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Sammanfattning  

För att skapa ett hållbart samhälle, ekonomiskt och ekologiskt kan konceptet 
Cirkulär Ekonomi ge stöd och ha betydelse för att aktörer inom samhället ska 
styra mot mer hållbara lösningar. I motsats till att slita ut och därefter slänga 
produkter, är underhåll, återanvändning, återtillverkning och återvinning 
viktiga delar i en resursoptimerad process där material ska cirkulera i en 
sluten cykel så länge som möjligt. Hur ska dessa steg genomföras inom 
tillverkningsindustrin och hur kan en möjlig affärsmodell med fokus på 
Cirkulär Ekonomi se ut? 

I denna uppsats presenteras en fallstudie för tillverkande industri, GKN 
Sweden Aerospace. Studien argumenterar för en kombination av 
affärsmodeller, ger förslag på hur man kan utvärdera legeringar och bidrar 
slutligen förslag på eventuella tekniska framsteg; tre delar som tillsammans 
kan bidra till en hållbar affärsmodell. Förslaget bygger på flera intervjuer med 
olika chefer på olika avdelningar i företaget, såsom finans, service, 
produktutveckling, produktion, inköp, eftermarknad och kvalitet.  

Syftet till att införa fler lösningar i linje med den cirkulära ekonomin inom 
flygindustrin, beror i huvudsak på utmaningar såsom beroendet av sällsynta 
ämnen i sina legeringar, långa produktionstider och lång livslängd på 
produkterna på marknaden. Dessa utmaningar innebär således en finansiell 
risk för företaget där en cirkulär affärsmodell gör företaget mer självständigt 
och mindre känsligt för ovan nämnda yttre utmaningar. Det finns även ett 
behov av ökade kunskaper inom området strategisk hållbar utveckling och hur 
det påverkar den egna framtida produkt- och produktionsutvecklingen för att 
undvika en beroendeställning av ändliga, dyra och marknadsbegränsade 
material. 
 
Vid benchmarking av GKN Aerospace Sweden nuvarande affärsmodeller för 
sina olika modellprogram kom vi fram till lösningen för att hålla kritiska 
material kvar i loopen. Det krävs en kombination av en hållbar medvetenhet, 
en teknisk innovationsplattform och en värdeproposition till kunder där den 
innebär mer än enbart den fysiska produkten i sig. Vårt förslag för att få en 
Cirkulär Ekonomi på GKN Aerospace Sweden: i) Att aktivt få en inblick och 
eventuellt äga större del av produkternas livscykel, från utveckling, 
produktion och underhåll; ii) Att fortsätta den pågående utvecklingen av 
"Additive manufacturing" på grund av dess kostnadseffektiva potential och 
smidiga användning i industrirelaterade verksamheter, och iii) Att använda 
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återvunnet material såsom uttjänta komponenter och metall spån som 
ingångsmaterial vid nytillverkning och underhåll. Dessa förändringar kan 
tillsammans bli en lösning för GKN Aerospace Sweden för att bidra till en 
hållbar utveckling, ekonomisk som ekologisk.   

 
Nyckelord:  
Hållbarhet, Utveckling, Process, Återtillverkning, Koncept, Material, Flöde 
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Abstract  
 
Circular Economy can provide support and is significance to society for the 
direction towards a more sustainable economical and ecological environment. 
In contradiction to use a product and then discarding it is reuse, 
remanufacturing and recycling important pieces in recourse optimized process 
where materials are not systematically leaving the loop. But what should these 
actions and business models be for a company in the manufacturing industry 
that focuses on Circular Economy  
 
This master thesis will present a case study for the manufacturing industry, 
GKN Aerospace Sweden. The study argues for a combination of multiple 
business models, evaluating and finding critical metal alloys and investigates 
manufacturing technologies for Circular Economy. The data was collected 
from conducted interviews with managers at different departments ranging 
from treasury, product development, production, after market, quality and 
material-handling.   
 
Rare and expensive metal alloys, long lead times for productions and long 
lifecycles for the produces components are the purpose for the 
implementation of solutions for how to reach a Circular Economy within the 
aerospace industry. These challenges are not only a financial risk but also 
make a company vulnerable for external threats. There is a need for more 
knowledge about sustainable development and material handling for product 
development to avoid dependence on rare, expensive core materials. 
 
We found, during the benchmarking of GKN Aerospace Sweden current 
business models, that the solution to reach Circular Economy must include a 
combination of sustainable awareness, technical innovation platform and a 
value proposition to customers, which consist more than physical products. 
Our suggestions to the company for them to implement Circular Economy are 
the following; i) actively try to get an overview and own a larger part of the 
products lifecycle, from development, production and maintenance; ii) 
continue the development of additive manufacturing because of its cost 
efficient potential and its efficient use of metal powders; iii) use recycled 
metal chips from manufacturing as input material to new production and 
maintenance. These changes together are a solution for GKN Aerospace 
Sweden to contribute to a financial as well as ecological sustainable 
development. 
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1 Background 

 
“Sustainable development is development that meets the needs of the present 
without compromising the ability of future generations to meet their own 
needs” (Brundtland 1987). We are currently living in an unsustainable world 
where we are continuously using more of limited resources for consumption, 
polluting the water and air with chemicals, emptying the seas of marine lives, 
cutting down rainforest and suppressing people under wars and poverty. This 
has to change but where and how?  
 
In 2010, the world famous sailor Ellen Macarthur started the Ellen MacArthur 
Foundation whose main purpose was to spread the knowledge of circular 
economy to both businesses and young minds. Circular Economy is a 
restorative system that is in itself self-sustainable and where materials in the 
system are not discarded systematically (Ellen MacArthur foundation 2015). 
The goal in Circular Economy is to always strive towards using materials at 
its highest value in every step of the process. This means that every step of a 
materials lifecycle should have a minimum of energy and material leakage but 
also that the materials are reused and recycled as much as possible. This is not 
only done by recycling, but with upcycling. A method of not only salvaging 
value but making something more valuable with used materials (Pilz 1994). 
There are companies such as Bosch and Ford that are already starting to 
increasingly shift their repair service from only mending parts to 
remanufacturing. Currently they are reselling old parts with new quality 
control, cheaper and more sustainable than newly produced parts (Ellen 
MacArthur foundation 2015). The Circular approach includes all parts of a 
products life span from the design, production, distribution, usage and 
recycled phases for maximum captured value.  
 
GKN Aerospace Sweden is a company located in the Swedish city of 
Trollhättan, which produces components for the aerospace industry, both civil 
and military. GKN Aerospace Sweden and the entire flight industry are a part 
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of the society, which is part of the ecosystem itself and can choose how their 
future impact on sustainability will be. One possibility is that a more 
sustainable business practice would open more doors for future growth and 
lower risk in a market that are increasingly competitive and continually harder 
regulated, for example 90% reduction in NOx emissions, noise emission of 
flying aircraft reduced by 65% to 2050, also with more sustainability demands 
(ACARE vision 2050).  
 
Circular Economy is a new research area for GKN Aerospace Sweden as a 
first tier manufacture to approach sustainability and this thesis will provide 
valuable insight in what impact the implementation of Circular Economy 
could have on the GKN group and its products. More specifically, how would 
a business model look like if it was built around Circular Economy. 
 
The aerospace industry has often long development time where for GKN 
Aerospace Sweden around 7-10 years, long production phases up to 30 years 
and a long product life span of 30-40 years. This long-term business has its 
challenges in terms of new materials and new business models. (GKN 
Aerospace Sweden 2015) 
 
The challenges that are facing the aviation industry today are not only from 
harder emission regulations but also from the amount of materials available 
on the market for an affordable price. The price fluctuation on the global 
market for Titanium and (Ti) advanced Nickel (Ni )alloys has varied greatly 
the last years due to the increasing demand for the use of materials in different 
industries (Infomine 2015). This is of course a risk and could result in longer 
lead times in production and delayed delivery to the OEM. Since titanium is 
the fourth most common structural metal in the earth's crust (Gerdmann 2001) 
it is not the scarcity of the material that affects the high price but rather the 
complexity and energy consuming process of purifying the metal and melting 
it into the useful metal it can become. There are also other potential problems 
related to the mining of titanium since the material is usually mined in the 
third world countries, where environmental regulations are not as strict as in 
the western world (J. O. Z. Abuodha 2010). 
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The Titanium is not the only metal used in a jet engine, nickel based alloys 
such as Waspaloy, Inconel, Haynes are other materials used for the engine 
components. These alloys are extremely expensive to buy and are needed 
because of their heat resistance abilities. The combustion part of the jet engine 
has temperature reaching as far beyond 1000 degrees Celsius where 
conventional metals would melt (Stanford 2004). 

There are huge investments needed in both time and money for an OEM to 
develop a new engine type and it is therefore a project surrounded by large 
risks, which needs to be minimized. An example from the military side is the 
RM12 jet engine that drives the JAS Gripen. The engine has been in service 
since 1997 in the Gripen and will continue to do so for several years forward. 
(GKN Aerospace Sweden 2015) 
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2 Purpose 

 
2.1 Research question 

GKN Aerospace Sweden is in the first phase of investigating Circular 
Economy (CE) in order to see if it could be used to benefit the society 
ecologically and the company economically. The goal is to find existing 
processes, identifying problems and to introduce the concept of Circular 
Economy within the company. 
 
The research question for this master thesis project is therefore:  
What are the challenges and opportunities when implementing Circular 
economy into the lifecycle of a first tier supplier in the aerospace industry? 
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3 Method for research process 

There is a general research process for qualitative research projects in 
business studies. The sources and sites are companies, organizations and 
universities for empirical data. For a successful qualitative research process 
there are “observations, open interviews, focus groups and case studies 
require methodically either close or intense contact, or acquired access to the 
organization, institution, company or group in question” according to 
Eriksson & Kovalainen (2008). 
 
The research process can be divided in five steps. The two first steps are 
where the data collection is performed. Data collection includes the 
interviews, observations and data resources. Data resources are for example 
academic & research papers, documents and reporting papers from companies 
and other literature review. The others are analysis of data, concept 
development and the results received from empirical studies. In practice the 
research process is rarely or never linear and straightforward with its steps. It 
is more circular and after one, two or three steps the researcher may go back 
to the first step to better understand the problem question, refine it and 
continue in another way instead of the perhaps planned strategy that was 
made in the first moment Eriksson & Kovalainen (2008). 
 

 
Figure 1. Research process for our business development. Inspired by 
(Eriksson & Kovalainen, 2008) 

Interviews Data 
Sources 

Concept 
Developm

ent 

Empirical 
Results 

Data Collection 

Analysis of data 
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In the first step of our research process a pre-study was made with interviews 
included. The interviews were the main approach of gathering data. The 
interviews were mainly done with managers and some regular employees at 
the company. The interviews were mostly unstructured with open questions. 
In the early investigation phase there were at least some organized questions 
such as what the interviewee’s thoughts and knowledge were about Circular 
Economy.  
 
The next step after the interviews was data sources. For further information 
and better knowledge a document review was made, both internal and 
external. The documents that were studied were internal company documents 
from GKN Aerospace Sweden (GAS) and theoretical research papers relevant 
to the topic from previous research and books from the Blekinge Institute of 
Technology’s database. Much of the data covers the theoretical part of the 
thesis project, but also used to define the method and to reflect on the results. 
There were also some quantitative data and statistical data collected for the 
result. The information in the documents was used as a complement to the 
interviews.  
 
 
The third step was concept development. In this phase of the research process 
concepts were developed including alternative material flows and which 
position in the value chain and what type of business GAS could have. An 
identification provided six different current business cases at GAS. From this 
identification an evaluation of all the concepts was made and suggestions for 
these six business cases were made based on the parameters developed for 
circular economy. The evaluation of business cases with the chosen 
parameters were analyzed and discussed. There were 11 parameters in total. 
All 11 parameters could be interpreted as measurements where they should 
cover the sustainability goal, the technical capability and measurement in 
terms of implementation time. Also in the business side, if the concepts were 
more service or product oriented. As on the technology side Additive 
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Manufacturing (AM) was analyzed in order to conclude if it has potential and 
could be a core for usage in remanufacturing the components. In this step also 
an assessment was made on the material criticality at the company. The 
purpose of this assessment was to find out which of the alloys in the company 
were the most critical based on a long term sustainability perspective, using 
backcasting from the Sustainable Principles which are described under the 
chapter (4.2.1).  
 
