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Abstract 

The requirements of the automotive industry are increasing among customers and society due 

to environmental issues and global warming. According to the case company, requests from 

customers and society for verification of the environmental footprint of products are increasing. 

Life cycle assessment (LCA) is a common method for calculating a product's environmental 

footprint, from raw material extraction to disposal/recycling. However, LCA is a method that 

has been criticized for being time consuming. Thus, several simplified versions have been 

presented and tested. The authors have conducted an empirical study to understand the 

potential and limitations of LCA in a case company in the automobile sector. Semi-constructed 

interviews have been done in several parts of the case company to acquire knowledge about 

the production processes and current environmental work to find opportunities and challenges 

on where to implement the LCA in their development process. Can LCA help the case 

company in decision-making to reduce the ecological footprint? Findings from previous studies 

have shown a knowledge gap on where in a product development phase it is the most 

beneficial to implement the LCA methods. This thesis contributes to reducing the knowledge 

gap in discussing opportunities and challenges of the LCA method for electronic companies 

in the automobile industry by investigating having an LCA early, middle, or late in the 

development process. An LCA will be conducted on a product in the middle development stage 

at the case company to further strengthen the validity of the conclusions. The study also 

analyzes the limitations and potential of LCA as a decision-making tool. Moreover, in the end, 

the thesis summarizes the different LCA processes, and the authors explain what combination 

of the LCA processes they think is the best choice for the case company. These results can 

be helpful for other companies in the automobile industry and help them understand how the 

LCA method can be used in various parts of the development process. 
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1 Introduction 
Sustainability is a term that is widely spoken of and is a way of thinking about the environment 

in a healthy way, for living and for future generations to come. Sustainability is defined by 

Brundtland (1987) as:  

“Sustainability development is development that meets the needs of the present  

 without compromising the ability of future generations to meet their own needs."  

 (Brundtland, 1987, p.54).  

 

Newman (2020) means that companies are more inclined to know where their products come 

from and what the environmental footprint of their product looks like. Which goes well together 

with sustainability development. 

 

Different industries are facing different challenges and opportunities in forms of sustainability 

work. The automotive industry has long been interlinked with a negative environmental 

footprint since a large majority of the world's transportation systems are petroleum-based 

(Mayyas et al., 2012). When investigating a product's environmental footprint, raw material 

extraction is investigated (Kolotzek et al., 2018). The extraction of raw material from the earth 

could be worrying, because some of the materials in the earth are said to peter out (United 

Nations, 2019). This indicates that more sustainability work needs to be addressed. 

 

In this chapter, the scope of the thesis is brought forward by noticing the background, 

problematization, purpose, research questions and expected contribution of the thesis. 

1.1 Background 

The international organization for standardization (ISO) is a global federation of national 

standards (ISO, 2015) and their standards are used to certify products or processes. ISO 

14040:2006 is a standard that ISO published to describe principles and structures for life cycle 

assessment (LCA) (ISO, 2006a). The concern about resource depletion and the environment 

in general should be addressed, and one tool to track environmental footprints for a product 

in a company is the LCA method. LCA is a method to examine downstream and upstream in 

a company, e.g., what environmental footprint a specific product can cause, from cradle to 

grave. Since companies and organizations today feel pressure from suppliers and customers 

to be or become environmentally friendly. 

 

 

A life cycle assessment is performed to determine what impact a product has on the 

https://en.wikipedia.org/wiki/Future_generations
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environment. From manufacturing the product, until it is disposed or recycled. Companies can 

use a life cycle assessment in multiple ways such as addressing what component has the 

most significant impact on carbon dioxide emissions or energy use (ISO, 2006b), or to get a 

picture of which components there are in the product and how it works at an early stage of 

development. At the same time, demands to protect the environment are growing. By looking 

at, for example, what is energy-intensive at a factory, an organization can make simple choices 

to reduce energy use with help of an analyzed LCA method. 

 

When in the product process the LCA is performed, determines what kind of help a company 

can get from the LCA (Mendes da Luz et al., 2018; Colodel et al., 2009; Fleischer et al., 2001; 

Manmek et al., 2010; Othman et al., 2010; Millet et al., 2007). For example, if the LCA is done 

in the middle of the product's development phase, it is to ensure environmental objectives 

have been met. And in the marketing phase, which can be described as a late development 

phase, to provide customers with environmental impact information about the product 

(Mendes da Luz et al., 2018).  

 

Arvidsson et al. (2018) reason that integration of LCA into the R&D process can be 

advantageous for navigating the development of environmental actions. Mendes da Luz et al. 

(2018) argues for integrating the LCA throughout the product development process. This 

introduces questions on where it is most beneficial to introduce LCA in the product 

development phase. 

 

Hertwich et al. (2000) raise the issue of whether it is necessary to have a scientific tool as a 

decision-making support tool and claim that most of the decisions that an LCA will support will 

be made regardless of whether they have a support tool or not. Hertwich et al. (2000) continue 

that the goal of an LCA is to improve the environment, and therefore, a method that enhances 

the decision is the best alternative. Pryshlakivsky and Searcy (2021) discuss the rationality of 

decisions and state that rationality is somewhat intuitive despite expertise and knowledge. 

They explain that decision-makers interests, mindsets, or context can affect decisions and 

rationality. The authors explain how internal political behavior and organizational structures 

will try to serve decision-makers' interests and thereby limit the scope of solutions. Which 

initiates a thought of possible potentials and limitations when using LCA as a decision-making 

tool. 

1.2 Purpose and research questions 

This report is to examine how life cycle assessments are performed on a specific product 

currently in the middle development phase, by doing an LCA in a case company. The report 
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also analyzes LCA literature to help the case company to get better knowledge of the subject. 

The knowledge of the subject together with the theoretical framework will guide the study 

towards discussing the research questions. It is also evaluating where in the development 

phase the company can apply the LCA in relation to challenges and opportunities. The study 

will also investigate the complexity of the LCA as a decision-making tool in the forms of 

potentials and limitations. The company's purpose is to integrate a more environmental 

development process through LCA, since the company's customers prefer this model.    

 
Research questions 

 

- What are the potentials and limitations of LCA as a decision-making tool for an 

electronic manufacturer in the automotive industry? 

 

- In what phase in product development is an LCA model implemented in the most 

beneficial way for the case company? 

- opportunities and challenges 

 

 

1.3 Expected contribution 

Firstly, this study will investigate what the potentials and limitations of LCA are as a decision-

making tool for an electronic manufacturer in the automotive industry and look at opportunities 

and challenges of where in the product development phase to implement an LCA model. 

Secondly, an LCA will be performed in the development phase of a product in a case company 

in the electronic industry. This study will help the case company execute a fitted LCA model 

and will also clarify where in the product development process to implement the LCA on the 

case company. Regarding limitations, the study focuses on a company in Sweden. 

1.4 The case company 

The case company is a global company with a branch located in Sweden. The company was 

founded over 30 years ago, and as a part of a corporate group, has more than 3800 employees 

in 17 countries on 24 locations worldwide. They can be described as a technology leader in 

connectivity with more than 5 million units in use in more than 130 countries. The case 

company is a company with many products in different markets and offers solutions for 

customer application development, such as a connectivity platform and device management. 

This connectivity platform enables possibilities in application development, such as GPS and 

tracking, anti-theft systems (ATS), fleet management, eCall, remote services, driver 

monitoring, remote diagnostics and prognostics, misuse detection, etc. The branch of the case 

company that this study is going to consider is a manufacturer of electronics and is located in 

a medium-large city in Sweden. For clarification in continuing of this study, case company is 
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referred to the branch in Sweden. To refer to the parent company, corporate group is going to 

be mentioned. 

1.4.1 The Product 

The LCA in this study is going to target a product in the assembly line at the company's groups 

electronic manufacturing facility. The product can be described as an automated system used 

to clean sensors in cars. These sensors are used for different things, for example, the sensors 

to keep the car between the road lines on the road. If these sensors are dirty, the car can not 

detect the lines and therefore can not drive autonomously. The product is going to be used in 

cars which makes it a product of the automotive industry. The raw materials of the product are 

going to be considered. The product can be described as having two parts, one card part and 

one housing part where the card is mainly electronics, and the housing is the part surrounding 

the card mainly consists of plastics and aluminum. The product is currently in the middle stage 

of development and the case company got given a request to perform an LCA on this specific 

product from the customer.  

 

1.5 Report Structure 

The literature review is presented in chapter 2, which supports the background and 

understanding of the thesis with current definitions of LCA. Chapter 3 explains the theoretical 

framework of the thesis through presenting key concepts in current literature. Chapter 4 

presents the methodology of the thesis. Chapter 5 presents the results obtained through the 

methodology from the interviews. Chapter 6 describes the results of the LCA made on the 

company's groups product. In chapter 7 the results are discussed and analyzed together with 

the literature and theoretical framework. Chapter 8 concludes the thesis by presenting findings 

and addressing future research. 
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2 Literature review 

The literature review will present the definitions of LCA in existing literature and the different 

parts of LCA. The LCA method will be defined and explained for knowledge in how to make 

an LCA in the case company. The four steps of LCA (goal and scope, inventory analysis, 

impact assessment and interpretation) will be explained in the following chapter. 

2.1 Life cycle assessment (LCA) 

Life Cycle Assessment or Life Cycle Analysis (LCA) is a methodology that can be implemented 

to measure the environmental footprint of a product (ISO, 2006a). In other words, an LCA is 

conducted to see if some processes or materials prevent the goal of reducing the 

environmental footprint (Hauschild et al., 2018). This measurement can be conducted through 

the complete life cycle from raw material extraction to disposal depending on the goal and 

scope of the LCA (ISO, 2006a). An LCA consists of four stages, a goal and scope definition 

which is described further in 2.1.1 where the goal and scope of the specific LCA is set. The 

second stage is an inventory analysis (LCI), described in 2.1.2, where the data of the product 

is gathered. Third stage is the impact assessment (LCIA) described in 2.1.3, which is the 

calculations and structuring of the data. Lastly, the fourth stage interpretation, described in 

2.1.4, is the evaluation of the results from the stages before (ISO, 2006a). These different 

stages are conducted in this order and done in an iterative approach since new information 

might be revealed throughout the process (Curran, 2015). 

