567960 

  SS2g 19.80120000 21.29983145 

  SS2h 93.46976780 93.46976780 

  SS2i 24.17580000 24.17580000 

  SS2j 48.98400000 86.43525043 

  SS2k 9.97754400 9.97754400 

Oils  TOT 4 000.00000000 7 058.24354295 

  SS2j 4 000.00000000 7 058.24354295 

Palladium (Pd)  TOT 0.00171790 0.00171790 

  SS2d* 0.00182790 0.02423656 

  SS2h 0.00171790 0.00171790 

Phosphorus (P)  TOT 0.14325080 0.14910909 

  SS2b 0.00168300 0.00217428 

  SS2d* 0.00018310 0.00242777 

  SS2g 0.01600000 0.01721094 

  SS2h 0.10846510 0.10846510 

  SS2j 0.00250000 0.00441140 
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  SS2k 0.01441960 0.01441960 

Platinum (Pt)  TOT 0.00000580 0.00004135 

  SS2d* 0.00000290 0.00003845 

  SS2h 0.00000290 0.00000290 

Polyamide (PA)  TOT  6 011.66140000 5 998.09432548 

  SS2d* 0.01900000 0.25192548 

  SS2e* 6 000.00000000 5 986.20000000 

  SS2h 11.64240000 11.64240000 

Polybutylene terephtalate (PBT) TOT 6.21800000 6.21800000 

 
SS2h 6.21800000 6.21800000 

Polycarbonate (PC)  TOT 16.00070000 20.17816475 

  SS2b 4.88180000 6.30684556 

  SS2h 7.51890000 7.51890000 

  SS2j 3.60000000 6.35241919 

Polyethylene (PE)  TOT 10.08635000 48.75597382 

  SS2d* 2.96835000 39.35805326 

  SS2h 4.13600000 4.13600000 

  SS2j 2.98200000 5.26192056 

Polyethylene terephtalate (PET) TOT 0.16702000 0.62357957 

 
SS2d* 0.03350000 0.44418441 

  SS2g 0.00002000 0.00002151 

  SS2h 0.07350000 0.07350000 

  SS2j 0.06000000 0.10587365 

Polyimide (PI)  TOT 4.50140000 59.66806807 

  SS2d* 4.50000000 59.66656211 

  SS2g 0.00140000 0.00150596 

Polyphenylene sulfide (PPS) TOT 2.69840000 5.12572873 

 
SS2d* 0.19800000 2.62532873 

  SS2h 2.50040000 2.50040000 

Polypropylene (PP)  TOT 2.21573640 2.94392346 

  SS2b 0.01003760 0.01296767 

  SS2d* 0.01999940 0.26517676 

  SS2g 0.10535700 0.11333083 

  SS2h 1.46285620 1.46285620 

  SS2j 0.61748620 1.08959200 

Polyurethane (PUR)  TOT 0.01804000 0.01853037 

  SS2d* 0.00004000 0.00053037 

  SS2h 0.01800000 0.01800000 

Propylene carbonate (PC) TOT 0.46640000 0.69196994 

  SS2d* 0.01840000 0.24396994 

  SS2h 0.44800000 0.44800000 

Silicon (Si) TOT 2.72401780 3.26905196 

  SS2d* 0.03936520 0.52195248 

  SS2g 0.32000000 0.34421884 

  SS2h 2.02625660 2.02625660 

  SS2j 0.05000000 0.08822804 

  SS2k 0.28839600 0.28839600 

Silver (Ag)  TOT 5.31087001 45.28489876 

  SS2b 1.68226170 2.17333048 

  SS2d* 3.22067051 42.70363048 

  SS2h 0.40793780 0.40793780 

Stainless steel (SS) TOT 54 000.00000000 53 534.22505047 

  SS2g* 10 000.00000000 10 756.83870159 

  SS2i* 30 000.00000000 28 797.88071429 

  SS2k 14 000.00000000 13 979.50563459 

Steel (including Iron)  TOT 100 004.64100000 95 997.57671429 

  SS2h 4.64100000 4.64100000 

  SS2i* 100 000.00000000 95 992.93571429 

Sulfur (S)  TOT 0.06136360 0.06323701 

  SS2g 0.00960000 0.01032657 

  SS2h 0.04161200 0.04161200 
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  SS2j 0.00150000 0.00264684 

