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” To raise new questions, new possibilities,  

to regard old problems from a new angle,  

requires creative imagination and marks  

real advances in science”.  

 

 
Albert Einstein 

  



 
 

Abstract  

 
Growing attention is given to Circular Economy in the context of business and in academia because of the 

opportunities developed in the long-term. The Circular Economy is based on a holistic, system perspective of 

businesses, which includes both the internal activities and the synergies that can be created between companies.  

 

The urgency of action has been set by the European political agenda through the creation of new policies and 

regulations. Thus, public and private co-operation is crucial in converting challenges into opportunities at a 

regional level. Nevertheless, policy makers have showed slow adaptability to the new Circular Economy. The 

initiatives tend to apply circular business practices without addressing the whole system, limiting to the micro 

level. This thesis investigates how Danish small and medium-sized enterprises entangle Circular Economy value 

drivers with technological innovations to bring increased value to society and environment. 

 

The research is based on a multi-case study and illustrates how Danish small and medium-sized enterprises are 

providing solutions that promote the transition towards Circular Economy. Circular companies are facing different 

challenges in shifting from a linear to a Circular Economy model to the consumption of materials and products. In 

order to extend their life cycles, innovative techniques have to be employed. It is found that there exists no 

common ground of communication between product design and cycling activities and across the stakeholders 

because of different understandings of Circular Economy. In this sense, the use of technological innovations with 

a specific focus on Internet of Things technologies would increase the transparency across the value chain.  

 

The thesis concludes that companies have to drive technological innovations and business practices for the 

benefits of the society and environment. Yet, end-users need to be educated to become conscious consumers. It 

is suggested that this alignment can be achieved through the cooperation of actors throughout the Servitization 

of business models by adopting Product-Service Systems and exploiting possibilities opened by Internet of Things.  

 

  



 
 

Reader’s Guide 

 
The reader’s guide settles the sequence of the main parts of this thesis. The guide helps the reader in following 

the structure of the paper. 

 

Part 1. Setting the Scene 
In the first part is introduced the topic of Circular Economy, explaining why a shift from the linear to circular 

consumption pattern is needed. The purpose is to define the research area where the study takes place and sets 

the problem statement with its research question, three sub-questions and scope delimitation. It also points out 

the methodological choices coherent to the scope of analysis. Further, it introduces the theoretical framework 

used in the analysis and defines the areas of the literature from which this thesis has been developed. From the 

studies reviewed, are selected three main frameworks that are combined and linked to answer the three sub-

questions: Butterfly Diagram, ReSOLVE Framework and Tukker’s Eight-Types of Product Service Systems (PSSs) 

extended with Garvin’s Eight Dimensions of Quality. 

 

Part 2. Case Study-Analysis 
The analysis starts by considering its approach and unfolding the different perspectives taken into account. Then, 

it is also presented the national and regional context in which the analysis takes place. The analysis is divided in 

three parts which correspond to the three sub-questions presented in the problem formulation. In the first part is 

applied the Butterfly Diagram in order to assess the role of the case companies within the Circular Economy. In 

the second part, the ReSOLVE framework describes how the case companies implement their businesses from a 

strategic perspective. In the third part, both Tukker’s Eight-types of Product Service Systems and the extension 

Garvin’s Eight Dimensions of Quality are applied in order to understand how PSSs and IoT can solve the challenges 

of Circular Economy. 

 

Part 3. Findings and Conclusion  
In the final part of the thesis are discussed the findings of the analysis. Here are also presented the 

recommendations, as a result of the findings obtained in the analysis. The recommendations delineated are 

addressed towards case companies and policy makers. The research ends with conclusion, divided between 

theoretical and empirical implications. Limitations follow the conclusions clarifying the overall shortcomings of the 

work, creating the base for future research.  
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1.Introduction: The Necessity of a New Transition  

From Linear to Circular 

Between 1900 and 2009, industrialization led to a ten-fold increase in global material use and a seven-fold increase 

in domestic energy consumption in Europe (Krausmann et al., 2009). The last 150 years of industrial evolution 

have been dominated by a one-way or linear model of production and consumption where goods are 

manufactured from raw materials, sold, used, and then discarded as waste. This model has been successful in 

providing affordable products to consumers and material prosperity to billions (Ellen MacArthur Foundation, 

2013). This linear model relies on large quantities of cheap, easily accessible materials and energy (Europarl, 2015).  

 

Moreover, it is estimated that approximately 60% of the global population will live in an urban environment by 

2020, driven by a larger possibility to benefit rising incomes. This puts enormous pressure on earth`s environment 

and on its finite resources which are becoming more difficult to extract and challenges the global sustainability of 

production (UN, 2015). Furthermore, Europe imports about 60% of its fossil fuels and metal resources, and the 

European Union (EU) has put twenty materials on its critical list in terms of supply security. In addition, China has 

stopped importing plastic waste which dramatically changes the “river” of plastic waste. China shifted from 

importing 1,258,000 tons of plastic waste to only 70,000 within only a 12-month period. As China has issued a 

restriction on the plastic waste the equilibrium for the whole plastic recycling industry has changed. Thus, it also 

creates an opportunity for European plastic recyclers to improve the efficiency of their recycling processes 

(Financial Times, 2018).  

 

The Circular Economy (CE) is gaining increasing attention in Europe and around the world as a potential way for 

society to increase prosperity, while reducing dependence on primary materials and energy. The EU-Commission 

(2015) published the Action plan on Circular Economy, a road map that should start an agenda where the objective 

is to change the linear production and consumption into a circular one. Moreover, consequently to China’s plastic 

waste restriction, the European Commission presented its “Plastics Strategy” in January 2018. Most importantly, 

the “Plastic Strategy” pushes companies to improve the recyclability of their products while reducing single-use 

plastics and micro-plastics (European Commission, 2018). 

 

As Europe does not have a large quantity of mines where natural resources can be sourced which leads to higher 

pressure on virgin resources in the rest of the world, higher and more volatile prices on minerals and materials, 

the European competitiveness creates a matter of concern. This is one of the main reasons for the EU-Commission 

to take this pathway whilst at the same time a debate is going on about the attractiveness of a CE for different 

stakeholders and its implications for employment, growth, and the environment. Furthermore, in 2015, countries 

adopted the 2030 Agenda for its 17 Sustainable Development Goals (SDG´s). The SDG´s the global challenges, 

including those related to poverty, inequality, climate, environmental degradation, prosperity, peace and justice. 

Implementation and success will rely on countries’ own sustainable development policies, plans and programs, 

and will be led by countries (UN, 2015). 2016 the Paris Agreement on climate change followed into the force, 
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addressing the need to limit the rise of global temperatures. With this respect, the EU Commission has requested 

European corporations and small medium size enterprises (SMEs) to rethink their businesses and to find new 

innovative paths of doing business with less negative consequences on how resources are sourced for a continued 

production. 

The core belief is that growth in the 21st century will not be about managing trade-offs between making profits 

and conserving the environment. Instead, Information Communication Technologies (ICT) and Business Models 

(BM) will allow companies and countries to use natural resources more productively and to leverage that ability 

as a new source of value and influence (Ellen MacArthur Foundation, 2015). The Circular Economy movement 

encourages businesses, organizations and individuals to look at all their processes and habits to minimize 

consumption and waste. CE enabled by the technology revolution will allow Europe to grow resource productivity 

by up to 3% annually. This would generate a primary resource benefit of as much as €0.6 trillion per year to 

Europe’s economies by 2030 (McKinsey & Company, 2015).  

 

The current research show that the intersection between CE and ICT is a small, but fast-growing research area 

that is still in a pre-paradigmatic stage, as it is still adopting concepts from other fields and is lacking concrete case 

studies. Hence, there is a gap of evaluating the digital technologies’ interplay and the importance of its role in the 

transition towards a more circular – and less linear-economy. There is limited knowledge on how new digital 

technologies and capabilities such as the Internet of Things (IoT) can be leveraged to support the transition to CE. 

In recent years, digital connectivity has grown rapidly, impacting heavily on our society, people, products and 

systems. Connected assets have risen in number: estimates forecast that there will be 25 to 50 billion connected 

devices by 2020 (Columbus, 2018). A growing body of this research indicates that IoT offers a trillion-dollar 

opportunity, brought by improved production and distribution processes and a significant shift in the way products 

are utilized. These impressive numbers hide opportunities and prospects, whilst also creating new challenges for 

regulators and policy makers. To achieve that, companies need to shift from a product focus towards an 

orientation that combines products and services as well as contributes to the sustainability goals. Thus, companies 

also need to redefine the way they capture, create and deliver value (Ellen MacArthur Foundation, 2016).  

 

The following work examines of low-tech and high-tech SMEs: Kaffe Bueno, SvampeFarm, Plastix, Schoeller Plast, 

Refurb. The case companies are focusing on effective design and use of materials in order to optimize their flow 

and maintain or increase technical and natural resource stocks. Two start-ups are attempting to re-enter spent 

coffee grounds (SCG´s) into the biological nutrient cycle. Kaffe Bueno is extracting oil for the cosmetic industry, 

whereas SvampeFarm is focusing on small-scale domestic farming. Sprout is producing biodegradable and 

plantable pencils. On the technical side the case companies are attempting to re-enter technical nutrients into the 

technical cycle. Plastix is recycling old fishing nets and sea ropes into HDPE and PP plastics raw materials. On the 

other hand, Schoeller Plast is recycling plastic and then reusing the same materials to create durable beverage 

boxes. Refurb is maintaining and refurbishing hardware and electric appliances. In order to ensure the reliability 

of our investigation, the researchers also talked to several external experts. The researchers conducted interviews 

with a Danish Circular Economy expert, a Plastic Industry Leader and an Environment and Food Minister assistant. 

Moreover, to have a better understanding of the IoT technology, the researchers conducted an interview with 
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Wastecontrol which provides an efficient waste collecting service by placing sensors that can detect the filling 

level of containers. Hence, the company collects only almost full waste containers, optimizing the logistics. For an 

overview of IoT implementation strategies in business practices, researchers also had a discussion with an 

engineer from the design company Arup. 

 

After the introduction, in the second chapter, the paper will provide an account of the methodology approach, in 

the third chapter researchers will contrast the traditional linear trajectory of producing consumer goods, with a 

companies’ ways of recycling waste, using the Butterfly Diagram and ReSOLVE Framework.  Furthermore, the 

chapter, continues with Business Model theory, especially Servitization will investigate how to achieve a better 

control of the value chain and to create, capture and deliver value both for customers and firms. In the fourth 

chapter, above mentioned concepts will be analyzed and applied to a growing interest in studying how to merge 

Circular Economy and ICT concepts in the most effective way possible. Therefore, the researchers will do the 

technology assessment using the Garvin's Eight Dimensions. Lastly, fifth chapter will present the findings, and 

evaluated by their reliability by looking at the limitations of the research methods. In the end the researchers will 

conclude the paper with proposed recommendations and further research. 

 

1.1 Problem Statement  

Unlocking the Potential  

This chapter links the introduction of this work to the research question. It will explain how the context mentioned 

above creates a research problem that can be analyzed. Hence, the research question and sub-questions are 

presented. Finally, are mentioned the delimitations of the research scope. 

 

The data reported display that both practitioners and scholars should have an interest in deepening the knowledge 

on the topic. The objective is to discuss the gap between the value drivers of circular business practices and digital 

technologies. The emergence of innovative business models leads to synergies across industries and communities 

that reveal new fields of sustainable value creation, such as selling services as products, recovering resources from 

waste, sharing assets, and producing green supplies. In the present work case companies’ challenges from the 

internal and external environment are analyzed. The goal is to indicate the value creation opportunities that are 

emerging from this interplay and to give a directional perspective on potential opportunities in the medium to 

long-term. The research approach is represented by the conceptual model (Figure 1). However, in practice, the 

level of decoupling resources and how the circularity can be achieved depends on available technology and the 

willingness to pursue circular systems through changes within business models. Therefore, through the analysis, 

the aim is to present the opportunities and challenges unleashed by these interplays. Based on the findings, 

practical application will be provided on how to effectively benefit from circular economy by using new business 

practices (such as Servitization) and technological tools (IoT) to enhance business performance. 
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Figure 1: A representation of the Conceptual Model. Own creation. 

 

 

The above considerations are condensed by shaping the following research question: 

 

How Danish SMEs can optimize their circular businesses by integrating Servitization strategies 

enabled by technological innovation? 

 

Additionally, this research question can be divided within three sub-questions: 

 
1. What role do Danish case companies play in the circular economy in which they are operating? 

2. What business practices allow the case companies to operate within the Circular Economy?  

3. How the case companies can enhance their circular business operations with PSSs by integrating IoT? 

 

The research question together with the three sub-questions also gives an understanding of the scope of the 

present research.  
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1.2 Delimitations 

The Scope of the Research 

The purpose of this section is to clarify the delimitations of the present research. The scope of the research has 

been carefully restricted to gain a deep understanding and build valuable findings. 

 

First, it has been chosen to focus on a companies’ perspective, excluding the psychological factor and behavioral 

processes that affect customer choices. Second, the international dynamics and macroeconomic dimensions have 

been excluded from the present work, as the focus lied mostly on a national dimension. International elements 

have only been considered when they have had a direct repercussion on national initiatives (e.g. EU Commission 

directives, China Plastic import restriction). Third, the research deals with Danish SMEs, keeping out multinational 

companies. This is because SMEs have shown to be more willing and open in transitioning from a linear to a circular 

economy. Big multinational companies’ bureaucracy, complex structures and automatized internal processes have 

kept them more rigid and less subject to the circular transition. In fact, established firms have hierarchical 

structures and processes that make it difficult to shift rapidly (Kotter, 2012). Finally, the focus aims attention to 

IoT but without assessing an infrastructure evaluation that would have been also conducted in analyzing the 

regulatory environment and technical standards. This goes beyond the expertise of the researchers and the 

environment in which this work has been formulated. 

 

Overall, the present research does not aim to create a precise roadmap for companies that want to shift from a 

linear to a circular economy. Instead, the analysis focuses to identify challenges and opportunities that the case 

companies have found in order to maintain their business circular model or to scale them up. Nevertheless, market 

mechanisms will need to play a dominant role, supported by policy makers, educational institutions and popular 

opinion leaders. 

 

All in all, by defining the scope delimitations, the researchers of the present work aim to address the problem 

statement more precisely. This will allow the analysis to be narrower in scope, and, therefore, create more 

valuable findings. 

  



14 
 

2.Methodology 

2.1 The Research Onion Approach 

The present chapter analyses and describes the rationale and the strategy of the research, explaining the 

underlying key choices and the methodological process used to reach a fulfilling answer to the research question.  

 

 
Figure 2: The Research Onion. Adapted from, by Saunders, Lewis, & Thornhill, 2007. 

 

In this process, the researchers of the present work have followed the illustration commonly known as the 

“Research Onion” (Saunders, Lewis, & Thornhill, 2007). The Research Onion Framework is the representation of 

the research process and portrays all the issues that have to be taken into account when conducting research. The 

research onion is represented in Figure 2. 

 

By applying this framework, the researchers are qualified to state that the present work follows both 

interpretivism and positivism for its philosophy of science. Moreover, abduction has been chosen as the approach 

to theory development. The methodological choice that has been selected is a mixed method complex design. The 

research strategy is multiple case study with a cross-sectional time horizon. Finally, the diverse data collection and 

data analysis techniques will be presented. 

 

The methodology section is structured as it follows. First, the philosophy of science is described and then the 

research approach is discussed. Subsequently, it dives into the methodological choice, strategies, and time 

horizon. Thus, it proceeds by analyzing data collection and data analysis. Later, research purpose and data quality 

considerations are outlined. Lastly, the methodological limitations are defined. 
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2.2 Research Philosophy 

A Multidimensional Perspective 

In this section the researchers define the research philosophy that has been selected. This will help the researchers 

to find a way in which data should be collected, analyzed and exploited in the research process.  

The research philosophy consists in describing the development and essence of knowledge (Saunders et al., 2012). 

This requires both ontological and epidemiological reflections. Within the scope of business, the following 

philosophies are dominant: pragmatism, positivism, critical realism, interpretivism and postmodernism. In order 

to choose the most appropriate it is fundamental to divide the evaluation across four levels. These levels embody 

the assumptions about human knowledge (epistemological assumptions), about the realities they encounter in 

their research (ontological assumptions) and the extent and ways they influence their research process (axiological 

assumptions) (Saunders, Lewis & Thornhill, 2007; Guba & Lincoln, 1994). These assumptions profile the way of 

intending the research question, the data collection method and the results of the research (Crotty, 1998). This is 

important in order to understand the link between the philosophy of the research and the method (Alvesson & 

Sköldberg, 2000). The researchers will not review all the philosophies proposed by academics. Instead the 

researchers will present the two philosophies of which share some principles in their research: interpretivism and 

positivism. This is consistent with the most recent contributions from literature that encourage the researchers to 

undertake a multidimensional perspective rather than separate positions (Niglas, 2010). 

From an epistemological point of view their research approach is closer to the interpretivist approach. In fact, the 

research has emphasized the importance of culture as a requirement to the shift to the Circular Economy (CE). 

Moreover, collected data from different groups of actors involved in order to create unique interpretations of 

social worlds. The analysis combines both an internal and an external perspective of the discussed phenomenon. 

 

From an ontological point of view the research supports positivism, because the research is designed in order to 

capture reality in the most objective way possible. For instance, the benefits unleashed by the CE are tangible and 

are not influenced by human interpretations or biases. In addition to this, within the data analysis techniques, the 

NVivo software was used for qualitative analysis. This tool has added objectivity to the way data have been 

interpreted. 

From an axiological point of view the research belongs to the interpretivism approach as the researchers interpret 

the research materials and data. In doing so, the researchers of the present work will enter the social world of the 

members of the case companies and will interpret that world from their point of view. 

 

Hence, after reviewing the different levels of assumptions, it is possible to assert that the philosophy of research 

is interpretivism, although it displays positivist ontological assumptions. By applying two philosophies of research, 

the present work accomplishes a multidimensional perspective over the knowledge development. 
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2.3 Approach to Theory Development 

An Iterative Path 

In this section the approach towards generalization is discussed. Different perspectives provide specific lens 

through which phenomena are explored. More specifically, it is conveyed that an abductive approach is followed 

for theory development.  

 

With this regard, literature provides three principles of reasoning: deductive, inductive and abductive approaches 

(Saunders et al., 2012). After having briefly reviewed the three principles following Saunders et al. (2012), the 

researchers explain the reasoning that lead to the choice of the abductive approach.  

 

The deductive approach aims to explain causal links between concepts and variables. In order to pursue its aim, it 

starts by establishing a theory from a pattern. Subsequently, it extracts a number of hypothesis, which will be 

tested by observation. Hence, following a deductive approach requires an extremely high degree of reliability and 

replicability to be achieved. However, the inductive approach addresses the chosen research gap in a determined 

case or situation by collecting primary data and observations. Subsequently, it extracts a theory from the data 

collected. Finally, the abductive approach moves either from observations to theory or from theory to 

observations, in an ongoing process, iterating and combining deduction and induction approaches and constantly 

moving from the empirical to theoretical dimensions of analysis (Suddaby, 2006).  

 

In view of the approaches to theory development presented above, the researchers of the present work have 

chosen the abductive approach. The abductive reasoning began with an incomplete set of observations and 

proceeded to the likeliest possible explanation for the set. The researchers aim at producing new findings based 

on the evidence and data extracted from semi-structured company interviews, experts and leaders in their fields. 

The choice of pursuing the abductive approach stems out the nature of our research which deals primarily with 

human affairs, not allowing for predictions in the outcomes. Moreover, this approach allowed the researchers to 

challenge their assumptions on the basis of the interviews, excluding a biased analysis. 

 

Thus, it has been concluded that different approaches suit different paths of research. In the case of this work, 

the abductive approach to theory development has been selected in order to allow an iterative path between 

theory and observations.  
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2.4 Research Methodological Choice 

From Qualitative to Quantitative 

Following the path tailored by the Research Onion (Figure 2), the methodological choice has to be defined. 

Namely, it has been chosen to deal with mixed methods. The selected method of research design is coherent with 

the interpretive philosophy (Denzin & Lincoln, 2005) and with the research approach to theory development 

(Saunders et al., 2008). 

 

In consideration of the research, the researchers have used qualitative and quantitative data. Qualitative primary 

data consists of non-numerical data gathered from semi-structured single company interviews, on site 

observations (e.g., Kaffe Bueno, SvampeFarm, Sprout, Arup), group interviews (e.g. Schoeller Plast, Plastix) 

(Saunders et al., 2008), email interviews (Refurb, Wastecontrol), telephone interviews (Cristina Busk, Ditte 

Lysgaard Vind, Andreas Hastrup Clemmensen) and a field trip to see Plastix’s production line. 

 

Semi-structured in-depth interviews were chosen as this type of interview is believed to fit the exploratory 

objective of this research. In fact, this type of interview provides rich information about personal perspectives and 

experiences of the actors involved (Patton, 2002). This allowed the researches to explore the topic in a deeper 

way and to create more linkages between the interviewees. Although abundant data on the relevance and benefits 

of the CE can be retrieved from statistical databases, assessing the “circular potential” relies more importantly on 

expert opinions and judgement, because the application relies on the experiences of managers in real-life 

situations. By investigating real experiences, it was possible to investigate applications in different industries, 

ranging from low-tech to hi-tech sectors.  

 

Qualitative data has also emerged from journal articles, research papers and books taken from the CBS databank 

library in order to ensure that only approved scientific papers have been used. 

 

In order to achieve effective semi-structured interviews that could help in fulfilling the research objectives, the 

researchers of the present work have developed an interview guide. The interview guide served as an adaptable 

structure during interviews whose length ranged between 45 to 120 minutes each Before every question the 

interviewees were introduced to the topic in order to align the understanding on the topic of each question 

between interviewers and interviewees. Although the questionnaires have been adapted to the different types of 

companies involved based on the industry they operate, all the questionnaires investigated the identification of 

Butterfly Diagram, the use of ReSOLVE Framework, value creation through their business model (BM), the barriers 

and opportunities towards Internet of Things (IoT), personal beliefs about CE practices, and the contributions to 

these practices by each company.  

 

Quantitative data have been used as secondary data from desktop research and consultancy reports. From these 

sources statistics over the different sectors and markets that have been gathered and taken into account. 
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Additionally, quantitative data has originated from using the software NVivo for qualitative data analysis. The latter 

has provided percentages and graphs that allowed the ranking of the most covered and discussed topics for each 

case company. 

 

Thus, the preferred methodological choice is the mixed methods, because both qualitative and quantitative data 

have been used. Additionally, other quantitative data from desktop research and consultancy reports have 

brought robustness and relevance to the findings. 

2.5 Research Strategy 

Case Study Overview 

A research strategy is defined as the “general plan of how the researcher will go about answering the research 

questions” (Saunders et al. 2009; p. 90). Hence, is important that the research strategy is coherent with the 

methodological choice and the purpose of the research.  

 

In coherence with the qualification of the collected data, it is possible to define the research strategy as case study. 

The research strategy aims to create a logical link between the research philosophy and the methods of research 

design. As so, structuring the research on a case study has helped in gaining a complete and exhaustive insight of 

the research context and processes. This is aligned to what is stated by Eisenhardt and Graebner (2007) regarding 

the benefits of case studies. When adopting a case study as research strategy, researchers extract several 

illustrations of the investigated phenomenon and then deeply examine the features of those cases. In the case of 

the present research, the phenomenon that is being investigated is the interplay of the CE value drivers with 

Product-Service Systems (PSSs) and intelligent connected assets. As previously mentioned, the multitude of 

perspectives empowered the analysis with several illustrations of how this interplay takes place and is developed. 

 

In addition to this, Flyvbjerg’s (2001) argumentation on case studies has been taken into consideration. The scholar 

suggests that case studies develop the kind of tangible and context dependent knowledge that allows the shift 

from lower to higher levels in the learning process. This knowledge is particularly relevant in the study of human 

affairs. In fact, predictive theories cannot be developed in social science without approaching real-life situations. 

Although case studies are commonly criticized for not being generalizable, Flyvbjerg (2001) suggests that the 

power of the good example is underestimated while formal generalization is overrated as a source of literature 

development. Hence it is the reason why the case study has been chosen. For a better understanding of what the 

case represents, participation in the social activities of three groups: case companies, companies who have 

implemented IoT solutions and external experts who contribute to this interplay in different ways was needed.  

 

The variety of the companies taking part to the study has given the possibility to divide between hi-tech and low-

tech small medium-sized enterprises (SMEs). Kaffe Bueno is extracting oil for the cosmetic industry, whereas 

SvampeFarm is, focusing on small-scale domestic farming (Kaffe Bueno, SvampeFarm, 2019). Sprout is producing 

biodegradable and plantable pencils (Sprout, 2019). Plastix is recycling discarded fishing nets and sea ropes into 
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the HDPE and PP plastics raw materials (Plastic, 2019). On the other hand, Schoeller Plast is recycling plastic and 

then reusing the same materials to create durable beverage boxes. (Schoeller Plast, 2019). Refurb is maintaining 

and refurbishing hardware and electric appliances (Refurb, 2019). 

 

Furthermore, to have a better understanding of the IoT technology an interview with Wastecontrol was 

conducted, as they have implemented a sensor system for a fully automated waste collection process and have 

established global success (Wastecontrol, 2019). Due to the technological and innovative nature of the research 

scope, an engineer from the consultancy firm ARUP Group has been consulted for a more complete understanding 

of the barriers and opportunities of the interplay between the CE and IoT from the practical business perspective. 

This provides advice over engineering, design, and planning issues related to a sustainable built environment 

(Arup, 2019). 

Moreover, the researchers of the present work have conducted semi-structured interviews with various industry 

leaders. For example, Andreas Hastrup Clemmensen works in the Ministry of Food and Environment of Denmark 

in order to accelerate the transition towards the CE by aligning legislative requirements, policies, society and 

businesses (Ministry of Environment and Food of Denmark, 2019). Also, Ditte Lysgaard Vind at Lendager TWC 

implements specialized and integrative consulting strategies, focusing on the shift towards a CE (Lendager, 2019). 

 

Finally, with Cristina Busk, at the head of Plastindustrien, is a landmark in the evolution of the plastic industry 

(Plast, 2019). It was chosen deliberately to focus on these different groups to gather a more objective and 

insightful view from within. True expertise is based on the experience with individual cases and the ability to 

differentiate between situations, without turning them into standard cases. Hence, the different perspectives 

taken into consideration have covered a number of situations and context that has been considered satisfactory 

for the scope of the present research.  

 

It is the narrative of each of the three target groups that is thought to be read in their entirety, which cannot 

otherwise be covered in the breadth of large samples (Flyvbjerg, 2001). Thus, the variety of perspectives within 

the internal perspective (i.e. the case companies) combined with the range of external experts will help to address 

the problem statement. 
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2.6 Time Horizon 

A Cross-Sectional Portray 

Time horizon identifies the time frame during which observations take place (Saunders et al., 2008). Selection of 

the time horizon is independent from the research strategy and methodological choice. Instead, its connected to 

the time at disposal to the researchers to carry out their work. A correct time horizon should be chosen in order 

to allow the researchers adequate time to observe the phenomena needed to answer the identified problem 

statement. The present research project has a cross-sectional time horizon. This means that it evaluates the 

interplay of the CE value drivers with intelligent connected assets in a specific point in time. The interviews have 

been carried out within a two months’ time frame, although the research went on for six months. Thus, it is 

conveyed that the present research does not deal with change over time of the studied phenomenon. Instead, it 

focuses on the phenomenon at a particular time. 

 

2.7 Data Collection and Data Analysis Techniques  

Innovative tools for the Academic World 

The researchers have combined traditional tools with an innovative software created for qualitative academic 

researches. This choice is coherent with the innovative spirit of the present research. 

 

For valuable coding and analysis purposes, all the interviews have been recorded and transcribed. This approach 

fits the open and exploratory nature of the research and provided a structure for exploring existing patterns while 

originating relevant insights (Auerbach & Silverstein, 2003). This has permitted the researchers to review the 

recorded interviews and transcripts, to improve the analysis accuracy and to extract as much valuable data as 

possible. The analysis of the transcripts has been carried out with the help of the software program NVivo. It is a 

tool for gathering insights on qualitative and mixed methods data. For the present research, NVivo 12 Pro was 

used with Windows 10. The software has been used both for literature review and for transcripts, preliminary 

analysis. This was done in order to uncover similarities, themes and categories in the data collected. The coding 

has been accomplished over several stages, comparing the different stages, and re-coding under different 

classifications of data.  

 

For example, through the world cloud it is possible to appreciate in an intuitive and simple way the most frequent 

words in a source of textual data (such as literature review). The bigger and bolder words represent the most 

frequent ones, while the rest provide the surrounding context. Word Clouds can identify trends and patterns that 

would otherwise be unclear or difficult to see in a tabular format. Hence, frequently used keywords stand out 

better. Common words that might be overlooked in tabular form are highlighted in larger text making them pop 

out when displayed in a word cloud. For example, Figure 3 demonstrates the main research areas and 
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contributions on the topics of the present research that have been considered by selected literature to the topics 

that are being investigated. 

 

 
Figure 3: Literature Review - Word Frequency Query Result. Source: NVivo, 2019. 

 

Figure 4 represents the main concerns of the case companies regarding the technology and their BM within the 

CE. The most frequent word has been “product” by far. This is coherent to the fact that all the case companies sell 

products. Furthermore words “using/use” are quite frequent, this is due to the focus of the interviews over the 

possible use of products in different context or with different changes (i.e. technological innovations. Another 

group of words can be highlighted in the direction of the CE and environmental issues. These are: “recycling”, 

“circular”, “plastics”, “waste”, “economy”. Nevertheless, it is noticeable that the word “IoT” is absent. This could 

be related to the fact that the case companies have not fully integrated smart solutions into their circular business 

activities.  

 

 
Figure 4: Case Company Interviews - Word Frequency Query Result. Source: NVivo, 2019 

 

Figure 5 illustrates the most discussed topics within plastic recycling and the CE. The most frequent word has been 

“plastic”. This is due to the fact that two of the interviewees (i.e. Andreas Hastrup Clemmensen from the Ministry 
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of Environment and Food of Denmark and Christina Busk from Plastindustries) are working with plastics in the CE. 

Therefore, this is also the explanation of why the second most mentioned topic is “circular” and “circularity”. 

Finally, it is possible to notice the words “IoT”, “business” and “economy”. Thus, making links to the innovative 

ways of doing business. The results of these Word Clouds have been used as a preliminary reflection on the 

differences between the case companies focus and the external perspective (NVivo, 2019). 

 

 

Figure 5: Experts and Opinion Leader Interviews - Word Frequency Query Result. Source: NVivo, 2019 

Furthermore, those data have been used to generate Figure 6 which compares the average percentages 

representing the coverage of each key concept both for the internal and external perspective. This illustrates the 

differences of perspectives and issues that each case company has to face to a higher extent.  

 

Figure 6: Internal and External perspective Comparison Graph. Own creation. 
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Some citations have been coded in more than one node in order to highlight correlations between the nodes and 

the topics. This has been the basis on which the transcripts have been analyzed and on which the percentages 

used in the analysis have been calculated (NVivo, 2019). 

 

In conclusion, traditional procedures have been used in the data collection process such as recording and 

transcription. On the other hand, an innovative tool (i.e. NVivo) has been applied to analyze the data collected. 

This was done to ensure reliability and to avoid misinterpretation of data. It is believed that this mix has brought 

significant reliability to the data used in the analysis of the present work. 

 

2.8 Purpose of the Research Project 

An Exploratory Study 

This section deals with the purpose of the research project. The research purpose explains the perspective from 

which the research contributes to the of the phenomena. For the purpose of the present work, an exploratory 

approach has been selected in order to be aligned with the nature of the methodological choice and strategy. 

 

Regarding the nature of the research project, Saunders et al. (2012) suggests that three different purposes can be 

followed: descriptive, explanatory, and exploratory. Descriptive studies portray a fact or a situation (Robson, 

2002). These studies help in defining the nature of a certain problem. On the other hand, explanatory studies 

describe the causal relationship between variables (Saunders, 2008). Instead, the present research adheres to the 

exploratory purpose. Following the definition by Schields and Rangarjan (2013), exploratory researches investigate 

issues that have not been analyzed intensively, setting priorities, providing operational definitions and enhancing 

the final research outline. The present research, by addressing the interplay of CE value drivers with intelligent 

connected assets, unfolds problems with a nature that is unknown a priori. For instance, the present research 

starts by addressing the CE in its entirety and then restrains its scope by elaborating on the opportunities and 

challenges that can arise between Servitization and IoT. Hence, the focus narrows progressively as the research 

moves forward (Adams and Schvaneveldt, 1991). The chosen purpose also allowed the researchers of the present 

work to grasp the meaning of the complex context in which the research takes place and the efforts in restraining 

the scope as the research has progressed. For example, the CE includes many different actors ranging from 

companies, policy makers and society. This requires a holistic and, therefore, complex view. 

 

Thus, the present work pursues an exploratory approach in order to grasp the complexity of the issues discussed. 

Again, this explains and justifies the variety of perspectives and tools that have been used, while respecting the 

logic through which the analysis is conducted. 
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2.9 Quality of Data 

Evidence is Knowledge 

In this section, the research focuses on respecting the following data qualities: validity, reliability, and sufficiency. 

In order to outline a valuable work, the researchers have ensured high quality to the collected data. 

 

The bias toward validity is a common misunderstanding in the case study method, especially since even the way 

researchers ask questions influences people. The study becomes doubtful because of the researcher’s tendency 

to confirm preconceived notions. By doing a comparison, one might be accused of allowing more room for 

subjective and arbitrary judgement. The researchers are aware of this; they are also aware that knowledge is not 

objective, and such bias applies to all methods (Flyvbjerg, 2001). The case study investigates a business problem 

and examines the findings by using supporting evidence using mixed method complex design. By diversifying the 

sources and type of data, the researchers believe they have reached a satisfactory level of validity. 

 

Reliability concerns to the extent to which data collection methods and analysis approach will produce steady and 

coherent findings (Saunders, Lewis & Thornhill, 2007; Wahyuni, 2012). In order to ensure the reliability of the 

present investigation the researchers also involved several external experts, ranging between different industries 

and positions covered by the interviewees. 

 

Data sufficiency helped the researchers to understand the logical reasoning of the context in which the present 

research is set. While conducting the interviews, the differences have been investigated and highlighted, rather 

than flattened. What matters is the fair use of both the clear and the abstract, the outsider and insider perspective 

of entrepreneurship. The benefit of the case study is that in-depth analysis fosters a bias towards falsification. 

Being close to the phenomenon, unfolding in practice can easily prove a preconceived hypothesis wrong, forcing 

the researcher to revise this assumption, becoming influenced by knowledge, not just producing it (Flyvbjerg, 

2001). The researchers decided to go the other way around, and let the people, the observations on different 

industry companies, the entrepreneurial autobiographies, their PR channels and video visuals, build their own 

narrative and advance the knowledge. Data sufficiency has been achieved through the variety of experts and case 

companies involved in the research process.  

 

Thus, it is acknowledged that data quality is important as without high-quality data researchers cannot provide a 

valuable answer to the stated research question. By providing the research with the mentioned data qualities, the 

researchers believe they have brought new knowledge to the literature.  
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2.10 Methodological Limitations  

Implicit Knowledge of Explicit Beliefs 

In this final section the limitations have been pointed out are linked to the methodological choice, research 

strategy, time horizon and to the data collection and analysis processes. 

 

First, limitations emerge from the methodological choice. In fact, although a mixed method approach has been 

adopted, primary data are only qualitative. Qualitative data are difficult to categorize because they do not fit neatly 

in standard groups. The semi-structured interviews that have been used in this research do not present yes-no 

questions. This makes the answers more elaborated and, therefore, makes them more difficult to analyze them 

objectively. Instead, it has been noticed that the questions that have been asked had complex, articulated, 

multifaceted answers that encompassed more topics in one sentence. Moreover, many of the topics of the 

research were context embedded and it would be difficult to ensure that the meaning of questions was transferred 

correctly to respondents. However, NVivo software has reduced this limitation to a lower extent making it possible 

to obtain percentages regarding the relevance of each node.  

 

Second, the research strategy also presents limitations. Previously, it has been stated that the research strategy is 

a multiple-case study. However, the case study approach has an uncertain generalizability as the findings emerged 

from a single observation might be specific to the context or situation. This limitation is partly solved by a multiple-

case study strategy because of the diversity of industries and activities carried by the case companies. 

Nevertheless, the limitation is still relatable, although to a lower extent. 

 

Third, limitations emerge from the restricted time frame in which this research has taken place. The research does 

not address the historical evolution of the interplay between CE value drivers and Internet of Things in time, as it 

is out of the research scope. Instead, it focuses on portraying the present situation. 

 

Fourth, limitations are also found in the data collection process. As mentioned above, this research deals with 

human affairs and semi-structured interviews. Although the approach allows for greater flexibility, it reduces the 

comparability of the interviews because different interpretations can be given to the same question and different 

interviewees have pursued different ways to answer to the same question. However, in some cases the 

researchers had the possibility to re-ask questions by email to the interviewee. Hence, this limitation has been 

partly solved and the amount of data on each topic have been made more homogeneous. 

 

Finally, other limitations have been discovered in the data analysis process. Although the sample of case 

companies covers all the cycles discussed in the Butterfly Diagram, the present research studies the interplay with 

Servitization and IoT. In total, eleven different people have been interviewed and divided by internal and external 

perspective. Nevertheless, the saturation criterion was achieved after 13 in depth interviews, meaning that two 



26 
 

interviewees have been contacted a second time to fulfil the criterion. The last interview was set to confirmed or 

falsify previous findings and ensured that this research has provided a reliable understanding. 

 

Additionally, the variety of methods and ways of classifying data has taken significant time. For instance, the use 

of Word Clouds from the software NVivo, can affect the visual “decoding” of the data from the observer’s 

perspective.  For example, the length of the word and the white space around the glyphs (letters) can make it look 

more important relative to others in the cloud. This can mislead the interpretation. 

 

Hence, the limitations of the methodology of the present work are mainly linked to the methodological choice, 

research strategy, time horizon, and to the data collection and analysis processes. 

 

2.11 Summary: Methodology Approach  

The Rationale underlying the Research Approach  

Research is a vast and often cyclical process with no clear path from A to B. But as with any kind of exploration, it 

is always worth following a path of some kind, the one that is most appropriate for the choice of the research 

methods. Methodology is simply the mean by which the researchers of the present work collected and analyzed 

data. Thus, how the researchers obtained the results is just as important as the results alone. The importance is 

associated with not only the validity of the research itself but also how others can replicate the present analysis 

in other settings or including other topics.  