 

 
Figure 1 - The Life Cycle Assessment Framework (ISO, 2006a) 
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When LCA includes the entire cycle from raw material to recycling/scrapping, the scope is 

called cradle to grave (ISO, 2006a). There are other possibilities with LCA, for example by 

looking at a specific stage to compare different processes or materials, called gate to gate 

scope (ISO, 2006a). Cradle to gate scope is studying the product from the raw material 

extraction until it leaves the factory (ISO, 2006a). The scopes are used to get the desired 

results of the LCA. For example, a company wants to study their product's environmental 

footprint. But the company's product is a part of a larger system, like a part for a car. If the 

company making the car has already made an LCA of the car. It is unnecessary to take time 

and effort for the part company to do a cradle to grave scope of their LCA. The company 

should then pick a cradle to gate scope to save both time and effort. Therefore, setting the 

goal and scope definitions are essential for the LCA work. 

 

2.1.1 Goal and Scope 

This is the first step in the LCA and determines how and when the LCA will be conducted 

(Chang et al., 2014). The goal and scope are documented before the LCA work starts to make 

the process structured and defined. LCA can be used for various purposes, from quickly 

looking into a material choice or manufacturing technique to certifying a product. An LCA can 

be used to compare different materials throughout the development process, but if the LCA is 

used to certify a product, the product must be complete regarding components and not in 

development phase (ISO, 2006a). The goal and scope need to be clearly defined since it 

determines what information the LCA will be able to yield. How much time and resources are 

available will also impact the goal and scope. If the LCA is used to certify the product with ISO 

standards an independent review will be needed for certification, this will also be stated in the 

definition. (Curran, 2015; Chang et al., 2014)  

 

Setting the goal and scope also includes defining the system's limits, this is needed to clarify 

what processes are considered and what is overlooked (Curran, 2015). The system's limits 

can include the production of electricity, excavation of materials, manufacturing of parts, 

shipping, use, and recycling. Distinctly defining what the system contains is important for the 

execution and determining what the LCA will be able to provide for results (Chang et al., 2014). 

It is also crucial to define what unit will be applied in the result (Curran, 2015; ISO, 2006a). 

For example, a paper cup is used once and means that the emissions per cup drunk are 1/1, 

while a ceramic mug can be used several thousand times, which means that the emissions 

per cup need to be divided by 1000/2000/5000 or whatever is considered a reasonable 

number of cups. And this ensures that the unit that is defined does the product and the system 

justice (Curran, 2015).  
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Defining what type of impact categories, such as global warming potential (GWP), is vital 

because these categories will affect what kind of data will be needed in the LCA (ISO, 2006b). 

If the focus is on the carbon footprint, the data collection will differ from an LCA focusing on 

air pollution. This also needs to be included in the goal and scope phase to interpret the result 

(Curran, 2015).   

2.1.2 Inventory analysis (LCI) 

Inventory analysis, also called Life Cycle Inventory Analysis (LCI) is defined by ISO as an 

inventory of input or output data regarding the system being studied and can be described as 

a list of data necessary to fulfill the goal of the LCA study (ISO, 2006b). In this phase, it can 

be challenging to determine which process that should be allocated to the product or not 

allocated. Curran (2015) explains that different choices regarding processes allocation to the 

product need to be justified to create a unified LCI.   

 

One approach to limit the analysis is by considering how big an impact one step of the product 

has (Frischknecht et al. 2007). This can also contain manufacturing facilities, vehicles, 

machines, and sometimes even infrastructure that needs to be considered (Frischknecht et 

al. 2007). This approach excludes materials less than 1% of the product (Curran, 2015). 

However, one needs to be careful with, for example, coatings. Some coatings need to be 

baked to harden, which consumes considerable energy. So, this 1% rule can not be followed 

strictly, it needs to be considered, and other rules may be a better fit for some materials 

(Curran, 2015). 

 

Scrap generated during the manufacture of a product needs to be included in the LCA. If the 

scrap can be used completely in another product the impact of this scrap can be transferred 

to the new product (ISO, 2006a). The scrap often needs to be processed to be reused, and it 

is often the case that the material's properties deteriorate in the process (Curran, 2015). So, 

determining how scrap will be incorporated in the LCA must be stated for clarity. 

 

When collecting data, the goal is to have as much primary data as possible, meaning the 

information should arrive directly from the supplier or be measured directly from the processes 

(ISO, 2006a). However, this process can be very time-consuming and costly, so getting all the 

needed data is not always possible (Zafeirakopoulos & Genevois, 2015). Then the data needs 

to be estimated and subsidized in certain parts. A sensitivity analysis is always required to 

assess how liable the result is depending on the estimates performed. This analysis also 

shows the LCA's reliability (Curran, 2015). 
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2.1.3 Impact assessment (LCIA) 

The impact assessment, also known as Life Cycle Impact Assessment (LCIA), is all the 

information collected in the LCI evaluated to see their potential environmental impacts 

(Hertwich et al., 2000). When all data collection is finished, several different tools can be used 

to build a scenario of the production process in the forms of what suppliers, warehouses, 

transportation, etc. may be used. It is also possible to do the calculations by hand, but this is 

time-consuming. When the scenario is structured, there are several different weighing 

methods for different impact categories e.g., climate change. The software is built with 

information regarding weight and does calculations so that the LCIA can become highly 

automated. Understanding the different impact categories makes it easier to generate a 

significant result (Curran, 2015). Two impact categories to analyze results of the LCA are 

ReCiPe and TRACI.  

  

The ReCiPe method uses 18 midpoints and three endpoint indicators. Midpoint indicators are, 

for example, Fossil resources, water use, or Global Warming Potential (GWP). The endpoint 

indicators are damage to human health, damage to ecosystems, and damage to resource 

availability. Each midpoint indicator connects to one or more of the endpoint indicators, 

expanding the understanding of the result (Huijbregts, 2017). 

 

TRACI provides stressors with potential effects such as ozone depletion, global warming, 

acidification, and fossil fuel depletion. These indicators primarily focus on a midpoint 

perspective which distant TRACI from ReCiPe (Bare, 2011). 

 

Global warming potential (GWP) is an indicator that generates carbon dioxide (CO2) 

equivalent by considering gases that contribute to global warming. These are calculated with 

CO2 as a basis, for example, Methane (CH4) absorbs 25 times more energy than CO2, so 

one kilo of CH4 is equivalent to 25 kilos of CO2 from a GWP perspective (IPCC, 2008). This 

indicator occurs in ReCiPe and TRACI and is an indicator used in the automotive sector.  

2.1.4 Interpretation 

Interpreting the results is the last phase, and this gives an informed understanding of the LCA. 

In this phase, all the decisions and results from the previous phases are evaluated in order to 

complete an understandable and reliable result (Curran, 2015). The results that are given 

should lead to recommendations to the decision-makers (Hertwich et al., 2000). The 

recommendations need to be explained so that both the limitations and opportunities are 

manageable (Hetherington et al., 2014). In this phase, new insight can arise that gives an 
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incentive for rework of different important areas. So as mentioned, the LCA is a highly iterative 

method (Chang et al., 2014; Curran, 2015). 

2.2 Literature Summary 

According to ISO (2006a) and Hauschild et al. (2018), LCA is a tool or method that is 

conducted to investigate a product's environmental footprint. It is widely spoken of in current 

literature (Curran, 2015; Chang et al., 2014). Hertwich et al. (2000) means that LCA consists 

of the four stages presented below:  

1. Goal and scope, where the intentions of the LCA are defined together with the type 

of impact that are going to be considered. 

2. Inventory analysis (LCI), the collecting of information about the product is executed. 

3. Impact assessment (LCIA), information collected in the previous step is compared 

and combined. 

4. Interpretation, the results are analyzed, summed up and put into context.    

The different stages can be conducted in this order, but it is an iterative process (Curran, 

2015).  
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3 Theoretical frameworks 

In this chapter, the theoretical frameworks are presented from current literature which supports 

the thesis, introducing key concepts of LCA. It will consider different implementation 

approaches, when to execute the LCA, and what challenges and opportunities that can 

emerge depending on where to implement LCA. Theoretical frameworks for LCA as a 

decision-making tool will also be presented.  

3.1 LCA in the different development phases 

Many authors suggest that an LCA process in the development phase of the product is 

appropriate (Colodel et al., 2009; Fleischer et al., 2001; Manmek et al., 2010; Othman et al., 

2010). Most of the authors bring up the subject of performing an LCA before the design phase 

of the product to further make the choices of the materials based on the LCA which can be 

described as an early phased LCA. Assume the LCA shows that a material that was supposed 

to be used in a specific product is environmentally hazardous. In that case, a decision can be 

made to change that material before the design phase is conducted. However, Manmek et al. 

(2010) address the challenges of performing LCA in the early stage of development, such as 

the limited information regarding the product, which is essential for a valid result of an LCA. 

Therefore, the authors bring forward a simplified LCA (SLCA). SLCA is a method that is 

supposed to be performed at the early stage of development and is not as time-consuming 

and costly as the LCA process. An SLCA is simply an LCA where some steps are excluded. 

Which part of the system is excluded will significantly affect the result of the SLCA (Hur et al., 

2005). Hur et al. (2005) shows that different product categories will be affected differently on 

the same type of SLCA. For example, if the use phase is discarded and we compare a bottle 

and a computer, the estimated impact from the bottle will be much more accurate than the 

estimation of the computer since the computer consumes energy throughout the use phase.   

 

During the product development, there are several difficulties with using LCA throughout 

various business areas (Hetherington et al., 2014). Hetherington et al. (2014) highlight four 

different challenges: Comparability, Scaling issues, Data and Uncertainty. These challenges 

in the development process of a product are equivalent to those addressed by Chang et al. 

(2014) in their report, vague goal and scope definitions, uncertain inventory data, fuzzy 

environmental impacts and trade-offs, and inaccurate interpretations, in which they examined 

the difficulties with LCA during development. By vague definition the authors mean that early 

in the development, it is not sure that there is a clear and exact understanding of what the 

product will contain and accomplish (Chang et al., 2014). As previously mentioned in chapter 

2.1, this means that goal and scope can be difficult to define and is it an essential point in a 
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reliable LCA (Chang et al., 2014). A side effect of the vague definition is that the uncertainty 

of which components to use and which manufacturer can be challenging to know and 

contributes to more uncertainty around the result (Chang et al., 2014). Hetherington et al. 

(2014) also show that there are difficulties scaling up different processes from a laboratory to 

large-scale production. The authors continue saying the efficiency of large-scale production 

can be significantly higher, leading to incorrect decisions made in a laboratory test. Most of 

those who perform LCA at an early stage use the result for a decision on materials or process 

techniques, which means that the uncertainties must be clearly reported to the decision-

makers (Hetherington et al., 2014). Hetherington et al. (2014) continues by stating if the 

uncertainty is too great, the result may become unusable or harmful to the decision-makers in 

the worst case. 