  SS2k* 0.00865160 0.00865160 

Sulphuric acid (SA) TOT 456.00000000 456.00000000 

  SS2h 456.00000000 456.00000000 

Tantalum (Ta) TOT 1.36457700 18.09324852 

  SS2d* 1.36457700 18.09324852 

Tetrabromobisphenol-A (TBBP-A) TOT 11.50965392 152.60921789 

 
SS2d* 11.50965392 152.60921789 

Tin (Sn)  TOT 116.53856923 585.13010253 

  SS2b 47.59370980 61.48678306 

  SS2d 0.32400000 0.32400000 

  SS2d* 36.84502093 488.53682889 

  SS2g 4.94227010 5.31632023 

  SS2h 23.39028220 23.39028220 

  SS2j 3.44328620 6.07588815 

Titanium (Ti) TOT 0.01218400 0.04205731 

  SS2d* 0.00243680 0.03231011 

  SS2h 0.00974720 0.00974720 

Vanadium (V)  TOT 0.00012480 0.00012480 

  SS2h 0.00012480 0.00012480 

Zinc (Zn)  TOT 526.81061320 1 663.30642267 

  SS2b 186.66789320 241.15809214 

  SS2d* 87.68598340 1 162.64915000 

  SS2g 62.77500000 67.52605495 

  SS2h 186.68473660 186.68473660 

  SS2j 2.99700000 5.28838897 

Zirconium (Zr) TOT 0.00007200 0.00024853 

  SS2d* 0.00001440 0.00019093 

  SS2h 0.00005760 0.00005760 

*Assumed 

 

Table 18 Extraction, SS3 

Material Declared/added weight [g] Scaled weight [g] 

Aluminium (Al) 839 000.0 839 000.0 

Carbon (C)  3 000.0 3 000.0 

Coated fabrics (PVC)  10 000.0 10 000.0 

Copper (Cu) 1 000.0 1 000.0 

Ethyl cyanoacrylate (EC) 21 000.0 21 000.0 

Polycarbonate (PC) 3 500.0 3 500.0 

Polyurethane  (PUR) 85 000.0 85 000.0 

Primer lacquer (PL) 20 000.0 20 000.0 

Rubber 20 000.0 20 000.0 

Stainless steel (SS) 72 500.0 72 500.0 

Surface lacquer (SL) 20 000.0 20 000.0 

Wood 105 000.0 105 000.0 
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Use 

Equations: 

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑣𝑒ℎ𝑖𝑐𝑙𝑒 = 𝑘𝑚/𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒𝑂𝑃𝑋 ∗ 𝑤𝑒𝑖𝑔ℎ𝑡𝐹𝑈  

 

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑟𝑎𝑑𝑎𝑟 = ℎ𝑜𝑢𝑟𝑠𝑂𝑃𝑋 ∗ 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ∗ 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑡𝑒𝑛𝑡𝐷𝑖𝑒𝑠𝑒𝑙 ∗ 𝜌𝐷𝑖𝑒𝑠𝑒𝑙  

Consumption = 6.6 l/hour  

Energy contentDiesel = 44.8 MJ/kg 

ρDiesel = 0.815 kg/l 

𝐶𝑎𝑟 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 = 𝑜𝑐𝑐𝑎𝑠𝑖𝑜𝑛𝑠 ∗  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗  𝑛𝑟. 𝑜𝑓 𝑝𝑒𝑟𝑠𝑜𝑛𝑠 

 Occasions = 272  

Distance = 50 km 

Nr. of persons = 1 

→ Car operation for maintenance = 14 600 pkm 

 

𝐶𝑜𝑛𝑠𝑢𝑚𝑎𝑏𝑙𝑒𝑂𝑖𝑙 = 𝑎𝑚𝑜𝑢𝑛𝑡 ∗ 𝑜𝑖𝑙 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 ∗ 𝜌𝑂𝑖𝑙 

 Amount = 6.5 l/change 

 Oil Changes = 700.8 times 

 ρOil = 0.8 kg/l 

→ Consumable Oil = 3 644.16 kg 

Table 19 Use, vehicle and radar operation 

 Vehicle operation  Radar operation  

 [h] [km/lifetime] [tkm] [h] [MJ] 