 

In research methodology the objective of the research is clearly defined. The present work is following both an 

interpretivist and positivist philosophy of science. Additionally, it pursues an abductive approach to theory 

development which creates an iterative path between theory and observations. Then, a mixed method design is 

applied. Also, the chosen research strategy is defined as case study. Furthermore, the research follows a cross-

sectional time frame. Regarding data collection and data analysis techniques, the qualitative primary data have 

been collected through recordings followed by transcription, while quantitative secondary data have been 

generated using the software NVivo. Furthermore, data has been collected from desktop research and consultancy 

reports. The present work also has an explanatory purpose. Finally, it is explained that the data has validity, 

reliability and sufficiency as qualities. 

 

The present chapter has made clear the methods as well as the rationale of the research and elucidated the 

choices needed to provide a valuable academic answer to the problem statement. A methodology such as the one 

that has been presented, has set the guidelines to make the project manageable, smooth and effective. 
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3.Theoretical Approach  

3.1 Major Theoretical Approaches  

 
This chapter introduces the topics that have been touched in the present work from an academic perspective. 

Presented are the definitions as well as the theories to which the analysis refers. In fact, the validity and reliability 

of the result of the present thesis, rely on the theories on which the analysis is based as well as the sequence and 

the role played by each of them. Thus, the purpose of this chapter is to give a clear understanding of how the 

researchers of the present work have interpreted theories and used them in the analysis. 

 

The topics have been presented accordingly to the order followed in the analysis. The Figure 7 represents the 

topics on which literature has been reviewed. Hence, the reader can get an overview of the present chapter. The 

arrows highlight the interdependence that arises from these topics. This also explains why these topics require a 

deep understanding of each of them before the analysis. 

 

 
 

Figure 7: A representation of the Theoretical Approach. Own creation. 

 

The chapter is structured as follows. First, it explains the core concepts and framework of Circular Economy (CE). 

The researchers will contrast the trajectory of the traditional linear economy, with the case companies’ ways of 

re-labeling what is conventionally viewed as waste, into valuable resources. The Ellen MacArthur Foundation 

(2013) presents a Butterfly Diagram which illustrates the cycles that can potentially go out from the linear 

economic model of take - make - dispose. The diagram differentiates between the biological materials (renewable 

resources) and technical materials (finite resources). Moreover, the CE focus lies not only on reducing the harm 

of the linear economy but provides alternative tools to facilitate the implementation circular business practices, 

thus the ReSOLVE Framework will be revised. Second, are presented the definitions and distinctions between 

Business Models (BM) for sustainability and Circular Business Models. This will help the understanding of how the 
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system thinking perspective from which the CE departs, can be encompassed in BM. This is a relatively new 

concept, as traditional BM have ignored these opportunities for a long time and still find it difficult to integrate 

environmental issues without a shift in the whole context. Third, the concept of Servitization is introduced. Most 

importantly, the theoretical implications are presented and the links between Servitization, CE, and the eight types 

of Product-Service-Systems (PSSs). This theory will be applied in the second part of the analysis and represents 

the different possibilities available for companies that want to implement Servitization within their business 

models. Finally, Technological Innovation, such as Internet of Things (IoT) is described together with Garvin’s Eight 

Dimensions of Quality. This theory represents the last framework used in the analysis and will explain how 

Technological Innovation and, in particular, IoT can improve and unlock further opportunities for PSS in a circular 

economy. Thus, explaining the links between IoT, Servitization and the Circular Economy. 

 

In conclusion, after having explained the topics that the theoretical approach will touch and its structure, the 

researchers will now disclose the literature of each of the fields mentioned. 

 

3.2 The Concept of Circular Economy  

The Origins and its Evolution 

The researchers will introduce the concept of Circular Economy as it has been understood by setting a common 

point of view both for the reader and the writers. Hence, the following shall be presented as a review of the 

different schools of thought and how these have contributed to the development of the of CE concept. It is 

important to note that this section only covers the main aspects of each school of thought and their influence on 

CE.  

 

As a matter of fact, the concept of a CE cannot be traced back to one single date or author, rather to different 

schools of thought. Many scholars considered that the circular economic system was primarily introduced by the 

environmental economists Pearce and Turner, who built their theoretical framework on previous studies of the 

ecological economist Kenneth Boulding (Andersen (2007, p. 133), Ghisellini et al. (2016, p. 15), Greyson (2007, pp. 

1383–1384), Heshmati (2015, p. 2), Murray et al. (2017, pp. 372–373), Su et al. (2013, p. 216). However, these 

environmental and ecological economists are not considered as the founders of the concept. Accordingly, an 

extensive review of the literature of the last two decades indicated that the CE’s origins are mainly rooted in 

ecological economic, environmental economics, and industrial ecology. Nevertheless, more recent theories such 

as the performance economy, the cradle-to-cradle concept, and the biomimicry and blue economy have 

contributed to further development of the concept of CE.  

  



29 
 

The general concept has been refined and developed by the following schools of thought, which all treat the 

economy as a complex adaptive system and draw on insights from living systems especially: 

 

• Regenerative design (Prof. John T. Lyle); 

• Performance economy (Prof. Walter Stahel); 

• Cradle to Cradle (Prof. Michael Braungart and William McDonough); 

• Industrial ecology (Prof. Roland Clift, Thomas E. Graedel); 

• Biomimicry (Janine Benyus); 

• Natural capitalism (Amory Lovins); 

• Blue Economy (Gunter Pauli) (Ellen MacArthur Foundation, 2012). 
 

Despite some disparities, the various schools of thought all have the fundamental starting point. In other words, 

a present traditional linear model of production and consumption has led economic systems to grow in an 

unsustainable interaction with the environment, and thus it has naturally re-established a positive interaction. 

Respectively, the ecosystem including in the economy and the society should be considered as one among the 

other ecosystems and as part of the environment (i.e. biosphere). In order to tackle these challenges, the above-

mentioned schools of thought called for solutions inspired by nature with the objective to utilize more efficient 

resources while at the same time reducing the negative impact on the environment. As outlined in Figure 8, all 

schools of thought advocate, to a certain degree, the significance of “Systems thinking” when addressing the issues 

of the current linear economic model. Finally, as the concept of CE relates to each mentioned school of thought 

to a certain point, thus it can be considered as a holistic framework (Wautelet, 2018). 

 

 
 

Figure 8: The influence of the various schools of thought on Circular Economy. Adapted from, by Wautelet, 2018. 

 

In Europe, the implementation of the CE concept has fundamentally emerged through waste policies (e.g. Waste 

Disposal Act in Germany in the early 1976 and EU Waste Directive 2008/98/EC) which have been advancing mostly 
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in the recycling principle of a CE. As the concept of CE was investigated by an expanding number of Non-

Governmental Organizations (NGO) (e.g. Ellen MacArthur Foundation and Circle Economy), the main focus of CE 

has gradually been moved from the narrow path of waste recycling to the efficiency-oriented control within 

closed-loop flows of materials at all stages of the supply chain (production, distribution and consumption). 

Subsequently, the European Commission adopted an ambitious new Circular Economy Package, which involves 

actions to contribute to “closing the loop” of products through greater recycling, re-use and repair (European 

Commission, 2015). Finally, it is important to stress that the approach to the CE in Europe at the company level 

takes different forms. Meaning that the European perspective focuses on a system design approach and draws 

inspiration mainly from the cradle-to-cradle concept and the closed-loop economic mode, which is reflected by 

the Butterfly Diagram of the circular economy by McDonough & Braungart (Webster, 2017). 

 

While the topic of CE has been receiving increasing attention in literature over the last years, divergence on what 

a CE entails has led to the different points of view. Therefore, getting a common understanding of the concept of 

CE is crucial as it is fundamental for a successful implementation in businesses transitioning towards circularity.  

 

Thus, the researchers of the present work have learned more about the concepts that lie behind the circular 

economy framework by revising the report “Towards the Circular Economy” by Ellen MacArthur Foundation (2012, 

2013). For a broader discussion of the three principles and the ReSOLVE Framework, the report “Growth Within: 

A Circular Economy Vision for a Competitive Europe” (2015) and the report “Delivering Circular Economy: A Toolkit 

for Policymakers” (2015) have also been revised. In addition, the researchers have revised the report “Intelligent 

Assets: Unlocking the Circular Economy Potential” (2016) to understand the interplay between Technological 

Innovation and Circular Economy value drivers better. For a more general discussion of the interplay between the 

CE, employment, education, money and finance, public policy and taxation, the researchers have revised the book 

“The Circular Economy – A Wealth of Flows” by Ken Webster, Head of Innovation at Ellen MacArthur Foundation 

(2017). 

 

As a result of the growing interest in the business opportunities created by a CE, it’s practical applications to 

modern economic systems and industrial processes have gained momentum among companies and governments. 

Thus, the main focus of the CE is on a system design approach and has adapted from the cradle-to-cradle concept 

and the closed-loop economic model, which is displayed by the Butterfly Diagram of the CE. In the analysis the 

researchers will use a Butterfly Diagram on classifying a case companies’ circular activities based on their products 

components or material retention thorough the value creation in a loop of biological and technical materials. Thus, 

the framework will allow contextualize the circular business operations of each case company.  
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3.3 Rethinking Value Creation- The Circular Perspective 

Thinking in Systems and Cycles  

As mentioned above, the concept of CE is promoted by the EU, several national governments and many businesses 

around the world in order to transform this take - make - dispose pattern. However, it is needed to understand 

the shifts that circular economy implies. Thus, in this section the reader is introduced to the so called “Circular 

Economy Thinking”. Hence, the concept of cradle-to-cradle design is explained.  

 

Circular economic thinking is an expression of Systems thinking (Webster, 2017). As opposed to the classical 

thought of solid and mechanical systems, circular economy is part of understanding the world as fluid, in 

movement, flexible and adaptive. The phenomena are not only explained by causality. In a circular model where 

the elements are part of complex dynamics, phenomena are interdependent and characterized by feedback loops. 

CE can generate multiple benefits by reinforcing four shifts: 1) implementation of resource efficiency, 2) move to 

biomimetic modes of production, 3) move to providing services rather than goods and 4) reinvest in natural capital. 

 

1. Shift1: Resource efficiency is a design to recover materials and material flows for re-manufacturing. This 

shift can cut energy use, maintain product quality and cut waste. 

2. Shift2: Design out waste. Using the bio-based materials economy. 

3. Shift3: How information communication technology can create an access to products and assets for short 

periods of time with low transaction costs. 

4. Shift4: To create additional flows of materials and energy from rebuilt or restored capital stocks over time 

(Webster, p.16, 2017).  

 

The four mentioned shifts have been condensed in the cradle-to-cradle design by McDonough and Braungart´s 

(2007). Cradle-to Cradle design presents a production concept to the strategies of zero emission and eco-

efficiency. Where eco-efficiency and zero emission seek to reduce the unintended negative consequences of the 

processes of production and consumption, eco-effectiveness is a positive agenda for the conception and 

production of goods and services that incorporate social, economic, and environmental benefits. As a central 

component of the eco-effectiveness concept, cradle-to-cradle design provides a practical framework for creating 

products and industrial systems in a positive relationship with ecological health and abundance, and long-term 

growth. Cradle-to-cradle principles include two cycles: biological and technical. All materials flow in one of the two 

cycles. In the biological cycle materials become biodegradable and can be safely decomposed through the 

biosphere. In the technical cycle materials are kept at the highest quality possible, remaining in their own industrial 

cycle. The illustration of the Butterfly Diagram and its cycles is displayed in Figure 9. At the section 3.5 researchers 

will explain the diagram in depth. Therefore, CE cannot be discussed solely focusing on its specific parts, such as 

recovering waste (Webster, 2017). The researchers want to use this ontology in their analyses, seeing the 

challenges of the case companies not as separate ones that can be analyzed one by one, but as part of a bigger 

system. 
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3.4 Defining Circular Economy 

An Outline of the Circular Economy and its Potential  

As its been previously stated, for now, the primarily linear economy is practiced within diverse industries. That is 

companies make a product – for example, a mobile phone, then consumers use it and, when it breaks or there’s 

a better model available, consumers throw it away. At this point, all of the resources (energy, metals, water) used 

to make that phone are lost. In Europe, an average of 95 % of a product’s material and energy value is wasted in 

this way (Gower & Schroeder, 2016). Hence, this section presents the definition of CE and its potential to which 

the research refers. In fact, Ellen MacArthur is considered the major institution for the circular economy, as, its 

definition has been already used by many other researchers. 

 

“A Circular Economy is one that is restorative by design, and aims to keep products, components and materials at 

their highest utility and value – at all times” (Webster, p.17, 2017; Ellen MacArthur Foundation, 2015). 

 

In other words, CE, is an economic system where products and services are traded in closed loops or ‘cycles´. The 

aim of the design should be to create a system that allows for the long life, optimal reuse, refurbishment, re-

manufacturing and recycling of products and materials. In addition, extracting and using raw materials has a major 

impact on the environment. It also increases energy consumption and CO2 emissions. Hence, a smarter use of raw 

materials can lower CO2 emissions (Kraaijenhagen, et al., 2016; Ellen MacArthur Foundation, 2016). The idea of 

keeping products and materials at their highest value is part of a transition towards a restorative and regenerative 

economic cycle that moves from wasteful resource use to a model that recognizes and enables added value 

contributed by human expertise and application. This might be a profound shift – a change of era where the 

fundamentals of Europe’s economy are reshaped.  

 

To face the above-mentioned shifts and to understand the holistic view of CE and its systems thinking approach it 

was crucial to explain the concept behind the CE. A Circular Economy is addressing the above-mentioned 

complexity, by maximizing the efficiency with which resources are utilized at each stage of the product life cycle. 

At the same time CE strives for eliminating waste and inefficiency throughout the production and consumption 

chain, reducing the amount of time machinery sit idle, and expanding the scope for repairability or re-

manufacturing of used components (Ellen MacArthur Foundation, 2015).  

 

Thus, the researchers of this present work will identify how case companies have integrated the above-mentioned 

circular practices by placing them on the Butterfly Diagram. 
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3.5 The Overview of the Circular Economy Framework 

Butterfly Diagram- an Industrial System that is Restorative by Design  

It’s been argued that the CE is an opportunity for creating value through the explanation of the Butterfly Diagram. 

This is an appealing and viable alternative to the linear take - make - dispose practices, because CE aims to enable 

effective flows of materials, energy, labor and information so that natural and social capital can be rebuilt. 

Therefore, this section of the present work will illustrate the Butterfly Diagram’s continuous flow of technical and 

biological materials through the value circle. 

 

Ellen MacArthur Foundation (2013) – through the creation of the Butterfly Diagram (See Figure 9) illustrates the 

loops that can potentially go out from the linear economic model. The circular flow is created by “closing the loop” 

between manufacturing and end of life of the product. The usual linear take-make-dispose economy flow starts 

with resource extraction and ends with waste that is (landfill, ocean, CO2 emissions, or similar). The two ends of 

this linear practice indicate that they are the two end products of a linear economy: resource shortages and 

increases in waste load. 

 

As Figure 9 below illustrates this linear flow can be transformed into a circular flow, where products are reused 

and kept in the cycles as long as possible. This ensures enhanced flows of goods and services. The circular flows 

distinguish between the 1) biological (renewable resources) and 2) technical materials (finite resources). For 

example, biological materials are non-toxic, such as food and wood-based products. On the other hand, technical 

materials are: polymers, alloys or other man-made materials are designed to be used again with minimal energy 

and the highest quality retention (Ellen MacArthur Foundation, 2015). 

 

The biological cycle consists of biodegrade materials, which are renewable by nature. Consumption takes place in 

this cycle by consuming food, water and applying fertilizer. Materials that are at least non-toxic and possibly even 

beneficial, and can safely be returned to the biosphere, either directly or in a cascade of consecutive uses: 

 

1. Cascading refers to diversifying reuse across the value chain.  

2. Extraction of Biochemical Feedstock defines any renewable, biological material that can be used 

directly as a fuel or converted to another form of fuel or energy product. For example, post-harvest 

and post-consumer waste as input.  

3. Anaerobic Digestion/composting is a collection of processes by which microorganisms break down 

biodegradable material.   

4. Biogas is a renewable energy that can substitute many of its fossil fuel counterparts. 

5. Restoration replaces the end-of-life concept of the product. Thus, eliminates the use of toxic 

chemicals, which impair reuse and return to the biosphere, and aims for the elimination of waste 

through the superior design of materials, products, systems and business models. 
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6. Farming/Collection refers to the production of agricultural commodities using a minimal amount of 

external inputs. 

 

This side of the diagram introduces the key opportunities related to recovery and material choices by 

closing nutrient loops and reducing negative discharges to the environment. The smallest loops (cascades) 

are the most efficient ones in terms of energy needed to bring the resources back into use (See Figure 9). 

 

 
Figure 9: Butterfly Diagram. Adapted from, by Ellen MacArthur Foundation, 2015. 

 

The value can be created by cascading them for further applications for different value streams, which is also the 

most efficient circle. That is when a product is no longer able to fulfill the initial function, it is given a new function 

in which it can be used again. For example, cascading the coffee would consider the entire fruit and the whole 

coffee growing protocol. Organic products that cannot be further cascaded can be composted or anaerobically 

digested to extract valuable nutrition’s such as nitrogen, potassium and micro nutrients. That material is broken 

down in stages by microorganisms like bacteria and fungi that extract energy and nutrients from the 

carbohydrates, fats, and proteins found in the material. For this process conversion technologies such as 

biorefinery are used for the extraction of biochemicals. Thus, the organic waste is prepared and used to produce 

biogas (Ellen MacArthur Foundation, 2013). The complete biological entity should be considered. For example, 

coffee grounds make an ideal medium for growing mushrooms, and then can be used as feed for cattle, chickens 

and pigs, and so are returned to the soil as fertilizer in order to offer bases for farming, fishing and hunting. 
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(Webster, 2017). While materials are used in cascades, the quality of the material decreases, and energy is 

consumed (Ellen MacArthur Foundation, 2013). 

 

On the other side of the Butterfly Diagram, are the inner circles or loops of the technical cycle in a CE. In contrast 

to the biological side of the Butterfly Diagram, products on the technical side are made using technical nutrients, 

such as metals and synthetic fibers, which do not naturally decompose, so they must be designed to be restored. 

The technical materials are more explicit with (a combination of) different possibilities to stretch the lifespan of a 

product and/or it’s materials: 

 

1. Maintenance: Restoring products during use to extend the lifespan of products. 
2. Reuse/ Redistribution: Direct reuse through product reuse or sales. 
3. Refurbish/Remanufacture: The thorough renovation and repair of products by the manufacturer. 
4. Recycle: Parts or materials are recovered from the product to use again. 

 

This side of the diagram introduces a clear hierarchical order: the closest circle (maintenance) and thus the most 

efficient one in terms of energy needed to bring the resources back into use and as the widest circle (recycle) and 

thus the least efficient one (See Figure 9). This hierarchical order is also based on the fact that closer circle business 

models act as catalyzers for downstream business models along the next loops. For example, after the user has 

finished using the product or the product is broken, he can repair it and continue to use it. It can also be reused, 

and a service provider would distribute it to a new user. This is illustrated in the first cycle, when ownership of 

products is replaced with access-based business models (maintenance), for instance, this allows for a more 

efficient establishment of return networks since using time is limited and return of the product is part of the 

contract. Furthermore, the goal is to keep material and its components in circulation as long as possible, with as 

high of a value as possible (e.g. design for longevity, sharing). This in turn enables the second cycle (reuse/ 

redistribute). Here the value is stressed on the optimization of the second-hand market to avoid loss of added 

value (e.g. design for PSS and leasing). Later Refurbish/Re-manufacture business models in the next cycle in order 

to bring back the resources into use. That would be returning products to at least its original performance with a 

warranty (e.g. design for reuse in manufacture). For example, spare parts of cars. In this way the value of the 

products is preserved, and its utilization is increased. Once the product cannot be reused any more as it is, its 

value is recovered by re-manufacturing or refurbishment. If the product can no longer be maintained, reused or 

re-manufactured, the materials in that product can be recycled. Thus, the last cycle (recycle) takes place when the 

original product has lost its value (e.g. design for material recovery). When recycled the product value as itself is 

lost, but the value of materials is preserved. In this diagram, resources which cannot be reused end up as energy 

recovery or in landfill. However, following these recovery strategies negative externalities and leakages can be 

minimized (Webster, 2017). The shift from ownership to other forms of temporary usage is consequently at the 

core of a transformation towards a CE and the basis for establishing effective reverse networks on various levels 

(Saidani, Yannou, Leroy and Cluzel, 2017). Braungart et al. (2007) stated that the reusing or recycling is the smallest 

value creation opportunity as it relies more on down-cycling instead of up-cycling and materials lose quality and 

sustainability in the process. Instead of recycling materials, the challenge is around creating easier pathways to 

extending use: repair, refurbishment and upgrading, generally increases access (more use of the asset in a period 
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of time). These principles could be applied across all industries and turn industrial waste into manufacturing 

materials. 

 

The above described Butterfly Diagram represents restorative design based on the CE. The key idea is to keep 

products, materials and its components at their highest value and utility for as long as possible within the biological 

and technical sides of the diagram. It aims to rely on renewable energy, minimizes tracks, hopefully eliminates the 

use of toxic chemicals and re-label what is conventionally viewed as waste, into valuable resources. Waste does 

not exist when the biological and technical components or a product are designed by intention to fit within the 

biological or technical materials cycle, designed for disassembly and repurposing. This is opposite to the usual 

process where design is not for disassembly, since it benefits the recyclers not the manufacturers and since the 

product is sold in a price sensitive market as there is no incentive to design for durability, rather for low unit cost. 

However, CE tends to transform them into benefits: long lasting, reliable, safe products, easily upgradable, without 

end of life issues and using materials which do not become waste. 

 

3.6 Circular Economy Principles Explained  

Resource and System Challenges  

Challenges of resources and infrastructures towards implementing circular business practices needs to be 

discussed. In order to achieve that, this section presents the principles on which the Circular Economy is based. 

 

CE is based as an economy that provides multiple value-creation mechanisms which are decoupled from the 

consumption of finite resources in order to 1) preserve and enhance natural capital, 2) optimize resource yields, 

3) foster systems effectiveness, as shown above in the Figure 9. Thus, CE rests on three principles: 

 

1. Preserve and enhance natural capital: controlling finite stocks and balancing renewable resource flows – 

for example, replacing fossil fuels with renewable energy or returning nutrients to ecosystems (Ellen 

MacArthur Foundation, p.47, 2015). 

2. Optimise resource yields: circulating products, components, and materials in use at the highest utility at 

all times in both technical and biological cycles – for example, sharing or looping products and extending 

product lifetimes (Ellen MacArthur Foundation, p.50, 2015). 

3. Foster system effectiveness: revealing and designing out negative externalities, such as water, air, soil, and 

noise pollution; climate change; toxins; congestion; and negative health effects related to resource use 

(Ellen MacArthur Foundation, p.51, 2015). 

 

Each of the above-mentioned principles address several of the resource and system challenges that European 

companies face. Each of these principles include a potential metric to complement traditional metrics in order to 

monitor progress towards a CE. The first principle starts by dematerializing utility – delivering utility virtually, 

whenever it is possible. The second principle includes designing for re-manufacturing, refurbishing, and recycling 

to keep components and materials circulating in the economy. The third principle encompasses reducing damage 
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to human utility, such as food, mobility by managing externalities, e.g. land use, air, water and noise pollution. In 

order to tackle each of those principles, some of the Business leaders are implementing product-to-service 

strategies and innovative business models. By, applying these principles an economy is created, which is 

restorative and regenerative, that preserves ecosystems and increases their return over time, that creates 

prosperity, and that fuels growth by capturing more value from existing infrastructure and products. As a result, 

CE draws a sharp distinction between the consumption and use of materials: CE advocates the need for a 

“functional service” model in which manufacturers or retailers increasingly retain the ownership of their products 

and act as service providers. Meaning that they are selling the use of the product, not their one-way consumption. 

Thus, this shift has direct implications for the development of efficient and effective take-back systems and the 

business model design practices that generate more durable products, facilitate disassembly and refurbishment 

and reconsider product service shifts (Ellen MacArthur Foundation, 2015).  

 

A systemic change is also crucial to ensure the shift, one system’s waste is the next system’s input, and the aim is 

to maximize total utility from the products and materials in use. This requires taking a system view of large value 

chains. Systems thinking emphases stocks and flows. The maintenance or replenishment of stock is inherent in 

feedback-rich systems, which are assumed to have some longevity, and has the potential to encompass 

regeneration and even evolution in living systems. In a business context, their modular and adaptive properties 

mean more space for innovation and the development of diversified value chains, as well as being less dependence 

on purely short-term strategies. For biological materials, the essence of value creation lies in the opportunity to 

extract additional value from products and materials, by cascading them through other operations. The key to 

system thinking is to recognize patterns. s. Iteration and interlay, between reinforcing and balancing feedback 

loops is the key of understanding those patterns (Ghisellini et al., 2016). 

 

In other words, CE is a system of well-designed products, designed for the full cycle and disassembly using clean 

materials (with a shift towards renewables). The logic of the CE is working with the flow, decoupling as well as 

redefining the value creation mechanisms, and their relationship to materials. It achieves this by emphasizing 

tighter loops. Further it increased the use of maintenance, refurbishment, repair and a shift to services. Moreover, 

Technological Innovation allows companies to begin to show what happens in feedback systems e.g. weather and 

climate, in fluids. Previously, manual calculations were made, when the output was fed back in as new input after 

use. Now with new technology companies can iterate them as many times as needed and to display the output 

and optimize those.  

 

Thus, the researchers of the present work will employ the Butterfly Diagram by placing case companies on it, in 

order to provide evidence that circularity has started to make inroads on the linear economy moving beyond it. 

This helps to understand in which side of the CE and its principles each case company operates. As a next step, 

will be considered the ReSOLVE framework, which allows the contextualization of circular operations and 

strategies of each company  
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3.7 ReSOLVE Framework 

A Tool for Creating Circular Business Opportunities  

In this section the ReSOLVE Framework will be introduced as a tool to identify circular strategies and growth 

initiatives. As introduced, CE is defined as an economy that provides multiple value-creation mechanisms which 

are decoupled from the consumption of finite resources.  

 

The ReSOLVE framework translates the principles of CE into six business actions: 1) Regenerate, 2) Share,3) 

Optimise,4) Loop,5) Virtualize, and 6) Exchange – (Table 1) (McKinsey & Company, Ellen MacArthur Foundation, 

2015).  

 

 
 

Table 1: The ReSOLVE Framework. Adapted from, by McKinsey & Company, Ellen MacArthur Foundation, 2015. 

 

Each business action presents an opportunity to create value with circular approaches. The ReSOLVE Framework 

offers companies a tool for generating circular strategies and growth opportunities. In different ways, these 

strategic actions all increase the utilization of physical assets, prolong their life, and shift resource use from finite 

to renewable sources: 

 

1. Regenerate presumes the shift to renewable energy and materials; reclaim, retain, and regenerate health 

of ecosystems; and return recovered biological resources to the biosphere. That includes the transition 

from finite fossil fuels to renewable energy. It includes reclaiming land and restoring or protecting 

ecosystems. Returning biological resources to nature also falls into this category, through composting for 

example. An example is the European power sector which is transforming rapidly into renewables. 

(Frankfurt School of Finance & Management, 2018). 
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2. Share regards keeping product loop speed low and maximizing the utilization of products by sharing them 

among users (peer-to-peer sharing of privately-owned products or public sharing of a pool of products), 

reusing them throughout their technical lifetime (second-hand), and prolonging their life through 

maintenance, repair, and design for durability (e.g. through sharing schemes or exchange platforms). The 

second-hand market and repair are also filed under ‘share’, as they similarly reduce the ‘loop speed’ of 

goods passing through the economy, ensuring that they’re only sent back for recycling or reprocessing 

when they really need it (Ellen MacArthur Foundation, 2015). 

 

3. Optimise aims to increase the performance of a product; remove waste in production and the supply chain 

(from sourcing and logistics to production, use, and end-of-use collection); leverage big data, automation, 

remote sensing, and steering. It also entails using technology to maximize resource use. For example, 

fertilizer use is destabilizing the nitrogen cycle, but 70% of the fertilizer that is spread on crops is washed 

away or goes into the soil, and never ends up being used by the plant. By increasing the percentage of 

fertilizer, the plant uses, the total amount of fertilizer used can be reduced. (Williams, 2016).  

 

4. Loop includes activities that preserve components and materials in closed loops and priorities inner loops. 

For finite materials, this means re-manufacturing products or components (e.g. through design for/of 

disassembly) and as a last resort recycling material (e.g. through making the right material choices in the 

design process to ensure recyclability. For renewable materials, this means anaerobic digestion and 

extracting bio-chemicals from organic waste. Meaning that organic materials are composted in a CE, 

technical materials are reused. They may be recycled, or even better, goods or parts can be re-

manufactured. Either way, resources are processed, looped around and put back into the economy, rather 

than lost to landfill (Williams, 2016). 

 

5. Virtualize implies replacing physical products with virtual services (e.g. e-books instead of books), 

delivering services remotely (e.g. computing and storing data in the cloud) and replacing physical with 

virtual locations (e.g. online shopping, video conferencing. Different gadgets have already been displaced 

by apps, for example, maps, a daily newspaper etc. (Laudon, 2017). 

 

6. Exchange stands for using old materials with advanced technologies (e.g. 3D printing and electric car 

engines). Furthermore, using alternative material inputs (e.g. cascading by using by-products or extracting 

biochemical feedstock from biological nutrients), also shifting to renewable energy and material sources 

(e.g. replacing product-centric delivery models with new service-centric ones) (Ellen MacArthur 

Foundation, 2015). For example, the Chinese company WinSun 3D-printed ten houses, each about 195 

square meters, in 24 hours (Designboom, 2014). 

 

Each action reinforces and accelerates the performance of the other actions, creating a strong compounding 

effect. This represents a radical shift within the CE perspective – from improving value chains to better meeting 

human needs. Consequently, this would require exploring technologies, redesigned products, new business 
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models, and changes in consumer behavior to create significant customer value (McKinsey & Company, Ellen 

MacArthur Foundation, 2015). 

 

In this thesis, the researchers have chosen the ReSOLVE Framework for classifying the strategic actions of the case 

company and identifying their BM. The concept of CE is characterized and defined, as an economy that is 

restorative and regenerative by design and aims to keep products, components, and materials at their highest 

utility and value at all times. Nevertheless, the transition costs explain why a CE has not been implemented faster 

and at a larger scale. However, transition costs for two of the main levers from the ReSOLVE Framework, sharing 

and virtualization, are dropping sharply. This explains the fast uptake and growth of new BM in these areas. 

Moreover, to explore business practices of the case companies, CE has to put emphasis on system-thinking, as it 

can create business and economic opportunities that add value, while generating environmental and social 

benefits.  

 

By clustering the case companies into the ReSOLVE typology, the researchers can define six action areas for the 

case companies and how they are moving towards the CE or how they have managed to transition into the CE. 

The development path based on a dedicated choice for a systems-based approach in order to redesign business 

practices along circular principles and leverage on emerging disruptive technologies. Might help case companies 

tap into new business opportunities and have major potential to increase consumer utility. Nevertheless, not all 

of the technological advances would reduce cost, many might increase performance, and the technology would 

need time to penetrate the asset stock. 

 

To sum up, the ReSOLVE framework translates the Butterfly Diagram cycles into business practices that brings 

companies to shift from a linear to a CE. In this sense, the ReSOLVE framework changes companies’ BM. For this 

reason, in the next section are explained the differences between traditional, sustainable and circular business 

models.  

3.8 Business Models for Sustainability versus Circular 

Business Models 

Explaining the differences 

The shift from a linear to CE has gained attention for its impact on society, environment and economy. 

Nevertheless, as presented above, this shift requires a series of changes and considerations on the macro-level 

(i.e. society and public sector). But also, on the micro-level, the shift depends on the ability of companies to 

introduce circularity in their BM. Thus, this section will, introduced the reader to the differences between 

traditional business models, business models for sustainability and circular business models. 

 

Business models (BM) have been a popular concept both from an academic and empiric point of view. BMs 

represent the logic for a firm on how to make a profit (Osterwalder & Pigneur, 2010). The way BMs are designed 
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and intended have changed over time (Wirtz, 2011). Up to now there is no univocal approach upon BMs 

understanding and representation. Traditional approaches presume that focusing on any environmental issue 

would decrease a firms’ profit (Friedman, 1970; Xepapadeas & de Zeeuw, 1999). However, in recent years, 

academics have brought to attention that this relationship can actually be inverted (Lüdeke-Freund, 2010; 

Schaltegger & Hasenmüller, 2005). Even though this had already been noticed, many of the papers and 

frameworks that have been reviewed only try to adapt the traditional BM approaches without taking into 

consideration the synergies and the complexity of todays’ competitive, political, and financial arena (Doval, 2016) 

which requires a more systemic approach. 

 

Basically, BM can contribute to sustainability in two ways (Boons & Lüdeke Freund, 2013). First, a BM and the way 

its process is designed, produces certain products and services that can be characterized as sustainable 

technological or social innovations (Teece, 2010). Second, the BM itself may be subject to an innovation process 

leading to an overall more sustainable and competitive firm (Chesbrough 2010; Johnson 2010; Boons & Lüdeke-

Freund, 2013). For this reason, articles who share an interest in serving new tools for BMs, linking environmental 

efforts and capturing value for stakeholders have been selected. 

 

This section tries to organize and clarify two concepts (i.e. “sustainability” and “circularity”), that have been 

overlapped most of the time without understanding the differences.  

 

Palzkill and Augenstein (2017) have addressed these differences in understanding sustainability and circularity by 

differentiating the sustainability concept along three levels. 

 

Business sustainability 1.0 focuses on economic, environmental and social issues, close to the idea of innovative 

strategic syntheses. Furthermore, business sustainability 2.0 achieves more by comprehending both the concerns 

of shareholders and those of stakeholders. This way, it is possible to create value along the triple bottom line. 

Moreover, business sustainability 3.0 looks for a truly sustainable business, changing the perspective from the 

dominating inside-out, to the more advanced outside-in. This shift in perspectives implies a change in the focus 

and goals of businesses. From solely looking to existing BMs, strategies or products to new ways of using resources, 

capabilities and operations to fix sustainability problems. Hence, firms that want to be sustainable, in this 

perspective, need to be proactive and share the responsibility for creating sustainable development. This means 

that new synergies can be created between heterogeneous types of stakeholders (Muff and Dyllick, p. 14, 2014). 

 

For these reasons, new streams of literature are now introducing environmental issues throughout the CE concept 

directly in the BM design. Although the terms “circularity” and “sustainability” are often used interchangeably, it 

is worth observing that they differ (Geissdoerfer et al., 2017, 2018). None of the two concepts can be defined as 

better than the other. However, sustainability has proven to be such a wide concept, so flexible and adaptable to 

different contexts, that is too vague and difficult to be taken into consideration for private businesses (Middleton 

and O’Keefe, 1993 a,b). On the other hand, CE is a much more tangible way of organizing society and economy 

(Geissdoerfer et al., 2017, 2018). Hence, these new streams of literature are approaching BMs for sustainability 

under a more focused and complete perspective. 



42 
 

The relationship between sustainable and circular BMs is provided in Figure 10. In the scheme it is possible to 

understand the differences between traditional BMs, sustainable BMs and circular BMs. In fact, Figure 10 displays 

the different subcategories and generic strategies for sustainability and for CE. This means that a Circular business 

model has additional characteristics with respect to a Sustainable business model.  

 

 
 
 

Figure 10: An explanation of the relationship between Sustainable and Circular Business Models. Adapted from “Sustainable 

business model innovation: A review” by Geissdoerfer, Vladimirova, & Evans. (2018). Sustainable business model 

innovation: A review.Journal of Cleaner Production,198, 401-416. 

 
In this thesis broader and more complex category of circular business models are taken into consideration. Circular 

business models do not only take into account the creation of sustainable value, long term-perspectives and pro-

active stakeholder management, but also frame these perspectives in a systematic and holistic overview of 

resource flows. 

 

Hopkinson et al. (2018) investigate how sustained CE practices are able to distribute profits and optimized 

productivity while considering the technological developments and market volatility. More specifically, the 

academics analyze the technical cycles of the Butterfly Diagram and show throughout a case study how a firm can 

initiate and scale up a sustainable and circular BM departing from a linear one. Despite the existence that biological 

cycles are recognized, the BM focuses exclusively on the technical BMs. Hence, the study by Hopkinson et al. 

(2018) achieves an incomplete perspective on the matter, considering the scope of this paper. 

 

Other scholars contribute to the literature in the field focusing on the transition from a linear to a circular BM. 

Frishammar and Parida (2018) provide a step-by-step process to enable the circular transition without missing the 

environmental, social and financial objectives. Although the analysis of the research does not concentrate on the 

shift from linear to circular economy, Frishammar and Parida’s research have pointed out some of the barriers 

and challenges that researchers discuss in the analysis. These barriers and challenges include ,1) the understanding 

of political, economic, social, technological, legal and environmental factors and the understanding of the 
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stakeholder system in which the company operates, 2) the ability to define the scope of CE and how it relates to 

the specific industry, 3) the alignment of culture and incentives both internally and externally, and 4) the ability to 

shift to a CE in a way that is financially sustainable for the company.  These barriers happen in the order they have 

been presented during the transformation. Finally, focusing on this transition allowed the researchers of this 

present work a better understanding of the practical differences between traditional linear BMs and circular BMs. 

Frishammar and Parida (2018) define Circular BMs (CBM): 

 

“As one in which a focal company, together with partner, uses innovation to create, capture, and deliver value to 

improve resource efficiency by extending the lifespan of products and parts, thereby realizing environmental, 

social, and economic benefits” (Frishammar & Parida, p 2, 2018). 

 

This definition restrains the concept of traditional BMs, both from the value-based (Johnson, 2010; Abdelkafi, 

2012, p. 313) and the activity-based streams (Baden-Fuller & Morgan, 2010). The main differences that emerge 

by comparing the above definitions suggest that circular BMs allow firms to dispute or renovate value-related 

operations and reduce negative feedback loops (Frishammar & Parida, 2018). Although other definitions have 

been taken into consideration1, the researchers of this thesis will refer to the definition by Frishammar and Parida 

(2018) during the analysis. 

 

In conclusion, this section has explicated the differences between traditional, sustainable and circular business 

models. On one hand the transition to a CE depends on the system thinking introduced in the previous section 

and the decisions of policy makers. However, on the other hand, these concepts can be applied in the micro level 

of companies only by rethinking traditional business models. Also, it is conveyed that the present research will 

refer and apply concepts that refer to the category of circular business models. Nevertheless, specific research 

papers on sustainability will be taken into consideration due to the confusion that prevails in the literature. 

Although the analysis will not evaluate the case companies' BM in all their dimensions (e.g. cost structures), this 

section has the purpose of explaining what circular companies have to include within their BM in order to 

understand the environmental impact in their business practices. Thus, the literature on BM has been reviewed 

in order to connect circular economy to Product-Service Systems (PSS). 

  

                                                
1Linder and Williander: “a business model in which the conceptual logic for value creation is based on utilizing the economic 
value retained in products after use in the production of new offerings”. 
Mentink, 2014: “a circular business model is the rationale of how an organization creates, delivers and captures value with 
and within closed material loops”. 



