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With the ongoing climate crisis, there is an urgent need to reduce the 
environmental impacts, and circularity has bees stressed as key, but the 
transition is going slower than anticipated. The manufacturing industry, 
who is a large contributor to the emissions, has started to adopt circularity 
for its products, yet less attentions has been given to the production systems. 
Productions equipment represents a resource intensive part of the production 
systems and offers significant potential for reducing the environmental 
impacts. Despite the already long lifecycle of production equipment, reaching 
over decades, it is through the design decisions taken by engineers in the 
early phases of development that will set the potential for circularity. Thus, 
circularity must be operationalised during this phase. Therefore, the purpose 
of this thesis is to explore engineering for circularity and how it can be 
operationalised in the context of production systems, with a particular focus 
on early equipment design. The findings contribute to the understanding of 
engineering for circularity and emphasise early design decisions, a system 
perspective, and the importance of mindset, values and economic logic. The 
concludes that the engineering design problem itself must be reframed to 
explicitly incorporate circularity as a prominent design directive.
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Abstract 
Circularity has been stressed as a key to reducing environmental impact, 
but the transition is going slower than anticipated. The manufacturing 
industry, as a large contributor to emissions, has started to adopt 
circularity for its products, but less attention has been given to 
production and the development of production systems. The production 
equipment represents a resource-intensive part of the production system 
and, therefore, offers significant potential for reducing environmental 
impacts. Development of production equipment constitutes a unique 
context. It requires accommodating both present and future products 
through flexibility and non-traditional configurations, early equipment 
supplier involvement with limited opportunities to address circularity 
jointly, and dealing with a complex item with several design parameters. 
Additionally, much development in the manufacturing industry takes 
place in already existing production systems, i.e., brownfield 
development, which is often characterised as a wicked problem. Despite 
the often long lifecycle of production equipment, reaching over decades, 
it is the design decisions taken by engineers in the early phases of 
development that will set the potential for circularity. Thus, circularity 
must be operationalised during this early design phase. Therefore, the 
purpose of this thesis is to explore engineering for circularity and how it 
can be operationalised in the context of production systems, with a 
particular focus on early equipment design. 

The research presented in the thesis was conducted using an interactive 
research approach in close collaboration with several companies and 
includes both real-time and retrospective cases from the manufacturing 
industry, and a reference case from the retail sector. The findings 
contribute to an understanding of engineering for circularity, which 
emphasises the early design decisions balancing trade-offs between 
circularity and other optimisation objectives such as efficiency and 
usability of the production equipment. A systems perspective is 
considered key to understanding dependencies within the production 
system and how they influence the design. Additionally, the findings 
reveal the importance of mindset, values, and prevailing investment 
logics, demonstrating that the challenge of circularity extends beyond 
technological solutions. To operationalise engineering for circularity, the 
findings suggest utilising already existing engineering design strategies 
to both increase and embed circularity within engineering practices. The 
thesis concludes that the engineering design problem itself must be 
reframed to explicitly incorporate circularity as a prominent design 
directive. 
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Sammanfattning 
Cirkularitet har lyfts fram som central strategi för omställningen. Trots 
detta går omställningen långsammare än förväntat. Tillverknings-
industrin, som står för en betydande del av utsläppen, har börjat anamma 
cirkularitet för sina produkter, men mindre uppmärksamhet har riktats 
mot produktion och utvecklingen av produktionssystem. Produktions-
utrustningen utgör en resursintensiv del av produktionssystemet och har 
därför en betydande möjlighet att bidra till minskad miljöpåverkan. 
Utveckling av produktionsutrustning sker i en unik kontext. Den ställer 
krav på att tillgodose både nuvarande och framtida produktbehov genom 
flexibilitet och okonventionella konfigurationer, involvering av 
utrustningsleverantör tidigt trots begränsade möjligheter att gemensamt 
adressera cirkularitet samt hantera komplex sak med många design-
parametrar. Dessutom sker en stor del av utvecklingen i tillverknings-
industrin i redan befintliga produktionssystem, så kallad 
brownfieldutveckling, vilket ofta beskrivs som ett lömskt problem 
(wicked problem). Trots produktionsutrustningens ofta långa livslängd, 
som kan sträcka sig över decennier, är det de designbeslut som fattas av 
ingenjörer i de tidiga utvecklingsfaserna som avgör potentialen för 
cirkularitet. Cirkularitet behöver därför operationaliseras i denna fas. 
Syftet med avhandlingen är därför att utforska ingenjörsarbete för 
cirkularitet och hur detta kan operationaliseras i en produktionssystem-
kontext, med ett särskilt fokus på tidig design av produktionsutrustning.  

Forskningen presenterad i avhandlingen har genomförts med en 
interaktiv forskningsansats i nära samarbete med flertalet företag och 
omfattar både studier i realtid och retrospektiva fall från tillverknings-
industrin samt ett referensfall från detaljhandeln. Resultaten bidrar till 
en ökad förståelse för ingenjörsarbete för cirkularitet och betonar 
betydelsen av de tidiga designbesluten för produktionsutrustning där 
avvägningar behöver göras mellan cirkularitet och andra optimerings-
mål, såsom effektivitet och användarvänlighet. Systemperspektivet anses 
avgörande för att förstå beroenden inom produktionssystem och hur de 
påverkar dess design. Resultaten visar även betydelsen av 
förhållningsätt, värderingar och rådande investeringslogiker, vilket 
tydliggör att utmaningarna med cirkularitet sträcker sig bortom tekniska 
lösningar. För att operationalisera ingenjörsarbete för cirkularitet pekar 
resultaten på möjligheten att använda etablerade designstrategier för 
ingenjörer för att både stärka och förankra cirkularitet i ingenjörspraxis. 
Avhandlingen drar slutsatsen att själva designproblemet som 
presenteras för ingenjörer behöver omformuleras för att explicit 
inkludera cirkularitet som ett framträdande designdirektiv.  
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1 Introduction 

The initial section of this thesis provides a background 
and problem statement for the research. The purpose 
and research questions are also found here, along with 
the scope and the structure of the thesis.  

 

1.1 Background – Manufacturing Industry’s Role in 
the Climate Crisis 

To frame the background, one could start by giving a history lesson on 
the evolutionary development of humanity over the last 200–300 years, 
starting in the first industrial revolution. There would then be endless 
decisions presented as the reasons that led up to the point of the 
“situation” we, as humans on this planet, have created today. To narrow 
down the scope, statistics are instead presented of the current state of the 
ongoing environmental crises, with the manufacturing industry as the 
primary focus.  

 
With an increase in both population and resource use (Oberle et al., 2019), 
global resource consumption is more than 1.75 times the availability and 
its regeneration (Global Footprint Network, 2024). With increased 
resource use and dependence on fossil fuels, greenhouse gas (GHG) 
emissions have increased dramatically over the past 50 years (Ritchie et 
al., 2023). Tragically, the highest peak is yet to come for many countries 
(United Nations Environment Programme, 2024). The manufacturing 
industry is a major contributor to environmental pollution and accounted 
for 19-23% of GHG emissions in Europe between 2023 and 2025 
(Eurostat, 2026).  
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With the urgency the climate crisis brings, both the UN and EU have set 
strict climate targets that are to be reached by 2050. One prominent goal 
is to keep the temperature increase below 2 ̊C (preferably under 1.5 ̊C), 
as set in the 2015 Paris Agreement (UNFCCC, 2018). To reduce the 
environmental impact and to strive towards the high-set goals, circularity 
– revolving around value retention loops for lifecycle extension and 
maximised resource utilisation (Ellen MacArthur Foundation, 2013; 
United Nations Environment Programme, 2019) – has been stressed as a 
key enabler (Franco, 2017; Ghisellini et al., 2016; Islam, Chavez, Birkie, et 
al., 2020; Lieder & Rashid, 2016; Rizos et al., 2019). However, circularity 
must be applied responsibly and with consideration that it sometimes 
might do more harm than good, in terms of environmental impact 
(Bakker et al., 2021; Hummen & Desing, 2021). Often, the implementation 
of circularity comes with several barriers, ranging from institutional, 
social and technological, to market or economic barriers (Grafström & 
Aasma, 2021; Tura et al., 2019). Despite circularity being suggested as a 
key to achieving environmental benefits, the transition from the linear 
thinking of take–make–waste towards circular thinking is going slower 
than anticipated (Circle Economy Foundation, 2024; Marelli et al., 2025).  
 
Until now, the focal point for the manufacturing industry in terms of 
circularity has been on either the production of goods (Bakker et al., 2021; 
Bjørnbet et al., 2021; Chrispim et al., 2025; Sakao et al., 2024), i.e. the 
product, or on incremental improvements during the operational phase 
(Lim et al., 2022; Rathi et al., 2022). To fully capture the circularity in the 
manufacturing industry, the product and its corresponding production 
system need to be understood (Despeisse et al., 2026). In this thesis, a 
production system is understood as a system that transforms inputs into 
produced goods by multiple interconnected technical, human, 
information and managerial elements (Hubka & Eder, 1988; Säfsten & 
Bellgran, 2009). Although there has been an increase in attention to 
circularity in production systems, it is far less researched in comparison 
to other parts of the manufacturing industry, such as the product 
perspective (Saari et al., 2024; Sarkis & Zhu, 2018; Skärin & Rösiö, 2025). 
Thus, there is a need to deepen the understanding of how circularity 
could be accomplished in the extended parts of industrial practices, such 
as the development of production systems.  
 
The development of production systems includes the activities and 
processes performed to realise a production system that aims to 
manufacture a product (Säfsten & Bellgran, 2009), including multiple 
phases spanning from early design to operational phases. For circularity 
to have the largest impact, it needs to be implemented in the design phase 
of the production systems when key requirements and design decisions 
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are established (Lewis et al., 2001). At later stages, changes in the 
production system become increasingly difficult and costly to implement 
(Anderson, 2020). Circularity therefore needs to be translated into 
engineering practice during early design. In this thesis, engineering refers 
to the design and development-related activities involved in realising a 
production system (Säfsten & Bellgran, 2009). 

1.2 Problem Formulation – Or Why Circularity Is 
Yet to Be Operationalised in the Development of 
Production Systems  

To aid in the transition towards circularity, there have been several 
suggestions for frameworks, often targeted towards consumer products. 
One prominent framework is the R-principles (Potting et al., 2017), which 
includes several variations of R, with the most used being reduce–reuse–
recycle (Kirchherr et al., 2017). Despite the increased attention, the 
framework has also been questioned as being too vague, as it does not 
target a specific issue or sector (Reike et al., 2018). Consequently, its 
usefulness for supporting engineering decisions in the development of 
production systems is limited. To support the transition towards 
circularity, Design for X (DfX) approaches have been proposed (Dahmani 
et al., 2021; Moreno et al., 2016) as a means to facilitate the R-principles 
(Benabdellah et al., 2024), despite these not being initially created for 
circularity purposes (Dahmani et al., 2021; Mesa, 2023). However, 
production systems – particularly the hardware within the technical 
subsystem, i.e. production equipment – often have lifecycles over a 
decade (Erumban, 2008) and thus frequently outlast the products they 
were originally intended to manufacture (Bellgran, 1998). Since the 
design of a production system is heavily reliant on the specifications of 
the product that it is intended to produce (Wiktorsson, 2000), challenges 
arise in the development of production systems capable of 
accommodating future product generations that are yet to be designed. 
This creates a need for flexibility (Kampker et al., 2013) and to develop a 
production system with built-in adaptability, challenging traditional 
configurations in terms of both transition period and line set-ups 
(ElMaraghy, 2009).  
 
Beyond the technical challenges associated with long lifecycles and 
flexibility, organisational challenges also influence circularity in 
development of production systems. In the early phases of production 
system development, an equipment supplier has often not been selected. 
Therefore, a formal purchasing decision is seldom in place before the 

 

 3 

are established (Lewis et al., 2001). At later stages, changes in the 
production system become increasingly difficult and costly to implement 
(Anderson, 2020). Circularity therefore needs to be translated into 
engineering practice during early design. In this thesis, engineering refers 
to the design and development-related activities involved in realising a 
production system (Säfsten & Bellgran, 2009). 

1.2 Problem Formulation – Or Why Circularity Is 
Yet to Be Operationalised in the Development of 
Production Systems  

To aid in the transition towards circularity, there have been several 
suggestions for frameworks, often targeted towards consumer products. 
One prominent framework is the R-principles (Potting et al., 2017), which 
includes several variations of R, with the most used being reduce–reuse–
recycle (Kirchherr et al., 2017). Despite the increased attention, the 
framework has also been questioned as being too vague, as it does not 
target a specific issue or sector (Reike et al., 2018). Consequently, its 
usefulness for supporting engineering decisions in the development of 
production systems is limited. To support the transition towards 
circularity, Design for X (DfX) approaches have been proposed (Dahmani 
et al., 2021; Moreno et al., 2016) as a means to facilitate the R-principles 
(Benabdellah et al., 2024), despite these not being initially created for 
circularity purposes (Dahmani et al., 2021; Mesa, 2023). However, 
production systems – particularly the hardware within the technical 
subsystem, i.e. production equipment – often have lifecycles over a 
decade (Erumban, 2008) and thus frequently outlast the products they 
were originally intended to manufacture (Bellgran, 1998). Since the 
design of a production system is heavily reliant on the specifications of 
the product that it is intended to produce (Wiktorsson, 2000), challenges 
arise in the development of production systems capable of 
accommodating future product generations that are yet to be designed. 
This creates a need for flexibility (Kampker et al., 2013) and to develop a 
production system with built-in adaptability, challenging traditional 
configurations in terms of both transition period and line set-ups 
(ElMaraghy, 2009).  
 
Beyond the technical challenges associated with long lifecycles and 
flexibility, organisational challenges also influence circularity in 
development of production systems. In the early phases of production 
system development, an equipment supplier has often not been selected. 
Therefore, a formal purchasing decision is seldom in place before the 

25



 

 4 

design phase begins, making a much-needed collaboration with 
equipment suppliers of the production system more challenging (Sjödin 
et al., 2011; Sjödin et al., 2016). This also limits the opportunities to jointly 
address circularity during the design phase. Complex products, which 
production equipment could be categorised as, also have a high number 
of design parameters to consider and thus require enhanced strategies 
for circularity to be implemented in the design phase (Tam et al., 2019). 
Furthermore, the development of production systems typically takes 
place in circumstances with predefined boundaries of an earlier 
production system, i.e. in a brownfield context (Nåfors, 2019). Therefore, 
the development of production systems, to a large extent, concerns 
modifications of already operational factories. Decisions made during the 
early design phase are thus expected to influence the possibilities of 
circularity throughout the lifecycle. This results in constraints and 
boundaries for future production systems being set during the initial 
design of the production equipment.  

1.3 Purpose & Research Questions 
Given the background and problem formulation, it can be stated that 
introducing circularity in the development of a production system 
towards a more sustainable manufacturing industry is not a trivial task. 
Circularity is primarily studied from a product perspective, but needs to 
be understood from a production-system perspective as well. The 
contextual presumptions create a unique setting in which the 
development of production systems takes place, handling, e.g. long 
lifecycles, high design complexity, and dependencies on collaboration 
with equipment suppliers. Although previous studies have contributed to 
the development of the field, there is still a lack of knowledge on how 
circularity can be operationalised in the development of production 
systems with an emphasis on the production equipment. To address this 
gap in the literature, the following purpose was formulated: 

 
 

The purpose is to explore engineering for 
circularity and how it can be operationalised 
in the context of production systems, with a 
particular focus on early equipment design. 
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To address this, the following research question was formulated. 
 

RQ1 What does engineering for circularity 
in the context of production systems 
mean? 

RQ2 How can engineering for circularity be 
operationalised during early 
production equipment design as a part 
of the development of production 
systems? 

1.4 Scope and Delimitations 
The research includes two well-established fields, i.e. the development of 
production systems and the field of circularity, whereas limited attention 
has been given to the combination of these. Thus, theory building has 
been carried out during the data collection and has developed during the 
research process along with an increasing understanding of the subject.  