The fourth step shows the results which were received from the concept 
development which can be viewed under the chapter (5) Results. The last 
stage also includes the analyses and discussion of our business cases and 
results. From the evaluation we received a ranking from the new suggested six 
different business cases, the outcome of this ranking was a seventh concept 
which was suggested to GAS and also became our main suggestion as an ideal 
business case for GAS. The evaluation of business cases and the parameters 
were analyzed and discussed.  
 
The analyses of data were conducted continuously. It was conducted in the 
three first steps of the research process. Many different sources were used in 
order to increase the reliability. Here we collected all the data from documents 
and interviews to find similarities and differences. Some interviews we had 
with managers and regular employees where he or she had 20 years of 
working experience in the aerospace industry or similar, they had a 
specialized competence and expertise in their respective field. How the 
specific product is manufactured from minor material parts, repaired, used, 
shipped and sold is data we collected from different sources, mainly from 
interviews and document reviews. We also analyzed statistical data based 
from historical product management, to understand the current reality of 
internal process of the specific product and eventually use in our results.  
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3.1 Interviews 

Collecting data from interviews was the first task in our qualitative research. 
It is done in order for identifying potential needs. Interviews and observations 
complement each other where observations are the more complementary 
method in order to better understand the context of the gaining information, 
when identifying needs (Griffin & Hauser, 1993).  
 
Three most commonly used methods (Patniak & Becker 1999) are focus 
groups, interviews and observations. These methods are common for 
qualitative research and acted or done in need-finding phase in the pre-study 
(Patniak & Becker, 1999). 
 
In the pre-study, around 40 people were interviewed at the company. A series 
of interviews were done with employees that have various backgrounds at 
GAS. The managers and regular employees have different experience, 
knowledge and expertise from their respective departments. The main 
departments were Development, Manufacturing and Business. There were 
different numbers of the employees that were interviewed in the departments. 
It means that there were not an equal number of interviews for every 
department at the company.  
 
The aim was to receive informative data, and gain much and various 
information from different perspectives. In order to get the big picture of the 
company the data gained from interviewing employees allowed us to 
understand the level of business complexity of the company a bit deeper. 
From this first pre-investigation an approach of the lifecycle was made for the 
products. Furthermore this investigation was used to identify potential 
problems in all sections of the company. The interviews were almost always 
unstructured but some questions were regularly, such as introduction 
questions. Some examples of questions are mentioned in the next section. 
 
According to Ghauri & Gronhaug (2010) there are different ways of making 
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interviews. The most common are structured, semi-structured and 
unstructured interviews. Unstructured interviews are often made with a full 
liberty for the employees of talking and express opinions and reactions on an 
issue, which is lead by the interviewer. The questions are unstructured which 
means that they “are not systematically coded beforehand” (Ghauri & 
Gronhaug, 2010). Our interviews were made unstructured at the first phase, 
which was the pre-study of the work. We had open questions to get a good 
understanding of the work and processes at the interviewee’s department. An 
open question could for example give information of how the specific product 
is manufactured or how it is used or treated in the end-of-life phase. See 
Appendix 2 of some examples of what questions that asked in this pre-study. 
The purpose of the questions was to receive their opinions and their personal 
experience regarding PSS, CE, value chain and future technology. This was 
an effective method of identifying one or several potential challenges in 
relation to CE at GAS.  
 
The data were analyzed from the interviews continually and managed to get a 
representative sample of answers ranging from production manager, product 
managers and economists. The total amount of interviews conducted was 
around 40 and therefore we got a good overview of every business area 
(department) of the company, for example research & technology department. 
Our results covered almost all parts in the process of the material flow, the 
environmental impact of it and current business models for it because of the 
difference in backgrounds of the interviewees. There were project leaders, 
product developers, business developers, marketing managers and process 
managers. The goal was to extract data for new ideas but also to learn the 
existing practices and material handling.  
 
Observations were made indirectly alongside with the interviews. It verified 
the questions and provided completed results when there were eventual 
misunderstandings between us and the interviewees. Since it were almost 
always both of us attending the interviews, one of us could sometimes take a 
more the passive part in some of the interviews in order to take notes while 
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listening and observing, at the same time the other one took a more active part 
in asking questions. 
 
The interviews were made in different departments within the company. All 
the persons we interviewed had a direct connection to GKN Aerospace 
Sweden and were representative of the average age and gender of the 
company. The average age was around 45 years old and represented a 
majority of all men. We divided the data from development into two groups, 
Research and Technology (R&T) was one and product development the other. 
The same thing was done in Production where we divided the interviews into 
the two groups, Manufacturing and Service. The business and economic 
related interviews were divided into PSS and “Pay per parts” as shown in the 
figure 2. Figure 2 also shows the distribution between the total of 40 
employees and their backgrounds which we did our interviews with. 

Figure 2. The relation between groups of the department where we got our 
data from the interviews 
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3.2 Data sources 

Data collection includes both interviews and literature reviews as mentioned 
in the research process. Literature view or data sources are also called 
secondary data. With secondary data there is much information available on 
the internet and the reliability increases when many sources with scientific 
background tell more or less the same story. The advantage is that it gets an 
increased reliability and high quality of the sources which helps the researcher 
to better understand their research problem (Fanning, 2014; Ghauri & 
Gronhaug, 2010). Secondary data or literature review can help researcher with 
the following according to Ghauri & Gronhaug (2010); answering/solving 
research questions and/or problems, helps in formulating the problem 
question, helps the researcher to suggest better research methods for a specific 
problem and provides measures in benchmarking which can be compared 
later in the results. Some examples of different data sources according to 
Ghauri & Gronhaug, (2010) are quoted below: 
 
“Websites of different companies and organizations.” 
 
“Studies and reports of institutions and departments such as universities, 
telecommunication departments, marketing and other research institutes, 
chambers of commerce and foreign missions such as embassies, trade centers 
and consulates.” 
 
“Textbooks and other published material directly or indirectly related to the 
problem area.” 
 
In this stage many document reviews were made widely which includes 
different research papers and articles. The approach of theoretical information 
is partly acquired from Blekinge Institute of Technology library and its online 
database. The access of document review in GKN Aerospace Sweden 
internally were stricter controlled, depending on who wants to get the access 
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to its information and to what kind of information. We took advantage of 
those who were open for thesis students. 
 
 
 
3.3 Concept Development 

 
In our degree work we chose three aspects to consider when investigating and 
writing the paper. Our research is based on the aspects which a proactive 
company should consider; a successful business model, contribute to 
sustainable development, and having a competitive technology. Why we 
chose these is to give a complete overview of how a company successfully 
can develop in line with a sustainable society. Therefore in this section the 
methods of evaluation for different businesses are shown and the method 
behind the material criticality list assessment. 
 
 
3.3.1 Identification of different business cases 

From the interviews we identified different business cases at the company. 
The business cases which were identified were six and all are currently in 
usage at GAS. These were mapped out visually into different models for 
GAS. The identification was based from all the engine programs and gas 
turbine programs that currently are in GAS’s business. There follows also 
various amount of customers, different kind of contracts with the customers 
and they have different regulations set up. For these models an idea 
generation was made of how these mappings, for each of the business case 
(six in total) could look like with other departments included in the mapping, 
such as remanufacturing department and end-of-life section. The focus was on 
the material flow between the departments within GAS and to its suppliers 
and customers each of the business cases at GAS were mapped up in the value 
chain with its customers and suppliers. The new ideas for these new 



25 

departments ideas were either GAS owned or supplier/customer owned 
depending on what kind of business case we looked into.  
 
 
 
3.3.2 Pugh Matrix Analysis 

 
The current business cases were ranked, using the Pughs matrix. (Cervone 
Frank, 2009). Pugh matrix analysis (PMA) is used to compare different 
options which are based on selected criteria. PMA and its usage in research 
context are described as where it “can be used in situations where there is 
more than one factor that may be the significant driving force in a project. 
Using the PMA process helps the project team select the best possible option 
or options when there are a large number of good alternatives, and 
potentially many intervening factors, that must be taken into account.” 
(Cervone Frank, 2009).  PMA is a simple matrix and effective in using to 
evaluate business, technology related or other topic which involves different 
options or actions and the need is to compare them. With PMA the need of 
complex mathematical formulas are not necessary and minimized. 
 
When choosing factors it is important to select the most important ones in 
order to avoid an extended PMA with too many of the factors. Since all the 
selected factors are not equally important often better results is given when a 
extra dimension is added which is called “weight”. It weight the importance 
of the factors compared to each other. The next step in PMA is to define a 
relevant baseline which all the chosen factors can be compared to. The 
baseline could either be the current product or service in the company or one 
of the alternative factors that is identified in order to design a new product or 
service. After defining the baseline next step is to evaluate each of the factors 
in comparison to the baseline by noting it with better (+1), the same (0) or 
worse (-1). This evaluation gives a direction for if the selected factors are 
better, same or worse than the baseline factor (Cervone Frank, 2009).          
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Figure 4. Example pugh matrix with team member data (Cervone Frank, 
2009) 
 
In our PMA, 11 different factors were chosen to evaluate the concepts. The 11 
different factors are meant to cover the three aspects which are sustainability, 
technical advantage and business case. The factors are part of our results and 
under the result chapter there is more information about our selected factors 
as results. The identification of the business cases that are currently in action 
at GAS were six in total as mentioned before. The most common business 
case at GAS right now was chosen to be set as the baseline in the PMA, which 
in this case was Model A. The others are in comparison with Model A. The 
PMA was done in order to see the ranking of all the models. From the ranking 
a new 7:th model were suggested to GAS as the result.                                 
 

3.3.3 Assessment of material criticality list 

 
An assessment on material criticality was listed in which its purpose was to 
increase the awareness and the understanding of which materials within GAS 
were least sustainable according to a long term sustainability perspective 
(Hallstedt & Bratt, 2015). A first suggested ranking of alloys from a future 
availability and sustainability perspective is suggested in this thesis. This 
ranking bases on the material criticality of the alloys that are used in GAS's 
components. The material criticality was a detailed assessment developed by 
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our supervisor at Blekinge Institute of Technology. In this assessment list 
there are different methods that have been developed from different sources. 
Some of these methods are mostly related to material availability and high 
supply risk, while other methods are more related to sustainability issues. The 
materials in the different alloys were assessed with a yellow, red or white 
filling. Yellow means that the material is critical and red means high critical. 
White means that the material is not considered. The ranking of these alloys 
with their materials included were based on three criteria. The criteria were 
the following (Hallstedt & Bratt, 2015);  
 

 evaluation based on a total of 1 kg alloy,  
 evaluation based on the total amount of materials in the specific alloy,  
 evaluation based on the amount of methods which classifies the 

materials as critical.  
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4 Theoretical framework 

 
In this section we laid the theoretical background for our method and results. 
The theory behind Circular Economy was described and we brought up some 
practical cases for it. The cases are for which some companies already have 
applied Circular Economy today. The company cases are not necessarily in 
the Aerospace industry. Further we looked into three different aspects which 
together could contribute to Circular Economy. The aspects were the 
following; the sustainable development, the technical and the business model. 
We focused on the approach based on a Framework for Strategic Sustainable 
Development (FSSD) within the sustainable development aspect. Further we 
analyzed additive manufacturing and remanufacturing potential within GKN 
Aerospace Sweden, on the technical aspect. As on the business model aspect 
our main focus was on the PSS and its approach to sustainability.         

 

4.1 Circular economy 

 
There are two principles on how economy can be described; as a linear or as a 
circular system. The linear economy is commonly described as a “take-make-
dispose-system”, where one uses resources for manufacturing a product, uses 
that product and disposes it after a period of usage. This is how material usage 
is today and functionality processes look like, in most companies of the 
manufacturing industry. Many theorists emphasize, that the linear way of 
business is not sustainable in the long-term perspective, because of the 
limitations of the linear model of resource consumption. Circular economy 
does not systematically deplete the environments resources as linear economy 
does (Yuan, Bi, Moriguichi 2006). 
 
There are several companies today that work with and within a circular 
system. When using research and business model implementation, for 
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working towards circular systems, companies have been given different 
results so far, depending on which organization one looks into. Every 
company can customize their own business model for approaching a circular 
system, and there are no specific guidelines and strategies to follow. 
However, there are orientations and methods that help companies with linear 
economy systems to think and act differently, and eventually change their 
business model. Since a company’s primary goal is profitability, economical 
profit has to be integrated with the sustainable dimension through innovation 
and still make those desirable values within the company and eventually new 
values. 
 