44 
 

3.9 Servitization and Product-Service Systems 

PSS integration into Circular Business Models 

In this section it is argued how Product-Service System (PSS can be an opportunity for the Circular Economy and 

how Servitization is becoming a buzzword both for companies and in the academic world. 

 

Both practitioners and scholars have displayed a growing interest in the role of services for manufacturing 

companies (Bustinza et al., 2015; Carlborg, Kindström, & Kowalkowski, 2014; Guajardo, Cohen, Netessine, & Kim, 

2011; Neely, 2008; Ostrom et al., 2010; Vandermerwe & Rada, 1988). Articles on Servitization have grown in 

number since it was first formulated by Vandermerwe and Rada (1988) and more extensively by Wise and 

Baumgartner (1999). The topic has been analyzed from different perspectives, namely: services marketing, service 

management, operations management, PSS, and service sciences are adding different insights (Baines et al., 2017). 

Notwithstanding a variety of theories and contributions, a common definition of Servitization has been proposed 

by literature. Neely (2008) defines Servitization as it follows: 

 

“The innovation of an organizations’ capabilities and processes to better create mutual value through a shift from 

selling product to selling Product-Service Systems.” (Neely, p. 107, 2008). 

 

With this regard, Product-Service Systems (PSS) can be defined as follows: 

 

“PSS is a system of products, services, networks of actors and supporting infrastructure that continuously seeks to 

be competitive, satisfy customer needs and have a lower impact than traditional business models” (Mont, p. 9, 

2001). 

 

Given the flourishing of Technological Innovation, new customer needs and problems and compelling competition 

(Kotter, 2012), it is clear that companies need to change and adapt at a faster pace (Meyer, 2007). Although for 

many years the impact on firms’ performances has been contradictory (Chesbrough, 2012), Servitization is now 

starting to be considered as a new driver of value creation through customization, the quality of the interaction 

between companies and customers, after-sales services, relational dynamic and access (Raja, Bourne, Goffin, 

Çakkol & Martinez, 2013). 

 

Indeed, many authors have suggested how Servitization is a great example of how to implement circular loops 

presented in the Butterfly Diagram, allowing companies to capture, deliver and create more value both for 

themselves and their customers (Heyes et al., 2017; Stahel, 2016).  

 

Webster (2017) highlights that selling goods as services or performance makes it possible to achieve a CE BM in 

the most profitable and resource-efficient way, since it exploits the small loops. Spring and Araujo (2017) build on 

these concepts, providing case examples, showing how customers have expressed their willingness of not owning 
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products. This is a concept that is appropriate and relevant to CE. In this context, customers own products taking 

into account that they might return, share, exchange and upgrade them. This creates the basis for a growth lead 

by services and a conversion of manufacturing firms into service providers. On the other hand, this allows 

companies to strengthen their relationships with customers, and therefore, to acquire insights regarding their 

needs and habits, and enhancing their growth opportunities. Hence, the researchers consider Internet of Things 

(IoT) as a further opportunity for a service-led growth from a company perspective, by providing new tools for 

products’ qualification and valuation that are needed to make CE a reality. 

 

All in all, Servitization is becoming a growing trend. This can be seen not only as a growth opportunity but also as 

a possibility to integrate CE and exploit resources, by keeping them at their highest value. 

 

3.10 Different Product-Service System provide, different 

Environmental Impacts 

With great power comes great responsibility 

Companies have different ways to servitize their BMs. In this section it is argued that different Product-service 
Systems (PSSs) exist. Furthermore, their differences in terms of value creation for customers and their 
environmental impact is described. 
 

It has been decided to review literature that provides framework that consolidates PSS with its applications both 

in the CE and in the IoT. With this regard A. Tukker’s (2004) contribution has been reviewed.  

The following categories has been classified: 

 

1. Product-oriented services: 

• Product-related services (i.e. maintenance contracts). 

• Consultancy services (i.e. advice on how to use the products and optimize its use). 

 

2. Use-orientated services: 

• Product leasing (i.e. the product’s ownership remains to the produce which is also responsible of its 

maintenance). 

• Product renting/sharing (i.e. the product is shared within different customers sequentially). 

• Product pooling (i.e. the product is shared within different customers simultaneously). 

 

3. Result-orientated services: 

• Activity management/outsourcing (i.e. an activity of a company is entirely outsourced. This includes, for 

example, the outsourcing of catering or office cleaning). 
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• Pay per service units (i.e. the customer buys the output of the product in relation to the level of use; an 

example can be the availability of the copying function in an office. The producer of the copier carries the 

activities in order to maintain the function available). 

• Functional results (i.e. provider and client agree on a result rather than a specific product). 

 

The different types of PSS have different environmental impact, as illustrated in Table 2. Going from product-

related services to functional result services, the customer decreases its contribution in product use. Hence the 

different PSSs focus on replacing the value given by the physical product, with the virtual value of services. This 

allows the service provider, which previously was only a product provider, to increase the efficiencies through 

which the value for customers is created. 

 

As following, Table 2 indicates which of the PSS types reduce more environmental impact compared to the 

product. Most importantly it is suggested that none of the PSS categories, with the exception of product leasing, 

brings to a deterioration of the environmental conditions. This is because customers have in general less incentives 

to use the product carefully as if they would own it. Moreover, although renting, sharing and pooling can lead to 

high environmental benefits, these categories are not able to capture the same market value as the competing 

products. Finally, the functional result category allows for a greater degree of freedom with regard to innovation 

and is also able to dramatically reduce (up to 90%) the environmental impact compared to the traditional product. 

This is possible because of functional result PSS, the provider has the greatest freedom to design a low-impact 

system (Tukker, 2004). 

 

 

Table 2: Environmental impact of different PSS types. Adapted from “eight types of product–service system: Eight ways to 
sustainability? Experiences from SusProNet” by Tukker (2004), Business Strategy and the Environment, 13(4), 246-260. 

These results concluded in the most efficient PSS designs for reducing the environmental impact while maintaining 
and enhancing the value delivered and captured for the customers. Product renting and sharing, product pooling, 
activity management and pay per use have scored a reduction of environmental impact between 0% and 50%, 
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however functional result has scored a reduction of environmental impact up to 90%. Ultimately this results in 
higher value for firms. This is compliant with CE principles. 

Thus, PSS will be applied to the case companies in order to investigate the opportunities and the fit with circular 

companies considering their placement on the Butterfly Diagram and on the ReSOLVE Framework. 

3.11 Information and Communication Technology and the 

Internet of Things 

A new opportunity for PSSs 

PSSs have been demonstrated to be able to create synergies together with CE. Nevertheless, in this section it is 

argued that PSSs can also be a viable opportunity to exploit Technological Innovation. Therefore, a framework, 

which includes both concepts is introduced.  

Schenkl, Sauer & Mörtl (2014) have demonstrated the dependencies between the creation for PSS BMs and 

Technological Innovation. The paper suggests the use of Garvin’s Eight Dimensions of Quality to evaluate the 

impact of technology on the quality of products related to PSSs.  

 

Presented in Figure 11, the Eight Dimensions of Quality work as a filter for innovating in products or service design. 

By settling qualities in the arrangement of a product or service, gives a direction to the for-innovation efforts, as 

well as highlights strengths and barriers for its adoption by consumers. As showed in Figure 11, these dimensions 

are: performance, features, reliability, conformance, durability, serviceability, aesthetics and perceived quality. 

Although the original paper is from 1987, the dimensions have been incorporated by other authors in recent years, 

proving its relevance of Garvin’s theories on product and service quality assessments. For this reason, the 

researchers of the present work will match these dimensions during the analysis to answer the problem 

statement. This will help case companies to optimize their circular business practices or in some cases even scale 

their businesses, because this framework will allow researchers to investigate what technological barriers to 

circular PSS are present.  
 

Implementing PSS combined with the Technological Innovation intensifies the contacts between firms and their 

customers, therefore incrementing the probability of arguments and controversies (e.g. misuse) (Kindström, 2010; 

Richter et al., 2010). In addition to this, Nordin et al. (2011) have classified the risks derived from PSS in three 

areas: breakdowns, capacity constraints, and logistical challenges. The reason of that is due to the fact that shifting 

to PSS means, in many cases, that the service provider is liable for many technical issues, which brings additional 

repair and maintenance costs (Meier et al., 2010). These unexpected technical issues have been identified as the 

main barrier against PSS (Reim, Parida & Sjödin, 2016).  

 

With this regard, the same authors have suggested that Information Communication Technology (ICT), such as IoT 

is a feasible way to monitor, organize and track the PPS, achieving a reduction in risk by being proactive. Finally, it 
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also creates an incentive for companies to reengineer and redesign their products in order to minimize any future 

liability (Webster, 2017). 

 

 

Figure 11: Garvin’s Eight Dimensions of Quality. Adapted from “How product quality dimensions relate to defining 

quality” by R. Sebastianelli & N. Tamimi (2002), International Journal of Quality & Reliability Management, 19(4), 

442-453. 

 

These unexpected technical issues have been identified as the main barrier against PSS (Reim, Parida & Sjödin, 

2016). With this regard, the same authors have suggested that Information Communication Technology (ICT), such 

as IoT is a feasible way to monitor, organize and track the PPS, achieving a reduction in risk by being proactive. 

Finally, it also creates an incentive for companies to reengineer and redesign their products in order to minimize 

any future liability (Webster, 2017). 

 

In this perspective new barriers arise from the change in the nature of the relationship between firms and 

customers. PSSs enabled by IoT will allow researchers to analyze specific business model strategies previously 

defined by the ReSOLVE Framework of the case companies. PSSs are a subcategory of BMs which explicitly deals 

with delivering the value proposition throughout products and services. Although many service PSSs are available, 

not all of them can generate the same value for customers and all of them differ by the environmental impact. 

This framework helps in aligning these two aspects. Since IoT is not included in this framework, it will be highlighted 

in which direction IoT has to unlock new possibilities/functionalities for the most appropriate PSSs for the needs 

of the case companies. 

 

To sum up, Servitization and PSS BMs are a different way of delivering the value proposition of a BM. Instead of 

delivering it throughout a product, Servitization suggests attaching a service to the product supply. However, there 

are many types of services that can be attached. In order to understand it, it’s needed to comprehend the circular 

strategies on which each case company relies. The next section concludes the theoretical approach part by linking 

Circular Business Models, PSS and IoT. 
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3.12 Circular Business Models, Product-Service System and 

Internet of Things 

Further Synergies and Opportunities 

This section connects the three topics that have been discussed to this point: Circular Business Models, PSSs and 

IoT. Hence, it shows the synergies that can arise from this interplay and CE. In this sense, CE’s four value drivers – 

extending the use cycle length of an asset, increasing utilization of an asset or resource, looping or cascading an 

asset through additional use cycles, and regeneration of natural capital – can be combined with one (or several) 

of the three main intelligent asset value drivers – knowledge of the location, condition, and availability of an asset 

(Ellen MacArthur Foundation, 2016). As anticipated above, PSS can facilitate the adaption of IoT technologies 

within the CE.  

 

The CE has the power to drive and assist sustainable business innovation to close, slow and narrow resource loops 

(Bocken et al., 2016). Nevertheless, conveying to the CE involves a whole system change, through technological 

and non-technological innovations in an entire organization. ICT not only support firms in this transition, but also 

plays a key role in the service sector, by enabling public and business actions which depend on the use of 

technology. In this sense, because of the new digital technologies, service providers can now achieve the goals set 

to preserve the environment and the climate change on national, regional, and global levels (Johannsdottir et al., 

2014b). Hence, there is a growing interest for companies to assess the opportunities unlocked by the union of CE 

principles, Servitization and ICT (Heyes et al., 2018). 

 

One of the applications of ICT infrastructure, namely the Internet of Things, is gaining particular attention both 

from practitioners and researchers for its potentially disruptive effects across many industries (Lee & Lee, 2015). 

Since many different actors are involved in the outcomes, many definitions have been proposed (Atzori, Iera, & 

Morabito, 2010). With this regard, Internet of Things (IoT) can be defined as follows: 

 

“The Internet of Things is the combination between the network of interconnected smart objects, sensors and 

technologies necessary for the creation of the network and the varieties of business application and growth 

opportunities enabled by the other two” (Atzori et al., p.2788, 2010). 

 

From a service-level perspective the IoT proposes two challenges in order to integrate the features provided by 

IoT devices into PSS (Guinard et al., 2011 & Chen, 2010). First, it requires the creation of infrastructures by forming 

a standardized digital domain of the different types of smart objects. Second, it demands a new recalibration and 

coordination of PSS in order to deliver additional value (Miorandi et al. 2012).  

 

On the other hand, the CE can unlock different opportunities for society, public sectors and businesses. However, 

this transition involves a redevelopment of a company’s BM. By reinventing the BM, companies need to rethink 

the way they grow and expand their businesses in a circular way. In this regard, IoT has been suggested as a viable 
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solution. Subsequently, well integrated, the new technologies and BM could address much of the structural waste 

in mobility, food and buildings and create new consumer choices. However, this transition is also challenging for 

all the actors and stakeholders involved (Ellen MacArthur Foundation, 2016). Authors have demonstrated that CE 

cannot be fully achieved without the interoperability of intelligent assets and IoT networks. This means that CE 

cannot be achieved without an effective ecosystem of circular networked companies.  

 

If the transition is managed successfully, CE will bring substantial net material saving, a reduced exposure to price 

volatility, increased economic development, innovation and resilience in living systems and in the economy. Thus, 

European SMEs could instead integrate these new technologies and business models into the economy in a way 

that maximizes value added from asset and material stocks applying the rules of the CE (Webster, 2017). 

Finally, CE redefines the pace of growth and technology evolution itself. Many of the current growth strategies 

have proved to be outdated or too rigid to deal with these new trends. Companies will not only have to reinvent 

themselves but will also have to change the pace of how they grow over time and their ability to adapt to new 

technologies on the market (Kotter, 2012). 

Advocates of CE argue that a virtual, regenerative and resource productive model could decrease resource 

dependence and waste and increase employment and growth. They maintain that this system would improve 

competitiveness and unleash innovation. For example, the huge drops in the transaction cost of sharing and 

virtualization business models enabled by smartphones (e.g. car-sharing and house sharing) are just starting to 

permeate the market. The Internet of Things can keep track of valuable products and materials much more cheaply 

than in the past, radically increasing opportunities to recover them, and waste management technology is 

progressing quickly (Stahel & Clif, 2016). The IT revolution is enabling circularity and the rethinking of materials, 

energy and credit flows (Pan et al., 2015). It is also key to rebuilding social capital, and social networks. For 

instance, the availability of more data about the people and things, which allows physical assets to be 

disaggregated and consumed as services, as above demonstrated in the PSS section.  

 

It has also lowered barriers and has opened new possibilities for operating on a variety of scales and in new 

competitive or collaborative combinations. Rent seeking opportunities could arise if certain materials were able 

to be tracked and recovered and the market dominated by few suppliers. 

 

IoT can monitor the location, condition and availability of the asset. These represents IoT main drivers that can be 

exploited by the CE. The knowledge of the location can be achieved by asset tracking. Then, knowledge of 

condition aims to have access to diagnostics that enable a real-time control of the efficiencies or inefficiencies of 

the asset. Finally, knowledge of availability of the asset refers to information regarding supply/demand dynamics 

and potential failures. 

 

In conclusion, in this section the synergies between CE, PSSs and IoT have been pointed out. It is also explained 

that the range of application of these synergies is vast and growing due to cost reductions of the technologies and, 

hence, are still highly unexploited. 
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3.13 Summary: Theoretical Approach Framework  

An Overview of Theoretical Framework  

This section completes the exposition of the theories, and the frameworks used in the analysis. Moreover, the 

links are presented and the expected outcomes from each framework. Hence, this section introduces the 

theoretical framework of the present research by Figure 12.  

 

In coherence to what has been examined in this research so far, it discusses theories around three topics: CE, 

Servitization and Technological Innovation. 

 

For what concerns the concept of CE, two frameworks have been selected, namely the Butterfly Diagram and the 

ReSOLVE Framework. In the first part of the analysis, through the use of Butterfly Diagram, it is expected to classify 

and place the case companies along the cycles in order to understand how the companies integrate the circular 

business activities. By placing them in the diagram it will be possible to create different resource cycles, which 

illustrates systems of the continuous flow of biological and technical materials for each company. This will clarify 

the companies’ contributions towards reduced environment impacts of their production processes. 

 
Figure 12: A revised Theoretical Framework. Own creation. 

 

Furthermore, to better understand which techniques businesses apply to eliminate waste and products out of it. 

Thus, in the second part of the analysis, researchers have applied the ReSOLVE Framework. It will serve as an 

extension of the Butterfly Diagram to better address the analysis around the case companies’ circular business 

activities. By clustering the case companies into the ReSOLVE typology, the researchers will define six action areas 

for the case companies and how they have managed to transition into the CE. This will allow the understanding of 
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the barriers and challenges for achieving a more efficient circular regime. Hence, the ReSOLVE framework will 

clarify how and why certain companies find it difficult to implement the circular business practices and what they 

are missing to scale up their businesses. 

 

The third part of the analysis is focused on Servitization and the results of Product-Service Systems (PSSs). PSS 

enabled by IoT will zoom into the specific BM strategies previously defined by the ReSOLVE Framework of the case 

companies. Thus, this will help the researchers to define the most suitable PSS types. More specifically, the analysis 

will refer to the Eight Types of PSSs presented by Tukker. This theory builds on the first part of the analysis and 

shows that PSS can be a viable solution to the standalone product and reduce its environmental impact. Hence, 

this theory will challenge the relationship between the CE and the process of Servitization. Finally, to help the case 

companies to optimize their circular business practices or in some cases even scale their businesses the 

researchers will do technology assessments by the Garvin's Eight Dimensions of Quality as an extension of PSSs. It 

will assess advantages of IoT sensors. 
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4. Analysis Approach 

4.1 Providing robust evidence about the Circular Economy 

transition 

As mentioned in the theoretical framework, the analysis starts employing the Butterfly Diagram by explaining 

circular techniques that case companies are using to convert waste outputs into inputs for new products. 

Subsequently, the ReSOLVE Framework will be applied to understand their circular business practices and their 

contribution to reducing environmental impact. Later, the analysis continues to Product-service systems (PSS) to 

evaluate the extent to which the six case companies are able to add IoT enabled services to their existing products 

or move away from a product approach within the CE.  

 

Before beginning the analysis, its approach needs to be explained. Although each case company and interviewees 

are extensively presented in Appendix 1, Figure 13 intends to clarify how a multi-faceted perspective of the topic 

covered in the analysis has been achieved.  

Figure 13: A representation of the Analysis Approach. Own creation. 

 

Hence, the Internal Perspective of the present analysis consists of the six case companies, which can be divided 

into three companies processing biodegradable materials and three companies processing technical materials. 

The case companies are focusing on effective design and use of materials in order to optimize their flow and 

maintain or increase natural and technical resource stocks. The companies processing biodegradable materials 

and placed on the biological side of the Butterfly Diagram, will be presented in the first part of the analysis. On the 

other hand, the companies processing non-biodegradable materials, have allowed a deeper understanding of the 

technical side of the Butterfly Diagram. As previously mentioned in the theory chapter 3.5, these loops are 
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characterized by different levels of efficiency in the CE. Furthermore, the choice of companies allows a comparison 

between the two sides of the Butterfly Diagram and makes possible to point out considerations over the challenges 

and opportunities faced by each of the two groups. 
 

By contrast, External Perspective visualizes the contribution from three experts and an opinion leader. These 

interviews provided a deeper understanding of the interplay between CE value drivers and technology value 

drivers within analyzed industries. The external perspective has also allowed to gather an understanding of the 

regional context (Appendix 2) in which the case companies operate. 

 

Moreover, it is shown that both perspectives share the common CE Vision of transitioning from linear to CE in the 

long term. In addition, both perspectives tend to solve this Problem, by implementing new business practices and 

enabling systems conditions. In fact, the case companies and the external perspective deals with challenges, but 

also opportunities to develop and enhance their BM in the CE setting.  

 

Thus, the contribution from Technological Innovation of a company called Wastecontrol, which has implemented 

IoT in its business model, has been integrated into the analysis approach, because its perspective has described 

the interplay between IoT and CE both explaining challenges and opportunities. Then Value focuses on 

understanding how case companies create, deliver and capture value both for themselves and the customers 

within the CE.  

In conclusion, the present analysis will gather insights to tackle the Problem from both perspectives, investigating 

them through the lenses of CE Vision, Technological Innovation and Value creation. More specifically, they also 

extended the comprehension of the opportunities unlocked by IoT and the barriers that circular companies find 

in order to scale their business within the current linear model. Hence, the findings obtained will reflect a critical 

understanding of the key concepts that will be approached and analyzed by the above-mentioned frameworks 

and tools.  
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4.2 Part 1: What role do Danish case companies play in the 

circular economy in which they are operating? 

4.2.1 Re-think the future through the Circular Economy Framework 
 

In order to effectively shape the CE paradigm, systematic thinking is fundamental. Although researchers will carry 

out the analysis from the company’s’ perspective, Butterfly Diagram by Ellen MacArthur Foundation is used to 

classify case company’s’ circular activities based on their product components or material retention (Ellen 

MacArthur Foundation, 2015).  

 

As shown in Figure 14, the “waste” equals “food” principle implies that all products and industrial processes should 

be designed to enable the perpetual flow of the nutrients within one of two distinct cycles: the biological and the 

technical cycles (Braungart et al.,2006). 
 

Figure 14: The case company placement on the Butterfly Diagram. Adapted from, by Ellen MacArthur Foundation, 2019. 

 

The first three case companies Kaffe Bueno, Sprout and SvampeFarm deal with biodegradable materials namely 

pencils and spent coffee grounds (SCG). On the other hand, Plastix, Refurb and Schoeller Plast deal with technical 

materials, such as plastics and electronic appliances. The focus of the analysis is on how these SMEs can enter the 

loop, highlighting the specific point in the Butterfly Diagram when waste becomes resource. Within this setup the 

utilization of resources is optimized, waste generation is minimized and there is an economically viable role for 

every product of a manufacturing process. By unfolding the Butterfly Diagram from the companies’ perspectives, 

it is possible to see where each fit in.  



56 
 

4.2.2 Introducing Biological side of the Butterfly Diagram Analysis 

Through a Biological Lens 

 

At first, the researchers will explain the biological side of the Butterfly Diagram and its techniques for decreasing 

processed waste. This will be done by analyzing Kaffe Bueno, SvampeFarm and Sprout. These companies are 

reducing waste finding productive uses for its by-products.  

 

The biological side of the Butterfly Diagram consists of the products which are consumed during their lifecycle. 

Through process like physical degradation or abrasion, those products may end up in natural systems and should 

therefore be designed to return safely to the natural environment and to have a positive impact on it, if possible. 

Products consisting of biodegradable materials such as wood or other organic substances can be decomposed 

naturally. While these materials are renewable by nature, further value can be obtained by cascading2 them for 

additional applications in different value stream, such as conversion processes producing valuable chemicals and 

fuels. Organic materials that contribute further can be composted or anaerobically digested to extract valuable 

nutrients such as nitrogen, phosphorus, potassium and micronutrients. By leveraging these recovery strategies, 

systemic leakages and negative externalities can be minimized (Webster, 2017). 

 

Companies like Kaffe Bueno and SvampeFarm have identified potential in recycling coffee grounds to create a 

circular value chain that both benefits the environment and promotes economic growth. Sprout, on the other 

hand, offers a plant-able pencil as a way to raise awareness about CE and encourage people to give their waste a 

new purpose. Depending on the product, different strategies for reuse can be applied, such as using it in a different 

production line, extracting components and substances, or using it as a new resource altogether. 

 

4.2.3 Kaffe Bueno: Unlocking Coffee's Health Potential 

Cascading the Magical Bean  

 

To illustrate the process of cascading cycles further, the case of Kaffe Bueno will be introduced in detail. The 

biotechnology start-up is finding new ways of recycling SPG to generate value by re-entering this “waste” into the 

loop of production. 

 

Conventionally, coffee follows a linear process from the harvest of beans to the SPG, which are discarded post-

brew. To dispose of grounds, restaurants and cafe usually discard them as they would any other waste, despite 

the fact the standard brewing only extracts around 1% of the available nutrients of the bean (Kaffe Bueno, 2019).  

 

Coffee beans are considered a biological nutrient according to the Butterfly Diagram (Braungart et.al, 2006). As 

such, have the potential of being cascaded back to the consumer, by being subject to extraction of biochemical 

feedstock, anaerobically composted or used for biogas. As Kaffe Bueno is a biotechnology company, it will be 

                                                
2 In other words, cascading means to extract additional value from the products and materials through other applications 
(Webster, 2017).  
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analyzed how it uses the extraction technology of biochemical feedstock to cascade biological nutrition’s of SCG 

back into the loop.  

  

When a cup of coffee is made, less than 1% of its health beneficial compounds (polyphenols, proteins, tocopherols, 

lipids, essential fatty acids, etc.) are extracted. 99% of it has been treated as waste, ending up in landfills. Ironically, 

the same compounds that are beneficial to human health are what makes coffee so harmful for the environment 

when it decomposes in a landfill, as they generate methane (340m3/ton), which is up to 86x more harmful to the 

environment than CO2 (A. Franco, personal communication, March 6, 2019).  

 

At the time of writing, Kaffe Bueno’s products are still in the prototype stage, but the extraction technology will 

enable them to make highly nutritional coffee flour and coffee oil out of the SCG, leaving no waste product (A. 

Franco, personal communication, March 6, 2019). As illustrated in Figure 15, the coffee recycling techniques 

include 1) extracting oil from grains (cosmetic industry usage) and de-fatted coffee ground (flour production 

usage), further extracting from the oil, 2) antioxidants (pharmaceutical production), and 3) sugars (hyaluronic acid 

for cosmetic industry usage). Kaffe Bueno uses coffee biorefinery technology to extract the aforementioned 

bioactive compounds from SCG. After the oil is extracted, the defatted grounds are sterilized and milled down to 

produce coffee flour, which is used for cooking. Furthermore, Kaffe Bueno is developing four new products for 

breaking down those defatted grounds into individual proteins, sugars and antioxidants to sell them separately in 

pharmaceuticals. Through these various processes, Kaffe Bueno prevents the emission of 340m3 of methane into 

the atmosphere. This is equivalent to 3863 kwh, more than half of the annual electricity consumption of an 

average Danish citizen (Worlddata, 2019). By extending coffee´s lifecycle and cascading it back within diverse 

applications in the pharmaceutical, cosmetic and functional foods industries, it also adds value to the planet and 

society (Kaffe Bueno, 2019).  

 

In addition, 1% of Kaffe Buenos´ profit is directed to educational projects for young coffee farmers back in 

Colombia. More educated farmers are less likely to use synthetic fertilizers, demonstrating yet another closed-

loop connection, this time between social justice and environmental protection (Ministry of Environment and 

Food of Denmark, 2017). 

 

The reason why Kaffe Bueno considers the oils extracted from coffee grounds a valuable resource is their chemical 

composition, which can be used across a wide variety of industrial sectors, including cosmetics and 

pharmaceuticals. It could also be an opportunity for increasing the competitive advantage, since currently the 

beauty industry extracts this oil from green or roasted beans, which produce lower quality oil (A. Franco, personal 

communication, March 6, 2019). 

 

This cascading model addresses the need for zero waste and an attempt for a full completion of the circular 

Butterfly Diagram. However, it has not been tested since most of the products are not yet to be found on the 

market. As described in the chapter 3.5, cascading increases resource effectiveness by using biomass in products, 

extracting economic value over multiple lifetimes. This process takes place within the Kaffe Bueno biorefinery, 

where the SCG is broken down in stages of nutrients from the carbohydrates, fats and proteins found in the 
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material. It’s important that the biological material on the farmland goes through the cascades not to bypass them 

e.g. by going from tree to furnace forgoes the value that could be harnessed via staged decomposition through 

successive material cascades. 

 

 
 

Figure 15: A representation of biological life cycle of spent coffee grounds adapted to Kaffe Bueno. Own creation. 

This approach to production and consumption states that energy recovery should be the last option, thus keeping 

the products at their highest value at all times, as long as it is possible (Ellen MacArthur Foundation, 2016).  

In this regard, Kaffe Bueno has highlighted its pre-empting innovation within the CE. However, the true potential 

of innovations cannot be fully expressed if matched with adequate policies. The role of these policies should be 

to make the process of bringing innovation to the market more agile. This is aligned with the external perspective 

that acknowledged that the legislation over innovation within the CE has been developed too late compared to 

the creation of the market (Christina Busk, personal communication, March 21, 2019). 

To sum up, Kaffe Bueno is a hi-tech start-up seeking to extract oil from the SCG (raw material suppliers), which 

can be used in the cosmetic, pharmaceutical and functional foods industry. This is achieved by exploiting the most 

effective cycle of the biological side of the Butterfly Diagram, namely cascading. Kaffe Bueno is aiming at creating 

one loop for the coffee waste. By applying this circular technique Kaffe Bueno creates zero waste products. The 

company is acting as an innovator and investing considerably to develop hi-tech technologies for the full 

exploitation of the biological nutrients. 
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4.2.4 SvampeFarm: Growing gourmet Mushrooms by reusing Spent Coffee 

Grounds  

From waste to highly nutritious food  

SvampeFarm is finding new ways of recycling spent coffee grounds (SCG) and generates value by re-entering this 

“waste” into the loop.  

 

Coffee consumption today follows a linear process. After all the substantial amount of energy in producing and 

shipping coffee beans around the world, all the value is placed on the liquid extracted of the brewed coffee. Since 

coffee beans are a biological nutrient, they can be looped back in the cycle. For example, oyster mushrooms are 

high in protein and require relatively small amounts of production resources (Pauli, 2017). Companies like 

SvampeFarm have found a way of how to extend life cycle of SCG through the domestic framing of oyster 

mushrooms. 

In fact, the company is selling a take-home paper box with a mixture of coffee grains, residue and mycelium from 

where the consumers can grow their own mushrooms in approximately 14 days. This is marked as Svampekit 

(SvampeFarm, 2019). As shown in Figure 16, SCG can be used to grow mushrooms. This reuse of SCG creates a 

first loop of coffee waste according to the Butterfly Diagram using a low-tech solution.  

 

SvampeFarm is, as a low-tech company, in no need for special recycling facilities. This has enabled them to 

experiment with growing factors such as temperature, dark- and bright rooms when farming the mushrooms. 

Moreover, to avoid contamination that results from the mold, SvampeFarm’s partners freeze the SCG´s until 

collection and wash the coffee grains. Furthermore, the growing medium consists of dead or dying biological 

matter. 

Coffee recycling techniques include: 1) the biomass is sterilized under the pressure and high temperature. 2) 

mushroom spores are introduced in small quantities. In a mix of SCG and fertilizer as mycelium from oyster hats 

is added. 3) once the substrate is fully populated, a thermal or water shock is applied. That causes the fruiting 

bodies to emerge and slowly colonize the coffee. Finally, 4) they are packed in a sponge box to easily grow their 

own sustainable fungi. Since bacteria have been largely eliminated by the sterilization and washing process, the 

mycelium rapidly expands into the substrate.  

The second loop takes place in the reuse of the kit in a mix of own SCG added in the domestic conditions. The 

steamed and moistened grounds, returned to the packaging it arrived in, could be directly inoculated with 

mushroom spores without the added necessity of sterilization. SvampeFarm is encouraging consumers to do a 

second loop by adding domestic coffee waste to grow another batch, however this loop needs longer growing 

time and the quality of the outcome cannot be secured. The third loop happens when composting the paper box 

as part of the mix. When the box can no longer be used for growing mushrooms, the paper box can be recycled, 

and the content can be used as garden compost (M. Pellegrini, personal communication, February 11, 2019).  
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Today, most of our food is conveyed through an increasingly complex and energy intensive system. SvampeFarm 

can increase local food production and minimize energy inputs. Mushrooms are one crop ideally suited to window 

farming, where both the waste and demand are the highest 

 

Figure 16: A representation of biological life cycle of spent coffee grounds adapted to SvampeFarm. Own creation. 

Moreover, the consumer has the power to decide towards paying those who deliver sustainable products and 

using what is locally available, providing foods for all, thus empowering communities around the globe. The residue 

after being used, growth medium can be reused livestock feed, as it contains valuable enzymes and can be 

returned to the soil in the form of animal manure. In other words, mushrooms convert plant waste into edible 

fruiting bodies. Mycelium that remains in the substrate after harvest, brings essentials full of amino acids, which 

is highly nutritious for animals. Animals in turn generate manure that bacteria digest, enriching the soil that plants 

and microorganisms thrive (Pauli, 2017). The SvampeFarm kit is an example of how CE relies on the cooperation 

not only between companies but also between users for a sustainable use of the products. In this regard, the 

biggest challenge for the company is to educate customers (M. Pellegrini, personal communication, February 11, 

2019). Considered together, and solely on the basis of coffee waste, the inner-city and urban farm based can use 

SCG which are packed full of nutrients and turn them into healthy locally grown oyster mushrooms.  

Through the collaborations with coffee shops and restaurants adds value to the local communities, not only by 

picking up the SCG but also by providing them with the oyster mushrooms in exchange. Furthermore, at the end 

of the growing cycle composted grounds can be safely returned to enrich the soil and complete the circle. 

However, in the case of SvampeFarm, three possible loops are created, nevertheless, the process still ends with 

waste - the growing plastic bag. Thus, the model could not be considered as fully circular. 
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4.2.5 Sprout: the eco-pencil that becomes a plant 

Step by step plantable pencil is changing the “throwaway society” mindsets about 

sustainability  

This section will analyze how Sprout generates value by re-entering the loop after the pencils´ lifecycle. Thus, 

changing societies´ perception about consumption and making sustainability visible to others. Nowadays, great 

part of the society pursues an extensive consumption, where even substantial and costly items are thrown away 

when they reach the end of their life and/or usefulness. Thus, creates waste streams that could be recycled, reused 

or degraded when return back to the soil. 

Every day are produced around 124 million plastic ball pens made from non-biodegradable plastic which end up 

in a landfill. Sprout has found a solution of how to educate consumer and substitute plastic ball pen utilization 

with eco pencils. Sprout pencil has been given a dual function by replacing the eraser, on top of the pencil, with a 

special seed capsule. Thus, enabling four loops of the Butterfly Diagram, by producing 100% biodegradable pencil, 

that can be planted after its use, and thus repurposing life cycle of the pencil (Sprout, 2019).  

Once the pencil has been sharpened multiple times until it's nothing more than a stub, it gets planted in a small 

container of soil and watered. The seeds in the capsule germinate within one to three weeks, depending on the 

seed variety. Most plants can be grown both indoors and outdoors. There are 22 selections of plants, including 

basil, eggplant, marigold, radish, and tomato (Sprout, 2019). While the plant grows, the pencil stub decomposes. 

Additionally, Sprout is encouraging consumers to collect seeds from the plants, so that consumers can grow a 

second batch of the plants the year after, thus enabling fourth loop. 

 

Figure 17: A representation of biological life cycle of pencil, adapted to Sprout. Own creation. 
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As shown in Figure 17, reusing pencil techniques include: 1) When the pencil is too short to write with, 2) planting 

the pencil at a slight angle, so the capsule is just barely covered by a thin layer of soil, water it regularly, so the soil 

is always slightly damp and add fertilizer, 3) when the pencils stub can no longer be used for growing herbs, it can 

be buried and it will decompose, 4) remaining seeds can be collected for planning a new plants. This repurposing 

of pencil is creating four loops of the Butterfly Diagram in a low-tech way, but the pencils manufacturing 

techniques are defined as hi-tech.  

The circular techniques enable Sprout to continually improve the efficiency of the processes and increase the 

lifetime of the pencil. By increasing the product longevity, the environment is protected. In other words, the pencil 

is 100% sustainable and non-toxic, (biodegradable seed capsule to natural clay and graphite core), produced by 

certified wood. The pencil is made from FSC wood and non-GMO seeds.  

Thus, the researchers argue that Sprout pencil as such, is fully circular, because it starts with a tree and the pencil 

is made from only FSC certified trees, so that means that every time tree gets cut, new tree gets planted. It is also 

interesting to know that one average size tree can make 175.000 pencils. Besides, when planting the pencil after 

its life cycle there is a potentially having another 12 million new plants whether that’s cherry tomato or basil (M. 

Stausholm, personal communication, February 25, 2019). 
 

The focus for sustainable development is wood, the renewable raw material that is at the heart of wood-cased 

pencils and that it is therefore essential to protect. Nevertheless, logistics and manufacturing process and 

packaging process need to be minimized in order to be circular through the whole value chain. To sum up, Sprout 

is able to design a fully circular product and generate awareness for the end user for reuse of resources. 

4.2.6 Summary 1: The Biological side of the case companies 
 

Those cases illustrate the efficiencies of the biological side of the Butterfly Diagram. It has been shown, that there 

are synergies between environmental and economic benefits of Kaffe Bueno, SvampeFarm and Sprout. Most 

importantly, it has been conducted how biological nutrients can originate cascades and the cycles that can be 

exploited under the Butterfly Diagram.  

 

Transforming into a fully circular business is complex and involves several passages overcoming many difficulties. 

The first two case companies are both start-ups that are trying to re-enter coffee waste into another loop of value. 

They use different techniques and are at different stages in the development of their business. These two case 

companies are focused on different ways of re-entering the used coffee grain into the loop, respectively to use it 

for nutrition for other plants (mushrooms) and then for composting, and as an input of the production of new 

products such as functional foods and cosmetics. In order for coffee production to be fully circular, all coffee must 

be produced organically, transportation and roasting must be fueled solely on renewable energy, and the 

packaging must also be held in a closed loop. Lastly, Sprout has not only demonstrated what is creative way to 

recycle, but also what sustainable consumption stands for. That is when a product has been utilized till its fullest, 
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instead of throwing it out, it shows how it could be used for something entirely different and in this case, give new 

life by planting it. 

 

In conclusion, the cycles illustrated by Figures 15,16,17, represent the techniques needed to extend the life cycles 

of biodegradable materials and extract additional value from products and resources that have already been 

produced. By applying the above-mentioned circular techniques, the case companies have built innovative 

businesses within the biological side of the Butterfly Diagram CE, facing different challenges. 

 

4.2.7 Introducing Technological side of the Butterfly Diagram Analysis 

Through a Technical Lens 

 

After discussing the process for the biological loop this section will focus on the shifts of the technical side of the 

Butterfly Diagram. This will be supported by the cases of Schoeller Plast, Refurb and Plastix. The researchers will 

investigate over the efficiencies and synergies that these companies have achieved by exploiting the technical 

cycles within the CE. It will also be discussed the environmental, societal and economic benefits that the case 

companies have contributed to create. 

