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Designing circular products with longer lifetime plays a vital role in circular economy. However, 

analyzing huge amount of data on the products requires more human efforts and is time 

consuming. Thus, digital technologies can help in data analysis. The study aims to analyze the 

current status of digitalization in circular economy. One focus area of the research is on role of 

circular product design in circular economy. The study analyses the effects and the importance 

of designing products with circular behavior. The second focus of the study is on the role of 

artificial intelligence in circular economy and in circular product design.  

The main research method in this study is critical literature review and case study including 

three semi-structured interviews in three different industries. The informants have different roles 

such as head of environment, head of digital transformation and environment specialist in the 

companies. Qualitative content analysis was used to analyze the results of the study. According 

to the results, Finnish companies believe that circular economy is beneficial for them and are 

interested in implementing digital technologies to enhance their circular economy. A framework 

on the role of artificial intelligence in circular economy is introduced in the study after collecting 

and analyzing secondary data and data from case studies. It allows companies to decide how to 

implement artificial intelligence in their circular processes. Moreover, the list of key enablers 

will help the managers to make better decisions on how to utilize technologies.  



 

 

ACKNOWLEDGMENT  

This Masterôs Thesis provided a great opportunity for me to get familiar with academic research 

world. It was very interesting to see how companies collaborate with universities and academia in 

Finland to develop their business. Writing this Masterôs Thesis helped me in learning something 

new day by day and was challenging as well.  

Firstly, I would like to express my gratitude to my academic supervisor Professor Ville Ojanen for 

all his supports during these two years of my Masterôs studies and Thesis. In addition, I would like 

to acknowledge my second supervisor Nina Tura for all her valuable feedbacks and comments 

during the Thesis process. Thank you Nina, for all your inspirations and discussions that helped 

me to conduct my Thesis. I also would like to thank LUT University and LUT Scholarship for 

giving me the chance to pursue and finish my studies. Moreover, I would like to thank Ernesto 

Hartikainen from SITRA for sharing his precious time during the interview and for his helps for 

the contacts from companies. Special thanks to the experts from companies for their cooperation 

in interviews and providing valuable information for the research topic.  

Last but not the least, I would like to thank my parents and my sister for all their supports during 

my whole study life. Especial thanks belong to my friends for being supportive and always 

believing in me. Finally, my deepest gratitude goes to my daughter Mania. You are such an 

intelligent, lovely, happy and energetic kid, Mania. Thank you for all your inspirations and 

patience during this journey. Without you I would have given up many times. Thanks, azize delam! 

 

ñImagination is more important than knowledge. For knowledge is limited, whereas imagination 

embraces the entire world, stimulating progress, giving birth to evolution.ò ï Albert Einstein 

 

Lappeenranta, 25th of June 2019 

Seyedehmalahat Ghoreishi 



 

 

TABLE OF CONTENTS  

ABSTRACT 2 

ACKNOWLEDGMENT 3 

1. INTRODUCTION 11 

1.1 Background 12 

1.1.1 Circular Economy 12 

1.1.2 Technologies in CE 16 

1.1.3 Artificial intelligent and CE 17 

1.1.4 Circular economy in Finland 17 

1.2 Objectives and scope 18 

1.3 Execution of the study 20 

1.4 Structure of the thesis 21 

2 CIRCULAR PRODUCT DESIGN 23 

2.1 Circular design strategies 29 

2.1.1 Design strategies for slowing loops 30 

2.1.2 Design Strategies for closing loops 32 

2.2 Circular business model innovation strategies 33 

3 INDUSTRY 4.0 AS AN ENABLER OF CE 38 

3.1 Industrial AI 44 



 

 

3.2 Intelligent manufacturing 48 

3.3 AI and CE 49 

3.3.1 Infrastructure optimization business model 50 

3.3.1.1 Operate innovative circular business model 50 

3.3.1.2 AI design circular product business model 51 

4 METHODOLOGY 53 

4.1 Research Strategy 53 

4.2 Case organizations selection 54 

4.3 Data collection 56 

3.3. Data analysis 57 

5 RESULTS 60 

5.1 Case Company A 60 

5.2 Case company B 62 

5.3 Case Company C 65 

6 ANALYSIS AND DISCUSSION 68 

6.1 Integration of AI in designing circular products 68 

6.2 AI supports maintenance service in CE 70 

7 CONCLUSION 73 

7.1 Theoretical & managerial implications 73 

7.2 Limitations and areas for the further research 74 



 

 

REFERENCES 76 

APPENDICES 85 

 



List of Abbreviations 

 

3D printers: Three-dimensional printers 

4IR: Fourth Industrial Revolution  

AI: Artificial Intelligence 

AT: Analytic Technology 

BMC: Business Model Canvas 

CBM: Circular Business Model 

CE: Circular Economy 

CPS: Cyber-physical System 

DT: Data Technology 

IMS: Intelligent Manufacturing System 

IC: Integrated Circuit  

IoT: Internet of Things 

LBM: Linear Business Model 

ML: Machine Learning 

OT: Operations Technology 

PSS: Product-Service System 

PT: Platform Technology 

 