A circular system can make improvements in many fields. Remanufacturing 
parts of products for example with additive manufacturing as a method is one 
way of keeping the material and products in a circular loop. This can lead to 
better assessments when selecting materials and improvements in the product 
design. Improvements in product design can be the standardizations of 
components, a design for easier disassembly for products and/or components 
and flows with purer materials which are desired within a company (Ellen 
MacArthur Foundation 2014). 
 
 
4.1.1 Cradle to Cradle 

 
The Cradle to Cradle concept philosophy considers all kind of materials 
involved in flows and processes as an input when it reaches its end-of-life, 
both in industrial and commercial setups. The Cradle to Cradle design 
includes two aspects, the biological and the technical. The framework also has 
it focus in how material flow can have positive impact on the environment 
rather than of today’s thinking of how to reduce negative impact on the 
environment. The objective of the model is having viable integrated processes 
between the technical and biological flows and their both metabolism and 
usage with each other with no waste existing. (Ellen MacArthur Foundation 
2013)   
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The parts in the technical are maintenance, reuse/redistribute, remanufacture 
and recycle. These parts could work as a "path" to take back the material in to 
the service provider, product manufacturer and part manufacturer for further 
deliverable to the user as the Picture 5 below shows it. 
 
 

 
 
 
Figure 5. Illustrates the cycle of biological and technical materials (Ellen 
MacArthur Foundation 2014) 
 
As mentioned before Cradle to cradle includes two aspects, biological and 
technical. With a cradle to cradle approach and a well integrated business 
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model for it is required in order of providing long term value and profit to a 
company. To successfully reach circular economy a company would need to 
consider three aspects in total, which are the biological (sustainable 
development), the technical (technical capability) and a business model that 
involves both of them in order to operate them and to propose new value 
propositions (Ellen MacArthur Foundation, 2013) 
 
 
4.1.2 From linear to circular 

Fossil fuels have been the power of the economic growth globally in the latest 
decades. At the same time it is a source with issues due to its consumption 
limitations. One solution for this is to use renewable energy as it is known and 
also reuse the materials that once were used in an organization. Material could 
be recycled to two different processes. The focus could be downcycling or 
upcycling. With downcycling process materials are transitioned into new 
materials that are with a lower quality and reduced functionality but give an 
increased economic value compared to the waste of it which usually generates 
no money to a company. With upcycling process materials are transitioned to 
new materials with a higher quality and increased functionality. The 
upcycling process could be in the same business for same purposes or in other 
business. What is of importance when thinking from linear economy to 
circular design is the sustainability and capturing the value losses from linear 
system results, which would be economic losses in the long term perspective. 
With an innovative business models and strategy within a company it could 
capture the values which are lost in a linear process. From this an organization 
can attractive new value propositions and benefit the company economically 
and the sustainable society. Potential values to be captured in a process could 
be for example time spent and energy consumption in the production, in the 
use, in the management of end of life and in the design phase. (Ellen 
MacArthur Foundation, 2013)  
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4.1.2.1 Case at Coca-Cola Enterprises 

Coca-Cola Enterprises have through actions committed to have a maximum 
value and usage of the plastics in the production which are used as bottles. By 
2020 the company is also targeting for the objective of reducing the used 
material by 25 %, and instead complement it with more renewable material, 
as an example plant-based PET. The company is constantly improving the 
recyclability of their packaging chain which includes materials, the design, 
disposal, recovery and recycling materials (Ellen MacArthur Foundation; 
Case studies, 2012). 
 
In addition to its circular process Coca-Cola Enterprises has invested 13 
million dollars in establishing two joint ventures which recycles plastics. 
Those partnerships are mentioned on the site; “Continuum in Great Britain 
with ECO Plastics” and “Infineo in France with APPE”. The investments in 
these joint ventures are for strategically recycling and constantly improving 
the usage of renewable materials (Ellen MacArthur Foundation; Case studies, 
2012).     
 
 
4.1.2.2 Case at Ronneby municipality 

Ronneby municipality has invested in Cradle to Cradle strategy in order to 
increase the competitiveness of the municipality. The core in the investment is 
called Cefur, which are the center of Research and Development in the city of 
Ronneby in Sweden. The task Cefur has is to give knowledge, inspiration and 
support to citizens, companies and to local associations. The aim is to reach a 
sustainable urban design, starting locally. At Cefur there is a research project 
where they investigate bio-based polymers. There is also collaboration with 
companies that produces plastic and polymer material, in line with the project 
(Ronneby municipality; Cefur 2012).         
 
Since 2012 Ronneby municipality is working based on a general quality 
program for sustainable construction. The aim of this quality program is that 
all future construction in Ronneby municipality, new construction as well as 
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renovation of existing buildings, should meet the requirements that are 
developed in specific projects at the quality program. These requirements and 
objectives are basically inspired from the design system Cradle to Cradle 
made by Michael Braungart and William McDonough (Ronneby 
municipality;Cefur,2012).               
 
 

4.2 Methods for Sustainable Development to reach 
Circular economy 
 

Methods for sustainable development (MFSD) are introduced as the 
sustainability aspect to reach circular economy. The Framework of Strategic 
Sustainable Development (FSSD) was described as a basis, a framework 
within MFSD, specifically for our assessment on the sustainability aspect.   
 
FSSD consists of five levels which are the following; System, Success, 
Strategic, Action and Tool (Figure 6). This framework describes the basics of 
how a company can achieve sustainability in the future and how to contribute 
to the sustainable society. The framework opens for new opportunities in the 
business field. (Robèrt 2000; Ny et al 2008; Broman et al 2010): 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Illustration of FSSD (Broman et al 2010) 
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The FSSD levels in the hierarchy are all interacted and depended on each 
other. The highest level is the system where the organization is positioned in 
the society and within biosphere. The second is the success level in the system 
where the principles of sustainability are applied. Products can be analyzed in 
this level with the help of sustainability principles from a backcasting 
perspective in order to see how well it complies with them and how they 
break the principles. The third is the strategic level where the guidelines for 
sustainable development are applied, guidelines which strategically guides an 
organization towards success. The fourth is the action level where a company 
makes the actual and a practical difference. An example of an action is where 
improvements on manufacturing processes can be done. The fifth level is the 
tool and concept level, in which different methods and tools are used to both 
prioritize and support in taking actions (Ny et al 2008; Robèrt 2000). 
 
 
4.2.1 Principles of Sustainability  

 
Here below are the general requirements listed which are the principles for 
success specifically for sustainability: 
 
"In a sustainable society, nature is not subject to systematically 
increasing: 
 
1. concentrations of substances extracted from the Earth’s 
crust, such as fossil carbon or metals; 
 
2. concentrations of substances produced by society, such 
as nitrogen compounds, CFCs, and endocrine disrupters; 
 
3. degradation by physical means, such as large scale clearcutting 
of forests and over-fishing; and, in such a society, 
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4. people are not subject to conditions that systematically 
undermine their capacity to meet their needs, e.g., from 
the abuse of political and economic power leading to 
decreasing interpersonal trust and decreasing trust 
between individuals and societal institutions." 
Citation from Robèrt et al, (2013) 
 
This set of principles is a key part of the framework for strategic sustainable 
development (FSSD), which has been developed over decades and validated 
in numerous scientific studies (Robèrt, 1994; Holmberg, 1995; Broman et al., 
2000; Holmberg and Robert, 2000; Ny et al., 2006; Robèrt et al. 2013). All 
four principles have to be achieved and integrated aligned to a product in 
order to make it sustainable. These four sustainable principles are applied in 
the "Success" level. When a company fulfills these sustainable principles and 
works towards them it reaches a sustainable "System" in the FSSD (Holmberg 
et al 1999; Robèrt, 2000).     
 
 
4.2.2 Material criticality list 

 
The purpose of a material criticality list was to increase the awareness and the 
understanding of which materials within GAS were least sustainable 
according to a long term sustainability perspective. A material criticality list 
was based on a long term sustainability perspective, using the four 
sustainability principles as guidance. Material criticality list, specifically for 
GAS's components were developed by researchers at Blekinge Institute of 
Technology. According to Hallstedt et al (2015) there are an “increased 
numbers of published papers on materials availability” which increases the 
concern of material criticality. A material criticality list increases the 
awareness at companies of what impact their materials and substances have 
on the society.  
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Based on the material criticality list, organizations have possibilities to make 
changes in their material management and their business in order to contribute 
more to a sustainable society (Hallstedt & Bratt 2015).   
 
There are three dimensions that classify material criticality. According to 
Hallstedt et al (2015) a products vulnerability are based on “supply risk in 
relation to availability; sustainability risk in relation to socio-ecological 
consequences; vulnerability in relation to business risk” (Hallstedt & Bratt 
2015). 
 

 
 

 
 
 
 
 
 
 

 
Figure 7. Three dimensions to determine a material criticality for a product 
(Hallstedt et al 2015) 
 
 
There are different methods in the material criticality list to evaluate the 
criticality for the materials which a product consist of. The methods differ 
between each other since they use different time scales, objectives and focus. 
Nine different methods are used in order to increase the reliability for material 
criticality (Hallstedt & Bratt 2015). The nine methods and their respectively 
objectives are following: 
 
 



37 

METHOD Objective 

Moss et al (2011), Critical Metals in Strategic 
Energy Technologies, EC JRC 

To identify the overall supply risk 
for metals involved in low-carbon 
technologies 

European Commission (2014), Report on critical 
raw material for the EU 

To identify critical raw material for 
the EU 

Nassar et al (2012), Criticality of the geological 
copper family. Environmental Science and 
Technology 46(2): 1071-1078 

To identify the criticality through a 
more detailed methodology to 
generate utilitarian assessments 

Morley, N and Eatherley (2008), Material 
security: ensuring resource availability for the UK 
economy 

To identify insecure materials 

Thomason et al. (2008), From National Defence 
Stockpile to strategic Materials Security 
Programme: Evidence and Analytic Support 

Analyze the requirements for 
managing the National Defense 
Stockpile of strategic and critical 
materials 

British Geological Survey (BGS), Risk list 
(2012) 

"A quick and simple indicator of the 
relative risk in 2012 to the supply of 
41 elements” 

Klee, R.J., and Graedel, T.E. (2004), Elemental 
Cycles: A status report on human or natural 
dominance, Annual Review of Environment and 
Resource; 29: 69-107 

To calculate a potential future 
contamination factor 

Conflict mineral  Dodd-Frank Wall Street 
Reform and Consumer Protection Act, § 1502, 
(2010) 

List conflict minerals (those that 
are mined in conditions of armed 
conflict and human rights abuse) 

Phosphorus specific study Cordell, D., (2010), 
The Story of Phosphorus 

Phosphorus specific study 

 
Table 1. Methods that evaluate the material criticality (Hallstedt et al 2015) 
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The figure 8 shows the different aspects that are included in the methods. 
These aspects are considered in the methods when evaluating. In this case, 
supply risk aspects are shown in purple color and sustainability risk aspects 
are shown in green color (Hallstedt & Bratt 2015). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. The aspects which are included in different methods for evaluating 
the criticality of the materials (Hallstedt et al 2015) 
 
 
Three sustainability risk methods are selected and these cover three aspects: 
conflict minerals, phosphorous content and contamination factor. These 
capture important sustainability aspects but do not give a complete picture of 
the sustainability consequences during a product life, for that more detailed 
analysis is needed. However, these aspects give an indication of the 
seriousness level and will therefore give an early warning of the element’s 
criticality level and possible need for more detailed analysis. Existing data 
regarding these three aspects is also available in databases or published lists. 
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4.3 Business models for Circular economy 

 
Product service system (PSS) is the strategy to transition product into 
services. This strategy is used at companies to develop and maintain a service 
oriented business, a technology oriented company and it is used to integrate 
the service with the technology in a company. An example for PSS is when 
you lease or hire out the functionality of a product instead of selling the 
physical product itself. The objective is to keep a balance between product 
offer and service offer (Tukker & Tischner 2006). A development for PSS 
means new processes, new approaches, new capabilities and new challenges.  
PSS can be divided in five types and those are described as the following: 
 
Integration-oriented 
“Adding services through vertical integration. Ownership is transferred to the 
customer, but the supplier seeks vertical integration (e.g. by adding retail, 
transportation services, etc.)” (Neely 2008) 
 
Product-oriented 
“Ownership of the tangible product is transferred to the customer, while 
included in the original act of sale are additional services (e.g. maintenance, 
repair, re-use, recycling, training, consulting, etc.)” (Baines et al 2007) 
 
Service-oriented 
“Incorporate services into the product itself. Ownership of the tangible 
product is transferred to the customer, but additional value-added services 
are offered as an integral part of the offering (e.g. health usage monitoring 
systems)” (Neely 2008) 
 
Use-oriented 
“Ownership of the tangible product is often retained by the service provider. 
Functions of the product are sold via modified distribution and payment 
systems (e.g. through sharing, leasing, etc.)” (Neely 2008) 
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Result-oriented 
“Selling the result or capability instead of a product (e.g. web information 
replacing directories). Companies offer a customized mix of services where 
the producer maintains ownership of the product and the customer pays only 
for the provision of agreed results” (Baines et al 2007) 
 
All these types of PSS are shown in a product service continuum (Figure 9) 
which makes up a stretched and wide range of different product service 
offerings (Clayton et al 2012).  
 