 

Millet et al. (2007) means that LCA is not an excellent tool throughout the development 

process. This is because LCA is based on a goal and scope definition, which serves as a fixed 

function that makes the LCA method static. The fixed function means that different products 

or different models can be hard to compare, which can lead to unsatisfactory results. 

Furthermore, the authors state that LCA can be helpful in limited forms through the 

development process. They stated that they see a benefit in using LCA at an early stage of 

the process and the end of the process by, for example, contributing to evaluations that help 

with strategic decisions (Millet et al., 2007). This aligns with what Mendes da Luz et al. (2018) 

argue about LCA's role in product development. Millet et al. (2007) declares that LCA can be 

used to create tools and environmental guidelines for the design team in different parts of the 

process, which means that LCA can be seen as a tool for increasing environmental thinking 

in development. 

 

Mendes da Luz et al. (2018) present a proposal on how a company can implement LCA in the 

product development process. They suggest starting by developing a reference product, a 

product that at best shares the properties such as size, weight, and components to act as a 

basis. Via this reference product, an existing LCA is performed or reviewed to identify crucial 

processes within the product's development process (Mendes da Luz et al., 2018). In the next 

phase, the crucial processes are compared with the life cycle of the new product to identify 

where to find the critical points. Furthermore, wherein the product development process these 

critical points arise is identified (Mendes da Luz et al., 2018). Mendes da Luz et al. (2018) also 

state that early choices in the product development process will be significant for the entire life 

cycle's environmental impact. They explain that in this stage (concept stage), the company 

has the opportunity to work with different materials and processes to arrive at an optimal 

solution (Mendes da Luz et al., 2018). Based on the results and decisions made in previous 

steps, the goals are checked to see if the optimal solution was achieved. After the concept 
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stage, it is more difficult to replace materials and processes (Mendes da Luz et al., 2018). 

When the product is to be launched on the market, LCA results can be helpful in marketing 

and show the company's values. However, the results need to be clearly stated not to be 

confused with greenwashing (Mendes da Luz et al., 2018). The results from the new LCA 

made on the product will be able to act as a reference for following products LCA (Mendes da 

Luz et al., 2018). Finally, Mendes da Luz et al. (2018) presents how the results of LCA 

performed on the product are evaluated against the reference product using a matrix where 

each cell is an evaluation point and goes from 0 (no improvement) to 4 (significant 

improvement). 

 

3.2 LCA as Decision-Making tool 

The relationship between values and science in environmental analysis has been discussed 

(Hertwich et al., 2000). LCA can be objectively performed even though LCA is flawed as a 

scientific tool (Hertwich et al., 2000). Hertwich et al. (2000) explain that LCA is not a strict 

scientific tool because of the normative elements that occur in the LCA. Normative claims are 

value-based and can be based on moral reasoning, therefore evaluating aspects of reality, 

hence not scientific values (Hertwich et al., 2000). Hertwich et al. (2000) raise the issue of 

whether it is needed to have a scientific tool as a decision-making support tool and claim that 

most of the decisions that will be supported by an LCA will be made regardless of if they have 

a support tool or not. Further, LCA combines both scientific and preferred values, which is the 

purpose of the decision-making support tool (Hertwich et al., 2000). Finally, Hertwich et al. 

(2000) argue that the goal of an LCA is to improve the environment, and therefore a method 

that enhances the decision is the best alternative. 

 

Pryshlakivsky and Searcy (2021) continue discussing how LCA can act as a decision-making 

tool. They state that the scope and limitation must be communicated and comprehended to 

use LCA as a reference for decisions (Pryshlakivsky & Searcy, 2021). When utilizing an LCA 

for decisions, there often comes down to two choices that might be hazardous in different 

ways, and intrinsically bias will arise in this type of choice (Pryshlakivsky & Searcy, 2021).   

 

Pryshlakivsky and Searcy (2021) also discuss that LCA can often appear like a straightforward 

tool for decision-making despite the complications of possible human errors and flawed 

information. Even with perfect information, it can be hard to make the right decision 

(Pryshlakivsky & Searcy, 2021).  
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Pryshlakivsky and Searcy (2021) continues to discuss the rationality of decisions and stated 

that rationality is somewhat intuitive despite expertise and knowledge. They explain that 

decision-makers interests, moods, or context can affect decisions and rationality. In an 

equivalent vein, the authors explain how internal political behavior and organizational 

structures will try to serve decision-makers' interests and thereby limit the scope of solutions.  

 

After discussing decision-making in larger organizations, Pryshlakivsky and Searcy (2021) 

argue that LCA is too limited to be applied in the public sector since there is cognitive inertia 

in the public sector and that LCA, therefore, will remain a niche tool. The results of the LCA 

will mainly be used by parts of an organization, e.g., decision-makers that can act on the 

gathered information from the study (Pryshlakivsky & Searcy, 2021). 

 

Reimann et al. (2010) establish that LCA is best suited to help with decision-making at the 

micro-level (product level). According to Tillman (2000), LCA can help with problem 

identification. Furthermore, Hertwich et al. (2000) claim that LCA can assist as a decision tool 

that combines scientific and preferred values, as explained above. However, since the 

decisions are not entirely rational, Pryshlakivsky and Searcy (2021) state that this can be 

oversimplified. Lastly, Pryshlakivsky and Searcy (2021) argue that LCA-based decision-

making can be challenging without the organization's technical knowledge in the 

environmental field or mandate since the LCA practitioner's recommendation might be 

overlooked. 
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4 Methodology 

The methodology of this study is built on a research design with specific research methods 

that will be presented in this chapter. 

4.1 Research design 

This study used qualitative methods in the form of unstructured and semi-structured interviews 

(Bryman & Bell, 2011). Malterud (2009) means that a qualitative approach is appropriate when 

the results and knowledge about the subject are unsure at the start of the study. Bryman & 

Bell (2011) continues stating that qualitative methods are preferable when the results of a 

study are uncertain, which is why this study has chosen a qualitative approach in the form of 

interviews for both the LCA made and the acquisition of empirical data. The qualitative 

methods in interviews with the case company were used when gathering information for 

conducting the LCA and when gathering empirical material for the thesis. 

 

This study is performed in a case company to develop knowledge and strengthen the validity 

of the thesis. We were given a request from the case company to provide knowledge in the 

fields of LCA and to perform an LCA study on a specific product. The thesis proposal was 

promoted by the case company on their website. At the first meeting with the case company's 

HR manager, the case company’s requirements were set for the study. From there, a dialog 

was initiated to find a research focus between the authors and the case company. The first 

idea was to make an implementation plan of the LCA method for the company. However, after 

discussions between the authors and the company, it was considered time consuming, and 

the idea got discarded. After reading several books and research papers, an understanding of 

some challenges around the LCA method was learned. These challenges were discussed with 

the case company, and after the discussion, the conclusion was that LCA is a flexible method. 

Therefore, it is hard to know where to implement the LCA method in the development phase 

and how to use it. This became the new focus of the study. A few weeks in, a decision was 

made to look even more narrowly at the subject and, more specifically, at LCA as a decision-

making tool. A scientific problem was identified in the literature of where to implement the LCA 

in the development process for a company in an automotive industry.  

 

The study will also study the limitations and possibilities for LCA as a decision-making tool in 

the automotive industry through a discussion between the theoretical framework and the 

empirical results. The theoretical part and literature part will fulfill the case company's 

knowledge process and help the study answer the research questions. The results are 

therefore divided into empirical data gathering and the case company's LCA results, and both 

parts will be discussed and concluded 
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One of the aims of the study is to perform an LCA on a specific product of the case company. 

The methods used to perform this will be explained in chapter 4.2.2. The methods were chosen 

in cooperation with the ISO (2006b) standards. Interviews were conducted with the case 

company to gather information to perform the LCA. For more complicated products, there are 

multiple software's to access information and build up a scenario. Since the product 

components are complex due to the variety of materials, the time and effort in conducting an 

LCA can be lowered with LCA software. The software was chosen in cooperation with the 

case company after research around different LCA software. It was chosen because it is 

professional software with high recommendation and reviews. The data gathering for the LCA 

was conducted through unstructured interviews with the hardware team leader of the case 

company. That gave the study a Bill of Material (BOM) list from which we could identify what 

components were in the product. The BOM list we got was not complete since the product is 

in the middle stage of development. Because the product is not in production yet, a scenario 

of where the components come from was made together with the transportation scenario, 

which will be explained more in chapter 4.2.2. This BOM list was then used to search on 

possible suppliers' websites to gather data about components, such as dimensions, content 

and weight. Which was used in the LCA software for the product part, and in excel for the 

transportation part. 

 

The theoretical framework was built to support the base of the thesis and discussed and 

analyzed with the empirical results of the LCA and the interviews with the case company. The 

LCA is done on a specific product in the middle stage of the development process, which gives 

the study a practical case to discuss towards the other stages (early, late). The practical case 

will also give solid grounds to propose suggestions in decision-making and answer the 

research question. The study will help the case company increase its knowledge through the 

up-to-date theoretical framework and literature review together with the thesis of the study.  

 

This study is performed in five steps. First, a review was made to learn the basics of the subject 

LCA. The second step is a literature review conducted by searching reports together with 

current standards of LCA. To set a theoretical framework, journals and report findings from 

the industry were used. In the third step, empirical data was acquired, and interviews with the 

case company were conducted. The interview questions were done considering the literature 

review and theoretical framework. This helps the study to answer both our research questions 

and the theoretical part for the case company. This is later presented and discussed in the 

fourth part, which ends in a fifth and final step where a conclusion is set with recommendations 

and future research.   
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The literature review, the theoretical framework, the empirical results, and the LCA results will 

help the study discuss forward to achieve the goal and answer the research questions. 

4.2 Research Methods 

This part contains the research methods used to conduct the study and processes for 

conducting the LCA made in the study. The research methods used were semi-structured and 

unstructured interviews with the case company, a literature study together with standards 

found in the automotive industry.  

4.2.1 Interviews 

The interviews were semi-structured and unstructured and conducted iteratively with the case 

company's employees. The contact started with the HR manager of the case company, which 

the study could have an iterative connection to steer the study in a proper direction in the 

forms of the goals of the company and the study combined. These meetings were once a 

week during the study and functioned as unstructured interviews with the company. The 

unstructured interviews were done by mail and in meetings with the employees. These 

unstructured interviews were observations and conversations of representatives of the case 

company. The semi-structured interviews were 30-45 minutes long, and the questions asked 

for the semi-structured interviews can be found in Appendix 1. 