 

 

 

 



 

 

List of Figures  

 

Figure 1. Interaction between actors in a CBM system (adapted from Aminoff et al., 2016) ..... 14 

Figure 2. A framework of circular BMC (adaptation from Osterwalder and Pigneur, 2010) ..... 15 

Figure 3. The execution of the study............................................................................................ 20 

Figure 4. The structure of the Thesis ........................................................................................... 22 

Figure 5.Circular Economy Principles (adapted from MacArthur, DE and Waughray, 2016) ... 23 

Figure 6.Circular product design model (adapted from Van den Berg and Bakker, 2015) ......... 25 

Figure 7.Circular product design vision (adapted from Van den Berg and Bakker, 2015) ......... 26 

Figure 8.Spider map for designing circular products (adapted from Van den Berg and Bakker, 

2015) ............................................................................................................................................. 27 

Figure 9.Value chain of product design and development (adapted from Lin, 2018) ................. 28 

Figure 10.Strategies of slowing, closing and narrowing the loops (adapted from Bocken et al., 

2016) ............................................................................................................................................. 30 

Figure 11. Resource cycles (Christian Wahl, 2016) .................................................................... 33 

Figure 12. A conceptual framework for CBM (adapted from Nußholz, 2017) ........................... 34 

Figure 13.Sustainable CBM framework (adapted from Antikainen and Valkokari, 2018) ......... 35 

Figure 14. Industry 4.0 solutions for circularity (adapted from World Economic Forum and 

Accenture Startegy, 2019) ............................................................................................................ 41 

Figure 15. Potential of Industry 4.0 technologies in manufacturing more sustainable products 

(Blunck and Werthmann, 2017) .................................................................................................... 42 

Figure 16 . Roadmap towards Industry 4.0 and CE ( adapted from Jabbour et al., 2018) ........... 43 

Figure 17. AI algorithm development process (Ellen MacArthur Foundation, 2019) ................. 44 

Figure 18. Decision based on algorithm output (adapted from Ellen MacArthur Foundation, 

2019) ............................................................................................................................................. 45 



 

 

Figure 19. Development of AI and the future state of AI techniques (World Economic Forum 

and A.T. Kearney, 2017)............................................................................................................... 46 

Figure 20. Industrial AI Eco-system(Lee et al., 2018) ................................................................. 47 

Figure 21. Intelligent manufacturing technology systems. (adapted from Zhong et al. 2017) .... 48 

Figure 22. Research onion for the study (adaptation from Saunders et al., 2015) ....................... 54 

 

https://lut-my.sharepoint.com/personal/seyedehmalahat_ghoreishi_lut_fi/Documents/Master's%20Thesis/Thesis.docx#_Toc12802854


10 

 

List of Tables 

 

Table 1. The research questions of the study with the objectives ................................................ 19 

Table 2. Design strategies of slow down loops (adapted from Bakker et al., 2014) .................... 31 

Table 3. Design strategies to close resources loops (Bocken et al., 2016)................................... 32 

Table 4. Business model strategies of closing and slowing the resource loops (Bocken et al., 

2016) ............................................................................................................................................. 36 

Table 5. A framework of Industry 4.0 IMS ( adapted from Zhong et al., 2017) ......................... 38 

Table 6. Overview of the three studied organizations .................................................................. 55 

Table 7. List of interviewees in each organization....................................................................... 57 

Table 8. Circular product design strategies of case company A .................................................. 61 

Table 9. Role of AI in circular product design in case company A ............................................. 62 

Table 10.Circular product design strategies of case company B ................................................. 64 

Table 11. Role of AI in circular product design in case company B ........................................... 65 

Table 12. Answers to the research questions ............................................................................... 68 

Table 13. Framework of the role of AI in CE .............................................................................. 69 

Table 14. Key enablers of AI in CE ............................................................................................. 71 

 

 

 

 

 



11 

 

1. INTRODUCTION  

Over the recent years, the Circular Economy (CE) approach has been considerably discussed on 

industrial economy development worldwide and gained attention of scholars, industries and policy 

makers significantly. Ellen Macarthur Foundation (2012) defines the concept of Circular Economy 

as a ñsystem restorative and regenerative by design, which aims to maintain products, components 

and materials and their highest utility and valueò. However, transition towards a circular model 

from linear economy which is ñmake, use, disposeò, needs huge efforts by industries in cooperation 

with governments and policy makers. Although circular business model has numerous economic 

benefits and is considered as a sustainable business model, the concept is arguable since recycling 

the material costs heavily to renew or restore (Macarthur Foundation, 2014). Hence, implementing 

CE in many cases requires certain changes in companiesô business models and generates additional 

challenges for the industry such as asset management, supply chain novelty, organizing new 

logistics for unfamiliar waste products as well as designing manufacturing services and quality 

control (Ramadoss et al., 2018). 