 
 
Figure 9. Product service continuum (Clayton et al 2012) 
 
 
 
4.3.1 Product-Service System approach to sustainability  

 
Product Service System is a useful concept for aiming towards sustainability. 
The focus is to keep the life cycle of a product or material in a closed loop 
within the stakeholders. Here the objective is to have zero waste and optimize 
the resources and its usage in every step in the value chain. In a product life 
cycle system (figure 10) the resource optimization is product function-based, 
which means that the focus is on the product’s function when approaching 
sustainability. (Manzini et al 2001)      
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Figure 10. Stakeholders in a product life cycle: discrete & system resources 
optimization (Manzini et al 2001) 
  
 
The usage optimization of the resources in a life cycle system is desirable in 
order to increase economical and sustainable values. In a wider perspective 
there is also wide system resources optimization where the focus is solution 
based rather than product function-based. In the wider system there are more 
companies involved in the contribution of a common solution together. The 
usage of resources can be optimized in the system flow and they can be 
reused, repaired, maintained and recycled (Manzini et al 2001). 
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Figure 11. Stakeholders in a product and service life-cycle mix: discrete & 
wide system resources optimization (Manzini et al 2001) 
 
 
4.3.1.1 Case at AW ReCycling 

Case: bicycle, function: transport people 
AW ReCycling is for example a company that uses product-service system 
with a sustainable aspect in their business. The company basically takes back 
broken and unused bikes in the area of Stockholm, the capital of Sweden. The 
company recycles the bikes and resells them as used ones. They repair the 
bikes in such a condition that they can function normal just as new ones. The 
recycling process is not complicated since the company wants to keep low 
costs, but smaller components and materials are repaired. AW ReCycling is in 
this case as the end of life manager in the product life cycle system picture 
above (AW ReCycling, 2013). 
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4.3.1.2 Case at Toyota material handling 

Case: pallet truck, function: transport heavy products 
Toyota material handling is another company who has product-service system 
with sustainability in their mind. Toyota’s BT Lifter is an example of it. The 
lifters or pallet trucks can be customized for the customers and have long 
lifetime. The price is higher for a pallet truck at Toyota compared to their 
competitor’s price of the same product. But the customer get a much longer 
lifetime of Toyota’s pallet truck, and a customized one as required with its 
own service and maintenance. The business contributes to the sustainability 
since the pallet truck has a long lifetime compared to others that has to be 
thrown as scrap very early because of the shorter lifetime (Toyota Material 
Handling Sweden, n.d.) 
 
 
4.3.2 Functionality optimization in a closed loop 

 
Today the manufacturing industry is closely integrated with the service 
industry. Decreasing the usage of resources in the manufacturing process and 
at the same time increasing the service in a manufacturing industry can 
contribute to the ecological sustainability with less material extraction from 
the earth crust. A functionality optimization would mean that the 
manufacturing of products decreases and instead the product's functionality is 
increased. A question could be; how can the functionality of a product be 
optimized in its life cycle loop and what needs could the functionality of a 
product meet? By obtaining more knowledge from the customer of how the 
product is used, this could lead to increased capabilities of producing a more 
optimized functionality of a product with less material. To improve the 
product functionality while changing its original material to a more 
environmentally friendly material is also sustainable (Meier et al 2010).  
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Figure 12. Sustainable manufacturing in the industrial product-service 
system (Meier et al 2010) 
 

 
4.4 Remanufacturing for Circular economy 

 
Almost all products sold today have the possibility to be repaired if they get 
broken. It might not be easy or sheep but it will be possible in most cases. The 
reason most repair are made is because of that the value of the broken product 
combined with the price of the repair is higher than the value for a newly 
produced product. Other factors could also impact the value such as 
availability or delivery time. There is however a difference between doing a 
repair on a product and doing a remanufacturing. One definition that could be 
used is that if the products are being changed during the process to change the 
value proposition of the product then it is remanufacturing. While if the 
product has the same value proposition as before and only restored during the 
process then it could be called a repair. We have used the following definition 
to describe remanufacturing.  
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“The definition for remanufacturing that are being used is “Remanufacturing 
is an industrial process where worn out/broken/used products referred to as 
cores are restored to useful life. During this process, the core passes through a 
number of remanufacturing operations, e.g. inspection, disassembly, 
component reprocessing, reassembly, and testing to ensure it meets the 
desired product standards. This could sometimes mean that the cores need to 
be upgraded and modernized according to the customer requirements” 
(Seaver, 1994; Lund, 1996; Sundin, 2004)” 
 
The reasons for a company to utilize remanufacturing could be to secure spare 
parts supply, increased profitability, legislation or/and increased market share 
(Seitz & Peattie 2004). Of course the main reasons will vary depending on 
what kind of market a company is active on but, the remanufacturing aspect 
could also be used as an alternative sustainable end of life treatment. 
Especially when maintaining economic and environmental values are 
important (Sundin, 2004; Bras and Hammond, 1996; Kerr and Ryan, 2001). 
 
 
4.4.1 A case on remanufacturing at Caterpillar 

The construction equipment company CAT, has a remanufacturing unit that 
they call CAT Reman where they remanufactured parts for their product in 
the purpose of selling them with a “Same as new” quality and warranty to 
new customers. The way they are performing this is through bringing “cores” 
that have reached their end of life back to the remanufacturing site where they 
start the remanufacturing process. The process includes “take back”, then 
cleaning and repairing, adding new materials needed and last assembly and 
testing. The purpose is to return it to original condition, or better. They are 
currently doing this process with over 2 million units and over 7000 different 
part numbers in 15 primary facilities where over 6000 people are employed. 
They are using a number of different remanufacturing technologies ranging 
from cleaning in molten salt bath, shockwave cleaning, head recasting, 
thermal cutting, metal deposition and film coating.  
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The reason for the number of different methods used in remanufacturing is to 
make sure the remanufactured product has the same or higher value as the 
original product for a lower price. They are using a take back method to 
retrieve the cores that they use in their remanufacturing process. They have an 
amount added in the price of a new product that is being sold that is later 
returned to the buyer once the core has been returned and accepted by CAT 
Reman. If the core is not returned then CAT Reman will keep the deposit and 
in that way avoiding losing the potential revenue on a non-remanufactured 
product. By doing remanufacturing this way they are not only saving money 
but it saves a lot of other resources as well. For instance in a 2006 CAT study 
on the 3412 cylinder head, the remanufactured product required 93% less 
water, 86% less energy, >99% less material used and >99% less materials 
went to landfills. The working conditions also received an 82% advantage 
compared to producing a new product. Since 2007 they are also looking 
towards finding other ways CAT Reman can extract value from depleted 
cores and one example of such could be with generators. They are 
experimenting with rebuilding an old diesel truck engine to a methane fueled 
generator and where the gas could come from captured methane produced in a 
hog farm in the Philippines. All these steps add up and CAT Reman is 
producing value in a much wider market than before.  
 
Another reason for them to do a remanufacturing process is because of the 
increased number of regulation on both diesel emissions and E-waste.  
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Picture 13. Increase in Environmental Regulatory Laws in US. (Allen 2008) 
 
 
The CAT Reman is their way of implementing circular economy and a cradle-
to-cradle to their existing business model and combining it with increased 
economic value. Their conclusion is that remanufacturing is good for society, 
business and the environment. (Allen, 2008)  
 
 
4.4.2 Difference between repair and remanufacturing 

 
When a product enters a typical repair shop for maintenance it is stripped 
down, cleaned, have its part examined and after the repairs it has its 
reassembled and often put back into the same machine it came from. It still 
keeps the same serial number, has the same function and purpose as before 
the process began. This operation is a typical example of how a repair is done 
regardless of what a company would like to call the process. The example of 
how a remanufacturing process could work begins with a worn out core that 
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are being returned to the factory after its end of life and is then disassembled 
as described earlier, inspected and evaluated. Certain worn out parts are then 
discarded from the core and replaced with new ones.  

Examples of these products could be O-rings, coating paint and smaller pipes 
that are exchanged to a new often better material. The core is then losing its 
serial number, going through an improvement process, being assembled, 
inspected, tested and assigned a new serial number, packaged and then sent 
off to a new customer. The importance of remanufacturing is not that the 
process itself is that much different from repair but instead that the end result 
and usage after the process is different and that the goal for remanufacturing 
is to increase the value and creating a new, better product with its processes 
while repair aims to restore the original function. 
 
It is important to make a clear distinction between remanufacturing and 
simply doing repair on a product. If the product that are being processed are 
only being restored, are keeping their serial number, will be used in the same 
way and have the exact same function then it´s not a remanufacturing but 
instead a repair. Many companies are not making a clear distinction between 
the two since there is an incentive for a lot of companies to appear innovative 
and therefore are calling their repair and overhaul remanufacturing without 
adding the benefits of remanufacturing. (Seaver, 1994; Lund, 1996; Sundin, 
2004). 
 

4.4.3 Additive Manufacturing 

 
Additive manufacturing is the modern method of fabrication for almost any 
material. Materials such as "from nylon to glass, from chocolate to titanium—
and with any complex geometry" as Lipson H. (2012) describes it. This means 
that the capability of additive manufacturing isn't only used in the engineering 
field but also in many other fields. AM technologies give the opportunity to 
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create prototypes and this method also is what's called as 3D printing. 
(Lipson, 2012) 
 
In the aerospace industry AM processes are complex. The materials used in 
aerospace, for example Titanium, that makes up the product have stricter 
requirements to meet the desired robustness. The requirement for the products 
which for example is robust performance has to be at least the same or better 
compared to the requirements for the products that were and still are 
manufactured with traditional methods. These requirements are set by U.S. 
Federal Aviation Regulations for commercial aircraft parts. One of the most 
common AM processes in aerospace industry is selective laser sintering 
(SLS). The process of it begins a three dimensional design part which is 
computer generated. This part is in the next step segmented digitally in to thin 
layers and the machine "grows" these parts (Lyons, 2012). According to 
Lyons B. (2012) "SLS can produce components with complex designs that 
would be extremely complicated and expensive to produce by other 
processes". With AM processes integrated in aerospace company they can 
save money by manufacturing low-volume parts and decrease the weight of a 
product. Another thing known is that the company saves much time and has 
shorter lead times since AM processes are very fast compared to traditional 
manufacturing processes (Lyons, 2012). 
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5 Results 

 
5.1 Components for success 

 
The challenge of reaching Circular Economy is that it is not reached by 
implementing a single change in a specific business area. None of the 
literature studies, cases from other companies and interviews with employees 
have provided us with a single action that GKN Aerospace Sweden could use 
to reach Circular Economy. Instead there are combinations of several actions 
in multiple levels that can create a strategic movement towards sustainability 
(Allen 2008) that also is a challenge. Several of the interviewed employees at 
GKN Aerospace Sweden also mentioned the importance of including 
technical possibilities that are affordable because “No one here will pay for 
Circular Economy”. This made us create a basic model for what we would 
like our solution to include. The three most important aspects to include in the 
model have been knowledge about sustainability, technical possibility and an 
innovative way of selling the products. We found the possibility of reaching 
Circular Economy for GKN Aerospace Sweden implausible if one of these 
three aspects do not exist. We would like to illustrate the equal importance of 
these aspects and what specific action we have chosen to make by the image 
below. 
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Figure 14. The three aspects for complementing Circular Economy 
 
 
Methods for Sustainable Development (MFSD) are the aspect that takes 
consideration of the ecological part and the MFSD are for gaining a business 
which works in line with a sustainable society. During our research we found 
out which of the alloys used in components today the company should be 
more aware of when and if implementing a circular process. 
 
