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Abstract: 

On a global scale, we have seen discussions, debates and articles on Circular Economy 

(CE) almost triple from 2019 to 2024, while circularity indicators such as the global 

secondary material use (recycled, reused, or repurposed materials) have dropped from 9.1% 

in 2018 to 7.2% in 2023, a 21% decline over 5 years (Circle Economy Foundation, 2024). 

Despite CE rapidly becoming an industry ideal, companies continually complain about the 

hardships they have in integrating and getting real use out of the CE tools on the market. 

The reasons for these integration barriers are wide and complex and include everything from 

regulatory roadblocks, organisational resistance, knowledge translation barriers, 

infrastructure and technical challenges. This thesis follows the co-development and 

integration process of the Circular Product Development Tool (CPDT) that explores these 

barriers and focuses on the line between generalisation and customisation when it comes to 

the scalability and usability of a CE tool. The tool was made in collaboration with Anthesis 

Netherlands, a consultancy firm focused on sustainable transitions and carbon offsets and 

was co-developed and implemented at Contour Advanced Systems (CAS), a manufacturer 

specialising in modular data centres and intralogistics systems. This study analyses the 

results of the co-development process used in the CPDT project, its workshops, meetings, 

and Design Games to identify challenges, strategies and opportunities for scaling circularity 

in manufacturing. Through these analyses, it was found that participatory design and 

strategic use of boundary objects were crucial in overcoming organisational resistance and 

finding a beneficial line of the need to customise the tool. The result of the CPDT project and 

this paper is a scalable, commercially viable consultancy service that offers sector-wide 

learning and customised tools to transition the manufacturing industry as well as a 

comprehensive look into the currently presenting barriers to CE implementation in the 

industry. 

Keywords: 

Circular Economy, Co-development, Manufacturing, Knowledge Translation, organisational 

management theory, Stakeholder negotiation  

Introduction: 

Research Outline 

While research, discussions and implementation attempts are increasing within the field of 

CE (Circle Economy Foundation, 2024) much of this focuses on the theoretical aspects and 

potentials of CE principles, some research the barriers companies face in the quest for 

circularity, and very few provide empirical studies on how tools can be adapted and adopted 

by the individual company (Ranta et al., 2018). The misalignment between Circular Economy 

(CE) theory and practical implementation points to a substantial research gap and the 

consequences of the implementation barriers it causes bleed into the higher aim of 

transitioning the industry.  

https://www.zotero.org/google-docs/?DxofFQ
https://www.zotero.org/google-docs/?DxofFQ
https://www.zotero.org/google-docs/?4WIRbh
https://www.zotero.org/google-docs/?Lg9PBD
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This study seeks to provide an in-depth exploration of the research gaps associated with the 

theory to practice translation in the context of CE in the European manufacturing industry. 

This is done by tracking the co-development and integration process of the Circular Product 

Development Tool (CPDT) as we aim to transition the case study company, Contour 

Advanced Systems (CAS), from a linear and conventional production to a circular 

manufacturer, while remaining competitive in the market. This will be done by translating CE 

from its systems-level models and into a customised product-level tool that makes CE 

practices tangible for the user. The product-level tool is accompanied by a consultancy 

service that facilitates the co-development of changes to every layer of the organisation. 

The primary research question(RQ) is: How can the co-development of the CPDT and its 

consultancy service bridge the gap between CE theory and practice, and what barriers 

influence the implementation and scalability of the tool? 

Through this question the thesis aims to identify tangible strategies for CE implementation, 

ideally, this will help manufacturers face the current barriers and efficiently get the full 

potential of CE into their everyday workflows. This study is intended for the enrichment of 

academic literature on the subject, but also calls to readers in the manufacturing sector by 

providing tangible solutions they can bring into their operations.  

Case Study Introduction 

This thesis is centred around a qualitative case study approach that follows the co-

development, customisation and implementation of the CPDT.  

This includes 2 pilot projects during development and implementation, 6 workshops and 

multiple stakeholder meetings spanning approximately one year. The project was done in 

collaboration with Anthesis Netherlands, a Dutch consultancy firm focused on sustainable 

transitions and carbon offsets. When the opportunity to co-develop and and later pilot the 

implementation of a CE tool into a well-established manufacturing company such as Contour 

Advanced Systems (CAS) allowed for a deep dive into the complexities and dynamic 

contradictions that a larger transition is destined to have.  

The Circular Product Development Tool (CPDT) is a decision-support framework designed 

to translate CE principles into practical manufacturing actions across a product’s lifecycle. 

Structured as a binary flowchart, the CPDT guides project managers and lead engineers in 

sustainable decision-making on material selection, product lifespan, resource efficiency, and 

supplier sustainability. The tool's development was complemented by a consultancy service 

aimed at supporting the CPDT’s implementation, tailoring it to individual organisational 

needs, and providing sector-wide learning. Together, the CPDT and consultancy service 

offer a dual-level approach, with the CPDT directing project-specific actions and the 

consultancy providing organisational guidance for effective CE integration. 

The Circular Product Development Tool (CPDT) is a decision-support framework designed 

to operationalise CE principles across each phase of a product’s lifecycle, guiding project 

managers and lead engineers in sustainable decision-making. The tool leads users through 

each product life phase from highest to lowest emission stage. Figure 3 shows what that 

looks like in the tool. Structured as a binary flowchart, the CPDT includes customisable lists 

that address key circularity considerations, material selection, product lifespan, resource 

efficiency, and supplier sustainability, as well as financial and regulatory aspects relevant to 

CE practices. Each decision point in the tool provides a “Suggestions” list, offering practical 
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options aligned with CE goals to ensure informed choices based on specific project needs. 

Figure 1 is an example of both the binary structure and the lists. The CPDT generates an 

outcome report that consolidates decisions, including rationales, financial impacts, and 

regulatory considerations, serving as a clear reference for stakeholders and enhancing 

transparency. The report is structured in life phases like the tool itself, an example of this can 

be seen in Figure 2. The consultancy service supports CPDT implementation across diverse 

organisational contexts, providing expertise and enabling sector-wide learning. Together, the 

CPDT and consultancy offer a dual approach: the CPDT delivers targeted project-level 

guidance, while the consultancy promotes broader organisational adoption of CE practices. 

 

Figure 0-3Overview of the CPDT 

The CPDT's development was structured around two pilot projects conducted with Contour 

Advanced Systems (CAS), a manufacturer of modular data centres and intralogistics 

systems. The first pilot focused on the CPDT’s initial design and customisation for a data 

centre project, using iterative feedback from workshops and stakeholder meetings to align 

the tool with CAS’s workflows and sustainability objectives. In contrast, the second pilot 

addressed the CPDT’s broader implementation within an intralogistics project, testing its 

Figure 0-1Close-up of Binary system 
and lists 

Figure 0-2 Overview of the Report before export from the tool 
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adaptability and scalability across different operational contexts. The iterative feedback loops 

from these pilots enabled continuous tool refinement, ensuring the CPDT could respond to 

diverse CE needs in real time. To facilitate interdisciplinary collaboration, boundary objects 

like Miro boards and design games were designed into both pilots, allowing stakeholders to 

explore and adapt CE concepts to CAS’s operational practices. This co-development 

process supported the CPDT’s customisation while translating abstract CE theories, such as 

Life Cycle Thinking (LCT), Cradle-to-Cradle (C2C), The Waste Hierarchy into actionable 

insights (Geissdoerfer et al., 2017). Figure 4 provides an overview of the two pilots and 

illustrates the time frame and content of the 6 workshops. 

 

Figure 0-4 Illustrates the rough details of the two Pilots and the timeline and content of the workshops. 

https://www.zotero.org/google-docs/?gskApd
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Manufacturing and the Circular Transition 

The manufacturing industry faces global climate-driven challenges, including resource 

depletion, material price increases, supply chain instability, and regulatory pressures, all 

linked to a “take-make-dispose” linear economic model(Ellen MacArthur Foundation, n.d.) . 

CE provides an alternative by emphasising resource value retention and lifespan extension 

within closed-loop systems, though practical implementation remains complex due to layered 

theories and situational variations. For manufacturers, the CE transition is urgent given the 

industry’s contribution to the “triple planetary crisis” of climate change, biodiversity loss, and 

pollution(European Environment Agency, 2024) . Linear practices threaten both 

environmental sustainability and industry viability through material cost fluctuations and 

reduced supply chain predictability, pushing companies to adopt new, resource-efficient 

models to remain competitive. 

At the regulatory level, the European Green Deal(“The European Green Deal - European 

Commission,” 2021) and Circular Economy Action Plan(CEAP) (“Circular economy action 

plan - European Commission,” n.d.) highlight CE as vital to the green transition, incentivising 

innovation in sustainable practices while punishing non-compliant companies with 

administrative and potentially financial burdens. Investment trends reinforce CE’s growing 

importance in the industry and in Europe. With a 30% increase in investments to circular 

practices in the UK manufacturing industry from 2022 to 2023. 2022 marked the second year 

in a row the industrial and manufacturing sectors led with the highest share of CE 

investments in the UK, primarily targeting circular design and resource efficiency (Mills, n.d.). 

However, bridging CE concepts and financial viability is critical, as investors and 

entrepreneurs seek mutually beneficial, sustainable models (Mills, n.d.). 

