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The shift toward a circular economy requires companies to rethink their product development processes to enhance sustainability, 

reduce waste, and improve resource efficiency. This thesis investigates how Benchmark can integrate circularity into its design processes 
by evaluating existing assessment tools, developing a new heuristic tool, and redesigning a product as a case study. The research resulted 
in two key outcomes: the development of the Circular Potential to Action Tool, a structured design tool for circularity assessment and 
actionable improvement, and the redesign of an existing product using circular economy principles. The newly developed tool enables 
companies to assess circularity at different lifecycle stages and translate findings into actionable design improvements. This thesis 
provides Benchmark with a structured methodology for embedding circularity in product development, aligning with regulatory 
frameworks and market demands for sustainable solutions.  
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1. Introduction 

The linear economy, characterized by a ‘take-make-dispose’ 
model, has led to resource depletion, environmental degradation, 
and increasing regulatory pressures. Transitioning to a circular 
economy (CE) requires companies to integrate sustainable design 
principles that extend product lifecycles, minimize waste, and 
optimize material efficiency. This research investigates how 
Benchmark can implement circularity in product development by 
analyzing the role of circular economy legislation, integrating 
circular design strategies through a case study, and developing a 
structured assessment tool to support decision-making. By 
addressing these aspects, this study provides a practical approach 
to facilitating circularity into Benchmark’s design process, 
ensuring alignment with evolving sustainability standards. 

2. Methodology 

This research combined literature review, case study analysis, 
and tool development to integrate circularity into product design. 
A literature and policy review identified key new circular 
legislation, circular economy frameworks and lifecycle models, 
highlighting gaps in existing assessment methods. 

A case study tested circular strategies through the redesign of an 
existing product, using ideation, prototyping, and iterative 
refinement to ensure feasibility. Insights from this process 
informed the development of the Circular Potential to Action Tool 
(CPAT), a structured tool for evaluating and implementing circular 
strategies. This approach ensured both theoretical depth and 
practical applicability in circular product development. 

3. Circular design research 

A key aspect of this research was understanding CE principles 
and their implications for product development. The study 
examined aspects like circular perspectives, lifecycle stages, 
circular loops, and product design strategies aligned with circular 
business models. Additionally, an analysis of upcoming legislation 
highlighted the growing regulatory focus on circularity, 
emphasizing the necessity for companies to adopt sustainable  

 
design methodologies or improve their methodologies to comply 
with upcoming regulations. 

3.1 Circularity perspectives  

Circularity can be analyzed through different frameworks, each 
offering a unique lens for understanding how materials and 
products interact within a circular economy. 

The eco-lens perspective provides a system-wide view of 
circularity, examining the interconnections between product 
design, business models, and infrastructure. It emphasizes that 
circularity is not solely product-focused but must be supported by 
systemic changes, including material flows, take-back systems, and 
regulatory interventions [1]. 

The butterfly diagram, developed by the Ellen MacArthur 
Foundation, illustrates how materials circulate in biological and 
technical cycles. Biological cycles involve returning materials 
safely to nature through processes like composting and 
biodegradation, while technical cycles emphasize reuse, 
refurbishment, remanufacturing, and recycling to extend material 
lifespans [2]. 

Lifecycle stages also plays a critical role in circular design, 
assessing a product’s entire lifespan from raw material extraction 
to disposal. This perspective ensures that circular strategies are 
implemented at all stages, from material sourcing and 
manufacturing to distribution, use, and end-of-life management, 
rather than focusing solely on disposal or recycling [3]. 
 

 
Figure 1. Visualization of vertical and horizontal circularity across the 

lifecycle stages (adapted from [4]) 



 
The research also distinguishes between horizontal and vertical 

circularity, which is visualized in Figure 1. Horizontal circularity 
focuses on extending product a products lifetime through 
reintegration into another lifecycle stage and implementing 
strategies like reuse, repair, and remanufacturing, while vertical 
circularity aims to close material loops within specific lifecycle 
stages, such as reducing waste in production by reintegrating by-
products into the manufacturing process [4]. 