The technical aspect needed to be developed around complex designs 
requirements, potential of manufacturing in nickel based alloys and be known 
within the GKN group. The main challenges we found during the interviews 
was long lead times, high price of complex components and scarcity on the 
market. The manufacturing technology we found with most valid was AM 
(Additive Manufacturing).  
 
GKN Aerospace needed new ways of selling their produced value in order to 
make their new technologies profitable. They must also manage their added 
restraints on metal usage. If a new technology or added feature is expensive to 
invest in there is also important that this added value becomes visible for the 
costumer as soon as the product are put to use. There are limited incentives 
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for a company today to pay extra for a product if it is sold by time-and-
material contracts. A time-and-material contract is where a customer pays for 
every component and where the manufacturer makes the most revenue from 
repair and maintenance service (Banerjee, Duflo 1999). The costs are instant 
for the costumers while the value for the manufacturer might not show until 
years later when repairs and maintenance is needed. But if the product instead 
is leased then the value would be instant and the cost would be spread over 
the components lifetime. This would not only create savings for the costumers 
but also save a lot of resources (Manzini et al 2001). The benefit for GKN 
Aerospace Sweden would be that instead of waiting for getting revenue from 
Maintenance, Repair and Overhaul (MRO) they can get revenue from the 
moment the component are used. This could make their business both service 
and product oriented when they are focusing on value, a PSS inspired 
business model (Tukker & Tischner 2006). 
 
 
 
5.2 Material handling on site 

When a piece of metal is being milled, drilled or lathed there is a large 
amount of metal chips being created as chips. GKN Aerospace Sweden, 
previously Volvo Aero, have a cooperation together with Stena recycling 
where Stena recycling has (and are still) taken care of the overflow of the 
metal chips for free in exchange of for the material the handle. The material 
are then recycled by Stena recycling and sold to another manufacturer that can 
melt it and make other products from it. There are traditionally limited to little 
incentive to do any advanced sorting processes between the different metals 
and alloys from industries but in the recent years this has changed. The 
material itself is extremely expensive and the chip leftovers are becoming a 
valid point of savings for GKN Aerospace Sweden. We interviewed one of 
the people managers of chip and recycling at the company and got an 
explanation of how the material handling is looking today. 
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Figure 15. Image of how metal chips are handled by GKN Aerospace Sweden 
today.  
 
The handling of the materials starts directly at the machine. 1. The materials 
are collected into marked bins at each of the machines that can keep track on 
where it came from, what it contains and when it was placed there. 2. The 
bins are then when they are full transported to a chip hall where bins from 
other machines also are stored. 3. The bins are emptied in the crusher and the 
scrap are then washed clean from milling fluids and later dried in a centrifuge. 
4. The dried metal are then put into larger bags and random tests are 
performed on the scrap. The lab analyzes the material on its content of 
materials to determine the purity of the scrap before it can be stored. 5. The 
dried scrap is stored in larger shipping bags and is stored while waiting to be 
shipped out to customers. 6. The large bags of metal are loaded on the 
containers and later being picked up to be delivered to customers. 
 
The companies that buy the scrap can vary but GKN Aerospace Sweden is not 
the ones that are finding the companies willing to buy. There is instead 
cooperation between Stena recycling who stores and ship the scrap and find 
the buyers with the highest bids.  
 
This is not a small business anymore and has in the last three years combined 
sales of over 70 Million SEK1. The amount of scrap from the processes for 

                                                 
1 Internal documents 
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last year was almost 300 tons where half was Titanium and half was Inco 
7182.  
 
The challenge GKN Aerospace Sweden has in this area is that there are risks 
that the chip types get mixed together by mistake. For instance could 
Titanium get mixed with the Nickel and then this would decrease the purity of 
the material and the customers would demand a deduction from the price. 
This could be costly mistakes and only in 2012 there was 1 million3 of 
revenue loss from impurities in the material. There is a lot of value to be 
saved from taking care of the metal scrap from production and the values will 
only increase. 
 
 
 
5.3 Ranking for material criticality within GAS 

 
The assessment of material criticality for GAS's components resulted in a 
ranking for which the alloys with the most critical materials were ranked as 
first place and so on. Below in the picture 16 a total of eleven alloys are 
shown as ranked. The three criteria were as mentioned in the method chapter:  
 

 Evaluation based on a total of 1 kg alloy,  
 Evaluation based on the total amount of materials in the specific alloy,  
 Evaluation based on the amount of methods which classifies the 

materials as critical.   
 
As seen in the Figure 16 below it gives a direction of which alloy GAS could 
start with when an innovation and a new strategy is going to be established at 
GAS for implementing a sort of circular flow for the material at the company. 
In the results Inco 718 (Inconel 718) was the highest critical alloy and A356 

                                                 
2 Internal documents 
 
3 Internal financial report 
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the least critical in this suggested ranking (which is not shown in the Figure 
16 but only top three).    
 
 

 
 
Figure 16. Ranking of top three critical alloys 
 
 
These alloys, Inco 718 and Haynes 282, are the most used in the 
manufacturing of engine components that GAS are designing. 
 
 
 
5.4 Remanufacturing within GAS  

 
We have learned about the practices at GAS by interviewing the employee at 
the department for engine service, who are doing extensive maintenance, 
repairs and overhauls today. They strip the entire engine down, cleaning the 
parts, checking the core, replace what needs to be replaced and reassemble it 
to be ready to be shipped back to the customer. Examples of customers they 
have are ranging from gas turbines placed in oil rigs, private jets engines and 
turbo prop engines. The practice that they are performing today is on products 
that they themselves are Original Equipment Manufacturer (OEM4) for, like 

                                                 
4 OEM is commonly used for the company that has product/design responsibility 
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the gas turbine DR9905, and for other gas turbines that they are not OEM for 
like the LM16006. The challenges are very different when they are doing the 
MRO on products they are not OEM for because they are then obligated to 
follow the manuals provided by the OEM.  
  
GKN Aerospace Sweden has little influence on what they can change on the 
product that are servicing because they are not the OEM for the entire product 
that they are doing engine service on. They have some possibility to suggest 
improvements in the process of the remanufacturing but it is often very 
limited and the incentives for doing so are often motivated more from 
reducing production costs rather than providing any additional value to the 
finished product itself. There are some exceptions where they have to make 
changes to the repair manuals provided by the OEM and that could be because 
of local legislation that differs from the country from where the component 
was designed. For instance it is illegal to use chrome in factories located in 
Sweden while it is a valid method in the US and therefore the manual had to 
be changed. There are improvements being made on the products but there is 
a need for an economic incentive to pay more for a product if improvements 
should be performed on a more regular basis. Since the OEM often have a low 
margin on the sale of an engine, they have a high margin on the sale of the 
spare parts instead. It would be difficult for GKN Aerospace Sweden to start 
improve and remanufactured parts and cores when they need the OEMs 
permission for doing so. Even more unlikely that they ever would when the 
OEM is making their most revenue from spare parts. If GKN Aerospace 
themselves would be the OEM for their produced and serviced products, then 
they would have the freedom to change the design for their product and have 
the possibility to change to a business model that could allow it.  
 
The only product on the civil market that they have the OEM rights today is 
the DR990, a gas turbine that GKN Aerospace Sweden (at the time Volvo 
Aero) bought the rights to in 1997. The design is well tested but not quite up 
                                                 
5 A gas turbine that GKN Aerospace Sweden required the OEM rights to in 1979 from 
Dresser-Rand 
6 Gas turbine developed from the jet engine F404 by General Electric 
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to date on the latest regulation for NOx and CO2 emission and are therefore 
not subject to any major redesigns today. The DR990 is now in service in 
around 85 locations around the world, ranging from power generation in cities 
to oil platforms. They could not give a clear answer to whether or not they 
would exchange the DR990 to another model once the technological lifespan 
has ended. They are currently viewing the product to be in its cash cow state 
and will not make any larger redesigns on it.  
 
The military engine RM12 is the one that are currently a part of the JAS 
Gripen from SAAB. There are around 250 RM12 engines in the world and 
they all have military applications. The RM12 is an engine developed by 
Volvo Aero and based on the designs from the F404 that was built by General 
Electrics. GAS is already talking about remanufacturing as a concept rather 
than a method for their product development. The RM12 is a product that is 
constantly being improved for safety, power and security improvements. 
Their customers, Swedish Defense Material Administration (SDMA), are not 
demanding a new product but wants increased functionality of the current 
RM12 so what they are doing is together with GAS developing mid life 
upgrades as they are calling it.  
 
An example of a midlife upgrade that they have been doing previously is the 
redesign of the flame holder in the afterburner. The problem that they 
previously had was that the flame holder in the afterburner would break and 
cause expensive repairs and high cost for the costumers. This was of course a 
downside when the customer’s main concern was to have an engine ready for 
usage precisely the time that they needed it. The solution was a redesigned 
flame holder where they had designed water cooling to prevent it from 
overheating. The solution worked and was so popular that the Finnish air 
force wanted to implement the same solution into their F404 engines. GE 
wanted to prevent implementation of the midlife upgrade on the RM12 to be 
done on the F404, because the upgrade decreased the need for GEs expensive 
spare parts. They later allowed the implementation of the new design that 
made their product better. This way of doing redesign has been called midlife 
upgrade but shares a lot of the similarities with the definition of 
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remanufacturing. Just like in remanufacturing there is a constant improvement 
of an individual part or core and it extracts more value out of the material than 
a normal repair would do. 
 
 
 

5.5 Different businesses 

 
The material flow and relations to other companies are similar to others in the 
manufacturing industry in the sense that material has a start and an end in the 
life cycle. What we would like to show with this model is how a time and 
material model could look like when we focus on the material flow. This 
image will help to describe how materials are being extracted today and are 
based on the data we extracted from the conducted interviews. 
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Current business case for material flow 
 

 
Figure 17. How the current material flows for a product that is manufactured 
at GKN Aerospace Sweden. 
 
The material, as for this example could be nickel, are being mined and sold to 
material producers for purification (1). After the material has been purified, it 
is melted and mixed with other materials, creating an alloy that for this 
example could be Inconel718 (2). The melted alloy could then be melted into 
shapes of product parts which are more or less complex (3). The materials are 
then sold to manufacturer and one of them is GKN Aerospace Sweden (4). 
The tier one supplier is then working on the casting, adding features and more 
materials from several suppliers until the material becomes a finished engine 
component (5). The components are then shipped to Rolls Royce, General 
Electrics, Pratt & Whitney or some other OEM to be assembled together with 
other parts into a complete functional aircraft engine (6). The engine could 
then be sold to an aircraft manufacturer like Boeing or sold directly to an 
airline company like Lufthansa (7). The owner can then send the engine to a 
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shop for MRO when needed. The engines are repaired according to the 
guidelines provided by the OEM and by using parts from them and other tier 
one suppliers. The services provided ranges between maintenance, repair and 
overhaul of the engines and its parts (8-9). A lot of different materials that can 
no longer be used in the engine and that are not being recycled ends up in 
landfills. This could be scrap from manufacturing, damaged cores or parts that 
has been replaced during MRO (10). The materials that are not used in a 
component, metal chips, damaged materials and materials for production are 
separated, sorted and handled by a recycling company (11). The material that 
comes to the scrap yard are being sorted again, tested for purification and then 
sold to either a company that specializes in nickel alloys or sold to a different 
branch of manufacturing (12). A lot of materials never make it back into the 
aerospace industry because of the large amount of impurities. They are 
instead sold to other producers and could end up in cars or coins (13). The 
materials that are pure enough to be sold to a supplier for GKN Aerospace 
Sweden are being melted down and mixed into the mined metals to make the 
raw materials for the component cheaper (14). 
 
 
 
 
5.5.1 The six forms of business today 

 
GKN Aerospace Sweden has a product matrix where they show current 
engine programs which they are involved in. In the matrix they register name 
of the programs, components and what operations they perform. The types of 
operations GKN Aerospace Sweden provide are divided into four groups, 
each with different symbols in the matrix. The groups are 
Design/development/improvement, Manufacturing, Technical support and 
MRO.  
 
Studies showed that there are six forms of operation combinations in the 
engine programs, which can be divided into six groups. 
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The A group is the programs where GKN Aerospace Sweden provides 
Manufacturing and Design/development/improvements. Some examples of 
engine programs in this group are LMs100, PW1100 and GP7000. Several of 
their largest programs they are involved in today are in the A group and it is 
here they have large cooperation’s with the respective OEM.  
 