OP1 4 280.00 113 556.00 484 997.68 113 556.00 27 364 634.04 

OP2 5 540.00 144 000.00 615 024.00 80 000.00 19 278 336.00 

OP3 5 110.00 132 800.00 567 188.80 91 200.00 21 977 303.04 

OP4 3 440.00 90 642.00 387 131.98 113 556.00 27 364 634.04 

OP5 2 520.00 65 600.00 280 177.60 80 000.00 19 278 366.00 

OP6 2 840.00 73 930.00 315 755.03 91 200.00 21 977 303.04 

OP7 - 8 000.00* 34 168.00 175 200.00 42 219 555.84 

OP8 0.00 0.00 0.00 168 000.00 40 484 505.60 

Avg. 3 341.25 78 566.00 335 555.39 114 089.00 27 493 075.95 

*Assumed by internal resources  
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In Table 20 below, the extra amount of SS describes how many times the whole subsystem is 

replaced during maintenance throughout the lifetime and is used to calculate for how much 

extra materials that need to be extracted in order to cover all that is replaced. The percentage of 

each subsystem that is replaced is approximated by Palrud (2015) and the remaining values are 

retrieved from an internal document regarding failures specifically. Due to lack of information in 

this internal document, some of the subsystems are not accounted for. 

Table 20 Use: Maintenance rate 

SS 
Failure 

rate* 
T [%] 

Percentage of total 
R [%] 

Percentage replaced 
Replaced/lifetime [kg] 

T*Weight*R*292 
Extra amount 

of SS [n] 

Obj. 1 368.6 100 - - - 

SS1 - - - - - 

SS1a 201.1 15 2 286.6 0.858 

SS1b 113.6 8 2 36.4 0.485 

SS1c 248.1 18 3 500.2 1.588 

SS1d - - - - - 

SS1e 26.1 2 10 2.2 0.557 

SS2 - - - - - 

SS2a 12.8 1 5 0.5 0.137 

SS2b - - - - - 

SS2c - - - - - 

SS2d - - - - - 

SS2e - - - - - 

SS2f - - - - - 

SS2g - - - - - 

SS2h 585.5 43 5 5 989.9 6.246 

SS2i 70.0 5 5 200.9 0.747 

SS2j 103.0 8 5 749.4 1.099 

SS2k - - - - - 

SS3 8.4 1 1 21.5 0.018 

*Total failures per million hours 
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Waste management 

In Table 21 below descriptions are found of all materials with corresponding waste categories, 

in accordance to the database Ecoinvent. The materials not categorized are materials not 

available in Ecoinvent. 