 
The core of the research lies in the early design of production equipment 
as a part of the development of production systems. The product 
development perspective has thereby been excluded, as it is presupposed 
that the product is set and managed beforehand. However, this exclusion 
does not include neglecting the possible influence a product has on the 
production systems and vice versa. Even though many aspects are 
included in a production system, there has been an emphasis on the 
hardware, i.e. the production equipment, throughout the study since it is 
the most resource-intensive apart from the productive material used to 
realise the products. Other aspects of the systems, such as the products, 
are considered for contextual reasons. The research included in this 
thesis focuses on circularity from an environmental point of view. This 
limits the scope of the research even though both the economic 
perspective and the social perspective are closely connected and 
therefore cannot be fully neglected.  
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1.5 Outline of Thesis 
After the introduction in Chapter 1, relevant theory for the licentiate is 
outlined in Chapter 2, and the methodology is described in Chapter 3. The 
appended papers are summarised in Chapter 4, and Chapter 5 presents 
the findings and analysis for this thesis. A discussion of the findings can 
be found in Chapter 6 – including suggestions for future research. The first 
half of the compilation thesis ends with the appendix, including interview 
guides. 
 
Additionally, the appended papers can be found in the second half of the 
thesis.  
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2 Frame of Reference 

This chapter reviews the theoretical foundations 
relevant to the thesis. It introduces the key concepts and 
research areas that form the basis for the subsequent 
analysis. 

 

2.1 The Production System 
Despite being a well-established field of research, there is variation in the 
literature concerning how production systems are understood. An 
understanding of the term production system can be facilitated by first 
breaking it down into a discussion of the terms production and system 
separately. From a general perspective, production can be understood as 
a transformation from inputs, e.g. material, work and capital, into the 
desired output of goods (Säfsten & Bellgran, 2009). A related term that is 
often debated is manufacturing, but both Säfsten and Bellgran (2009) and 
the International Academy for Production Engineering (2019) agree that 
manufacturing can be considered superior hierarchically to production 
and thus to also include a larger scope of activities, including managerial 
activities. Assembly is another closely linked term, but refers to the fitting 
together of the manufactured parts (The International Academy for 
Production Engineering, 2019). Moving on to the term system, it can be 
understood as “an interconnected set of elements that is coherently 
organised in a way to achieve something” (Meadows & Wright, 2008). 
Within a system, hierarchical levels and differences between subsystems 
are often emphasised (Lind, 2001). The system perspective allows for a 
holistic understanding of the entire production system and the interplay 
between its subparts (Säfsten & Bellgran, 2009). 
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In combination, a production system can thus be understood as: “The 
entirety of interrelated economic, technological and organisational 
measures directly connected with the processing/machining of material, 
that is, all functions and activities directly contributing to the making of 
goods” (The International Academy for Production Engineering, 2019). 
Another term sometimes used in the same context is the industrial 
system, described as “the collection of products and the production 
system that produces those products. In other words, products and 
production systems are sub-systems of the industrial system” (Brandts, 
1993). Figure 1 illustrates an overview of an industrial system. However, 
as previously described, manufacturing is often considered superior to 
production. Therefore, the thesis follows the hierarchical structure of a 
production system as suggested by Säfsten and Bellgran (2009) and 
illustrated in Figure 2. Within the production system, there are several 
subsystems, usually described to include technology/machine, humans, 
information, control, and material handling (Cochran et al., 2001; Groover, 
2015). The description of an industrial system by Brandts (1993) 
comprises surrounding activities connected to the production system, 
including, for example, the financial system. The holistic view this offers 
is considered important for the findings presented in the thesis. 
Nevertheless, the focus lies on the production system within the 
industrial system (referred to by Brandts (1993) as the manufacturing 
system). 

 
 

 

Figure 1: An overview of an industrial system and its subsystems. Redrawn 
from Brandts (1993). 
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The machinery within the production system could be referred to using 
different terminology, with a common term being production equipment. 
Another term machinery is associated with a narrower scope, referring 
to the equipment that directly performs the transformation process. As 
such it excludes supporting elements, such as the material handling 
systems. To capture a broader scope, the term production equipment is 
better suited. However, several subcategories exist for the production 
equipment as well. For example, advanced manufacturing technology 
(AMT) is a term used to describe a special type of production equipment 
with high technology and software specifications (Goyal & Grover, 2012). 
Hence, it could be considered that all AMTs are production equipment, 
but not all production equipment are AMTs. The relational view amongst 
the terms used in the appended papers is illustrated in Figure 3. 
 

Figure 3: Relational view of terms used in the appended publications. 

Manufacturing system

Parts of production system

Production system

Assembly system

Figure 2: Hierarchical view of a production system, redrawn from Säfsten & 
Bellgran (2009). 
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The terms production system and production equipment are specifically 
applied within the manufacturing industry in an industrial setting. If 
looked at from a broader perspective so as to include other types of 
sectors than the manufacturing industry, the collective term engineering 
assets (EA) can be used. An asset is described as “all the property of a 
person or a company which may be made liable for the payment of debts” 
(Oxford English, 2025). An engineering asset is to be considered a physical 
item from which the financial asset’s value is derived (Amadi-Echendu et 
al., 2010). The engineering assets can thus, for understandable reasons, 
vary between different types of industries and business sectors. Figure 4 
illustrates the hierarchical view of the terminology used for the two 
industry types studied within the appended papers. 
 

 
 
Building on the theoretical foundation presented in section 2.1, this thesis 
will adopt the following definition of a production system.  
 

A production system consists of its sub-systems, most often including 
human, technical, material, and control systems. The sub-systems 
within the production system have the purpose of supporting the 
production, i.e. the transformative process from input to output, 
creating goods. A production system is found in an industrial or 

manufacturing system. 

Figure 4: Hierarchical view of terms used in the appended publications. 
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For the production equipment, which is the main focus of the licentiate, 
the following definition is used.  

Production equipment refers to the hardware as one subpart of a 
production system. The related term, engineering assets, is used as 
the equivalent for production equipment in other types of sectors.  

2.1.1 Development and Design of Production Systems 
The terms development and design are often used interchangeably, or at 
least somewhat synonymously. Although development and design are 
closely linked, design is, in this thesis, considered a subpart of 
development and refers to the actual work of deciding the traits of a 
production system (Säfsten & Bellgran, 2009). The development of a 
production system refers to the activities carried out to realise a 
production system, including a larger scope of the lifecycle (Säfsten & 
Bellgran, 2009). It should not be confused with production system 
development, which instead refers to the process and not the particular 
activities within the process. The remainder of this thesis will seek to 
distinguish between these two concepts and their slight but important 
difference. The development can consist of multiple stages depending on 
what needs to be taken into consideration (Attri & Grover, 2012; Cao & 
Folan, 2012). In the thesis, the focus is on the earlier stages, mainly the 
design phase, and the part of the production system that involves the 
production equipment.  
 
The need for the development of a production system can be both 
internally and externally initiated. The degree of change of a production 
system can also vary depending on different situations. According to 
Säfsten and Bellgran (2009), there are four types of changes, categorised 
as seen in Figure 5. 

Figure 5: Types of changes occurring in production systems (Säfsten & 
Bellgran, 2009). 
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During the development of a production system, several internal 
functions need to be involved, such as production engineering, 
automation, IT, quality maintenance, purchasing, and operations (Säfsten 
& Bellgran, 2009). At the same time, the work is also carried out in close 
collaboration with external stakeholders, such as suppliers of production 
equipment (Sjödin et al., 2011). With multiple stakeholders navigating 
several subsystems, interventions in one part of the system can 
propagate across other processes and functions (Gopalakrishnan et al., 
1999), causing the need to have a holistic perspective to avoid sub-
optimisation. However, close collaboration with a supplier could be 
troublesome since the early design of the production equipment takes 
place before formal purchasing agreements, leading to limited ways of 
working together as both parties want to protect their interests (Sjödin et 
al., 2011).  
 
The design of a production system has traditionally been strongly 
influenced by the products it is producing (Wiktorsson, 2000) and thus 
also by trends and needs from the products’ customers. To meet these 
demands, flexibility and the ability to adapt the equipment to handle 
multiple products are considered key (Yang & Zhang, 2020). Despite 
production equipment being considered a complex product and therefore 
having multiple design parameters to consider, it is immensely different 
from consumer products in terms of who the end customer is (Birkie et 
al., 2023). The life of the production could be evaluated on three levels: 
conceptual, technical, and economical (Bellgran, 1998). The conceptual is 
often the longest, focusing on the solution or concepts, and the economic 
considers financial aspects. The technical lifecycle for the production 
systems and its sub-systems, especially the production equipment, often 
has a lifetime spanning over a decade (Erumban, 2008) and thus outlives 
the products it was first intended to manufacture (Bellgran, 1998). The 
different lifecycles further increase the need for flexibility in the 
production system (Kampker et al., 2013), making conscious decisions 
about the design and going beyond traditional setups (ElMaraghy, 2009). 
As a result, a lot of development of the production system will take place 
in a brownfield setting with inherited traits from previous setups and 
configurations. Such a brownfield setting has been described as a wicked 
problem (Nåfors, 2019). To address a wicked problem, which is an ill-
formulated challenge with multiple actors and no single correct solution 
(Peters, 2017), moving away from a linear process and engaging all 
stakeholders are stressed as key (Conklin, 2006).  
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Table 1: Description of DfX principles based on Elvin et al. (2026). 

Design For X Description Sources 

Reliability 

To assess a product’s performance 
under predetermined conditions 
over a given period and identify 
and upgrade components to 
increase its reliability.  

(Juniani et al., 2022) 
(Bakker et al., 2014) 

Manufacturing 

Improve manufacturing by 
assessing suitable manufacturing 
possibilities by integrating 
material and manufacturing 
concerns.  

(Juniani et al., 2022) 
(Hodonou et al., 2019) 

Assembly 

Increase efficiency in product 
assembly by eliminating non-
essential elements and reducing 
the number of parts.  

(Juniani et al., 2022) 
(Ijomah et al., 2007) 
(Favi et al., 2017) 
(Ezpeleta et al., 2019) 

Remanufacturing 

Impacts the effectiveness of later-
stage remanufacturing to restore a 
returned product to its original or 
improved performance 
specification. 

(Ijomah et al., 2007) 
(Hatcher et al., 2013) 

Recycling 

Selecting a low mix of material 
with easy separability and good 
recyclability or recoverable 
features and promoting the use of 
non-virgin material. It is 
fundamentally used to address a 
product’s recyclability in the 
design phase, by evaluating 
material, manufacturing or other 
properties.  

(Bakker et al., 2014) 
(Gaalen & Chris Slootweg, 2025) 
(Martínez Leal et al., 2020) 

Disassembly 

Increase the possibility of 
separation of components to 
increase reusability through non-
destructive disassembly to 
decrease waste and enable 
reparability.  

(Ijomah et al., 2007) 
(Desai & Mital, 2017) 
(Soh et al., 2015) 

Modularity 

Clustering components into groups 
or subsystems of functions to 
minimise sequences of 
disassembly and promote 
upgradability of modules during a 
lifecycle.  

(Tian et al., 2026) 

(Desai & Mital, 2017) 

(Rahmani et al., 2022) 
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The design, i.e. the decisions taken on what the production system will 
look like, is, as previously mentioned, a collaborative process among 
multiple stakeholders. One important role is that of the engineers, who 
have the task of designing the production equipment for the production 
system. The engineers need to carefully consider specifications and 
requirements to ensure efficiency in production operations, as well as 
other requirements such as economic demands.mPahl et al. (2007) 
describe the work of an engineer as follows: 
 

The main task of engineers is to apply their scientific and 
engineering knowledge to the solution of technical 
problems, and then to optimise those solutions within the 
requirements and constraints set by material, 
technological, economic, legal, environmental and 
human-related considerations. (Pahl et al., 2007, p.1)  

 
To aid the design work of an engineer, there are several design tools and 
strategies available. Design for X (DfX) is a collective term to summarise 
different design strategies intended to benefit the chosen area of X. An 
overview of the most commonly used DfX is provided in Table 1. 

2.2 Circularity as a Concept 
To understand the concept of circularity, another term, sustainability, 
needs to be discussed. A common understanding of sustainable 
development, and thus also sustainability, is the following: “Development 
that meets the needs of the present without compromising the ability of 
future generations to meet their own needs.” (World Commission on 
Environment and Development, 1987). Sustainability is described as 
anthropocentric, placing the human in the centre (The International 
Academy for Production Engineering, 2019). Elkington (1997) presented a 
view of sustainability adapted originally for business management: the 
concept of the triple bottom line, including environment, economy, and 
society.  

 
Moving closer to circularity, it starts with the term circular economy (CE), 
which has seen a rapid increase in attention (Geissdoerfer et al., 2017). 
With its multiple definitions (Kirchherr et al., 2017; Kirchherr et al., 2023), 
there has been an attempt to standardise the definition to “an economic 
system that uses a systemic approach to maintain a circular flow of 
resources by recovering, retaining or adding to their value while 
contributing to sustainable development” (Swedish Standards Institute, 
2024). Blomsma and Brennan (2017) point out that CE is rather broad and 
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is often used as an umbrella term to include multiple aspects. The term 
circularity is used to describe the more tangible actions to strive towards 
CE (Sewenet et al., 2026). Circularity revolves around value retention 
loops of lifecycle extension to maximise the utilisation of resources (Ellen 
MacArthur Foundation, 2013; United Nations Environment Programme, 
2019). An important distinction is that circularity is not synonymous with 
sustainability, and this can also be seen in the research, with only 38% of 
publications identifying themselves as both sustainable and circular 
(Velenturf & Purnell, 2021). The concept of circularity must be responsibly 
applied, as the activities in some cases can yield more harmful results in 
terms of environmental impact (Bakker et al., 2021; Hummen & Desing, 
2021). Circularity does, however, play an important role in achieving 
sustainability through the UN’s sustainable development goals (SDG) 
(United Nations General Assembly, 2015), with identified connections to 
all of the goals except for goal number ten, reduced inequalities (Velenturf 
& Purnell, 2021), and has been stressed as a key enabler for sustainability 
(Franco, 2017; Ghisellini et al., 2016; Islam, Chavez, Birkie, et al., 2020; 
Lieder & Rashid, 2016; Rizos et al., 2019).  
 
In an industrial setting, the concept of circularity may appear under other 
terminology (Grafström & Aasma, 2021). One prominent term to 
acknowledge is resource-efficient, which implies the reduced use of 
resources for increased efficiency (often evaluated from an economic 
point of view). Even though industry often considers circularity as a 
means to an end goal of sustainability (Walker et al., 2022), economic 
growth enabled through a good business case is still one of the major 
driving forces to implement circularity (Velenturf & Purnell, 2021), and 
the lack of it is the most prominent barrier (Bajuk & Linder, 2024). 
However, Eccleston and March (2010) state: “Paradoxically, however, 
lower cost and improved technologies have actually reduced recycling 
and conservation measures and have caused accelerated resource 
depletion”, pointing towards the economic aspect as being a secondary 
issue of circularity. Other identified barriers for implementation of 
circularity are institutional, social, technological, and the already 
mentioned market and economic barriers (Grafström & Aasma, 2021; 
Tura et al., 2019).  

 
A central part of circularity is the R-principles, here presented as the 
version from Potting et al. (2017) in Figure 6. Other versions exist, and 
the most common ones include reduce, reuse, and recycle (Kirchherr et 
al., 2017; Reike et al., 2018). The general idea of the framework is that 
circularity decreases as the number of R increases, meaning R0 is the 
highest ranked for circularity. Although the R-principles has risen in 
recognition, it has been criticised for lacking concrete action points, i.e. 
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how to operationalise circularity, partly due to its intention to be 
applicable across multiple sectors (Reike et al., 2018). Operationalisation 
in a research context derives from taking a theoretical concept and 
making it measurable (Steidl & Werum, 2019) or is expressed as moving 
from abstraction to the empirical level (Lewis-Beck et al., 2004), but has 
evolved to be understood as “to put into effect, to realize” (Oxford English, 
2024). 
 