The technical side of the Butterfly Diagram focuses on extending the life span of technical materials and derived 

products. It is composed of four cycles. The most effective is the maintenance cycle, in which the value of products 

is preserved as well as the enclosed labor and energy (Ellen MacArthur Foundation, 2015). The second most 

efficient cycle is reuse, in which the product value decreases, but the single components are retained. If the 

product cannot be maintained or reused, refurbishment can be a viable option. Refurbishment consists in turning 

a product to its original performance (Saidani, Yannou, Leroy and Cluzel, 2017). This process requires the products 

to be reassembled and, hence, it requires additional labor and energy while the original value of the single 

components of the products is still preserved. Finally, when none of the other cycles are possible, recycle 

represents the fourth cycle in which the original product value is entirely lost. However, the value of the material 

is still preserved by a process that requires additional labor and energy but avoids the usage of the same amount 

of additional virgin materials as if a new product has to be manufactured (Ellen MacArthur Foundation, 2013). 

All the companies involved in the technical cycles of the Butterfly Diagram have been improving their production 

efficiencies by exploiting the mentioned cycles. Schoeller Plast has created a circular technique by reusing plastic 

crates for the beverage industry (Schoeller Plast, 2019). Whereas, Refurb remanufactures electronic and IT 

appliances (Refurb, 2019). Plastix has created a niche in the recycling industry by specializing in discarded fish nets 

and trawls (Plastix, 2019). 
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4.2.8 Schoeller Plast: reusing 50-year-old plastic beverage crates 

From maintenance, to reuse and recycle cycles  

 

Schoeller Plast is a big producer of crates for the beverage industry, which has been able to innovate in its 

production process while deepening its know-how. Thus, Schoeller Plast placement in the Butterfly Diagram will 

be discussed as well as the strategy how the company has managed to keep beverage crates into the cycle as long 

as possible. 

Plastic beverage crates represent the development of packaging formulas for beverage producers. Plastic 

packaging is a central challenge to the CE. Although some of the potential solutions require multi-stakeholder 

alignment at international level, increased recycling and reuse represent an opportunity for Denmark to solve the 

issue. By addressing the need for improved collection systems and working together with stakeholders on ways to 

increase standardization, Denmark will increase the recycling of packaging to 75% by 2035, saving both embodied 

energy and carbon emissions (Ellen MacArthur Foundation, 2015).  

Figure 18 represents the life cycle of the beverage crates and their circular techniques. After being used by the 

beverage producers, the crates can: 1) be maintained for an average period of 10 years, which ensures four 

additional life’s to the crate or 2) be shredded and reuse the old plastics to build new plastic crates with the same 

characteristics or 3) be shredded and recycle the old plastics to build different items that require lower quality 

plastics. Hence, Schoeller Plast extends its loops over time through maintenance, reuse and recycle. Schoeller Plast 

contributes to reducing non-reusable plastic packaging in the beverage industry by providing reusable plastic 

crates and using raw material coming from discarded plastic items. One of the most important innovations was 

the modular cash register system, which was developed for COOP Denmark. The ideas were already to build 

products that could be reused many times (J. B. Pedersen, personal communication, February 27, 2019) 

 

Figure 18: A representation of technical life cycle of reused beverage crates, adapted to Schoeller Plast. Own creation. 
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When the beverage producer assesses that the condition of the crate is still acceptable, it can be maintained for 

the same purpose without any manufacturing process. This way, Schoeller Plast exploits the maintain loop of the 

technical side of the Butterfly Diagram. Here, the product value is preserved due to its strength and building 

quality. This loop lasts at least ten years, during which the crate has a warranty insured. This means that during 

this period, on average, the crate structure as well as the plastic qualities should remain unaffected. Plastics quality 

is fundamental to prolong the plastic crate life cycle. In this direction, Schoeller Plast has developed a production 

process keen on ensuring quality and longevity to each product, through the selection of the most suitable raw 

materials (Jan Bybjerg Pedersen, personal communication, February 2, 2019). 

Furthermore, the beverage producer can request to Schoeller Plast the collection of the crate when it is out of 

use. In this case, the beverage producer will use mobile grinders to turn the crates into shreds. Schoeller Plast has 

two techniques to use the plastic shreds, depending on their conservation status (Jan Bybjerg Pedersen, personal 

communication, February 2, 2019). 

 

If the plastic shreds still have good quality and properties, Schoeller Plast reuses them to build new crates. Thus, 

Schoeller Plast creates a new cycle called reuse/redistribute of the technical side of the Butterfly Diagram. The 

new crates utilize reused plastics from old crates to which is added a percentage of virgin material. This proves 

the possibility of reusing plastics by upcycling it (i.e. conserving its qualities and properties) instead of following its 

natural downcycling process (i.e. a loss of its properties throughout its reuse). 

 

Plastic shreds of poor quality and properties are used to build different products that do not require the same 

strength and shock resistance. The Ocean Box - produced in collaboration with Plastix - is an example of the above 

upcycling process. This way the company also embraces the third loop of the technical side of the Butterfly 

Diagram, namely recycling to produce a wide variety of new plastic products (Jan Bybjerg Pedersen, personal 

communication, February 2, 2019). In this sense, as mentioned in the cycle in Figure 18, Schoeller Plast contributes 

to reduce the leakages from its production process and business activity, due to a better employment of resources. 

Due to the cycles that have been mentioned above, Schoeller Plast has entered an economy in which the use of 

new raw material is kept to the minimum allowed by the technologies available in the industry.  

 

This progression is coherent to CE principles which aims to preserve product value before the materials that 

compose it. More specifically, the maintain cycle is the most efficient reuse strategy in order to accelerate the 

shift to a sustainable industry, because maintain keeps the embodied energy needed to produce the crate and 

reduces the need and the emissions deriving from transporting new crates (Fitzpatrick, 2015). For instance, 

reusable plastic crates emit 31% less carbon dioxide compared to single-use cardboard boxes. Moreover, by using 

maintainable crates can be achieved savings for 34% in terms of energy demand for production, for 65% of water 

consumption and 85% of solid waste, compared to single-use fibers boxes (Franklin Associates, 2016). 

 

The role of Schoeller Plast within the CE is connected to its ability to innovate the production techniques and to 

the involvement of the beverage producers to achieve synergies throughout the value chain. This is following the 
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view of the external perspective that has stated the need of an alignment of knowledge and understanding of the 

topic across the companies (C. Busk, personal communication, March 21, 2019). 

 

In conclusion, Schoeller Plast has been able to create synergies between all three cycles of the technical side of 

the Butterfly Diagram: maintain, reuse and recycle in order to extract the maximum value from the material it 

utilizes and to exploit at the maximum level the energy consumed in the production processes. Thus, Schoeller 

Plast´s business activities are circular.  

 

4.2.9 Refurb: remanufacturing IT and electronic appliances 

Computers and the Environment: Understanding and Managing their Impacts 

Refurb is a refurbish and remanufacturing company specialized in IT and electronic appliances. The company 

extends their lifespan by two additional lifecycles. Founded ten years ago, Refurb experienced a considerable 

growth, especially contributing to the remanufacture and its benefits in Denmark.  

Today, remanufacturing still accounts to only 1.9% of the total production of manufacturing goods in Europe (ERN, 

2015). However, the industry is gathering increasing attention. Remanufactured and refurbished electronic goods 

can be bought at 25-40% discount compared to new products. By remanufacturing IT and electronic appliances 

as a product, Refurb also extends the life span of the precious metals embedded in the products. For instance, 

smartphones contain considerable quantities of gold, silver, cobalt. By using them for a two-year average period, 

the value of these metals is lost to a high extent. Only the 6% of used phones are reused, while 9% are 

disassembled in order to be recycled. This also means that the 85% is landfilled or is kept by private consumers 

without being used for years (Raworth, 2018). 

Figure 19 describes the complete processes operated by Refurb. The cycle helps in following the way Refurb 

extracts additional value from the IT appliances that it processes. When Refurb acquires an IT or electronic 

appliance 1) provides largely aesthetic improvements throughout cleaning and repairing (i.e. refurbishing), and 2) 

a series of upgrades in order to bring the appliance back to first-hand conditions (i.e. remanufacturing), while 3) 

reusing components by taking them from various appliances and placing them in others.  

Refurb selects IT and electronic appliances that are, on average, between two and three years old, that only come 

from companies and the public sector. This is because their appliances are usually of higher quality and because 

companies want to upgrade their electronic appliances more often than private consumers. In contrast, it has 

been found that private consumers are usually not willing to sell their equipment. According to a study made by 

the Ministry of Food and Environment of Denmark in November 2015, every Dane keeps at home more than 10 

kilograms of discarded electronics. The reasons of this number are numerous. 

 

On one hand, private consumers are attached to their appliances and look at the remanufacturing and 

refurbishment as a process after which they lose the disposal of an item owned for a long time. Other reasons 

regard the fact that electronics are stored on shelves waiting to bring them to a recycling station, are hidden in 
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remote areas of the house or are stored in order to reuse them one day. Although this mindset is changing over 

time, private consumers’ habits need time to adapt. This explains the reason of collecting IT appliances from 

corporate client (M. M. Karlberg personal communication, February 28, 2019; Refurb, 2019). 

 

The refurbishment cycle happens when the IT appliances are cleaned, and aesthetic adjustments are made. This 

process consists of, but is not limited to, hardware testing and software licenses upgrades or renewals. This cycle 

preserves almost entirely the product value and brings limited functionality improvements. Finally, electronic 

items and computers are upgraded. During this procedure both the reuse cycle and the remanufacture cycle are 

exploited (Refurb, 2019). 

 
Figure 19: A representation of technical life cycle of refurbished electro appliances, adapted to Refurb. Own creation. 

 

Refurb reuses 98% of the material acquired and thus it contributes to a reduction of the IT waste. The remaining 

2% is collected by external companies for shredding and recycling. Although electronic appliances constitute the 

2% of the total waste, it originates the 70% of toxic substances (Mette Marie Karlberg, personal communication, 

2019). Also, IT and electronic appliances contain considerable quantities of metals such as copper, silver, cobalt 

and gold. It was estimated that 80% of the CO2 emissions related to IT appliances come from their production. 

Hence, by refurbishing them, company minimized the leakages of new CO2 emissions (M. M. Karlberg personal 

communication, February 28, 2019; Refurb, 2019). Despite the original product value is lost, both the economic 

value and the embedded environmental impact are maintained and preserved by the reuse of the single 

components. 

Refurb detects performances of the devices that acquires through the use of a proprietary software which 

identifies the improvements and upgrades needed. This results in a higher number of reused IT devices and 

reduction of CO2 emissions while keeping the value of the products (M. M. Karlberg personal communication, 

February 28, 2019; Refurb, 2019).). Those gadgets can be sold to consumers. This leads to a higher sustainability 

for IT devices and lower environmental impact (All-Party Parliamentary Sustainable Resource Group, 2015). In this 
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sense, the role of Refurb within the CE is not only connected to lowering production and recycling, but also the 

creation of more conscious end-users and prepared to a shift in the way products are consumed. 

Refurb exploits the remanufacture, refurbish and reuse cycles of the Butterfly Diagram, hence decreasing the need 

of IT and electronic appliances production. Also, it is conveyed that the synergies created between the cycles 

exploited by Refurb, extends the life cycle of electronic components and IT appliances. Hence, it is conveyed that 

by giving a new life to IT and electronic appliances, Refurb achieves both an economic and environmental gain.  

 

4.2.10 Plastix: recycling discarded fishing nets into the clean tech raw material 

A new niche for the recycling industry for the preservation of the oceans 

Plastix operates in the plastic recycling industry, bringing important innovations in the way it is carried out. The 

Danish recycler, by specializing on fishing nets and ropes, actively contributes to the preservation of the maritime 

environment.  

 

Although to a different extent depending on the considered location, the maritime industry influences significantly 

the amount of ocean waste represented by the synthetic fibers embedded in fishing nets and ropes which, in turn, 

represent a threat for the marine life (Macfadyen, Huntington and Cappell, 2009, Laist, 1987, 1997; Quayle, 1992). 

This situation is enhanced by the fact that plastics degradation takes longer due to lower temperatures and 

reduced UV exposure, especially for trawls left at the bottom of the oceans (Andrady 2011; Barnes et al. 2009).  

Plastix innovative technologies allow the company to deliver high quality raw material to manufacturers, opening 

new business and market applications. To appreciate the innovative process of the recycling technology and 

business idea behind the company, it is appropriate to explain what are the issues that plastic handlers have to 

deal with. The first issue is connected to the diverse recyclability of different types of plastics. Plastic is categorized 

into seven different classes depending on the type of plastic polymer (e.g. PET3, HD-PE4, PVC5, LD-PE6, PP7, PS8, 

O9). Each of these classes has different properties and characteristics. The second issue relates to the decreases 

in quality and properties, every time plastic is recycled. Hence, not only it is worth less but also has fewer valuable 

applications. To overcome this issue, plastic recyclers need to innovate in the way they sort, select and clean the 

plastic they will recycle. Plastix has faced the above-mentioned issues by innovating in the way the recycling 

process is planned and the techniques that compose it (H. A. Kristensen, personal communication, April 8, 2019). 

Figure 20 represents the life cycle of discarded fishing net and trawls. Fishing nets and ropes that have passed the 

gate control enter the production line, where they are cut and washed. Plastix counts of the biggest washing 

facility in Scandinavia for the recycling industry. This proves Plastix commitment and financial efforts in using 

                                                
3 Polyethylene terephthalate 
4 High-density polyethylene 
5 Polyvinyl chloride 
6 Low-density polyethylene 
7 Polypropylene 
8 Polystyrene 
9 Other, often Polycarbonate 
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technologically advanced machineries that ensure efficient production process. The water used for its functioning 

is reused over time and depurated consistently with the level of contamination. This not only preserves water 

reserves, but also optimizes Plastix production process of recycled material. 

 

Their circular techniques are: 1) After being collected by NGO´s, the fishing nets and trawls can be transformed 

into new products by getting recycled. Furthermore, 2) the water used in the washing machinery is reused by 

being purified, instead of being changed continuously. Finally, 3) the extruder10 blades which are maintained and 

re-sharpened, going through the manufacturing cycle. By closing these loops, the environmental impacts of the 

processes at Plastix are mainly related to electricity consumption, water consumption, landfill avoidance and 

transport activities.  

 
Figure 20: A representation of technical life cycle of discarded fish nets and ropes, adapted to Plastix. Own creation. 

 

The recycled plastic is used to build new products and gives new life to discarded fishing nets and ropes. It derives 

an optimized resource consumption. An example can be the Ocean Box developed in partnership with Schoeller 

Plast, which is still being tested and will probably be used in the food and agricultural industry. 

 

Plastix contributes to ocean cleaning by collecting discarded fishing nets and ropes in order to use the plastic fibers 

of which are made. This is beneficial not only to the wildlife, but also to the surrounding community. This is in line 

with the first principle of CE, which pushes toward the preservation of natural capital, including the marine 

environment. For this reason, CE not only is a concept but also requires concrete actions and investments in 

innovation (H. A. Kristensen, personal communication, April 8, 2019).  

                                                
10 Machine that brings the plastic polymers to the granule format. This format is how the plastic raw material is sold by plastic 
recyclers. 
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It is conveyed that Plastix creates three loops of materials in its processes. For what concerns its main cycle (i.e. 

plastic recycling), although it is not the most efficient of the cycles in the technical side of the Butterfly Diagram 

compared to maintain and reuse. It generates the most value towards innovation in the recycling industry and 

how to improve the efficiencies while reducing the environmental impact, by exploiting other cycles of the 

Butterfly Diagram (i.e. washing process water reuse and extruder blades maintenance). Plastix has positioned itself 

in a niche market, which is gaining attention due to the condition of the marine environment. Thus, this Danish 

company is an example of how hi-tech processes have the potential to solve or, contribute to the reduction of 

environmental waste.  

4.2.11 Summary 2: Technical side of the Butterfly Diagram 
 

By analyzing the processes and the techniques employed by Schoeller Plast, Refurb and Plastix, the efficiencies of 

the technical side of the Butterfly Diagram have been explained. It has been investigated over the synergies arising 

between environmental and economic benefits of the activities of the companies in the technical side of the 

Butterfly Diagram. Most importantly, it has been investigated how technical materials can originate loops and the 

cycles that can be exploited employing the enclosed labor and energy.  

 

On the other hand, none of the three companies can be defined fully circular. Schoeller Plast still emits CO2 by 

producing crates and does not ship the crates with electric vehicles. Refurb owns a small production line where it 

disassembles and reassemble appliances with machineries that consume electricity that is generated also from 

fossil fuels. Plastix does not have fishing nets and ropes delivered through electric vehicles and consumes 

electricity which is not entirely produced from renewable sources. Hence, it has been argued that although the 

three companies have innovated, the whole value chain still needs to be adapted to this transition.  

 

Nevertheless, the present chapter has demonstrated that by maintaining, reusing, remanufacturing and recycling 

products and materials significant input costs can be cut, together with a preservation of natural finite resources 

shared in the community. Schoeller Plast and Refurb contribute to the reduction of CO2 emissions by reducing the 

need to produce additional product. At the same time, Plastix contributes to ocean cleaning and the preservation 

of the marine environment. Therefore, it has been shown how the lifecycle of the materials involved can be 

extended in a closed loop. These cycles show that moving towards a circular business requires to overcome several 

difficulties and involves different passages and actors.  

 

In conclusion, as illustrated by Figures 18, 19, 20 the companies have extended the life cycles of technical materials 

and extracted additional value from products and resources. 
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4.3 Part 2: What business practices allow the case companies 

to operate within the circular economy?  

4.3.1 Identifying Circular Strategies and Growth Initiatives 
 

In practice, CE can be promoted and supported by the creation of new innovative business models which embed 

CE principles into their value propositions throughout the value cycles. However, assessing the realization of the 

value propositions of new Business Models (BM) is not straightforward and requires comprehensive reasoning. 

The ReSOLVE Framework identifies the circular business strategies used by the case companies in order to grow 

and deliver the value created by their BMs. All case companies operate in very different industries. Nevertheless, 

by operating in the CE, the case companies deal with the preservation and enhancement of the natural capital, 

optimization of resource consumption and system effectiveness. Therefore, ReSOLVE Framework analysis will 

work as an extension of the Butterfly Diagram analysis. Whereas previously the Butterfly Diagram analysis has 

highlighted how the case companies exploit the loops and cycles of the CE, ReSOLVE Framework starts from these 

results to investigate how the cycles can be translated into circular business strategies. In this sense, it is also 

evaluated each case company contribution and commitment towards the UN Sustainable Development Goals as 

an empowering tool for circular business models to foster sustainable development (UN, 2018).  

 

As presented in chapter 3.7, the ReSOLVE Framework is divided in six typologies. Regenerate considers how the 

case companies contribute to the regeneration of natural capital and the reduction of leakages from production. 

Share regards the extent to which the business activities of the case companies extend the life cycle of products 

and materials. Optimize refers to the practices aimed to increase the performances of production processes and 

products. Loop involves the activities that preserve components and materials, exploiting the most efficient cycles. 

Virtualise implies the replacement of physical products with disrupting virtual solutions. Lastly, exchange stands 

for the shifts from traditional techniques with more innovative ones (McKinsey & Company, Ellen MacArthur 

Foundation, 2015). 

 

Table 3: Case company placement on the ReSOLVE Framework. Adapted from Ellen MacArthur Foundation, 2016. 
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As shown in Table 3, the ReSOLVE Framework has been applied to the six case companies highlighting in which 

typologies of the framework they operate by analyzing their business practices. However, none of the case 

companies have implemented Virtualise business activity, in the sense that they have not replaced their physical 

product with a virtual service.  

 

The aim of this analysis is to outline a framework for the evaluation of environmental value propositions of circular 

business models based on the case companies, as illustrated in Table 3. The framework assesses the 

environmental impact of the value proposition around the six categories, highlighting the synergies between the 

typologies, and the benefits for the environment and society. 
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4.3.2 Kaffe Bueno: Scandinavia´s first Biorefinery  

From principles to practices: Optimise, Loop, Exchange 

 

The ReSOLVE Framework as a managerial tool is embracing change by addressing both technological and internal 

issues as well as strategic aspects. This section will demonstrate how such an innovation is taking place in Kaffe 

Bueno´s business activities through following typologies: Share, Loop and Exchange.  

 

Kaffe Bueno has based its BM on the development of innovative techniques. With the biorefinery, the company 

processes five tons of SCG per month, producing ingredients for cosmetics, pharmaceuticals and functional foods 

industries. The SCG comes from selected hotels and corporate partners, that, in turn, can increase their brand 

value and reduce their waste management costs by 15%, exploiting the free recycling service offered by Kaffe 

Bueno (A. Franco, personal communication, March 6, 2019). 

 

By optimising valuable biological nutrients through the use of alternative material inputs (e.g. cascading by using 

by-products or extracting biochemical feedstock from biological nutrients), Kaffe Bueno extends the products’ 

economical and biological life cycle and adds value to people and planet.  

 

Furthermore, Kaffe Bueno has enabled innovative solution by having designed a drying bin, equipped with an IoT 

sensor to preserve the coffee waste and strategically gain time with facilitated logistics. Hence, it is enabling the 

exchange category in a combination with smart resource selection in a hi-tech application. By being a hi-tech 

company, Kaffe Bueno is coherently focused on finding technologically advanced solutions to run its business 

activities. As the company has stated, the level of technology and access to knowledge in Denmark, compared to 

other countries, was decisive for choosing to establish their business here (A. Franco, personal communication, 

March 6, 2019). 

 

Other factors are involved, as knowledge, motivation and financial resources of the start-up by re-designing the 

recycling process by incorporating loop category. Kaffe Bueno aims to extract oil for cosmetic purposes and flour 

for culinary usage. The process ideally would end with both products simultaneously, resulting in minimized 

consumption of energy. Also, Kaffe Bueno is currently having collaborations with laboratories elsewhere in Europe 

since in Denmark the potential of their technology has not been supported and understood. Currently, the biggest 

challenge of Kaffe Bueno is to acquire financial funding, because of the risk averse investors and are lacking path 

dependencies regarding the profitability and scalability for the long-term investments (A. Franco, personal 

communication, March 6, 2019). 

 

A growing group of for-profit companies around the world are adopting business models that address social and 

environmental issues, using business as a force for good. For instance, Kaffe Bueno is B-Corporation certified. In 

other words, the company’s supply chain has been certified to all of its stakeholder: from suppliers, to customers, 

to nature. That means that Kaffe Bueno has full traceability of the raw material and sustainable practices of 

production is verified. This allows to secure high-quality through all the steps of production. In the same time, it 

brings together business community that supports one another.  
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Kaffe Bueno keeps its vision in an exchange approach by using the cleanest technological solutions for production, 

subsequently contributing positively to the environment. Its vision declares sustainability from resource use and 

environmental degradation, notably through improved resource efficiency, while improving at the same time the 

society's well-being by incorporating UN Sustainable Development Goal (SDG no.12), ensuring sustainable 

consumption and production patterns. In turn, this represents the company’s commitment towards fighting 

climate change (SDG no.13). 

4.3.3 SvampeFarm: Urban Mushroom Farm for greener future  

From principles to practices: Regenerate, Loop, Exchange 

 

As Butterfly Diagram analysis showed, re-design products and proper sorting is necessary to make more conscious 

efforts. The ReSOLVE Framework points out the need for change on a design level. There are some overlaps of 

some of the proposed activities and the creative solutions exemplified in the assed case studies. Therefore, in this 

section it will be demonstrated how such an innovation is taking place in SvampeFarm´s business activities through 

these identified typologies. 

SvampeFram is addressing essential pivot of the CE thinking, namely a minimized leakage to landfill, thus 

regenerating value back (Ellen MacArthur Foundation, 2013). It is essential to farm in a way that enriches rather 

than degrades the soil, as it further creates value to animals and workers. Local and urban agriculture can help to 

reduce greenhouse gas emissions and recycle nutrient-rich food scraps, such as coffee waste. SvampeFarm is 

locally growing mushrooms by using coffee waste as fertilizer. The collaborations with Norreport Coffee Factory, 

stores, hospitals, like Gentofte and gas stations leads to reduce emissions connected to the transportation of the 

spent coffee grounds and mushrooms (M. Pellegrini, personal communication, February 11, 2019). Thus, the 

company also reduces resource inputs and waste outputs while enhances the public interest in protecting green 

spaces by participating to related initiatives11.  

 

In contrast to Kaffe Bueno, SvampeFarm has discovered a low-tech solution to the recycling problem by using the 

fridges available in hospital and gas stations to extend even more the life of the raw resource (M. Pellegrini, 

personal communication, February 11, 2019). Creative solutions could be hi-tech based innovation or low-tech 

based on available resources. Furthermore, both companies are in the process of re-designing the recycling 

process by incorporating resource loops. In comparison, the Svampekit aims to be re-usable not only once, but 

even ideally twice for the growth of two mushroom batches (M. Pellegrini, personal communication, February 11, 

2019).  

 

On the other hand, Svampefarm explores recycling opportunities of other raw resources like “beer mash”, a waste 

product from beer-brewing, which is rich in proteins, fibers and nutrients and can also be used for feeding animals 

                                                
11 Last year SvampeFarm took a part at the Dansk Naturfredningsforening, a Danish nature society by sending the kit to 220,000 students 
around Denmark. Hence, the collaboration not only made urban areas more liveable by enhancing the natural systems that keep urban 
agriculture to be positive overall, but also brought enriched the community by educating people 
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at farms. Actually, it is as good as coffee waste to grow mushrooms (M. Pellegrini, personal communication, 

February 11, 2019). Hence, it enables the business activity in the next typology of exchange. That might increase 

not only the positive impact of resource reuse within another industry, but also engage current CE “non-

customers” and stakeholders. Thus, generating synergies between the typologies, by opening new opportunities 

for CE through regenerate, exchange and by creating new loops.  

 

Although SvampeFarm is a low-tech company that bases its BM on the efficiencies of the CE, another goal is the 

successful design of the products to achieve a zero waste. To accomplish that, SvampeFarm would still need to 

find a solution for their plastic bag included in the packaging. At the same time, the biggest challenge is to change 

people’s mindsets since it is a very long and slow process.  

 

4.3.4 Sprout: A Small Pencil with a Big Idea 

From principles to practices: Regenerate, Share 

 

Kaffe Bueno and SvampeFarm, have illustrated the importance of the sustainable consumption patterns in CE and 

its role in the transition towards a circular business model. This is also recognized by Sprout, which acknowledges 

that product innovation speeds up the growth of the company's business activities by creating conscious 

consumers from a simple product like pencils. Thus, the company focuses on these identified typologies of the 

ReSOLVE Framework: Regenerate and Share.  

 

With its original 100% biodegradable pencil, Sprout is tapping into the regenerate type of the ReSOLVE Framework. 

Meaning once the stub of the pencil is left, it can be composted. The company uses only FSC-certified wood. In 

this regard, delivering business benefits by guaranteeing environmental and social responsibility. Moreover, 

Sprout is extending its sustainable product offer, with make-up pencils and wooden teaspoons, which are also 

fully biodegradable and designed to communicate green values. 

 

Besides, by having unique and innovative design of the plantable pencil, Sprout is repurposing the meaning of the 

pencil after its lifecycle, thus enabling the share category. In other words, the stub of the used pencil, can be 

reused and planted to grow herbs. In this case the pencil makes people to rethink about how they are consuming 

products and what happens afterwards. The idea contributes to the CE principles by rebuilding and restoring 

natural capital. The main challenge, however, is to shift away the consumption of plastic ball pens and increase 

the awareness that the products ends up in the landfill. Nevertheless, it has been noticed a change in people 

consumption that has pushed Sprout in reducing the price of its product over time. This shows that people are not 

willing to pay extra money for something that is sustainable, because consumers expectations that a product is 

sustainable to a higher extent (M. Stausholm, personal communication, February 25, 2019). 

 

To contribute to the education of the sustainable consumption, Sprout is collaborating with schools and 

restaurants. Furthermore, big corporations and government organizations have started to notice the shift. For 

instance, the Vatican State has used the Sprout pencil for fundraising. Also, the Danish Government is using it as 
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a communication tool by engraving a personalized message on the pencil. Companies like IKEA, Porsche and Disney 

are also buying the Sprout pencil with their own logo and green messages. Companies make 90% of Sprout´s 

clients. The perception of Sprouts’ sustainability has gained exposure and in the last few years Sprout has sold 

more than 12 million pencils, in 80 countries (M. Stausholm, personal communication, February 25, 2019).  

 

Despite Sprout conducts its business mainly within the share typology to repurpose the use of pencil, it is still a 

great challenge to minimize packaging as both private consumers and businesses demand it. Nevertheless, their 

goal is to create CE, which is designed to produce no waste and no pollution. By contribution to the SDG n. 12, the 

goal is increasing consumers awareness of sustainable consumption. 

 

 

4.3.5 Schoeller Plast: Seizing Circular Economy Opportunities  

From principles to practices: Share, Optimize, Loop, Exchange 

 

In a CE, the focus is not only on ‘doing more with less’ but also to harness the full value of the resources, e.g. by 

extending the lifetime of components and materials. Contrary to the companies who deal with biodegradable 

materials and nutrients on the biological side of the Butterfly Diagram, companies on the technical side of the 

Butterfly Diagram focus in minimizing the leakages from the usage and assembly of non-biodegradable products. 

In this process, Schoeller Plast takes advantage of the following typologies of the ReSOLVE Framework: Share, 

Optimize, Loop and Exchange categories.  

 

Since Schoeller Plast maintains technical materials, the company does not regenerate directly to the ecosystem. 

Nevertheless, it reduces the leakages originated from the production processes indirectly regenerates the natural 

capital.  

 

Furthermore, Schoeller Plast also fits in the share typology by reusing its products over time, by designing them in 

order to last as long as possible and to permit full restoration by tracking the base plastic material of which each 

crate is made. Schoeller Plast can count on wide range of skills and abilities: an internal design and development 

department that provides a qualified advice during the initial stages, 2D and 3D product visualizations, material 

choice consultancy and mold flow analysis (Schoeller Plast, 2019).  

 

In the injection molding production step, the company applies a mark in order to track the material base of the 

crates. Therefore, the company can optimize the production process and forecast the degradation time of the 

embedded materials. For this reason, Schoeller Plast extends the life cycle of the crates, by prioritizing the smallest 

loop of the Butterfly Diagram, which is maintaining, over reuse and recycling and, thus, the most efficient. In this 

sense, the company contributes towards responsible consumption and production (SDG no. 12) and sustainable 

industrial innovation (SDG no. 9). In turn, this represents the company’s commitment towards fighting climate 

change (SDG no.13) (Schoeller Plast, 2019). 
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By producing a wide range of plastic products, the company optimizes the use rate of the machineries (J. Pedersen, 

personal communication, February 27, 2019). Optimized production capacity results from the intensive use of the 

machinery. Instead of buying additional production machineries, the company adjusts its plant in order to 

eliminate capacity in excess.  

 

Finally, Schoeller Plast also pursues exchange business practices by using a technologically advanced crate 

structure and assembly process. The company can produce them in different colors, shapes and designs, satisfying 

the needs of customers through different sectors. Consistent investments in hi-tech machineries allow an 

automated molding process. More specifically, the company owns 25 molding machines that can impart a pressure 

that ranges from a minimum of 25 to a maximum of 1,250 tons (Schoeller Plast, 2019). This gives the company the 

possibility to offer its customers short delivery times, high reliability and adaptability. Most importantly, the know-

how - built over 50 years of activity - has provided the company with effective design skills and capabilities. With 

this regard, the company has exchanged old and traditional production processes, innovating in technologies and 

machineries and using alternative inputs for the crates (i.e. from wood to plastics, from plastics to recycled 

plastics). This represents the main circular business activity for Schoeller Plast which enables the others. Without 

an innovative and hi-tech assembly line, none of the loops would be closed. 

 

To sum up, the company has developed a leading position in the production of plastic crates for the beverage 

industry while maintaining its efforts for a sustainable consumption and production. This commitment is coherent 

with the growing concern over plastic packaging and increasing regulations over their production. Ultimately, this 

context is pushing Schoeller Plast’s customers in moving away from plastic crates and looking for new alternative 

solutions. Nevertheless, the company's commitment to CE is translated in steady efforts in the share, optimize, 

loop and exchange categories of the ReSOLVE Framework. 

 

4.3.6 Refurb: Profiting from Green IT 

From principles to practices: Share, Optimize, Loop 

 

Some companies like Schoeller Plast are increasing the resource efficiency by using materials from their own 

production processes or from returned products and components. Some others, like Refurb, are improving 

resource efficiencies by using materials and products that have already been produced by others. As shown in 

Table 3, Refurb conducts its circular business activities by exploiting the typologies: Share, Optimize and Loop.  

 

Hence, it is conveyed that Refurb sustains the second hand-market for electronic and IT appliances. This consists 

in the share category of the ReSOLVE Framework. The company’s practices reduce the loop speed of the items 

and, as mentioned in the Butterfly Diagram, 98% of the materials is kept in the refurbished item. Hence, only the 

2% of it is sent to recycling, exploiting the product value to its highest degree and reducing the waste to the 

minimum (M. M. Karlberg, personal communication, February 25, 2019). Hence, Refurb contributes to the share 

category by sustaining the second hand-market for electronic and IT appliances. The company’s practices reduce 

the loop speed of the items processing the 98% of the appliances acquired.  
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In this regard, is possible to assert that Refurb business is aimed in increasing the performances of products, 

namely electronic appliances. By leveraging on its proprietary software (i.e. technology), the company reuses the 

energy and materials embedded in the products. This also brings to an optimization of the business model itself, 

because refurbished items have been estimated to be a highly profitable business due to reduced input costs. It 

has been estimated that the turnover of remanufacturing activities can be up to 50% higher compared to a 

manufacturing company (European Remanufacturing Network, 2015). This has contributed to an exponential 

growth in the latest years. This makes Refurb the biggest refurbishment company in Denmark with a processing 

capacity of more than 70,000 units a year (Refurb, 2019). However, this outperforming processing capacity has 

now exceeded the supply of appliances. This represents a new challenge for the optimization of the business 

model of Refurb. 

Nevertheless, the company is now able to process more devices than the number of appliances it can buy. The 

company is working on solving this misalignment between demand and supply. In this sense, it contributes to the 

attainment of SDGs, in particular towards a more responsible consumption and production (SDG no. 12), 

sustainable communities and cities by offering appliances at a lower price (SDG no. 11), and climate action and 

life on land by reducing the production of e-waste (SDGs no. 13 and 15) (Refurb, 2019). 

By exploiting a closed loop and prioritizing the inner cycle of remanufacturing, Refurb maintains the value of the 

product, whereas in the recycling cycle is entirely lost. However, remanufacturing is still less efficient than maintain 

and reuse cycles in terms of product value conserved (Ellen MacArthur, 2015). 

 

To sum up, Refurb business practices categorized through the ReSOLVE Framework explicit the benefits of the 

refurbish / remanufacture and reuse cycles within the CE. Together considered, the optimization of the processes 

has allowed to extend the loop length of the materials embedded in IT and electronic appliances. Nevertheless, 

the misalignment between demand and supply is a new threat for the company.  

 

4.3.7 Plastix: When the Money floats in the Ocean. 

From principles to practices: Optimize, Exchange 

 

While Schoeller Plast and Refurb focus on improving the efficiencies around products, Plastix bases its activity of 

recovery of the plastic raw material embedded in fishing nets and ropes. Here, it will be defined what is the 

meaning of circular business strategies for a clean tech plastic recycler and how the loops are closed from a 

business perspective. Table 3 represents the classification of Plastix business practices: Optimise and Exchange 

typologies, although it also contributes to Share and Loop to a minor extent.  

 

Its circular business activities are linked to the preservation of the marine environment and oceans’ pollution. By 

specializing in the recycling of fishing nets, Plastix has risen awareness on their environmental impact of not 

collected fishing nets.  
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The company’s optimized operations derive from the focus on specific plastic polymers. By focusing on PP and PE-

HD plastic polymers, Plastix reduces the variety of machineries needed for the recycling process. This choice is 

coherent with the diffusion of the two polymers. Currently 85% of plastic products are made of PP and PE-HD (H. 

A. Kristensen, personal communication, April 8, 2019).  

 

Most importantly, Plastix has exchanged the traditional methods used in the recycling industry by bringing a new 

way of recycling plastics in term of specialization, production and collaborations. Plastix has specialized in an 

innovative niche of the plastic recycling industry. Currently, there are no other plastic recyclers focused on the 

maritime industry. Plastix’s choice to serve the maritime industry is innovative as it is the only company together 

with Aquafil, to be specialized in fishing nets and ropes recycling. Hence, it is able exploit the current situation of 

arising awareness for the environmental issues. In addition, Plastix has built a three-level “Certification Program 

for Input Suppliers”, that allows its suppliers to certify their partnership with Plastix and promote their “green 

profile”. The levels illustrate the amount of CO2 emissions saved, their contribution to reduce the number of 

landfilled or lost fishing nets, and their participation to the recycling process (Plastix, 2019). 

 

Due to its technological investments, Plastix has developed a highly structured production facility. This is one of 

the pillars on which Plastix has set its business activities, called “evidence-based” approach to product 

development. In order to improve the quality of its raw material, Plastix elaborates the data collected in the 

laboratory. The company argues that this approach is at the basis of the CE since it enables a smooth transition. 

For this reason, the company believes that the “evidence-based” approach has to be matched with a trial and 

error or “step-by-step” production process. If the manufacturers would design their ropes in a take-back system 

approach, they would have an incentive to design ropes for disassembly. Instead, product designers and engineers 

now mainly evaluate how the product relates to customers’ needs without considering how it will be dismantled 

(H. Kristensen, personal communication, April 8, 2019). 

 

This has brought the company to collaborate with manufacturers that use Plastix granules with their products, in 

order to better follow the design and development of new products. This becomes a true competitive advantage 

over other recyclers. The Ocean Box produced by Schoeller Plast, the OceanIX exercise bike by Body Bike and the 

Ocean chair by the design company Mater (Plastix, 2019) are three examples of products created from 

partnerships. Additionally, collaborations reinforce the company’s commitment to the SDGs. Through these 

collaborations (SDG no.17), Plastix promotes a sustainable economic growth (SDG no.8). Additionally, Plastix 

counts on a flexible and optimized industrial infrastructure (SDG no.9). This implies a sustainable production and 

consumption pattern (SDG no.12) which contributes to fighting climate change (SDG no. 13), with a specific focus 

on the conservation of oceans (SDG no. 14) (H. A. Kristensen, personal communication, April 8, 2019). 

In conclusion, it is conveyed that Plastix has included in its BM Optimise and Exchange, as its main business activity. 

At the same time, the company is seeking further efficiencies and opportunities especially across the supply chain, 

which represent the current challenge for Plastix. It has emerged that by a careful control and measurement of 

production processes and resource consumption, cost cuts and growth paths emerge, not only in economic terms, 

but also societal and environmental. 
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4.3.8 Summary 3: ReSOLVE Framework of the case companies 
 

The analyzed case companies are operating in different industries and are rethinking their business activities, in 

respect to the way they work or drive their businesses. Today, value proposition is at the center of circular business 

models (Lewandowski, 2016).  