Table 21 Waste management: waste categories 

Material Waste category Waste scenario Material Waste category Waste scenario 

AR Not defined Incineration Pt Non-ferro Electronic scrap 

ABS Plastics Incineration PA Plastics Mat. rec./ El. scrap 

Glass  Glass Incineration PBT PET Electronic scrap 

Al Aluminium Material recovery PC Plastics Mat. rec./ El. scrap 

Sb N/A - PEI PE Electronic scrap 

As N/A - PE PE Electronic scrap 

Be N/A - PET PET Electronic scrap 

Bi N/A - PI Plastics Electronic scrap 

Br N/A - PPE Plastics Electronic scrap 

Cd Non-ferro Electronic scrap PPS Plastics Electronic scrap 

C Not defined Incineration PP PP Electronic scrap 

Cl Not defined Incineration PTFE Plastics Electronic scrap 

Cr Non-ferro Material recovery PUR Plastics Incineration 

PVC Plastics Incineration PL Not defined Incineration 

Co Non-ferro Electronic scrap PPC Plastics Electronic scrap 

R134a Not defined Incineration Rubber Plastics Material recovery 

Cu Coppers Material recovery Ru N/A - 

EP Not defined Incineration Si Not defined Electronic scrap 

EC Not defined Incineration Ag Non-ferro Electronic scrap 

E/VAC Plastics Electronic scrap SS Steel Material recovery 

F   Not defined Incineration S incl. Fe  Ferro metals Material recovery 

Au Non-ferro Electronic scrap S N/A Electronic scrap 

Fe Ferro metals Material recovery SA Not defined Incineration 

Pb Non-ferro Electronic scrap SL Not defined Incineration 

LCP Plastics Electronic scrap Ta Non-ferro Electronic scrap 

Mg Non-ferro Electronic scrap TBBP-A Not defined Electronic scrap 

Mn Non-ferro Electronic scrap Sn Non-ferro Electronic scrap 

Hg) Non-ferro Electronic scrap Ti N/A - 

Mo Non-ferro Electronic scrap V N/A - 

Ni Non-ferro Electronic scrap Wood N/A - 

Oils Not defined Incineration Zn Zincs Electronic scrap 

Pd Non-ferro Electronic scrap Zr N/A - 

P Not defined Electronic scrap    
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Appendix IV 
Ecoinvent 

Table 22 Ecoinvent modeling data, materials  

 
Material Abbr. Modeled with 

1 Acrylate resin  AR Epoxy resin insulator (Al2O3)/RER S* 

2 Acrylonitrile/butadiene/styrene  ABS ABS copolymer, at plant/RER S 

3 All types of glass  - Flat glass, coated, at plant/ RER S 

4 Aluminium  Al Aluminium, primary, at plant/RER S 

5 Antimony  Sb N/A 

6 Arsenic As N/A 

7 Beryllium  Be N/A 

8 Bismuth  Bi N/A 

9 Bromine Br N/A 

10 Cadmium   Cd Cadmium, primary, at plant/GLO S  

11 Carbon C Carbon black, at plant/GLO S 

12 Chlorine Cl Chlorine, liquid, production mix, at plant/RER S 

13 Chromium Cr Chromium, at regional storage/RER S   

14 Coated fabrics PVC Glass fibre reinforced plastic, polyester resin, at plant/RER S  

15 Cobalt  Co Cobalt, at plant/GLO S 

16 Cooling media: R134a - Refrigerant R134a, at plant/RER S 

17 Copper  Cu Copper, primary, at refinery/RER S  

18 Epoxy EP Epoxy resin insulator (Al2O3)/RER S 

19 Ethyl cyanoacrylate EC Methyl acrylate, at plant/GLO S*  

20 Ethylene/vinylacetate E/VAC Ethylene vinyl acetate copolymer, at plant/RER S 

21 Fluorine   F Fluorine, liquid, at plant/RER S 

22 Gold  Au Gold, at regional storage/RER S  

23 Iron  Fe Pig iron, at plant/GLO S 

24 Lead  Pb Lead, at regional storage/RER S 

25 Liquid crystalline polymers LCP Glass fibre reinforced plastic, polyamide, at plant/RER S* 

26 Magnesium Mg Magnesium, at plant/RER S 

27 Manganese Mn Manganese, at regional storage/RER S 

28 Mercury  Hg Mercury, liquid, at plant/GLO S 

29 Molybdenum Mo Molybdenum, at regional storage/RER S 

30 Nickel  Ni Nickel, 99.5%, at plant/GLO S 

31 Oils Oil Lubricating oil, at plant/RER S 

32 Palladium  Pd Palladium, at regional storage/RER S 

33 Phosphorus P Phosphorus, white, liquid, at plant/RER S 

34 Platinum  Pt Platinum, at regional storage/RER S 

35 Polyamide  PA Glass fibre reinforced plastic, polyamide, at plant/RER S 

36 Polybutylene terephtalate PBT Polyethylene terephtalate, granulate, amorphous, at plant/RER S* 

37 Polycarbonate  PC Polycarbonate, at plant/RER S 

38 Polyetherimide PEI Polyethylene LDPE, granulate, at plant/RER S* 

39 Polyethylene PE Polyethylene LDPE, granulate, at plant/RER S  

40 Polyethylene terephtalate PET Polyethylene terephtalate, granulate, amorphous, at plant/RER S 

41 Polyimide  PI Glass fibre reinforced plastic, polyamide, at plant/RER S* 

42 Polyphenylene ether PPE Polyphenylene sulfide, at plant/GLO S* 

43 Polyphenylene sulfide PPS Polyphenylene sulfide, at plant/GLO S 

44 Polypropylene PP Polyproylene, granulate, at plant/ RER S 

45 Polytetrafluoroethylene PTFE Tetrafluoroethylene , at plant/RER S* 

46 Polyurethane  PUR Polyurethane, flexible foam, at plant/RER S 

47 Primer lacquer PL Alkyd paint, white, 60% in H20, at plant/RER S 

48 Propylene carbonate PPC Polycarbonate, at plant/RER S* 

49 Rubber - Synthetic rubber, at plant/RER S 

50 Ruthenium  Ru N/A 

51 Silicon Si Silicon product, at plant/RER S 
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52 Silver  Ag Silver, at regional storage/RER S 