Building on the theoretical foundation presented in section 2.2, this 
thesis will adopt the following definition of circularity. 

Circularity is understood as activities that support value retention 
and lifecycle extensions while minimising resource consumption. 

These activities contribute to realising the broader ambition of the 
umbrella concept of circular economy and to support sustainable 

development.  

 

Figure 6: R-principles inspired by Potting et al. (2017). 
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2.3 Circularity in Early Equipment Design 
There are diverse perspectives on what should be included in circularity 
for manufacturing, although Despeisse et al. (2026) propose three 
archetypes of circularity for the manufacturing industry: circular 
products, circular processes, and circular industrial systems. As such, all 
three should be considered to achieve circularity, but each part should 
also be treated as individual components that coexist with and shape each 
other. A similar concept is to divide circularity into different levels of 
macro, meso, and micro (Pomponi & Moncaster, 2017). Such a systemic 
view has been stressed as important for circularity to both minimise the 
environmental impact and evaluate effects beyond the immediate target 
(Chizaryfard et al., 2021; Dzombak et al., 2019; Grafström & Aasma, 2021; 
Sumter et al., 2021; Tura et al., 2019). Still, it is beneficial to evaluate 
circularity at the system level rather than at the individual level (Figge et 
al., 2021). Despite current research pushing for the need to strengthen 
the consideration of circularity for production systems and equipment 
(Saari et al., 2024; Skärin & Rösiö, 2025), the focus remains product-
oriented (Bakker et al., 2021; Bjørnbet et al., 2021; Chrispim et al., 2025; 
Sakao et al., 2024). When production systems and their equipment are 
considered, research mainly focuses on incremental change during the 
operational phase through lean approaches or waste handling, reuse of 
consumables, as well as cleaning processes (Kurdve et al., 2015; Lim et al., 
2022). 
 
The requirements for the production system and its equipment are set in 
the design phase, and these could be both costly and difficult to change in 
later stages (Anderson, 2020). Often the requirements have a greater 
focus on safety and economy than circularity (Islam, Chavez, & Bellgran, 
2020). Circularity also needs to be considered in this phase if it is to have 
the largest impact (Lewis et al., 2001). To support implementation of 
circularity, it has been suggested that common DfX approaches can 
facilitate the R-principles for circularity (Benabdellah et al., 2024; 
Dahmani et al., 2021; Moreno et al., 2016). However, as the production 
system is dependent on the product it is intended to produce (Wiktorsson, 
2000), engineers not only need to accommodate current needs but also 
future needs, thus creating a requirement of flexibility to be designed into 
the systems (Kampker et al., 2013). Maintenance is already present in the 
context of production but has been stressed as important for circularity 
as well since it has the potential to extend the use cycle (Franciosi et al., 
2018; Turner et al., 2020). As for many other fields, the deeper the 
knowledge of circularity a company possesses, the better position they 
are to implement circular strategies (Chrispim et al., 2025). Even though 
several aspects of circularity and the design for it include technical 
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aspects, the change towards circularity also includes a shift in societal 
values, norms and behaviours (Chizaryfard et al., 2021). 

2.4 Literature Overview 
The development of production systems has multiple goals; not only to 
balance multiple stakeholders (Säfsten & Bellgran, 2009; Sjödin et al., 
2011), but also variation in lifecycles within the production system and 
within the larger scope of the industrial system, including products 
(Bellgran, 1998; Brandts, 1993; Gopalakrishnan et al., 1999). While 
balancing the goal of creating an efficient transformative system, 
realising input to output (Säfsten & Bellgran, 2009; The International 
Academy for Production Engineering, 2019), the engineers must also start 
considering circularity. Circularity is to be considered as actions in the 
form of value retention loops and extended lifecycles, in the hope of 
maximising resource utilisation for increased sustainability (Ellen 
MacArthur Foundation, 2013; Sewenet et al., 2026; United Nations 
Environment Programme, 2019). Previously, circularity in the 
manufacturing sector has mainly been product-oriented (Bakker et al., 
2021; Bjørnbet et al., 2021; Chrispim et al., 2025; Sakao et al., 2024) or 
discussed during the operational phase of the production system (Kurdve 
et al., 2015; Lim et al., 2022; Rathi et al., 2022). For the production system 
and its equipment, it is crucial to consider circularity already in the design 
phase, as the potential for circularity is locked in at this stage and the 
design can be both costly and difficult to change later (Anderson, 2020; 
Lewis et al., 2001).  

 
From the reviewed literature, several characteristics appear as 
particularly relevant for circularity in the early design phase for 
production equipment.  
 

• The development of production equipment involves several 
stakeholders, both internal and external, all connected and 
influencing each other in a system. 

• The importance of introducing circularity during early design and 
development must be acknowledged 

• Long equipment lifecycles are pushing towards a need for 
flexibility and adaptability to accommodate multiple product 
generations 
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3 Methodology 

The chapter begins by presenting the research approach 
and research method. This is followed by a section about 
research design, including case selection, data collection 
and data analysis. Lastly, the quality of the research is 
discussed, along with ethical considerations, including a 
declaration on the use of AI. 

 

3.1 Research Approach 
The research was conducted within a larger research project, Green 
Design, with a focus on circular and sustainable production investments. 
The research in the thesis is a contribution to the Green Design project, 
but the scope was limited to production equipment and circularity. The 
project spanned three years from 2022 to 2025. The project was carried 
out in collaboration with industry partners within the manufacturing 
industry. The reference case included in the research was not part of the 
research project.  
 
An interactive research approach was chosen, as this allowed the 
research to be conducted in close collaboration with industry. An 
interactive research approach is particularly suitable for this research since 
engineering for circularity in production systems is an emerging area, and 
close collaboration with industrial partners allowed for a multilevel analysis, 
which is particularly useful when understanding the development of 
production systems and production equipment (Ellström et al., 2020). 
 
As seen in Figure 7, interactive research can be understood as having two 
separate systems: the research system and the practice system. The two 
systems come together and attempt to create new inputs to feed into the 
cyclic processes, with the researchers aiming to conduct research with 
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the practitioners throughout the entire research process (Svensson et al., 
2015). However, the research goal can differ between the two systems, 
with the researcher often being more focused on disseminating the 
results in theory, whilst the practitioner instead focuses on the 
application of these results in their context (Svensson et al., 2015). In this 
study, however, it was important for both the practitioners and the 
researcher to understand how engineering for circularity could be 
operationalised. The interactive approach enabled the collection of data 
needed to address such a practical question (Hunziker & Blankenagel, 
2024). 
 
The role of the researcher within interactive research relies on the individual’s 
ability to operate in a dual context, which requires a complete social skillset 
and the ability to consider non-traditional ways of conducting research 
(Johansson & Wallo, 2019). In this study, the researcher’s engineering 
background was considered valuable as it enabled the researcher to both 
function as a link between the two systems and to understand the research 
problem from the engineering perspective. The research setting provided 
continuity of representatives from the practitioners and the researcher, 
allowing for the building of strong relationships that are essential for 
interactive research (Johansson & Wallo, 2019; Ellström et al., 2020). 
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Problems/
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Figure 7: Interactive research as a two-way flow of problems and knowledge. 
Redrawn from Svensson et al. (2015). 
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3.2 Research Method 
The research method chosen for the studies was the case study method, 
as this is suitable for studying a new and complex phenomenon (Hunziker 
& Blankenagel, 2024), such as engineering for circularity. The 
combination of one “what” and one in-depth “how” research question 
also supports the choice of case study (Yin & Campbell, 2018). This 
method allows for multiple data collection techniques capable of 
capturing context-rich insights with empirical depth, as well as 
possibilities for data collection method triangulation (Hunziker & 
Blankenagel, 2024; Yin & Campbell, 2018; Denzin & Lincoln, 2018). Being 
able to capture data from several perspectives was important for the 
research, as several stakeholders are often involved in the development 
of production systems. This is in line with the interactive research 
approach, which often comprises several data collection methods 
(Svensson et al., 2015). 
 
Case study is also suitable for following cases of a longitudinal nature 
(Swanborn, 2010), as it that allows for ongoing interactions with close 
collaboration between the research and practice systems. The inherent 
ability of case studies to follow a phenomenon over a longitudinal time 
frame was considered important (Swanborn, 2010). In this thesis, it 
allowed for the study the organisations’ development of production 
systems over time and enabled an understanding of how context 
influences outcomes. Longstanding collaboration also strengthened trust 
and facilitated rich and in-depth data, which is in line with Mills et al. 
(2010).  
 
The case study method also allows for the collection of data with different 
time perspectives and thus enables the opportunity to follow cases in 
retrospect as well as in real time (Swanborn, 2010). This enabled the 
investigation of the entire lifecycle of the production equipment.  

3.3 Research Design 
To guide the research towards achieving its objectives and providing an 
adequate answer to the research question, a well-thought-out research 
design is crucial. Hunziker and Blankenagel (2024) argue that “no 
research design is better than another” but stress the need to understand 
the research design's suitability to answer the research questions and to 
be considered as the blueprint for how to conduct the research. The 
design of a case study is described by Yin and Campbell (2018) as having 
five distinct components to consider. Since they do not translate directly 
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into chapters, the relation between the componentes and where they are 
addressed in the thesis is as follows (Component  Found in thesis): 

 
1) study questions  research question  

2) study propositions  purpose or aim 

3) the case(s)  case selection  

4) linking data to propositions  research design, data collection, 
and data analysis  

5) criteria for interpreting findings  Data analysis and quality of 
research 

 
 
The findings presented in the thesis is drawn from the appended papers. 
An overview of how they have contributed to answers the research thesis 
research question is presented in Figure 8.  
 

 
A solid box indicates a strong contribution, whereas a patterned box 
indicates a slight contribution. All of the papers contributed to both of the 
research questions, although their contributions varied in extent.  

Figure 8: Contribution of the appended papers to the thesis. Solid boxes indicate 
a strong contribution; patterned boxes indicate a slight contribution. 

 

 22 

into chapters, the relation between the componentes and where they are 
addressed in the thesis is as follows (Component  Found in thesis): 

 
1) study questions  research question  

2) study propositions  purpose or aim 

3) the case(s)  case selection  

4) linking data to propositions  research design, data collection, 
and data analysis  

5) criteria for interpreting findings  Data analysis and quality of 
research 

 
 
The findings presented in the thesis is drawn from the appended papers. 
An overview of how they have contributed to answers the research thesis 
research question is presented in Figure 8.  
 

 
A solid box indicates a strong contribution, whereas a patterned box 
indicates a slight contribution. All of the papers contributed to both of the 
research questions, although their contributions varied in extent.  

Figure 8: Contribution of the appended papers to the thesis. Solid boxes indicate 
a strong contribution; patterned boxes indicate a slight contribution. 

44



 

 23 

3.3.1 Case Selection  
In the selection of cases, there are multiple aspects to take into 
consideration. Firstly, the influence of happenstance on the selection of 
cases should not be neglected. The cases would not only need to be 
suitable in terms of data, but also in terms of the timing of the research. A 
selection criterion of this type is referred to as convenience and 
accessibility (Hunziker & Blankenagel, 2024). For instance, if the case in 
Paper IV had been suggested in earlier stages of the research, the 
selection criteria might not have been suitable at the time. Therefore, it is 
acknowledged that the detailed selection criteria for cases develop along 
with the research itself. Since the case companies remained the same for 
some studies, it was the within-case sampling that followed this iterative 
process. The initiation of the cases was largely also dependent on 
practitioners’ interest in the research, which is to be considered 
beneficial for interactive research (Svensson et al., 2015).  

 
Secondly, since the lifetime of the production equipment is most often 
extensive, sometimes spanning over a decade, whereas the time frame set 
by the doctoral studies is somewhat shorter, it would be impossible to 
follow a piece of production equipment through its entire lifecycle. 
However, to capture different parts of the lifecycle of production 
equipment, multiple cases with varying time focuses were used. To be 
able to evaluate how decisions affect production equipment on a long-
term basis, a retrospective approach is needed. It could be argued that a 
retrospective study could be coloured by the participant’s perspective of 
the researched project and that it could be difficult to remember 
everything as it actually happened (Säfsten et al., 2020). However, the 
retrospective approach was supplemented with cases that allowed for 
data collection in real time during ongoing projects within the 
development of production equipment. Studying cases in real time is 
associated with a smaller risk of participants forgetting certain details, 
and data can be collected as it is happening. It does, however, require 
more intensive collaboration between the research and the practice 
systems, and an extensive amount of time is required to be able to follow 
the project. Through the combination of cases reflecting different time 
perspectives, it was possible to examine the entire lifecycle of production 
equipment despite the time constraints.  
 
As the research was conducted within an overarching research project 
(Green Design) with collaborating parties, the first choice was to 
investigate whether these companies would be suitable choices for the 
cases used in the thesis. There were a total four selected companies, 
referred to as A, B, C, and D. Within these companies, different cases were 

 

 23 

3.3.1 Case Selection  
In the selection of cases, there are multiple aspects to take into 
consideration. Firstly, the influence of happenstance on the selection of 
cases should not be neglected. The cases would not only need to be 
suitable in terms of data, but also in terms of the timing of the research. A 
selection criterion of this type is referred to as convenience and 
accessibility (Hunziker & Blankenagel, 2024). For instance, if the case in 
Paper IV had been suggested in earlier stages of the research, the 
selection criteria might not have been suitable at the time. Therefore, it is 
acknowledged that the detailed selection criteria for cases develop along 
with the research itself. Since the case companies remained the same for 
some studies, it was the within-case sampling that followed this iterative 
process. The initiation of the cases was largely also dependent on 
practitioners’ interest in the research, which is to be considered 
beneficial for interactive research (Svensson et al., 2015).  

 
Secondly, since the lifetime of the production equipment is most often 
extensive, sometimes spanning over a decade, whereas the time frame set 
by the doctoral studies is somewhat shorter, it would be impossible to 
follow a piece of production equipment through its entire lifecycle. 
However, to capture different parts of the lifecycle of production 
equipment, multiple cases with varying time focuses were used. To be 
able to evaluate how decisions affect production equipment on a long-
term basis, a retrospective approach is needed. It could be argued that a 
retrospective study could be coloured by the participant’s perspective of 
the researched project and that it could be difficult to remember 
everything as it actually happened (Säfsten et al., 2020). However, the 
retrospective approach was supplemented with cases that allowed for 
data collection in real time during ongoing projects within the 
development of production equipment. Studying cases in real time is 
associated with a smaller risk of participants forgetting certain details, 
and data can be collected as it is happening. It does, however, require 
more intensive collaboration between the research and the practice 
systems, and an extensive amount of time is required to be able to follow 
the project. Through the combination of cases reflecting different time 
perspectives, it was possible to examine the entire lifecycle of production 
equipment despite the time constraints.  
 
As the research was conducted within an overarching research project 
(Green Design) with collaborating parties, the first choice was to 
investigate whether these companies would be suitable choices for the 
cases used in the thesis. There were a total four selected companies, 
referred to as A, B, C, and D. Within these companies, different cases were 

45



 

 24 

sought out for the different papers. The selection criteria for the cases 
followed in the thesis were set to: 

 
a) Manufacturing industry: The context of the 

manufacturing industry included both discrete and 
process manufacturing companies. It involved both the 
user and the supplier of production equipment. 

b) Engineering projects: Engineering projects refer to the 
initiatives involving changes to or development of a 
production system. The projects could be either 
ongoing or completed, as long as the development 
activity had taken place at some point. Consequently, 
cases focusing solely on non-physical outputs were 
excluded. 

c) Interest in circularity: Within each case, there had to 
be an interest in exploring circularity. While it was not 
necessary for the case to be a state-of-the-art example, 
a genuine willingness to learn about and engage with 
circularity was required.  