The B group is the program where GKN Aerospace Sweden provided MRO 
services to engines that they are not the OEM for. Some examples of 
programs in this group are the Trent 800, PW100 and the TFE730. The 
engines serviced in this group are not only serviced by GKN Aerospace 
Sweden and the service must be carried out as specified by the manuals 
provided by the OEMs.  
 
The C group is the program where GKN Aerospace Sweden only provides 
MRO services to a program where they also are the OEM. The only engine in 
this group is the stationary gas turbine DR990 that are used for power 
generation on oil platforms or in cities. GKN Aerospace Sweden can decide 
how the repair should be carried out and also decide what spare parts to use. 
They have the right to improve the engine design even if development on the 
program is not done today. 
 
The D group is the program where GKN Aerospace Sweden provides 
development, production, MRO service and technical support for an engine 
that they own the OEM rights to. The only engine in this group is the military 
RM12 jet engine that is being used in the fighter JAS Gripen, produced by 
SAAB. The reason for the D group to only contain one engine program is the 
history of GKN Aerospace Sweden. The technical support is related to midlife 
upgrades and to improve MRO services.  
 
The E group is the program where GKN Aerospace Sweden provides 
productions of components, acting as a tier one supplier. Some examples of 
engine programs that belong in the E group are the military F414, F404 and 
F117. Some of the gas turbines in the E group are LM2500, the LM6000 and 
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the FT8. The Aero engines in the E group are the Trent 700, PW4000 and the 
CFM56. There are a lot more components on other engine programs that are 
included in the E group and the types of components that are manufactured 
are compressor cases, compressor structures, low pressure turbine cases and 
turbine structures as well as other parts. 
 
The F group is the program where GKN Aerospace Sweden provides 
manufacturing of components and also MRO services on the engine 
programs. Some examples of the engine programs that belong in group F are 
the gas turbines LM1600 and the aero engine programs AE3007 and CF34. 
GKN Aerospace Sweden is not the OEM for these programs but they 
manufacture and maintain them according to the manuals provided by the 
OEMs. Figure 18 will illustrate how the identified business models are 
connected to the variations of provided operations. 
 
 

 
 
Figure 18. Overview of the six identified current businesses 
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5.6 Suggested material flows 

 
We have used this data from their product matrix to separate GAS current 
businesses cases into six different groups as shown in 5.5.1. These groups, A-
F are the company’s current state and cover all their operations and programs. 
We have made a suggestion on each of them how a circular material handling 
system could work for them. We have included the added operation of 
remanufacturing in some of the models and also introduced the benefit of 
having GKN Metallurgy as a supplier. GKN Metallurgy owns the company 
GKN Hoeganaes that manufacturer the metal powder today. The reason we 
included them in our suggested material flows for each model where that they 
today are producing metal powder. This type of raw material will have 
increased usage by GAS as a component in additive manufacturing (AM). 
 
The models will give an example of how metals, especially Inconel 718 can 
stay in a closed loop. The blue color in the boxes will symbolize an area of the 
lifecycle controlled and/or owned by GAS and the light blue color symbolizes 
an area of the lifecycle controlled by the GKN group. These model images are 
not showing the present state of material handling but instead an alternative of 
how metals and alloys could be kept in a close loop for an engines program 
that has the specific preconditions. 
 
 
 
5.6.1 Model A 

Model A is the case where GKN Aerospace Sweden would have the role as 
both tier one supplier of an engine program and also a co developer, together 
with the OEM. That would mean that GKN Aerospace Sweden are managing 
the materials in the production phase of the component and also deciding how 
such parts should be mended, by writing the manuals that regulates the MRO. 
This model would require a tight cooperation between the suppliers of 
components and the OEMs. 
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Figure 19. Illustrates a possible material flow for product A  
 
 
This image describes a possible material flow for GKN Aerospace Sweden 
when they have the design and production responsibilities of an engine 
component. The product is developed and produced by GKN Aerospace 
Sweden and then sold to an OEM (1). The costumer uses the finished product 
or selling/renting it out to others during its lifespan (2). The damaged cores in 
the engine are being repaired at an MRO shop but must follow the guidelines 
provided and decided by GKN Aerospace Sweden (3). GKN Aerospace 
Sweden has developed the product and because of that it is also possible for 
them to make midlife upgrades before the component has reached its end of 
life. These midlife upgrades would be made to increases value, increase 
material usage and provide a service to the costumers and users (4). When a 
core component finally reaches its end of life it will be returned to GKN 
Aerospace Sweden for disassembly and sorting (5). The ownership of the 
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material could then remain with GKN Aerospace Sweden while they buy the 
service of a recycling company to transform the damaged metal alloys into 
sorted metal which then could be returned back (6). Another division in the 
GKN group is Metallurgy where they make metal powder for sintering. The 
production of metal powder could also include production of alloy powder, 
the same powder that could be used in the production and remanufacturing 
technique, Additive Manufacturing (7).  
 
5.6.2 Model B 

Model B is when GKN Aerospace Sweden is one of several companies that 
have MRO rights to the engine program. An MRO shop has usually no larger 
part in the development process but can make suggestions of improvements to 
the existing manuals provided by the OEM.  
 

 
Figure 20. Illustrates  possible material flow for model B  
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This image describes a possible flow of materials in an aero engines lifecycle. 
The components are developed, produced and sold by the OEM to costumers 
and end users (1). The costumer can make service agreements with an MRO 
shop and GKN Aerospace Sweden could perform maintenance repair and 
overhaul on several different engine programs from different OEMs (3). The 
cores could also be upgraded based on the manuals from the OEM which 
could make a remanufacturing unit within GKN Aerospace Sweden efficient 
(4). There would also be a need for an end-of-life department within the 
company because of the amount of material from cores that has reached its 
end of life. Here would be where used products could be striped and cores 
could be reused in new products if they meet the specifications (5). The 
materials that can’t be mended or reused in any way are sold, sorted and 
processed for the metal market (6). GKN Metallurgy could then by the desired 
metals and produce valuable metal powder that could be used either in 
production of new parts from the OEM or as raw material for a MRO division 
(7). 
 
This model would not gain any larger benefits of it being inside the GKN 
group since the manuals from OEMs would heavily regulate the need for 
remanufactured parts and mid life upgrades. Circular economy could work in 
this model but it would require large volumes of repairs to make it a valid 
model for a company and even then the volumes of reused materials in the 
loop would be relatively small compared to production of new cores and spare 
parts.  
 
 
5.6.3 Model C 

 
This model would describe how the material flow for an engine program 
could be when GKN Aerospace is the OEM for a developed product. This 
model would be suited for engine programs that are well developed and where 
it is in its end of the S-curve (Christensen 2009). The OEM has in this model 
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little incentive to make larger upgrades to the existing product and the focus is 
rather to find as many markets as possible where they can find service 
agreements.  
 

 
Figure 21. Illustrates a possible material flow for model C  
 
The production of this product has already finished and the only productions 
that are being done now are of spare parts to existing cores (1). The cores are 
used by costumer and where service agreements are increasing the value of an 
older engine program (2). GKN Aerospace Sweden has the possibility to sell 
the manuals to other MRO shop and if there are a lot of engines this could 
also increase the service for the end users (3). The costumers will use the 
service of an MRO process that is done at GKN Aerospace Sweden (4). Used 
products could be striped and cores could be reused in other existing products 
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if they meet the specifications (5). The materials that can’t be mended or 
reused in any way are sold, sorted and processed for the metal market (6).  
 
This model could be beneficial if the engine that they would have the OEM 
rights to are popular in demand and have been sold in high numbers. They 
have also the possibility to make smaller upgrades to the design without 
redesigning the entire engine which could be cost-efficient.  
 
 
5.6.4 Model D 

 
Model D is a case where GKN Aerospace Sweden would have the OEM 
rights to an engine program and also performing everything from production 
of parts and cores to MRO service and technical support. The company would 
control the entire lifecycle and decide for themselves what suppliers they 
would like to work with. The ownership of the product design also leaves a 
wider range of possible midlife upgrades and sales innovation. It is also worth 
mentioning that the image below only includes the material flow and not the 
service flow which could make it harder to at first glance find where the value 
is added.  
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Figure 22. Illustrates a possible material flow for model D  
  
This image provides an example of how GKN Aerospace would produce and 
also decide what suppliers of parts they want to use (1). The product could 
then be sold, rented or leased to costumers together with a service agreement 
to maximize uptime (2). When a part needs replacing or the engine needs 
cleaning there is collaboration with the customers and GKN Aerospace 
Sweden to share the data collection of how the engine has been operated (3). 
Because of that GKN Aerospace Sweden have the OEM rights to de product 
design and knowledge of user pattern they can also make midlife upgrades to 
one or more components (4). Used products could be striped and cores could 
be reused in other existing products if they meet the specifications. A depleted 
core could also be upgraded by remanufacturing (5). The materials that can’t 
be mended or reused in any way are sold, sorted and processed for the metal 
market (6). GKN Metallurgy could then by the desired metals and produce 
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valuable metal powder that could be used either in production of new parts 
from the OEM or as raw material for a MRO division (7). 
 
There is a higher possibility for good financial margins for a company that is 
producing components for a product that they have OEM rights for. The 
challenge for these models is to find volumes of produced products that it 
would be profitable to have the equipment and expertise for production, 
remanufactured, MRO and end of life within their own company. We have 
found that the possibility that MRO rights provide for GKN Aerospace 
Sweden are making them try new ideas on their other business cases. They are 
exploiting new ways of providing a service for their existing costumers even 
if they can’t choose to become OEM for any existing engine program. 
 
 
5.6.5 Model E 

 
This model shows material flow in the case where GKN Aerospace Sweden is 
only a tier one manufacturer. Instead of doing multiple parts of one engine 
components and services they are here focusing on providing component 
production of high quality and low price. They can provide services on the 
products related to availability or logistics but are limited in the design since 
they are not the OEM for the components they are producing.   
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Figure 23. Illustrates a possible material flow for model E  
 
In the first stage of production of component there is a focus on providing the 
best quality component and to find service oriented possibilities for their 
customers to buy them (1). The service for the costumers only extends to the 
purchase and logistics of components, not the service of neither the product 
nor the component (2). There are no contact between the end users and the tier 
one suppliers during the MRO other than the production of spare parts (3). 
When a component has reached its end of life it could be sent back to the 
manufacturer where is could be disassembled for recycling (4). The materials 
that can’t be mended or reused in any way are sold, sorted and processed for 
the metal market (5). GKN Metallurgy could then buy the desired metals and 
produce valuable metal powder that could be used in production of new parts 
or sold to an MRO company (6). 
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GKN Aerospace Sweden would in this model be responsible for having a 
sustainable production, constantly working to improve the processes and 
maximize the supply chain potential, ranging from buying of materials to 
sales and recycling. When the products have reached their end of life would 
then retrieve it and perform a disassembly of the product. The Circular 
Economy could be completed in this model by keeping materials within the 
loop without having to leave it systematically.  
 
 
 
5.6.6 Model F 

 

 
Figure 24. Illustrates a possible material flow for model F  
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The model F are illustrating the case where GKN Aerospace would have the 
responsibility of both producing certain components for the OEMs engine 
programs (1) The OEM are receiving the finished components for their 
products (2). The materials would then continually flow back and forth to the 
MRO during its repair and the components used as spare parts would then be 
delivered directly from the production at GKN Aerospace Sweden (3). After 
the materials reached its end of life or a broken product needed to be scraped 
from the customer, it would be sent back to producers where it is 
disassembled (4-5). The material can later be used for metal powder 
production within GKN group. The powder could then be used in additive 
manufacturing processes both in production of new parts but also in the repair 
of older products for MRO (6).  
 
 
 

5.7 Ranking assessment on different business cases 

 
The identified models we found has been described and we have made 
individual material handling suggestions to reach a circular system on each of 
them. The models needed to be compared to find the models that would suit 
Circular Economy and we used a Pugh Matrix as a systematical evaluation 
tool.  
 
We did a systematic comparison between them using a Pugh Matrix (Cervone 
2009) where all the models were compared on a number of parameter. What 
this resulted in was that one or two models are ranked higher. It would create 
a substantial change if the modification, changes and improvements would be 
implemented with the purpose of reaching Circular Economy. 
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5.7.1 Business model evaluation parameters 

 
We evaluated the business models validity for Circular Economy and to be 
able to do that we would need a systematic way of evaluating them on defined 
parameters. The method we have chosen has been to do a Pugh Matrix over 
the different business cases we have found earlier. The evaluation was done as 
a discussion between us where we shared our experience from the conducted 
interviews from company employee. We choose variables that would include 
the three main goals and business validity, sustainability and technical 
possibility. The description of them is as follows. All of the variables are 
being evaluated in their optimal form and are not for any specific case. 
 