In addition, the design for these aspects increases the challenges and complexity of CE workflow, 

therefore product design development as well as business model improvements are essential to 

accelerate the move towards circular economy (Bocken et al., 2016). Integrating circular economy 

business model at the early phase in the product design process plays an important role in value 

creation together with the supply chain since only minor changes on the products are possible once 

the resources, specifications and activities are being deputed to a certain product design (Bocken 

et al., 2014; Saidani et al., 2019). Accordingly, companies must implement innovative product 

design strategies to narrow or close the resource loops. Moreover, digital technologies such as 

Artificial Intelligence (AI) , 3D printers (three-dimensional printer), Internet of Things (IoT),  and 

Big Data underlined by the fourth industrial revolution (Industry 4.0), can help the industries 

overcome the challenges in transition towards CE (Bressanelli et al., 2018). AI is subset of the 

technologies which asset circular economy to increase product circulation, predictive maintenance 

and smart management (Ellen MacArthur Foundation, 2019). In this study, AI is discussed as an 

accelerator of Circular Economy, enhancing the development of new products and materials by 
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rapid prototyping and testing. This study argues AI as an accelerator of circular economy by agile 

data collecting and testing, helping industries towards circularity.  

1.1 Background 

The theoretical background of the Thesis is described in this section and consists of four 

subsections. The first subsection focuses on the theory of CE, existing advantages and challenges 

for companies. More specifically, this subsection analyses the role of product design in circular 

economy. The second subsection focuses on status of CE in Finland. The subsection pays attention 

to how product lifecycle creates value to Finnish products for CE. The section continues with 

identifying the role of technologies in manufacturing Finnish companies. Subsection three, 

addresses the current technologies enhancing CE and the final subsections illustrates the role of 

AI in CE, focusing on product design.   

1.1.1 Circular Economy  

CE has been recently one of the most promising paradigms. The aim of CE is to ñdesign out waste 

and pollutionò by enhancing circular products, materials and components at the highest value level 

and utility (Prendeville and Bocken, 2016). The benefits of such approach are sustainable, creating 

a net profit of EUR 1.8 trillion in Europe by 2030 (Ellen MacArthur Foundation, 2019). Cohen 

and Muñoz (2016) mention that pursuing of sustaining life requires transition to more sustainable 

consumption and production worldwide. However, despite all the advantages of CE model such 

as keeping materials and products in use, regenerating natural system, environmental 

sustainability, controlling rising of resource costs, etc., the transition towards CE for established 

companies sets major challenges (Alghisi and Saccani, 2015). In more concrete terms, since energy 

and material, product design, manufacturing processes, business models, services and distribution 

processes along with data management should be considered in moving towards CE, the change is 

of high complexity (Ritzén and Sandström, 2017). Companies should change radically and 

innovate their business model by transforming their existing organizational and structural 

conditions in order to move towards a more CE business (Moreno et al., 2016). A circular business 
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model (CBM), indicates to what extent a company is capable to create, deliver or capture the value 

without or within the closed loop (Mentink, 2014). Linder and Williander (2017) identifies 

ñcircularò as a business model in which economic value is optimized after used products are used 

for new offerings. A system-wide innovation is needed in enhancing the transformation of the 

whole economies, companies and industries in adapting the application of a successful CE, to 

change the whole process in value creation (Stahel, 2012). Moreover, in order to move towards 

CE and tackle existing challenges, radical innovations as well as disruptive business models are 

needed (Boons et al., 2013). Five types of CBM that have been recently proposed by Accenture 

(Lacy and Rutqvist, 2016) are as follow:  

¶ Circular Supply-Chain: Looking for resources which are renewable, recyclable and can be 

used in sequential lifecycles 

¶ Recovery and Recycling: To recover by-products and waste out of production process 

¶ Product Life Extension: By maintenance services, updates and repair the products 

¶ Sharing Platform: By rent, share and exchange of non-utilized materials 

¶ Product as a Service: By combining physical products with service components. 

An interaction between all involved actors is needed in CBM as a system-level phenomenon 

(Figure 1), ñincluding both the core-business network and other stakeholdersò (Antikainen and 

Valkokari, 2018). More details for an overview of circular business model types is available in 

Appendix 1.  
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Figure 1. Interaction between actors in a CBM system (adapted from Aminoff et al., 2016) 

Business model canvas (BMC) is the main tool in generating CBM innovation (Osterwalder and 

Pigneur, 2010). Based on the structural business models, BMCs identify and classify the product-

service system characteristics (Barquet et al., 2013). Hence, it is applied in generating most of the 

CBMs. A framework of the circular BMC is presented in Figure 2. 