State-of-the-art: Barriers to CE implementation 

Despite increased interest and investments in CE implementation, many manufactures 

report significant challenges, often in the forms of regulatory barriers, technical and 

infrastructure obstacles, organisational resistance and knowledge translation barriers 

(Korhonen, Honkasalo, & Seppälä, 2018; Genovese et al., 2017). 

Regulatory Barriers 

The diversity of regulations on waste, recycling, and product responsibility across regions, 

even within the EU, hinders the viability and scalability of CE practices (Kirchherr et al., 

2017). Tools that prioritise circularity metrics often face an implementation gap as these 

metrics often are hard to merge wih the conventional Key Performance Indicators (KPIs). 

Due to the change in languag, worldview, and core objective between the two metrics there 

are immense difficulties in translating the CE metrics into measurable outcomes (Ranta et 

al., 2018). . Furthermore, in practice it can be very complex to get circularity metrics to align 

with current, fragmented regulations, making implementation challenging in practice(Niero 

and Kalbar, 2019).  

https://www.zotero.org/google-docs/?6pX2pz
https://www.zotero.org/google-docs/?3YZKfC
https://www.zotero.org/google-docs/?dIEKsZ
https://www.zotero.org/google-docs/?dIEKsZ
https://www.zotero.org/google-docs/?XGhXwq
https://www.zotero.org/google-docs/?XGhXwq
https://www.zotero.org/google-docs/?n0FEFr
https://www.zotero.org/google-docs/?n0FEFr
https://www.zotero.org/google-docs/?fs3SHQ
https://www.zotero.org/google-docs/?fs3SHQ
https://www.zotero.org/google-docs/?lC0pHL
https://www.zotero.org/google-docs/?lC0pHL
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Knowledge Translation Barriers 

Cross-departmental communication and misaligned internal technical understandings of CE 

block CE adoption, as traditional KPIs on cost and profit often clash with CE metrics like 

carbon footprint and material recovery (Ghisetti and Montresor, 2020; Ranta et al., 2018). 

Communication gaps between technical experts and management accelerate the challenge, 

as each department struggles to interpret CE goals within its own priorities and 

profession(Centobelli et al., 2020). Cultural differences also impact CE adoption, with 

department-specific worldviews acting as barriers or drivers to implementation depending on 

how it is addressed by the change agent (Carlile, 2002). Without effective knowledge-

sharing, misalignments slow CE tool adoption (Centobelli et al., 2020). Cross-functional 

training, KPIs aligned with CE metrics, and a supportive organisational culture are essential 

for bridging Knowledge Translation gaps (Brown et al., 2019; Ghisetti and Montresor, 

2020).The CE knowledge translation barriers have been found to be particularly hard in 

cases with conventional production and business models, such as those prevalent in the 

manufacturing industry (Centobelli et al., 2020).  

Organisational Resistance  

Transitioning from a linear to a CE in manufacturing requires not just technological change 

but a cultural shift within organisations  (Korhonen et al., 2018b). In the change from the 

established input-to-output model to the new circular practice resistance often arises to 

some degree across all levels of an organisation. If left unchecked it can lead to CE 

practices being viewed as disruptive, intrusive, and/or irrelevant (Brown et al., 2019; Ranta 

et al., 2018). Organisational rigidity further hinders scalability, as employees revert to 

traditional methods when CE practices clash with personal values (Ghisetti & Montresor, 

2020). Addressing these barriers requires cross-functional training, CE goals that work along 

with the existing KPIs, and a supportive organisational culture (Brown et al., 2019; Ghisetti 

and Montresor, 2020).  

Supply Chain and Trade 

As life cycle thinking is fundamental in CE most CE tools call for changes across the supply 

chain, driving collaboration between suppliers, manufacturers, and clients. This cross-

company alignment often faces barriers such as data-sharing limitations, misaligned 

incentives, and transparency gaps (Genovese et al., 2017; Kirchherr et al., 2017). In the EU, 

regulatory complexity, infrastructure constraints, and inconsistent CE metrics low or hinder 

cross-border collaborations on CE (Joost van Barneveld et al., n.d.). Suppliers’ scepticism of 

CE’s feasibility adds resistance, limiting circular resource sourcing. These challenges 

intensify with non-EU countries, where recycling standards often diverge from EU norms, 

complicating material flow (Kettunen et al., 2019). Emerging Free Trade Agreements, like 

the 2024 EU-China roadmap, are beginning to integrate circularity into international 

collaboration but they are few and far between(the European Commission and The National 

Development and Reform Commission of China, 2024). 

 

https://www.zotero.org/google-docs/?DpLxdA
https://www.zotero.org/google-docs/?3me3qe
https://www.zotero.org/google-docs/?pOIhXw
https://www.zotero.org/google-docs/?o4ImAD
https://www.zotero.org/google-docs/?5C3HG1
https://www.zotero.org/google-docs/?5C3HG1
https://www.zotero.org/google-docs/?NyvZlF
https://www.zotero.org/google-docs/?S59VgI
https://www.zotero.org/google-docs/?FDb98X
https://www.zotero.org/google-docs/?FDb98X
https://www.zotero.org/google-docs/?kuGJMh
https://www.zotero.org/google-docs/?kuGJMh
https://www.zotero.org/google-docs/?KZpk63
https://www.zotero.org/google-docs/?WKwoJQ
https://www.zotero.org/google-docs/?G0SdqN
https://www.zotero.org/google-docs/?fud19E
https://www.zotero.org/google-docs/?fud19E
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Technical Barriers 

Integrating CE tools with existing technical systems is key to effective integration, but it also 

presents challenges, as legacy systems built for linear models often lack the flexibility 

needed for CE. For Example, data requirements for CE tools like Life Cycle Assessment 

(LCA) are often unmet by current infrastructure, requiring alternative data collection that 

extends the typical operational workflows (Niero and Kalbar, 2019). Accessing cross-

departmental data, especially end-of-life metrics, remains difficult, complicating CE-informed 

decision-making (Niero and Kalbar, 2019). Supply chain complexities add further barriers; 

suppliers’ challenges in tracking material origin, quality, and CO₂ emissions hinder circular 

practices for all partners (Genovese et al., 2017). As CE regulations and frameworks are still 

evolving they lack consensus on metrics and KPIs, complicating the  development of 

generalised scalable CE tools without extensive customisation (Korhonen et al., 2018b; 

Ranta et al., 2018).  

The need for a new approach  

As can be seen in the previous section the barriers to CE implementation are complex and 

overcoming them requires new business models as well as practices. Thus, the next 

generation of CE tools must adopt multi-dimensional solutions that can navigate shifting 

regulations and standardisations and assist users in collaborations with their supply chain to 

help facilitate transparency and data sharing. To be effective, these tools must be able to 

integrate with existing systems and take the economic viability of the company seriously.  

Furthermore, the next generation of CE implementation strategies must have strategies to 

overcome knowledge translation and organisational resistance issues both internally and 

throughout the supply chain. 

Lastly, we find that proper customisation is crucial to the tool's scalability due to the lack of 

standardisation, the need for case-specific data, and the technical barriers in adopting it into 

an existing system. Even with the area of CE evolving at its current rapid rate, and with the 

number of CE tools increasing, the rate of successful adaptation across the manufacturing 

industry is still low, and the tools are often underutilised (Circle Economy Foundation, 2024; 

Korhonen et al., 2018a). With manufacturing companies struggling as they do to transition 

CE theory into practice, the potential for true implementation and transition remains large 

and seemingly untapped (Ranta et al., 2018). 

Research Design: 

This study analyses the results from the co-development of the CPDT and its consultancy 

service, to identify challenges, strategies and opportunities for scaling circularity in 

manufacturing. It explores the gap between CE theory and practical application, focusing on 

barriers and drivers to the tool’s development, implementation, and scalability within a 

manufacturing context using a multitude of methods and theories that due to the complex 

nature of the project and the many types of data collections differ depending on the context. 

 

This chapter includes the Theoretical Foundation, Data collection, Data analysis, and Ethical 

considerations of the project.  

 

https://www.zotero.org/google-docs/?avCKKN
https://www.zotero.org/google-docs/?OkE3rX
https://www.zotero.org/google-docs/?sYkosx
https://www.zotero.org/google-docs/?YQj6xI
https://www.zotero.org/google-docs/?YQj6xI
https://www.zotero.org/google-docs/?dFsUa4
https://www.zotero.org/google-docs/?dFsUa4
https://www.zotero.org/google-docs/?gdy11i
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The primary research question(RQ) leading this study is: How can the co-development of the 

CPDT and its consultancy service bridge the gap between CE theory and practice, and what 

barriers influence the implementation and scalability of the tool? 

 

The thesis will not look at the project chronologically, instead, it will be structured around four 

focus areas. These offer four different approaches to analysing the Primary RQ. 

Each focus area has a sub-RQ that weighs parts of the Primary RQ differently. This is 

visualised in Figure 5 that shows how the four focus areas weigh the thesis RQ as illustrated 

by the size and colours of the arrows. 