 
Case company E is the outlier and was selected based on other criteria 
than the previously stated cases. This case rather aimed to explore a 
company that had gotten further with circularity in their business, which 
would then function as a best-case scenario (Hunziker & Blankenagel, 
2024). The case needed to be similar enough for a fair comparison with 
the cases from the manufacturing industry. Thus, the selection criteria for 
this case were as follows: 

 
a) Engineering assets: To be able to look beyond the 

manufacturing industry while still maintaining the 
connection to the research questions and aim of the 
thesis, engineering assets were set to be included.  

b) Demonstrative case of circularity in practice: The 
company was required to have engaged in activities 
promoting circularity for an extended period of time 
and to have a well-established way of working. Instead, 
the primary interest lay in the company’s practices and 
way of working rather than the labels used to describe 
them. 
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The cases and how they appear in the appended papers, along with 
general information, are presented in Table 2. 
 
Table 2: Overview of selected case companies and connecting information. 

Company Appears 
in paper 
No. X as 
Case Y 

Time 
perspective 

Studied phenomena Industry 

A 

I: C  Retrospective General insights into the 
development of production 
equipment 

Heavy 
vehicle 

III: A Real-time Design and development of 
production equipment 

IV Real-time Production system 
brownfield development 
project 

B 

I: D  Retrospective General insights into the 
development of production 
equipment Heavy 

vehicle III: B Real-time Design and development of 
production equipment 

C 

I: A  Retrospective General insights into the 
development of production 
equipment Pharma 

III:C Real-time Design and development of 
production equipment 

D 

I: B Retrospective General insights into the 
development of production 
equipment 

Production 
equipment 

supplier III: D Real-time Design and development of 
production equipment 

E II  Retrospective Way of working with 
circularity 

Grocery 
retail 

 
 
In Table 2, it is also presented under what denomination the cases appear 
in the appended papers.  

3.3.2 Unit of Analysis 
The research took place in the context of the manufacturing industry, and 
the unit of analysis was the development of production systems. The 
context is a larger, less strict setting than the unit of analysis. Within the 
unit of analysis, an embedded and further distinguished embedded unit 
of analysis was engineering for circularity. Although the embedded unit 
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helped focus the study, it has to be treated carefully to not limit the 
generation of insights to the higher level of analysis (Yin & Campbell, 
2018). However, for the thesis, it was appropriate to have an embedded 
unit since engineering for circularity is one part of the overall 
development of a production system. Figure 9 illustrates how the above-
stated items relate to each other. 

 
The case from company E, which was set in another context compared to 
the rest of the cases was only used as a contrasting case to understand 
organisational and practical conditions.  

3.4 Data Collection 
As described for the research method, several cases were used for the 
data collection. Each case was studied with its own set of qualitative data 
collection methods. Choosing appropriate methods suited to each case 
allowed for tailored data collection for each study. Allowing data 
collection for situational information for the specific context was also 
prioritised (Hunziker & Blankenagel, 2024). Figure 10 illustrates an 
overview of the timeline of the data collection. One study could have 
multiple cases, but is only linked to one paper. Therefore, the reference 
points in Figure 10 are the papers. 

Figure 9: Context and unit of analysis for the research presented in the thesis. 
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Table 3 summarises the data collection presented in the appended papers 
of this thesis. For further details on the data collection, the reader is 
referred to the appended papers. 
 

Figure 10: Timeline overview of data collection. 
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3.5 Data Analysis 
Data analysis was conducted continuously during and after the data 
collection. The continuous analysis of data supported the selection of 
cases for the subsequent studies. The research presented in each of the 
appended papers has followed its own data analysis structure. Detailed 
descriptions can be found in each appended paper. The data analysis 
presented in this section refers to the joint analysis of the results from the 
appended papers against the research question of the research presented 
in the thesis. The analysis was coded from the ground up by identifying 
areas of interest in the data and working from there, as suggested by Yin 
and Campbell (2018). It aligns well with the chosen research design, with 
ongoing data collection conducted simultaneously with the analysis 
(Thornberg & Charmaz, 2013). With empirically driven research 
presenting new ideas from the empirics, the logical reasoning aligns with 
abductive analysis (Reichertz & Flick, 2014). Qualitative induction (testing 
new discoveries) is, however, part of every research endeavour. 
 
Overall, the data analysis followed a general process of three activities: 1) 
data condensation, 2) data display, and 3) conclusion drawing and 
verification (Miles et al., 2014). Despite being presented as separate steps, 
the analysis is a continuous process. The first step in the process was (1) 
data condensation, and as the thesis is compiled from appended papers, 
the data condensation could be understood as the writing of these papers. 
As mentioned earlier, the appended papers in the thesis had initially 
undergone their own data analysis processes. For the thesis, the 
condensation also included revisiting the results of each paper through 
the lens of a new research question, thus creating a new dataset. The 
second step of (2) data display was partly inherited from the appended 
papers and, when suitable, reused in the thesis. The final steps refer to 
the (3) conclusion drawing, and here the frame of reference had a major 
role. In these steps, the conclusions are also analysed against the quality 
criteria of the research to evaluate how the conclusions are verified.  

 

 29 

3.5 Data Analysis 
Data analysis was conducted continuously during and after the data 
collection. The continuous analysis of data supported the selection of 
cases for the subsequent studies. The research presented in each of the 
appended papers has followed its own data analysis structure. Detailed 
descriptions can be found in each appended paper. The data analysis 
presented in this section refers to the joint analysis of the results from the 
appended papers against the research question of the research presented 
in the thesis. The analysis was coded from the ground up by identifying 
areas of interest in the data and working from there, as suggested by Yin 
and Campbell (2018). It aligns well with the chosen research design, with 
ongoing data collection conducted simultaneously with the analysis 
(Thornberg & Charmaz, 2013). With empirically driven research 
presenting new ideas from the empirics, the logical reasoning aligns with 
abductive analysis (Reichertz & Flick, 2014). Qualitative induction (testing 
new discoveries) is, however, part of every research endeavour. 
 
Overall, the data analysis followed a general process of three activities: 1) 
data condensation, 2) data display, and 3) conclusion drawing and 
verification (Miles et al., 2014). Despite being presented as separate steps, 
the analysis is a continuous process. The first step in the process was (1) 
data condensation, and as the thesis is compiled from appended papers, 
the data condensation could be understood as the writing of these papers. 
As mentioned earlier, the appended papers in the thesis had initially 
undergone their own data analysis processes. For the thesis, the 
condensation also included revisiting the results of each paper through 
the lens of a new research question, thus creating a new dataset. The 
second step of (2) data display was partly inherited from the appended 
papers and, when suitable, reused in the thesis. The final steps refer to 
the (3) conclusion drawing, and here the frame of reference had a major 
role. In these steps, the conclusions are also analysed against the quality 
criteria of the research to evaluate how the conclusions are verified.  

51



 

 30 

3.6 Quality of Research 
There are several ways to examine the quality of the research, and this 
thesis examines it through the term trustworthiness, which can be 
divided into four dimensions: credibility, transferability, dependability 
and confirmability. Although a common approach in case study research 
to use correspondence with the evaluation criteria of construct validity, 
internal validity and external validity (Yin & Campbell, 2018), it has been 
argued that trustworthiness as an evaluation is more suitable for 
qualitative research (Guba & Lincoln, 1994). Since the data collected was 
only of qualitative type, trustworthiness was considered the better choice 
for evaluating the quality of the research. Nevertheless, transparency has 
been stated as the most important aspect on which to evaluate qualitative 
research (Adler, 2022). Therefore, the research has aimed to give a 
detailed description of the data collection process as well as the analysis 
process to ensure the quality of the research. The interactive approach 
also contributes to a need for high reflexivity to increase the quality of the 
research (Svensson et al., 2015). Hunziker and Blankenagel (2024) argue 
that reflexivity could, in turn, be divided into interpretations and 
reflection. The interpretations include how the researchers’ own values 
and background (for example, political ideology and use of language) 
affect how the data is interpreted. Reflection, on the other hand, deals 
with how the research and its community’s traditions form the 
“interpretation of the interpretation” (Hunziker & Blankenagel, 2024). For 
this thesis, it is acknowledged that the technical background and heritage 
of the research community have influenced the interpretation of the 
results. At the same time, they even more so influenced the questions 
asked during the research design, and thus the data collected could 
include other insights than those investigated in this research.  
 
To strengthen the credibility of the outcomes from the research, the 
participants in Papers II and III were allowed to take part in the final 
presentation of the research and confirm that their contributions had 
been interpreted correctly, which is referred to as respondent validation 
(Bryman, 2016). The outcomes of the research were compared to both 
literature that had similar outcomes as well as literature that conflicted 
with the results in order to strengthen the credibility (Eisenhardt, 1989). 
Method triangulation was also applied to further enhance the credibility 
(Thurmond, 2001). 
 
Using cases from multiple companies and combining these with a 
supplementary case helped identify patterns across contexts, which is 
valuable for transferability. Often, the term generalisability is discussed 
instead of transferability, though this has been questioned since no 

 

 30 

3.6 Quality of Research 
There are several ways to examine the quality of the research, and this 
thesis examines it through the term trustworthiness, which can be 
divided into four dimensions: credibility, transferability, dependability 
and confirmability. Although a common approach in case study research 
to use correspondence with the evaluation criteria of construct validity, 
internal validity and external validity (Yin & Campbell, 2018), it has been 
argued that trustworthiness as an evaluation is more suitable for 
qualitative research (Guba & Lincoln, 1994). Since the data collected was 
only of qualitative type, trustworthiness was considered the better choice 
for evaluating the quality of the research. Nevertheless, transparency has 
been stated as the most important aspect on which to evaluate qualitative 
research (Adler, 2022). Therefore, the research has aimed to give a 
detailed description of the data collection process as well as the analysis 
process to ensure the quality of the research. The interactive approach 
also contributes to a need for high reflexivity to increase the quality of the 
research (Svensson et al., 2015). Hunziker and Blankenagel (2024) argue 
that reflexivity could, in turn, be divided into interpretations and 
reflection. The interpretations include how the researchers’ own values 
and background (for example, political ideology and use of language) 
affect how the data is interpreted. Reflection, on the other hand, deals 
with how the research and its community’s traditions form the 
“interpretation of the interpretation” (Hunziker & Blankenagel, 2024). For 
this thesis, it is acknowledged that the technical background and heritage 
of the research community have influenced the interpretation of the 
results. At the same time, they even more so influenced the questions 
asked during the research design, and thus the data collected could 
include other insights than those investigated in this research.  
 
To strengthen the credibility of the outcomes from the research, the 
participants in Papers II and III were allowed to take part in the final 
presentation of the research and confirm that their contributions had 
been interpreted correctly, which is referred to as respondent validation 
(Bryman, 2016). The outcomes of the research were compared to both 
literature that had similar outcomes as well as literature that conflicted 
with the results in order to strengthen the credibility (Eisenhardt, 1989). 
Method triangulation was also applied to further enhance the credibility 
(Thurmond, 2001). 
 
Using cases from multiple companies and combining these with a 
supplementary case helped identify patterns across contexts, which is 
valuable for transferability. Often, the term generalisability is discussed 
instead of transferability, though this has been questioned since no 

52



 

 31 

research is truly generalisable (Lincoln & Guba, 1985). Transferability 
aims at not being generalizable, but states that theories from one 
situation can be adapted to suit another specific setting (Bryman, 2016). 
Providing a rich description of the research by including details about the 
process in general, the case selection, and especially the data collection, 
was aspired to here in order to make it transferable to other settings. This 
was done to ensure that the study could be repeated and achieve the same 
outcomes, strengthening the dependability. To ensure this, all interviews 
were transcribed to keep a record of all the data in the same format and 
be able to check against the original script if needed. A researcher should 
know and examine their own values and how these understandings could 
affect the research practices (Reason & Bradbury-Huang, 2013). Whilst 
working closely with companies, it is important to be aware of, and take 
precautions to avoid, influencing the cases. Being aware of this and acting 
to not interfere with the studied object strengthens the confirmability. In 
this study, for example, the researcher not being employed by the studied 
companies helped maintain independence and avoid conflict of interest.  
 
Table 4 presents a summary of the criteria for trustworthiness inspired 
by Lincoln and Guba (1985), including evaluation of fulfilment of these. 
The criteria referential adequacy and persistent observation, have been 
removed from the list since these are not commonly used to establish 
trustworthiness (Loh, 2013).  
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3.7 Ethical Considerations  
Conducting research, including the choice of methods such as 
observations and data collection involving people, could have ethical 
dilemmas. Even though observations may not be focused on the 
individual, it can be a sensitive situation for the observed person, 
especially if filmed or captured in other ways to enable an analysis at a 
later stage. It can put the person in an exposed situation, even if it is the 
person’s knowledge, rather than the person themselves, that is the object 
of the research. To overcome these challenges, continuous reflection on 
the matter was conducted throughout the research and support was 
taken from documents such as Good research practice (Vetenskapsrådet, 
2017). Nevertheless, data that could be linked to a specific person was 
treated carefully. Treating the involved persons with respect is vital to 
ensuring protection of their privacy. The participating companies had 
volunteered to enter the research project and were informed of the goals, 
and consent was given by each individual during data collection.  
 
Within research that includes collaboration with multiple stakeholders, 
it becomes necessary to be familiar not only with your ethical point of 
view but also with those of the others involved. The research was 
conducted in close collaboration with industry, and the achieved 
deliverables should benefit all parties involved in a win-win situation. 
This means that there needs to be a balance between the wants and needs 
of all the stakeholders. Even though all parties should be pleased, this 
must not affect the outcomes of the research in such a way that the 
credibility can be questioned. Therefore, all findings and presented 
results have been treated with openness and transparency.  

3.7.1 Declaration of Use of AI 
In the making of this thesis, Copilot was used to enhance the readability 
of individual sentences. The suggested improvements have been 
evaluated and implemented with care to guarantee the level of quality of 
the research. Furthermore, Copilot was used to improve the translation 
of the abstract and ensure coherence in Swedish. The author declares, by 
this statement, that full accountability is taken for the content in the 
introductory chapter of this compilation thesis and that this declaration 
of the use of AI is correct. Additionally, spelling programmes have been 
used in the form of a built-in programme in Word and Grammarly (where 
AI functions have been disabled). AI was not used in the creation of the 
appended papers unless otherwise stated, as in Paper IV.  
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To expand further on the use of AI, it is important to highlight the 
responsibility one has for the learning process during doctoral studies. In 
a time of rapidly increasing AI use, it is important to consider the losses 
in doctoral students’ learning processes with the extensive use of AI. It 
could be argued that not all available tools have been utilised to bring the 
thesis to its highest quality. This might be true for the language and 
readability of the presented text. However, this has ensured the quality of 
the work in such a way that the presented material is conceived, created, 
and phrased by the author. Since the thesis is aimed at showing what the 
person has learnt, it can be considered an easy choice to maintain as 
limited use of AI as possible.  
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4 Summary of 
Appended Papers  

This chapter provides an overview of the appended 
papers. The main components of each paper are 
presented to give the reader an overview of the main 
findings in the following chapter.  

 

4.1 Paper I 
Title: Investing Ahead – Industrial outlook on circularity within 
production development 

 
Research gap: Prior research has mainly focused on consumer products, 
and the production has been limited to its waste generation. Circularity 
on a systemic level has been considered for the business model in 
production, but not for the production equipment itself. This is despite 
the systemic view being stressed as essential for circularity and the 
knowledge that the effects will also be seen on a systemic level. 
 
Purpose/aim: The purpose of this paper was to identify and 
systematically analyse areas of importance to enable circularity in 
production development to better understand what requires attention to 
achieve a circular factory.  
 