15 

 

Figure 2. A framework of circular BMC (adaptation from Osterwalder and Pigneur, 2010) 

The goal of product circularity in a CE world is to maximize the value in the products, materials 

and components during the longest time. Product life extension is the central economic and social  

model through repair, refurbishment and remanufacturing (Charter, 2018). The main challenge 

concerning the transition to CE is how to reduce utilization of finite natural resources and to 

promote positive societal and environmental impacts by rethinking of a way to maximize the value 

in products (Kraaijenhagen et al., 2016). Thus, product design plays the key role in creating value 

along with customer value proposition, supply chain, value networks of the companies and 

capturing the value of new offerings (Urbinati et al., 2017). According to Ellen Macarthur 

Foundation (2012), practices on product design allows improving the material selection, 

modularization of the components, standardization of the product design, purer materials flow as 

well as designing for the easier disassembly. Therefore, the key role of CE is that it is good for 

environment, but also beneficial for businesses, trades and job creation. CE is a new economic 

model, which promotes collaboration, removes barriers as well as free exchange of goods, ideas 

and services (Sitra, 2018a). The key point to achieve the future goals of CE is that all levels of 

society (citizens, businesses, multinational organizations and public leaders) should collaborate on 
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all levels, in other words everyone working together. Building an ecosystem of partners is needed 

to achieve the full circular advantages. 

1.1.2 Technologies in CE 

Recent research indicates the emerging role and fast involvement of digital technologies as an 

accelerator of CE to overcome current challenges (Bressanelli et al., 2018). In addition, 

Digitalization can be discussed as an enabler of CE. Digitalization contributes to product visibility 

and intelligence and provides information about assets regarding their location, condition, and 

availability (Antikainen et al., 2018). In CBMs, one of the key roles is to lease, rent and share the 

durable products wherever possible rather than selling them (Bocken et al., 2016; Macarthur, 

2012). Thus, digitalization is the major key in the process of shifting in the direction of product 

service system (PSS). It is proposed as one of the key solutions to accelerate moving towards 

circularity (MacArthur, DE and Waughray, 2016). Moreover, enhancing usage of digital 

technologies such as AI , IoT or Blockchain brings new ways of improving transparency and 

traceability throughout products lifetime (Stankovic et al., 2017). Smart, connected products give 

opportunity to the producers in monitoring, controlling, analyzing and optimizing the performance 

of products and collecting useful data of usage (Porter and Heppelmann, 2014). Accordingly, 

digital technologies as highlighted by Industry 4.0 (the fourth industrial revolution) increase the 

introduction of CE to the companies. Efficient reverse logistics, materials and goods that gain 

second life, accelerates CE concept worldwide with suitable recycling process, which uses limited 

resource (Macarthur Foundation, 2014). Combination of digitalization and novel business models 

innovation may provide significantly new opportunities towards more sustainability for industries 

in terms of value creation, value capturing and CE (Lanzafame, 2015). Sitra (2018b) mentions that 

manufacturing industries can gain tangible benefits by digital reinvention of industry to move 

towards CE.  However, some technologies come with the risks that requires to be balanced with 

their benefits.   
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1.1.3 Artifi cial intelligent and CE  

Artificial intelligent (AI) has gained attention of circular businesses and experts worldwide 

recently. AI enhances CE by monitoring automatically and remotely of the efficiency over the 

manufacturing process and at the end of productsô lifecycle. AI can help in analyzing the massive 

data which is generated during the manufacturing process, use or disposal (Ramadoss et al., 2018). 

Ellen MacArthur Foundation (2019) suggests AI as a complement in humanôs skills and 

capabilities expansion. It can help in fast learning from feedback more efficiently by dealing with 

complexity as well as improve awareness of massive data amounts. Faster and rapid prototyping, 

learning process by repeated designing cycles and feedback collection are requirements in 

accelerating the transition of the complexity of redesigning key features to a better economic 

model. Accordingly, AI can play a significant part in enabling the systematic shift. 

1.1.4 Circular economy in Finland  

According to Sitra (2016), Finland is one of the pioneers in operating models for economic growth 

without over-consumption of natural resources. The CE innovations are expected to represent 

significant opportunities in Finland such as providing Finlandôs national economy in added value 

potential by 2 to 3 billion euros as well as 75,000 new jobs by 2030. Moreover, in all parts of the 

manufacturing value chain, substantial inefficiencies occur (product design, sourcing, 

manufacturing, logistics, marketing and sales, product use and end of life disposal). Sitra (2018b) 

defines that most Finnish products are designed for long-lasting, 50% of Finnish companies that 

report durability of their products are over 20 years, while another 43% manufacturer report their 

productsô lifecycle is between 11-20 years long. The share of gained revenue from long lifecycle 

products is 80% for 65% of companies. Moreover, Sitra (2018b) addresses that technologies have 

a significant role in enabling Finnish companies to deliver CE objectives and are of fast 

developing. Among all technologies, AI techniques such as machine learning show an emerging 

and maturing role in achieving the CE goals of Finnish manufacturing industries. This study 

provides the results of case studies from three different large manufacturing enterprises (electronic, 

food, metal). Study is carried out by presenting and analyzing the current interests in implementing 
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AI to develop the CBMs especially in the phase of product design, lifecycle and maintenance. The 

results may help the companies to have a clear understanding of new opportunities in applying AI 

in their CE strategies and business models. 

1.2 Objectives and scope  

This study aims to understand how AI can enhance developing CE in industry in the product design 

phase, and to identify how companies employ AI in their circular strategies. The need for a CE is 

urgent as the percentage of non-renewable resources is decreasing significantly and the natural 

resource prices volatility is growing (Macarthur, 2012). Implementing CE needs an innovative 

business model to lessen negative impacts on environment and to produce profit in short and long-

term. Geissdoerfer et al (2017) mentioned that long-lasting product design, maintenance, repair, 

reuse, refurbishment; remanufacturing and recycling are the solutions to achieve CE.  