 
 
 
5.7.1.1 Turnover possibility 

 
This parameter measure the amount of the possible increase in turnover that 
the company can do if only this kind of business model was used. In the 
comparison between the models, the companies have the same amount of 
customers and the same amount of engine programs. The reason for choosing 
turnovers was that it is such a crucial number that has a large impact on a 
company's economical sustainability. If a model is considered to be better 
than the standard it is marked as positive.  
 
 
5.7.1.2 Margins 

This measurement has the purpose to show what possibility a certain model 
has for providing a high margin. We choose the margin because it is crucial 
for a company to have a high possibility of reaching the goals for return on 
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invested capital from the GKN group and the stock market. If a certain model 
has the potential to provide a higher margin than the control case then it is 
marked as a plus. We do not take into account how the model is currently 
working for GKN Aerospace Sweden now but are instead describing the ideal 
case.  
 
5.7.1.3 Capital intensiveness 

When choosing the capital intensiveness we wanted to evaluate how large of 
an initial investment it would take to create the necessary investment to have a 
certain business model working. We are assuming that every case needs to be 
built up from a minimum of internal infrastructure both for machines and for 
intellectual property. The comparison will show if a certain model is more 
demanding for capital than another and that such a model would be harder to 
implement. If a model has a higher need for capital than the comparison, the 
model would get a minus.  
 
5.7.1.4 Implementation time 

We also needed to evaluate how the implementation time would influence the 
value of a certain model over the other. The challenge is that this to a certain 
degree is dependent on the capital available and the original object. What we 
did was to make a simplified estimation of what alternative would need the 
largest investment. We found this measurement valuable because it could 
separate two alternatives break even points and their return on investment 
rate. The plus sign marks a shorter implementation time and the minus a 
longer one.  
 
5.7.1.5 Dependence on supplier 

There is a need to evaluate the risk that is involved with having few suppliers 
to choose from for the core components of the products. If there are a limited 
number of suppliers then there is no competitiveness to force the price down 
because of the limited market. And if a supplier would have financial 
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difficulties then it could jeopardize deliveries. We evaluated this by the 
amount of influence GKN Aerospace Sweden could have on choosing their 
suppliers and also influence possibilities on the original design. If there could 
be a possibility for a larger number of suppliers for their cores then that 
alternative would get a plus. If the suppliers are few and their products are 
vital for GKN Aerospace Sweden then that alternative would get a minus.  
 
5.7.1.6 Possible usage of recycled materials 

We wanted to include the recycling rate in the evaluation but it was difficult 
since it is more dependent on the product itself rather than the business model. 
This measurement are based on that every model has the same product in the 
same amount of volume, also that the measurement is based on the possibility 
of recycled materials rather than the recycling rate done today. If the 
possibility for having a higher recycling rate is meeting in the model, then that 
alternative marks as a plus. 
 
 
5.7.1.7 Usage of unsustainable materials 

The choice of include the amount of unsustainable materials is a very blunt 
measurement of evaluating certain materials and are not meant as something 
more than an estimation. An estimation of how much possibility a certain 
business model has of influencing the amount of dangerous and unsustainable 
materials in the products lifecycle. We are evaluating whether or not a certain 
model would have the possibility to systematically contributing to a more 
sustainable society using the sustainability principles as guidance. If the 
model can avoid dependency of materials that will systematically contribute 
to an unsustainable society it is marked with a plus.  
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5.7.1.8 Benefits from AM 

We have been investigating the possibilities of additive manufacturing and 
since GKN Aerospace Sweden are currently working on several research 
projects, as well as incorporating certain parts of it in their current production 
line, we wanted to estimate how large a role AM would be in the different 
models. A model would score better depending if they had more possible 
opportunities to use additive manufacturing and less if they only had limited 
applications that would require it.  
 
5.7.1.9 Percentage of lifecycle 

This measurement is a comparison between the amounts of participation GKN 
Aerospace Sweden takes in an engine program started by an OEM. The higher 
the participation is then there are more opportunities for GKN Aerospace 
Sweden to increase its turnover. The comparison is requiring that all the 
models are having the same possibilities of growth on the market. The higher 
the percentage is of a company's commitment to a motor program then there is 
also a higher incentive for incorporating sustainable product development. If 
there already have a sustainability vision for the company, then the impact of 
their actions will be more influential if their part of an engine programs 
lifecycle is high. When a certain model is having a larger part of the total 
lifecycle then that model will get a plus, if it has limited part then it gets a 
minus.  
 
 
5.7.1.10 Product oriented 

This measurement is related to the PSS theory and is an evaluation of a 
certain business model is focusing on satisfying their customers need by 
producing a product. The goal is to provide a service combined with a product 
and neither side is supposed to only focus on their service or product but 
instead the value that the customers are asking for. If the business model is 
focused on production of new products with no development or aftermarket 
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services it gets a plus in this category while if it only focuses on doing repairs 
and development it gets a minus.  
 
5.7.1.11 Service oriented 

For achieving a product service system the production of value can not only 
be achieved through machining but also through development. If a business 
model is having the a focus on product development, need finding, support 
and aftermarket remanufacturing then it gets a plus but if it mostly focuses on 
the products they are producing it gets a minus. 
 
 
 

5.8 Pugh matrix result 

 
We used eleven parameters in the Pugh matrix to evaluate the models and we 
used the A model as the reference. The A model, when GKN Aerospace 
Sweden was the OEM, developer, manufacturer, provider of MRO services 
and technical support was used because it covered all the business areas. It 
could be a solid reference even if the model today only contained the RM12 
engine program.  
 
 
5.8.1 How the evaluation was done  

 
The comparison between A and B to F was done in order of the parameters 
and with an assumed equal amount of engine programs. The reason for having 
the same fictional engine program was to make the evaluation as neutral as 
possible. The model with highest turnover possibility was a comparison 
between model A and the rest of the models. Model A has turnovers as a 
manufacturer and a developer while model B only has turnovers as an MRO, 
which makes model A more likely to have the higher turnovers, resulting in a 
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minus for model B on the first parameter. The differences were instead 
manufacturing and development compared to manufacturing and MRO when 
model A were compared to F. Model F gets a plus because of that MRO 
services will generate higher turnovers than the development.  
 
 

 
Figure 25. Illustrates the Pugh matrix results 
 
The result we got after evaluating the different models in the Pugh matrix was 
a ranking where the models were placed from 1 to 6 on how well they would 
be suited towards reaching Circular Economy.  
 
This means that the highest ranked business model would be the “OEM 
model”, model D. In this model GKN Aerospace Sweden has complete 
ownership of a product, from product development, need finding from 
customers, production, MRO responsibilities and possibility to make midlife 
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upgrades. The product they have in this kind of business model today is the 
military RM12 and it would mean that this is the best business model for 
GKN Aerospace Sweden to contribute towards sustainable development 
through Circular Economy.  
 
This interpretation of the Pugh matrix and the results would however be 
somewhat of an oversimplification of reality for the company and instead 
there are other kinds of data that needs to be addressed before the final 
conclusion.  
 
Foremost is that both concept A and C are relative small parts of GKN 
Aerospace Sweden's operation today. The military programs are no longer the 
backbone of the company and in the concept C there is today only one old gas 
turbine, the DR9907 which is not subject for any larger mid life upgrades and 
have a relative small market with around 80 units worldwide.  
 
The concept A was the third on the list and it contains a number of different 
engine programs today from several different OEMs. The gas turbine 
LMs1008, the aero engine PW1100 9and the GP700010 are some examples of 
engine programs where GKN Aerospace Sweden are both supplying and 
developing the engines. 
 
What we find is that the best solution for reaching Circular Economy would 
be to have a business model that includes the same business areas as concept 
A but preferably with the addition of concept C. That means having the 
benefits related to development as in A, combined with long responsibilities 
during the components lifecycle as in C. Both models got a high score in the 
Pugh matrix and they, together, provide a company with the highest 
possibility to influence and develop towards a more sustainable solution for 
the engine program that they would incorporate in this model. The addition of 

                                                 
7 A gas turbine that Volvo Aero required the OEM rights to in 1979 from Dresser-Rand 
8 Aero derived gas turbine based on the CF6 80E from General Electric 
9 Aero engine first tested in 2013 by Pratt & Whitney 
10 Aero engine first tested in 2004 by General Electric 
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the incorporation of concept C in concept A would mean that MRO would be 
added to the existing supplier and developer role of today. Taken all these 
additional aspects into consideration means a new model is created, which we 
will call concept G.  
 
Concept G would be a good Circular Economy concept for GKN Aerospace 
Sweden, because of the large involvement the company would have on the 
lifecycle of an aero engines program. It would involve participation in 
prototyping, testing, calculation, need finding, production, service, 
remanufacturing and end of life treatment. 
 
 

5.9 Business model suggestion 

 
The interviews we conducted in combination with the Pugh-matrix gave the 
result that no single model could by themselves provide a reasonable business 
model, sustainable material handling and technical feasibility within a 
reasonable time frame. Therefore we developed the concept G as a suggesting 
on how GKN Aerospace Sweden could reach Circular Economy. 
 
 
5.9.1 The G model 

 
We are showing how the materials, in terms of alloys, could stay inside the 
GKN group and how the flow between stakeholders could look like. This G 
model and it is a combination of the A and C model. What this would mean is 
that GKN Aerospace Sweden would be doing development of components 
together with the OEM. They would also produce the same components in 
their own factory, and when the components or engine would need  
maintenance or repairs it will be done within the GKN group as well. The 
model will describe an example of a single engine program and we are 
recognizing that different OEMs, different products and different customers 
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have their own conditions tied to them. This models purpose is instead to 
serve as a concept of how Circular Economy for an engine program within 
GKN Aerospace Sweden could be reached.  
 

 
 
Figure 26. Illustrates the G model 
 
 
The metal alloy powder will be produced by GKN Powder Metallurgy by 
using a PREP method and the powder can then be sold to either GKN 
Aerospace Sweden or other tier one suppliers to the OEM (1). The production 
of parts would then be done by additive manufacturing, laser deposition and 
other powder based manufacturing technologies (2). Other suppliers would 
also to some degree use metal powder in their production and GKN group 
could be their suppliers (3). The OEM will still be responsible for their 
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product and will have the responsibility of assemble the components into a 
finished product (4). The customers will receive their materials and products 
from the OEM and will be dependent on having a service connected to their 
products (5). GKN Aerospace Sweden will be providing the costumers and 
OEMs with MRO services on the engine program. The processes that will be 
used in repairs will be powder based and the material will come from GKN 
Powder Metallurgy. GKN will not only provide MRO services but also 
midlife upgrades in cooperation with the OEMs during the engine programs 
lifecycle (6, 7). When a component for some reason cannot be repaired further 
it has reached its end of life as a component. The core will be sent back to 
GKN Aerospace Sweden for diagnostics and disassembly (8). The metal 
alloys will then be sorted, crushed and made ready for being delivered back to 
GKN Powder Metallurgy (9). 
 
 
 
 
5.9.2 Service provided 

 
It will be necessary to make changes to the business model in order to make 
the material contained in a loop. What we found during the interviews was 
that the value creation is shifting from focusing on the component itself 
towards the function of the component. The services are no longer 
concentrated only to the MRO but instead connected to all part of a 
components and a products lifecycle.  
 
These are some of the possible benefits to produced services that would 
emerge if the G model where implemented: There will be a possibility to 
become more agile with the delivery of raw materials and to cut costs if the 
materials are contained within the GKN group (1). The production of parts 
could also be more agile and the challenge would be quality control and just-
in-time delivery to the OEM (2). The service provided to the OEM is the 
combined development effort and the collected experience from past engine 
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projects that GKN Aerospace have been involved in. The aim is to create as 
much of a learning loop as possible between MRO, development and 
production (3). The service provided to the costumers is a product that is 
delivered faster, has a design based on previous engine experience. The 
ownership of the component will have been moved towards the producers and 
it will make the cooperation between the users and the tier one suppliers 
tighter. The user pattern of the products will be collected by the OEM in 
similar ways like the engine program RM12 is collected today by GKN 
Aerospace Sweden. This data can then be shared with the tier one suppliers to 
improve their design and development of engine programs (3,5). The service 
that is provided during an MRO operation is a great opportunity of gathering 
data and creates education about a products limitation. If the limitations are 
known it is easier to increase the life cycle of components. The data collected 
from users will be used to make midlife upgrades that can be implemented 
depending on the costumers’ needs (6). The supplier to the MRO operations 
will be inside the GKN group, providing either metal powder or finished spare 
parts produced by GKN Aerospace Sweden (7). When a component cannot be 
used in an engine anymore it will be sent back to the GKN group to be 
diagnosed and used to improve the simulation programs that measures 
strength and fatigue. When the products are sent back for recycling it will also 
provide the GKN group with new raw materials for powder production (8,9).  
 