 

This value can be captured by applying six business actions of ReSOLVE Framework. Danish SMEs are innovating 

by using CE principles and creating value by bringing food waste back into the food system as innovative, nutritious 

and sustainable ingredients, as it has been determined with the case companies, such as Kaffe Bueno and 

SvampeFarm. Another set of considerations can be discussed over the importance of advanced technologies in 

the production processes of the case companies, such as Schoeller Plast, Refurb and Plastix. Nevertheless, there 

is the need for a sustainable consumption and demand from customers requesting circular products, as the 

analysis of Sprout has displayed.  

 

High quality, technologically innovative resources and materials have increased the durability of products and, in 

turn, their reusability and have extended the life cycle of the products. At the same time, these innovative 

production processes have often been connected to resource looping and exchange. In a CE, the product 

depreciation should not be relevant. In turn, innovation can prevent the degradation of the materials, slowing the 

flows’ speed as showcased by the case companies. 

 

Nonetheless, CE is not just about developing sustainable products from a resources perspective, but the concept 

also attempts to address how companies should operate their business from the system’s perspective. Thus, by 

highlighting the value proposition to all stakeholders, the ReSOLVE Framework allows to think in terms of the 

economic benefits for all parties involved, such as investors, manufacturing firms or operators, and how to shift 

to circular solutions rather than maintaining traditional processes. 

 

As indicated, SMEs choose to adopt alternative development strategies, ownerships structures and operations 

models. However, product designers, engineers, suppliers will have a crucial role in creating circular solutions to 

facilitate transition towards circular business models. 
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4.4 Part 3: How the case companies can enhance their 

circular business operations with Product- Service Systems by 

integrating IoT? 

4.4.1 The opportunities of product traceability and stakeholder management 
 

It has been argued that the six case companies have been able to develop circular business solutions. Nevertheless, 

the way companies implement CE is still in a linear system (D. L. Vind, personal communication, April 10, 2019). 

This critic arises from the misalignment of the value chain across the actors involved for the implementation of 

circular business solutions. For instance, homogeneous legislations and regulations over the waste handling are 

missing (C. Busk, personal communication, March 21, 2019), as well on innovation and products (A. Franco, 

personal communication, October 21, 2018). In turn, this creates increased uncertainty and a conservative 

environment that does not help the development and the implementation of circular business practices (E. More, 

personal communication, April 3, 2019). 

With this regard, Product-Service Systems (PSSs) can be seen in this context not only as an improvement for the 

environmental conditions and as an incentive for companies in creating further efficiencies (Tukker, 2004), but 

also as a way to align and manage the stakeholders across the value chain and the technologies used not only 

within the production process but also involved in the logistics. In turn, this provides increased control of the value 

chain through the traceability of products in an evidence based, step-by-step approach for innovation (H. A. 

Kristensen, personal communication, April 8, 2019). Thus, creating a reinforcing cycle that continuously educates 

companies and their customers, developing knowledge and know-how to align the transition of the whole value 

chain towards the CE. 

It derives that the concept of PSS should be taken to a broader sense within the CE. PSSs represent in this context 

not only a different way to deliver the product, but also to produce it and plan the logistics behind so that the 

whole process is producing fully circular products. 

Table 4 presents the PSS types that fit the six case companies’ current activities. It has been differentiated between 

the solutions that have already been offered from the ones that are not provided yet. For what concerns product 

leasing, although it has been considered a viable solution for Schoeller Plast, it has not been considered promising 

because of the negative environmental impacts resulting from it, as mentioned in chapter 3.11. Pay per unit use 

and functional result PSSs have been marked with the sign <>, because these types of PSSs involve greater 

coordination across the value chain in order to reinvent the way the result is delivered to the customer.  
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Therefore, those PSSs types where not included in the evaluation. Furthermore, because of the high freedom 

left to the service provider in the way value is delivered, the evaluation of these PSSs requires to make 

assumptions on a higher extent. 

 
Table 4: Case company classification by PSS types. Own creation 

 

 
 

Table 5: Case company placement classification by Garvin´s 8 Dimensions. Own creation. 

 

Also, the same sign <> has been used in Table 5 when the dimension did not fit the product, or its influence is not 

predictable. In particular, the aesthetics of the product has been considered too subjective and not suitable to the 

scope of the present analysis. In this sense, for the evaluations of the impact of IoT over the quality of products 

and PSSs, the contribution given by Wastecontrol has been taken into consideration. Wastecontrol implements 

IoT within its business model, as an effective tool to improve logistics, process optimization and communication 

across the value chain. 
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4.4.2 Kaffe Bueno: Optimizing the Supply Chain through Smart Bins 

Providing traceable quality 

The innovations and techniques employed by Kaffe Bueno are beneficial to reduce the environmental impact. 

Nevertheless, the innovations and techniques have also created a viable business opportunity for the company. 

In this section it is emphasized which PSSs would fit Kaffe Bueno´s current circular business activities, thus finding 

considerable issues in scaling its business. 

As reported in Table 4, it has been elaborated that a product-related IoT-enabled service could be added with 

regard to the supply chain of Kaffe Bueno. This could prevent that the spent coffee ground gets contaminated 

with other types of waste. For this reason, they are working on the creation of an automated recycling service for 

its suppliers. The solution consists in delivering a smart bin to the producers of spent coffee grounds and optimize 

the collection process. Although the company is outsourcing the spent coffee ground waste management, it is still 

interested in controlling the quality of the nutrients and compounds that they use (A. Franco, personal 

communication, March 6, 2019). 

In this context, IoT has been evaluated by the company as a key enabler of the service and product quality. The 

bins have been equipped with an IoT sensor, that collects data about humidity and temperature and streams it 

onto a cloud platform. Real-time monitoring preserves the quality of the compounds that will be extracted with 

the biorefinery technology and controls the quality and availability of the supplied material. Coffee shops, hotels 

and other generators of coffee waste would exploit a smart waste management through its green reuse. 

Additionally, it has been elaborated that this would create an incentive for suppliers to also become customers 

for the coffee ground-based products. Not only profits would benefit but also the environment from a more 

efficient collection system SCG. These synergies and cooperation between companies are what the policy makers 

are trying to promote (C. Busk, personal communication, March 21, 2019). 

By utilizing the data generated through the smart collection by IoT sensors, Kaffe Bueno would also be able to 

produce annual reports for the suppliers in which the company certifies how many m3 of methane have been 

averted using their suppliers’ waste. In this sense, the implementation of a PSS for Kaffe Bueno involves the supply 

side of the value chain. The mentioned service has a direct impact on the company profitability and on the 

relationship between suppliers, who, consequently, can be transformed into new customers (A. Franco, personal 

communication, March 6, 2019). 

It would allow to optimize the production capacity through a better planning of the input deliveries. By exploiting 

IoT and a dedicated platform, Kaffe Bueno would also virtualize part of the supply chain management. Moreover, 

through IoT new data regarding the condition of the compound will be created in a virtual system. This is aligned 

with the use of IoT implemented by Wastecontrol that bases its activity on the efficiencies the company has 

obtained by placing a sensor on waste containers that allow to detect when these are full (See Appendix 1). This 

system allows the company to save up to 45% on pick-up costs (L. K. Ravnsbeck, personal communication, March 

30, 2019).  
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With Garvin’s Eight Dimensions is also possible to consider the way the IoT sensor would increase the raw material 

and final product qualities, as reported in Figure 21. For instance, by controlling the humidity and the temperature 

in the bin where the SCG is kept, the performance (in this case properties would be a better term) and the 

perceived quality of the final products (i.e. oils, antioxidants, hyaluronic acid) would be enhanced (A. Franco, 

personal communication, March 6, 2019). Moreover, serviceability would also be improved as a result of a faster 

and optimized collection service. Yet, Kaffe Buenos’ customers would be ensured that the spent coffee ground 

has not be contaminated from other types of waste. However, the features and durability of the final products 

will not be influenced. For instance, the oil extracted is still a raw material for the cosmetic industry and will not 

provide additional benefits. Reliability would also not be enhanced since before being used, the cosmetic industry 

still has to test the properties of the oil, in relation to the benefits for which the product is made. Also, by being 

focused on the supply side, the use of IoT would not enhance the durability of the final product which will not 

vary. Finally, at the current stage of development is not possible to forecast the final conformance and aesthetics 

(A. Franco, personal communication, March 6, 2019). 

 

Figure 21 represents the application of PSS and IoT to Kaffe Bueno’s business activities. The figure illustrates that 

the applicability of PSS and IoT is limited to the supply of the material. It also shows the virtuous cycle that could 

be created by selling back some of the products to the suppliers of spent coffee ground.  

 

Figure 21: PSS and IoT application to Kaffe Bueno’s activities. Own creation. 

 

Through a tighter control of the supply chain, the properties and the reliability of the products would be enhanced. 

Moreover, the synergies achieved between Kaffe Bueno and its suppliers might create additional revenues to the 

company. 
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4.4.3 SvampeFarm: Creating Virtual Grower Community 

Growing Mushrooms one Click Away  

The application of PSSs to SvampeFarm current activities suggests a new way for customers to grow mushrooms, 

which can only be delivered through IoT. The analysis that follows concludes that the implementation of IoT-

enabled PSS solutions not only is limited for companies operating on the biological side of the Butterfly Diagram, 

but also requires a huge change of focus in the company business. In this section it is suggested that the 

development of a product-related service and advice and consultancy service should be combined. 

The solution that would be beneficial to SvampeFarm business consists in creating a platform where customers 

would be able to virtually grow their mushrooms from the internet. The main aim of this solution would be to 

minimize the human care needed to grow mushrooms, maintaining the same result for the customer, which is to 

consume locally grown mushrooms and contribute to their farming (Miorandi et al., 2012).  

This PSS would be the result of a product related service, advice and consultancy services, combined. On the one 

hand, this service would be an opportunity to engage a community of virtual growers willing to buy mushrooms 

from a local farm. The company already owns a share of land outside Copenhagen, where it treats the spent coffee 

grounds with mycelium. This would cut the costs of distribution through supermarkets (e.g. Irma) and other 

business partners (e.g. Mikkeller) and the emissions connected to the double transaction, from SvampeFarm to 

distributors and from distributors to the end-consumers.  

This solution would be enabled by IoT sensors and webcams, showing to each virtual grower the progression of 

its farming activity. In this set, SvampeFarm would be able to provide advice and consultancy services to the virtual 

growers. At the end of the virtual farming process, the company harvests the mushrooms and delivers them to 

the customer. Thus, SvampeFarm will allow the customers to understand the benefits of growing locally and 

cutting emissions. In turn, this would increase the demand of other products the company is developing connected 

to mushroom growth, mycelium included (Miorandiet al., 2012). 

In this sense, IoT would enable the company to add to its business a new way to regenerate the natural capital, 

allowing the customers not only to grow the mushrooms at their own home, but also virtually. By using an IoT-

based PSS, the company not only virtualizes the way the value is delivered to customers, but also exchange the 

traditional physical growing and farming process of mushrooms with a remote one. As illustrated Figure 22 shows 

the possible integration of PSS and IoT in order to scale the business activity of SvampeFarm. 

Following the classification in Figure 22, the use of IoT will not only benefit to the scalability of the business model 

and to the environmental impact, but also to the quality of the mushrooms. For instance, the features offered to 

the customers would be expanded. In this case, the customer would not only be provided with a kit that allow to 

grow mushrooms, but it would also be given the possibility to grow it remotely and virtually. By enabling the PSS, 

IoT enhances the serviceability. Without a cloud platform, the virtual growers would not be able to farm their 

mushrooms or to see them in real time. At the same time, conformance and durability would not be involved or 
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influenced by the use of IoT-enabled PSS. Also, for what concerns performance and aesthetics, it has been 

conveyed that these dimensions do not fit this specific type of product. 

 

Figure 22: PSS and IoT application to SvampeFarm’s activities. Own creation. 

Doubtful is the effect that IoT would have in this case in the perceived quality and reliability of the product, as the 

solution has not been implemented yet. 

4.4.4 Sprout: Spreading the Word 

An Opportunity to Educate Consumers 

The Sprout pencil decouples the value of biological nutrients through conscious consume. The Danish company 

fosters the circular approach to a common object, benefits the environment, educates the end users, without 
creating additional waste besides packaging. Sprout has outsourced the production process and the distribution, 

and only contributes to the design and development of the pencil. This premise is necessary to explain the 
restrained applicability of PSS and IoT to the Sprout pencil. 

 
It has been conveyed that the creation of a PSS within the CE scope is limited to advice and consultancy services 

throughout business collaborations. Today, the company already partners with schools and restaurant in order to 

educate kids and customers to a conscious consumption. In turn, strengthens the brand reputation of Sprout and 

helps in increasing the demand of the Sprout pencil also within private consumers (M. Stausholm, personal 

communication, February 25, 2019). As a result, Figure 23 displays the integration of advice and consultancy 

services in Sprout’s activity.  

However, the use of IoT has been evaluated not suitable in order to not alternate the biodegradable nature of the 

pencil or increase the production cost (M. Stausholm, personal communication, February 25, 2019). It has been 

pointed out, that the use of IoT would add non-biodegradable materials to the product, completely contradicting 

the current message linked to a no-waste consumption. For instance, Sprout would be interested in having data 

regarding the amount of pencils that have been planted, the location, and establish deeper connections with the 

end-user community.  
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Nevertheless, the company is now mainly focused on product development, marketing and sales activities. 

Consequently, the development of IoT-enabled solution or PSS, is out of the scope of its activity. In this sense, it is 

believed that the costs of the implementation of IoT-enabled solutions or PSSs would not match the related 

benefits (M. Stausholm, personal communication, February 25, 2019). 

 

 

Figure 23: PSS and IoT application to Sprout’s activities. Own creation. 

As Table 4 shows and as explained in this section, IoT cannot find a suitable application for the Sprout pencil. It 

can be concluded that the application of PSSs for Sprout is limited to advice and consultancy services and that IoT 

finds no place in its current business focus and competences. All in all, by having outsourced both the production 

and the delivery of the pencil, Sprout’s focus is not linked with the application of PSSs, whereas the use of IoT on 

the product would distort the mission of the company.  

4.4.5 Schoeller Plast: optimizing the crate management system  

Taking the take-back system to a higher level  

Schoeller Plast has proven to having innovated consistently crates production. However, the consumption of the 
product is rather linear than circular. The crates stored at the beverage producer facility are not used efficiently 

as they remain empty for long periods and do not optimize the energy, materials and labor encapsulated. 

For this reason, Schoeller Plast would benefit from another PSS in addition to what the company already offers its 

customers today. More specifically, as illustrated in Table 4, the adoption of renting and sharing would be 

beneficial not only to the company’s business, but also to the environment due to the reduced impact. Schoeller 

Plast currently offers product-related services throughout a take-back system of the crates. By offering a take-

back service, the company can reuse the crates over time (Schoeller Plast, 2019).  

It has been considered a renting and sharing type of PSS, where the user does not have unlimited and individual 

access and others can use the crates at other times. This type of PSS would allow Schoeller Plast to manage the 

crates between the beverage producers, avoiding that the crates would remain empty and unused for long times 
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at the beverage producers’ production plants. This option is also believed to be advantageous from a financial 

sustainability and feasibility point of view. By renting the product, the beverage producers would be able to better 

forecast the future demand of crates and, in turn, the future revenues (Tukker, 2004). This contributes to ensuring 

current Schoeller Plast’s customers an always efficient crate and reduce the conflicts arising from product 

deficiencies or failures (i.e. crate breakages) and the associated customer service costs. 

In this regard, the company finds that IoT would allow to gather valuable information over the way the crates are 

sorted and used by the beverage producers. By the use of IoT technologies the sorting and recollection of the 

crates would be highly automated. For instance, by placing a sensor in the beverage producer warehouse, the 

company would be able to know in real time the number of unused crates across its customers allowing for a more 

intense use of the crates. Moreover, it has been suggested that IoT could make possible the thriving of new 

services for beverage producers that ensure the good condition and position of what is contained in the crate 

based on selected parameters. With this regard, IoT sensors are currently able to communicate a wide range of 

data such as temperature, humidity and shocks. Moreover, by receiving the position of the crate in real-time, the 

beverage producer would always be able to verify that the crate, and its content, has not been stolen (J. Pedersen, 

personal communication, February 2, 2019). 

 

In this regard, during the data collection, the company has stressed out how IoT would allow to gather valuable 

information over the way the crates are sorted and used by the beverage producers. By the use of IoT technologies 

the sorting and recollection of the crates would be highly automated. For instance, by placing a sensor in the 

beverage producer warehouse, the company would be able to know in real time the number of unused crates 

across its customers allowing for a more intense use of the crates. Moreover, it has been suggested that IoT could 

make possible the thriving of new services for beverage producers that ensure the good condition and position of 

what is contained in the crate based on selected parameters. With this regard, IoT sensors are currently able to 

communicate a wide range of data such as temperature, humidity and shocks.  

Moreover, by receiving the position of the crate in real-time, the beverage producer would always be able to verify 

that the crate, and its content, has not been stolen. It has been discovered that these data would be extremely 

valuable for beverage crate producers and for Schoeller Plast (J. Pedersen, personal communication, February 2, 

2019). This is aligned with the suggestions given from an CE expert from the external perspective, who has 

highlighted the importance of the monitoring of the location of the asset, both for an eased logistic and from an 

insurance perspective (D. L. Vind, personal communication, April 10, 2019). The mentioned implementation of 

PSSs and IoT is displayed in Figure 24. 

As Table 5 illustrates, these optimizations would not only be a further business opportunity but also a concrete 

possibility to increase the qualities of the renting and sharing PSS. By controlling the crates through IoT systems, 

Schoeller Plast would confer higher reliability and durability, extending the loop and the usage of the materials and 

energy embedded by sharing them between the customers if not used for long times. 
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Yet, it can be concluded that IoT would increase the serviceability of the PSS itself by virtualizing the management 

of the crates. Also, by monitoring the condition of the crates and by predicting the needed maintenance, the 

overall average performance of the crates is also increased. 

 

Figure 24: PSS and IoT application to Schoeller Plast’s activities. Own creation. 

By linking the use of IoT to the renting and sharing PSS, the serviceability would also be increased. On the other 

hand, it is believed that IoT would not contribute to an improving around the feature, conformance, aesthetics or 

perceived quality of the PSS and the product design would not vary. Yet, the functions of the crate would not be 

changed, and the assembly process would not need to be redesigned (J. B. Pedersen, personal communication, 

February 27, 2019). 
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4.4.6 Refurb: The creation of a third-hand market 

Extending the loop through the Renting and Sharing PSS 

Refurb extends products’ life cycles and exploits the refurbish / remanufacture and reuse cycles. Nevertheless, 

Refurb’s business is based on a linear concept given that the responsibility of the company ends with sales. After 

the appliances are used and consumed in the second-hand market, the consumers will throw the appliances away 

or keep them unused as it happened in the first-hand market. Table 4 identifies Refurb in Renting and Sharing PSS. 

Refurb is experiencing a misalignment between demand of refurbished / remanufactured IT and electronic 

appliances and supply. This is because private customers have displayed greater willingness in buying than in 

selling their devices to companies like Refurb. Hence, by keeping the ownership of the product through renting, 

Refurb would be able to take back the appliances when the customer is not satisfied anymore with its 

performances (Miorandi et al., 2012). This will allow a further extension of the life of electronics. By taking back 

the appliances at the end of the life cycle in the second-hand market - as the company does today, Refurb would 

also be able to reuse the components for a third-hand market (M. M. Karlberg, personal communication February 

2, 2019). 

More specifically, by applying IoT in the suggested PSS, it is believed that the company would benefit from having 

remote, real time information regarding the condition of the assets. By implementing such a solution, Refurb 

would be able to track the performances of the components of each appliance sold, learn from the data acquired 

and, in turn, improve it refurbish / remanufacture and reuse activities. This could be achieved by installing the 

software the company uses to detect the status of the appliance when acquiring IT and electronic appliances and 

make the software to stream the data to a cloud platform (Mandi et al., 2012). 

Moreover, considering that Refurb is a B2C company, can be derived that the data acquired, would unleash greater 

marketing opportunities as well as predictive maintenance (Ellen MacArthur Foundation, 2016). On the one hand 

it would be possible to sensitize the customer over the environmental benefits to which the customer is 

contributing, on the other hand would be possible to address customized offers to the customer that better 

answer to its user habits. For instance, to a user that often saturates the graphic card it would be suggested a shift 

to a laptop with a graphic card with greater performances would offer a better experience. As a result, Refurb 

would be able to plan its processing capacity and schedule the maintenance of the products in accordance with 

the circular principles of Refurb business. 

It can be concluded that the above applications of the IoT-enabled PSS would increase the commitment of Refurb 

circular business practices by maximizing the utilization of products and their components, extending the second-

hand life cycle and providing a third hand market. The mentioned integration between PSSs and IoT is elucidated 

by Figure 25. Overall, the analyzed solution would decrease the need to produce additional IT and electronic 

appliances, exploiting the energy and materials embedded in the units already produced (Ellen MacArthur 

Foundation 2016). As mentioned above, it would also allow Refurb to exploit a new cycle of the Butterfly Diagram, 

namely the inner maintain loop. This new service would enhance the virtual business of the company, delivering 
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services remotely and, would allow a better exploitation of Refurb physical offices through the predictive 

maintenance.  

 

Figure 25: PSS and IoT application to Refurb’s activities. Own creation. 

For these reasons, by applying Garvin’s Eight Dimensions of product quality, is possible to evaluate IoT impact on 

the quality of the PSS offered by Refurb. It is accomplished that through the monitoring of the conditions of the 

components, the overall reliability of the products is enhanced by preventing failures and suggesting the 

customers when maintenance is suggested in order to keep the performances (Reim, Parida & Sjödin, 2016). This 

would also allow the IT and electronic products to increase their conformance to the specifications promised by 

Refurb at the time of selling. Also, by maintaining the performances over time, the overall performance level is 

also increased. Furthermore, through a proper maintenance, the overall durability of the components and 

appliances would be extended. Moreover, by improving the customer experience, IoT would also allow the 

company to improve the perceived quality of the product. Finally, by creating tighter relationship between 

company and customers, the serviceability is also believed to be increased. However, IoT would not enhance the 

features or the aesthetics offered by the product itself, as the solution presented would not involve aesthetic 

changes of the appliances or the addition of new functionalities.  
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4.4.7 Plastix: an inefficient supply chain 

PSS to control and align the fishing nets deliveries  

Plastix has been described as an innovative recycling company, for its specialization and its production processes. 

Notwithstanding, Plastix has expressed difficulties in acquiring the ropes and fishing nets made of the requested 

material. The use of IoT-enabled PSS for Plastix is connected to the synergies that would be empowered from the 

collaboration between different actors across the value chain. In turn, it would encourage recycling activities. 

Below, it is suggested that Plastix would benefit from the application of advice and consultancy services. 

 

Indeed, Plastix has developed a technologically advanced laboratory and highly skilled expertise, through which 

the company has created a valuable database depicting the major issues related to ropes and fishing nets designs 

that make more difficult or impossible for the company to recycle them (H. Adam, personal communication, April 

8, 2019). In this sense, it is believed that the company would highly benefit from adding advice and consultancy 

services to its recycling activity. This service should be directed towards ropes and fishing nets producers, in order 

to align the needs of producers with the needs of recyclers, by designing ropes ready to be disassembled and, in 

turn, recycled. By doing so, Plastix would reduce time spent to sort and separate the various chords of which the 

nets are made. On the other hand, it is believed that Plastix consultancy services towards the recyclers would open 

further opportunities for the development of new products. 

IoT sensors could improve the logistics behind the collection of fishing nets from ports, fishing nets producers and 

NGOs with which Plastix partners today (L. K. Ravnsbeck, personal communication, March 3, 2019). Figure 26 

delineates how IoT and PSSs can be aligned within Plastix’s activities. Yet, by knowing the availability of ropes at 

the facility of a certain supplier, Plastix would be able to adjust its capacity according to the amount of input ready 

to be shipped. In turn, this would increase the quality of the final output by avoiding that the ropes are left in the 

open air susceptible to the natural agents and sunlight (H. A. Kristensen, personal communication, April 8, 2019).  

 

Figure 26: PSS and IoT application to Plastix’s activities. Own creation. 

By the use of RFID tags, ropes and fishing nets producers would also be able to inform Plastix on the characteristics 

of the plastics embedded in the load delivered (Ellen MacArthur Foundation, 2016). This would significantly cut 
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the time and costs needed to analyze the input materials for the Danish recycler. (C. Busk, personal 

communication, March 21, 2019). 

Through the monitoring of the condition and availability of the fishing nets and ropes on the supply side, the 

performance, durability and reliability of the final raw material can be enhanced, providing higher quality plastics 

(H. A. Kristensen, personal communication, April 8, 2019). Hence, the durability of the raw material is increased, 

as Plastix would be able to extend further the life cycle of the raw material embedded in new products. Through 

tighter relationships between the actors involved in the recycling process of the fishing nets and ropes, the 

conformance towards the policies launched by the Danish Government with regard to amount of recycling 

materials embedded in the products would also be eased and increased (H. A. Kristensen, personal 

communication, April 8, 2019). On the other hand, it is elaborated that IoT would not increase the serviceability, 

aesthetics, features or the perceived quality as the production process will not be redesigned. 

4.4.8 Summary 4: Eight Types of Product- Service Systems and Garvin´s Eight 

Technology Dimensions applied of the case companies 
 

The above analysis has shown how the six case companies exploit or could exploit PSS to solve the challenges 

connected to their current business activities. In this sense, the Eight Types of PSS presented by Tukker (2004). 

Moreover, by using Garvin’s Eight Dimensions of Quality, it has been possible to investigate if the use of IoT over 

the product or the IoT-enabled PSS could be beneficial. 

The analysis has shown that the three case companies, that have been placed on the biological side of the Butterfly 

Diagram; Kaffe Bueno, SvampeFarm and Sprout, have only been able to exploit product-oriented PSS (i.e. product-

related services and advice and consultancy services). Moreover, it has been elaborated that the application has 

been considered feasible only in the case of Kaffe Bueno, which represents the only hi-tech company that 

processes biological nutrients. This is related to the different capabilities and focus of hi-tech and low-tech 

companies. Low-tech companies such as SvampeFarm and Sprout have product development and design as a 

priority and outsource most of the logistics, both on the supply side and on the distribution side. This makes more 

difficult to find space for the application of PSS.  For what concerns the use of IoT, the companies that process 

biodegradable nutrients have found limited applicability. This is because IoT sensors represent non-biodegradable 

materials that hinder the biodegradability of the products sold by these companies. Thus, it would also be against 

their corporate message. 

Instead, the three companies that process technical materials have been able to apply PSSs to a greater extent. 

More specifically, Schoeller Plast and Refurb business practices have displayed to fit with renting and sharing 

services. This is connected to the further opportunities allowed by PSS to optimize and reduce even more the 

leakages originated from the production and increase the utilization of the products. These two companies 

represent the ones where the application of PSS has expressed the greatest benefits and synergies with the 

current activities. However, the application of PSS to Plastix has been restrained by the fact that it is a raw material 

producer. In this sense, it is similar to Kaffe Bueno. By producing a raw material (or an ingredient), the clean 

recycled plastics obtained by Plastix constitutes the basis for the production of other products. This avoids the 
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possibility to apply all the use-oriented services, as the raw material can only be used in one product at the time 

(i.e. product lease, product renting / sharing and product pooling). With regard the possibilities of the use of IoT, 

it has been noticed a greater feasibility. More specifically, the use of IoT has been mostly associated with the 

optimization of logistics and predictive maintenance. 

In conclusion, the application of IoT-enabled PSS has highlighted differences within the six case companies. These 

differences have made possible to understand the opportunities opened by IoT-enabled PSS within the CE under 

multiple perspectives.  

5.Discussion of Findings 

 

The researchers of present work have analyzed how the six case companies have shifted the linear approach 

towards CE. It has been demonstrated that the six case companies exploit the resources embedded in the 

production in a more efficient way compared to linear companies. This impairs the elimination of waste through 

the systems of cycles and products. It was analyzed from the single company perspective with a holistic viewpoint 

on the external factors. 

The focus on innovation and its power to enhance CE, anticipating with the theories reviewed, has brought the 

analysis to consider the role of technologies in an iterative process between observations and literature. By 

questioning assumptions behind current business practices, executives can set the development of new 

innovations. Historically, companies and people have changed the norm by questioning the status quo, and 

sustainability can lead to novel next-practice platforms (Nidumolu et al., 2009). A special focus was on the circular 

techniques that case companies are applying accordingly to Butterfly Diagram. That is by reusing biodegradable 

and technical materials, according to the different cycles. 

 

A growing number of businesses are focusing on the possibilities opened from the interplay CE and the IoT. This 

interest has been shown across a wide range of sectors, including manufacturing, infrastructure, agriculture, 

logistics and waste management. The solutions that these industries are implementing and developing are not 

only valuable for customers and end users but have demonstrated to change the resource productivity of societies. 

As a result, new eco-systems of services have been defined which eliminate the negative externalities and/or the 

necessity of employing some resources within the production processes (Heyes et al.,2018). 

 

In this sense, companies have to undertake this shift through both a short-term and a long-term perspective by 

applying CE as a tool and as a goal (D. L. Vind, personal communication, April 10, 2019). Through the use of IoT-

enabled PSSs it is argued that companies will be able to transform the challenges of CE, in opportunities that offer 

opportunities to reach the final goal of a CE. This paper will part will end with recommendations, how those goals 

can be reached. 
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Nevertheless, the level of complexity in transforming the current practices into fully circular practices involves 

several passages and several challenges need to be managed. Those findings are related to the path dependency 

of the current infrastructure. The fact that it is currently based on a linear economy model results in a system that 

is not offering solutions to problems of circularity. For the niches, the path dependencies represent entry barriers. 

The lack of support from local authorities, which is prolonging processes like certification and patenting, creates a 

risk of losing the initial competitive advantages of innovation. Therefore, the lack of support has been identified 

as one of the main challenges for companies that hold them from shifting towards the CE, changing their business 

practices. The discussion below describes how the case companies have moved towards more optimized circular 

processes, while collaborating through the value chain. 

All in all, it will be argued that innovation should be directed towards the creation economic and societal benefits 

while ensuring the preservation of environment. In this sense, the case companies have found different issues 

within the implementation of circular business practices. Yet, there seems to be no common ground of 

communication between design and cycling activities across or across the stakeholders. Moreover, IoT-enabled 

PSSs represent a further opportunity for the CE. On the one hand, IoT enabled PSSs involve technical evaluations 

for the product design and innovation. Through the use of IoT-enabled PSSs it is argued that companies will be 

able to transform the challenges of CE, in opportunities that offer opportunities to reach the final goal of a CE. 

This paper will part will end with recommendations, how those goals can be reached. 

5.1 Looking beyond the current take-make-dispose production 

and consumption model 

The concept of CE aims to accomplish sustainable development, thus creating environmental quality and 

economic growth for the current and future generations. Thus, it challenges SMEs to rethink the way they design, 

produce, consume and dispose resources. 

  

The analysis on the Butterfly Diagram has allowed to identify findings of how the case companies manage the flow 

of biological and technical materials through their value creation cycles in different industries. It has shown how 

the products they offer can be beneficial for society and preserve the environment. However, the role that it plays 

across them is different. As a result, different challenges need to be considered and how companies should apply 

and employ CE in their business practices. 

  

Some companies are increasing resource efficiency and reducing their environmental footprint by reducing the 

use of minerals and raw materials, ensuring responsible sourcing of their raw materials and/or shifting 

consumption to renewable resources. The analysis of Kaffe Bueno and SvampeFarm provides qualitative evidence 

of how the two start-ups find new ways to cascade SCG and how they generate value by re-entering this into the 

loop by creating products within cosmetic, pharmaceutical and functional food industries. Furthermore, Schoeller 

Plast exploits hi-tech machineries to produce durable crates for the beverage industry that are looped through 

maintain, reuse and recycle cycles. By utilizing materials and resources for as long as possible, 34% less 

manufacturing energy is consumed and 60% less CO2 is emitted. 
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Other companies are designing their products in such a way that the lifetime of the products is extended, and 

materials or components can be reused and recycled. For example, Refurb refurbish/remanufacture electronic 

devices in order to bring them to the first-hand conditions by enhancing their specifications through a proprietary 

software. In this process, it also reuses components from different appliances, reusing an overall 98% of the 

appliances acquired by them. Thus, it extends IT and electro appliances life cycles while reducing the CO2 emissions 

by 80%. Another example is given by Plastix, which recycles discarded fishing nets and trawls into raw material, 

which then can be used to manufacture new products. On the other hand, Sprouts with its biodegradable 

plantable pencil is repurposing product perception and is making consumer rethink their daily consumption and 

the use of more sustainable products. At the same time, it educates younger generations and changes the 

mindsets of older people. Thus, integrating CE principles in the design phase of a product is pivotal in making CE 

solutions profitable and sustainable. 

 

All above arguments are indicating what role Danish SMEs are having by leading the way within their respective 

industries. Especially, with their strong tradition for design and innovative green solutions. This suggest that the 

role played by Danish SMEs within the CE is strictly connected to their ability not only to innovate in production 

techniques, but also to create synergies between the cycles they exploit and the products they deal with in their 

business. 

 

On a broader perspective, the role of Danish SMEs represented by the six case companies is influenced by the 

links with the rest of a value chain that has not shifted to the CE yet. Products needs to be designed in order to 

satisfy the needs of both customers and the whole value chain. In this sense, the legislation should bring 

manufacturers and companies involved in the reuse of products and materials to collaborate for a more effective 

design. Companies and policy makers should find a common level of discussion in order to delineate projects that 

are sustainable from both an environmental and financial perspective. With this regard the contribution of the 

external perspective has been significant in understanding how different initiatives that could push towards 

valuable solutions for the circular economy. Companies and policy makers have shown different focuses on the 

key concepts analyzed, as shown from the graphs in Appendix 2. For instance, policymakers lack of focus on 

companies’ business models when issuing new regulations. The external perspective has made considerations 

over BMs only in the 9% of the interviews, while case companies have reached 31%. 

 

This has been perceived from the case companies, that highlighted the missed opportunity of a tighter 

collaboration between businesses and policy makers. The interplay between the case companies and policy 

makers could empower the synergies between innovation and circular economy. More specifically, a more precise 

legislation could favor the marketability of new products and technologies. Also, the case companies have 

mentioned the need for and alignment of stakeholders both across and outside the value chain. On one hand, the 

benefits of CE have not been fully understood and are not known yet across many industries. Here, new policies 

and regulations could show the direction towards companies should invest, decreasing the uncertainty. On the 

other hand, policies can also help citizens and private users in changing their habits, towards a more conscious 

consumption of products (C. Busk, personal communication, March 21, 2019). This alignment of knowledge over 

a conscious consumption is fundamental not only to create conscious consumers but also within companies. It has 
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been found, that differences in the understanding of CE is often a barrier for scaling up the activities of companies. 

Where engineers have a more technical understanding of the challenges of new product design, entrepreneurs 

see the market potential, while investors are reluctant due to the high uncertainty. 

 

In this sense, the CE is not only the final goal but also a tool to make companies to collaborate and share knowledge 

and help delivering increased value (D. L. Vind, personal communication, April 10, 2019). For instance, the external 

perspective has overall stressed the need for education and knowledge, both from the consumer, but also 

company point of view. In this regard, initiatives like CIRKLA have been started. However, the ambitious goal set 

with CIRKLA will require considerable time to be reached if other programs of the same type do not arise. 

 

The academy also develops other initiatives to educate households in distinguishing between the different kinds 

of plastics. The report “The New Plastics Economy” has pointed out that at least 50% plastic packaging would be 

economically valuable to be recycled. In this direction goes the “Forum for Circular Plastic Packaging” established 

by Plastindustrien, in order to create value from the 216,000 tons of plastic packaging discarded by the Danes 

every year (Plastindustrien, 2019). 

 

This connects to the necessity of accomplishing a more homogeneous waste sorting for recycling. In fact, it has 

been observed that Denmark has different sorting and collecting processes between different municipalities. The 

key concept here is that by aligning these processes, the effort asked to manufacturers in redesigning the products 

for disassembly would be reduced. Moreover, it is believed that by developing common standards and by using 

homogeneous methods, significant cost reductions and market opportunities for recyclers and waste 

management companies could be achieved simultaneously and on a larger scale (Christina Busk personal 

communication, March 21, 2019). 

 

Hence, in the short-term the role of the Danish SMEs within the CE is connected to creating evidence that a shift 

to the CE is needed and to explain that throughout knowledge and investments in innovation, the long-term goal 

of shifting towards a CE is needed and possible. 

5.2 Capturing the embedded commercial value and unlocking 

the benefits of Circular Economy 

The fact that circular business activities are currently based on the model of linear economy results in a system 

that is not offering solutions to problems of circularity. In addition to this, manufacturers need to rethink the way 

the products are designed. However, the lack of communication or, more frequently, the refusal to communicate, 

between material producers and manufacturers gets again translated in a misalignment between manufacturers 

needs and disassemblers, such as remanufacturers. The implicitness indicates the lack of a common 

communication platform for circularity, but it also this point towards the context related to a cultural conditioned 

understanding of the importance of sustainability, especially regarding the environment. 
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Additionally, the reuse and recycle loops of the technological side in the Butterfly Diagram has pointed out a lack 

of knowledge on how to use materials in the manufacturing industry. More specifically, manufacturers have been 

showing an interest in using recycled materials. Policy makers have had a passive role in this transition towards a 

CE, creating difficulties for businesses that want to exploit the new businesses created by CE. For example, Plastix 

would have preferred having more precise regulations in order to push the industry. On the other hand, it is 

important that companies go on the market and are free to set up the business the way is more efficient for them 

and that better suits customers’ needs. Hence it is possible to state that Denmark's regulators have been too slow 

in understanding the market and set up adequate policies. 

Furthermore, ReSOLVE Framework has highlighted the importance of process optimization to which the case 

companies have aimed to. Although process optimization concept is not limited to CE, it shows its relevance in 

bringing commercial success as well as environmental and societal benefits. It has proven to be a new business 

strategy that facilitates access to new markets, drives innovative solutions, and saves production costs. 

Nevertheless, their new business models and Technological Innovation are changing behavioral consumption and 

production patterns e.g. by providing services or sharing, rather than selling products. 

For SMEs, these innovative types of BM could bring new opportunities to secure resources for example by keeping 

the ownership of resources. Moreover, there is no one-fits-all BM. This led to a large variety of CE solutions being 

introduced, as the case companies have demonstrated. However, some trends, such as shared use of products, 

are changing the production and consumption patterns.  

Identifying the opportunities intrinsic in given legislation could be utilized to induce the SMEs to experiment with 

sustainable technologies. In this sense, legislation can incentivize companies in adopting for product development 

within CE. Consequently, the 17 SDGs might prove to be a means to unify or align sustainability perception a global 

scale, if that is desirable. Aligning perceptions or creating a shared language of circularity would make comparing 

initiatives, firms and organizations less complicated. 