3.2 Product design and business model strategies 

Achieving circularity requires an integrated approach, aligning 
product design strategies with business models to maintain 
material value for as long as possible. This research explores key 
circular design strategies, such as design for disassembly, 
modularity, standardization, and weight reduction, ensuring that 
products are easier to repair, upgrade, and recycle while 
minimizing environmental impact [5], [6], [7]. 

Circular strategies are guided by two fundamental loops: slow 
loops and close loops. slow loops focus on extending product 
lifespans through durability, maintenance, repair, and 
upgradability, reducing the frequency of product replacements. 
close loops, on the other hand, emphasize material recovery and 
reuse, ensuring that products and components re-enter the supply 
chain instead of becoming waste [8]. 

Beyond product design, business model innovations play a 
crucial role in supporting circularity. Strategies such as product 
service systems, leasing systems, and take-back schemes enable 
companies to retain ownership of materials, facilitating reuse, 
refurbishment, and recycling. This research highlights the 
importance of aligning design decisions with business models, 
ensuring that circular strategies are both economically viable and 
scalable. Different product design and business model strategies 
are mapped against slow and close loops in Figure 2 [6], [7]. 

 

 
Figure 2. Visualization of product design and business model strategies 

categorized as slow loops and close loops (based on [7] and own analysis) 

3.3 Coming legislation  

Regulatory frameworks are increasingly driving the transition 
toward circular product development. This research examines 
upcoming legislation, particularly the Ecodesign for Sustainable 
Products Regulation (ESPR), which introduces sustainability and 

circularity requirements for products in the European market. The 
ESPR enforces product-specific rules focused on material 
efficiency, reparability, recyclability, and digital product passports, 
ensuring greater transparency and accountability in supply chains 
[9].  

These regulations were considered throughout the research, 
influencing both the product redesign and the development of the 
Circular Potential to Action Tool (CPAT) for Benchmark. The 
findings emphasize that Benchmark must proactively align 
product development with these regulations, ensuring compliance 
while leveraging circular strategies as a competitive advantage. 

4. Assessing circularity 

To effectively integrate circularity into product development, 
existing circular assessment tools were reviewed and evaluated 
based on their applicability across different system levels. These 
tools were analyzed at four levels, namely nano, micro, meso, and 
macro, each representing a different scale of circularity 
implementation. The tools and their categorization are visualized 
in Figure 3.  

 

 
Figure 3. Visualization of assessment tools at different system levels 

(adapted from [4]) 

 
At the nano level, circularity focuses on individual product 

components and materials. The micro level expands this scope to 
the product and company level, ensuring that business model 
strategies align with circular design strategies. The meso level 
examines industrial symbiosis, where multiple companies 
collaborate to close material loops by sharing resources and 
repurposing waste streams. Finally, the macro level considers 
circularity on a broader societal scale, encompassing national 
regulations, infrastructure development, and economic systems 
that support circular transitions [10].  

Several circular assessment tools at the nano and micro levels 
were tested to determine their effectiveness in early-stage product 
design. The findings indicated that while these tools provide 
valuable insights, they often lack a structured approach for 
translating assessment results into concrete design interventions. 

Beyond assessment tools, various design approaches for 
circularity were explored, including hotspot and journey mapping 
to identify critical areas for improvement and modifying a CE 
framework [11] to enable system-level interventions. These 
analyses underscored the need for a new tool that bridges the gap 
between assessment and design implementation, ensuring that 
circular strategies are effectively integrated into product 
development at all lifecycle stages.  



 
Figure 4. Visualization of the improved framework using all circular 

design strategies 

 
As a response to these findings, a new framework for circularity 

assessment and design was developed, incorporating circular 
design strategies and analyzing their implications across the 
product lifecycle. The framework is visualized in Figure 4 and 
represents positive and negative lifecycle impacts using color 
coding, where green indicates positive contributions to circularity 
and red highlights challenges or trade-offs. The intensity of these 
colors reflects the magnitude of impact, providing a clear 
methodology for evaluating and implementing circular strategies. 
This framework served as the foundation for the Circular Potential 
to Action Tool (CPAT), offering a structured approach to assessing 
circularity throughout the product development process. 