The need for AI technologies can be better understood by analyzing the methods and techniques 

that assets in product design and processes in manufacturing system and to achieve the sustainable 

development goals in CBMs. AI could help designers and material scientists to develop solutions 

that requires fundamental innovation and redesign. Furthermore, the study identifies the ways that 

AI techniques would help businesses to overcome the challenges that one could face in transition 

towards circularity. Finally, the key enablers in applying new technologies such as AI in 

companies is discussed in the study. Two principal research question were formulated and are 

presented in Table 1. This study will answer to the research question based on the literature review 

and case studies. 
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Table 1. The research questions of the study with the objectives 

Research question Objective 

RQ1: How AI can help product design towards 

circularity? 

Å To understand role of AI in designing 

circular products, materials and components 

Å To understand the current status of 

companies in implementing AI technologies 

in their circular business strategies  

RQ2: How AI can help in maintenance 

services in companies towards circular 

economy? 
Å To understand role of AI in maintenance 

services of products towards circularity 

The aim of the first main research question (RQ1) is to understand the current state of technologies 

in Finnish companies. The main aim is to identify to what extent companies are digitalized in their 

CE solutions and how they employ digitalization in their CE processes. Particularly, the way they 

utilize AI in circular product design towards CE. Moreover, the main research questions aim to 

analyze current capabilities of technologies especially AI technologies in developing productsô 

lifecycle as well as future demands for such technologies to achieve the goals of CE. In addition, 

this Thesis identifies the key enablers in employing novel technologies in companiesô CBMs. 

Finally, the study introduces a framework of the role of AI in CE in industries. 

The study answers to the (RQ1) by clarifying the key factors of product design in a circular design 

strategy and introduces the tools for design circular products in the literature review. Additionally, 

the study defines the role of novel technologies in designing long-lasting products in the literature 

and analyses the status of the companies in the empirical part of the study. The role of AI in CE is 

defined in the literature and is analyzed in the case studies. The aim of the second main research 

question (RQ2) is first to identify the technologies that are utilizing the maintenance services in 

companies, and how they help and accelerate companies in delivering their CE objectives. 

Specifically, how AI techniques are implemented to help maintenance services. The study answers 

to (RQ2) based on the literature review on identifying the ways AI techniques can help in 
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accelerating maintenance services. The study analyses the status of AI in maintenance services in 

manufacturing companies in the empirical section.  

1.3 Execution of the study 

This section describes the execution of the study. According to Saunders et al. (2009), the 

execution of a study consists of research strategy, time perspectives in addition to data collection 

and analysis strategies. The execution of the study consists of two main research phases. Research 

process, timetable and the purpose of each phases are summarized in Figure 3. The research has 

been conducted between January and June 2019. The first phase is the theoretical part of the study 

based on literature reviews and aims to get the main idea behind the concept of circular product 

design to identify the current CBMs and strategies. In particular, literature review helps to 

understand the roles of technologies in CE. In addition, how technologies can help companies to 

overcome the challenges towards their CE objectives are reviewed in the theoretical background 

in the literature review. Moreover, the literature review aims to collect theoretical background on 

the role of AI in CE, in the phase of product lifecycle. 

 

Figure 3. The execution of the study 

ÅCircular design 
concepts, business 
models

ÅTechnologies in CE

ÅArtificial intelligence in 
CE

1. Literature review 

ÅTo identify the interests 
of companies in 
implementing artificial 
intelligence techniques 
in their CE solutions

2. Qualitative interviews, 
case studies 

ÅCurrent state of AI in 
CE in companies 

3. Final results
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The empirical part of the study consists of three qualitative case studies including semi-structured 

interviews with the experts in three different manufacturing companies. This phase aims to collect 

the knowledge, experiences and cognition about current CBMs in companies and to realize the 

gaps if there would be such. Moreover, the aim is to identify and collect the opinions of 

professionals about the current technologies enhancing CE, and in more detail, to figure out the 

role of AI in CBMs. Due to privacy policies of the companies on their strategies in product design, 

it was not possible to have interview with the experts in technical departments and product 

designers. Therefore, data collection in this era is based on the accessible data on the companies 

open resources and platforms. In the end, the results are conducted and analyzed based on 

theoretical and empirical implications. The structure of the study and methodology are introduced 

in more details in chapter four.  

1.4 Structure of the thesis 

The structure of the thesis is presented with an input-output scheme in Figure 4. The thesis is 

divided into seven sections. The introductory part gives a brief overview of the CE concept, 

introducing the background, scope and target of the study. The first chapter discusses the main 

purpose of the study, presenting the research questions as well as introducing the key concepts of 

the thesis. The second section analyses product design strategies in CE. The third chapter explores 

the roles of new technologies in CE, focusing in AI techniques and provides the clear 

understanding of the role of AI in productsô lifecycle. Three case studies and qualitative method 

are presented in the methodology section (chapter four). The results are addressed in section five, 

which provides the main observations from the research data. In chapter six discussions are 

summarized and describes how to enhance circular business models by help of AI. Conclusions 

are drawn in the final section, summarizes theoretical and empirical implications and gives 

recommendation for further research areas.  