 

 
Figure 0-5 Relations Map of Research Questions 
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Methodology 

The thesis employed a range of qualitative, ethnographic and co-development 

methodologies to explore the development, customisation, and application of the Circular 

Product Development Tool (CPDT). Here is an outline of the methodological approaches 

used: 

Actor Network Theory (ANT) 

ANT is the primary methodological framework of the thesis due to its ability to study the 

interactions and relations between actors both human and non-human (Callon et al., 1986; 

Latour, 2006). ANT’s emphasis on tracing actor networks allowed for a detailed analysis of 

how each component shaped the iterative development of the CPDT, uncovering barriers 

and enabling customised solutions that aligned with the organisational context of CAS. By 

“following the actors,” ANT revealed how organisational resistance, technical constraints, 

and stakeholder feedback continually influenced tool adaptation, facilitating the continuous 

translation of CE theory into everyday practices (Elgaard-Jensen, 2003). 

The terminology of Stakeholder Management Theory was adopted in the thesis to enhance 

communication, as it uses language more widely understood by practitioners in consulting 

and manufacturing sectors. This choice aligns with the project’s aim of bridging knowledge 

translation gaps, allowing the findings to be more accessible and actionable for the intended 

professional audience while retaining ANT’s analytical complexity in tracing relational 

networks. The linguistic framing of ANT using Stakeholder Management Theory aligns with 

Carlile’s syntactic, semantic, and pragmatic approaches (Carlile, 2002), enhancing 

understanding across professional domains. This framing enables clearer communication at 

the syntactic (basic language), semantic (shared meaning), and pragmatic (practical action) 

levels, bridging the gap between CE theory and practical application by ensuring that CE 

concepts are accessible and actionable for consultants and manufacturers alike. 

Participatory Design 

Participatory Design was chosen as a methodological framework due to its emphasis on 

involving end-users throughout the design process, aligning with the thesis’s objective of 

creating a CE tool that addresses real-world challenges. By embedding stakeholders directly 

in iterative tool development, Participatory Design facilitated active feedback loops, allowing 

users’ insights to shape the Circular Product Development Tool (CPDT) and its consultancy 

service. This method was especially compatible with identifying context-specific barriers and 

refining tool features based on practical needs, making it instrumental in translating CE 

principles into actionable, user-aligned practices (Schuler & Namioka, 1993; Simonsen & 

Robertson, 2012). 

 

https://www.zotero.org/google-docs/?g0KnMI
https://www.zotero.org/google-docs/?g0KnMI
https://www.zotero.org/google-docs/?6P4ymq
https://www.zotero.org/google-docs/?ENxlWQ
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Boundary Object Theory 

Boundary Object Theory was selected as a methodological framework to facilitate cross-

departmental collaboration and support the integration of CE principles across diverse 

stakeholders in the thesis. Boundary objects serve as shared reference points that bridge 

knowledge gaps by adapting to the specific needs and languages of different groups(Carlile, 

2004, 2002). This adaptability aligns well with the thesis’s aim to engage multiple 

stakeholders in co-developing the CPDT, enabling participants from varied domains to 

collaboratively address CE challenges while retaining clarity and relevance across 

disciplinary boundaries. By structuring design games, Miro boards, and other tools as 

boundary objects, the methodology supported iterative feedback and sustained 

engagement, essential for translating abstract CE principles into practical, actionable 

insights. 

Data Collection Methods 

Due to the complexity and context specificity of the two real-time pilot projects the thesis 

utilised a multitude of methods grounded in different theoretical frameworks as the iterative 

nature of the project resulted in a ‘best practice approach’ that helped capture both tacit 

knowledge (unspoken, experience-based knowledge) and explicit knowledge (formalised, 

documented knowledge) providing a broad empirical foundation to the study. The use of 

methods has been visualised in Figure 6 where they have been split up into the two pilot 

projects, as methods were used slightly differently due to the change in pilot objective. 

An extensive explanation of how the methods were used is available in Appendices AP1. 

 
Figure 0-6 Illustration & explanation of methods used in the 2 pilots 

 

 

https://www.zotero.org/google-docs/?8tKDJg
https://www.zotero.org/google-docs/?8tKDJg
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Data Analysis 

With the four Sub-RQs of the thesis approaching the primary RQ from four different 

perspectives each focus area required a unique blend of theories and uses of those theories. 

Thus, the simplified theory table Figure 7 is sorted into the Sub-RQs. An extended version of 

the theories and how they were used to address each Sub-RQ is available in appendices 

AP2. 

Sub-RQ Primary Theories 

Co-development & Stakeholder Engagement 
How does the co-development and stakeholder engagement 
practices address and identify barriers to the development, 
implementation and scalability of the tool and what impact does 
that have on the theory to practise translation? 

Actor Network 
Theory 

Theories & Usage 

Merging Product-level & Systems-level implementation 
Is the need for a dual-organisational-level solution justified by 
the case study insights, and what impact does the collaboration 
of the CPDT and the consultancy proposal have on the 
development, implementation and scalability of the tool, and how 
barriers are addressed? 

Actor Network 
Theory 

Systems Theory 

Boundary Object 
Theory 

Customisation & Application in Practice 
How did the iterative process of customising and testing the tool 
in the company identify and help address barriers and drivers, 
and how did the insights from this method shape the functions of 
the tool and consultancy service? 

Actor Network 
Theory 

Actor Network 
Theory 

Practice Theory 

Organisational Resistance and the Realities of Business 
What barriers and drivers arose in the interactions in the 
meeting between circular goals and the linear business model 
and how did it impact the case study and how was 
organisational resistance identified and addressed? 

Actor Network 
Theory 

Organisational 
Change Theory 

Boundary Object 
Theory 

Figure 0-7 Overview of theories organised by Sub-RQ 

Results and Analysis 

Co-development and Stakeholder Engagement  

This chapter explores how co-development and stakeholder engagement practices identified 

and addressed barriers throughout the CPDT’s development, implementation, and 

scalability. These practices proved essential in translating CE theory into a practical tool by 

customising it to meet real-world organisational needs, thereby supporting the thesis’s goal 

of bridging the gap between theory and practice. 

 

Boundary objects, such as design games, Miro boards, PowerPoints, and post-its, facilitated 

collaboration across departments and disciplines, enabling stakeholders to interactively 

explore CE principles and suggest modifications to the CPDT. These boundary objects 

offered a shared language, allowing participants to express insights through tangible tools 

and visual aids. For example, design games helped stakeholders map existing processes 

and identify where CE practices could be integrated. This collaborative data-gathering 

approach ensured that insights were systematically stored, creating a centralised and 

evolving record of feedback that guided iterative tool refinement. 
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Boundary objects were continually refined through stakeholder feedback, ensuring they 

remained effective for engaging diverse participants. Initial workshops showed that physical 

design games significantly enhanced engagement, as they allowed participants to map 

processes and identify CE opportunities directly. As the sessions evolved, stakeholder input 

led to structural adjustments in these games, such as incorporating new game pieces to 

represent previously overlooked stages and key actors in CAS’s existing system. These 

enhancements made boundary objects more responsive to participants’ insights, reinforcing 

their role as essential tools for visualising complex concepts and promoting shared 

understanding across departments. By continually adapting boundary objects to address 

practical needs, the co-development process strengthened the CPDT’s adaptability, aligning 

it more closely with CAS’s organisational goals. 

 

The effectiveness of boundary objects varied significantly between physical and online 

workshops, with physical sessions proving much more impactful for stakeholder 

engagement. Physical workshops offered implicit cues that encouraged active participation; 

participants could see each other, “read the room,” and intuitively navigate shared 

interactions with boundary objects. This visibility allowed participants to handle and move 

objects freely, building a natural rhythm of engagement. In contrast, online workshops lacked 

these cues, with participants often hesitant to interact. Social norms and politeness often 

restrained participants, making them more cautious and less spontaneous in virtual settings. 

Furthermore, when multiple stakeholders attended from the same room, only one person 

typically interacted with the object on behalf of the group, diminishing the exercise's 

effectiveness and limiting individual insights. These challenges highlighted the value of in-

person workshops, where boundary objects could fully serve their purpose in fostering open, 

active engagement. 

Workshops continuously incorporated stakeholder feedback, which revealed practical 

challenges early on, including conflicting priorities between CE goals and existing business 

metrics. For instance, participants highlighted how CE principles often conflicted with cost-

efficiency goals. This feedback spurred a restructuring of workshops to focus on feasible 

circularity goals, presenting CE practices as manageable and achievable. The iterative co-

development approach allowed participants to see their contributions reflected in tool 

updates, fostering a sense of ownership over the CPDT. 

Stakeholder insights led directly to updatable features within the CPDT. For example, 

discussions around material sourcing complexities led to an enhanced “Materials and 

Suppliers” section. Participants identified the need for additional guidance when prioritising 

criteria like environmental impact versus cost. This insight expanded the CPDT’s scope and 

highlighted the importance of systems-level support from the consultancy service to address 

organisational and supply chain factors. Iterative customisation like this illustrates how 

stakeholder feedback shaped the CPDT to address practical, context-specific requirements. 

 

A key outcome of the co-development process was realising the CPDT’s potential to 

influence not only CAS but also its external partners. Workshop discussions revealed how 

the transition to CE would necessitate shifts in CAS’s interactions with suppliers and clients. 