The role that Danish SME play in the CE should be shaped by both the companies and policy makers, together. In 

this sense, through the creation of initiatives that involve cooperation, the role of Danish SME is to create a 

roadmap that allows a smooth transition towards the circular economy across multiple industries. Yet, the 

synergies that can be created from the circular economy grow, as grows the number of active actors in the system. 

Nevertheless, overcoming the technological gap is one of the first crucial challenges for niche-break out. Lack of 

ownership over technological equipment is found to cause a step back in business growth by challenging the 

scaling-up of the business for Kaffe Bueno. This relates to the chicken and the egg situation of a start-up that is in 

need for higher starting capital but is lacking the credibility. On the other hand, this challenge resulted into a series 

of opportunities like potential partnerships with science labs, product and service innovation and exploring new 

and variety of products for different industries. These findings are one illustration of how the dynamics between 

the dimensions are interconnected. 
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5.3 Stakeholder management for an improved logistics and 

aligned knowledge to overcome the challenges 

CE is highly driven by digitalization and platform models that allow consumers to share and utilize available 

resources and assets. However, currently this area has remained unexplored by the case companies. One reason 

is the missing collaboration across the value chain and the need of high investments accompanied by high 

uncertainty. 

CE presents challenges in every industry. In order to overcome these challenges, the adoption of IoT-enabled PSS 

can be a solution. It has shown how this challenge can be turned into opportunities by creating synergies with the 

current business activities (E. More, personal communication, April 3, 2019). 

The analysis of PSSs has identified a common role that IoT-enabled PSS can play in overcoming the challenges, 

namely stakeholder management across the value chain. On the one hand, stakeholder management through IoT-

enabled PSS can help companies to educate customers and suppliers and build conscious partners and users. This 

can help companies to scale their business and increase the demand of their products. On the other hand, 

stakeholder management can improve the logistics through the value chain and increase the exploitation of 

materials, resources and products and, hence, reduce the leakages. 

IoT creates different barriers in relation to the actor that implements its use. In first place, the use of IoT within 

the CE is difficult for the companies that employ low-tech based business models, like Svampefarm and Sprout. In 

this regard, the development of IoT-enabled solutions is more difficult and requires a shift in the focus of the 

business practices. By processing biodegradable materials, IoT sensors cannot be placed on the product as they 

would alter its biodegradable nature. In this case IoT is more helpful to align the stakeholders across the value 

chain and focus on material supply or logistics optimization. Furthermore, IoT arises new challenges for legislators 

and, in turn, delays the arrival on the market. Findings have pointed out that legislation for product-related 

innovations is too slow and refrains investments by creating uncertainty.  

It is concluded that IoT-enabled PSSs can be integrated in two ways within the current case companies’ activities: 

either in the supply of the product and/or in the delivery of the product/value to customers. These two ways are 

interdependent and create mutual benefits. When the companies are able to carry a tighter control on the supply 

chain, the value that can be delivered is increased. Hence, the companies deliver a product, whose quality and 

history has been controlled across every step, from the raw material, to the end-consumers. 

Companies and consumers that are not educated on the opportunities that CE can empower, will be less willing 

to cooperate for an efficient value chain. Overall, the use of IoT-enabled PSS would increase the transparency of 

processes. Therefore, the whole value chain is able to monitor the quality of products and comprehend the CE 

principles. Moreover, this would facilitate the conformance to the policies arising in terms of recyclability and the 

gathering of data that can bring evidence of the reduced environmental impact. 
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The present analysis, based on the six case companies, has been able to link how the optimization of circular 

processes can result in innovations within the value proposition. These innovations can increase the extent to 

which the companies are circular and help the companies in achieving a renewed business success. This 

consideration elucidates the commitment of circular companies in becoming active actors within the society to 

increase their influence over multiple industries and sectors. This links back to the system approach behind the 

CE. It is suggested that companies can make this system approach more tangible through the combined use of IoT 

and PSSs. 

6. Recommendations 

From theory to practice 

 

In the previous chapters, researchers have discussed the four main value creation methods in a Circular Economy. 

The analysis has presented the cycles and the techniques needed to recover the value embedded in discarded 

materials and components. The study showed, the companies that have set their businesses within the CE to 

maximize their resource and energy consumption and minimizing negative externalities. Nevertheless, challenges 

are advancing towards CE transition: 

 

1) The Product Design for Disassembly: 

Companies need to rethink the way products are designed by considering the whole life cycle of materials and 

components. This is particularly important for industrial businesses, such as Schoeller Plast, Refurb and Plastix, 

with a value chain that involves multiple actors.  

 

2) Stakeholders are the heart of transitioning to a Circular Economy: 

While striving to create closed loops and to extend products’ life cycles, companies need to align their business 

practices across the various stakeholders, policy makers, legislators, research institutes, NGOs and consumers. 

Collaborating with all these stakeholders can provide an insight into the needs and challenges related to a 

transition to a CE. Those stakeholders and policymakers are the governmental sector, research institutes to NGOs, 

which encourage cooperation related to the environment and consumers, and across different business sectors.  

 

3) Technology Innovation enables transparency across the value chain: 

Product redesign involves the need of integrating new innovations. These innovations need to be aligned again 

with the whole value chain. Leveraging on the richness of data generated from connected assets. 

 

The current work has shown that a common perspective over CE is needed in order to overcome the challenges 

for both low-tech and high-tech companies. This CE vision requires a deepened knowledge of what the CE is across 

different industries as well as for the end-users. On the one hand, companies can act as an example from the 

economic level, through their business activities. On the other hand, companies can spread a CE vision from a 

societal level, through the commitment, motivation and satisfaction of their employees. Additionally, experts and 
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opinion leaders in the field can help companies in developing a vision aligned to the policies that are being 

developed. Figure 27 displays the recommendations for both the internal and the external actors in order to align 

both perspectives. In this sense the recommendations are complementary and needs to match in terms of vision, 

technological innovation and captured value, both on the economic and societal level. 

 

Figure 27: Recommendations aligning internal and external perspective. Own creation. 

Thus, the following actions for companies have been identified: 

Develop Capabilities: circular business models require a broad set of capabilities in areas such as design, 

engineering, logistics and procurement. Companies need to invest in both recruitment and training activities to 

build the right skills among their staff to understand and harness the new opportunities. Companies, such as 

Kaffe Bueno, SvampeFarm and Sprout operating in the biological side find the main challenges in organizing an 

efficient supply. The companies need new ways to involve suppliers in the CE. This can be reached by an effective 

use of certification and company-lead initiatives that connect suppliers with the final benefits for the 

environment. Companies operating in the technical side (Schoeller Plast, Refurb, Plastix) find the main 

challenges in aligning the needs of the different actors involved in the value chain. This means that products 

have to be designed to answer both customers’ expectations and the reuse of parts and components. This 

constitutes a challenge because it has been found that companies often are not willing to coordinate along the 

value chain as this alignment is seen as compromising the quality of the products. 

 

Develop collaboration platforms: open innovation will not automatically lead to synergistic value creation and 

increased profits for everyone. The challenge of co-operations is one that can only be overcome through the 

creation of collaborative environments where businesses, universities and innovators converge to solve 

problems in an open environment. Recyclers (e.g. Plastix) and companies involved in the recovering of materials 
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(e.g. Refurb), should be able to communicate directly to manufacturers specific instructions or advices for 

product disassembly. 

 

Develop new Business Models: product innovation needs to be matched with innovative business models. 

Product-Service systems is promising paths for companies operating within the CE. Nevertheless, these business 

models need to be adapted to the different traits of CE in each industry and the opportunities opened from real-

time monitoring through IoT. The interplay of CE, PSSs and IoT has been considered promising for Kaffe Bueno, 

Schoeller Plast, Refurb and Plastix. The match between innovative BM and product innovation is different across 

the industries. This represents and additional challenge for policy makers in creating and appropriate regulatory 

environment around a technological innovation that effectively ensures stakeholder trust while encouraging 

innovation. Policies need to work both on the economic and on the societal level, as it is the role of companies 

within the CE.  

Based on the findings following actions for policymakers have been identified: 

 

Educate end-user: initiatives and projects constantly need to be undertaken to educate the private end-users. The 

initiatives to be undertaken need to push consumers in changing the current consumption pattern. In this sense, 

the initiatives should incentivize consumption behavior. For instance, the Danish return system could be extended 

to other types of products such as returnable plastic bags. For example, by creating point collection systems that 

incentivize the purchase of products that are manufactured with higher percentages of recycled materials. 

Enable the exchange of materials: policymakers have to support digital systems and platforms to optimize the 

circulation of materials, minimizing the need for virgin resources. For instance, coffee producers could give 

material surpluses to companies like Kaffe Bueno and SvampeFarm. Also, fishing nets and ropes producers could 

provide Plastix defective products that cannot be sold anymore. In turn, this increase companies’ competitiveness 

and the transparency of the complex flow of residual and raw materials. 

Enable infrastructure and support services: IoT-enabled innovation with CE principles can help identify new value 

creation potential. Looking at the ongoing digital revolution using the combined lenses of intelligent assets and CE 

reveals that numerous businesses are already unlocking value in this realm. Here, the main possibilities are opened 

by optimizing capacity utilization, implementing predictive maintenance, and automating sales and inventory 

management, such as for companies like Refurb and Schoeller Plast. 

 

By analyzing the opportunities opened by IoT, it can be argued that many industries will be able to leverage on 

the use of connected assets. Nevertheless, the potential value creation possibilities within the CE is still uncertain. 

This will be determined by the cooperation between public and private sectors in defining adequate policies and 

practices, able to bring investments to CE-solutions. These policies need to create both an interest for the public 

and private sectors to cooperate. In order to create an interest for the public and private sectors to cooperate, 

the policies need to act on two sides. On one hand, policies need to create transparent value for consumers. On 

the other hand, policies need to create profits for the private sectors. Thus, the mentioned cooperation will involve 
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political, social, economic and financial considerations. Yet, this dialogue is needed to succeed in developing a CE 

capable of transforming the change. 

7. Conclusion 

The concept of Circular Economy aims to accomplish sustainable development, thus creating environmental 

quality and economic growth for the current and future generations.  

It has been presented how six Danish small medium-sized enterprises and five industry leaders within the plastic, 

environment and consultancy sector perceive Circular Economy and have analyzed how they embed circular 

business practices into their innovative business models. The focus on circular companies in this thesis is based on 

their societal role and their impact on the environment. 

Even though, the researchers did not find fully circular companies among the case companies, it has been found 

that some case companies have articulated circular business practices within their operational processes. 

However, the researchers found that the companies do not have an aligned Circular Economy vision across diverse 

industries and policymakers, which might indicate a need of a common collaboration platform. Based on the 

theoretical framework researchers concluded that currently circular solutions are implemented in the linear way 

of using resources and doing business, thus, causing many challenges for the small medium-sized companies 

wanting to move up from the niche level to the more established. Moreover, this new concept of the Circular 

Economy and technological innovation has caused the misalignment between policymakers and infrastructure 

enablers. 

The empirical data of the thesis is qualitative, collected from 13 semi-structured interviews distributed among the 

different case companies and external leaders. Based on these interviews, observations and company visits, the 

researchers found that the case companies have embedded circular economy value drivers at their core of the 

business. 

The conclusions of this research can be divided between theoretical and empirical. The theoretical conclusion 

points out the result obtained from unfolding the theories that have been applied. The empirical conclusion 

clarifies the outcomes of the case study in relation to the research question.  

 

7.1 Theoretical  

The existing theories have been applied and a framework (Figure 12 has been tested in the definition of the chosen 

theoretical approach. This section summarizes the theoretical conclusions arisen from the application of the 

Butterfly Diagram, the ReSOLVE Framework, Product-Service Systems and Garvin's Eight Dimensions of Quality. 

The researchers have concluded that the theories adapted to the new Circular Economy are still limited in number 

and scope. Although some frameworks have been created, extended testing has not been completed yet. Also, 
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the overlap of the concepts of sustainability and circularity, intensifies the barriers towards the growth of a 

literature on CE.  

The common theories on business models evaluate the single company’s perspective, with few stakeholders. This 

outdated vision lays on a different concept of value creation, where the value is created by one company at the 

time and the value embedded in products is sold to customers and end-users. For example, the Business Model 

Canvas is centered on the linear consumption pattern, although some academics have suggested improvements. 

Yet these improvements only extend the current model to considering sustainability within business models by 

adding new element for reducing the environmental impact. It is concluded that Circular Economy is still not 

addressed and most of the improvements have been directed towards the concept of sustainability instead. The 

tools and blueprints available to companies to guide the transition towards CE are not sufficient to assist the shift 

across different industries. Building on this, the number of actors involved across the value chain makes the 

transition more difficult.  

This way of adapting theories fails to achieve the goal of rethinking the whole system implied for the creation of 

the Circular Economy, acting on the sole micro level of the single company. Conversely, in a CE the value created 

is the result of the synergies that have arisen between all the stakeholders involved in the system. This brings to 

reconsider the way business models consider how value is created and delivered.   

With this regard, the Butterfly Diagram has been considered as the most recognized tool, because it focuses on 

the understanding of Circular Economy and its systems thinking perspective. Nevertheless, it lacks a strategic level 

of analysis and value creation within CE.  

For this reason, the chosen theoretical approach has considered the ReSOLVE Framework as an extension of the 

Butterfly Diagram. It is concluded that the ReSOLVE completes the analysis of the Butterfly Diagram, assessing the 

fit of Circular business practices, aimed to material and resource recovery. 

The combined use of the Butterfly Diagram and the ReSOLVE framework is consistent with the scope of the present 

research which investigates the Circular Economy in its systematic perspective. For this reason, it is believed that 

the use of other frameworks, such as the Business Model Canvas, extensively employed in the literature, would 

have biased the findings. 

As a result, the present study has found that existing theories find difficult to grasp the full essence of the CE as it 

involves a holistic perspective and system thinking. The specific synergies between the actors are different across 

the industries. This makes more difficult the integration between technological and management perspective as 

the first can be very industry specific. For instance, Servitization theories in the economic literature lack of 

assessing the interplay between Servitization and technological innovations from the management perspective. 

For this reason, the researchers of the present study have extended the chosen Products-Service System 

Framework with Garvin’s Eight Dimensions of Quality to understand the effect of technology on the value 

embedded in the products or PSSs. Yet, it has been found that the use of Garvin’s Eight Dimensions is a flexible 

framework for assessing the effect of IoT and technologies on products or PSSs that can be applied across different 

solutions. 
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Thus, the theoretical conclusion indicates how this thesis has contributed to the existing literature and create the 

base for understanding the empirical conclusion.  

 

7.2 Empirical  

The practical examples illustrate how Danish small medium-sized companies are providing solutions that help 

progress the transition towards a CE. Furthermore, it has been investigated how the case companies perceive CE 

value drivers and how they bring technological innovation in the play in order to bring value to the people and 

environment. On the one hand, it is possible to differentiate between low-tech and hi-tech companies. The first 

group includes SvampeFarm and Sprout. These two companies base their business models and activities on simple 

reuse of materials that do not need the use of advanced technologies. These companies’ commitment is directed 

towards the education of conscious consumers through the use of the products. On the other hand, the second 

group includes Kaffe Bueno, Schoeller Plast, Refurb and Plastix. These companies exploit advanced technologies 

in their cascading, maintaining, refurbishment or recycling. For these companies, innovation is not only connected 

to the idea behind the product but is strictly related to the investments in hi-tech machineries and techniques. 

Nevertheless, all companies are affected by the existing infrastructure in today’s context. Today´s waste is 

collected in few categories, not separated or transported in a way that ensures material purity. An example of 

contamination that results from this is mold, making the spent coffee grounds unfit for use for the extraction of 

oil, and as soil for mushrooms. At the same time, plastic-based products are currently not sorted accordingly to 

the different plastic polymers. This hinders the recyclability and encourages waste handlers towards incineration. 

The way end-consumers sort plastic-based products is still not efficient because of the lack of understanding of 

the differences between the polymers. On the other hand, it is also concluded that the improvement in waste 

sorting needs to be matched with product redesign for an easy disassembly. Also, electronic waste does not 

recover the embedded valuable materials and metals. Instead, the toxic substances contaminate the environment 

and are difficult to be dismantled. Further, the manual collection is not financially sustainable, showing that a 

large-scale solution is important for the niches to scale their business. In this sense, Denmark has proven to be 

receptive to the CE concept and has created policies to stimulate it. In this sense the Scandinavian country has 

already shown its commitment to energy efficiency and renewable energies. At the same time, Denmark has found 

compliant industries that pioneers green solutions.  

For this reason, PSSs have been evaluated as a possible solution to solve the mentioned challenges within the 

Circular Economy. The analysis has highlighted that the three case companies of the biological side of the Butterfly 

Diagram, namely Kaffe Bueno, SvampeFarm and Sprout, have only been able to exploit product-oriented PSSs, 

which consist in the product-related services and advice and consultancy services while the application of IoT has 

been considered feasible only for Kaffe Bueno. For what concerns SvampeFarm and Sprout this is due to the 

different capabilities and focus of low-tech companies. Low-tech companies are mainly dedicated to product 

development and design, while outsource most of the logistics, both on the supply side and on the distribution 

side.  
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In this context, the integration of IoT within the current products or the suggested PSS has not been successful for 

all case companies. Overall, companies that process biodegradable nutrients have found limited applicability for 

IoT. This is because IoT sensors represent non-biodegradable materials that hinder the biodegradability of the 

products sold by these companies. Thus, their use would also be against their corporate image. However, the 

application of IoT-enabled PSS has been evaluated particularly successful for Schoeller Plast and Refurb. For these 

companies, the networks enabled by IoT represents the further opportunities for the development Circular 

Economy. For both IoT and CE, opportunities opened through growth of networks as the number of participants 

grows. If the number of connected actors increases, the higher the possibilities for sharing resources, reusing 

components and optimizing processes. Finally, for Kaffe Bueno and Plastix the use of IoT would be limited to 

improvements in the supply side of their businesses. Having more connected suppliers, would allow these 

companies to better synchronize the supply chain, refining the production planning. 

It is concluded that the implementation of PSSs and IoT will be determined by the cooperation between companies 

and policymakers by defining new regulations that are able to attract investments to the companies operating 

within the Circular Economy. The policies have to incentivize the cooperation between the public and the private 

sectors. These policies have to aim to create transparent value for consumers, while creating profits for 

businesses. In order to achieve this, both companies and policymakers should consider political, social, economic 

and financial consequences. Although this dialogue requires efforts to be conducted, the benefits will be highly 

relevant and able to bring radical change across the multiple actors involved. 

8. Limitations 

To clarify the limitations of the present study, here is explicated what this study has omitted to address and creates 

a base for future research. 

The research has addressed the topic of CE on a few industries, focusing on a qualitative analysis. This restrains 

the generalizability of the findings, which is due to the chosen methodological strategy. In addition, the 

development of the considered industries has been limited to Denmark for being one of the countries more 

committed to the realization and implementation of CE. The present research has addressed the problem 

statement by depicting the situation at the time of writing. In this sense, CE is a new research topic and its traits 

have not been fully investigated yet. This means that the number of sources, institutions, initiatives and projects 

focused on the CE are still low, if compared to other major topics in the economic research field.  

 

Other limitations regard the understanding and the application of IoT in the present analysis. The study has 

analyzed the application of IoT from a strategic perspective and its fit within the current business activities of the 

six case companies. Thus, the technical feasibility of the application of IoT or practical tests have not been 

assessed. It is recognized that the identification of the technical feasibility would have moved the scope of analysis 

to other fields of research. The mentioned limitations create new paths for future researches that are mentioned 

in the next section. 



107 
 

9. Further Research 

The purpose of this section is to address the opportunities for further research that could be helpful in overcoming 

the limitations of and extending its scope. 

The present research has involved a multiple cases study over six companies. In order to overcome the restrained 

generalizability of the findings, future research can be conducted using quantitative data through the analysis of 

a larger sample. By using a larger sample future research will be able to assess the validity of data by addressing a 

wider variety of industries and contexts. For instance, the construction sector and the automotive industry have 

been left out of the research scope. Nevertheless, it has been recognized their pivotal role within the CE, as these 

are two industries where the CE could be highly beneficial from an economic level of analysis. 

In this sense, further research could also extend the scope of the present study by addressing the problem 

statement outside Denmark. Thus, further research will allow to compare the different findings across the 

countries. By implementing the research in other contexts, future research could also be directed towards the 

understanding of end-user’s perspective over the CE. This kind of researches could include different 

methodological strategies from the one adopted in the present research, such as surveys and experiments. These 

studies will be able to give valuable findings that companies could exploit in order to better address the 

development of the design of circular products. Moreover, studies are needed to understand the willingness and 

predisposition of end-users in changing habits towards a more conscious consumption. 

The mentioned opportunities for future research could vary the time horizon in which the studies are conducted. 

By choosing a longitudinal time frame, future research will be able to depict the evolution of CE within the six case 

companies, considering the changing context. This would draw an outline for companies that are interested in 

shifting towards CE but find it difficult today. The outline could be especially valuable for industries where CE has 

not been applied yet and could help the spread of knowledge over the topic. 

Further assessment can also direct its focus towards the understanding of practical applications of IoT. This would 

extend the findings of the present research, increasing their robustness. Future research could define the best 

sensors that could be used in the industries discussed in this analysis. In conclusion, research has tackled the 

interplay of topics whose relevance is growing both for scholars and practitioners. 
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APPENDICES 

1.Case Descriptions: through the micro and the macro scope  

Kaffe Bueno ApS  

 

Kaffe Bueno started as a university project by three Columbian business students in London and was the result of 

both the realization of how important coffee is for Scandinavians, as well as establishing a business. Their initial 

idea was to support the small coffee farmers in Colombia by selling organic coffee to Denmark, because of the 

country’s level of organic consumption. They applied for a start-up business fund from the Danish Business 

Authority and obtained entrepreneurial visas (A. Franco, personal communication, March 6, 2019). Today, Kaffe 

Bueno represents a B2B company that processes spent coffee ground to extract oils for the cosmetic and 

pharmaceutical industry.  

Revenues in the Coffee segment in Europe amount to 25.9 million EUR in 2018. The market is expected to grow 

annually by at a compound annual growth rate of 5.5% (A. Menke, 2018). The average coffee consumption per 

capita stands at 4 kilos and in relation to total population per person revenue is around 50 EUR (Statista, 2018). 

The Scandinavian countries are nearly all at the top of the coffee-drinking nations per capita. Finally, the Danes 

have been estimated to drink about 10 kilos of coffee annually, which is higher compared the EU average of 6.5 

kilos (Statista, 2017). 

However, it was only after coming to Denmark and starting to sell the coffee, that the company grew aware of the 

volumes of waste that coffee generates after consumption. According to Kaffe Bueno (2019), 9 billion kilos of 

coffee are treated as waste, or are not properly disposed, being left decomposing in a landfill and generating tons 

of methane a day, a greenhouse gas 86 times more harmful for the environment than CO2. For every ton of coffee 

“waste” decomposed in a landfill, 340m3 of methane are released in the environment. 

At first, the founder of KB looked into the potential of producing energy or biomass pellets, but they realized that 

the value of these products was very low considering the requested amount of coffee waste. This led them to 

further research and discovered that coffee beans contain several classes of health-related chemicals, such as 

phenolic compounds, melanoidins, diterpenes, xanthine and vitamin precursors. Kaffe Bueno found that only 1% 

“Danish SMEs are innovating using circular economy principles, and even bringing food 

waste back into the food system as innovative, upcycled, nutritious and sustainable 

ingredients. However, policies are hindering the pace of innovation due to old school 

regulations. Synergies would consist on working closer and more dynamic to bring this 

innovation to the marketplace in a more agile manner” 

 

Co-Founder, Alejandro Franco 
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of the mentioned nutrients are extracted during the coffee brewing process, which led them to discover the vast 

valuable source of bioactive compounds, such as the oil once extracted, that have a wide range of applications in 

cosmetic and pharmaceutical industries. 

Kaffe Bueno counts six members in the team, located at the KPH offices in Kogens Enghave. Products are not on 

the market yet and the company has sent sample to approximately 1,000 potential customers, who share and 

support (as also waste supplier do) Kaffe Bueno’s green values. Finally, Kaffe Bueno is certified by B Lab Europe in 

2019 for its strict social and environmental values and practices towards employees, society, environment and 

customers. With its activity, the company contributes to the UN Sustainable Development Goals, with a specific 

commitment towards a sustainable consumption and production (SDG n. 12), while also contributing to SDGs n. 

13 and 1712. 

All in all, Kaffe Bueno has developed the first biorefinery in Scandinavia. With this respect, it has been chosen as 

for its ability to develop innovative business ideas and techniques from a common product that many people 

consume every day, and of which will be evaluated not only the environmental but also the potential economic 

gains. 

 

SvampeFarm IVS 

 

SvampeFarm is a B2C, Copenhagen-based start-up with two employees, selling a kit to grow sustainable 

mushrooms in domestic conditions, using spent coffee grounds that usually go to waste. The products of the 

company are designed for the so-called “window gardening”, giving the opportunity of a small-scale production 

for personal consumption (M. Pellegrini, personal communication, February 11, 2019). 

Originally from Denmark, the two co-founders decided to proceed with the business idea after being inspired from 

a similar company (Back to the Roots). The team already had complementary experience - expert knowledge on 

both mushroom-growing and children education about mini farming, as well as the entrepreneurial experience. 

The initial goal was starting a business and having a fun project on the side of their main professional occupation. 

Currently based in a shared office at Christianshavn, SvampeFarm has no physical shop or other facilities so far, 

but sells its products online, with a monthly average of 4500 units. Customers include mushroom lovers, schools 

                                                
12 SDG n. 13: Climate action; SDG n. 17: Partnerships for the goals. 

 

“The biggest challenge is to change people’s mindsets, because it is a very long and 

slow process. And then of course the financial aspect for building the sustainable 

business. Opportunities people give credit us to the idea and that also promotes 

healthier lifestyle” 

 

Co-Founder, Mark Pellegrini 
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and children, but the management is still working on the product identity, mainly focusing attractiveness for kids. 

In order to be able to meet bigger demand from COOP, the company has already started its own production of 

mushrooms in the north of Copenhagen. 

Spent Coffee grounds are a relatively unique organic waste stream because the brewing process to extract coffee 

uses high temperatures that sterilize the grounds. This produces a comparatively clean waste and greatly increases 

the value of the spent coffee grounds to processes that need the input of sterile materials. Moreover, spent coffee 

grounds are rich of nutrients and have the potential to be used as a value-added product in multiple different 

processes. For SvampeFarm, the high nutritional content of coffee grounds is an ideal medium for growing healthy 

and delicious oyster mushrooms. For the coffee collection, the company collaborates with some chains like 

Norreport coffee, stores, some hospitals like Gentofte hospital and gas stations. As in the case of Kaffe Bueno, 

these partnerships make tangible the efforts for the achievements of the SDG n. 12, namely sustainable 

consumption, while also contributing to the realization of SDG n. 1713. 

SvampeFarm, receives coffee for free, but its suppliers are asked to separate it from other waste. Most of the 

accept this additional work to build a green reputation and to inexpensively get rid of waste.  

For these reasons, SvampeFarm has been chosen for having created a product over a biodegradable resource such 

as mushrooms. The product makes consumers to rethink the linear model of consumption while involving them 

in the growing process, demonstrating that waste can be reused for different purposes. 

 

Sprout ApS 
 

 

Sprout is a B2C company born from the conception of a plantable pencil by a group of MIT students, in 2014. The 

idea behind the Sprout pencil is connected to the fact that it can be planted when it becomes useless. Hence, the 

pencil starts a new life as a vegetable or a flower. Sprout Europe ApS is a small company that lays in the range of 

10-19 employees. 

The variety of herbs and plants - chosen among the easiest to germinate - is continuously expanding. The Sprout 

pencil is entirely biodegradable and non-toxic, from the seed capsule to the 100% natural clay and graphite core 

                                                
13 SDG n. 17: Partnerships for the goals. 

“There are a lot of small companies doing things that are circular, but they are having 

a hard time scaling it up… because the investors are looking, maybe not for six 

months, but three to six years, where circular economy projects can be 10+” 

 

CEO, Michael Stausholm 
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and PEFC/FSC certified wood. The pencils are EN-71 compliant to certificate that they are safe for children. Pencils 

come in grey and 9 different colors, in 4 different customizable packages. The pencil is an attractive gadget with 

high symbolic value, perfect to become a popular green alternative to company plastic ball pens with logo. Sprout 

founder, Michael Stausholm reports an estimate of 50 billion ball pens produced and sold. Plantable pencils are a 

sustainable substitute for this great amount of plastic that is ready to pollute the planet. 

The Sprout pencil has been patented in 60 countries ranging from Europe, to USA and Canada. The first Sprout 

pencil was sold in the summer of 2013. The company’s competitive strategy targets enterprises and organizations 

willing to get their logo and messages engraved and use the pencils as giveaways to communicate their green 

values. In other words, the Sprout pencil is regarded as the perfect gadget to represent enterprises’ values of 

sustainability, engagement and innovation. Sprout counts customers like Disney, Toyota, Coca-Cola, World Wildlife 

Fund (WWF), McKinney’s, Ikea and today the Sprout pencils are sold in 60 countries among three continents. Even 

if today 90% of sales go to businesses and only 10% to consumers, the Sprout management expects to grow the 

private target by 15% in 2019, through new distribution channels such as Amazon, that now sells in seven countries 

in USA and Canada. 

At present the company is trying to diversify the range of its iconic sustainable products, adding make-up pencils 

and wooden spoons, which are fully biodegradable and designed to communicate the values of a positive impact 

on global environment. Three are the pillars of corporate vision: sustainability, public awareness, inspiration and 

fun. As a company that prides itself on being committed to highest ethical and environmental standards, and 

engaged in the protection of human rights, unlikely most companies willing to relocate in countries with low labor 

costs, Sprout production sites are located in Minnesota to reach the US and Canadian markets and in Poland to 

serve the European market. Thus, the company can produce under ethical working conditions. As a member of 

the UN Global Compact, Sprout has chosen to focus on four SDG goals: 4, 13, 1514, but most of all on goal 12, 

Responsible production and consumption, which represents the corporate mission (Sprout, 2019).  

All Sprout production and activities, included a massive flow of communications, are directed to increase 

consumers and public opinion awareness about sustainable consumption, the final goal is to realize circular 

economy to avoid the pollution of the environment. Therefore, Sprout has been chosen for being a B2C company 

that by selling a small object has made the circular economy concrete and tangible to every age group. 

                                                
14 SDG n. 4: Quality education; SDG n. 13: Climate action; SDG n. 15: Life on land.  
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Schoeller Plast A / S 

 

Schoeller Plast origins come from 1640 when Philipp Dietrich Schoeller founds an ironworks, in Duren, Germany. 

Later on, the family business expands into paper, sugar and the textile industry. In 1937 Alexander Schoeller 

separates from the family business and moves towards the production of wooden boxes and container and 

packaging manufacturing. Schoeller Plast is officially founded in 1966 (Schoeller Plast, 2019). 

Today, Schoeller Plast is B2B, medium-size company with 51 employees that produces “technologically advanced 

plastic containers for a wide range of applications”. These applications involve many different industries and 

markets, serving different types of end-users. Examples of applications are: bottle crates, transport crates for any 

purpose, IBC Containers/Big Boxes, Industrial products (such as plastic caps) in all shapes and colors, battery 

containers, wads, ROPAC certified plastic pails, FC Plast range of packaging solutions (Schoeller Plast, 2019). 

For the sake of the present work, it has been decided to focus on the beverage industry. This has been done 

because it represents the oldest and most important product line for the company. In fact, it is the only company 

to have roots in the wooden crate production. This brings significant advantages in terms of design skills. Hence, 

today Schoeller Plast is Denmark’s largest and most experienced manufacturer of bottle crates (Schoeller Plast, 

2019). 

Globally, beverage producing manufactures are looking towards lightweight, convenient and cost-effective 

packaging solution. Beverage crate, a beverage packaging product used for transporting, is, light in weight and 

consumes less space. Thus, crates are a preferred packaging product for beverage manufacturers (Future Market 

Insights, 2019). Overall, beverage producers are seeking to reduce weight of packaging throughout user-friendly 

and profitable solutions. Beverage crates are a valuable move in this direction for their light weight and shape that 

allows them to be folded. Hence, crates represent the preferred packaging solution for beverage producers’ needs 

(Future Market Insights, 2019). 

Beverage crates represent a sub-industry within the beverage packaging market. According to Future Market 

Insights, the beverage crate industry has an estimated market value of 74 billion EUR worldwide. The beverage 

packaging market is forecasted to grow to a total market value of 196 billion EUR by 2020 and 229 billion EUR by 

2025 (Statista, 2018). These forecast not only explain the deep interest in the industry, but also the concern about 

 “We believe that keeping our materials clean, we can actually use them much more than 

just focusing on the biodegradable and that type of materials. Based on the track record 

the plastic crates that we did in the late 60s we are still reusing and recycling them. So, the 

track record is taking good care of the products and using them a lot of times, more than 

once it makes more sense than just having a product that you only use once.” 

 

Chief Operating Officer, Jan Bybjerg Pedersen 
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a growing demand and resource scarcity. For these reasons, Schoeller Plast, as part of the Schoeller Allibert Group 

has expressed commitment towards Sustainable Development Goals. More specifically, its business activity lays 

on responsible consumption, which represents the SDG n. 12. Nevertheless, the company also contributes to the 

realization of SDGs n. 9, 13, 1715. 

In conclusion, the company has been chosen as a case company for the present work for its adaptability - both on 

a technological and strategic level - that has made possible for Schoeller Plast to reinvent its business throughout 

a long journey without compromising quality or forgetting about the environmental impact of its choices. 

Moreover, it represents an industry in which IoT has shown to have interesting applications. 

 

Refurb A / S  
 

 
 

Refurb is a refurbishing company specialized on electronic appliances. After being founded in 2008, the company 

has been able to catch an interesting trend for customers. Today is a medium size company with 50 employees. 

Electronic waste (i.e. discarded products with a battery or a plug) has been growing globally. According to the 

United Nations University, 44.7 million metric tons have of electronic waste been produced just in 2016 (United 

Nations University, 2017). This constitutes an 8% rise from 2014. Statistics forecast an additional 17% increase by 

2021. Electronic appliances that need to be dismantled also contains an amount of other materials which are toxic 

for the environment. These substances include gold, silver, copper, platinum, cadmium, beryllium, mercury and 

arsenic (The New York Times, 2018). 

 

Another study carried by Danish Miljø- og Fødevareministeriet16 shows that every Danish family, on average, has 

45 kilos of electronics in stock (i.e. have not been used within the last year) in their households (i.e. 11% of their 

total amount of electronics) (Ministry of Food and Environment of Denmark, 2015). The study confirms that every 

Dane amassed 10.1 kilos of electronic waste in 2016. This is above world’s average per capita e-waste that stops 

at 6.1 kilos. Although, Dane still outperforms in Europe, whose average per capita e-waste counts 16.6 kilos per 

inhabitant (Ministry of Food and Environment of Denmark, 2015).  

                                                
15 SDG n.9: Industry, Innovation, and Infrastructure; SDG n. 13: Climate action; SDG n. 17: Partnerships for the goals. 
16 Danish name for the Ministry of Food and Environment. 

“The focus is usually on lowering production and recycling at the end of 

product life. The opportunities in circular economy, however, go beyond this, 

and give us an opening to new business models.” 

 

Business Development, Mette Marie Karlberg 
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Refurb’s mission is to create business profit through value recovery, competitive sale of refurbished electronic 

appliances to privates and businesses, reducing the environmental impact by reducing the need for production of 

new appliances, recycling components that cannot be sold separately (Refurb, 2019). In this sense, it is possible 

to identify Refurb activity as coherent to Sustainable Development Goals n. 11, 13 and 1517 (Refurb, 2019). Most 

of all, Refurb activity focuses on creating responsible consumption and production (SDG n. 12). Refurb acquires IT 

directly from companies and institutions throughout Europe. In fact, companies are used to sell these appliances 

after a period of 2-3 years. Although the item is already depreciated, and companies want to sell it, it still has very 

valuable components inside that can be used for the benefit of others (Karlberg, 2019). 

Refurb business activities are an example of the relevance of awareness and consumers’ habits. Hence, it has 

helped in gathering a deeper understanding of the dynamics affecting the spread of the circular economy and the 

importance of design for disassembly. Moreover, Refurb has explained the activities necessary to ensure data 

security and privacy. 

 

Plastix A / S

 
 

Plastix is a B2B cleantech company that converts used fishing nets, fibers and rigid plastic waste fractions into high 

quality raw materials (plastic and steel). Plastix has been found in 2012 and has obtained investments for more 

than 25 million EUR. These investments have helped in creating the first company in the world in its industry 

carrying out the business on a large scale. Moreover, it provides consultancy services for the creation of 

sustainable solutions (Plastix, 2019). Today, it is a small company and lays in the range of 20-49 employees. 

The company’s focus comes as an answer to the increasing ocean pollution. The scaling impact of plastic pollution 

lost, and discarded fishing gears and fishing nets has increased significantly and is likely to grow even more as the 

oceans accumulate greater volumes of it.  According to the World Economic Forum (2016), there will be more 

plastic than fish in the oceans by 2050, if the current track is maintained. According to the UNEP, 6.4million tons 

of plastic are thrown in the oceans every year, of which approximately 640.000 tons come from discarded fishing 

gears (UNEP, 2005). Today the majority of discarded fishing nets is either sent to landfills, burnt or lost in the sea. 

                                                
17 SDG n. 11: Sustainable cities and communities; SDG n.13: Climate action; SDG n. 15: Life on land. 

“But the message is very clear: we need to include recycled materials, in the name 

of the Circular Economy, in our products, we need to design them for this assembly, 

that are including recycled materials and that it can be reused again at their end of 

life. This is the huge transition. This transition requires substantial investments.” 

 

CEO, Hans Axel Kristensen 
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These methods waste all the potential benefits from the valuable plastic resources and contribute to keep plastic 

recycling at a lower rate compared to other recyclable material (e.g. paper, metal) (Plastics Europe, 2017). 

Plastix has pioneered an innovative technology making possible to transform discarded fishing nets and trawls into 

plastic raw materials that can be used to create new products. Plastix has established and advanced industrial 

organization consisting of a technology development Centre, recycling facilities, plastic production plants, an 

advanced laboratory and a service Centre (Plastix, 2019). Its corporates with NGOs, fishing industry and ports on 

the collection of used fishing nets, thereby reducing landfilling, marine pollution, CO2 emissions and a loss of 

valuable resources for the benefit of the environment and the surrounding community (Plastix, 2019). With this 

regard, Plastix also follows some of the UN SDGs, with a clear commitment towards responsible consumption and 

production (SDG n. 12). Also, the company also strives for goal n. 8, 9, 13, 14 and 1718 (Plastix, 2019). 