22 

 

 

Figure 4. The structure of the Thesis 
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2 CIRCULAR PRODUCT DESIGN  

According to European comission (2012), all the products during their lifecycle have an impact on 

environment in all the phases from the use of raw materials and natural resources, manufacturing, 

packaging, transport, disposal and recycling. The environmental impact of over 80% of the 

products is determined at the phase of design. Principles of CE which are shown in Figure 5 are 

inspired by natural systems and are briefly identified as follow: design out waste, shift to renewable 

energy sources, build resilience through diversity and think in system (MacArthur, 2013). 

According to (Bakker et al., 2014), ñcircular product design: elevates design to a system level, 

Strives to maintain product integrity ; is about cycling at a different pace , explores new 

relationships and experiences with products , and is driven by different business models ò. Product 

design plays an essential role in CBM and affects the companyôs competitive advantage (Lin, 

2018). In this section circular product design strategies are described and a product design 

framework for circular design business model is presented. 

 

Figure 5. Circular Economy Principles (adapted from MacArthur, DE and Waughray, 2016) 
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As can be seen in Figure 6, the five main characteristics of circular products from the inner loop 

to the outer loop are Future proof, Disassembly, Maintenance, Remake and recycling. CE closes 

the loops by several circles to address the unsustainable resource. However, it only happens if the 

systems uses renewable energy sources to recycle the total of the resources in its entirely without 

inquiring in quality losses (MacArthur, 2013). If these conditions are not fulfilled, a time aspect is 

required to slow down the process. Reducing the needs for new products could help in this 

situation, manufacturing durable and functional products which can be used longer could be an 

example of this (Van den Berg and Bakker, 2015). 

Next phase is disassembly, which is considered as the initial stage of the majority of the actions 

carried out on the products to elongate their lifetime or to create new materials. Optimization of 

products through disassembly at the design stage can be best done where 80-90% of disassembly 

gains are determined (Desai and Mital, 2005). However, non-destructive disassembly is prioritized 

for maintenance and remake, whereas for recycling destructive disassembly is more appropriate 

(Peeters et al., 2012). Third step is maintenance, which belongs to the aspects of delivering 

performance in the use phase for as long as possible. It consists of cleaning, repairing and 

upgrading. 
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Figure 6. Circular product design model (adapted from Van den Berg and Bakker, 2015) 

From a design perspective, optimal maintenance can be achieved by designing a product with 

lifetime prognostics, which help to predict productôs functioning in the future (Van den Berg and 

Bakker, 2015).  Fourth phase is remake, which belongs to extended use of components and 

includes all the actions related to returned products from buyers. Parker (2007) points out that 

since refurbishment, remanufacturing and reconditioning are diversely understood in each sector 

of industry, remake can be used as an umbrella in this term. In order to achieve affective repair 

and upgrading, modules should be defined precisely; therefore, modularity is a key role in remake 

stage (Van den Berg and Bakker, 2015). Final phase is recycling in which materials are recovered 

at end of-life and it is the final opportunity to recuperate remaining value of the product or 

component. In a CE, recycling is mandatory for all the products. Recyclability is dictated primarily 

with the choice of materials and the extent to which components can be separated from each other 
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(Bakker et al., 2014). Moreover, the bio cycle, where biological matter is added, is placed next to 

recycling circle. The facility to separate and recover materials is noteworthy from the design point 

of view (Van den Berg and Bakker, 2015) 

To summarize, circular product design, designs products that last and use longer (future proof), 

can be disassembled, maintained, remade (components) and recycled (materials). Figure 7 

presents a circular product design vision that can be used as a tool during design process.  

The figure can be briefly described as follow: 

¶ Make the product future proof for endless performance and adaptability. 

¶ With design for disassembly  

¶ Easy maintenance for optional performance 

¶ Modular design to remake products 

¶ And optimizing for recycling at end of life 

 

Figure 7.Circular product design vision (adapted from Van den Berg and Bakker, 2015) 
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A guideline list for circular product design is available in Appendix 3. The guideline can be used 

as a tool in product design process and is translated into a spider map which is presented in Figure 

8. This tool can help in the processes where there is a lack of detailed information on the first 

stages of product design. The spider map can be used in discussion within a design team to define 

the aspects that requires consideration for CE and to realize on which area and what degree the 

product needs to be improved (Van den Berg and Bakker, 2015). As it is shown in the figure, the 

words along the axes, from center to the end, shows the increase in circularity. In this section, three 

tools have been introduced to help product designers in different ways. The circular design vision 

presents a quick-scan approach, while guidelines can be used in detailed design and the spider map 

can aid designers to compare products. 