Participants identified a need to communicate CE goals effectively across their supply chain, 

pushing suppliers toward circularity and preparing clients for potential changes. This insight 
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led to the inclusion of guidance within the tool for engaging suppliers, showing how 

stakeholder input expanded the CPDT’s reach beyond internal processes to foster broader 

CE adoption. 

 

The co-development process was instrumental in addressing organisational resistance by 

framing CE as attainable through incremental changes. Workshops focused on stakeholders’ 

agency, demonstrating how small adjustments could align with existing metrics like cost 

efficiency and supplier loyalty. This pragmatic approach highlighted a significant barrier to 

CE implementation: the gap between high-level ideals and real-world limitations. By 

incorporating feedback that prioritised feasibility, the CPDT evolved into a tool that balanced 

CE ambitions with practical constraints, supporting a realistic and sustainable approach to 

circularity. 

The co-development and stakeholder engagement strategies were essential in shaping the 

CPDT as a scalable, adaptable tool grounded in real-world requirements. Each workshop 

introduced new insights that guided design, identifying stakeholder roles and creating 

boundary objects that supported cross-departmental collaboration. Through this iterative 

development, the CPDT became a pragmatic approach to circularity, balancing ambition with 

feasibility and fostering a more sustainable manufacturing environment. 

Merging Product-level and Systems-level implementation  

This chapter explores how the interconnected CPDT and consultancy service respond to the 

dual need for product-level and systems-level change to bridge the gap between CE theory 

and practice. The consultancy service, which complements the CPDT, emerged as a 

necessary system to address organisational, operational, and logistical barriers identified 

throughout the co-development process. Furthermore, the consultancy service is essential 

as it is needed to facilitate the co-development the process of customisation needs. Insights 

gained from the case study underscore how both product-specific and systemic factors must 

be addressed for a successful circular transition. 

Initially, the CPDT was envisioned as a standalone product-focused tool, guiding CE-

informed decisions at the project level. However, early stakeholder feedback indicated that a 

product-only approach failed to address organisational challenges such as aligning circular 

goals with cost-efficiency, supplier loyalty, and production timelines. Additionally, 

stakeholders expressed a need for clear CE communication, both internally and with clients, 

to foster cross-departmental understanding and client support. This underscored the need 

for an integrated support system, capable of bridging product-specific guidance with broader 

organisational adaptation. 

The consultancy service operates through a structured framework, Adopt, Adapt, Apply, to 

progressively implement the CPDT within each client’s specific operational context: 

● Adopt: Clients are introduced to CE principles and the CPDT. Consultants facilitate 

workshops using boundary objects like design games to map existing processes, 

identifying circular opportunities and setting expectations. 

● Adapt: Consultants customise the CPDT based on mapped insights, pilot-testing the 

tool with cross-departmental stakeholders to refine alignment with client workflows. 
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● Apply: Consultants train employees in CPDT usage and CE concepts. Schedule 

check-ups address challenges and gather insights for broader CPDT updates, while 

ongoing support addresses emerging systems-level barriers. 

A crucial outcome of the co-development process was the need to contextualise CE 

practices within business constraints. For example, stakeholders found it difficult to balance 

circularity with cost-effectiveness in material choices. In response, the CPDT was expanded 

to include a cost-benefit analysis component, with consultants providing guidance on 

prioritising “feasible circularity” options. This approach aligned CE ideals with CAS’s 

operational realities, making the CPDT a flexible tool rather than a rigid framework. 

Feedback integration is distributed beyond individual clients, by updating them to the 

consultant's core document (a generalised macro-level tool that the consultants begin with 

before the customisation begins) that serves as a centralised knowledge base for all CPDT 

users. This document is updated with insights and solutions from each implementation, 

creating a resource that benefits future clients and supports sector-wide learning. As the 

CPDT is implemented across more companies, this repository of best practices helps reduce 

larger updates, enabling a more stable and scalable model for CE adoption. 

 

After the adapt stage the consultancy service provides long-term support to address 

systems-level challenges as well as barriers that have been encountered while using the 

CPDT. Scheduled sessions allow clients to revisit goals, address challenges, and optimise 

CPDT use. Additionally, the consultancy maintains live data on regulations, connecting each 

implementation to centralised regulatory updates through a subscription model. This 

structure ensures compliance and adaptation to industry changes, allowing clients to focus 

on embedding CE without constantly monitoring evolving standards. And ensures the 

consultancy gains regular data on implementation and use acros the userbase of the tool, so 

that it can continue to be improved.  

The interdependence of the CPDT and consultancy service highlights the necessity of 

addressing both product-level and systems-level factors to close the gap between CE theory 

and practice. While the CPDT provides targeted guidance for product-level decisions, the 

consultancy offers support for broader organisational adaptation, ensuring circular practices 

are effectively embedded across the client’s operational framework. Through customised 

support and scalable insights, this dual approach enables clients like CAS to pursue 

sustainable, adaptable CE practices within realistic business constraints. 

Customisation and Application in Practice 

This chapter examines how the two pilots guided the iterative customisation of the CPDT, 

addressing barriers to its adoption within CAS and shaping the structure of the consultancy 

service. This process was central to answering the chapter's RQ, as each pilot’s findings 

drove specific adaptations in both the tool and consultancy, providing insight into the 

requirements necessary for the CPDT to function effectively in diverse project contexts. 

Ultimately, these adaptations reinforced the tool’s scalability and relevance across different 

product types, contributing to the thesis’s goal of bridging CE theory and practical 

application. 
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The case study’s dual-pilot approach provided essential insights, as each pilot tested a 

distinct aspect of the CPDT and consultancy service. The first pilot, conducted on a modular 

data centre project, identified product-specific needs, which informed initial customisations of 

the tool. The second pilot, focused on intralogistics, tested the “Adopt, Adapt, Apply” 

framework, evaluating the consultancy’s role in systems-level support. This structured 

approach provided CAS with tangible feedback on the CPDT’s efficacy in real-time projects 

and justified the need for customisation to accommodate product diversity. Both pilots were 

integral in transforming the CPDT from a generic tool into a versatile framework adaptable to 

varied operational demands. 

 

The modular data centre pilot revealed that different CAS product lines had distinct 

circularity requirements. For data centres, material durability and modular design were 

primary factors, while for intra-logistics, energy efficiency and ease of repair were prioritised. 

In response, the CPDT was customised to allow toggling between tailored guidance for each 

product line, validating the need for product-specific functionality. Feedback from the first 

pilot confirmed the value of this flexibility, as stakeholders expressed increased confidence 

in making informed decisions aligned with product demands, which enhanced the tool’s 

relevance and versatility. 

 

Insights from the second pilot, which tested the “Adopt, Adapt, Apply” strategy in an 

intralogistics project, highlighted the consultancy service’s role in systems-level adaptation. 

The consultancy was essential in supporting stakeholders through challenges such as 

aligning circularity goals with existing KPIs and integrating CE practices within established 

workflows. The service provided tailored training and facilitated discussions to foster cross-

departmental understanding. This approach ensured that CE practices were not only 

integrated at the product level but also embedded within the organisational structure, 

underscoring the consultancy’s critical role in scaling CE principles across various 

operational levels. 

 

Workshops during both pilots revealed challenges with supplier alignment and the cost of 

circular materials, which conflicted with established business metrics. To address this, the 

CPDT was customised with prompts encouraging users to engage suppliers on circularity or 

consider alternative sourcing options. Additionally, a cost-benefit analysis feature was added 

to enable practical assessment of materials, balancing sustainability goals with financial 

constraints. This adaptation allowed stakeholders to make informed decisions while 

managing the realities of supplier loyalty and budget restrictions, reinforcing the CPDT as a 

pragmatic tool rather than a theoretical framework. 

 

The dual-pilot case study underscored the importance of localisation within the CPDT, 

especially given CAS’s global client base. Regional differences in recycling infrastructure 

and regulations influenced circularity options, necessitating location-specific prompts within 

the tool. The consultancy service further supported this by maintaining regulatory updates 

tailored to each region, ensuring clients’ compliance across diverse markets. These 

adjustments highlight the CPDT’s scalability and adaptability, enabling CAS to apply CE 

principles in geographically varied contexts while respecting local constraints. 

 

Feedback from workshops indicated that certain CE terms, such as “modularity” and 

“resource loops,” were inaccessible to some departments, threatening engagement. The 
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CPDT was therefore adapted to use simplified language and visual aids aligned with CAS’s 

terminology, allowing participants to interact with CE principles more intuitively. Design 

games used during workshops allowed participants to test terminology adjustments and 

provide immediate feedback. This iterative approach ensured that the CPDT was user-

friendly and functionally relevant, addressing knowledge translation barriers that could have 

hindered CE adoption. 

 

The co-development process fostered a strong sense of ownership among stakeholders, 

which was essential for overcoming initial resistance to CE practices. Participants’ input 

directly shaped the CPDT’s evolution, enabling them to see their contributions materialise in 

the tool’s functionality. During the first pilot, stakeholders used customised design games to 

map out circular opportunities in their workflows, which clarified the tangible benefits of their 

contributions. This visual engagement enhanced their commitment to CE practices, 

positioning the CPDT as a collaborative tool rather than an imposed system. 