5. Case study: Implementing circularity in product redesign 

A case study was conducted to apply the developed framework 
and evaluate its effectiveness in guiding circular product design. 
The product used in the case study belongs to one of Benchmark’s 
clients. Circularity was integrated into the product redesign by 
identifying the most impactful strategies based on the framework's 
assessment. The highest-scoring strategies identified for this 
specific product were design for standardization, longevity, 
material reduction, disassembly, upgradability, and attachment & 
trust. The redesign process followed an iterative approach, 
incorporating brainstorming, ideation, conceptual development, 
prototyping, and final product design refinement. 

The final redesigned product incorporated modularity, 
upgradability, durability, standardization, and material efficiency, 
significantly improving its circular potential. Its ease of 
disassembly facilitated other circular strategies, such as 

repairability, remanufacturing, and refurbishment, enabling a 
longer product lifespan and reducing material waste. 

This case study demonstrated how structured circular design 
methodologies can be effectively applied in real-world product 
development, reinforcing the practicality of integrating circular 
strategies into Benchmark’s product design process. 

6. Developing a circular design tool for Benchmark 

In addition to the product redesign, this research focused on 
developing the Circular Potential to Action Tool (CPAT) to support 
Benchmark in evaluating and implementing circular strategies 
systematically. The tool was created by synthesizing circular 
economy insights, existing assessment methods, and case study 
findings. Unlike conventional assessment tools, the CPAT functions 
not only as an evaluation method but also as a design and 
implementation tool, providing structured guidance for 
integrating circularity at different lifecycle stages and system 
levels. The tool was operationalized using Excel software to 
facilitate use by Benchmark. 

 

 
 

Figure 5. Output of questionnaire presented with circular design 
strategies mapped against lifecycle stages 

 
CPAT works by assessing a product’s current state through a 

structured set of targeted questions, generating a visual output 
that highlights circular improvement opportunities across 
different lifecycle stages (Figure 5). The tool provides design 
recommendations for each circular strategy and its lifecycle stage, 
serving as potential circularity requirements. Additionally, the 
CPAT outputs the results in different ways, such as highlighting 
and isolation results regarding energy consumption, user 
experience, and market readiness, ensuring that circularity is 
addressed from multiple perspectives. 

Another feature of CPAT is its ability to map circular strategies at 
different system levels, helping designers consider the business 
model, organizational, and infrastructure implications of their 
decisions. It also includes a trustability score, allowing companies 
to assess the reliability of their circular design inputs and the tool’s 
outputs (Figure 6). 

 

 
Figure 6. Overview of trustability score and unknown questions 

 
By integrating CPAT into its product development process, 

Benchmark gains a practical tool for embedding circularity into 
future designs. This enables designers to move beyond theoretical 
circular economy principles take concrete steps toward 
sustainable, circular product innovation. 
  



7. Conclusion 

This research highlights the importance of integrating both 
product-level circular design strategies and structured assessment 
tools to create a more sustainable and circular product 
development approach. The study resulted in a redesigned 
product that incorporates circular principles, demonstrating how 
targeted design strategies can enhance sustainability. Additionally, 
it led to the development of the Circular Potential to Action Tool 
(CPAT), which provides a holistic framework for evaluating and 
implementing circularity across different lifecycle stages. 

By applying the methodologies developed in this thesis, 
Benchmark can enhance its product development process, 
ensuring alignment with circular economy principles and 
regulatory requirements. The CPAT tool offers a practical and 
holistic approach for assessing circularity, guiding design teams in 
making strategic decisions to transition toward a more circular 
product portfolio. 

Future research should focus on extending the list of circular 
strategies, refining the CPAT to improve its usability, integrating 
quantitative lifecycle data, and testing its application across a 
broader range of products.  
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