 

Figure 8. Spider map for designing circular products (adapted from Van den Berg and Bakker, 2015) 
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CE aims to circulate the products at their highest value level, thus circular design strategies and 

business models play a key role for the companies that want to move from a linear to a CE model. 

Governmental organizations together with business representatives state a significant growing in 

pressure on global resources as well as climate (IPCC, 2014). Since product designs in is the key 

factor in the early stages of product development processes, designers play an important role in 

providing possible changes of disposal and to make better relationship between users and products  

(Lofthouse, 2004). The characteristics of such a product has a direct influence on the value chain 

creation and the way it is managed (Bevilacqua et al., 2008), thus design has a vital role to support  

closing the loops in supply chains (Souza, 2013).  

Figure 9 shows that since markets are changing fast and the diversity in consumer products is 

increasing, in order to have a better customer-driven market, the production-oriented approach 

shifted to market-oriented (Lin, 2018). More consideration on environmental aspects and 

consumer factors, strengthen product design and development (Durai Prabhakaran et al., 2006). In 

addition, according to Lin (2018), marginal profits of products and services will increase by 

utilizing CE. 

 

Figure 9.Value chain of product design and development (adapted from Lin, 2018) 
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Factors such as existing technical level, supply chain, transport, development strategies, future 

planning, policies and regulations and public awareness should be taken into account  for a more 

affective practice of the CE . McDonough and Braungart (2002) discuss the importance of closing 

the loops both technically and biologically in a ñcradle-to-cradleò or CE rather than cradle-to-

grave. Next sections will  provide a literature review of product design strategies and connection 

of Industry 4.0 and CE for businesses.  

2.1 Circular design strategies 

Vanegas et al.(2018) defines three product design in the vision of CE: ñincreasing material 

efficiency, product life extension, improving recycling efficiencyò. Moreover, Ellen MacArthur 

Foundation (2019), argues features such as disassembly, upgradability or recycled content should 

take into consideration to design the products, components and materials towards circularity. 

Bocken et al.(2016) divided CE into three fundamental categories of narrowing, slowing and 

closing the resource loop. Narrowing loops is related to resource efficiency which aims to use 

fewer resources per product. Since the current strategies in narrowing the loops do not affect the 

speed of product flow, narrowing is not an aim of circularity, but can be used to reduce the products 

and processes resource usage (Bocken et al., 2016). Slowing loops focuses on designing long 

lifetime products and related activities to use and reuse products and materials for longer time. 

Moreover, circulating the materials by extending the lifetime of a product can generate revenue 

(Pocock et al., 2011). Closing loops is about recycling of goods and removing óleakagesô from the 

system (MacArthur, 2013). A circular flow of resources happens by recycling that closes the loop 

between post-use and production. Figure 10 shows the three major strategies for design  as defined 

by (Bocken et al., 2016) and will be illustrated in detail in the next subsections of this section. 
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Figure 10. Strategies of slowing, closing and narrowing the loops (adapted from Bocken et al., 2016) 

According to Atlason et al. (2017), in order to gain the proper function of these strategies in End-

of-Life design, producersô intention should be aligned with usersô handling the end use of product. 

If the priority for consumer is to repair and reuse the product, it is not desirable for producer to 

design for better recyclability. Essoussi and Linton (2010), mention the willingness of users to 

purchase products with reused or recycled was related to the perceived functional risk of products. 

Therefore, where the perceived risk is high and the margin price is low, users like to buy new 

products. Moreover, usersô tolerance to uncertainty defines the willingness to pay for the perceived 

quality of refurbished product (Hazen et al., 2012).     

2.1.1 Design strategies for slowing loops 

In slowing resource loops strategies (Table 2), slowing down the flow of resources is ensured by 

extending the utilization period of the product. Based on the concept of slowing loops which aims 

to prolong usage of materials over time, functionality is preferred than ownership. Design for 
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attachment and trust or ñdesign for emotional durabilityò, relates to producing the goods and 

products to be loved, liked or trusted longer. In other words, developing long-lasting partnerships 

(Champan, 2005). Design for durability refers to physical durability; therefore, durable material 

selection is one of the important parts of the design processes. Moreover, design for reliability 

relates to likelihood of productôs functionality without failure in a specific period of maintaining 

in accordance with the manufacturerôs instruction (Moss, 1985, p. 17). The second design strategy 

in slowing loops focuses on life-extension of the products. Design for ease of maintenance and 

repair concerns the services which extend product life such as reuse of products by repair, 

maintenance, etc. Designing the products for the purpose of repair and maintenance allows 

products to maintain their high quality. Products retain the functional capabilities in maintenance 

through inspection or service task performance (Linton and Jayaraman, 2005, p. 1814).  