 

The dual-pilot approach provides valuable insights into both the barriers and drivers of CE 

implementation within manufacturing. Each adjustment made in response to real-world 

constraints underscores the necessity of a flexible, context-sensitive approach to CE tools. 

By continuously adapting to stakeholder feedback, the CPDT successfully bridged the gap 

between CE theory and practical realities. This chapter highlights how customisation and the 

dual-level application of the tool and consultancy service enable CE principles to achieve 

practical relevance and scalability, positioning the CPDT as a model for sustainable 

transformation within CAS and the broader manufacturing sector. 

Organisational Resistance and the Realities of Business 

Integrating CE practices into established business models often reveals a disconnect 

between idealised sustainability goals and practical, profit-driven realities. For CAS, 

implementing the Circular Product Development Tool (CPDT) exposed organisational 

resistance rooted in logistical, financial, and relational challenges, especially as CE practices 

clashed with traditional processes. This chapter examines the barriers and drivers that 

emerged from the interaction of CE principles with CAS’s linear business model and 

explores the strategies used to address and mitigate resistance. 

 

Customisation proved essential in reconciling CE goals with CAS’s operational constraints. 

While the CPDT initially aimed to direct users toward sustainable materials and processes, 

the reality of cost and resource limitations necessitated compromises. For instance, the 

“Materials and Suppliers” section was adapted to include a cost-benefit analysis component, 

enabling users to weigh circularity goals against financial feasibility. This pragmatic 

adjustment allowed CAS to pursue incremental improvements, recognising that ideal 

sustainability choices were not always achievable within current budgets. By addressing 

these practical barriers, the CPDT evolved into a flexible tool that prioritised feasible 

circularity, balancing environmental and economic goals. 

 

Geographical variability further complicated CE implementation, as regional infrastructure 

and regulatory standards differed widely. In regions with limited recycling or transport 

capabilities, CAS’s ability to maintain circular practices was constrained, revealing a 

significant barrier to scalability. Workshop participants highlighted the need for region-
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specific prompts, leading to a CPDT adaptation that guided users to consider local 

infrastructure when evaluating circular options. This localisation of CE goals, supported by 

the consultancy service’s regulatory updates, bridged the gap between ideal practices and 

regional realities, demonstrating the CPDT’s scalability across diverse markets. 

 

Resistance also stemmed from longstanding supplier relationships. CAS stakeholders often 

preferred maintaining stable supplier partnerships over adopting circularity requirements that 

might disrupt procurement routines. In response, the CPDT was customised to include 

guidance for incremental supplier engagement, framing circularity as a shared goal rather 

than an imposed standard. Supported by consultancy-led negotiation training, this approach 

empowered CAS employees to approach circularity collaboratively, fostering gradual 

alignment without risking established relationships. This collaborative framing helped 

overcome resistance by encouraging a cooperative transition to circular practices, rather 

than enforcing abrupt changes. 

 

Balancing CE principles with profitability remained a key source of resistance. Some 

stakeholders viewed circularity measures, such as sourcing eco-friendly materials, as 

financially unsustainable within a model focused on short-term profits. This cost constraint 

was especially evident in discussions on material sourcing. By framing circularity as a 

flexible goal, the consultancy service helped CAS reframe CE as a series of attainable steps, 

fostering a pragmatic rather than idealistic approach. This framing was reinforced through 

workshops where facilitators used narratives that encouraged participants to view CE 

practices as manageable adjustments to daily operations rather than radical overhauls. 

 

Narrative framing and structured facilitation techniques proved effective in addressing 

perceived disruptions and complexity. By positioning CE as an achievable and positive 

change, workshops reduced perceived threats to existing roles, helping participants 

understand the tool as an enhancement rather than a disruption. Design games, in 

particular, enabled participants to experiment with CE concepts, fostering engagement by 

presenting sustainability goals as tangible, actionable objectives. For instance, a quality 

control manager identified opportunities to integrate circularity into existing workflows, a 

breakthrough that helped align department-specific goals with broader CE objectives. 

 

Feedback from physical workshops confirmed that hands-on engagement was more 

effective than online formats for reducing resistance. In physical settings, participants could 

interact with boundary objects directly, observing others’ responses and building a shared 

understanding. In contrast, online workshops tended to limit engagement, as physical cues 

were less apparent, and groups often relied on a single representative to interact with the 

CPDT on behalf of the group. This indirect approach reduced the depth of insights gained 

and highlighted the importance of physical co-development spaces for optimal stakeholder 

engagement. 

 

While CE goals often promise long-term benefits, achieving them can involve substantial 

short-term compromises. CAS’s reliance on regional suppliers and limited infrastructure 

created unavoidable trade-offs in circularity practices, as some sustainable choices proved 

unfeasible in specific markets. For example, the limited availability of affordable circular 

materials in certain areas forced CAS to rely on conventional materials for specific projects. 
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The consultancy’s flexibility in supporting these regional adjustments allowed the CPDT to 

accommodate practical constraints, positioning it as a model for adaptive CE practices. 

 

Ultimately, the implementation of the CPDT at CAS demonstrated that while CE objectives 

offer significant environmental advantages, realising them within a profit-driven business 

context requires a balanced approach. Through customisation, narrative framing, and 

localisation, the consultancy service effectively bridged the gap between CE theory and 

practice, fostering sustainable change while respecting organisational constraints. The 

insights gained underscore the importance of adaptable strategies that respect business 

realities, establishing the CPDT and consultancy service as a pragmatic pathway for 

sustainable transformation across diverse operational contexts. 

Discussion 

Co-development and Stakeholder Engagement 

This discussion will be made from the perspective of the Sub-RQ: ’How does the co-

development and stakeholder engagement practices address and identify barriers to the 

development, implementation and scalability of the tool and what impact does that have on 

the theory to practise translation?’. 

 

The co-development and stakeholder engagement framework proved essential in 

addressing barriers to developing, implementing, and scaling the Circular Product 

Development Tool (CPDT) by translating CE theory into practice at CAS. The 

interdisciplinary workshop structure and use of boundary objects such as design games and 

Miro boards enabled collaborative interactions across departments, providing practical CE 

applications within CAS’s operations (Carlile, 2002; Elgaard-Jensen, 2003). However, virtual 

workshops limited spontaneous feedback and real-time engagement, highlighting the need 

for hybrid workshop models that can balance accessibility with effective in-person 

collaboration (Carlile, 2002; Ranta et al., 2018). 

ANT’s network perspective allowed for analysis of both human and non-human interactions 

within CAS, revealing how collaborative input led to ongoing tool modifications that 

addressed implementation challenges and operational barriers. Nonetheless, ANT’s focus 

on actor dynamics lacks emphasis on cultural resistance, particularly at the management 

level, suggesting that Organisational Change Theory could offer complementary insights by 

focusing more on change management aspects (Czarniawska and Hernes, 2006). 

Boundary objects successfully facilitated CE knowledge translation across CAS 

departments, allowing each team to align CE metrics with their unique objectives. Yet, the 

study’s reliance on boundary objects showed limitations when addressing regulatory barriers 

and aligning with traditional performance indicators. Carlile’s (2002) boundary object theory 

highlights that these tools are effective for cross-departmental collaboration, yet they may fall 

short when integrating CE principles with rigid, established KPIs. Future research should 

explore additional frameworks for knowledge integration, allowing CE concepts to align more 

fully with existing organisational metrics. 

https://www.zotero.org/google-docs/?R3aB1R
https://www.zotero.org/google-docs/?AzCGnQ
https://www.zotero.org/google-docs/?m2244H
https://www.zotero.org/google-docs/?saWQwS
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While ANT was instrumental in tracing interactions during the co-development process, 

further depth might have been achieved with more iterative testing phases, especially in 

contexts with diverse regulatory requirements. Introducing a critical review of boundary 

objects could benefit future research, assessing how these tools can be optimised or 

adapted for broader industry contexts. Acknowledging that this study’s research question 

was largely answered, alternative theories and hybrid methodologies could offer richer 

insights into scaling CE tools across sectors. 

Additionally, the evolving consultancy role in managing co-development practices, 

stakeholder expectations, and feedback loops underscores the need for interdisciplinary 

skills that go beyond traditional engineering competencies. This evolving role aligns with 

broader CE literature, indicating that consultants must possess stakeholder management 

and facilitation expertise to adapt CE principles to diverse organisational contexts 

(Czarniawska and Hernes, 2006) 

Ultimately, this study demonstrates that a co-development approach involving boundary 

objects, stakeholder feedback, and hybrid engagement models can translate CE theory into 

actionable practices in the manufacturing sector. Further research should consider 

increasing feedback frequency, integrating hybrid engagement models, and using 

complementary theories to enhance tool effectiveness and scalability for broader CE 

adoption. 

Merging Product-Level and Systems-Level Implementation 

The perspective of this discussion comes from the Sub-RQ: ’Is the need for a dual-

organisational-level solution justified by the case study insights, and what impact does the 

collaboration of the CPDT and the consultancy proposal have on the development, 

implementation and scalability of the tool, and how barriers are addressed?’. 