Method: Case study was chosen as the research method and multiple 
data collection techniques were used, including 15 semi-structured 
interviews, documents, and formal and informal meetings. Three large 
companies within the manufacturing industry, along with one supplier of 
production equipment, were studied. The meetings helped build an 
understanding of the language and terminology used by the companies to 
enable accurate interpretation of the data. The documentation was used 
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systematically analyse areas of importance to enable circularity in 
production development to better understand what requires attention to 
achieve a circular factory.  
 
Method: Case study was chosen as the research method and multiple 
data collection techniques were used, including 15 semi-structured 
interviews, documents, and formal and informal meetings. Three large 
companies within the manufacturing industry, along with one supplier of 
production equipment, were studied. The meetings helped build an 
understanding of the language and terminology used by the companies to 
enable accurate interpretation of the data. The documentation was used 
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as a reference point to explore details, as well as to compare data 
collected from the interviews with written company documents. 
 
Findings: The findings consist of four identified themes of importance to 
enable the transition towards circularity in production development: 
competence, collaboration, mindset, and time. The findings for each area 
were analysed against a systemic level of macro (production system), 
meso (production equipment), and micro (assemblies and components). 
Although circularity needs to be considered for all levels, they cannot be 
treated as separate silos, and the work should be adapted to suit each 
level. The design changes need to be made early in the process, in part to 
enable possibilities for circularity later in the lifecycle. The findings show 
that it is important to plan and design transparently to understand what 
decisions can be made to handle the long lifecycles of production 
equipment, despite this being perceived as difficult. 
 
Implication: The main implication of the findings of this paper is how 
circularity is viewed as a problem on the systemic level instead of an 
isolated phenomenon. It also gave an understanding of the need to invest 
and plan ahead for an unknown future, even if a way to do this was not 
identified in the study. 
 
Contribution to the thesis: The findings from the paper contributes to 
both RQ1 and RQ2 by providing an overview of the concept with data 
from multiple cases from the manufacturing industry. It provided insights 
into the relationship between supplier and buyer and, as such, 
contributed to the importance of the systemic view. The findings from the 
paper also gave insights into the current areas of concern expressed by 
the manufacturing industry when circularity is introduced in their 
development of production equipment and helped map the research area 
for continued work. 

4.2 Paper II 
Title: Circular engineering asset management – A case study on 
prolonging the lifetime of inventories and equipment 
 
Research gap: This paper addresses the prolongation of the lifecycle of 
engineering assets whilst maintaining a good business case. Previous 
research has mainly focused on products and consumer goods and has 
limited insights into practical cases in which circularity has been 
implemented and still maintained a successful business for engineering 
assets.  
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Purpose/aim: The purpose of the paper was to identify how the 
prolongation of the lifetimes of engineering assets can be successfully 
realised, with the main objective to provide insight from a case study on 
the lifecycle extension of engineering assets in Sweden.  
 
Method: The study consisted of an embedded single case study to 
provide the opportunity to approach the selected case company from 
several angles of the organisation. The company is a leading grocery retail 
chain, and the engineering assets could therefore consist of, e.g., cashiers, 
gates, shelves, etc. The data were collected through multiple techniques, 
including six semi-structured interviews in the main department studied, 
one semi-structured interview with a higher manager, observation with 
an open interview, and documents and reports. The data were analysed 
with the help of SWOT analysis, with added aspects of the strategic, 
tactical, and operational managerial levels. The findings were categorised 
into explicit and implicit findings to distinguish between what the 
company explicitly said and what the researcher identified.  
 
Findings: Findings from the study point to several strengths in achieving 
clarity for engineering assets. Examples of this include strong 
management support, a shared mindset throughout the entire 
organisation, and a rather standardised option for engineering assets 
with few variations. Additionally, in-house competence in maintenance 
was seen as essential for the work to be conducted successfully. However, 
there were also issues identified, including that the relationship with the 
supplier could be vulnerable when fewer engineering assets were 
purchased. Making changes to the engineering assets could also lead to a 
grey area in terms of laws and regulations (e.g. CE marking, patents). 
Opportunities for further marketing of their work with circularity to 
customers and for calculating a more precise impact of their work, both 
financially and environmentally, were identified. Problematic areas for 
the future could be increased complexity of engineering assets, which 
could lead to compatibility issues, and further changes in customer 
behaviour, leading to other needs in engineering assets. A major finding 
was also that the competence was bound to the persons working in the 
department, which was seen as a risk since the competence would be lost 
if several employees quit.  
 
Implication: The study showed that a centrally owned business with 
easy possibilities to share and move engineering assets between 
locations was key to success but could be hard to duplicate globally. 
Competence in maintenance not only needs to be present in the use 
phase, but also at the end of use to understand how to make changes to 
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facilitate a second use cycle. The results from the paper show that it is 
possible to make a business case by prioritising longevity over novelty for 
engineering assets, but a holistic approach is needed.  
 
Contribution to the thesis: The main contribution to the thesis lies in 
how the business case is maintained whilst working with circularity. This 
gives insight into what it means to engineer for circularity. The 
contrasting setting supports and enables highlighting what works if 
circularity is prioritised. In addition, it adds insights from another 
industry which can help generalise the results of the thesis. It contributes 
to RQ1 by understanding the concepts of circular engineering and how it 
can be operationalised. 

4.3 Paper III 
Title: Enabling circularity for production system design: The 
convergence of DfX and R-principles 
 
Research gap: There are known strategies on how to work with 
circularity in the form of the R-principles. However, as these principles 
are intended to be applicable to multiple sectors, they lack concrete 
action points. Design for X approaches in various forms can be used to 
enhance the design of an item and have also shown potential to enable 
the R-principles. The connections have, despite this, gained limited 
attention, especially in how they could be applied to the design of 
production equipment.  
 
Purpose/aim: The purpose of the study was to investigate the 
convergence between commonly used DfX approaches and R-principles 
and how it could enable circularity in the design of production equipment 
as part of a production system.  
 
Method: The chosen method for the study was a case study, conducted in 
close collaboration with an accompanying expert in the heavy vehicle 
industry, as well as with representatives from another company in the 
heavy vehicle industry, the pharmaceutical industry, and a supplier of 
production equipment. Data were collected through multiple techniques, 
including literature review, documents from the main case company, 
semi-structured interviews with the sustainability project manager and 
industrial project manager from the main company, complemented by a 
questionnaire, and a focus group including participants from all the 
involved companies.  
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Findings: The results from the study pointed towards several 
connections between R-principles and DfX, with the most promising ones 
being disassembly, modularity, and manufacturing. The connections 
between DfX and the R-framework need to be translated into 
requirements and specifications. To unlock the full potential of the 
concept of modularisation as a means to achieving circularity, it was 
suggested that the focus be shifted from component to system level. The 
study also indicates that not all design parameters can be considered 
equally and that it would be difficult to optimise all values. Evaluating the 
best solution also becomes troublesome because the answer lies far in the 
future. It is therefore suggested that a new metric, in the form of potential 
circularity, be discussed. 
  
Implication: The study showed that already existing design strategies 
could be adapted and implemented to enable circularity. If well-
established strategies are used for a new purpose, it could reduce 
barriers to implementing circularity in the context of design for 
production equipment.  
 
Contribution to the thesis: Paper III mainly contributes to RQ2 by 
providing insight on how existing design strategies could be repurposed 
to guide the work towards circularity. It contributes to the understanding 
of how circularity could be translated into concrete and actionable design 
requirements. The paper also contributes with insights from the industry 
on the topic and what practical obstacles or challenges circularity could 
possibly face.  

4.4 Paper IV 
Title: Circularity beyond frameworks – Practical insights from 
production system development in the manufacturing industry 

 
Research gap: The paper addresses the gap concerning how to 
implement circularity in the development of production systems in a 
brownfield setting, with a focus on the production equipment. There is a 
need to understand how decisions made in previous design situations for 
the existing production equipment create preset conditions for the 
current development. This is important since the existing production 
system affects how the development is shaped and what opportunities 
are available, especially considering circularity.  
 
Purpose/aim: The aim of this study was to investigate how 
manufacturing companies work with circularity within production 
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system development in a brownfield context, focusing on how 
opportunities, constraints and future needs emerge across the phases of 
production system development.  
 
Method: The study was conducted as a participatory case study using 
multiple data collection techniques, including workshops, structured 
discussions, document study, observation, and note-taking, 
complemented by ongoing meetings and regular on-site visits distributed 
over an 8-month period.  
 
Findings: The findings identified opportunities, constraints, and future 
needs for implementing circularity in a production system development 
project in a brownfield context in the manufacturing industry. The 
findings indicate that the habitual assumptions constrained the 
identification of circularity opportunities and were seen across the 
functions of the project team. The systemic impact was highlighted as 
important to consider both for evaluation and to understand the impact 
a seemingly small change could have on a larger scale. There were also 
several dependencies identified across the functions and the 
development process. These dependencies appear both internally and 
externally. Uncertainties for the future were identified as a major 
constraint, and options to handle them with various digital tools were 
brought to light. 
 
Implication: The study showcased that the implementation of circularity 
in production system development is possible without making changes to 
the current business model for investing in production equipment. It also 
contributes to the understanding of what is possible to do in a brownfield 
context, i.e. in existing production systems, and demonstrates that 
circularity can be implemented even when not optimised for in earlier 
designs.  
 
Contribution to the thesis: The paper contributed to the understanding 
of the roles of the engineer in the development of production systems. It 
brings in relevant perspectives on views important for consideration 
when trying to operationalise circularity in a production development 
project. Further contributions lie in concrete action points on how to 
operationalise circularity. It also provided intel on challenges associated 
with implementing circularity, as well as possibilities that could be 
realised immediately.  
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5 Findings and 
Analysis 

This chapter presents the collected findings and analysis 
from the appended papers of the thesis. The chapter is 
structured around the research questions.  

 

5.1 RQ1 – Interpreting Engineering for Circularity 
The first research question, What does engineering for circularity in the 
context of production systems mean?, was aimed at establishing a common 
understanding of the terminology and understanding what it entails. 
However, the focus of the thesis is on production equipment, i.e. the 
hardware in a production system. A strong reason for focusing on 
production equipment was the contribution this equipment makes to 
emissions through its material usage. Software is also important but still 
needs some sort of hardware to function. The further emphasis on early 
equipment design is strongly linked to previous research stating that the 
opportunity for purposefully incorporating circularity lies in the early 
phases of development, such as the design phase (Anderson, 2020; Lewis 
et al., 2001).  
 
A starting point to answering the first research question lies in the 
terminology. Combining engineering and circularity yields the term 
engineering for circularity. Based on the findings from the appended 
papers, engineering for circularity refers to the engineering tasks and 
activities aimed at increasing the potential for circularity. It is to be 
considered analytically distinguishable from, but practically dependent 
on, organisational functions and activities, such as the business model. In 
other words, it is considered that engineering decisions to support 
circularity could be realised without changes to the surrounding yet 
connected subsystems. Engineering for circularity is grounded in the 
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assumption that circularity could contribute to sustainable development 
and therefore should exclude activities that increase circularity while 
being harmful to the environment.  
 
The following section will elaborate further on what engineering for 
circularity means by highlighting three important categories drawn from 
the data: early design decisions that enable longer and multiple lifecycles, 
the importance of engineering at the systemic level, and understanding 
the economic logic influencing the design of production equipment. 

5.1.1 Early Design Decisions for Later Use 
While the long lifecycle is an important factor for circularity, it is also 
highlighted in the findings from Papers I and IV as a major concern to take 
into consideration during the design of production equipment. The future 
production system, in which both the new and the existing production 
equipment will operate, will become more complex, considering multiple 
use cycles and lifespans over decades. Thus, the engineer and other 
functions represented in the project teams need to, in the initial 
investment project, consciously design for multiple use cycles and plan 
for how the production equipment could be flexible enough to be used in 
both current and future production systems. Accordingly, the design for 
circularity must consider flexibility, probably even to a larger extent in 
comparison to a linear design of production equipment, as also discussed 
in Kampker et al. (2013). By designing and investing in production 
equipment that is suitable for multiple uses and that has considered 
circularity from the beginning, manufacturing companies have a much 
higher chance of being more resource- and cost-efficient by reducing the 
need to invest in new production equipment. In other words, engineering 
for circularity requires a shift from a reactive approach, where circularity 
is potentially addressed when the production equipment becomes 
obsolete, to a proactive approach where circularity is considered during 
the design and initial investment of the production equipment.  
 
Engineering for circularity involves balancing the basic need for efficient 
production operations with the need for circularity. As demonstrated in 
Papers I and IV, such trade-offs will become apparent and must be 
handled by the engineers in the development team. The studied 
companies in both Paper I and Paper IV raised the issue regarding trade-
offs between continuing lifecycle-extending activities or investing in new 
production equipment, evaluated in terms of both environmental impact 
as well as cost. This aligns with previous research demonstrating that an 
engineer needs to be able to assess and understand when the actions 
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taken to promote circularity could cause more harm than good (Bakker 
et al., 2021; Hummen & Desing, 2021).  
 
As further discussed in Papers I and IV, the uncertainties associated with 
little to no intel on future scenarios were also connected to a lack of 
decision support for circularity-related decisions. In the empirical 
findings presented in Paper IV, the need for measurable numbers for 
circularity was highlighted as important to be able to make comparisons 
between different concepts during the development of the production 
equipment in order to select the best-suited option. To exemplify, this 
could concern how to evaluate whether over-dimensioned production 
equipment that could potentially be used in the future is better than a 
solution that is optimised for current use but lacks the potential of being 
used in the future. The empirical findings also indicated that the 
production equipment design changes made towards improved 
circularity could potentially have a negative influence on other values 
such as usability or efficiency of the equipment.  
 
Furthermore, the research presented in Paper I confirms that it is both 
time-consuming and costly to change requirements later in the 
development process of production equipment (Anderson, 2020). On the 
same note, the window of opportunity to affect the design is also limited. 
For example, in the case presented in Paper IV, the decision to invest in 
certain production equipment was taken before circularity was 
considered. Thus, it also became apparent why it is important to consider 
circularity as early as possible despite uncertainties, to avoid not only 
lock-in design problems for circularity but also to open up as many 
opportunities for circularity as possible. In addition, considering a known 
change, such as a change in product flora, during the design phase could 
be beneficial even though the extent of change is unknown. That could 
avoid a situation where the window to make changes to the design 
disappears. Therefore, there is a need to understand the design from a 
more holistic perspective and to increase the awareness of possible 
future changes. A suggestion from the case presented in Paper IV was to 
include a person with information about the strategic long-term plan for 
the entire business in the development team. Thus, engineering for 
circularity will most likely affect the constellation of the development 
team. The findings suggest that the needed competences and functions, 
for example, factory planning and company strategy, should be expanded.  
 
To summarise, conscious design choices are required in early stages to 
avoid lock-in effects reducing the potential for circularity in later parts of 
the lifecycle of the production equipment. This is achieved by carefully 
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weighing trade-offs between current production equipment and 
uncertainties of future needs.  

5.1.2 Engineering on System Level 
The literature agrees that circularity needs to be understood and 
evaluated from a systemic point of view (Chizaryfard et al., 2021; 
Dzombak et al., 2019; Grafström & Aasma, 2021; Sumter et al., 2021; Tura 
et al., 2019). The system on which the systemic view is built can vary for 
the production equipment. What subsystems are included, as well as their 
hierarchical setting, differs in the literature (Brandts, 1993; Säfsten & 
Bellgran, 2009). Production equipment is considered a part of the 
production system but is not divided further. A suggestion for dividing it 
into smaller sections at the macro, meso and micro levels, as shown in 
Figure 11, was presented in Paper 1. The micro level mainly includes 
minor assemblies, modules and components. The technical knowledge 
and conscious decisions were identified as high at this level, but mainly 
included the choice of material and selection of single components. The 
findings indicated that the next level, meso, requires further attention to 
enable an understanding of how engineering decisions could increase 
circularity by not only focusing on small parts but rather seeing the 
production equipment at large. The last level, macro, included strategy 
for the company, including entire production systems. The findings were 
clear on the lack of translation of goals into actions. i.e., operationalising 
circularity. Despite being presented as separate levels, it is important to 
consider circularity from a combined point of view to utilise the potential 
of achieving as high a degree of circularity as possible. 
 