The interviewees 

Eight semi-structured interviews were conducted with employees of the case company with 

different roles in the production process. The semi-structured interview query was constructed 

concerning the literature review and theoretical framework to increase validity. The 

unstructured interviews were conducted as meetings with the contact at the case company. 

The arranged conversations were conducted by mail and video calls to gather information to 

conduct a valid LCA. The decision to have conversations through mail and video calls was 

due to the travel time between the authors and the case company. The interviewees were 

selected from different parts of the production process to receive different insights into the 

process and follow the study's purpose and aim. This was to get a broad view of the process 

and see the challenges and opportunities of implementing the LCA. 

 

The interviewees are presented in the table (Table 1) below. 

 

Position in the Company Why? 

Project manager The project manager has a detailed 
insight in the specific project and process 
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as a whole. 

Hardware engineer A hardware engineer knows about the 
hardware of the product, knowing what is 
in it in detail. 

CTO - Chief technical officer The CTO has a picture over the process 
of the product in relationship with the 
management of the company. 

CEO - Chief executive officer A CEO knows the aim, goals and visions 
of the company and why they are doing 
an LCA in relation to the company as a 
whole. 

Quality manager A quality manager has an insight into 
what materials are in the product and 
how e.g., renewable materials would 
affect the product. 

HR manager The HR manager firstly knows the 
company's structure and values, 
secondly knows the employees of the 
company and where to reach out for e.g., 
interviews or information. 

Hardware Team Leader A hardware team leader knows about all 
the products that the case company 
offers. 

Purchaser Purchasing has a good insight into the 
suppliers and how possible some 
changes are. 

Table 1 - The interviewees' roles and why they are contributing to the study 

4.1.2 The LCA 

The LCA was performed in software called GaBi concerning interviews of the company, data 

gathering, and literature review in a scenario. The interviews in relation to data gathered were 

used to build up a scenario of suppliers from raw material to the finished product.   

Interviews for the LCA 

Interviews to gather information, set goals and scope and impact categories for the LCA were 

conducted in combination with the interviews for the empirical study. 

Software 

Research into LCA software was done via web searches and testing different software's, after 

the investigation, a software named GaBi Trial was selected for the LCA. The case company's 

customer also uses GaBi, strengthening the incentive to use this specific software. The 

learning process of the software was mainly through the software's learning videos and from 
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practically using the software. Within the trial version of the software, only a few databases 

were included, which made the data gathering process more extensive.  

Data gathering 

The data needed to conduct this LCA was gathered through interviews, GaBi Trial databases, 

the case company's suppliers and secondary data was found in LCA reports and websites of 

specific raw material extraction used in the product. The reports together with the specifics of 

the product gave the information needed. The same method was used to gather the 

information for the product parts.  

 

The secondary reports used to implement in the GaBi Database can be seen in the table below 

(Table 2) and were implemented in the study due to the limitations of GaBi Trials. 

Aluminium Toro & Rybl, 2021 

Copper Wildnauer, 2019 

Epoxy Hill & Norton, 2019 

Gold Chen et al., 2018 

Nickel Mistry et al., 2016 

Plastic Franklin, 2021 

Silver Farjana et al., 2019 

Steel GaBi Trials database 

Tin Apeal, 2015 

Zinc Van Genderen et al., 2016 

Table 2 - Table of reports used to implement in GaBi Trials database. 

 

Data gathering for the transportation part of the LCA was conducted with help from interviews 

of employees of the case company and transportation life cycle assessments (Nahlik et al., 

2015). Calculations were made in excel and can be seen in Appendix 2. This transportation 

part was built up in a scenario if the case company chooses the specific suppliers from the 

countries specified in Appendix 2. 

Scenario 

The product is built around a scenario based on the data given by the case company, and the 

results are based on this scenario of the product. Since the product is in the middle of the 

product's development phase, it means that the specification of the product is not complete 

and can be changed before the product is released and therefore change the results of the 

LCA. This means that a scenario of components had to be made. A scenario was built for the 

transportation part of the LCA as well since there are multiple suppliers to buy components 

from. These results are conducted with specific suppliers in cooperation with the case 

company. These suppliers also have suppliers all the way down to raw materials. T 
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5  Empirical work 

In this chapter, the case companies' development process will be explained in order to analyze 

different challenges and opportunities regarding LCA implementation. How the case company 

uses milestones to evaluate its progress will be presented. The possibilities the case company 

has to influence suppliers to work more environmentally friendly and how the case company 

works with sustainability will also be described. 

 

The analysis of the empirical work at the case company is presented and works as a 

background to answer the research questions of this study. The questions asked in the semi-

structured interviews can be found in Appendix 1 and have been conducted together with 

iterative unstructured interviews with the case company. First, different processes aspects will 

be addressed. Secondly, the case company's opportunities to influence the suppliers will be 

analyzed. Thirdly, the environmental goals at the case company will be examined, to observe 

the case company's commitment to sustainability. Fourthly, the thoughts around the 

implementation of LCA into the case company will be addressed. Fifthly, the question of where 

the case company wants to implement the LCA in the product development process will be 

analyzed and lastly, the question of how the case company uses recyclable materials. 

5.1 Different production processes aspects 

If the question is where to implement a new process into a product development process, one 

must understand the product development process. This reveals potential challenges and 

opportunities, but also reveals limitations and possibilities of the LCA method in a decision-

making process. 

 

The process often begins with a customer asking if the case company can produce the product 

they are looking for. The case company gives a list of requirements for what is to be performed, 

what the product must be able to withstand in the form of external stresses such as vibrations, 

heat, moisture, etc. Based on these requirements, a project group evaluates what 

approximately will be needed to be able to meet the requirements set by the customer. After 

that, the case company compiles a bill of material (BOM) to be able to create an offer. This 

means that a good understanding of the product and materials is needed from the start (Project 

manager, 2022; CTO, 2022). 

 

The case company uses a method to overview the products development that is called toll 

gates (TG). These TGs are described by the Project manager (2022) as meeting points for 

the development team to achieve specific goals at every gate throughout the development 

process. There is a total of eight toll gates through the process where TG1 can be described 
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as the first meeting with the customer and a discussion about whether the case company is 

able to deliver the requirements from the customer (Project manager, 2022).  

 

In TG2 the project team produces a BOM, which is evaluated to decide whether an offer should 

be sent to the customer or not, much of the concept of the product is done in this phase. When 

the offer has been accepted, a first prototype model is developed to get a feel for the product, 

“This prototype can sometimes be made even before TG2” (Project manager, 2022).  

 

In TG3, a more consistent design is performed and a new BOM is developed and compared 

with the one that has been offered to the customer, if these differ in a negative way, the case 

company will undergo an iterative process to try to deliver a product that meets the 

requirements and still generates a profit (Project manager, 2022). 

 

At TG4, preferably the first prototype should be ready, the number of prototypes needed 

depends on if the different tests are successful or not (Project manager, 2022). 

 

In TG5, the tools for the product parts must be ordered for mass production, “The hardware 

must be done before TG5” (Project manager, 2022). When the case company decides on a 

concept that they want to follow in the mechanics department, they order a tool to handle that 

part in the series production. For example, if the case company has designed a plastic casing, 

the plastic casing has a specific tool to create that part. It is explained that it can be expensive 

and time consuming, but in the end, it should be used in mass production, so you want the 

tool to be reliable, safe and not tampered with. This tool is ordered from the manufacturers of 

the part (Project manager, 2022). 

 

At TG6 and TG7, tests of the product and any certifications are performed, at TG8 the product 

is in series production at one of the case company's factories (Project manager, 2022). 

 

For the electronic department's product process. There is a process that the case company 

follows in a handbook, they have the same toll gates as the rest of the project team, and they 

work as milestones in the process the same way. In the electronic process, there are also 

block diagrams that answer general questions about what to do in specific situations. This is 

because the processes between the toll gates are described as fast and therefore the block 

diagrams can help to understand a situation quicker.  

“The processes are pretty fast, it can take a couple to a few months.” (Hardware Team 

Leader, 2022).  
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The electronic departments process begins when TG2 is completed, i.e., in the third toll gate, 

as the process in the previous toll gates is focused on customer contact. The discussions with 

customers in TG1 and TG2 are described as a lot of work.  

“And all that has to happen before the electronics department comes into the project” 

(Hardware Team Leader, 2022). 

 

The purchase department process for a product starts with a request for quotation (RFQ), 

which is based on the product specification that is obtained from the hardware group, then 

sourced according to it. The RFQ can be described as a very detailed purchasing list for the 

suppliers for the purchasing department. 

“If the hardware group has interpreted a requirement for reusable plastics, we will put 

it on our RFQ. If the customer then sets requirements that cannot be met, the supplier 

will react, and a material is chosen that meets the environmental profile but may not 

meet the goals of environmental footprint” (Purchaser, 2022).  

 

In the case company, there is a system line, a software line and a hardware line that interprets 

its requirements, and mechanics are captured by the hardware line. The purchase department 

rarely reads the entire customer requirements list because there is such a small part of it that 

is relevant for the purchase. 

 

To implement a new process like an LCA method into an existing development process, the 

question of whether there is time for a new process arises. Therefore, the case company was 

asked if there was time for another process to be added into their existing development 

process. There were mainly positive answers, if the management give more time for the 

project.  

“It's a lot of work and little time. The process is good, and it is easy to follow so you 

could certainly have another process in this, if time is given to it.” (Hardware Team 

Leader, 2022)  

 

When the management was asked about the possibilities of hiring personnel to handle the 

LCA process and add another process in the development of the product the management 

said: 

“This question will probably end up with the quality manager as they are the ones who 

will be responsible for this type of work. But we want to have the LCA knowledge in 

the organization. The quality manager will have to make this decision later” (CEO, 

2022). 
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However, the employees at the mechanic department felt like their production process could 

be improved.  

“For mechanics, this process is a bit flawed, precisely because for mechanics it does 

not have "spins" in the way that the other processes have. You do not have as many 

loops to redo and correct in the mechanical part of the product. Once you have ordered 

a tool, you want it to work, and not change the tool, as it takes too much time and 

becomes too expensive” (Hardware Team Leader, 2022). 

 

To get an understanding of when the quality department gets involved in the development 

process the Quality manager (2022) answered that they get involved late in the process. Since 

the CEO (2022) has stated that the LCA probably will be a task that the quality department 

handles. 