The study underscores the necessity of a dual approach—product-level and systems-level—

to implement CE effectively, revealing that isolated product decisions lack impact without 

broader organisational integration. For example, CAS's global operations faced region-

specific regulatory challenges and infrastructure limitations, which product-focused efforts 

alone could not address. This dual-level strategy supports Bocken et al.’s (2016) emphasis 

on systems thinking in CE transitions, confirming that sustainable CE adoption demands 

operational flexibility paired with organisational adaptability. 

The consultancy service proved critical in navigating organisational barriers, extending 

beyond the CPDT’s product-level focus to provide comprehensive systems support. Unlike 

traditional Sustainable Design roles that emphasise material selection (Kjær et al., 2019), the 

consultancy’s role required addressing cross-departmental resistance and facilitating 

organisational change. This was evident as the consultancy worked to align stakeholder 

interests, a necessary step to ensure that CE principles fit within CAS’s established 

organisational framework. Without this systems-level support, product design changes alone 

would lack the necessary impact, highlighting the consultancy’s role in stabilising CE 

practices across complex, established structures. 

The structured “Adopt, Adapt, Apply” framework served as a bridge between theory and 

practice, facilitating CE adoption through an adaptable, phase-by-phase approach. Each 

https://www.zotero.org/google-docs/?pk7kH4
https://www.zotero.org/google-docs/?o88z5W
https://www.zotero.org/google-docs/?TozuTy
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phase progressively introduced CE principles, incorporating stakeholder feedback to ensure 

operational compatibility. For example, pilot testing during the Adapt phase enabled CPDT 

refinements based on diverse user input, enhancing its relevance to CAS’s workflows. This 

phased approach exemplifies how systems-level consultancy frameworks, grounded in 

iterative feedback, allow for CE adoption on a broad scale while respecting local contexts. 

The combination of the CPDT and consultancy was essential in addressing organisational 

complexities and expanding CE adoption across diverse sectors. Systems Theory aligns 

with this finding, supporting adaptive and feedback-driven processes as critical to 

maintaining alignment in complex networks. CAS’s regular updates to the CPDT, based on 

stakeholder and regional feedback, underscore how adaptability supports scalability, 

illustrating the tool's potential for industry-wide applicability across diverse operational 

structures and regulatory environments. 

Despite the dual-level approach's strengths, regulatory and organisational challenges 

persisted that neither the CPDT nor the consultancy service could fully resolve. Differing 

regional regulations and inconsistent recycling infrastructures presented barriers that 

exceeded the scope of the consultancy’s support. Although the CPDT offered foundational 

guidance, further regulatory alignment remains essential.  

Theoretical insights from Systems Theory revealed that CAS functions as an interconnected 

multi-layered system where product-level decisions affect overarching systems-level 

objectives. This perspective allowed identification of ripple effects from changes at one 

organisational level to another, affirming the need for both tailored product-level functions 

and systemic alignment (Boulding, 1956). Here, Systems Theory showed that product-level 

efforts alone are inadequate for comprehensive CE adoption. 

ANT contributed by highlighting non-human factors, such as the CPDT’s design, as active 

elements impacting scalability. These insights confirm the dual approach’s role in meeting 

CE implementation barriers, but ANT’s focus on interaction dynamics may lack depth in 

exploring organisational cultural resistance. Future research could incorporate 

Organisational Change Theory to address deeper cultural barriers to CE practices, 

particularly at the management level, where change often encounters resistance. 

In conclusion, integrating the CPDT’s product focus with a systems-level consultancy 

framework effectively addressed CE adoption challenges, fostering adaptability and aligning 

organisational practices across CAS’s varied contexts. This dual approach, aligned with CE 

and systems theory literature, presents a scalable model for bridging theory and practice in 

CE, showing the need for combined product and systems-level solutions for sustainable CE 

adoption. Future research should investigate regulatory alignment, enhanced stakeholder 

engagement, and the role of hybrid consultancy models to strengthen the long-term 

applicability of CE tools across industries. 

Customisation and Application in Practice 

The focal point of this discussion comes from the Sub-RQ: ’How did the iterative process of 

customising and testing the tool in the company identify and help address barriers and 

drivers, and how did the insights from this method shape the functions of the tool and 

consultancy service?’. 

https://www.zotero.org/google-docs/?kEYH3u
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The iterative customisation of the CPDT proved vital for aligning CE goals with CAS’s 

specific operational needs, revealing the importance of adaptable CE tools to navigate 

unique barriers in implementation. Initial findings indicated that generic CPDT frameworks 

were insufficient to address CAS’s material sourcing and supplier relationship constraints, 

necessitating customisation. By tailoring the CPDT based on stakeholder input, each 

modification improved the tool’s applicability, reinforcing Bocken et al.'s (2018) argument for 

CE tools that adapt to industry-specific requirements. This iterative approach underscored 

customisation as essential for bridging theoretical CE goals with practical manufacturing 

needs. 

A prime example of effective customisation was the expanded “Materials and Suppliers” 

section, designed to integrate cost-benefit analyses for material availability and sourcing. 

This adaptation helped CAS balance circularity with practical constraints, directly supporting 

Lewandowski’s (2016) findings that CE tools gain organisational traction when aligned with 

specific value chain needs. However, despite these customisation successes, limitations 

surfaced around user familiarity with the CPDT’s new functions. Findings indicate that even 

with tailored sections, additional user training is needed for seamless integration. 

Customisation’s efficacy was largely validated through feedback from pilot participants, 

which highlighted ANT’s concept of non-human actors, positioning the CPDT itself as an 

active agent shaping organisational practices (Czarniawska and Hernes, 2006). By 

iteratively refining the tool in response to user feedback, the CPDT maintained relevance 

within CAS’s unique operational workflows, effectively adapting to real-world challenges as 

ANT advocates. However, ANT’s “following the actors” approach may not fully capture 

underlying cultural resistance to CE transitions, especially in environments where linear 

models dominate. Employing Organisational Change Theory could potentially add depth to 

analyses of internal resistance, particularly at management levels where established 

processes are often harder to shift. 

The CPDT pilots also pointed to broader industry implications, suggesting that establishing a 

centralised knowledge base for sharing sector-wide insights could significantly aid CE 

scalability. As proposed by Ranta et al. (2018), industry-wide knowledge-sharing 

mechanisms could strengthen CE adoption by facilitating sectoral learning. This model could 

position the CPDT as a resource for advancing CE practices beyond single organisations, 

capturing and standardising best practices that benefit wider manufacturing contexts. 

Nonetheless, achieving sector-wide adoption remains challenging due to variations in 

regional regulations and infrastructure, areas beyond the CPDT’s current scope that would 

benefit from closer alignment with policymakers. 

From a methodological perspective, ANT’s framework effectively revealed 

interdependencies by treating the CPDT as a boundary object, facilitating cross-

departmental dialogue around customisation needs and identifying operational challenges 

otherwise hidden in a static model. Participatory Design Theory further supported the use of 

workshops and pilot projects to collaboratively develop the CPDT, reinforcing the value of 

stakeholder engagement in shaping a tool directly applicable to end-user workflows. 

However, these theories alone may not fully address the potential for inconsistent 

engagement in virtual workshop formats, which limited the spontaneity and immediacy of 

feedback. Balancing virtual and physical workshops in future studies may improve both 

https://www.zotero.org/google-docs/?ifaMo6
https://www.zotero.org/google-docs/?j29JWZ
https://www.zotero.org/google-docs/?IWmDBh
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engagement and real-time interaction, as recommended by Carlile (2002) on the efficacy of 

boundary objects. 

In conclusion, the CPDT’s iterative customisation, grounded in stakeholder feedback, 

illustrates the potential of tailored CE tools to address unique industry barriers while 

facilitating theory-to-practice translation. While successful in CAS’s context, limitations 

remain in user training, consistent regulatory alignment, and scalable knowledge-sharing 

frameworks. Future research should consider AI-driven customisation, hybrid workshop 

models, and strategies to bridge regulatory gaps, enhancing the CPDT’s adaptability and 

fostering a scalable model for broader CE adoption. 

Organisational Resistance and the Realities of Business 

The discussion focuses on the Sub-RQ:’What barriers and drivers arose in the interactions in 

the meeting between circular goals and the linear business model and how did it impact the 

case study and how was organisational resistance identified and addressed?’ 

The study identified organisational resistance as a critical barrier to CE integration within 

CAS, primarily due to perceived process disruptions and financial concerns related to CE 

practices. The CPDT’s pilot tests highlighted hesitations around cost feasibility, supporting 

previous findings that organisational change barriers, such as resource allocation and 

structural inertia, hinder CE adoption (Geissdoerfer et al., 2017). The case study thus 

reinforces the need for a flexible, company-specific approach that balances circular 

objectives with business priorities. 

To address resistance, narrative framing emerged as a successful strategy in workshops, 

where facilitators presented CE practices as incremental, cost-effective adjustments instead 

of wholesale changes. This approach encouraged stakeholders to view CE as compatible 

with existing business goals, such as cost savings and market competitiveness, aligning with 

Lewandowski's (2016) recommendation that framing CE in familiar business terms can 

improve acceptance. The findings suggest that narrative framing, combined with incremental 

steps, can shift perceptions by aligning CE goals with established metrics, effectively 

reducing resistance. 