 

Subsequently, Plastix is an interesting example of how innovations play a crucial role in a circular economy and 

that great synergies can arise. For this reason, this company has been chosen for this research in order to 

investigate the importance of the synergies that can arise from collaborations between companies in order to shift 

smoothly towards a new way of designing, using resources and producing. 

 

Ministry of Environment and Food of Denmark  

 
 

The Ministry of Environment and Food of Denmark has been founded in the summer of 2015 and as a consequence 

from the merge between the Ministry of the Environment and the Ministry of Food, Agriculture and Fisheries of 

Denmark. The resulting Ministry now counts more than 4400 employees. The Ministry works to balance the 

environment, nature, agriculture and food. It also works in order to guarantee the community’s wellness and to 

protect the finite natural resources. The Ministry operates in a way to reinforce the synergies that occur between 

citizens, businesses and environment (Ministry of Environment and Food of Denmark, 2019). 

 

The Ministry is composed by a wide variety of professionals. These professionals work together and cooperate in 

order to improve the regulatory and legislative framework around environmental impact, pesticide use, 

                                                
18 SDG n.8: Decent work and economic growth; SDG n. 9: Industry, Innovation, and Infrastructure; SDG n. 13: Climate 
action; SDG n. 14: Life below water; SDG n. 17: Partnerships for the goals. 

“Do you have a lot of information about what kind of materials are, you know, exists 

basically and where are they? So, this is like a resource stock exchange type of 

situation that you are looking for. This is what the traceability comes into play and 

then you are back to the designers. Are they using recyclable materials? Is it sorted 

after those who purchase the products? and then you can loop that through that circle 

multiple times coming up with new challenges at each intersection every time.” 

 

Head of resources and utilities, Andreas Hastrup Clemmensen 
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antibiotics, food safety, nutrition, coasts and forests preservation. It also strives to provide the Government with 

a comprehensive platform for a forward looking, balanced, environmental and food policy and effective 

management (Ministry of Environment and Food of Denmark, 2019). 

In this context, after addressing the minister Jakob Ellemann-Jensen, Andreas Hastrup Clemmensen has accepted 

to be interviewed. Andreas is Head of Section at the Ministry and is working on Denmark’s first plastic strategy. 

Denmark’s Plastikhandlingsplanen (Plastic Action Plan19) proposes a circular consumption of plastics and suggests 

that plastic products should be designed for reuse and recycling. Subsequently it involves designers, 

manufacturers, consumers, municipalities and recycling companies and aims to create a close, circular plastic cycle 

where plastics are used over and over. It also pushes towards a reduction of the number of plastic polymers used 

to make them more similar so that they are easier to be recycled (Ministry of Environment and Food of Denmark, 

2019). 

This project is connected to a series of initiatives that Denmark is carrying out within the so-called Circular 

Economy Strategy, launched in September 2018. The project is supported by a total investment of 15.5 million 

EUR divided within 15 initiatives. More specifically this strategy aims to strengthen the companies as a driving 

force for the circular restructuring, support the circular economy through data and digitalization, promote circular 

economy through design, change consumption patterns through circular economy and create a well-functioning 

market for waste and recycled materials. Moreover, in March 2019 the Danish Government has invested 

additional 4 million EUR to support UN Environment initiatives and the Sustainable Development Goals (SDGs) 

(Ministry of Environment and Food of Denmark, 2019).  

Finally, the Ministry of Environment and Food of Denmark has been nominated for an important award in the 

Circular Economy landscape: “The Circulars 2019” is an award created by initiative of the World Economic Forum 

and is appointed to individuals and organizations that are standing out for considerable contributions towards the 

Circular Economy. 

For its wide and holistic perspective, the Ministry of Environment and Food of Denmark has allowed the 

researchers of the present work to perceive the connections and links that arises across many different actors. It 

has also helped in defining the role of these actors within the circular economy and allows to forecast the direction 

of the future developments at the national level. In this regard, Andreas Hastrup Clemmensen has explained the 

perspective that are hoped to be achieved with the Circular Economy Strategy launched by the Danish 

Government.  

 

 

 

 

 

                                                
19 The Plastic Action Plan is a series of 27 initiatives launched by the Ministry of Environment and Food of Denmark aiming to reduce the 
amount of incinerated plastics. It also includes the creation of a national centre focused on carrying research in this field and other 
initiatives regarding the ban of some plastic-based items. 
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Arup A / S - Elliott More 

 
 

Arup is a firm specialized in design, plan, engineer, consult over every aspect of the built environment. Founded 

in 1946, today the company has more than 14,000 employees divided across 34 countries, with headquarters in 

London, UK (Arup, 2019). 

It was founded by the philosopher and engineer Over Arup as a consulting company for the engineering business 

in London. Over time, Arup has developed into an international company with expertise around every aspect of 

the built environment. This includes every “human-made space in which people live, work and recreate on a day-

to-day basis” (Roof, K & Oleru N., 2008). Construction is a main industry of the international economy, nowadays. 

Alone, it contributes to 13% of world’s GDP and employees 7% of the working population (McKinsey, 2017). 

Moreover, world’s population is increasing and, therefore, the built environment is growing. The built 

environment itself puts pressure on the consumption of water, energy and waste networks. 

For this reason, companies like Arup look at the circular economy as a tool and an opportunity to reduce waste 

and gather greater vale from the assets used in the built environment. The person that has been contacted for 

the present research, namely, Elliot Moore, is a Senior Engineer that has developed the energy strategy for the 

UN17 Village20 which will be the first building project to respect all of the 17 UN Sustainable Development Goals 

(SDGs) (Arup, 2019). Moreover, the company is highly interested in new technologies such as IoT and AI21 that can 

be applied in this direction, providing higher living standards and changing how people can interact with the built 

environment (Arup, 2019). 

This is coherent with the company’s mission which focuses on “technical excellence and willingness to invest in 

research and innovation” [...] “for a positive social impact” (Arup, 2019).With this regard, Arup provides a wide 

                                                
20 UN17 Village represents a 35,000-square-meter village built in Ørestad South, Copenhagen. It is composed by 400 new homes built 
using recycled concrete and will be the first building in respecting all the 17 UN SDGs. The project is the result of a partnership between 
Lendager Group, NREP, Årstiderne Arkitekter, MOE and Arup. 
21 Artificial Intelligence. 

“Everything is a barrier! I'll just give you some headlines knowledge and lack of 

understanding is the key one […] and then understanding of the implications as well. 

So that is a big one when there is lots of uncertainty. People rely on what they know 

already. And what we're trying to push is a whole different way of building and 

designing. And that is a huge psychological challenge is where we're trying to change 

things when there is a lot of uncertainty and a long-term impact […] Then there's all 

the technical challenges but actually the technical challenges are solvable.” 

 

Senior Engineer, Elliott More 
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range of services from building design to investor advisory, from carbon management to building performance 

evaluation, from data insight and digital strategies to environmental consulting. 

Thus, Arup has been selected for its overview on many issues from the practical perspective, that look at the 

circular economy as a viable path for growing efficiencies and cut costs. Finally, the company is an example of how 

circular economy value drivers and IoT value drivers can be applied in a wide variety of contexts and situations. 

 

Lendager TWC - Ditte Lysgaard Vind 
 

 
 

Lendager TWC (The Circular Way) is a consultancy company part of the Lendager Group, which also includes 

Lendager ARC and Lendager UP. The group works through a multidisciplinary approach in order to identify 

potential benefits from unlocked by sustainability in all its firms. More specifically, Lendager TWC operates to 

conduce companies towards the circular economy. With this regard, Ditte Lysgaard Vind is the owner and 

managing partner at Lendager TWC with a long-lived commitment in this field.  

 

As mentioned above, the circular economy is an becoming an area of growing interest. Thus, more and more 

companies are trying to implement circular solutions within their business practices. For this reason, circular 

economy consultancy is as well an interesting and new market for the consultancy industry. Considering the big 

shift that it implies, it is understandable why more and more firms are looking for consultants in order to reduce 

the costs connected to this whole new setup. Consulting for circular economy includes a wide range of evaluations 

and considerations that go from technical to cultural, from commercial to legal actions (Lendager TWC, 2019). 

This is what Lendager TWC offers to its clients. The company goal is to accelerate the transition to circular economy 

of any kind of company, from start-up to multinational organizations. In this sense, it offers to build a new strategy 

that encompass a risk assessment for the roadmap towards the circular economy. Within the new strategy, 

Lendager TWC searches the most relevant markets as well as potential customers, competitors and suppliers. It 

also guides managers and executives in creating a sustainable growth within the new strategy. The company also 

provides trend forecasts and suggests new ideas that can deliver additional value to the client (Lendager TWC, 

2019). 

“We haven't had a sort of overall paradigm shift so we're still introducing circular 

business models in a linear system. So, it's great that we're doing circular economy but 

there still a long way to go […] You introduce a circular business model but is still 

challenged by the fact that your surroundings are at the large scale linear which makes it 

difficult to be 100% circular.” 

 

Managing Partner, Ditte Lysgaard Vind 
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For these reasons, the data collected from Ditte Lysgaard Vind interview have helped in gathering a deeper 

understanding of the barriers and the challenges of companies from the perspective of a consultancy firm that 

tries to overcome these barriers as its main task. Finally, by being the last interview conducted in chronological 

order, it has worked as a test on previously gathered findings. 

 

Plastindustrien - Christina Busk 
 

 
 

Christina Busk is the Environmental Policy manager at Plastindustrien. PlastIndustrien is the Danish federation for 

plastics converting companies which gathers 240 members and represents nearly 70 % of the turnover in the 

plastics industry in Denmark (Plastindustrien, 2019). 

In total, the Danish plastics industry produces a 7 billion EUR turnover and employs over 30,000 people. Besides 

well-known companies such as Lego and Colorplast, but also Plastix and Schoeller Plast, the industry counts many 

experienced subcontractors who serve different markets worldwide. Plastindustrien works to improve the impact 

of plastic production on environment and food, in 2019 it established a new membership section for recycling 

businesses to support companies to treat plastic much as a precious component to be converted into new 

products and not “just” as waste (Plastindustrien, 2019). 

Within the initiatives proposed by the federation is important to remember Cirkla22, the Forum for Circular Plastic 

Packaging and the Danish Plastic Strategy. Through these initiatives, the federation aims to provide the best 

possible corporate conditions for its members, through an extensive range of services covering all areas of health 

and safety of work conditions, employment and labor law, training and education, industry researches and 

statistics, best practices, business development. 

With this regard, Christina Busk is responsible for putting the association's political mark on a number of current 

environmental debates that are particularly relevant to the members of Plastindustrien. Previously, Christina Busk 

has been the chief consultant in Dansk Industri's environmental policy unit (Plastindustrien, 2019). 

                                                
22 Cirkla is the Academy for Plastic Recycling developed for companies in order to accomplish an increased plastic recycling in Denmark, 
benefitting Danish companies’ competitiveness. 

“We can be better at recycling specific materials. There are materials that are difficult 

to recycled, there are technologies that need to be developed. There are companies 

that needs to figure out how to use recycled materials in their products.” 

 

Environment Policy Manager, Christina Busk 
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For this reason, Christina Busk has helped in understanding the relationship between companies and policy makers 

and the direction in which the policy makers are going for what concerns the shift from linear to circular economy. 

Also, by being the bridge between companies and policy makers, Christina Busk has discussed about the plastic 

industry dynamics, innovations, trends and the interplay between circular economy value drivers and technology 

in the plastic industry. 

 

Wastecontrol ApS 

 
 

Wastecontrol is a Danish company headquartered in Copenhagen with manufacturing and development facilities 

on Zealand, Denmark. Established in 2013, Wastecontrol manufactures and develops technology solutions within 

the waste industry. More specifically, it provides a container sensor system for an optimised waste collection 

process (Wastecontrol, 2019). 

 

Wastercontrol business is inevitably connected to the waste container industry. In the Europe only, it has been 

estimated that there are approximately 350 million waste containers, with a 5% increase every year. However, the 

collection process is not efficient. In fact, the average emptying period is one week. This translates in 

approximately 20 billion containers emptied every year (L. R. Ravnsbeck, personal communication, March 30, 

2019). 

Following the Smart City concepts, the company brings together its experience and know-how about logistics and 

waste industries to provide high-tech container pick-up and surveillance systems to municipalities and partners, 

for their citizens and customers. With this regard, during the last years, Wastecontrol has developed the fully 

automatic container volume sensor system for controlling, optimizing and monitoring all forms of bins and 

containers. Hence, the complete solution comprehends not only a physical sensor, but also a router which 

transmits data to cloud-based databases, through either GSM23 or Wi-Fi systems and a database with automatic 

pick-up request, which registers each container data, content level, pick-up times and historical data 

(Wastecontrol, 2019). 

This solution translates in considerable efficiencies, cost reduction and, most importantly, reduced environmental 

impacts. For instance, the company has calculated savings of an average of 35% on emptying costs, which also 

                                                
23 Acronym for Global System for Mobile communications. It is a standard used by mobile devices for communicating. 

“In our mind, you should use IoT where it makes sense. Not for “the hell of it” – 

but because it makes sense!” 

 

Co-Founder, Lars Kruse Ravnsbeck  
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translates in reduced time and work efforts. Moreover, flexible and convertible logistic programs can be created, 

minimizing CO2 emissions due a logistically optimized collection. Wastecontrol provides these services to local 

authorities, private companies and organizations, contributing to the ambitious goal of a greener society by 

exploiting IoT technologies and the smart connected assets (Wastecontrol, 2019). 

In this regard, Wastecontrol has been contacted in order to have an exhaustive insight over the potentials and the 

barriers of IoT, as well as the synergies that it could create in the wider perspective of circular economy. Also, it 

has contributed in suggesting smart solutions for the case companies and how IoT can be integrated to create 

strongest efficiencies within companies’ operations and logistics. 

  



133 
 

2. A National Perspective on the Circular Economy 

phenomenon in Denmark 

In Denmark, leading small-medium sized enterprises (SMEs) pave the way to CE and inspire many companies 

worldwide. Due to an increasing awareness over environmental issues and guidelines on how businesses can 

actually contribute to a better world and society. Business leaders and policy makers have acknowledged that the 

holistic approach required by the CE demands deep changes in the way materials, energy and natural capital are 

managed. 

 

More recently, Denmark has started a comprehensive waste management strategy in Denmark Without Waste 

I/II24, which aims at reducing incineration, while increasing recycling and waste prevention. It has established the 

Taskforce for Resource Efficiency25, the National Bioeconomy Panel26, the Green Industrial Symbiosis program27 

and the Rethink Resources Innovation Centre28. Moreover, Denmark participates in international initiatives such 

as the Ellen MacArthur Foundation CE100 program. That is a network developed by the famous foundation to help 

companies in cooperating to create new market opportunities within the CE (Ellen MacArthur Foundation, 2015).  

  

Compared with other EU countries, Danish innovating policies are well positioned to stimulate the CE. Denmark 

generates 3663 kg of waste per capita, while the average of European Union goes up to 4962 kg per capita 

(Eurostat, 2018). Additionally, in 2015, Denmark has produced 11,037,000 tons of waste. Of these, 69% has been 

recycled or recovered, 27% has been incinerated and the remaining 4% has been landfilled (Ministry of 

Environment and Food of Denmark, 2015). For the rest of the European Union the average only manages to recycle 

53% of its waste. Yet, even in Denmark there are still many opportunities to be seized before a transition to a 

closed loop economy can be realized. As shown by the above-mentioned data, today a great amount of material 

value goes to waste and a considerable portion of it is landfilled or incinerated, wasting any opportunity for 

extracting additional value from materials and components (Ministry of Environment and Food of Denmark, 2015). 

 

This context creates an interesting background for the analysis and represents the situation of a country that is 

creating new opportunities, open to change, yet with many challenges to be overtaken. Thus, the researchers of 

this present work will investigate how this creates an interplay between companies and policymakers. 

  

                                                
24 Waste prevention strategies launched in 2015 by the Ministry of Environment and Food of Denmark in order to reduce 
incinerated waste and landfilling. 
25 Established in 2014, the Taskforce for Resource Efficiency aims to strength the Danish economy by reviewing regulations 
and looking for solutions able to unleash the CE potential.  
26 Panel established in 2013 by the Ministry of Environment and Food of Denmark which focuses on providing concrete 
recommendations on the production of biomass and on a more sustainable use of raw materials. 
27 Program that has been carried from 2013 to 2015, which aimed at strengthening resource reuse between businesses. This 
is considered a core shift towards the CE 
28 Innovation Centre which helps manufacturing companies to grow coping with resource scarcity in Denmark. 



134 
 

3.NVivo Graphs and Explanations 

Case Companies 

Figure 34 illustrates the subdivision of the key concepts retrieved in Kaffe Bueno’s interviews. The main focus has 

been placed over the synergies between their Business Model and the CE. Nevertheless, additional considerations 

have been pointed out regarding the enablers of technological innovation and the relationships between the two. 

Also, Kaffe Bueno has highlighted the importance of the location where an entrepreneur decides to start its 

activity, due to the surrounding infrastructures. 

 
Figure 28: Key Concepts' coverage for Kaffe Bueno 

As it was for Kaffe Bueno, SvampeFarm (Figure 35) has mainly discussed over its innovative product and its fit 

within the CE. Nevertheless, as it is a low-tech company, it has been discussing the possibilities that technological 

innovation could open for the company.  



135 
 

 
Figure 29: Key Concepts' coverage for SvampeFarm 

Again, the considerations pointed out for SvampeFarm, can be addressed also to Sprout (Figure 36). Although the 

company is low-tech, the researchers have challenged the interviewee in addressing the role of technological 

innovations, not only applied to the product, but also for the company’s growth. 

 
Figure 30: Key Concepts' coverage for Sprout 

Schoeller Plast (Figure 37) has been established more than 50 years ago. This makes its business model very well-

established and therefore it is observable a lower interest in this aspect compared to Circular Economy and 

Innovation. During the interview, Schoeller Plast has stressed the evolution of the industry and how the company 

has been able to adapt and remaining competitive through innovation while actively pursuing the circular 

economy. Nevertheless, the company has not taken into consideration the relevance of infrastructures for its 

activity. 
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Figure 31: Key Concepts' coverage for Schoeller Plast 

Further, Refurb’s (Figure 38) interest on the business model is connected to the stress that has been given during 

the interview over the company’s ability to grow and develop a its business in an effective and cost-efficient way. 

Most of the focus during the interview has been given to the opportunities opened by the innovations in the 

techniques that allow Refurb to upgrade IT appliances. Again, as it has been for Schoeller Plast, the company has 

not considered relevant the infrastructure determinant for its business. 

 
Figure 32: Key Concepts' coverage for Refurb 

When looking at Plastix graph (Figure 39) it is perceivable that it has been coded in the Circular Economy node 

more than any other. The reason of this is connected to the intense efforts that are being done by the company 

in order to enhance the efficiency of the recycling process. In fact, although recycling is more a down-cycling 

process, Plastix has tried and is trying to change and innovate in the recycling process by up-cycling the material. 
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Hence, Plastix has been particularly keen in explaining how the Circular Economy is a core goal that guide every 

production choice. 

 
Figure 33: Key Concepts' coverage for Plastix 

For what concerns overall reflections on the two sides of the diagram, business model considerations appear to 

be more related to low-tech companies of the biological side of the Butterfly Diagram. This can be explained by 

the fact that the companies interviewed on the biological side have expressed difficulties in scaling up their 

businesses, while companies on the technical side have already experienced a commercial success and growth. 

However, the Innovation has been mentioned more often in the technical side of the diagram. This is coherent to 

the fact that companies on the technical side are hi-tech, while the ones on the biological side are low-tech. Hence, 

the companies on the technical side have most often experienced the opportunities that innovation can unleash 

and most importantly are able to understand the technological implications on their products better than the 

companies on the biological side. 

Circular Economy is equally distributed across the two sides. This confirms their interest in being circular and 

providing circular solutions as a main goal for each company. This approves the choice of all the case companies. 

Infrastructures have been discussed only to a very small extent. This is connected to the fact that companies have 

not expressed concern with not working infrastructures and do not consider them a barrier to a circular economy. 

It has been concluded that infrastructures do not play a key role in the circular economy in Denmark. 

Finally, the relationship between companies and the public system is tighter when considering policies rather than 

infrastructures. Companies have all shown an interest in having policies that can show a road to be followed for a 

systematic transition towards the circular economy. Both on the biological and the technical side of the Butterfly 

Diagram policies have been designed too slowly and without a deep understanding of the topic of circular 

economy. 
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External Perspective 

As Head of Section at the Ministry, Andreas Hastrup Clemmensen (Figure 40) has explained the main two policies 

that have been created by the Government around Circular Economy: The Circular Economy Strategy and the 

Plastics Strategy. Again, it has been stressed the importance of data and evidence to improve the way plastics is 

produced, used and recycled. Moreover, Andreas has commented over the role of policies in the transition 

towards circular economy and in the direction of innovation. 

 
Figure 34: Key Concepts' coverage for Andreas Hastrup Clemmensen 

The interview with Elliott More from Arup (Figure 41) has concentrated on business models, Circular Economy and 

innovation. Again, Elliott More has pointed out that traceability of materials is needed in order to reused them. 

This implies high quality in the production processes. With this regard, business models need to encompass these 

innovations in the way materials and components are used within products. Business models should rethink their 

way of delivering value, shifting from product systems to product service systems. 
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Figure 35: Key Concepts' coverage for Elliott More 

The interview with Ditte Lysgaard Vind from Lendager TWC (Figure 42) has particularly stressed the topics of 

Circular Economy and innovation. Ditte has highlighted the importance of using the Circular Economy as a tool to 

innovate and to enhance the shift from linear to circular business models. 

 

Figure 36: Key Concepts' coverage for Ditte Lysgaard Vind 

The interview with Christina Busk from Plastindustrien (Figure 43) has mainly focused on innovation and policies. 

This is due to the role covered that works as a bridge between companies operating in the plastic industry and the 

Danish Government. Christina Busk inputs have stressed the importance of innovating in the way plastics are 

sorted both by private consumers and also by the public sector (i.e. municipalities). 
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Figure 37: Key Concepts' coverage for Christina Busk 

Comparison between Case Companies and External Perspective 

The use of the software NVivo has brought to analyses and understand how each interviewee from the internal 

(Figures 34, 35, 36, 37, 38, 39) and external perspective (Figures 40, 41, 42, 43) has reflected on the different 

topics, represented by the different key concepts.  

 

 
Figure 38: Key Concepts' coverage - Average for All Case Companies 

Then, it has been calculated the average covering of the topics for both the internal (Figure 44) and external (Figure 

45) perspectives. 
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Figure 39: Key Concepts' coverage - Average for All External Perspectives 

 

First, it is appreciable a great difference in the coverage of the business model related topics. Case companies 

have registered a coverage of 31%, against 9% of the external perspective. This can be related to the fact that 

while the case companies have been interviewed to analyze their specific business model, the external perspective 

remained on general consideration on how business models should adapt to changes connected to the circular 

economy (e.g. innovation, policies).  

Second, topics related to the circular economy have been covered at an average of 34% by the case companies, 

while 29% by the external perspective. Although in this case the difference is not conspicuous, the researchers of 

the present work have related this distinction to the fact that the case companies operate in the circular economy, 

while the external perspective is, as the name expresses, external to the Circular Economy, although it rules and 

deals with it on an everyday basis. Hence, it is understandable why the focus of the external perspective has been 

slightly different compared to the case companies. This reflection is also the key to the considerations that follow. 

Third, infrastructures-related topics have been covered, on average, at 2% by the case companies, while the 

external perspective reached the 12%. This considerable difference has been associated to a lack of relevance or 

knowledge on the topic for what concerns the case companies. In fact, during the interviews little or no 

importance has been given to infrastructures for the commercial success of the company or for a correct 

functioning of the business model. On the other hand, the external perspective has pointed out several times the 

need for an alignment between municipalities especially for what concerns recyclability and waste management. 

In addition to this, it has also been stressed the importance of a digital infrastructures in order to facilitate the 

communication between different actors: not only manufacturers and policy makers, but also consumers, waste 

handlers and consultancy companies. 

Fourth, significant discrepancies can be found also in the innovation columns of the graph in Figure 46. Here, case 

companies have registered a coverage of 25%, against 35% of the external perspective. In this case, the difference 
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can be addressed to the difficulties detected by the case companies in bringing important innovations to the 

market. 

Finally, a smaller but noticeable difference can be found in the last columns of the graphs in Figures 44 and 45, 

namely the ones referring to enablers and favorable system conditions. In fact, the case companies have covered 

policy considerations up to the 10%, while the external perspective the 14%. This difference has been interpreted 

by the authors of the present work as a discrepancy in the way companies perceive policies from the external 

perspective. In fact, case companies have often mentioned the lack of policies and incentives in the field of circular 

economy or their late development from a market perspective (i.e. considering when the specific market has been 

established). On the other hand, policy makers and the interviewees in the external perspective have in general 

mentioned the different policies and incentives created to sustain companies in this transition, explaining the 

benefits and the possibilities unlocked by programs like the Circular Economy Strategy and the Plastic Strategy. 

In conclusion, the mentioned differences can also be read as a confirmation of a correct use of the questionnaire 

and the management of semi-structured interviews. This choice of focusing differently across the topics is 

coherent to the scope of the analysis. While the chosen case companies already have a specific business model 

and already operate in the circular economy, on the contrary they do not have the same knowledge on how to 

exploit infrastructures, innovation and policies. These data confirm the overall impressions of the researchers of 

the present work. By analyzing the graph, it is possible to appreciate a gap between the knowledge and the 

interests of the case companies and the external perspective. It is concluded that a long process has to be initiated 

in order to align the expectations and knowledge of these two groups considered. 
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4.Interview Transcripts 

Kaffe Bueno – Interview 
Date: 06.03.2019 

Present from Kaffe Bueno: 
Alejandro Franco, Founder & Chairman at Kaffe Bueno 

Mentioned in the Interview: 
A: Alejandro Franco 
K: Kristine Bezbaile 

K: How did the idea come about? The initial steps and research? 

A: Started as a university project, studies with a lot of Swedish people and realised how much they loved coffee. 
Always wanted to integrate things they like, to solve problems and have a company. The swedes saw the coffee 
as a magical energy boosting substance, but we saw it from the point of the farmers. Had an entrepreneur course 
at university and decided to take it seriously. The teacher liked our business plan (was a venture capitalist) and 
offered them some money after class. But they gave them a really bad deal and wanted to change a lot of things. 
Was then motivated to go ahead with the business anyway but without their teacher’s help. Did some research 
and decided that Denmark was a good fit to start a business because of the recycling culture. Organic production 
and consumption is one of the highest in the world as well as technological advancements even in comparison to 
other Nordic countries as well. The business model changed a lot by then and we applied for a start-up business 
fund from the Danish Authority. They gave a lot of support. Prior to coming to DK, we started importing coffee 
and went to Colombian jungle for four months to spend time with the farmers. Came to Denmark and started 
selling coffee but realized the amount of waste that was produced after consumption. 

K: So, the business model was initially to import coffee from Colombia to DK? 

A: Yes, and to improve the quality of life for the farmers and the quality of the coffee being imported.  

K: What made you change the business model? 

A: We saw the potential in the waste. Initially thought of energy production or bio-mass pellets but then realized 
we needed a lot of volume to produce value. So, started looking into how we could create the most value out of 
the least volume. So, we started to look into the science of it and started to educate themselves into biochemistry. 
We found out that once you brew a cup of coffee you only use 1% of the potential nutrients and the rest is thrown 
away, usually to landfills where it generates methane which is worse than CO2for the environment. So, we 
questioned what was left after you have brewed a cup of coffee and what can be done with it? How to extract 
etc.? Started to answer the questions and realized that the oil inside was filled full of antioxidants, fatty acids, 
polyphenols etc. So, then the business model changed out of knowing that. 
 
Had a lightbulb moment, started approaching the only institution that had the technology to do it (extract oil) 
which was DTI who had a CO2 extractor. So, we applied for an INNOBOOSTER, which got rejected. Because of the 
budget and DTI hesitance to collaborate at that point. Then we sent the coffee to China where they had the 
technology, then we applied again, and we got the grant. Then we received their first investment.  
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K: If we go into partnerships, where do you get the ‘wasted’ coffee? 

A: Initially we collected it ourselves on their bikes, which was not sustainable however we needed to collect the 
coffee in order to prove their concept. Collected from different coffee shops around Copenhagen then we sent it 
to DTI to get it extracted. The bigger idea is to collect from big hotels and offices. Have made some agreement 
with BC hospitality group that manage The Marriot, Bellasky etc. The idea is that Kaffe Bueno’s partner will collect 
the coffee and take it to the refinery… by next year. 

K: How do you sell it those big partners? What’s in it for them?  

A: CSR image, waste management costs are reduced because they have to pay for the waste to be taken away, for 
example up to 15% of their waste management costs are directly related to coffee. They are provided a free 
recycling service. In theory the waste management company will have to come less frequently. 

K: Any counter arguments for them? 

A: They have to adapt how they treat their waste, currently they throw all the waste together with the other bio-
waste but with Kaffe Bueno they would have to separate the spent coffee and put into their special coffee bin that 
dries and preserves the coffee grounds. If they don’t dry, they develop mould. And they have to adapt their 
logistics. 

K: Has that been hard?   

A: Kaffe Bueno hasn’t started to implement this yet but we found it hard to convince them that it’s going to work. 
Right now, we have only produced the products on a lab scale but looking to gain investment to produce 
industrially. Have agreements with the hotels and waste management company however not implemented yet 
due to lack of funding/ability to produce and manufacture. 

K: What about the coffee shops?  

A: Yes, Kaffe Bueno has only implemented on a small scale. 

K: Is the selling point for the cafes different?  

A: Yes, for them it’s easy but for Kaffe Bueno it’s not financially sustainable. It is not the plan to do it on a small 
scale like this. 

K: But let’s say the coffee shops had the container? Then would you only have to collect it once a week? Have you 
looked into partnerships with logistical firms? 

A: Yes, and yes. Partnered with HCS a waste management company. Kaffe Bueno’s only raw material related cost 
is logistics. The cosmetics industry already uses a lot of coffee and coffee oil in their production, but they mostly 
extract the oil from green or roasted coffee (produces fewer good results). A lot of companies are trying to extract 
the oil from the waste but collecting the waste is very expensive in logistics. Because they have to collect it every 
day because of the moisture inside. Kaffe Bueno created a solution, the drying bin that we are in the process of 
patenting. You press a button and it dries the grounds then it can sit there for a week. 
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K: Had the government or the municipality also been involved?  

A: Yes, legal stuff and maybe collecting from their offices as well.  

K: What legal stuff? 

A: There are no regulations on how to treat coffee waste or bio-refineries and stuff like that. 

K: Is it an opportunity or a challenge that there are no regulations? 

A: Yes, both. Challenges are always opportunities. A challenge because there is no example of what has been done 
before or that you can follow. But an opportunity because you have the first mover advantage, so you can benefit 
from it. 

K: So, as you see it you call it the spent coffee grounds? Shifting the perception of the product. has this affected 
how others see the product? For example, the hotels, are they getting ideas? 

A: Everyone has always seen it as waste. It’s an underestimated resource, Kaffe Bueno is trying to slowly shift that 
perception (towards value, n/a). Will start working on changing the perception when we are working on full 
capacity. The problem of spending too much time changing the perception is that other companies might latch 
onto the idea and start using the same idea. 

K: is it risky partnering up with larger companies? 

A: Yes, but it is interesting because with the hotels Kaffe Bueno can provide a full service. Collect the coffee, 
process it and then they make coffee flour and soap that they can sell back to them. Good for branding.   

K: What happens when you make the oil and the flour is there anything left? 

A: Kaffe Bueno use everything, there is no waste.  

K: Have any of the products gone to market yet? 

A: No, the products are not on the market yet. Kaffe Bueno in a “chicken and egg” situation, the problem is there 
is a limited stock they have made in the pilot production. We are sending samples to get clients but if we get a 
large order for example 1,000L of oil, we cannot provide this because we don’t have the production facility but 
Kaffe Bueno cannot get the production facility without the client signing an agreement, because that is leverage 
for Kaffe Bueno to negotiate with investors to give capital needed to buy the machine.  

K: So, the issue is not the collection of the coffee, but the production?  

A: Yes. This is the machine that we made (to store the grains), put in the hotels, it is then collected, it gets delivered 
to the bio refinery. Then oil and the defatted coffee ground that can be used for flour. But the oil can be further 
fragmented into antioxidants, that can be used for pharmaceuticals. Then separated into sugars, proteins and 
antioxidants. Sell the A-O in the nutritional market. Ferment the sugars, and produce hyaluronic acid (cosmetic 
ingredient), which is worth approx. 1000 euros per liter. Can be produced 80 % cheaper with this process. Our 
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focus is on extracting these components in the end but starts with making the flour as R&D work on proving these 
things. 

K: Do you differentiate between organic and non- organic coffee?  

A: Only for market value. What you can extract is the same. The pesticides have no effect on the nutrition values. 
Only market perception.  

K: Do you work with any certification scheme?  

A: The oil is certified by Eco-Cert and other cosmetic certifications, and DNT.  

K: Have you felt the shift in the perception of the value of coffee grounds?  

A: Yes, totally. But the other companies (making mushrooms, coffee cups, biofuel) can only make low value 
products, because they cannot control the mold and bacteria that is growing. E.g. biofuel need huge volumes, in 
order to produce the same value as we can with 10 % of the grounds. All of them are trying to extract the oil, but 
they haven’t come up with the solution that Kaffe Bueno has. E.g. bio beans are using spent coffee grounds for 
biofuels, collecting huge volumes in the UK. They have accelerated the shift in perception of coffee waste towards 
a resource. But only on the fuel and energy side.  

K: What is the role of private persons / households?  

A: Not right now. They had the idea of having a coffee shop where people could come and donate their coffee, 
but then Kaffe Bueno would compete with other coffee shops, and thus not partner up with them. It is also very 
difficult for private people to control quality, traceability, and other aspects that Kaffe Bueno is interested in. One 
of the most important requirements is the ability to trace back to the origin of the coffee all the way back to the 
farm. This to find patterns related to geography and variety of coffee, grown under different conditions. These 
patterns might show the most valuable coffee grains and inform what Kaffe Bueno is going to collect. In the 
beginning, we also provided the coffee grains, but this turned out to confuse the consumers, making them think 
that Kaffe Bueno only collected the coffee that they sold. We want to stop altogether, but cannot at the moment, 
because we are committed to the farmers. But as soon as the other aspects are working, we will contribute in 
another way, by investing in educational programs, rather than just buying coffee. 

K: What about the other aspects of sustainability in the process, like packaging, distribution, transportation?  

A: We have not made a proper life cycle assessment of the product. But production wise, it’s the cleanest 
technology that doesn’t produce any emissions. For the transportation, there is the option of electric cars. But if 
the only possibility is with a gasoline truck, that won’t stop them from selling. But it’s of course best to do 
something more sustainable. We will not restrict ourselves about that factor from being financially sustainable. 
There are different kinds of sustainability. Sometimes people focus too much on two of the three P’s, people and 
planet, and forget about profits. If you are not financially sustainable, you are not going to be sustainable at all. If 
you can’t help yourself, how the fuck is you going to be sustainable environmentally.  

K: To recap; can you identify the biggest challenges that you’ve had, and how did you overcome them?  
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A: The biggest challenge that we have, and still have, is getting funding. Especially because it is not a tech company, 
like an app, that can have exponential growth instantly. There are a lot of risk averse investors, especially since 
this has never been done before, they want to see it work before investing. We have been receiving support from 
different institutions.  

Since it hasn’t been done before, we have had to think of the little details, that we didn’t expect that we needed 
to think about. It is not straight forward. If you want to extract the high value compounds, we need to create a 
fucking bin that dries the grounds, and we are not engineers. We therefore had to spend a lot of time learning 
about engineering. Inventing solutions that are not available, bringing them to life.  

K: Have you collaborated interdisciplinary with other students?  

A: Yes, with DTI, working with many laboratories in other countries (Austria, Italy, France), where we get everything 
analyzed. Paid for by the investment we received from Cap Nova. 

K: How is the regulatory environment affecting you? 

A: It is increasingly becoming beneficial for start-ups like us. Five years ago, this was not a thing. It is now something 
that you read about every day. It is a big thing right now. 

K: What would be the most impactful that the government could do (apart from throwing money after you) 

A: Facilitating logistics and world regulations in terms of how to treat waste. Sometimes they have no idea about 
the technical stuff. And because they don’t understand it, they simply discard it immediately. E.g. the food ministry 
about the coffee flour. They don’t want to talk with them because we don’t speak Danish. We are facing now 
another food application, which will delay everything 18 months, simply because they are not willing to help us, 
so we have to do this by ourselves. Skepticism against the unknown. We would need an innovation section or 
similar. If you call the food ministry to talk about something new, and a 100-year-old woman is answering, doesn’t 
want to talk with you. Stupid stuff like that delays so much the projects. The bureaucracy. 

K: Would it have made a difference to be in another country than Denmark, with high taxes, expensive to live. 
Maybe a place like Silicon Valley could give easier access to the technology and investors, and people that 
understand the importance?  

A: It’s not only about investors, but also about how society thinks and perception of these kinds of initiatives. 
People here all have their basic needs covered, so they are thinking about how to make the world a better place. 
In Columbia, where people are starving, they are not able to think 30 years ahead. About the US; yes, it is one of 
our target markets in the next 5 years but implementing all the logistics would be more complicated because 
people perceive it differently, we don’t see the value of recycling as much as in Denmark. But we would have been 
better off in Germany to be honest; there is a bigger market, but yeah, we are here…Where you start a start-up 
influences a lot. But on the other hand, we wouldn’t have so much access to knowledge and technology if we 
weren’t in Denmark. The Netherlands is also interesting. We are opening a subsidiary there, just to have a 
partnership with their university. That’s the next step. 
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Kaffe Bueno – Email Interview 
 

Date: 06.03.2019  

Present from Kaffe Bueno: 
Alejandro Franco, Co-Founder & CCO of Kaffe Bueno ApS 

E-mail Questionnaire: How does Kaffe Bueno experiences interplay between circular economy value drivers and 
technology value drivers in their business activities? 

1) A circular economy is based on restorative and regenerative production and consumptions systems. Such a system 
aims to keep products, components, and materials at their highest value within technical or biological cycles. Could 
you please describe how Kaffe Bueno provides multiple value creation within those cycles, thus acting towards a 
more sustainable economy? 

When a cup of coffee is made, less than 1% of its health beneficial compounds (polyphenols, proteins, tocopherols, 
lipids, essential fatty acids, etc.) are used. 99% of it has been historically treated as waste, ending up in landfills 
(most of it). Ironically, the same compounds that are beneficial for human health is what makes coffee so toxic for 
the environment when it decomposes in a landfill, as it generates methane (340m3/ton) which is up to 86x more 
harmful to the environment than CO2. Through Kaffe Bueno business model, we’re able to valorize individual 
compounds inside the coffee beverage by-product. This way, we extend the product’s economical and biological 
lifecycle, adding value to people and planet. People by expanding sources of healthy ingredients, hence making 
them more accessible and affordable. Planet because of methane emissions reduction. 
 