 

5.2 The opportunity to influence the suppliers 

There are many opportunities to influence the suppliers. Firstly, for the LCA, the information 

about the components gets easier accessed and achieved. Which makes the LCA more 

comfortable to execute and increases the validity of the result. Secondly, the opportunities to 

achieve changes on a product depending on the LCA results, e.g., if the environmental goals 

of the product are not achieved when the LCA is conducted, changes may need to be made 

to the material of the product, like recyclable materials.  

 

Today, the case company sends a list of requirements to the suppliers on what the material 

should be able to perform, based on these requirements the case company obtains a list of 

materials to choose from. The Purchaser (2022) explains that it is challenging to demand 

recyclable materials from the supplier due to the high requirements that the material needs to 

sustain. Purchases are made through the corporate group and the supplier panel, which limits 

the number of suppliers to about 4-5 suppliers per material type (Hardware engineer, 2022; 

Purchaser, 2022). 

 

In the company group's supplier panel, a central purchasing department within the company 

group is used and they are responsible for which suppliers to choose from. There they have 

category buyers where they have divided all goods that the company group buys into 

categories and then they have the responsibility to keep the panel updated on e.g., which 

plastic suppliers to choose. For example, there are four approved plastic suppliers that this 

panel has allowed the case company to choose from. Then the case company can send a 

quote request to these four. These are maintained in processes where frequent qualification 
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"check-ups" and certification inspections are conducted. It is allowed to take a different 

supplier than the panel recommends, but it must be justified. The case company claims it is 

possible to influence these suppliers in such a way that there is more than one supplier.  

“If the customer ordered something that three out of four suppliers can live up to, you 

can always set them against each other, and it does not only have to be about price 

but also environmental requirements and goals” (Purchaser, 2022). 

5.3 Environmental goals and models 

The case company's environmental goals and models are explained to get a view of the 

environmental processes existing in the company. Opportunities or challenges could be found 

in similarities between current environmental work and the LCA process. 

 

There is quite an insufficient focus on environmental goals and models in the development 

process itself. However, there is a checklist of potential improvements that can decrease a 

product’s environmental footprint (Project manager, 2022).  

 

There is a hardware design handbook, in which the Design for Environment (DFE) is the 

checklist or rules that the employees must go through in the development process of a product. 

The DFE model has been developed and invented within the case company, but it is inspired 

by the global research development center (GDRC)1, which can be described as a policy to 

use for company initiatives.  

“When you go through the DFE, you get points that you can use as a benchmark. For 

example, try to make a design that is modular, etc.” (CTO, 2022).  

 

DFE is followed from the product's design phase until it leaves serial production. It is built to 

look at: 

 

● Number of fulfilled guidelines/numbers of applicable guidelines 

● Environmentally hazardous waste in kilograms 

● Facility power consumption in kWh/resource 

 

DFE is however challenging according to the Quality manager (2022), it is explained to be 

hard to define and compress the results because of the complexity of the method. There are 

17 categories that are poorly defined which increases the complexity by analyzing the results. 

 
1 https://www.gdrc.org/about/introduction.html 

"GDRC is a policy think tank that carries out initiatives in education, research and practice." 

 

https://www.gdrc.org/about/introduction.html
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“There is a block in the handbook on what you should keep in mind when choosing 

materials. However, it is a bit challenging to define this, so now we have 17 categories 

that we are measuring how well we have followed these principles which later result in 

a score to analyze” (Quality manager, 2022).’ 

 

Therefore, a distinct definition of the categories or replacement of the DFE method could be 

needed to fully understand and successfully analyze the results. An LCA has a distinct path 

to follow and a clear result to analyze.  

 

There is also a hardware electronic handbook to guide the employee on choices in different 

situations. “There is more detailed information on how to make choices at different occasions” 

(Hardware Team Leader, 2022). Via ISO 14001, there are requirements that must be followed 

and evaluation of the main processes, where the case company follows key figure follow-up 

in the form of KPIs (Key Process Indicators) and are followed up monthly in a data card. The 

case company has a main process called “the environment”, which can be described as a 

checklist in the hardware electronic handbook.  

“We have a bit to catch up on as we are in an industry that is very characterized by 

being able to show how environmentally friendly, we are” (Quality manager, 2022).  

 

When considering the environmental goals for the case company, they have mostly focused 

on how much waste they are producing, i.e., how much electrical waste. It is weighed locally 

and sent to companies that collect waste, which goes through it and analyzes it. And for this, 

the case company has goals and follow-ups every month. An environmental goal the case 

company has is how much energy they consume per resource, e.g., electricity or heat. The 

case company does not have a production that is energy consuming, it is the company group 

that assembles the product. The case company's work of lowering the energy consumption is 

mainly informing the staff about making sure to turn off computers, turn off the light when they 

leave the facility, and use energy-efficient lamps, etc. The purchaser (2022) says that there 

are little to no emissions at the case company, they make sure that the lights are off when 

they leave the  office. 

“We have little to no emissions with us at the case company so what we do is make 

sure that the light is off when we go home” (Purchaser, 2022).  

 

The Quality manager agrees and continues by saying that the environmental impact has not 

been prioritized but emphasizes that the case company needs to address the possibilities of 

being more environmentally friendly. 

“Historically, the environmental impact has been so small that it has not been 

prioritized. And here the case company has a bit to catch up on as they are in an 



26 
 

industry that is very characterized by being able to show how environmentally friendly 

you are” (Quality manager, 2022) 

 

A couple of years ago the case company looked at what they could do for further 

improvements and concluded that the major parts where they could make an impact is to 

reduce energy use from the products and the choice of materials, together with the information 

of the staff.  

“For example, in the design phase, we design so that we use as little material as 

possible, in use of smaller components of something” (Purchaser, 2022).  

 

The case company implements certificates, such as ISO 14001. There is also a plan to start 

requesting ISO 14001 from the suppliers.  

 

5.4 The implementation of LCA for the case company 

When introducing a new process into a company, it is of utmost importance to understand why 

it is needed. Therefore, in this chapter, the case company's thoughts around why they want to 

implement LCA will be examined to see the opportunities and challenges of the method. 

 

The case company aims to only use green energy throughout the organization. And through 

their products, they try to contribute by implementing different types of systems to reduce, for 

example, diesel use.  

“Trucks that use the case company's technology can save up to 10% diesel, which is 

a haulier's absolute largest expense, this entails both large savings and protects the 

environment.” (CEO, 2022). 

 

The case company's customers can have requirements to demonstrate their environmental 

work, and thus, the case company needs to satisfy these requirements. The case company 

believes that being able to showcase environmental work also affects the opportunity to recruit 

personnel in the future. 

“There are many reasons why the case company wants to develop this knowledge 

 about LCA” (CEO, 2022). 

 

The case company's vision is explained by the CTO:  

“We make the World Green, Safe and Connected, so expanding knowledge about LCA 

is a natural step within the framework of the vision” (CTO, 2022). 
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5.5 Where to place an LCA in the product process 

Understanding the case company's knowledge about the LCA process, it is necessary to ask 

the case company where they see that the LCA method preferably should be placed in the 

development process. Early, middle or late, and thoughts around where to place the LCA.  

 

The materials used in the product are governed by the material specification that comes from 

the customer and there are general automotive requirements alongside that. Furthermore, 

there are specific environmental requirements. Automotive products are associated with a 

certain type of profile, such as shake, shock, heat profile, etc. The tendency according to the 

case company is to use parts and materials in the products that have been proven to meet the 

profile requirements from the customer. However, the fact that the case company is using 

reliable parts and materials can make the case company overlook new and possibly more 

environmentally friendly parts and materials on the market. The problem is that it is not tested 

to be safe to manage the set profile requirements on the new parts and materials.  

“If a shake-test costs a lot of money, few companies want to perform that test for the 

sake of the environment.” (Purchaser, 2022).  

 

The hardware department often first interprets the customer requirements, and the purchasing 

department comes into that process comparably late. The first time the purchaser department 

enters the development is when the tool needs to be ordered. Since this tool is expensive, 

changes to materials and parts must be minimized after this phase.   

“Another thing that is challenging to change is the tool of the product part (explained in 

TG5, 5.1.1), when the tool is ordered, we do not want to change that tool due to the 

cost and time loss it creates. But as early as possible one would like to place an LCA” 

(Purchaser, 2022). 

 

When the Project manager (2022) was asked where in the development process it would fit to 

implement the LCA method the answer was that it should be addressed in the quotation stage, 

and then followed up during the whole development process. 

“As I see it, it would need to be addressed already in the quotation stage, and then 

follow during the development phase. I guess several LCA checkpoints would be 

needed at each toll gate. LCA would need to be baked into our development process.” 

(Project manager, 2022). 

 

The HR manager was asked where in the development process it would be preferable with an 

LCA method, and the answer was that the LCA method would fit in an early stage of the 
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development process. This is to ensure that the environmental footprint of the product is 

thoroughly investigated.  

“In my world, an LCA is at an early stage in our development process. In this way, it 

can be ensured that the product in question leaves as clean a climate footprint as 

possible. Maybe wishful thinking.” (HR manager, 2022). 

 

The case company's hardware department says that the information about the product in the 

beginning of a products process is lacking. And that there is no analysis of the first list that is 

made of components in the product.  

“After the first list is made and you know approximately what should be in the product 

in the first design phase, then we could have an LCA process as it would be good to 

do a review of the list. But today there is no time or knowledge for it. Then that process 

will be iterated but the first will be the longest and most time consuming and that later 

there are hopefully only minor changes to implement.” (Hardware Team Leader, 2022) 

 

Qualitative and green updates are, according to the case company, usually difficult generally 

for companies to implement because there will be added work for the company. But the 

Hardware Team Leader (2022) at the case company say that: 

“It would be good to be able to know at an early stage what we have in our products. 

You do not know the product so well if you do not know what is in it, then it feels more 

honest to the customer to really know.” (Hardware Team Leader, 2022). 

5.6 Recyclable Materials 

When conducting an LCA, the results vary depending on if recyclable materials have been 

used in the product or not. When results are analyzed, recyclable materials can greatly 

decrease the environmental footprint of a product. The question around recyclable materials 

could be used to set up limitations and possibilities for decision-makers. Therefore, empirical 

data of how the case company works with recyclable materials is needed. 

 

There is a process called re-grind that the case company's suppliers have been applying to 

the products made from the tools. The re-grind process is when the facility re-uses the plastic 

waste created during production. However, it is only possible to use 30 percent before the 

product's quality is compromised, so it does not fulfill the quality goals for the case company.   