53 Stainless steel SS Steel, converter, chromium steel 18/8, at plant/RER S 

54 Steel (including Iron)  - Pig iron, at plant/GLO S 

55 Sulfur  S N/A 

56 Sulphuric acid  SA Sulphuric acid, liquid, at plant/RER S 

57 Surface lacquer SL Acrylic varnish, 87,5% in H20, at plant/RER S 

58 Tantalum Ta Tantalum, powder, capacitor-grade, at regional storage/GLO S 

59 Tetrabromobisphenol-A  TBBPA Epoxy resin insulator (Al2O3)/RER S*  

60 Tin  Sn Tin, at regional storage/RER S 

61 Titanium  Ti N/A 

62 Vanadium V N/A 

63 Wood -  N/A 

64 Zinc  Zn Zinc, primary, at regional storage/RER S 

65 Zirconium Zr N/A 

*Assumed similar properties, referred to as surrogate data 
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Table 23 Ecoinvent modeling data, processes 

 
Process Modeled with 

66 Rolling  Sheet rolling, aluminium/RER S 

67 Chromatic surface treatment Powder coating, aluminium sheet/RER S  

68 Welding Welding, arc, aluminium/RER S 

69 Rolling of aluminium Sheet rolling, aluminium/RER S 

70 Milling of aluminium Milling, aluminium, average/RER S 

71 Rolling of stainless steel and iron Sheet rolling, steel/RER S 

72 Milling of stainless steel and iron Milling, steel, average/RER S 

73 Injection moulding of plastics  Injection moulding/RER S 

74 General manufacturing of copper Copper product manufacturing, average metal working/RER S 

75 General manufacturing of electronics 1 Production efforts, capacitor/GLO S 

76 General manufacturing of electronics 2 Production efforts, diodes/GLO S 

77 General manufacturing of electronics 3 Production efforts, inductor/GLO S 

78 General manufacturing of electronics 4 Production efforts, resistors/GLO S 

79 General manufacturing of electronics 5 Production efforts, transistors/GLO S 

80 Soldering Electricity, medium voltage, production SE, at grid/SE S 

81 Electrical assembly Electricity, medium voltage, production SE, at grid/SE S 

82 Electrical measurements Electricity, medium voltage, production SE, at grid/SE S 

83 Vehicle operation – Tracked vehicle/truck Transport, lorry, 7.5-16t, EURO5/RER S 

84 Radar operation Diesel, burned in diesel-electric generating set/GLO S  

85 Car operation – Maintenance  Transport, passenger car, diesel, EURO5/CH S 

86 Waste, Electronic scrap – Plastics Disposal, industrial devices, to WEEE treatment/CH S 

87 Waste, Electronic scrap – Non-Ferro Disposal, industrial devices, to WEEE treatment/CH S 

88 Waste, Electronic scrap – PET Disposal, industrial devices, to WEEE treatment/CH S 

89 Waste, Electronic scrap – PE Disposal, industrial devices, to WEEE treatment/CH S 

90 Waste, Electronic scrap – PP Disposal, industrial devices, to WEEE treatment/CH S 

91 Waste, Electronic scrap – Zincs Disposal, industrial devices, to WEEE treatment/CH S 

92 Waste, Electronic scrap – Not defined Disposal, industrial devices, to WEEE treatment/CH S 

93 Waste, Incineration – Glass Disposal, glass, 0% water, to municipal incineration/CH S 

94 Waste, Incineration – Plastics Disposal, plastics, 15.3 % water, municipal incineration/CH S 