Boundary objects, including design games and Miro boards, facilitated cross-departmental 

engagement, allowing participants to visualise CE within their workflows and adapt the 

CPDT accordingly. Physical workshops proved particularly valuable, enabling immediate 

feedback and reducing perceived risks associated with CE changes. This aligns with 

Carlile’s (2004) boundary object theory, which emphasizes their role in knowledge 

translation and interdisciplinary collaboration. However, virtual workshops were less 

effective; limited interactivity diminished engagement, highlighting the constraints of digital 

boundary objects in fostering collaboration. 

Several structural barriers, including financial constraints and inconsistent regulations, 

limited the CPDT’s impact. The high costs of sustainable materials and limited budget 

flexibility hindered the full adoption of CE practices, while regional regulatory disparities 

challenged the tool’s scalability, especially in areas with weak CE policies. These findings 

suggest that beyond company-specific tools, regulatory support like tax incentives and 

https://www.zotero.org/google-docs/?GC7o5H
https://www.zotero.org/google-docs/?nok5QP
https://www.zotero.org/google-docs/?l7oGNe
https://www.zotero.org/google-docs/?dk1gqg
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material subsidies is essential to drive CE adoption industry-wide, echoing Ranta et al. 

(2018) on the importance of regulatory frameworks in promoting sustainability. 

Methodologically, ANT was effective in mapping interactions within CAS, identifying points 

where CE goals conflicted with linear business practices. This approach allowed for iterative 

adjustments to the CPDT, but ANT’s focus on networked interactions may not fully capture 

deeper organisational resistance rooted in cultural and structural factors. A complementary 

approach using Organisational Change Theory could further elucidate the forms and sources 

of resistance, particularly among middle management, where alignment with new CE models 

is often more challenging (Burnes, 2004). 

Boundary Object Theory offered insight into how tangible, interactive tools facilitated 

communication, helping participants articulate concerns and collaboratively address 

resistance. However, while boundary objects allowed stakeholders to adapt the CPDT, their 

efficacy was limited by regional regulatory inconsistencies and financial constraints outside 

the tool’s immediate scope. The CPDT’s reliance on in-person engagement also restricted 

scalability, suggesting that future adaptations could benefit from hybrid or more interactive 

virtual workshops to balance accessibility with engagement. 

For broader applicability, an adaptive consultancy framework could keep the CPDT aligned 

with emerging CE policies and standards, ensuring users stay compliant and informed. 

Regular updates and sector-wide learning platforms would support the tool’s long-term 

relevance, facilitating regulatory alignment and improving scalability. 

In conclusion, while the CPDT and consultancy service effectively addressed company-

specific barriers, their success underscores a broader need for systemic support through 

regulatory and financial incentives. The CPDT’s model for translating CE into practice holds 

promise for industry-wide application, yet ongoing consultancy, adaptive policy integration, 

and user support are vital for sustainable CE implementation in traditionally linear business 

structures. 

Discussion of Research Design 

The pilot’s iterative research design proved effective in adapting the CPDT to diverse 

departmental needs within CAS. By integrating boundary objects like design games, Miro 

boards, and stakeholder interviews, it facilitated cross-functional engagement, allowing 

departments to contextualize CE concepts for practical application (Carlile, 2002). However, 

virtual settings reduced engagement reliability, suggesting a stronger emphasis on in-person 

workshops for consistent, actionable feedback. 

ANT provided a robust framework to examine the interactions between human and non-

human actors, showing how CE principles embedded in the CPDT both influenced and 

adapted to organisational resistance. Latour’s (2006) “follow the actors” approach enabled 

the pilot to capture relational changes across CAS, revealing that CE tool efficacy relies on 

managing evolving network dynamics rather than static tool features. Despite ANT’s 

strengths, its complexity created challenges across CAS's varied departments. Simplified 

applications of ANT might enhance its replicability for broader organisational contexts. 

https://www.zotero.org/google-docs/?doMpmf
https://www.zotero.org/google-docs/?KNTQW5
https://www.zotero.org/google-docs/?3Afkra
https://www.zotero.org/google-docs/?ZGp7xw
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The research design’s iterative feedback loop allowed the CPDT to evolve continually in line 

with CAS’s objectives, facilitated by Boundary Object Theory’s triadic model (Carlile, 2002). 

This allowed stakeholders to modify boundary objects actively, contextualizing CE practices 

within department-specific workflows. While beneficial, this iterative process also led to 

scope expansion, requiring additional resources. Future iterations might adopt a more 

controlled, phase-specific feedback approach to manage resource strain effectively. 

Combining the CPDT with the consultancy service has demonstrated potential for broader 

CE scalability, addressing product- and systems-level challenges across industries. ANT and 

Boundary Object Theory were instrumental in fostering interdisciplinary collaboration and 

underscored the need for consultancies to integrate skills beyond traditional Sustainable 

Design, reflecting the importance of continuous stakeholder engagement. Adding regulatory 

expertise could further enhance scalability by aligning the CPDT with diverse industry 

requirements. 

Future research should focus on developing sector-specific regulatory frameworks and 

automated feedback systems, which would improve the CPDT’s adaptability and efficiency. 

Integrating automated feedback loops, guided by participatory design principles (Spinuzzi, 

2005), could maintain ongoing stakeholder interaction with minimal manual oversight, 

making the tool more responsive and resource-efficient. Enhancing regulatory and 

operational flexibility could help close the gap between CE theory and practical application, 

establishing the CPDT as a scalable solution. 

In conclusion, the primary data collection methods—design games, Miro boards, and 

interviews—were effective for gathering diverse insights. In-person workshops, particularly, 

allowed deeper engagement and practical translation of CE concepts (Carlile, 2004). 

However, remote sessions showed limitations in generating coherent feedback, often 

producing fragmented data. A hybrid model with in-person workshops for tool introduction 

and virtual follow-ups for iterative feedback could balance engagement with resource 

efficiency, enhancing data reliability in future designs. 

Conclusion 

This study explored how the co-development of the CPDT and a consultancy model can 

bridge the gap between CE theory and practical application in manufacturing, addressing 

significant barriers to implementation and scalability. The research confirmed the necessity 

of adaptable, feedback-driven approaches in CE tools to meet diverse organisational needs. 

Key findings include that the CPDT’s binary flowchart structure, coupled with customisable 

decision points, effectively guided project managers and engineers through circular decision-

making, aligning theoretical CE principles with CAS’s operational realities. This 

customisation, essential to the CPDT’s applicability, mitigated resistance and enhanced 

relevance by accommodating sector-specific requirements for material and supplier 

considerations . 

Stakeholder engagement, supported by boundary objects such as design games, was 

critical in aligning diverse departmental perspectives, underscoring the efficacy of cross-

functional feedback for CE tool development. Workshops further revealed the benefits of 

https://www.zotero.org/google-docs/?DE26Zr
https://www.zotero.org/google-docs/?aKoTsG
https://www.zotero.org/google-docs/?aKoTsG
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participatory design, enabling iterative adjustments based on real-time user input, while 

narrative framing strategies eased resistance by aligning CE goals with conventional KPIs . 

To ensure long-term CE integration, recommendations include expanding CPDT’s regulatory 

adaptability and data-sharing capabilities, facilitating collaboration across supply chains. 

Future research should examine automated feedback loops for real-time tool adaptation, 

regulatory alignment, and cross-sectoral standardisation. These enhancements could 

support broader adoption, positioning the CPDT and consultancy service as scalable, 

dynamic tools for CE advancement across diverse manufacturing contexts. 
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AI 

The generative AI tool ChatGPT has been used in accordence with the guidelines provided 

by Aalborg University (“Generativ AI på AAU,” n.d.). It functioned as a sparing partner for 

text processing in the thesis writing process, assisting in tasks such as grammar, narrative 

coherence, and the identification of redundant content, to ensure a more concise text. 

Importantly ChatGPT has not been used for the direct generation of content, all data, 

sources and analyses were produced by the researcher and AI only refined and sharpened 

the text.   
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Appendices: 

● Include any supplementary materials, such as Design Games, interview 

transcripts, survey instruments, or additional data analysis outputs. 

Extended Methods Table 

AP1 

 

Methods Pilot 1- Development Pilot 2- Implementation 

Case Study 
approach 

  

Co-development 
Workshops 

Iterative Workshops: 
Conducted in stages, 
workshops served as a primary 
data collection and feedback 
mechanism. Participants from 
various departments were 
engaged to gather insights, 
test iterations of the CPDT, 
and identify specific 
organisational and technical 
barriers to circular economy 
(CE) adoption. 
Boundary Objects: The use 
of design games, Miro boards, 
PowerPoint presentations, and 
post-its as boundary objects 
encouraged active stakeholder 
engagement, fostering 
collaboration and facilitating 
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knowledge transfer across 
departments. 

Literature-
Gathering 
approaches 

  

Participant 
Observation 

Observation in Workshops: 
Observers recorded both 
verbal and non-verbal 
feedback during workshops, 
noting instances of resistance, 
collaboration, and moments 
when CE concepts were 
difficult to integrate. This 
method helped identify 
behavioural patterns, 
differences in engagement 
across physical and virtual 
settings, and organisational 
dynamics influencing CE 
adoption. 
 