“There is not a very high degree of recycled materials on the mechanical part of the 

product. Now however, a tool is used that does not cause any waste so there is no 

material to reuse, so it seems worse now when we don’t re-grind than before when we 

did the re-grind process but at the same time, we use less material.” (Purchaser, 2022). 
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Other than the re-grind process, the case company is not using recycled materials in their 

product.  
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6 The Life Cycle Assessment (LCA) at the case 

company  

Here, the LCA results made on the case company product will be explained and conducted 

with goal and scope, LCI, LCIA and interpretation. 

 

First the goal and scope are presented from the case company, then a life cycle inventory 

(LCI) is presented to describe how the component information about the product was 

gathered. The life cycle impact assessment (LCIA) is divided into three parts. Firstly, the 

Sphera GaBi Trial software part, where the products materials are presented, secondly the 

LCA of the transportation that is built up of suppliers. These are then summarized together 

into a third total part where transportation and the product are added together. The chapter 

then ends with an interpretation, where the results are analyzed. The results are presented as 

units of kilograms of carbon dioxide for one product made.  

 

The product chosen is currently in the middle stage of the development process and the case 

company got given a request to perform an LCA on this specific product from a customer. The 

product is divided into a card part and a housing part, where the housing part is surrounding 

and protecting the card part. These two parts together make the product. 

6.1 Goal and Scope 

Interviews with employees in different roles at the case company showed that the goal and 

scope of the LCA are to be cradle to gate, which is explained in 2.1.1 (CEO, 2022; HR 

manager, 2022). This means that the company wants to look at what environmental footprint 

the product is creating from raw materials until it leaves the company's assembly factory. The 

interviews also showed that the impact categories of the LCA should be with focus on the 

carbon footprint (GWP) of the product, GWP is mentioned in chapter 2.1.3. This is also 

supported by the automotive industry, which (Mikosch et al., 2022) claims that climate change 

has the most significant relevance for both the companies and stakeholders. 

6.2 Life Cycle Inventory (LCI) 

To gather information about the product, an interview with the hardware team leader was 

conducted. This interview established access to the bill of materials (BOM) and drawings. With 

these documents, relationships between processes and materials were built-up using Sphera 

GaBi Trials. In the BOM, potential suppliers were mentioned, and through the suppliers' 

websites, information about materials used in their products was gathered and used in the 

software, which works as a good supplement in the automotive industry (De Oliveira et al., 
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2022). Other types of information needed, e.g., GWP for aluminum raw material extraction, 

were collected through public material LCA reports.   

6.3 Life Cycle Impact Assessment (LCIA) 

The LCIA has been divided into a product part, where the product result of the LCA is 

presented from raw material until leaving the assembly at the case company. A transportation 

part where transportation of the product is presented and a total part for adding the 

transportation and product together.  

The Product 

The table (Table 3) shows specifically how much carbon dioxide (GWP) a material is creating 

at one produced product.  

 
Table 3 - The specific materials in the product shown as a table 

 

Following figure (Figure 2) shows the total GWP of the product. 
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Figure 2 - A diagram of GWP for the product’s specific materials 

 

The figure (Figure 3) below shows the total GWP of the product but scaled down to the most 

critical entities. This is done to better understand the critical aspects of the product and where 

the main carbon dioxide is created.  

 

 
Figure 3 - A diagram of the primary materials 
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A circular diagram (Figure 4) is presented to get an even better view of the impact of the 

materials. 

 
Figure 4 - A circular diagram of the primary materials 

 

Transport 

The transportation is divided into card transport and housing transport. This is because the 

scenario is built so the materials for the card are manufactured mostly in Asia and the housing 

is manufactured in Europe. The following figure (Figure 5) shows a diagram of the card's 

transportation from raw material to the assembly. 
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Figure 5  - A diagram of the card transports GWP to the supplier, to the warehouse and to the 
assembly. 

 

The figure below (Figure 6) shows the carbon dioxide caused by the transportation of the 

housing from raw materials to the manufacturer in Europe, to the assembly. 

 
Figure 6 - The housing transport diagram to the manufacturer and to the assembly. 
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The total transportation from raw material to the assembly of both the card and the housing is 

presented in numbers in the table (Table 4) and in a diagram for different points of view in the 

figure (Figure 7). 

 
Table 4 - A table of the carbon dioxide caused by boats and trucks for 1000 products and 1 product. 

 

 

 
Figure 7 - A diagram of the total transports GWP for the product. 

 

Total 

The total GWP caused by the product is shown in the table (Table 5) and the figure (Figure 

8).  

 
Table 5 - The GWP for transport and product.  
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Figure 8 - The GWP for the product. 

6.4 Interpretation  

The LCA has highlighted the impacts of the case company's product. The LCA covers a cradle 

to gate scope where the product is considered from raw material until it leaves the assembly 

of the case company.   

 

The results of the products LCA shows that aluminum causes 62% of the products GWP 

impact while plastics and silicon cause 23%. These are the two materials that cause the most 

environmental footprint of the product in GWP. Below the two largest impacts it is epoxy (7%), 

copper (6%) and gold (1%). It also shows that the smallest impacts of the product's material 

on the total GWP is zinc, tin, steel, silver and nickel.  

 

The card's transport has its biggest impact while going from raw material to supplier (~0,01 kg 

CO2 eq.) and from supplier to warehouse (~0,01 kg CO2 eq.). And it’s smallest when traveling 

to the assembly from the warehouse (~0,0076 kg CO2 eq.). Furthermore, the housing 

transport has its largest impact on GWP while traveling from raw material to the manufacturer 

(~0,114 kg CO2 eq.) and its smallest impact while traveling to the assembly from the 

manufacturer (~0,037 kg CO2 eq.). At the total of the transportation the housing creates 

~0,151 kg CO2 eq. and the card creates ~0,029 kg CO2 eq. 

 



37 
 

Moving on to the total GWP of the product, the product without transportation creates ~0,773 

kg CO2 eq. and the transportation creates ~0,18 kg CO2 eq. at a total of ~0,953 kg CO2 eq. 

of GWP per product. 
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7 Discussion 

In this section, the empirical results are discussed together with the literature review and the 

results of the LCA made for the case company. Throughout this chapter, potentials and 

limitations of LCA as decision making tool will be discussed. Challenges and opportunities 

regarding where in the development process LCA will be conducted are discussed by 

considering the case company. The opportunities with SLCA in the early stages are discussed 

and brought forward.  

7.1 The case company's production processes 

There is a clear limit in the company's production process where changes to the product 

become more complex and expensive, and this is in TG5 when the company needs to order 

the tool to be able to produce housing for the product (Project manager, 2022). This can be 

discussed limits the time decision-makers have early in the production process. Mendes da 

Luz et al. (2018) explain that it is more challenging to change materials and processes after 

the concept stage. This is not specific to the company or the automotive industry but exists in 

several industries (Hetherington et al., 2014). Initiating an LCA at this stage can shorten the 

process for those who will perform a cradle to grave scoped LCA when the product is ready. 

However, if an SLCA had been performed earlier, it may be possible to create an evaluation 

at this stage (Mendes da Luz et al., 2018). The LCA method, according to Millet et al. (2007), 

is not optimal throughout the development process, LCA can be a tool to increase 

environmental awareness in the company. Hardware Team Leader (2022) expresses a 

willingness to implement a tool that can compile what the product is likely to consist of early 

in the process. At the same time, the case company also expressed that time and resources 

are not available for this in the early phase (TG1 and TG2). The CEO (2022) is willing to 

expand the number of staff to increase time with the process of LCA but expresses that it 

would probably be a new quality role/task. This can be counterproductive, as Pryshlakivsky 

and Searcy (2021) explain that a department of a company's willingness to implement changes 

can decrease if that department is not involved in the decision of the changes. If the CEO 

decides to give the task to the quality departments and the changes will occur in the 

development phase, changes can be counteracted. This can be discussed, indicating that the 

LCA would be performed at a late stage as the quality department is not involved early in the 

product development (Quality manager, 2022). Pryshlakivsky and Searcy (2021) say that 

decision-making can be challenging without the proper knowledge about LCA in the 

organization. According to the case company, implementing new processes is often 

complicated and time-consuming, which can be discussed, that the case company need to 

strengthen knowledge to the company and increase resources.  
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A first BOM is performed and approved at TG2, which is created according to the customer's 

requirements specification. Performing an SLCA at this stage could help reduce costs and 

emissions by reducing the number of components, what components they use and what 

materials. Creating a dialogue with customers about the requirements can lead to a greater 

understanding, and with an SLCA as a basis, one can show differences between the choice 

of material and possibly influence the customer to review their requirements so that, for 

example, the recycled material can be used. In this way, the company also can show a will 

and a drive to improve the environment. With the help of SLCA, the company can also show 

that if the product is allowed to cost a little more, the product's environmental impact can be 

reduced. 

 

When considering the company's development process, more knowledge about the product 

in the early stages is preferable (Project manager, 2022; CTO, 2022). Performing an LCA 

early in the process helps the company evaluate the product more thoroughly. This can have 

several benefits but also lead to more work before winning a procurement. 

 

The company's products often have complex requirements and specifications from customers, 

which leads to long production lead times (Hardware engineer, 2022). This can be an incentive 

to start LCA work during the production process to learn from LCA before the product hits the 

market. Another advantage of starting an LCA work early in the process is that the people who 

will subsequently implement the changes get involved. 

7.2 The opportunity to influence the suppliers 

The Hardware engineer (2022) and Purchaser (2022) says that the company group's supplier 

panel in France helps to maintain goals set by the company, but also that they at the same 

time inhibit the opportunity to choose freely among suppliers. Choosing freely among suppliers 

could mean more work for the case company as they must explain why they have chosen to 

deviate from the supplier panels' list. But it could also mean finding an environmentally better 

alternative. If the consequence is that you lose customers because you have a product that is 

environmentally hazardous, it can be discussed that the case company may need to check 

outside the range of the supplier panel. 

 

The case company today is using suppliers who do not have, e.g., lead in their products, due 

to the checklist DFE and ISO 14001 certificate. However, it is possible to discuss how much 

one should or can trust their suppliers in the form of what their product contains. The case 

company today has a plan to introduce requirements that their suppliers must be ISO 14001 

certified according to the Purchaser (2022). This can be discussed positively towards the case 
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company, because a global standard can help to certify and prove with a higher level of 

certainty what is in the products. 