Table 2. Design strategies of slow down loops (adapted from Bakker et al., 2014) 

Designing long-life products Design for product-life extension 

Å Design for attachment and trust 

Å Design for reliability and durability  

Å Design for ease of maintenance and repair 

Å Design for upgradability and adaptability  

Å Design for standardization and compatibility 

Å Design for dis- and reassembly 

Furthermore, repair refers to keep the products in a goo condition after a decay (Linton and 

Jayaraman, 2005, p. 1813). The aim of the second strategy of product life-extension design is to 

allow further expansion and modification. Upgradability refers to the ability of the product to 

remain functional under changing condition through value improvement and improving quality or 

effectiveness, etc. (Linton and Jayaraman 2005, p. 1814). Third strategy, design for standardization 

and compatibility, focuses on creating products with the parts that are usable in other products .In 

addition, in designing products for dis- and reassembly, the aim is to manufacture the products and 

parts that can be simply separated and disassembled (Bakker et al., 2014). In order to increase the 

future rate of reusing components and materials (Wilson, 2010). 
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2.1.2 Design Strategies for closing loops  

The second major design strategy is for closing the resource loops. Ayres (1994) argues that there 

are two possible ways for materialsô end of life: recycle and reuse, dissipative loss. McDonough 

and Braungart (2002) distinguished two different strategies for product design, technological and 

biological cycle. ñBiological cyclesò relate to dissipative losses, while the materials that fit 

ñtechnological cycleò are made for recycling. Table 3 summarizes Closing Loops Design 

Strategies. The first strategy suits the products that deliver a service. In technological system 

designing, designers aim in developing the products in a way that the recycled materials can 

consistently be used as new materials (Boulding, 2013). In design strategy for a biological cycle, 

products are made for consumption. 

Table 3. Design strategies to close resources loops (Bocken et al., 2016) 

Design strategies to close loops 

¶ Design for a technological cycle 

¶ Design for a biological cycle 

¶ Design for dis- and reassembly 

The third strategy is contributing to Design for a Technological and Biological cycle by ensuring 

the products and parts that can be disassembled and separated simply, essentially in separating 

materials that enter different cycles (Bakker et al., 2014). Figure 11 shows an example of each 

resource cycle.  
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Figure 11. Resource cycles (Christian Wahl, 2016) 

2.2 Circular business model innovation strategies  

In a circular approach, the goal is to generate profits from the flow of products and materials 

instead of creating profits from selling the products (Bakker et al., 2014). Therefore, CBMs can 

enable feasible economical ways in reusing the products and materials constantly (Bocken et al., 

2016). Business models define the way organizations do businesses and are considered as an 

important driver for innovation (Margetta, 2002). Business models innovation describe the 

organizational structure of a company (Wirtz et al., 2016) which refers to the way a firm makes 

value out of resources (Teece, 2010). Chesbrough (2010) distinguishes that while companies 

allocate vast investment on commercializing for innovative products and technologies through 

their business models, the capability of making business model innovation through which these 

innovations will pass is limited. 

According to Teece (2010), as technologies or products do not guarantee the business success by 

themselves, each product development effort requires developing business models which defines 

the strategies of ñgo to marketò and ñcapturing valueò. Transition to a CBM requires a new way 

of thinking and doing business, therefore it is a radical change for companies. CBM aims to create, 

deliver, and capture value by implementing circular strategies which be useful in prolonging 
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products and components lifecycle and to close the material loops (Nußholz, 2017). Business 

model design requires the focus on business models that can create and recreate value with less 

environmental impact along the product lifecycle. Schenkel et al. (2015) mention that 

organizations can capture revenue stream multiple time through the lifecycle, for instance through 

extended spare part. Therefore, separate value creation architectures are required in creating and 

capturing value from closing the loops or prolonging products and components useful life. Figure 

12 illustrates how the elements of the business models are designed to support in each cycle in 

maintaining value and utilization. 

 

Figure 12. A conceptual framework for CBM (adapted from Nußholz, 2017) 

According to Antikainen and Valkokari (2018) ñ Circular business model innovations are by nature 

networked: they require collaboration, communication, and coordination within complex networks 

of interdependent but independent actors/stakeholdersò. The key factors for CBM innovation 

which are on top of customer superior value are ñresource efficiency, resource 

longevity/effectiveness and economic growthò (Geissdoerfer et al., 2017). 
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Moreover, CE-oriented business model innovation might create work enrichment or social 

relevance value (Pieroni et al., 2019). According to (Urbinati et al., 2017), circular design options 

can develop downstream circularity , therefore they might be part of business model innovation. 

Linder and Williander (2017) defines CBM as a return flow from the user to the producer, therefore 

the concept overlaps with the concept of closed-loop supply chains and involves refurbishment, 

renovation or repair. A framework for sustainable CBM innovation is shown in Figure 13. 

 

Figure 13.Sustainable CBM framework (adapted from Antikainen and Valkokari, 2018) 

Since CE oriented business model adds uncertainties and complexities to conventional business 

model, new variables such as reverse on top of forward logistics, timing of return of resources, 

quantity and quality as well as customers perceptions and preferences should be considered  in 

building a CBM (Bocken et al., 2018) . According to Urbinati et al. (2017), there are three different 

ways in integrating circular principles in business models: downstream circular (new schemes and 

customer interface make alternative value), upstream circular (change the value creation systems) 

and fully circular (combination of downstream and upstream principles). Table4 presents the key 

business model strategies for slowing and closing the resource cycles defined by Bocken et al. 






































































