 

5.9.3 Difference between repair and remanufacturing 

When a product enters a typical repair shop for maintenance it is stripped 
down, cleaned, have its part examined and after the repairs it’s done its 
reassembled and often put back into the same machine it came from. It still 
keeps the same serial number, has the same function and purpose as before 
the process began. This operation is a typical example of how a repair is done 
regardless of what a company would like to call the process. The example of 
how a remanufacturing process could work begins with a worn out core that 
are being returned to the factory after it´s end of life and are then 
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disassembled as described earlier, inspected and evaluated. Certain worn out 
part are then discarded from the core and replaced with new ones.  

Examples of these products could be O-rings, coating paint and smaller pipes 
that are exchanged to a new often better material. The core are then losing its 
serial number, going through an improvement process, being assembled, 
inspected, tested and assigned a new serial number, packaged and then sent 
off to a new customer. The importance of remanufacturing is not that the 
process itself is that much different from repair but instead that the end result 
and usage after the process is different and that the goal for remanufacturing 
is to increase the value and creating a new, better product with its processes 
while repair aims to restore the original function. 
 
 

6 Discussion 

 
6.1 The three aspects of CE 

 
From the results, we found that three aspects must comply with each other in 
order to have a working Circular Economy. These aspects are the following; 
Methods for Sustainable Development (MFSD), Product Service System 
(PSS) and Additive Manufacturing (AM) as visualized under the result 
section Components for Success (5.1). According to our study these aspects 
are, more or less, of equal weight and equally important for a working circular 
economy within a company. The aspects complement each other and provide 
a sustainable process within the company. The success of these aspects could 
be to reach a sustainable position in the society in the future.  
 
In our specific case the link between the aspects are described further in this 
paragraph. From MFSD aspect we received a ranking as our result from the 
material criticality list assessment. Since the list of the materials and alloys 
were specifically for GKN Aerospace Sweden, we took the advantage of it in 
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order to rank the materials, from the highest to the lowest critical alloy. The 
highest critical alloy was Inco 718 and the suggestion is that this alloy should 
be the priority of circulating within the GKN group. Model G is the ideal 
business case which we also evaluated in our results. Model G and the rest of 
the business cases (A-F) are our results which introduce the aspect of PSS into 
the process of Circular Economy. The third aspect additive manufacturing 
(AM), is the technical capability which would be the "cogwheel" of the 
Circular Economy process, making the alloy Inco 718 possible to return to as 
a functional alloy in the company after the lifecycle. AM is meant to get 
positioned, developed and integrated at GKN Metallurgy where Inco 718 is 
remanufactured as a powder which can be used for production of new 
components. AM is best suited technology for the process since it is a process 
in development and has a more effective material usage compared to the 
traditional manufacturing methods.  
 
 
 
6.2 Analysis of the assessment for material criticality 

 
6.2.1 Interpretation of the results 

 
From material criticality assessment we received a result, which was the 
ranking of alloys. This ranking gave the first indications of which alloys were 
the most critical and it can be used as a support when GAS makes decisions of 
its material management. The ranking can be interpreted as suggestions for 
GAS, where it shows which material that could be managed for a circular 
process. This could therefore contribute to a sustainable society and business. 
The most critical alloy within GAS was Inco 718 according to the assessment 
and the alloy is very common in the manufacturing department. Inco 718 is an 
alloy which its main functionality is for resisting the extreme heat which is 
created in the motor engine. The material criticality list was developed by 
Hallstedt & Bratt (2015) specifically for GAS. It is guided by the four 
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sustainable principles to assess its sustainability level.  
 
The method behind the ranking was that we selected three criteria for the 
ranking.   As mentioned in the method chapter the criteria were the following; 
evaluation based on a total of 1 kg alloy, evaluation based on the total 
amount of materials in the specific alloy and evaluation based on the amount 
of methods which classifies the materials as critical. These criteria were 
selected from the material criticality list. The criteria made it possible for us 
to assess a ranking and therefore this ranking we suggest to GAS as a 
direction when the company wants to implement and kind of circular process 
for its material handling.  
 
 
6.2.2 Limitations of material criticality assessment 

 
The material critical list is only focusing on materials which are historically 
used and will need to be redone every time a new material is introduced. It 
was difficult to predict all the possible changes that could happen over one 
engine programs lifecycle, that’s why it is not certain a changed material 
handling would pay off as soon as expected. The material criticality list for 
GAS was not fully developed by our supervisor and therefore there were 
some limitations for us when we had to assess it and receive the ranking for 
the alloys.   
 
Other limitations of the assessment for the ranking were that it did not take 
into consideration of the second and third sustainable principles when 
assessing them. This due to it was lack of information and research of how the 
alloys affected the second and third sustainability principles.  
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6.2.3 Next step for the material criticality 

 
We have not investigated on how long it would take for the GAS group to 
implement a functioning process of the most critical alloy Inco 718 and is 
something that could be investigated in future work. A calculated 
implementation time for the circulating process would give the company a 
more realistic and visual view of its value. The material criticality list for 
GAS and is still under development, with a further research the list could give 
more specifically results and details. With more time we would have liked to 
investigate what kind of regulations to existing industry processes that will be 
decided by Sweden and EU. The purpose would be to find more reason for the 
GAS group to avoid their linear use of rare metal alloys. 
 

 
 
6.3 The G model 

 
The G model is a suggested business model and a material flow example of 
how GKN Aerospace Sweden could reach Circular Economy. The G model is 
a possible solution and can be used as a guideline for how GKN Aerospace 
Sweden should organize their future engine programs. There would be a 
systematic change in how businesses, material handling and services are 
conducted if the G model where to be implemented into the core business of 
GKN Aerospace Sweden. The model can be interpreted as a vision for the 
future where materials and transportations are more expensive and where 
regulations are harder.  
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6.3.1 Consequences of a PSS inspired model 

 
The benefits with having a material flow shown in the G model coupled with 
a business model based around PSS would be the following.  
 

 Reduction of risks 
 Reduction of financial costs 
 Easier to plan future costs 
 Incentives to improve the product 
 Efficient use of materials in the loop 

 
The reduction of risk with engine programs is related to the cost is more 
connected to the number of customers using the function of the components 
rather than number of products sold. The reduction of financial costs are a 
result of getting paid directly when the components are used and not having to 
wait until the components are in need of MRO services. This means that the 
need for liquidity is declining and that the interest’s rates related costs from 
banks and investors become lower. The planning till get easier when 
components are tracked, and monitored more regularly. A closer relation with 
costumers will also make the planning of production easier. The incentive to 
improve a product is today driven by the possibility to make a product 
cheaper to sell but not necessarily last longer. The incentives would be to 
design a product that was as long-lasting as possible if a product was owned 
by GKN Aerospace Sweden during its lifetime and leased to costumers. 
Materials used in a product are being used more efficiently if the products are 
used for longer time inside the loop. 
 
 
 
6.3.2 Limitations to our G model 
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We are recognizing some weakness to our work, however we think this 
solution could support GKN Aerospace Sweden to move towards Circular 
Economy. The strongest limitations are listed here: 
 

 Implementation time of the model 
 Choosing the right costumers 
 Certifications of processes 
 Regulations to the industry 

 
The implementation time for introducing the model is not in our scope for this 
thesis but is of vital importance if the model is implemented. There is a risk of 
not gaining the full benefits from the model if the implementations are done 
inconsistent and over a longer time of several programs lifecycles. The model 
are suited for costumers that are using similar PSS models (such as Rolls 
Royce), they are probably the companies that are most willing to partner with 
the GKN group when searching for suppliers. Rolls Royce is currently using 
their own version of PSS, Power by the hour. The certification done by the 
OEM to make sure all their suppliers are producing components of quality are 
one obstacle for the G model because of the larger role that would mean a tier 
one supplier would take in a component and products life cycle. The OEMs 
will need to understand and have an economical benefit to agree to such a 
large change from their suppliers. The Federal Aviation Administration 
(FAA) is only one of the many regulators to the industry that could object to a 
change in material flows. A regulator will not like products owned by an 
OEM and in the same time having components owned by supplier. 
 
 
6.3.3 The next step for the model 

 
The next steps towards reaching Circular Economy for GKN Aerospace 
Sweden would be to test the model, both practical tests and smaller test on 
current engine programs. The practical tests have to do with production, 
manufacturing of components by AM, support systems to engines and 
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logistical solutions. A suitable engine program to test could be the gas turbine 
DR990 since they have the OEM rights to the design. Even if the costumers 
are hesitant to the change of ownership, the tests will bring valuable insight of 
what reservations and concerns costumers could have towards a PSS oriented 
business model. The idea of using PSS as a mean to achieve circular economy 
is not a new idea (Hinton 2008), but to use a case from manufacturing 
industry and especially the aerospace industry is unique. An examination to 
use AM as a tool for reaching CE has already been conducted in Australia in 
an article last year (Giurco, Littleboy, Boyle, Fyfe, White 2014) so the topic 
has started to get more attention. We are of course hoping the results of our 
thesis will inspire more companies to try moving their own businesses 
towards a more sustainable society. 
 
 
 
6.4 A backcasting perspective 

 
Reaching Circular Economy (CE) has not one final solution but rather a 
number of different options including the three aspects of Sustainability, 
Technology and Business. If a manufacturing company, not necessarily in the 
aerospace industry, would like to introduce CE but don’t know how to 
proceed they need a tool, backcasting. A company needs to be systematic 
when they evaluate their own road towards CE because they have their own 
unique products and/or manufacturing methods. They have their own vision 
of how success is reached, awareness of where they are today and multiple 
options for improvements. The suggested improvements should be evaluated 
on their potential return on investment and their flexibility.  
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Figure 27. Illustration on backcasting for GKN Aerospace Sweden 
 
The image describes a possible backcasting perspective for GKN Aerospace 
Sweden where Circular Economy is the vision they want to achieve. Some of 
the possible actions they could take would be; using “parts/hour” as their PSS 
concept to sell value to OEMs, using their “Life tracking system” (LTS) as an 
additional service to increase a components lifecycle. Use a “multi-life” 
design perspective to make components usable in multiple engine 
configurations. There needs to be a control system to make “Multi-life” and 
“Parts/h” possible, LTS could be such a system. The only way for a company 
to find the best possible alternatives for them and the prioritizing order is to 
investigate their own current conditions and visions for success, both 
economical and ecological.  
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7 Conclusion 

 
Three dimensions that is important for reaching Circular Economy are; the 
business model, sustainable development, and the technology. All dimensions 
should be taken into account it the aim is to reach a sustainable society, in line 
with that the company is not losing economically but instead gaining from its 
investments in the long-term perspective.   
 
What we found from interviews at GKN Aerospace Sweden was that the 
company should provide product development, production and MRO services 
in every engine program where they are a tier one supplier. The main reasons 
for this would be the large influence they would have on components 
lifecycles. 
 
The conducted interviews showed the main challenges for GKN Aerospace 
Sweden which are: 

 How to prioritize and find critical materials in the products used 
today. 

 How additive manufacturing could be used in a circular material flow.  
 To find what part of the lifecycle should the company provide value.  
 To find opportunities on how the aerospace industry could work 

towards Circular Economy. 

The opportunities we believe can solve the challenges are: 
 

 Systematically analyze critical materials early in the development 
stage by using tools like material criticality list. This will avoid 
dependence on materials that could become unavailable. 



94 

 Additive manufacturing as a manufacturing method is not dependent 
on a few suppliers of raw material and uses the material more 
efficiently.  

 GKN group should take a closer look on what part in the lifecycle of a 
component the costumers are valuing the highest, that is the area GKN 
group should prioritize. 

 The industry needs to focus on providing the highest value instead of 
only producing physical products. Combining services and products 
and thereby keeping materials in the loop and have control of the 
material flows. 
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