 

The company group is located in several continents and has more than 3800 employees, in 

this the supplier panel is included, with this it can be discussed that you have the power to 

make demands on suppliers that new materials and components should be able to declare 

their products impact on the environment and perform quality tests. Otherwise, the case 

company should be able to use its customers as a reference to increase its influence with 

suppliers. 

7.3 Environmental goals and models 

The case company states that there is a narrow focus on the environmental goals for the case 

company's department in Sweden because most of the production and emissions are made 

in the corporate group. This is explained by both the Purchaser (2022) and Project manager 

(2022). It can be discussed whether the case company sees itself as part of the production of 

the product or not. Project manager (2022) explains that more and more the case company 

integrates issues about environmental aspects in the daily work, this can show that the case 

company has begun to raise awareness. Awareness about environmental aspects and LCA 

is according to Pryshlakivsky and Searcy (2021) needed for an LCA to function as a decision-

making tool. 

 

When the case company has previously examined their environmental goals, they have 

concluded that they mostly focused on how much waste is used. This may be because they 

have not previously thought about what their products contribute to the environmental 

footprint. If you get an LCA process in the product's development process, it can be used to 

see the environmental footprint and then set new environmental goals with considerations of 

the products. 

 

The case company uses their DFE method that they try to follow as best as they can, such as 

environmentally hazardous waste and facility power consumption. Quality manager (2022) 

explains that these guidelines in the DFE can be quite complicated to follow. It can be 

discussed that these guidelines can be reviewed via an LCA tool and help the DFE become 

less complicated. This can simplify the process of implementing an LCA process into the 

company and at the same time replace certain steps from DFE e.g., checklist and reduce the 

barrier that exists when implementing new systems. 
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The case company uses their method DFE for decision-making regarding environmental 

aspects (Quality manager, 2022). The Quality Manager (2022) mentioned the challenges of 

the DFE, that the results had many categories, which made decision-making complex and 

unclear. Hertwich et al. (2000) argue that the best decision-making support tool is a tool that 

enhances the decision. Therefore, the LCA method can potentially improve the decision for 

the case company, decreasing the complexity of decision-making. Nevertheless, 

Pryshlakivsky and Searcy (2021) discuss that even if the information is perfect, decision-

making can be challenging to execute successfully. Which is important to consider. 

 

Implementing an LCA process can integrate the previously performed processes DFE and 

obtain more data and knowledge about the product. Millet et al. (2007) states that LCA is a 

tool accepted in the corporate world, and the Quality manager (2022) believes that the 

company is behind in the process of showing what impact they have, which strengthens the 

reason why the company should implement an LCA method into their products development 

process. 

7.4 The implementation of LCA for the case company 

When using LCA as a decision tool, several authors (Hertwich et al., 2000; Reimann et al., 

2010; Tillman, 2000; Pryshlakivsky & Searcy, 2021) recommend that LCA should be used at 

the beginning of product development when you can make a significant impact most easily. 

Even though there is a risk of significant uncertainties at this stage and a risk of bias 

(Pryshlakivsky & Searcy, 2021; Chang et al., 2014; Hetherington et al., 2014). Exactly what 

the product will consist of or even perform can be challenging to know at such an early stage 

(Pryshlakivsky & Searcy, 2021; Chang et al., 2014; Hetherington et al., 2014). Hertwich et al. 

(2000) express that bias/values will be presented in the decisions but that it is still helpful to 

take part in the perspectives an LCA provides. Mendes da Luz et al. (2018) state that early 

product development choices will be significant for the entire life cycle's environmental impact. 

 

The LCA performed at the company can be considered an LCA created in the middle stage. 

This is because most of the product's content is determined, but the product is not in 

production yet. Due to this, the results are mainly based on data from databases, not actual 

observations. The decision-makers must be aware of this limitation to mitigate impulsive 

decisions (Hetherington et al., 2014). In this intermediate stage, the company gets an overview 

of what the product contains and what materials or parts affect the environment. Here, one 

can get a good picture of whether the environmental goals will be achieved or not and what is 

necessary materials to consider (Mendes da Luz et al., 2018). 
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When the LCA was performed, it was found relatively difficult to obtain accurate information 

about the contents of the components. Manmek et al. (2010) discuss the cost and difficulty of 

obtaining all the data needed for a cradle to grave scoped LCA. Nevertheless, it can be 

discussed that if one from the beginning knows that an LCA should be performed, information 

can be added to the BOM to facilitate, such as the weight and content of components. This 

information can simplify both the process of an SLCA and an LCA. 

 

By creating a cradle to grave scoped LCA, the company would understand the emissions 

generated during development and use. A cradle to grave scoped LCA could act as a basis 

and benchmark for the following product (Mendes da Luz et al., 2018). Performing a cradle to 

grave LCA can be both costly and time-consuming. Such an investment could send positive 

signals to customers, employees, and other stakeholders and strengthen the image that the 

company cares about the environment. 

 

Since the hardware group is the ones who assemble the BOM with its components from the 

start of the development process, there is a need to acquire competence if the goal is to 

perform an SLCA. However, even if the case company implements a cradle to grave scoped 

LCA, the hardware group will probably need to adapt their decisions and implement new ways 

of working. Therefore, it can be discussed that any competence should be placed with the 

hardware group instead of the quality group.  

7.5 Where to place an LCA in the product process  

One of the advantages of implementing an LCA early or an SLCA in a process is that the 

methods give an accurate picture of what is in the product early. It is possible, in the early 

phase of product development, to change materials and at a lower cost. It is also possible to 

take a more environmental approach since the cost of the change is not as extensive the 

earlier the product is in the process. This holds true for authors (Colodel et al., 2009; Fleischer 

et al., 2001; Manmek et al., 2010; Othman et al., 2010) and the case company (HR manager, 

2022; Project manager, 2022; Hardware Team Leader, 2022). However, the disadvantages at 

an early stage LCA or SLCA is that one does not really know exactly what is in the product 

(Manmek et al., 2010; Hardware Team Manager, 2022). Chang et al. (2014) continues and 

highlights challenges such as vague definitions, uncertain inventory data and fuzzy 

environmental impact, and if that assessment fails, the LCA fails in the form of the entire LCA 

becoming inaccurate. It can be discussed that one should know what the product contains 

before performing an LCA or for the LCA to be as accurate as possible. This can be important 

in the decision-making process since for example, without price information, the decision-

makers can make an unrefined decision. The authors (Colodel et al., 2009; Fleischer et al., 
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2001; Manmek et al., 2010; Othman et al., 2010) also explain that one can detect things that 

are purely environmentally hazardous in the products at an early stage of an LCA, which they 

consider important. However, this is explained by the case company to be part of their process 

already because of the ISO 14001 certificates and the DFE method process where they are 

supposed to examine if there are environmentally hazardous materials in the product. It can 

be discussed whether the advantages outweigh the disadvantages at an early stage of an 

LCA. Most companies which use LCA at an early stage usually examine what material 

decisions to make (Hetherington et al., 2014). Pryshlakivsky and Searcy (2021) also argue 

that at an early stage LCA, decisions are often about different alternatives that are dangerous 

in different ways and one's bias will influence the decision.  

 

It can be understood that the company's process is structured so that they have a good 

understanding of the requirements at an early stage of the product's development process. 

They know what the requirements are and can therefore get a good picture of what the goal 

and scope of their LCA should be. This can indicate a reduction of the uncertainties around 

the goal and scope that exist at an early stage LCA. Since the company usually develops the 

products on a request, they get goals and scope from the customer while getting that request.  

 

In the middle of a product's development process, the information about the product's 

components and materials has become more valid compared to an early stage. The 

advantages in this case are more information of what will be in the end product, you can in 

some cases feel and see what the product will look like if a prototype already has been made. 

With more information about the product, a clearer picture of an LCA will also be created. This 

is because goal and scope and impact assessments for the LCA are easier to find and 

construct (Chang et al., 2014). This was noticed when the LCA in this study was performed, 

the case company was confident in their goal and scope and what they wanted in forms of 

units in the results of the LCA. The advantages can be discussed as there is still uncertainty 

about what the product contains in the middle stage LCA. This means that it is not confident 

about which components will be in the product, but often it is more information than in an early 

stage if compared. For example, it can be discussed that the results of the LCA for the case 

company is to consider the aluminum in the product as aluminum accounts for most of the 

transport's GWP and 62% of the product's GWP. Can recycled aluminum be used instead of 

the non-recyclable that is used, can the material be switched to any other material that is more 

environmentally friendly, or will the cost of the change be too great in the middle of the product 

process. Millet et al. (2007) believes that the LCA method is based on a fixed function, which 

makes the LCA static and therefore not well suited to perform in the middle of the development 

phase. Mendes da Luz et al. (2018) go on to say that an LCA in the middle stage is not enough 

help in the decision-making because when the components of the product are set. Companies 
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do not want to change those components because the costs are generally too high in this 

phase of development. But the authors also describe that in this intermediate stage, the LCA 

can review whether the environmental goals are going to be achieved or not (Mendes da Luz 

et al., 2018). 

 

At the end of a product's development process, there are benefits. Millet et al. (2007) believes 

that the LCA can be used to help make strategic decisions. All information about the product, 

how it is manufactured, how it is transported, and all goals and scopes are available. Mendes 

da Luz et al. (2018) believe that you can also use the LCA for marketing purposes, but that it 

is then essential that the LCA is communicated clearly, so it is not confused as greenwashing. 

The authors explain that a late LCA can be a reference for the following product. This 

presupposes that the LCA is made correctly with the correct information. The disadvantage 

Mendes da Luz et al. (2018) means is that it will be challenging to change materials or tools 

when the product is already in production. This is consistent with what has been said at the 

case company that it is expensive to change tools when the tools have already been ordered 

(Purchaser, 2022). It can be discussed that an LCA at a late stage is often presented as 

greenwashing as it has not been intended to change materials in its product. However, if this 

is used as a reference for future products and marketing decisions, there is a reason to perform 

the LCA late. 

7.6 Recyclable Materials 

Purchaser (2022) explains that a process that generates waste that can be reused, can look 

better from the public perspective when the company can show that the material is recycled, 

compared to a process that does not generate any waste at all. However, with the help of an 

LCA, this can be revealed since the waste can only be reused a few times. If the company 

performs a cradle to grave scoped LCA, the recycling potential may become more apparent. 