95 Waste, Incineration – Not defined Disposal, solid waste, 23 % water, municipal incineration/CH S 

96 Waste, Material recovery – Aluminium Recycling aluminium/RER S  

97 Waste, Material recovery – Chromium Recycling chromium (Specifically generated for FU) 

98 Waste, Material recovery – Coppers Recycling coppers (Specifically generated for FU)  

99 Waste, Material recovery – Iron Recycling steel and iron/RER S  

100 Waste, Material recovery – Steel incl. Iron Recycling steel and iron/RER S 

101 Waste, Material recovery – PC Recycling, mixed plastics/RER S 

102 Waste, Material recovery – PA Recycling, mixed plastics/RER S 

103 Waste, Material recovery – Rubber Recycling rubber (Specifically generated for FU) 

104 Waste, Material recovery – Steel Recycling steel (Specifically generated for FU) 

105 Waste, Material recovery – Not defined Unspecified waste process 

106 Transport phase Transport, lorry, 7.5-16t, EURO5/RER S 
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Appendix V  
LCIA 

Table 24 Contribution from all phases to each impact category 

 
Waste 

Management 
Extraction Manufacturing Assembly Use Transports  [equiv.] 

OD -0.001 0.35 0.001 0.000002 1.29 0.001 kg CFC-115  

HT 3 900.00 5 750.00 4 570.00 1.34 53 100.00 132.00 kg 14 DCB  

IR -5 610.00 7 230.00 7 750.00 87.20 81 900.00 336.00 kg U235  

POF -71.70 87.20 62.50 0.03 44 500.00 16.40 kg NMVOC6  

PMF -76.50 78.60 39.10 0.02 14 600.00 4.70 kg PM10  

CC -22 700.00 33 100.00 21 000.00 7.89 2 570 000.00 3 670.00 kg CO2  

TET 0.29 2.45 1.65 0.001 55.40 0.21 kg 14 DCB  

TA -127.00 146.00 90.60 0.03 27 000.00 10.80 kg SO2  

ALO -225.00 385.00 440.00 1.52 3 470.00 11.60 m2 * year 

ULO -335.00 351.00 351.00 0.08 6 720.00 47.90 m2 * year           

NLT -4.77 5.86 8.24 0.003 1 260.00 1.62 m2 

MET 318.00 283.00 267.00 0.02 2 930.00 5.03 kg 14 DCB7  

ME -2.64 3.57 4.19 0.001 1 560.00 0.52 kg N  

FET 440.00 219.00 258.00 0.02 1 860.00 3.77 kg 14 DCB  

FE -71.70 87.20 62.50 0.03 44 500.00 16.40 kg P  

FD -5 620.00 7 470.00 5 400.00 1.62 844 000.00 1 260.00 kg oil 

MRD -36 800.00 24 600.00 5 260.00 1.10 80 100.00 137.00 kg Fe 

WD -97.80 165.00 227.00 0.56 3 920.00 11.90 m3 water 

 

Table 25 Operational profiles contribution to CC, FD and MRD 

 
Climate change [kg CO2 equiv.] Fossil depletion [kg oil equiv.] Metal depletion [kg Fe equiv.] 

 
Vehicle Radar Total Vehicle Radar Total Vehicle Radar Total 

OP1 130 000 2 380 000 2 510 000 44 800 783 000 827 800 4 850 18 400 23 250 

OP2 165 000 1 680 000 1 845 000 56 800 552 000 608 800 6 150 13 000 19 150 

OP3 152 000 1 910 000 2 062 000 52 400 629 000 681 400 5 680 14 800 20 480 

OP4 104 000 2 380 000 2 484 000 35 800 783 000 818 800 3 870 18 400 22 270 

OP5 75 200 1 680 000 1 755 200 25 900 552 000 577 900 2 800 13 000 15 800 

OP6 84 800 1 910 000 1 994 800 29 200 629 000 658 200 3 160 14 800 17 960 

OP7 9 170 3 670 000 3 679 170 3 160 1 210 000 1 213 160 342 28 400 28 742 

OP8 0 3 520 000 3 520 000 0 1 160 000 1 160 000 0 27 200 27 200 

Avg. 90 100 2 390 000 2 480 100 31 000 787 000 818 000 3 360 18 500 21 860 

 