Observation in Workshops: 
Observers recorded both verbal and 
non-verbal feedback during 
workshops, noting instances of 
resistance, collaboration, and 
moments when CE concepts were 
difficult to integrate. This method 
helped identify behavioural patterns, 
differences in engagement across 
physical and virtual settings, and 
organisational dynamics influencing 
CE adoption. 
 

Semi-structured 
Interviews 

 Interviews with Stakeholders: 
Semi-structured interviews were 
conducted with key stakeholders 
from different departments to gain 
deeper insights into the specific 
barriers to CE practices and gather 
feedback on the CPDT’s usability. 
Interviews allowed stakeholders to 
express their views on cost, supply 
issues, and practical application 
within their roles, providing more 
nuanced data for tool customisation. 

Case Study Real-Time Pilot Projects:  
Two real-time pilot projects 
(modular data centres and an 
intralogistics project) were 
used to test the CPDT and 
consultancy service within 
practical applications. The 
pilots provided data on tool 
efficacy, areas for 
improvement, and insights on 
both product-level and 
systems-level CE 
implementation. 

Adopt, Adapt, Apply Framework: 
This structured approach to 
consultancy was tested through the 
pilots, enabling the assessment of 
each stage's effectiveness and 
identifying necessary customisations 
to the tool and consultancy service. 

Iterative 
Feedback Loops 

Feedback Integration: 
Feedback was continually 
gathered through workshops, 
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interviews, and observational 
notes, creating iterative 
feedback loops that informed 
each new version of the CPDT. 
This process ensured that the 
tool evolved based on real-
time stakeholder insights and 
addressed identified barriers to 
CE adoption. 

Action Research  Participatory Approach: 
Action research underpinned 
the project’s methodological 
framework, involving 
stakeholders as co-developers 
throughout the CPDT’s 
customisation. By directly 
engaging users in the 
development process, the 
action research approach 
enabled responsive 
adjustments and a more 
relevant final tool for CAS. 

● How participants for the 

workshops and 

meetings were 

selected. Why they 

were cross-

departmental. How this 

strengthens the quality 

of the study and its 

data. 

 

Reflective 
Practice 

 Ongoing Reflection: Throughout 
the thesis, reflective practice was 
used to evaluate the effectiveness of 
workshops, the consultancy service, 
and the CPDT’s functionality. This 
approach helped refine both the tool 
and the consultancy service by 
continuously assessing lessons 
learned, adjusting to stakeholder 
needs, and identifying areas for 
further improvement. 

Boundary 
Objects  

● In practical application, 

Carlile’s syntactic, 

semantic, and 

pragmatic approaches 

(Carlile, 2002) informed 

decision-making. For 

example, syntactic 
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standardisation of CE 

terminology facilitated 

clear communication 

across departments, 

while the semantic 

alignment of lists and 

metrics helped bridge 

interpretative gaps. The 

pragmatic integration of 

flexible features in the 

CPDT accommodated 

varied organisational 

needs, ensuring the 

tool remained 

adaptable to specific 

project and user 

requirements. 

 

 

 

Extended Theories Table 

AP 2 

Sub-RQ Theories & Usage 

Co-development 
& Stakeholder 
Engagement 
How does the co-

development and 

stakeholder 

engagement practices 

address and identify 

barriers to the 

development, 

implementation and 

scalability of the tool 

and what impact does 

that have on the 

theory to practise 

translation? 

Actor Network Theory  
● ANT examines co-construction of networks involving 

human and non-human actors (Elgaard-Jensen, 2003; 
Latour, 2006), making it ideal for analysing the impacts of 
the stakeholders, boundary objects, and the CPDT. 

● The “following the actors” approach aligned with the Sub-
RQ and by tracking interactions among stakeholders, 
tools, and materials barriers were identified. By analysing 
how each stakeholder's input influenced the development 
and addressed real-world challenges we gained insights 
into scalability and applicability (Callon et al., 1986; 
Czarniawska and Hernes, 2006).  

Boundary Object Theory 
● Boundary Object Theory provides a framework for using 

shared tools, like design games, to bridge departmental 
knowledge gaps and translate CE principles into practical 
actions (Carlile, 2002). 

● The theory helped address barriers by showing how 
boundary objects facilitate communication across 
domains(Carlile, 2002). 

● Boundary objects were assessed for their role in 
translating complex CE concepts. 

https://www.zotero.org/google-docs/?qIjH2W
https://www.zotero.org/google-docs/?qIjH2W
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Merging Product-

level & Systems-

level implementation 

Is the need for a dual-

organisational-level 

solution justified by 

the case study 

insights, and what 

impact does the 

collaboration of the 

CPDT and the 

consultancy proposal 

have on the 

development, 

implementation and 

scalability of the tool, 

and how barriers are 

addressed? 

ANT 
● In analysing the co-created solutions, ANT’s network-

based framework provided the framework to analyse the 
interactions of stakeholders, structures, and technology by 
tracing relationships across organisational and product 
layers, highlighting how both levels shaped CE outcomes 
and implementation(Callon et al., 1986; Czarniawska and 
Hernes, 2006). 

● To align and identify critical factors in the dual-level 
solutions “Following the actors” allowed analysis of 
interactions among key human and non-human 
actors(Latour, 2006). 

 

Systems Theory 
● Systems Theory examines interdependent subsystems, 

was used to analyse CAS as a complex system needing a 
dual-level approach to achieve implementation across 
organisational layers. 

● Systems Theory was used to analyse and identify 
organisational layers, illustrating how product- and 
systems-levels interact to impact CE integration (Boulding, 
1956). 

● Systems Theory framed CAS as multi-layered, showing 
how product-level decisions influenced larger systems-
level goals. 

Boundary Object Theory 
● Boundary Object Theory analysed how the CPDT and 

consultancy framework functioned across departments 
and organisational levels, to enable cross-functional 
collaboration (Carlile, 2002) 

● The theory guided feedback integration, ensuring both 
levels contributed to tool customisation. 

● Compatibility with the Sub-RQ: The theory supported the 
dual-level focus by illustrating how boundary objects 
aligned product-level and systems-level perspectives, 
justifying the need for a solution adaptable at both levels. 

 

Customisation & 

Application in 

Practice 

How did the iterative 

process of 

customising and 

testing the tool in the 

company identify and 

ANT 
● By tracing how human and non-human actors ANT laid 

the foundation for the iterative customisation process and 
how it shaped the CPDT’s adaptation (Callon et al., 1986; 
Latour, 2006). 

● Through networked interactions and by mapping iterative 
interactions, ANT revealed how each actor's feedback and 
role influenced the CPDT’s development.analysis(Latour, 
2006). 
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help address barriers 

and drivers, and how 

did the insights from 

this method shape the 

functions of the tool 

and consultancy 

service? 

Boundary Object Theory 
● The theory was used to develop tangible tools that 

examined how the CPDT and consultancy functioned 
across departments, through stakeholder 
feedback(Carlile, 2002). 

● By framing the CPDT as a tool that bridges departmental 
knowledge gaps, the theory guided the interpretations of 
feedback from interactions with other boundary objects, 
such as games and boards. . 

 

Practice Theory 
● Practice Theory was used to analyse how actions and 

routines in CAS shaped the iterative process to include 
everyday practices into the tool's design (Nicolini, 2013).  

● By addressing barriers through iterative customisation 
practice theory was used to assess the effectiveness of 
the iterative changes. 

Organisational 

Resistance and the 

Realities of 

Business 

What barriers and 

drivers arose in the 

interactions in the 

meeting between 

circular goals and the 

linear business model 

and how did it impact 

the case study and 

how was 

organisational 

resistance identified 

and addressed? 

ANT 
● Interactions among human and non-human actors were 

analysed through ANT to assess organisational resistance 
and how customisation impacted implementation (Callon 
et al., 1986; Latour, 2006). 

● Analysing resistance as a part of network adaptation, 
identified how barriers and drivers influenced 
implementation in the business model (Elgaard-Jensen, 
2003). 

 

Organisational Change Theory 
● It was used to study the impact organisational culture, 

norms, and resistance had on adoption and how 
resistance can act as both a barrier and driver for 
adaptation (Burnes, 2004).  

● Analysing how resistance feedback helped shape 
strategies to address specific barriers, identified the need 
for adaptable implementation strategies in a freeze-
change-unfreeze understanding (Burnes, 2004). 

● During pilot projects the theory helped categorise types of 
resistance and assess how each form of resistance 
elicited change. 

Boundary Object Theory  
● The theory supports collaboration across organisational 

boundaries, crucial for addressing CE-related challenges 
that conflicted with existing departmental goals and 
identifying resistance sources. 

● Boundary Object Theory provided shared reference 
points for stakeholders to raise and discuss business 
constraints and resistance (Carlile, 2002). 

 

First Design Game 

https://www.zotero.org/google-docs/?hVix0K
https://www.zotero.org/google-docs/?fE9jFE
https://www.zotero.org/google-docs/?x6BW46
https://www.zotero.org/google-docs/?x6BW46
https://www.zotero.org/google-docs/?aeUrSl
https://www.zotero.org/google-docs/?aeUrSl
https://www.zotero.org/google-docs/?wDmWLv
https://www.zotero.org/google-docs/?moi8t2
https://www.zotero.org/google-docs/?GzhmtC
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Visual analysis of First Design Game 
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Second Design Game with results 

 
 