The case company works with guidelines where one goal is to design recyclable/modular, but 

there is still no evidence of how this affects the environment. Only the points in the DFE 

checklist indicate a direction. This can diffuse the process and lead to the DFE losing strength 

in the employees and, hence, their focus. A cradle to grave scoped LCA can graphically show 

what the effort yields as a result. It is not assured that it is positive, but the company can 

determine where to direct its focus. 

 

Purchaser (2022) says that it is challenging to get requirements for recyclable materials on 

the "list" of suppliers that the supplier panel develops. This can result in selecting a mediocre 

supplier from the list instead of considering other better candidates. It can be discussed 

whether one can put higher pressure on the supplier panel to introduce more recyclable 
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materials. Hardware engineer (2022) also says that recycled materials are rarely used as 

these can not guarantee the same quality. In connection with the problematic requirements 

specifications, it naturally falls on non-recycled materials. A solution to this can be SLCA that 

can be used to review alternative solutions. 

 

The LCA in this study concluded that aluminum in housing is the material that emits the most 

carbon dioxide in production and transport. This can be discussed because the aluminum 

used in this product is not recycled material. If the material had been recycled, the result of 

the product's environmental footprint could change towards a more positive one. 
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8 Conclusion 

The purpose of the scientific thesis has been to investigate what corporations in the 

automobile industry can do in forms of limitations and possibilities of using LCA as a decision-

making tool and where in the case company's product development phase it is most suitable 

to implement a LCA model. This fills the knowledge gap in the literature of where it is most 

suitable to implement an LCA in an automotive industry company and the complexity of the 

LCA model is explained in the forms of limitations and potentials of the LCA as a decision-

making tool. Another purpose of this study was to increase knowledge for the case company 

from both theory and a practical LCA. 

8.1 Findings 

In this section, the conclusions are presented of the findings in discussing the results. 

8.1.1 Decision-making and LCA 

The demand from customers and society is continuously increasing in the automobile industry 

to be able to declare sustainability work. With a recognized tool such as LCA, a company in 

the automobile industry can showcase its sustainability work, benefit from environmental 

inputs from the LCA results and, at the same time, build up awareness and knowledge in the 

company. A cradle to grave scoped LCA will give the company an overview of the entire 

lifecycle and display contributing processes that can later be inspected.   

 

If the company has a similar production process as the case company, an SLCA can be 

recommended, even though there are several uncertainties in the early phase, the 

involvement throughout the company can be beneficial for future environmental work. It can 

generate a feeling of involvement and increase the workers' willingness and attitude toward 

sustainability work. Further, it can help reduce the time for the later processes of the LCA with, 

e.g., information gathering. SLCA can, in an early stage, be used to compare different 

materials and processes. A cradle to grave scoped LCA can expose where most of the 

emissions are generated in the life cycle, and from this information act. However, the climate 

changes bias in the automotive industry needs to be considered and observed in decision-

making so that other types of emissions do not get overlooked.   

 

The case company's environmental work DFE has a category to investigate if the product has 

any hazardous materials, which the LCA answers to as well. An SLCA will allow the case 

company to highlight potential environmental improvements even before sending the 

quotation to the customer. Since a decision-making tool is about the preferred values and 
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scientific values, an SLCA is a potential support tool in the early development process. In the 

case company, a recommendation is to further work with an SLCA or LCA so that the process 

could replace the present work done by the DFE. Since the process of the DFE is included in 

the work of an LCA or SLCA. 

  

Since the DFE results are described as complex, it can cause limitations in decision-making. 

The LCA method is strait forward to conduct following the ISO (2006b) standard, and the result 

reflects what is set up by the company in the goal and scope. Hence, the results are not 

complex, which can be seen as a potential in decision-making.  

  

Sometimes the intention within the company can counteract the implementation of a new 

process. In this case, the knowledge and awareness in the company need improvement to 

handle specific changes, like an LCA process. It is suggested to spread the knowledge of LCA 

in the case company.    

  

Finally, LCA and SLCA as decision-making support tools have mainly two potential limitations. 

Firstly, the reliability of the gathered data can be flawed, and if the data is vague, decision-

making will be affected. Secondly, it can be costly and complex to fulfill a cradle to grave 

scoped LCA, which can lead to LCA not being used to its full potential and, therefore, not worth 

the effort.   

8.1.2 LCA - Early, Middle or Late 

Opportunities and challenges in where to place an LCA, early middle or late is presented below 

(Table 6). The table is built from discussing the empirical results together with the theoretical 

framework and presented to more accessible comprehend opportunities and challenges on 

where to place an LCA method in the case company.  
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Phase Opportunities Challenges 

Early ● Tool to expand with the BOM 
and see what is in the product 
early which helps for the 
understanding of the product at 
all parts of the development 
phase 

● The results from the LCA can 
be used as a decision tool in 
material and design 

● Changes of materials are 
financially defensible 

● Findings of hazardous 
materials and processes 

● Better information flow between 
suppliers and case company 

● SLCA can be easier to adapt 
and implement for companies 
since it is less complexed 

● Bad and unreachable 
information about the product 

● Hard to set up the goal and 
scope of the LCA 

● Potentially low accuracy on 
environmental footprint 

● Implement an information 
connection with suppliers 

● Find the extra time for the LCA 
process 

● Finding can be misleading in 
decision-making  

Middle ● The BOM is partly set, which 
helps the LCA work 

● The goal and scope of the LCA 
is easier to construct than early 
stage 

● The LCA can be used to see if 
the environmental goals are 
going to be achieved  

● Information about the product is 
still vague and some 
components are not set 

● Changes of the products 
materials that is set is 
challenging  

● Vague results make decision-
making challenging 

● The manufacturing process is 
not yet started which makes it 
hard to estimate e.g., energy 
consumption  

Late ● The product is in production, 
which means that the parts, 
materials and how the products 
transportation is done. 

● High information about goals 
and scope of the LCA 

● LCA result can be used as a 
solid decision-making tool due 
to the validity of the LCA 

● The result of the LCA can be 
used in marketing purpose with 
high validity 

● The results can be used as 
reference with coming products 
or other products on the 
market. 

● The results can help the 
company to make strategic 
decisions 

● Easy to be confused with 
greenwashing, since the LCA is 
not made for the specific 
products environmentally 
change 

● Hard and costly to change 
materials if hazardous materials 
or the environmentally goals 
have not been achieved 

● Can be challenging and costly 
to complete a cradle to grave 
scoped LCA compared to an 
SLCA 

Table 6 - Opportunities and Challenges in the making of the LCA 
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The case company is strongly advised to find time for an LCA in their development process in 

the future. Regardless of where the case company places the process in product development, 

there are opportunities and challenges. It is a question of what the case company wants to 

achieve with the process. If the validity of the LCA result is primarily what the case company 

desires, then a late staged LCA is recommended. Nevertheless, if the company wants to work 

for their products' environmental footprint, an early SLCA is recommended for the fact that the 

materials of the product can be switched to a more environmentally friendly material. The 

middle LCA made in this study can work as a guideline and a benchmark for the company for 

the following product. Otherwise, performing an early or late LCA is more effective. The 

guidelines can include goals and scope choices, Gabi Software evaluation, and impact 

categories. The benchmark can include using the results of this LCA study to compare and 

evaluate another product. To conclude, the decision comes from weighing challenges and 

opportunities to answer the question of where to place an LCA in the development process of 

a product.   

8.2 Future research 

To deepen the understanding of how the different types of LCA affect the results, we suggest 

investigating all three LCA stages discussed in this thesis (early, middle and late) on one 

product. Follow a product on a case study from the design phase until it is in series production. 

That kind of study would show how much, e.g., in what way the validity of the LCA results 

changes throughout the different stages.  

 

This study ended before the decision-makers at the case company had executed any 

decisions. For future work, an investigation of what decisions were taken and why, while 

considering this LCA study, would be fascinating for an understanding of the decision-making 

process of a company in the electronic industry.  

 

Execute an LCA with a broader scope, meaning adding, e.g., energy used at the factories. 

Also, with different kinds of impact assessments, only GWP was conducted in this thesis due 

to time constraints. This is to see how decision-making is affected by different perspectives.  

 

Social and economic aspects of the sustainability pillars could be added to the LCA studies 

since they are overlooked in the process as it is now.   
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Appendices 

Appendix 1 - questions to the semi-structured interviews 

Please answer the questions as best as you can, since we are not sure who has a specific 

knowledge at the company, we send all questions to everyone. 

 

Starting questions: 

1. What is your name? 

 

2. Which department do you work in? 

 

3. What do you work with? 

 

4. What do you know (briefly) about Life Cycle Assessment? 

 

The LCA 

5. Why do you want to do LCA on this product? 

 

6. Why do you think your company wants to perform an LCA on your products? 

 

7. Cradle to gate (from raw materials until the product leaves your factory) and level 2 

(the environmental impact of production in the factory) is this what you want to look 

at? 

 

8. What types of pollutants do you want to look at? Co2? Global Warming Potential 

(GWP)? 

 

9. Which unit do you want to use in the result? 

● hours of use? 

● per Product? 

 

10. Are any recycled materials used? 

 

11. Waste during manufacture, how do you take care of it? Is it recycled, or is it thrown 

away? 

 

12. What does your product development process look like? 

 

13. Do you have your own R&D department in Linköping? 

 

14. When in the process is there a great opportunity to change materials? 

 

15. Is it possible to change material between two different prototypes? 

 

16. What is "needed" for you to choose to replace a material? What are the priorities? 

 

17. Do you have the opportunity / willingness to expand the workforce to create a more 

detailed LCA plan? 
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18. How much opportunity do you have to influence manufacturing processes on the 

material you buy? 

 

19. Do you have "fixed" suppliers who can make certain changes difficult? 

 

20. Are you the ones who decide which materials to use in the product? 

 

Environmental questions: 

21. Do you have any environmental requirements for your development? 

 

22. What goals do you have for environmental issues? 

 

23. What requirements do you want in the future? 

 

Finishing question 

24. Is it just to send an email if we should come up with more questions? (As this is an 

iterative process, the probability is quite high for more questions) 
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Appendix 2 - Calculations for GWP in Excel.  

 

This was doubled to estimate the transport of the raw materials to the suppliers. It includes 

the countries for the scenario of transport, kilometers to a warehouse in Europe in boat or 

truck. The weight and the GWP per 1000 products. 

The card: 

 
The housing: 

 
 

A conclusion of total weight for the parts of the product.  

 
 

The distance from the warehouse to the case company's assembly factory by boat, total 

weight and GWP per 1000 products. 

 
 

To calculate the transport, the following table was used.  
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