Figure 11: Suggested systemic view of the production system (Elvin et al., 2024). 
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Although the suggested system view presented in Figure 11 provides an 
easy overview and can be used to separate certain tasks, the findings from 
all cases suggest that the production equipment cannot be viewed in 
isolation from other connected parts of the production system.  
 
The first perspective, shared by all the studied companies, is that 
suppliers and buyers of production equipment, and the collaboration 
between them, play an important role in engineering for circularity. As 
pointed out in Paper III, neither the buyer nor the user of production 
equipment is likely to be the main or sole designer of it, and specifications 
are set in collaboration with the buyer and supplier, as noted earlier by 
Sjödin et al. (2011). The buyer of the production equipment sets 
specifications and requirements needed from the production equipment 
to realise their product, whilst the supplier designs the production 
equipment based on the given specifications. The studied production 
equipment supplier company in Paper I described having limited 
freedom to deviate from the buyer-set requirements due to legal issues. 
Hence, there is a high demand on the buyer of production equipment to 
set the right specifications, even though they do not possess the greatest 
knowledge about the design of the production equipment. This also 
entails including circularity, which, according to Islam, Chavez and 
Bellgran (2020), has been less emphasised in the requirements in 
comparison to safety and economy. However, the respondents in Paper I 
stated that the requirements are already extensive and extending them 
further would not necessarily have the sought-after effect on the design. 
Circularity should thus not merely be added to an already extensive list 
of requirements as a separate part but rather be merged with other 
requirements. Despite it being an engineer’s task to carry out the design 
of the production equipment, several other stakeholders also contribute 
to the engineer’s work and determine goals and targets. Therefore, 
engineering for circularity needs to permeate several managerial layers 
of a company and engage all stakeholders to have full potential, as 
demonstrated by Conklin (2006). Additionally, as the collaboration 
between supplier and buyer begins early during the development of 
production equipment, it is surprising how the respondents in Paper I 
described a lack of discussion with the supplier regarding circularity in 
the early stages of the development process.  
 
With the extended lifecycles of current production equipment, the need 
for investing in new equipment could potentially decrease. It was seen in 
the case presented in Paper II that due to a lower frequency of investing, 
the purchasing company could be deprioritised by the supplier. A 
prolonged lifecycle could also pose challenges in retrieving spare parts 
from the equipment supplier, as seen in two examples from the empirical 
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findings in Papers II and III. This is especially true if the lifecycle exceeds 
that intended by the supplier or goes beyond the agreed-upon legal 
requirements for providing spare parts or providing maintenance. With 
the lifecycle of production equipment exceeding the legal agreements, 
there is also a need to balance in-house knowledge with external 
knowledge from suppliers, as discussed in Paper II. On the one hand, 
there is a need to keep maintaining and extending the lifecycle even after 
the agreement has expired, and thus in-house knowledge is essential. On 
the other hand, it can become inefficient or even impossible to have 
sufficient in-house knowledge for all the variants of production 
equipment. The data from the research thus indicates a need for a 
redefined way of collaborating, with increased opportunities to suggest 
new solutions for collaboration that might go beyond standard practices. 
To manage the delicate relationship between supplier and buyer, 
together with the new questions that could arise with the introduction of 
circularity, suppliers and buyers need to understand the value of 
circularity. They need to consider the shared value, as value might not be 
seen on an individual level for either party (Figge et al., 2021).  
 
Secondly, it is known that the design of production equipment is 
dependent on the rest of the production systems, including the products 
(Gopalakrishnan et al., 1999; Wiktorsson, 2000). The empirical findings 
suggest that this is of even more importance when introducing 
circularity. From the case presented in Paper IV, an idea emerged that 
production could influence the product to a greater extent than 
previously to be able to create circumstances for longevity for the 
production equipment. This suggested a potentially new interplay 
between the sub-system and their development processes and the 
dependencies between the subsystems. It has previously been described 
that to reach circularity in the manufacturing industry, it needs to 
permeate three levels: (1) manufacturing of circular products, (2) 
circular manufacturing processes, and (3) circular industrial systems 
(Despeisse et al., 2026). The thesis has focused on the second level, as well 
as the third to some extent, with emphasis on the production equipment, 
though it acknowledges that all levels should be considered to achieve 
circularity for all parts of the manufacturing sector.  
 
Lastly, a recurring theme in the studies presented in Papers II and IV, was 
the question of compatibility between several variants of equipment from 
various generations, as well as between the connected software. If not 
treated with caution, it could happen that the lifecycle is extended for a 
single piece of production equipment, but in combination with other 
equipment the production system will not be able to function. This 
illustrates the necessity of not isolating the work with circularity to a 
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single piece of equipment. It must instead be managed at the system level, 
which is something already stressed as important to consider for the 
development of production equipment (Gopalakrishnan et al., 1999). 
Furthermore, it was raised by the companies involved in the studies in 
Papers I and IV that there is a need not only to balance multiple 
generations but also to deal with variation in deterioration in a single 
piece of equipment. The most prominent example was software causing 
equipment to become obsolete before mechanical deterioration. On a 
similar topic, it was discussed in Papers II and IV, that circularity should 
be considered from a broader perspective when evaluating the potential 
effects. A concrete example from the case in Paper IV was how the 
removal of pneumatic tools was considered of little importance until it 
was evaluated from a larger perspective. When changing the system to 
the level of the production system or even larger at the factory level, the 
change would have a great impact, as the system included a substantial 
number of pneumatic tools. 
 
In summary, the production equipment needs to be understood from the 
context in which it operates and not only considered as a single entity. 
While, as previously pointed out, the system perspective is important for 
the development of a production system, adding circularity makes it 
essential. The supplier–buyer relationship is highlighted as extremely 
important and presents many opportunities for improved circularity 
through increased collaboration, but it also poses many challenges, such 
as dealing with an extensive list of requirements, lack of discussion of 
circularity in the initial stage, and legal agreements possibly impeding the 
work towards circularity. 

5.1.3 Economic Logic 
The incentives for circularity were said by the respondent in Papers I and 
II to be dominated by cost savings rather than reaching sustainability 
through circularity. However, there are differences between the cases in 
how the economic view was utilised. From the reference case with 
company E presented in Paper II, where there was a primary goal of 
reducing costs by almost any means possible, circularity was still present. 
Though circularity was not expressly considered, it was still the result of 
their actions, indicating the economic benefits of circularity. However, 
from the cases in Paper I, circularity was often considered an additional 
cost, and the actions were not seen as cost savings. Some respondents in 
those cases also described it as difficult to argue for additional funding to 
finance increased sustainability. Here there is a clear distinction between 
the cases in how circularity is treated in their engineering work. One of 
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the cases created a situation where the benefits of lifecycle extensions 
were considered a core of their business and investment, whereas the 
others instead considered circularity as a cost and thus something that 
needed to be argued for. Either way, the idea of a good business case 
being an important driver for circularity, as presented by Velenturf and 
Purnell (2021), is reflected in the empirical findings. The perception of 
value was also influenced by how the production equipment and the 
engineering assets were viewed. The findings presented in Paper II 
showed how important it was to value already used equipment as an 
equally valuable asset rather than as a last resort. Since the financial 
assets are derived from the engineering assets (Amadi-Echendu et al., 
2010), an older version would be worth less to a company in financial 
value. However, if instead evaluated from a systemic level, it could be 
considered that a reduction in investment would potentially bring higher 
value to a company even though the value tied in the equipment is lower. 
In other words, if production systems are viewed as isolated assets 
disconnected from circularity, circularity could be viewed as expensive. 
However, if evaluated from its long-term capabilities for lifecycle 
extension and possible reuse, circularity for production equipment could 
instead be considered an investment in the future of the production 
system. 
 
To link back to the earlier discussion about uncertainties, there was some 
reflection on investments as well. In the case presented in Paper IV, 
adding features for future needs was considered, but there was 
uncertainty regarding whether this would be valuable in economic terms. 
Under current views, such an additional investment was considered a 
cost because it was not evaluated from a long-term and system-level 
perspective. Indeed, the initial investment in the production equipment 
would be larger, but this investment could potentially reduce the need for 
future investments in new production equipment, reducing the overall 
investment cost if looked at from a longer time perspective. This 
exemplifies how engineering for circularity could be stalled due to 
current perceptions concerning the value of assets and investments. 
Engineering for circularity does not necessarily require a new business 
model, but rather a coherent understanding throughout the organisation 
that circularity could, in the long term, be beneficial not only in 
environmental terms but also economically. 
 
To sum up the section, the perception of value and how it influences the 
work towards circularity is important to be aware of. The value of 
circularity might not appear immediately and could influence the design 
choices. 

 

 48 

the cases created a situation where the benefits of lifecycle extensions 
were considered a core of their business and investment, whereas the 
others instead considered circularity as a cost and thus something that 
needed to be argued for. Either way, the idea of a good business case 
being an important driver for circularity, as presented by Velenturf and 
Purnell (2021), is reflected in the empirical findings. The perception of 
value was also influenced by how the production equipment and the 
engineering assets were viewed. The findings presented in Paper II 
showed how important it was to value already used equipment as an 
equally valuable asset rather than as a last resort. Since the financial 
assets are derived from the engineering assets (Amadi-Echendu et al., 
2010), an older version would be worth less to a company in financial 
value. However, if instead evaluated from a systemic level, it could be 
considered that a reduction in investment would potentially bring higher 
value to a company even though the value tied in the equipment is lower. 
In other words, if production systems are viewed as isolated assets 
disconnected from circularity, circularity could be viewed as expensive. 
However, if evaluated from its long-term capabilities for lifecycle 
extension and possible reuse, circularity for production equipment could 
instead be considered an investment in the future of the production 
system. 
 
To link back to the earlier discussion about uncertainties, there was some 
reflection on investments as well. In the case presented in Paper IV, 
adding features for future needs was considered, but there was 
uncertainty regarding whether this would be valuable in economic terms. 
Under current views, such an additional investment was considered a 
cost because it was not evaluated from a long-term and system-level 
perspective. Indeed, the initial investment in the production equipment 
would be larger, but this investment could potentially reduce the need for 
future investments in new production equipment, reducing the overall 
investment cost if looked at from a longer time perspective. This 
exemplifies how engineering for circularity could be stalled due to 
current perceptions concerning the value of assets and investments. 
Engineering for circularity does not necessarily require a new business 
model, but rather a coherent understanding throughout the organisation 
that circularity could, in the long term, be beneficial not only in 
environmental terms but also economically. 
 
To sum up the section, the perception of value and how it influences the 
work towards circularity is important to be aware of. The value of 
circularity might not appear immediately and could influence the design 
choices. 

70



 

 49 

5.1.4 Interim Conclusion RQ1 
To interpret what engineering for circularity means in this thesis, the 
following aspect is of particular importance: engineering for circularity in 
a production system can be understood as a multifaceted concept 
emphasising the tasks and activities carried out by an engineer to 
improve the opportunities for circularity. It includes early design 
decisions with a system perspective in mind, but in comparison to 
traditional engineering, it consciously considers not only the current use 
cycle but also the upcoming ones. As such, engineering for circularity 
should re-evaluate the perceived value of production equipment from an 
isolated asset where lifecycle extending activities are a cost, to a way of 
investing in the production system’s longevity. 

5.2 RQ2 – Attaining Engineering for Circularity 
Moving to the second research question, how can engineering for 
circularity be operationalised during early production equipment design as 
a part of the development of production systems?, it is important to take 
the learnings from RQ1 and put them into practice. Based on the findings 
from the first research question, operationalising engineering for 
circularity requires more than technological development of the 
production equipment.  

5.2.1 Reimagining Circularity in Engineering Practices 
For engineering for circularity to be operationalised, there is a need to 
question the current practices of today and reimagine what is possible 
through a shift in mindset. Paper IV points out the importance of breaking 
habitual assumptions. It includes questioning why certain choices 
continue to be made without justification but rather as decisions, simply 
inherited from previous development projects, as also stated in Paper III. 
Paper II also highlights the risk that the comfort and ease of acquiring 
new equipment could potentially discourage actions for circularity, as the 
associated effort and time can appear less appealing. Similarly, in Paper 
IV, it is stated that despite the need to upgrade only a single feature, an 
entire new production equipment is invested in. All the above involves a 
change in behaviours and norms rather than technological prerequisites, 
which is an important aspect for the transition towards circularity 
(Chizaryfard et al., 2021). To strengthen this, several respondents in 
Paper I also described that circularity did not require further attention on 
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technology, meaning that new technological solutions are not needed to 
achieve circularity.  
 
The empirical findings from a substantial part of the cases also indicate 
an insecurity amongst the engineers about trying new solutions, as the 
outcome is unknown. A common belief among the cases that emerged 
during the data collection in regard to decisions was the uncertainty of 
circularity due to the long lifecycles. However, as put by one of the 
respondents in Paper I regarding the possibilities of implementing 
circularity in the product equipment, “only the sky is the limit”. Nåfors 
(2019) described the development of production systems in a brownfield 
setting as a wicked problem, even without consideration of circularity. 
With the added complexity of circularity, the development of production 
systems was made even more intricate. Thus, it is suggested that, in 
dealing with this wicked problem together with circularity, there will be 
no correct solution, as Peters (2017) points out. The engineer will have to 
find “one” solution, despite not knowing if it is the best solution for 
circularity in the future.  
 
The findings presented in Paper I suggest that engineers need the right 
and sufficient competence to make these difficult decisions, considering 
both uncertainties and trade-offs for circularity with a sustainable 
outcome. This observation aligns with Chrispim et al. (2025), who found 
that a company is in a better position to implement circularity if they 
possess more knowledge about it. However, from the case presented in 
Paper II, it was demonstrated that despite the company having limited 
understanding of circularity, they had managed to actively work with 
several of the actions described in the 10R principles (Potting et al., 2017). 
The contradicting findings suggest that engineering for circularity may 
not only depend on explicit knowledge of circularity but can also emerge 
through established engineering practices that support resource 
efficiency and lifecycle extension. The diverse terminology used both in 
the research system and within the practice system (Kirchherr et al. 2017; 
Kirchherr et al., 2023; Grafström & Aasma, 2021) could also influence what 
is considered circularity. Common engineering work in the development 
of production systems could enhance circularity even when not explicitly 
categorised as actions towards it. Although circularity may be achieved 
without using the terminology, recognising the intended objective is 
considered important. Thus, engineering for circularity emphasises the 
need to consciously consider and integrate it into engineering practices.  
 
A notable difference between the cases presented in Paper I and the case 
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performance and high value, and old equipment with bad performance 
and low value, which was done to a greater extent by the case companies 
included in the study in Paper I. These differences were reflected in their 
work with circularity, with the case company in Paper II managing to 
come further along in their lifecycle-extending activities than the case 
companies in Paper I. 
 
To summarise, the shift towards circularity in the design of production 
equipment does not solely lie in solving the technological dilemmas, but 
also includes surrounding elements linked to the people involved in the 
process.  

5.2.2 Utilising Design Strategies for Circularity 
A part of an engineer’s work is to design, and thus design strategies are 
often used. This is also the case for the design of production equipment. 
The DfX approach was not initially intended for circularity but has shown 
great potential to facilitate the R-principles circularity (Benabdellah et al., 
2024; Dahmani et al., 2021; Moreno et al., 2016). In Paper III, several 
connections between the R-principles and the DfX approaches were 
identified when focusing on the design of production equipment. These 
connections are presented in Figure 12 and illustrate how certain 
approaches could enable the R-principles. Continuing or deepening the 
work with already existing strategies could potentially lower the entry 
level for introducing circularity in the development of production 
equipment, potentially overcoming some barriers often associated with 
circularity (Grafström & Aasma, 2021). In the study presented in Paper III, 
refuse and rethink were excluded from the R-principles since those 
happen before a decision to start designing the equipment has been 
made. Additionally, recover was also excluded since it was considered 
that the ultimate destruction of material is not affected by design choices. 
In the following section, the results from the study in Paper III are 
presented. The findings illustrate how DfX approaches could be used to 
facilitate circularity if used with the aim of enabling lifecycle extension 
and consider the systemic perspective.  
 
The first R, reduce, showed connections to multiple DfX, mainly due to its 
backcasting properties, i.e. actions taken later in the R-principles can 
affect the R higher up. For example, if a part of the production is 
remanufactured, the production equipment that will use the 
remanufactured part will reduce its virgin material use. This falls in line 
with (Bakker et al., 2014), who state that if a practice facilitates circularity, 
it will mitigate the disposal of waste. Easy assembly could open up future 
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redesign opportunities, and a robust and reliable design will extend the 
lifecycle of the production equipment (Juniani et al., 2022). Likewise, a 
reliable design will benefit the next R, reuse of the production equipment 
(Bakker et al., 2014), which is preferred over the next R in line, repair. The 
design choices made early on will affect the possibility for repair and 
maintenance and have been stressed as an important part of lifecycle 
extension (Franciosi et al., 2018; Turner et al., 2020). Through easy 
separation that is non-destructive (Desai & Mital, 2017; Soh et al., 2015) 
and by grouping functions into modules, the possibility is created for easy 
repair if the function starts to degrade (Rahmani et al., 2022; Tian et al., 
2026). The next R, refurbish, was also shown to benefit from, for example, 
modularity, but with the intent to upgrade a certain part or function and 
not only restore it to its initial functionality. Moving on to 
remanufacturing, this could also make use of modularity as well as 
disassembly, as this already involves the separation of production 
equipment into modules and parts to be used again in other equipment. 
Hence, the design should also consider the ease of assembly (Ijomah et al., 
2007). The second-to-last R, repurpose, is strongly linked to the longevity 
of parts making up the production equipment. As with many previous Rs, 
modularity and disassembly enable easy changes if repurposed (Soh et 
al., 2015; Tian et al., 2026). Lastly, in recycling, which is the step that is to 
be avoided for as long as possible, the choice of material and the 
combination and composition of material matter was considered vital 
(Martínez Leal et al., 2020; Tian et al., 2026). 
 
 
 

Figure 12: Connections between R-principles and DfX approaches, illustrating 
which strategy could facilitate which R. Strategies facilitating the most R are 
highlighted (Elvin et al., 2026). 

 

 52 

redesign opportunities, and a robust and reliable design will extend the 
lifecycle of the production equipment (Juniani et al., 2022). Likewise, a 
reliable design will benefit the next R, reuse of the production equipment 
(Bakker et al., 2014), which is preferred over the next R in line, repair. The 
design choices made early on will affect the possibility for repair and 
maintenance and have been stressed as an important part of lifecycle 
extension (Franciosi et al., 2018; Turner et al., 2020). Through easy 
separation that is non-destructive (Desai & Mital, 2017; Soh et al., 2015) 
and by grouping functions into modules, the possibility is created for easy 
repair if the function starts to degrade (Rahmani et al., 2022; Tian et al., 
2026). The next R, refurbish, was also shown to benefit from, for example, 
modularity, but with the intent to upgrade a certain part or function and 
not only restore it to its initial functionality. Moving on to 
remanufacturing, this could also make use of modularity as well as 
disassembly, as this already involves the separation of production 
equipment into modules and parts to be used again in other equipment. 
Hence, the design should also consider the ease of assembly (Ijomah et al., 
2007). The second-to-last R, repurpose, is strongly linked to the longevity 
of parts making up the production equipment. As with many previous Rs, 
modularity and disassembly enable easy changes if repurposed (Soh et 
al., 2015; Tian et al., 2026). Lastly, in recycling, which is the step that is to 
be avoided for as long as possible, the choice of material and the 
combination and composition of material matter was considered vital 
(Martínez Leal et al., 2020; Tian et al., 2026). 
 
 
 

Figure 12: Connections between R-principles and DfX approaches, illustrating 
which strategy could facilitate which R. Strategies facilitating the most R are 
highlighted (Elvin et al., 2026). 

74



 

 53 

Finally, design for manufacturing, disassembly, and modularity facilitates 
the highest amount of R and thus has the highest potential of contributing 
to circularity. Additionally, Paper III discussed the importance of 
understanding the system view to capture all the backcasting properties 
even in early phases of design. Thus, it is up to the engineers to decide 
which DfX approaches to use and how to combine them to create the 
highest potential for circularity.  
 
To sum up, DfX approaches shows great potential for enabling circularity 
in the development of production equipment by giving clear guidelines 
on how to design. Since DfX is commonly used by engineers, the threshold 
to include DfX in the work is assumed to be lower in comparison to other 
approaches for improving circularity. 

5.2.3 Embedding Circularity in Engineering Practices 
As described in the answer to RQ1, circularity is embedded in the daily 
work of an engineer rather than considered an add-on. As such, there 
seems to be a lot of potential for circularity in the production equipment. 
Thus, operationalising circularity for production equipment does not 
only mean new technical solutions, but rather integrating circularity into 
current processes and activities carried out to realise a production 
system. Engineers are expected to find solutions to a technical problem 
and determine the optimal solution based on the set requirements and 
constraints (Pahl et al., 2007). However, as seen from RQ1, circularity is 
often lacking in the specifications set for production equipment (Islam, 
Chavez, & Bellgran, 2020). If the engineers are presented with a problem 
that does not specify circularity as a parameter to consider, the final 
design will most likely not be optimised for circularity, which is also 
reflected in the empirics in Paper IV. Yet simply adding further 
requirements to an already extensive list would not necessarily increase 
circularity in the design of production equipment, according to the 
respondents in Paper I. Therefore, it falls to the engineer to strategically 
incorporate circularity in the existing specifications, for example by using 
some of the DfX approaches presented in the thesis. To utilise production 
equipment suppliers’ specific knowledge and expertise about the 
production equipment to find opportunities for circularity, it is 
recommended that discussions be initiated from the early phases of the 
design process. This will presumably require new ways of collaboration 
and affect the current processes for developing production equipment.  
 
Several respondents in the studies presented in Paper I described the 
similarities between the introduction of rigorous work with safety and 
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the transition towards circularity. It was described how safety had 
become integrated in their daily work and that circularity could 
potentially follow the same path. In the current operations of case 
company A presented in Paper IV, the operators could report potential 
safety issues to improve production. A suggestion was made to open the 
possibility to report potential for improved circularity in the same way to 
utilise the competence of the operators. Incremental changes made 
during the operational phase, such as waste handling and cleaning 
processes (Kurdve et al., 2015; Lim et al., 2022), could thereby be 
collected and considered already in the design phase. Such information 
could supposedly be of high value to avoid investing in production 
equipment with the same shortcomings. Involving the operators in the 
work with circularity would also be a step closer to integrating the work 
of circularity in the entire organisation.  
 
Additionally, it was discussed in Paper IV how digital tools could be used 
for personalised training and reminders to increase awareness and 
knowledge of circularity without being dependent on an expert, who was 
often brought in too late in the process, according to the respondents in 
the study presented in Paper I. A robust process for the development of 
production equipment in which all stakeholders can contribute to 
circularity reduces the dependency on a single person. Digital tools, such 
as simulation, were also discussed in Paper IV as support in decision-
making to reduce uncertainties. However, the supporting process needs 
to be in place for such tools to work. The need was expressed for a 
rigorous inventory list of all equipment and components in the existing 
production system, as well as data to be able to set up future scenarios. A 
structured way of handling information about the current production 
equipment, including, for example, records of use in operation, 
maintenance, and planned phase-out of production equipment in the 
current system, could in theory contribute to easier identification of 
reusable equipment or components within a company, opening up 
further opportunities for circularity.  
 
In summary, the findings suggest that circularity should be embedded in 
the daily work of engineers. This will benefit from a revised development 
process adopted to accommodate the new ways of working, including 
closer and earlier collaboration between equipment supplier and buyer, 
as well as utilising ideas from multiple functions in the organisation. 
Design specifications and requirements need to be set strategically to 
include circularity, ensuring that a satisfactory solution is achieved only 
if circularity has been considered.  
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5.2.4 Interim Conclusion RQ2 
To operationalise engineering for circularity, a lot of emphasis is placed 
on the engineers and their ability to change the current way of working 
to allow the implementation of circularity. However, other parts of the 
production system, including management, must be working towards the 
same goal and aligning the organisation to also strive towards this goal. 
It is recommended that existing engineering tools, such as design 
strategies, be utilised to translate circularity from an abstract, vague 
concept into actionable design-related decisions for the production 
equipment. The engineers could strategically integrate specifications that 
increase the opportunities for circularity in the production system. 
Furthermore, the dialogue with suppliers could be initiated earlier and 
the collaboration deepened to utilise as much competence as possible 
during the design of production equipment. Lastly, to operationalise 
circularity, digital tools such as simulation could be used as decision 
support to reduce uncertainties. However, rigorous datasets are needed 
for these to be useful as decision support.  

5.3 Visual Overview of Findings 
An illustration summarising the findings from Chapter 5 is presented in 
Figure 13. It provides an overview of aspects for the engineer to consider 
when implementing circularity in the design of production equipment.  
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Figure 13: Visual overview of findings presented in Chapter 5. 
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6 Discussion and 
Conclusion 

The discussion is separated into different themes. The 
chapter also includes the concluding remarks of the 
thesis and presents both theoretical and practical 
contributions. Lastly, areas in need of further attention 
and research are identified.  

 

6.1 Discussion 

6.1.1 Uncertainty of Circularity 
From the findings presented in the thesis, uncertainty, especially in the 
decision basis, is recurring. As Peters (2017) points out, for a wicked 
problem, which involves a lot of the development of a production system 
(Nåfors, 2019), there is no single correct solution. Hence, the problem to 
be solved can have multiple solutions, and one could be more valid at the 
time of the design decision based on the available data. Thus, the 
engineers would have to be satisfied with a potentially good circularity 
solution based on the current information and circumstances. The 
findings show that the engineers involved in the early design of 
production equipment tend to lean towards a known solution with few 
opportunities for circularity over risking choosing a new untested 
solution with greater potential for circularity. Consequently, one 
suggestion is to manage the fear of the unknown by reducing uncertainty 
and making conscious decisions and plans. Plan for reuse, plan for 
modules, and plan for future product changes. Understanding circularity 
as a highly complex optimisation problem, consisting of multiple 
parameters on several levels, is therefore valuable to achieve the desired 
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design outcome. Indeed, not everything can be known, but it can certainly 
become more known by evaluating data and making empirically 
supported decisions. Herein lies the potential of using digital tools such 
as simulation, as demonstrated in the case presented in Paper IV, to 
enhance informed decision-making for circularity.  

6.1.2 On the Matter of Time 
It is worth considering the possible paradoxical aspects within the 
research when it comes to the technical length of life of the production 
equipment. It is repeatedly stated throughout the thesis that production 
equipment has long lifecycles spanning decades (Erumban, 2008). Yet it 
is also stated that activities to prolong the lifecycles are needed in the 
form of circularity, even though a decade could already be considered a 
rather long life expectancy. However, the shortened lifecycles of many 
products also set new demands on the production equipment and the 
system. As the product influences the design of both the production 
equipment and the production system (Wiktorsson, 2000), rapidly 
changing products will possibly also shorten the lifecycle of the 
production system, especially if flexibility is not accounted for in the 
initial design of the production equipment. Additionally, the emerging 
remanufacturing of products is forcing requirements on the production 
systems to handle multiple generations of products at the same time. To 
enhance circularity and avoid over-investing in production equipment or 
having several production systems, they need to be designed for 
flexibility in line with Kampker et al. (2013) and to be able to handle the 
variation in product flora. 

6.1.3 Economic Influence on Design Decisions 
In the literature, the economic aspect is presented as both a barrier due 
to an uncertain business case (Bajuk & Linder, 2024) and a main driving 
force for circularity through potentially reduced cost (Velenturf & Purnell, 
2021). However, Eccleston and March (2010) pointed out that the 
paradox with a decrease in cost comes accelerated resource depletion. In 
theory, if a company viewed all new investments as a high cost, circularity 
could increase, which is supported by the findings. When financial assets 
were considered a scarce resource by a company, as seen in the case in 
Paper II, circularity was not treated as an option but as a necessity to keep 
costs down.  
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The financial system is included as a subpart of the industrial system by 
Brandts (1993) and is recognised in the findings as an influencing factor 
in engineering decisions for circularity. It is valuable to understand how 
the economic standpoint influences work with circularity in the 
manufacturing industry. A development project with the need for a 
change in production equipment does not necessarily require acquiring 
newly produced production equipment. It could include trades or swaps 
between existing equipment from other production systems or even 
factories in a corporate group, or simply investing in already used 
production equipment. However, in situations requiring new 
investments, designing production equipment and systems for one-time 
use should be avoided if a high degree of circularity is sought. Since 
uncertainties about future production needs are common, preparing for 
circularity should not be considered an additional cost, but rather an 
investment for the future. The initial investment in production 
equipment could potentially be more extensive to have possibilities for 
circularity, if evaluated in the short term. However, in a long-term 
evaluation, the potential cost savings could be accounted for. Building in 
circularity in the production equipment has the advantage of often 
increasing its lifecycle, which means that it could span over several 
generations of production systems. It calls for investment models 
accounting for the entire technical lifecycle of the production equipment, 
and not only the economic lifecycle. This illustrates how certain 
engineering decisions could be limited by the current interaction 
between the boundaries of each system.  

6.1.4 Beyond Circularity Frameworks 
A key to operationalising circularity is to look beyond the existing 
frameworks. The R-principles (Potting et al., 2017) is often highlighted in 
circularity, but has faced critique for lacking concrete action points (Reike 
et al., 2018). Frameworks could be adapted to fit each sector and 
situation, and for the design of production equipment, each of the 
situations will be unique, though with potential similarities. It is within 
the similarities that adapted frameworks can be utilised, but it is the 
differences that provide the potential for truly operationalising 
circularity. In other words, if activities to reach circularity are generalised 
to fit multiple situations, there is a risk of overlooking potential for 
circularity in each unique situation. Thus, it is considered more 
meaningful to understand the goal of circularity to change activities to 
accomplish it, rather than blindly trusting guidelines without 
understanding the target.  
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The findings presented in the thesis reveal the need for enhanced 
decision-making to promote the opportunities of circularity, along with 
new ways of working and collaborating with all the stakeholders. It is 
recommended that the question of circularity to be revised from an 
additional thought to be integrated into the daily work of an engineer 
working on the development of production systems as standard practice. 
It is also beneficial if circularity is permeated throughout the entire 
organisation to reduce dependence on a limited number of people, 
avoiding a fragile process, as highlighted in the case presented in Paper 
II. A company could, in theory, lose one employee and, with them, all 
competence in circularity; thus, robust processes are needed with 
circularity permeating several functions and work tasks. In the long run, 
it can be discussed whether the changes in engineering education and 
education in general will catch up with the demands and needs of the 
industrial sector to cover the fragile competences and knowledge needed 
for circularity and sustainability. However, with a larger number of 
people educated on the matter, it could hypothetically become a more 
robust system.  
 
Experiences and learnings from the extensive implementation of lean 
production in the manufacturing industry could potentially be interesting 
to apply in the implementation of circularity, including moving from 
copying tools to changing the work itself and people's mindset and values. 
As such, it does not necessarily mean that the engineers’ work is 
inadequate, but rather that the problem might need redefining.  
 
Furthermore, it could be discussed what the differences are between 
engineering for circularity and “good engineering” in general. From the 
author’s perspective, engineering for circularity strives to find an 
optimised solution to their problem which includes circularity, and doing 
so successfully could be considered good engineering. However, an 
engineer with another goal, excluding circularity, could still do good 
engineering. This thought highlights the importance of redefining the 
problem the engineers are to solve; otherwise, unsustainable engineering 
could still be considered good engineering. 

6.2 Methodological Discussion 
An interactive approach was selected, together with a case study, since 
this allowed the researcher to work closely with the companies. Since the 
researcher is to be considered the main instrument in the conducted 
types of research, potential bias becomes an important question to raise. 
Previous experience and knowledge will affect how the data are analysed, 
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as discussed in the method chapter. However, the separation between the 
practice and research systems is beneficial since the researcher is not 
involved in the decision-making process and can study the situation from 
an objective perspective and present the results as neutrally as possible. 
On the other hand, this also causes the researcher to be on the outside 
looking in, needing to understand the process without being fully 
involved, which possibly affects the rigour of the data. Even though it 
could be beneficial to use more personal types of data collection, such as 
personal diaries, to capture further details, the researcher’s continuous 
interaction with the case companies allowed for immediate data 
collection. As such, the risk of missing important details and advancing a 
thorough and nuanced analysis was considered rather low.  

6.3 Concluding Remarks 
The research presented in this thesis has explored engineering for 
circularity and how it can be operationalised in the context of production 
systems, with a particular focus on early equipment design. Despite the 
research being framed within a technical subject, the thesis revealed that 
the technology itself is not the only area in need of development. 
Engineering for circularity means a new way of working with a focus on 
early design decisions to facilitate longer and multiple use cycles of the 
production equipment through lifecycle-extending activities. It is 
essential to consider engineering on a system level to understand 
dependencies within the context of the development of production 
systems. This also includes a shift in mindset and values that extends 
beyond technology, as well as consideration of a new economic logic that 
circularity brings. 
 
To operationalise the concept of engineering for circularity and 
accelerate the transition towards circularity, the findings suggest that 
engineers working with the development of production systems should 
start utilising well-known tools and methods, with the intended focus on 
increasing circularity. The findings suggest the role of an engineer to be 
that of an actor with a lot of potential in the work towards circularity, and 
thus a role that could be emphasised more strongly in the literature on 
circularity. Although engineers are to be considered a key actor in 
sustainably achieving circularity, they are only one party involved in the 
development. Thus, it is acknowledged that other elements involved in 
the development of production equipment and systems, such as business 
models, have the potential to prompt decisions by the engineer and 
should not be disregarded entirely. Finally, it can be said that today’s 
engineers are not currently solving tomorrow’s problems. Therefore, it is 
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time to redefine the problems the engineers aim to solve. The sought-
after optimised solution should therefore include circularity as one 
parameter to consider in the attempt to design and develop production 
equipment in the work towards a sustainable future.  

6.3.1  Theoretical Contributions 
The major theoretical contributions of the thesis are as follows. The 
research demonstrates: 
 

• How early design decisions for production equipment both 
create and constrain opportunities for circularity throughout 
the lifecycle of not only the production equipment but also 
for the whole production systems. 

• The importance of engineering as an enabler of the 
transition from linearity to circularity for production 
systems, including the operationalisation of circularity. 

• The understanding that achieving circularity in production 
equipment and systems extends beyond technological 
challenges and must also consider system-level and 
organisational factors. 

6.3.2 Practical Contributions 
As the research was conducted in close collaboration with industry, with 
the practice system being part of the research approach, it is of interest 
to raise the practical contributions of the thesis. Learnings have 
continuously been disseminated to the collaborating companies 
throughout the research. The practical contributions have: 
 

• Provided suggestions on how existing design strategies can 
be adapted and applied to support circularity objectives in 
production equipment and systems, providing practitioners 
with concrete approaches for integrating circularity into 
engineering practices and the development of production 
systems. 

• Increased understanding of circularity amongst engineers 
involved in the development of production equipment and 
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decision-makers in the case companies, supporting a shift in 
mindset needed for circularity, including a shift from single-
use cycles to multiple-use cycles, as well as perception of the 
value of the production equipment.  

• Improved understanding of the challenges engineers face 
when incorporating circularity in early equipment design, 
thereby providing a basis for developing tools and 
organisational support to facilitate circularity in 
development practices for production systems. 

• Ignited curiosity amongst the case companies on how to 
operationalise circularity and integrate it in their daily 
work.  

6.4 Further Research Opportunities 
Several areas for further research opportunities have emerged during the 
research. Firstly, a potential direction for future research is to consider 
circularity for the entire production system. A systemic perspective could 
enhance the operationalisation of circularity in the production system by 
understanding relations, boundaries, and dependencies in the system. 
Further, it would be beneficial to consider the interdisciplinarity of such 
systems and understand how multiple fields could collaborate to achieve 
a common goal of circularity. 
 
Secondly, digitalisation is a promising avenue to explore for enabling 
circularity. It has the ability to improve traceability in supply chains by 
collecting data on the entire lifecycle and simulating scenario planning, 
potentially reducing uncertainties and acting as support in decision-
making for promoting circularity. 
 
Thirdly, further investigation regarding industrial practitioners, 
including engineers, is needed, and a plausible future suggestion would 
be to explore how serious games could aid in this regard. This could be a 
fast way to challenge current practices to increase the operationalisation 
of circularity.  
 
Finally, it is suggested that the potential negative impacts of 
implementing circularity, such as rebound effects, be investigated 
(Bakker et al., 2021; Hummen & Desing, 2021) and arguments against it 
reviewed to broaden the perspective. This includes understanding 
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general criticism towards circularity, CE and the current economic 
paradigm to further understand what is needed to transition towards a 
more sustainable path. 
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A. Interview guide Paper II 
Swedish 
Vilka är dina primära arbetsuppgifter?  
Berätta kortfattat om din bakgrund (tidigare arbetsområden, utbildning).  
Vad har du för erfarenhet av investeringar i produktionsutrustning?   
 
1. Berätta om hur det senaste investeringsprojektet du var med i. På vilka 
sätt arbetade ni med miljömässig hållbarhet? 

a) Hur såg kravspecifikationer och samtal med leverantör 
ut? 
b)Vilka faktorer var viktigast för er (pris, kvalitet, 

leverantör osv)? 
2. Beskriv hur produktionsutrustningens livstid ser ut (reparationer, byta 
ut delar, end-of-life). 
3. Ser du möjligheter att redan i designfasen av en investering av 
produktions-utrustning att tänka hållbart (främst cirkulärt)? 

a) Vad skulle krävas för att cirkularitet blir en av de 
viktigaste faktorerna man kollar på? 

4. Ser du några utmaningar när man försöker designa en investering av 
produktionsutrustning så hållbart som möjligt? 

a) Vilka är de största utmaningarna enligt dig? 
b) Finns det några konflikter/motsägelser/utmaningar i 
den befintliga processen som försvårar? 
c) Finns det några delar av produktionen där det inte går 
att tänka cirkulärt när man investerar i ny 
produktionsutrustning? 

5. Öppen diskussion om vad som har tagits upp hittills. Frågor som kan 
stötta: 

• Har du något konkret exempel där ni har tänkt 
cirkulärt redan från början i en 
investeringsprocess? 

• Vilka övergripande strategier har ni på företaget 
för att arbeta cirkulärt? 

• Finns det något stöd i form av guidelines och 
metoder som kan användas i investeringsprojekt 
idag? 
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English 
What are your primary tasks?  
Tell us briefly about your background (previous work areas, education).  
Do you have any experience of working with investments in production 
equipment?  
 

1. Tell us about the latest investment project you were a part of. In 
which ways did you work with environmental sustainability?  

a. What did your requirements and dialogue with your 
supplier look like?  

b. Which aspects were most important for you (cost, 
quality, supplier etc.)?  

2. Describe what the lifetime of production equipment can look 
like (reparations, changing parts, end-of-life).  

3. What possibilities to think more sustainable (mostly circular) do 
see in the design phase of an investment of production 
equipment?  

a. What is required to make circularity one of the most 
important aspects?  

4. Do you see any challenges when it comes to sustainable design 
of investments of production equipment?  

a. What are the biggest challenges according to you?  
b. Are there any conflicts/contradictions /challenges in the 

existing processes that makes it more difficult?  
c. Are there any parts of you production where it is not 

possible to think circular when you invest in new 
production equipment?  

5. Open discussion about themes that have come up in the 
interview so far. Questions to support:  

• Do you have any concrete examples where you have 
thought circular already in the beginning of an 
investment process? 

• What overall strategies do you have on the company to 
work circular? 

• Do you have any support through guidelines and 
methods that can be used in investment projects today? 

  

 

 79 

English 
What are your primary tasks?  
Tell us briefly about your background (previous work areas, education).  
Do you have any experience of working with investments in production 
equipment?  
 

1. Tell us about the latest investment project you were a part of. In 
which ways did you work with environmental sustainability?  

a. What did your requirements and dialogue with your 
supplier look like?  

b. Which aspects were most important for you (cost, 
quality, supplier etc.)?  

2. Describe what the lifetime of production equipment can look 
like (reparations, changing parts, end-of-life).  

3. What possibilities to think more sustainable (mostly circular) do 
see in the design phase of an investment of production 
equipment?  

a. What is required to make circularity one of the most 
important aspects?  

4. Do you see any challenges when it comes to sustainable design 
of investments of production equipment?  

a. What are the biggest challenges according to you?  
b. Are there any conflicts/contradictions /challenges in the 

existing processes that makes it more difficult?  
c. Are there any parts of you production where it is not 

possible to think circular when you invest in new 
production equipment?  

5. Open discussion about themes that have come up in the 
interview so far. Questions to support:  

• Do you have any concrete examples where you have 
thought circular already in the beginning of an 
investment process? 

• What overall strategies do you have on the company to 
work circular? 

• Do you have any support through guidelines and 
methods that can be used in investment projects today? 

  

101



 

 80 

B. Interview Guide Paper II – Semi-Structuerd 
Introduktion 

 
Inom forskningsprojekten ”Grön Design” (Vinnova) och ”REFUSE” 
(Vinnova) har vi som mål att stödja omställningen till en cirkulär 
produktion genom att säkerställa en förlängd livslängd på ”engineering 
assets” (sv. Fysiska tillgångar). En viktig del i omställningen handlar 
om att lyfta fram och belysa goda exempel på hur detta kan bli 
verklighet. Därför vill vi gärna undersöka ert nuvarande arbetssätt 
kopplat till hantering av ”engineering assets” under hela dess 
livslängd, samt utforska utmaningar och möjligheter med nuvarande 
arbetssätt.   
 
Genom att studera ert arbetssätt hoppas vi kunna sammanställa de 
lärdomar och erfarenheter som anses vara vitala för lyckad utveckling, 
och därefter skapa generella guidelines gällande hur en förlängd 
livslängd av ”engineering assets” kan bli verklighet. För att lyckas med 
detta önskar vi att genomföra en intervjustudie med personer på ert 
företag.  
 
Intervjun består av totalt 11 frågor (exkl. inledande och avslutande 
frågor). 
 
Svaren kommer att redovisas anonymt och endast yrkesroll kommer 
att beskrivas. Resultaten från studien kommer att presenteras för 
företagen i projekten och sammanfattas i en forskningsartikel som 
kommer att publiceras och presenteras på en internationell konferens. 
Med ert medgivande kommer intervjun att spelas in. Intervjun kommer 
att hanteras konfidentiellt och användas enbart i 
forskningssammanhang. Ni har närsomhelst under intervjun rätt att 
avbryta och dra er ur. Genom att medverka i intervjun är ni införstådd 
i syftet och godkänner deltagande i studien 

 
Tack för ert deltagande! 
 

 
Respondenter: 

• Management 
• Sales 
• Engineering (solutions) 
• Sustainability/Circularity responsible 
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Bakgrundsfrågor  
Vad har du för position/roll i företaget? 
Kan du beskriva dina huvudsakliga arbetsuppgifter? 
Vilken avdelning arbetar du på? 
Hur länge har du varit anställd på företaget? 

 

Om arbetssättet 

1 Kan du beskriva ert nuvarande arbetssätt kopplat till hantering av 
“engineering assets”? 

2 Vilka roller brukar vara involverade i arbetssättet/processen? 

3 a) Gäller arbetssättet all typ “engineering assets”? (Är det enbart 
någon specifik typ av “engineering assets” som arbetssättet 
innefattar?) 

 b) Om enbart en specifik typ av “engineering assets” (Varför? Hur 
avgörs detta?) 

4 Är arbetssättet standardiserat på företaget? (Är det enbart lokalt 
förankrat? Eller genomgående för samtliga delar i organisationen?) 

5 Hur utformades arbetssättet? (Vilka deltog? Från vems initiativ?) 

6 Vilken påverkan på miljömässig, ekonomisk, och social hållbarhet ser 
du med nuvarande arbetssätt? (Har ni beräknat påverkan av 
arbetssättet) 

7 Vilken är drivkraften/största motivationen till arbetssättet? 

 

SWOT-analys frågor 

8 Vilka styrkor finns med nuvarande arbetssätt? 

9 Vilka svagheter finns med nuvarande arbetssätt? 

10 Vilka möjligheter finns med nuvarande arbetssätt? 
(Förbättringsmöjligheter, utökning till flera fabriker, etc) 

11 Vilka hot finns mot nuvarande arbetssätt? 

 

Avslutande frågor  
Finns det något du vill tillägga? 

Vilka andra personer inom företaget är lämpliga att intervjua? 
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C. Interview Guide Paper II – Open  
Introduktion 

Inom forskningsprojekten ”Grön Design” (Vinnova) och ”REFUSE” 
(Vinnova) har vi som mål att stödja omställningen till en cirkulär 
produktion genom att säkerställa en förlängd livslängd på ”engineering 
assets” (sv. Fysiska tillgångar). En viktig del i omställningen handlar om att 
lyfta fram och belysa goda exempel på hur detta kan bli verklighet. Därför 
vill vi gärna undersöka ert nuvarande arbetssätt kopplat till hantering av 
”engineering assets” under hela dess livslängd, samt utforska utmaningar 
och möjligheter med nuvarande arbetssätt.   
 
Genom att studera ert arbetssätt hoppas vi kunna sammanställa de 
lärdomar och erfarenheter som anses vara vitala för lyckad utveckling, och 
därefter skapa generella guidelines gällande hur en förlängd livslängd av 
”engineering assets” kan bli verklighet. För att lyckas med detta önskar vi 
att genomföra en intervjustudie med personer på ert företag.  
 
Intervjun består av totalt 9 frågor. 
 
Svaren kommer att redovisas anonymt och endast yrkesroll kommer att 
beskrivas. Resultaten från studien kommer att presenteras för företagen i 
projekten och sammanfattas i en forskningsartikel som kommer att 
publiceras och presenteras på en internationell konferens. 

Med ert medgivande kommer intervjun att spelas in. Intervjun kommer att 
hanteras konfidentiellt och användas enbart i forskningssammanhang. Ni 
har närsomhelst under intervjun rätt att avbryta och dra er ur. Genom att 
medverka i intervjun är ni införstådd i syftet och godkänner deltagande i 
studien 

 
Tack för ert deltagande! 

 
Bakgrundsfrågor  
Vad har du för position/roll i företaget? 

Kan du beskriva dina huvudsakliga arbetsuppgifter? 

Vilken avdelning arbetar du på? 

Hur länge har du varit anställd på företaget? 
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Om Hållbarhet 
Hur ser Axfood hållbarhets- samt cirkularitetsarbete ut i dagsläget? 

Kan du beskriva din bild av arbetssättet på Willys? 

Är det ovan nämnda arbetssättet något Axfood vill expandera till flera 
butikskedjor? (t.ex. Hemköp och City Gross) 

 
Avslutande frågor  
Finns det något du vill tillägga? 

Vilka andra personer inom företaget är lämpliga att intervjua? 
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Om Hållbarhet 
Hur ser Axfood hållbarhets- samt cirkularitetsarbete ut i dagsläget? 

Kan du beskriva din bild av arbetssättet på Willys? 

Är det ovan nämnda arbetssättet något Axfood vill expandera till flera 
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