2) Internet of things (IoT) is defined as sensors connected by networks to computing systems that can monitor or 
manage actions of connected objections and machines. In the context of Circular economy, IoT can collect 
information generated by sensors to connected stakeholders across the value chain. Within the intelligent asset 
value drivers there is the knowledge of the location, condition and availability of the raw material. For example, to 
what extent do you think that IoT sensors can improve spent coffee grounds collection process? Any other examples 
where IoT could come in play? 

We’re using IoT in our drying systems that will be used in hotels to dry grounds at origin. IoT sensors will indicate 
how often are the drying systems filled to optimize frequency of collection, as well as provide data on humidity, 
energy consumption etc. 

3) The circular economy helps decouple economic value creation from resource consumption. Its four value drivers 
– extending the use cycle length of an asset, increasing utilization of an asset or resource, looping or cascading an 
asset through additional use cycles, and regeneration of natural capital – can be combined with one (or several) of 
the three main intelligent asset value drivers – knowledge of the location, condition, and availability of an asset. 
Looking forward, the Internet of Things will provide information about what resources we have and what we are 
losing. With objects becoming increasingly self-aware, the sharing platform of the future could have assets making 
themselves available for use in real-time. 

• To what extent could intelligent assets contribute to capturing circular economy benefits in your company? 

Process and cost optimization. 

• And importantly, what are the key challenges to address in order to realize the potential opportunity? 
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Get enough data from collection. Need investment first. 

•  • What are the synergies between Danish SME´s businesses and policymakers that circular economy and intelligent connected assets 
can generate? 

Danish SMEs are innovating using circular economy principles, and even bringing food waste back into the 
food system as innovative, upcycled, nutritious and sustainable ingredients. However, policies are hindering 
the pace of innovation due to old school regulations. Synergies would consist on working closer and more 
dynamic to bring this innovation to the marketplace in a more agile manner. 

• • How would you need to adapt your business model? 

 No. our business model was made thinking on all of this. 

4) Based on the Business Model of Kaffe Bueno, how do you create, capture, and deliver value to your customers? 
What are the biggest 3 advantages for a customer, using your service or product in perspective of creating/capturing 
or delivering value? Can you rate those from 1 to 10 where 10 is the highest level of value for the customer? 

Benefits of [free] Recycling service for hotels, corporates and industrial coffee waste producers: 

• Reduction in waste management costs - 7 

• Measurable impact - provide annual reports indicating how many m3 of methane were averted thanks to them giving their waste 
to us, plus associating them with projects in Colombia. Hence, increasing there brand value - 7 

• Upcycled products - for hotels especially, we can resell their upcycled waste to them. For ex, we recycle from x hotel, then we 
sell them the coffee flour to their kitchens and we use the coffee oil from their waste to produce shampoos lotions and soaps for 
their rooms. - also increasing their brand value and image as sustainable - 10 

Benefits for coffee oil clients (ingredient distributors, cosmetic manufacturers, brands): 

• High quality product at lower price than competition - 8 

• Strong sustainable story - 7 

• Long-term partnership expecting constant innovation that allows them to be first movers - 10 

Benefits for coffee flour clients (ingredient distributors, bakery chains, baked good manufacturers): 

• Innovative ingredient, which is also sustainable and nutritious - 10 

• Measurable impact - 7 

• Story - 10 

5) Many companies and governmental bodies ask for generic change within their business models towards more 
circular business models. Trough ReSOLVE checklist (Regenerate, Share, Optimise, Loop, Virtualise, Exchange), as 
managerial tools embracing a change by addressing both technological internal issues but also strategic aspects. 
How would you describe such innovations taking place in the Kaffe Bueno ´s own business? Witch of ReSolve 
checklist elements do you see in your organization? Can you please give examples? Please see the table below. 

1. 3 from regenerate - our raw material itself, and business model. Explained above. 
2. Share assets - not confirmed yet, but working on a partnership with large coffee supplier in Denmark that delivers coffee weekly 

to potential suppliers of waste. We’d use their delivery system to pick up our waste/raw material. 
3. There’s a lot more from the diagram we touch upon, I’m sure you can infer them yourself. 

6) Nowadays any company is producing a product by itself alone, they do have suppliers for several steps of the 
production process. Kaffe Bueno steps in after the classic life cycle of coffee by collecting the spent coffee grounds 
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from the coffee shops, hostels and restaurants, then extracting oil (antioxidants), in order to sell them to cosmetic 
industry. 

• What would need to happen after your customer used the oil to help to contribute to a circular economy with zero waste? 

The oil is used by companies who manufacture cosmetic end products for consumers, there’s no waste from 
using the oil itself. Using the end product is out of our hands. We’re raw material suppliers. 

• What happens with the spent coffee grounds which cannot be reused? 

We use everything. There is no waste in our model. After the oil is extracted, we sterilize and mill down the 
defatted coffee grounds to produce coffee flour, which is used for cooking. Furthermore, we’re developing 4 
more products by breaking down those defatted grounds into individual proteins, sugars and antioxidants to 
sell them separately in pharmaceuticals. 

• How do you guarantee that they are recycled?  

We use everything. 

7) The literature often proposes that businesses rooted in linear production systems need to look towards new 
service-oriented business models to close resource loops. Examples include product lease, per-use fees, and offering 
a take-back service to ensure that material value is maintained when customers dispose of products. How would 
you describe Kaffe Bueno´s Business model innovation to close the resource loops? 

The drying systems we provide to coffee waste producers are shared by us. We don’t charge anything for them, 
not even lease, but they remain to be ours, we share them. 

8) We are now in a period of tremendous technological innovations. There are plenty of technological innovations 
that are shaping not only the products, but all the way companies create, deliver and capture value. This is why I’m 
asking you: Has Kaffe Bueno exploit any of these (or others) technological innovations? Does Kaffe Bueno wish it 
could be able to exploit any particular technological innovation? Why/why not? What kind of synergies do you 
believe that technology would unleash?  

Our business model is based on technological exploitation. We’re using existing technologies in new ways. Example 
supercritical CO2, infrared heat technology, industrial fermentation... 

9) Do you think digitalization can increase your contribution to a circular economy? Can digital technologies help 
you to scale your business? if yes in which way? If no, why not?  

IoT in drying systems 

10) What do you think your company might look like in a sustainable, low-carbon and zero-waste society? What 
would be the drivers and challenges towards this vision? Can you please name at least 3 barriers and 3 drivers? 

Barriers 

• Regulations 

• Logistics 

• Financing 

http://kaffebueno.com/coffee-flour
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Drivers 

• Innovation 

• Climate change 

• Resource planning 

 

SvampeFarm – Interview 
 

Date: 11.02.2019 

Present from SvampeFarm: 
Mark Pellegrini, Co-Founder at SvampeFarm 

Mentioned in the Interview: 
M: Mark Pellegrini 

K: Kristine Bezbaile 

K: How did it all started and who are the people behind it? 

M: SvampeFarm is not our invention. It started three years ago, but only in the last year we put some real work 
into it. I started with me and two friends. One of them has a passion for mushrooms and I have started a project 
called “mini-farm” - some gardening for children. My friend knew that I have started some other companies, so 
we were talking about this Back to the roots (company name) who were making mushrooms out of coffee grains. 
So, we agreed it is a good idea and started to sort it out. 

K: So, you weren't afraid that you are replicating a competitor´s model? 

M: No, as I said the first two years it was for fun. Every time I do something it is not always about competition, 
because it is not technology. Everybody can do it, it is not Google. You don't need to have scientist or stuff like 
that, everybody can duplicate it. It is more about being first in the market. And having a good product. I think there 
is a lot of coffee waste, you can also use it as fertilizer in every kind of gardening.  We are also testing using beer 
mash, a product from beer making. Now they can get rid of it, they are using it also for feeding animals at farms. 
Because it is a lot of proteins and fibers, and nutrients. Actually, it is as good as coffee to make mushrooms. So we 
are trying it out. We get something from Mikkeller now. 

K: Are you partnering with Mikkeller or it was a one-time collaboration? 

M: Yeah, they said it is a cool idea. I mean, Mikkeller is very open to everything. As you see, they collaborations 
with everybody. Now we are just trying to collect the mask and making some batches. We made one batch and it 
was really good.  

K: But you also still use coffee waste, right? 

M: Not for these kits, no.  
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K: So, you would say you have two kinds of products? 

M: Yeah, but that product is not yet out (on the market). It is more in a test phase; we had our first patch a month 
ago. And we don´t know what we are going to do with it yet. Maybe we are gonna collaborate with them 
(Mikkeller), so that their names are going be on the box. We haven´t quite figured it out yet. But it is just to tell 
that it is a bio product you can use, in this case mushrooms. 

K: Did you have any other partners during the first two years? 

M: You mean business partners? Yes, last year we had. Dansk Naturfredningsforening, it is a Danish nature society. 
They were sending it (kit) to 220 000 students. Because they have a nature day once per year and have 
collaborations with a lot of schools around the country. And half year ago we started collaborating with Irma. It is 
a small collaboration.  

K: Is it easy to find partners or you need to convince them in a way? 

M: First step is collecting coffee. You have different sources for that. Then there is production, waiting time and 
sales. And for the coffee collection we also collaborate with some chains like Nørreport coffee, Factory, stores. 
(And they want all boxes, sell them and made grains out of it.) And then some hospitals, like Gentofte hospital, 
gas stations as well. But that is not the problem. The challenge is to collect the coffee. 

K: Do you physically collecting the coffee or is somebody doing it for you? And how often do you need to go and 
collect it - daily/weekly? 

M: As we have grown, we can't just bicycle around the city as we used to do in the beginning. One small coffee 
pot doesn't make that much coffee grain. So, we had to get gas stations and hospitals, and we have also a UN city 
- bigger institutions who could also collect it to come once a week.  

K: How did you actually convince them to give you coffee for free? 

M: They all really happy to. Otherwise, it goes to the bin. 

K: Don´t they need to separate the coffee? There are also coffee shops which also produce smoothies? 

M: That is the thing, I would say 50% that´s the only reason they say no. But they started to sort it out by 
themselves, because they have, and they want to be green. Coffee factory did it already. This is Bio and some 
shops don´t have the tool.  

K: Do those coffee shops simply separate the coffee waste or are also recycling it themselves for other purposes? 

M: No, just collecting it and throwing in another bin. Like good businesses put plastic in one bag and organic waste 
in another. And some businesses don´t. If it is a small cafe it is not that much of work. It would be like 3kg a day.  

K: What do you think was their motivation for that? Was is good reputation? 

M: The bigger one may be, but the others don´t really get mentioned. They just like the idea. The only thing is that 
from time to time they would say “Could we get some mushrooms?”. Because baristas know about coffee. Also, 
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we got coffee from Coffee Collective, but we kind of stopped that, because it was just too less of a coffee and too 
much work. But they used it for themselves to grow mushrooms or cherries etc. 

K: After you have collected the coffee how do you preserve it, doesn´t it molds? 

M: Every day we put them in the freezer. They also have freezers in the hospitals, that is why it is so perfect. But 
they can´t do it in cafes or the gas stations. But we have three gas stations and they have a fridge, but it a small 
one and not a freezer. So, we have to collect it anyway. 

K: How long can you store the coffee? And how often change the waste used for growing the same batch of 
mushrooms? 

M: You can store the coffee for months, if in the freezer. We make a batch once a week. The size depends on the 
kind of orders we have. We sell every month on average between 4500 units monthly.  

K: When you say a batch you mean actually the box, the full set to grow at home right? 

M: Yes. That is actually currently our only product. We have also other products, but that is the only one we 
currently are selling. Let me show you. You can see this is the box. When you open it, there is a bag with a mix of 
coffee grain and residuum. And once you have opened it, you make an “X” (cut the box) and there you water it.  

K: How long does it take to grow mushrooms? 

M: Ten days. It is easy, that is why we prepare it in advance. Otherwise, it takes 5 weeks. What we do is actually 
taking the coffee, preparing the mixture and put it into small bags. Then we store it in the right temperature and 
keep our eyes on it, that it doesn´t get molded. And when it is ready, and we can see the residuum has gotten into 
the coffee, it is getting really hard (the mixture). If we want to stop the process and sell it later, we put it in the 
fridge. If we want to sell it right away, we put it in a box. When people open the box, it gets more air and light and 
will grow that way.  

K: In winter isn´t it a problem when the apartments are warmer? Doesn´t the environment needs to be moist like 
in the one you put it upfront? 

M: No, because it is made for window farming. Doesn´t have to be to dry, you just have to give it water. And we 
recommend putting in water overnight, once you received it, to soak it up.  

K: The mushrooms are edible, right? Did you need some kind of food certification? 

M: Yes, they are. You don´t get value for money in the sense of kilograms. But it tastes good and is funny to grow, 
cut them off and put them in the pan. What we are trying to do making the kit reusable. When you collect them 
once, you could turn the kit around and use it again. But then again, put it for a night in water. This time it will 
take three weeks to grow the mushrooms. And what we are going to do next year is put a bag of residue and a 
growing bag, and people can start all over again. You can use your own coffee. But it will take five weeks. However, 
they will have the opportunity.  

K: To clarify, do we keep the bag after the second round of growing? 
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M: You would throw the bag away, because it has used all the power. And then you would take the extra mycelium, 
that we gave you, and your own coffee grain. You put it all in the grow bag with some chopped tree to mix it with 
the coffee. And then you can start all over again. You can also rip this part (he shows the paper kit box) and mix it 
with the coffee. We compost this as well. The only thing you got back at your third batch would be the gardening 
bag.  

K: So, you have a couple of growing cycles? 

M: Yes. We can`t assure you about the second batch, however you can still do it. If it is not working, then you have 
the actual bag of residuum.  

K: What about the certification? 

M: No, because we had these collaborations with COOP, having a lot of chains. And have also talked to this 
organization (…), that takes care of the food control in Denmark. They don`t say it is food, because it hasn't been 
fruiting that.  

K: Would you then say you are selling a plant? 

M: We actually don't know. Because from the gas station we got some ecological coffee and we would like to 
make eco kits. We wondered if it is possible, but they couldn't assure where to put us (the food control org. about 
listing them), because it is a new product for them as well.  

K: What about the coffee shops - do they separate eco from normal waste? And do you mix both types of waste 
in one bag? 

M: Normally, it is either eco or not. Otherwise, it doesn`t make sense.  

K: Have you noticed any difference in the taste then? 

M: It is hard to say, there are many factors. It is about the whole process - how was the residue and the mix. But 
yes, we received once waste from a cafe in Helsingør, where we started. The mushroom was really weird, every 
time it came only one of two of them. We couldn`t quite explain. We never figured out why, because we only 
made one batch of them. 

K: A good question is how do you ensure quality of coffee waste? 

M: Well, they should be the same. The difference is only the taste and the smell. It has the same kind of nutrients, 
same good things, I would think.  

K: Are you currently B2B that you are addressing and individuals buying your products? 

M: Yes, I would say that. We don`t have a physical shop, we sell online. B2B is our strategy, because we have to 
also involve the business. We have to find other people (customers) and it is not like you buy SvampeFarm a couple 
of times a year. You would buy may be one or two times a year, to be honest. I would say getting it for gifts or 
stuff like that. 
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K: Have you thought of collaborating with restaurant chains, I would assume they have demand? 

M: Yeah, but we have talked about it. But it is a lot of work and low volume. Then you have to make a nice solution, 
where they have it in the restaurant. Like an oak tree and it grows on the tree. But we are talking about taking it 
to London at some point.  

K:  Do you have your own mushroom farm in Copenhagen? 

M: It’s not really liked a farm, but its outside Copenhagen. We started growing mushrooms in the basement with 
a special cooler/ temperature regulator. In order to be able to meet the bigger demand from COOP my friend has 
started bigger production in the north of Copenhagen.  

K:  What kind of customers do you have? Are these people having specific mindset, like being interested in the 
recycling or are they just mushroom lovers? Are there are an interest in engaging into the workshops? 

M: We have different customers: mushroom lovers, schools and kids. We are currently working on an idea, to 
make the product more attractive to the kids. For example, mushrooms as air growing out of the box. Other 
customers just want to try it and buys the kit for a present. Last year we did a lot of workshops. Its very time 
consuming. 

K:  Where did you had those workshops? 

M: We had workshops at the farmers market. Where people could make their own kits. Rasmus my friend was 
also talking a lot about the mycelium. 

K: Does the Danish government or Copenhagen municipality support SvampeFarm? 

M: To be honest we haven’t explored it yet. The whole project is funded by our own savings; besides we have full 
time jobs, and this is still a side project for us. Nevertheless, most probably it is possible to apply for subsidies and 
get support from the government. It is still not possible to live out of this business, but because I am interested on 
doing other things not only growing mushrooms 24/7. 

K:  Have you thought of the other ways how to use used coffee grains? 

M: We would like to grow different kind of sorts of mushrooms. 

K: Perhaps, it would be a good idea to partner up with some schools? 

M: Collaborations with kindergarten and schools are not that profitable. As they just order few kits for 20 kids. It 
is also very time consuming and we do not have resources. Nevertheless, we are involved in diverse workshops. 
For example, Nature day. 

K:  Would you say that the one of the biggest challenges is to scale the business? 

M: The biggest barrier to scale up the production. 

K:  What parts of the coffee do you use for the mushroom growing? 
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M: We use everything. But before that we must to clean up used coffee beans with water, because sometimes 
there are small pieces of the paper in it. 

K: Are there seasonal influence on growing the mushrooms? 

M: The perfect temperature is the room temperature. We use the same temperature the whole year. The hotter 
the temperature is the faster mushrooms grow. Like 15 degrees for instance is a bit low and then it would take 
longer for growing mushrooms. 

K: Are you planning to expand the business only to London or are you planning to expand somewhere else? 

M: We would like to expand to London within one year. London is the biggest city in the Europe. It is expensive 
marketing in London, but when you do it correctly it easy. Moreover, Londoners have the circular mindset and 
therefore makes them as a good customer. But we would be also interested to take a look at the neighboring 
countries, for example Germany. For example, In Copenhagen is around 1mio people, but the rest of the people 
are spread around the Denmark and therefore it is very expensive to reach them. 

K:  How will you use your marketing toolbox in expanding to the London? 

M: We will try to make partnerships with retail chains, for example Wholefoods. Playing around with the idea of 
growing mushrooms out of beer mask. He would try to get partnerships also with the beer companies.  Moreover, 
retail companies have bigger budgets, therefore also strategic move to make partnerships. Moreover, mostly we 
use Instagram to generate the traffic. 

K: What is your unique selling point? How do you pitch your idea to the potential partners? 

M: For example, with the Coop. For them it is a stamp to be sustainable.  Also wow effect. That the product we 
offer its local. Danish produced Oyster mushroom versus Poland produced mushroom. 

K: What are the biggest challenges? 

M: The biggest challenge is to change people’s mindsets, because it is a very long and slow process. And then of 
course the financial aspect for building the sustainable business. Opportunities people give credit us to the idea 
and that also promotes healthier lifestyle. 

K: Have you thought of collecting the used coffee grounds from the households? 

M: No, because it is a lot of work and very time demanding. Nevertheless, we are showing the households how to 
grow your own “window mushrooms” from the apartment. We show people how to use their own used coffee 
grains to engage them more in the whole process. 
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Sprout – Interview 
 

 

Date: 25.02.2019  

Present from Sprout: 
Michael Stausholm, Founder & Chairman of Sprout 

Mentioned in the Interview: 
M: Michael Stausholm 

E: Edoardo Marchi Zigliani 
K: Kristine Bezbaile 

M: you are working on a project on CE? 

K: Yes.  Exactly. And we would like to explore the interplay between CE value drivers and smart connected assets. 
So, we try to kind of see the interplay between CE and technology and, yes, the idea is, in general, to see how CE 
companies or companies with that mindset work. For instance, IoT could help a company to integrate processes 
fully, that these companies also come at some point 100% circular and there’s also a question if ever a company 
will become 100% circular because as even now there is a mindset then they also need to do distribution, and that 
means that also partners need to be circular or at least they need to have logistics with electric cars and right now 
everything is in development also from infrastructure and - I guess – policy makers perspective too. And yes, we 
decided to contact you because we think it’s a super interesting product, and we would like to hear more about it 
and in general about your activities and too see if we can see how technology could help within your company 
and operations. 

M: Ok, and where are you from? 

K: I’m originally from Latvia, but I’ve been living in Germany and Switzerland for a while and now Denmark for 2 
years, all around the place I guess, a bit of Lichtenstein, yeah. 

E: I’m from Italy and I arrived in Denmark 1 and half year ago for the master, so I’ve also travelled a bit as well, 
actually in the UK and now I’m here.  

M: So, you are both doing your masters at CBS? 

K: Exactly. I study Organization, innovation and entrepreneurship and Edoardo does a different program, it’ called 
Business development and innovation right? 

E: Yes 

K: and we have this opportunity to write thesis with either people from the same program of try to find a partner 
across  the program so we decided to do that and hope that It’s going to be a different  view point of some kind 
of aspects we can kind of benefit from each other because he has stronger focus on strategy and management, 
than my studies have. And mine was more about tools and innovation and technology and how you can actually 
even be creative with some ideas and products in general. 



158 
 

M: Ok so you are looking for the cross between CE which by definition is very low tech and technology, how you 
can incorporate... 

K: Exactly. 

M: I think that was what interested me because it’s a very difficult field, but you have a lot of green sustainable 
initiatives that are high tech on one hand, and you have a lot of more practical products or products or projects 
like ours that are much more a low tech. So, how you can combine those two it’s very interesting of course. 

K: yes, exactly, and actually would you mind that we record our interview? 

M: Absolutely, it’s fine. 

K: Perfect. So, do you want to… 

E: So yes, I’d start…if you want to introduce your company. We know of course a lot about Sprout, we have 
prepared for our meeting today but still, would be interesting to know how you would present it, how would you 
explain what you do and then of course we have some questions that we would like to ask and which we would 
like to go through with you. So, shall we start this way? 

M: Of course. Sprout is by now 6 years old. Originally the Sprout pencil is an idea from some young students at 
MIT in Boston, they were robotics engineers and at their design course they had to come up with the future office 
product, sustainable office product, and somehow, they came up with the Sprout pencil. A pencil you can plant 
after use. They thought it was a great idea, they put it on Kickstarter to get funding and that’s where I founded 
and thought it was a great idea.  

K: Ah, Okay.  

M: But and that was back in 2013, immediately, my background is commercial sales marketing products and so 
on, immediately the sales took off in Europe very fast, where my company, I had the distribution rights from the 
young students. Italy was, funny enough, very early one of our biggest markets and today remains our biggest 
market. Is about, it’s funny because Italy has been very hard hit by the financial crisis and still is suffering but still 
there’s a lot of interest and focus, in Italy and in the Mediterranean for sustainable businesses. Because it took 
very quick off in Europe, and very quickly 95% of all the sales was in Europe, back in 2014, I made an agreement 
with the young students to purchase the right, the patent behind, IP and so on, and they are, went out with other 
projects and have nothing to do with Sprout. This is the Sprout Pencil, it’s very simple, on top is a capsule with 
seeds inside. So, you write with the pencil as you normally would and when you have the “stop”, normally you 
would throw it out, with the Sprout pencil is that you plant it, you grow 

K: Basil! 

M: Exactly, you grow basil, cherry tomatoes, whatever… just like any other normal plant. And of course, initially, 
was a product, was fun, because to me was an illustration of what sustainability is all about. You use a product and 
instead of throwing it out, when you grow tired or it’s finished, you use it for something entirely different and in 
this case, you will actually give new life by planting it. And that to me is what sustainability is all about. And back 
than and still biggest challenge with sustainability is that everybody is talking about it, but people have a very hard 
time putting words to it and defining sustainability. I thought this was a great illustration, and today the Sprout 
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pencil is not really a product, I mean, we don’t talk about the products anymore, we talk about what the Sprout 
pencils can do for others, for parents, helping their kids what sustainability is all about, by bringing them color, 
writing and then plant instead of throwing it out. That’s sustainability in a few words. But also for companies, 90% 
of our business are companies purchasing the Sprout pencil, having their message or logo engraved so they use it 
to communicate  their own green messages and that’s Disney, Porsche, IKEA, governments, the French Prime 
Minister is using it, and so on and so on, the Vatican, the biggest catholic organization, has used the Sprout pencil 
for fundraising and of course the Danish government is using it, when you visit the Danish Minister of 
environmental issues he will, if he likes you enough, he will give you a pack of Sprout pencils with the logo of the 
Ministry and so on. So, that’s what we do, but we are trying basically to help others communicate how they do 
sustainability, and that’s what Sprout is all about. We have, over the last few years, sold more than 12 million 
Sprout pencils. We are selling in 80 countries, USA is our 3rd biggest market I think with 10- 12%, we have an office 
there, we have people in the US, but the main office is here in Denmark.  

K: How are performing actually Germany and UK markets?  

M: Actually, they are not very big markets, they are in top 10 but Germany for some reason…traditionally when 
you start a business you look at your home market. We did that originally, Denmark is where all started. But 
Denmark today is less than 3% of our total sales and we have never had sales people. What we did is we build a 
communication, PR department, marketing telling the story about Sprout and sustainability. CNN, BBC, Le Monde, 
Frankfurter Allgemeine, all the big media has been talking about or telling about Sprout, which means we get 
incoming inquiries. Every day we get between 20 and 50 inquiries from all over the world, companies mainly wants 
to buy. So, we are busy at handling that. But that also means that we have never focused on one market.  Starting 
with Denmark, then the Nordics, then most Danish companies looked to Germany. Same with UK, it’s a big market. 
But we grew very fast in Italy, in France, Spain, Portugal. So, we had a lot of focus on those markets and today 
Germany is growing, the UK is growing. Except for UK we don’t know what is going to happen of course. 

K: In March…we will see. 

M: Exactly. Luckily is a small market for us. So otherwise, because seeds and so on, shipping outside the EU, is a 
problem, exactly. That’s also why Asia is also not a big market for us, because of lot of restrictions on seeds. It’s 
also why our main production (center, n/a) is in Europe, but we also have a big production (center n/a) in the US, 
which is serving USA and Canada for all that kind of reasons. 

E: So, do you produce the pencils on you own. Because I’ve seen in your website that you co-produce, co-develop 
it with pencil producers in a way. So, do you produce it on your own? How it happens? 

M: we produce on our own. The co-production is only…we launched last year a make-up pencil you can plant. That 
is in collaboration with Faber Castell and Swan, two of the biggest make-up pencil producers in the world. Then 
we have our technology, our patent, the capsule seed, and so on. But for our normal Sprout pencil we have 
production in Poland, we have production in Minnesota in USA, and that’s outsourced production. But they only 
produce for us. They only make Sprout pencils. We just don’t own the production, it’s outsourced to someone 
else. But we just buy a normal pencil like this from Stadler, Faber Castell and then we take it to our production, 
where we engrave, attach capsules, the seeds. 

K: Personalized for you. 
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M: Exactly. The standard is always with the Sprout logo and the seed in because is patented, Sprout it’s a trademark 
and it’s very much outbrained. We are spending a lot of resources on building the brand, rather than… 

K: Actually, I think you have an amazing Instagram profile. 

M: Ok, I’ll tell the people that would be happy to hear that. 

K: I have a bit of digital marketing background and digital projects and content creation and I realized, as you say, 
you put a lot of effort on your brand as such and to build it. So, I think it’s really interesting approach where you 
kind of put in different environments to show it. 

M: Actually, we don’t have very much focus on our social media, what we do, we have a full-time communications 
manager who has people working for her of course, they are telling the story to media, like CNN, BBC, getting 
them to bring it. But what we also do a lot is that we get other sites, whether it’s Instagram of Facebook to share 
our stories. So, for instance, if you know 9GAG, we I think we spent one year working on them, to get them to 
share the video and once they shared the video, it had like 10million views in 24 hours because they are so big. 
So, it makes more sense to work that way, than to try to build your own brand. And people trust 9GAG, they like 
what they see.  

K: Yeah, most of the times you see funny things, yeah. 

M: Exactly, exactly. So, they have much more credibility than a company own social media where people know 
that they of course put the best and focus on it. 

E: So, if I can I would like to maybe go more in detail with IoT stuff. I’m going to start with the definition of IoT as 
long as how we intend it. So, we define IoT as sensor connected by networks to computing systems that can 
monitor or mange actions of connected objections and machines. So, in the context of CE, IoT can collect 
information, generated by sensors to connect stakeholders across the value chain. So, with regards to the pencil 
production process we have seen that there’s a lot of logistics involved, and I think that you’re going to have some, 
you know, issues when talking about the personalization of it, as you buy it from outside. So, within the intelligent 
assed value there is the knowledge of the asset condition, availability. For you experience, to what extent do you 
think that IoT sensors and technologies can improve your distribution or production processes? 

M: That’s a very good question. One thing, that I’d love to have is that, we made as I said more than 12 million 
pieces over the last few years of the Sprout pencil. The question we get a lot is ok, fine 12 million pieces, but how 
many of those have actually been planted?”, and that’s impossible for us to give a qualified guess, we can only 
look at…we are getting a lot of photos from people, on social media for instance, showing that they planted the 
pencil and so on. So, it’s an indicator that at least some are planting. When asked personally I tell people my 
estimate is between 30-50%, but there’s no way of verifying that number. The only way we could to that is if we 
could somehow a small chip, in the seed capsule which would serve two purposes: first, the chip would be able to 
tell us when the pencil was planted, “here another pencil planted in Argentina, now one is planted in Latvia”, that’s 
one thing. The other thing is that, with the chip you would be able to monitor the plant. People who planted their 
pencil, would be able to see “ok it needs water now”. It needs to be planted outside now. These kinds of things. 
That would make a big difference to how, to the experience of the owner of the pencil, that they could actually 
get data and see how to take care of it. 
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K: Yeah, that’s super interesting as you say. This morning I watched a bit livestream of the founders of today, they 
are actually I think they are somewhere in Copenhagen, and one of the professors of DTU said that right now the 
sensors are not bigger than the size of rice. So, you can, it makes perfect sense how you just described the process 
because it would be easily integrated. 

M: But two issues: firs, cost, second, degradability. Because we can’t sell a 100% sustainable biodegradable 
product if there was a chip inside that doesn’t biodegrade after. 

K: Yeah, then you need to have, I guess, a…I am just thinking of a way of how to recycle plastic that it would be, 
perhaps, be integrated in this way. There are, for instance, packaging which is after usage, biodegradable, so 
perhaps there would be a way at some point to create these small IoT chips and then they can just biodegrade.  

M: Could be, if the plastics or whatever is made from can eventually degrade. Because it doesn’t have to last more 
than, from the time it’s planted in the ground, it doesn’t have to stay viable let’s say 3 to 6 months. Then, it 
wouldn’t need date anymore. But still it has to last for some time before it started to dissolve or…So that’s… 

K: so for you, just to sum it up, it would be more interesting to know the location, the knowledge of the location 
where the pen was planted, the number of the plants planted, and also, for instance, features when does it need 
to be watered, when does it need to be put outside, also maybe related with sun and things like that. 

M: Yes. It would be two-fold because one part would be for Sprout, that would be the data on where was planted, 
did it survive? The other one was the consumer getting data on how to take care of its own plant. 

K: Oh, that’s a really cool idea! So actually you could, in a way, communicate to the user and say “Hey my basil 
needs now water, and things like that, that’s super interesting approach, But then, I guess it could be also 
connected, let’s say that there would be a Sprout App in the future, and you guys could inform the user/consumer 
via the Sprout App.  

K: The only thing, or question which comes in my mind right now is, so ok, you would get on one side data for you 
as Sprout producers, but who would actually own the data? Would that be you or actually that’s the consumer, 
because the consumer bought a pencil from you at the end of the day and then, yeah…? 

M: We would need, the only data, because of all the privacy issues, we wouldn’t need to know who and how, and 
so on. Actually, we wouldn’t even need to know where. We would just need to know that it’s been planted and in 
France, in…it would be enough to know that now it’s been planted in USA, in Latvia, we don’t need to know the 
location, anything and also all the data about when does it need water, does it need to be planted, we don’t need 
that data either. That would be customer service. So we don’t need that much data from this, also as a company. 
It wouldn’t need necessary. 

K: Yeah 

E: Ok, I would like to, maybe, go in detail on the infrastructure point of view. So, we know that many businesses 
that are born circular actually cannot fully achieve the fact of being fully circular because of the current 
infrastructure. For example, in this sense, the IoT revolution is enabling optimized energy consumption of further 
production process, but also for the distributions process by smarter devices and incentives from the policy 
makers. Many companies are doing that, we have seen examples from CISCO, but also others.  Could you please 
list some barriers, 3/5 barriers, that you need to overcome to become fully circular? So, with respect to what are 
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your suppliers doing and along your value chain, how do you interact both up and down your value chain and what 
barriers you find to actually become fully circular. 

M: first of all, Sprout pencil itself is fully circular, because you start with a tree, with the pencil is made from, with 
only FSC certified trees, so that means that every time you cut a tree you plant more than one tree. Also, 
interesting to know that one average size tree can make 175,000 pencils. That means that to make 12 million 
pieces we have only cut down around 85 trees in total which has all been replanted. So, that for me does not get 
more circular. Plus, at the other end of the chain you are planting the pencil and potentially having 12 million new 
plants whether that’s cherry tomato or whatever. It’s fully circular. Everything here is, I mean, the capsule 
degrades, the seeds inside of course will grow. So, there will be nothing left. All you have left is the small “stub” in 
you pot that says “Sprout” and “Basil”. Most people leave it in the pot as a plant marker so that they can remember 
that’s basil, that’s the reason. But, as soon as you have the plant, you don’t need it anymore and what you do is 
you simply throw it in the compost. It eventually disintegrates and becomes part of nature again. So, by definition 
the product is fully circular. Then, of course, we look to our suppliers also and who we work with and so on and so 
on. We cannot, they cannot be circular. We ship for instance using UPS, the big currier company. In the beginning 
we shipped all from USA, because we only had one production, it wasn’t very CO2 friendly to ship from USA to 
Europe, so we started the production in Europe to service the European market and USA or USA market to cut 
down on CO2 of course. We also work with UPS because they are very, very much into working in a green and 
sustainable way. For instance, all UPS drivers they can only turn right, they are not allowed to turn left, because 
they have done calculations saying that by doing that you save energy, fuel and so on. So, their schedules, when 
they leave in the morning is based on turning right all the time. I think that is a great way of saving energy and so 
on. So of course, we look to that, but we cannot ensure that all our suppliers are circular. We need to focus on us 
and then try to involve, exactly… 

K: You said that you are planting back trees so when you produce the pencils in Poland then you plant them back 
in Poland or in Denmark. 

M: No, where you cut the tree. So, for instance, this particular pencil is from USA actually. This is Californian Cedar, 
so the tree is most likely from California. And they cut it from there and they replant in the same place.  

K: Yeah, Ok. 

E: Nice, ok. So, we discussed a bit about that already. We have seen that CE and sustainable businesses are 
constantly influenced by policy makers and policy makers are getting more and more involved in this topic. With 
this regard, has Sprout ever been influenced by them? What is your position on them? Do you have any contacts 
with them? Are you working together? 

M: With policy makers? 

E, K: Yeah 

M: Only when they come to us, meaning we have, over the years, had meetings with ministers and, there is a lot 
of focus from government level that of course Danish companies should be more sustainable and so on and Sprout 
is a very good case, in that respect. But we don’t try to influence the policies or how it’s done. We prefer to work 
our own way. Again, also because we are international, what we do in Denmark is very small part. So, we much 
rather look at the broad, the bigger picture. 



163 
 

K: Do you think there is, like, something very specific, what they could do, to improve in general the infrastructure 
for companies to become more circular and take Sprout a really good example? 

M: Yeah, I think so in many ways, but I think also, I mean, Denmark is in many ways ahead in some countries in 
terms of CE and sustainability and so on. But in other aspects Denmark is not doing very well. I mean, the way we 
handle garbage, for instance. I’ve seen a lot of countries doing much better that Denmark, on both the consumer 
level but also on the garbage level, for instance. 

K: Germany… 

M: Germany, Sweden is much better than Denmark in that perspective, for instance. And the problem is, when 
the people see…In Denmark, now, I think maximum two different garbage bins, on the consumer level. You have 
basically newspapers, and you have “for the rest”. Sometimes you have for food also… 

K: Yeah, I know that, right, to integrate those small green biowaste in garbage boxes in all over the Copenhagen 
buildings. But the thing is that they are super small, and you really need to, somehow, motivate, incentivize people 
to really do it. Because, it takes extra effort and even if they do it, not necessarily the building has a big bin where 
you can go and throw out biowaste. 

M: Exactly. And, the consumers have to see that there’s actually being handles the way it should be, because what 
you hear and read is that in the places where the garbage ends in Denmark, very often it just goes in one… 

K: it gets burned.  

M: Exactly. So that doesn’t motivate people to be stricter or better on the home level. 

K: Yeah. 

E: Ok. So, forgive us if we go too academic. But we have read a lot of theories for this thesis we are writing, and 
we came up with one interesting one. It’s called ReSOLVE Checklist, so it’s not a framework, it’s more of a checklist 
that aims to help circular businesses in innovate, you know, and try to achieve their goals in a circular way. This 
checklist has 7 checks, 7 point, which are: regenerate, share, optimise, loop, virtualise and exchange. You can have 
a look at this if you want. These are just examples. 

K: I think it’s easier to look here at the table. I think on the first part of the interview we talked as you give a second 
life to the pen. So, I’d just want that you say it yourself, would you think it is regeneration of… 

M: This product?  

K: Yeah. Is that also Regenerate?  

M: That would be the most covering, yeah, as far as I can see here. 

K: And here’s also, there are some elements of “Share” because you pull on the life. Not through the maintenance 
but through the design of the product. 

M: Yes, you reuse it for something else. It’s a big part of our brand, of our strategy, to use and reuse.  
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K: Yeah, and we talked about the ways that you think you could optimize within IoT in the future. 

M: Yes, it’s through removing waste in production. We try very much to minimize packaging but of course both 
on consumer level and even for businesses there has to be some kind of packaging. But actually, we sell a lot of 
pencils like this without any packaging, to companies for instance, they use it just to give away in conferences and 
so on. So, we try to minimize waste, the amount of packaging for us.  

K: And do you think, if, I don’t know, … 

M: There is not that much loop into our processes. 

K: And about the virtualisation of course, like, if there would be a way their product could be optimized by IoT 
then it would be possible to create an application via smartphone or laptop to be able to virtualize in a way the 
consumer experience by giving also tips like this. And I don’t think there is any “Exchange” in the process. Not 
really, no. 

E: Ok, that was for us to create more of a framework. That is a theory we are using to understand and frame what 
we gather from real life examples. So, regarding strategy, strategic business. So, we have seen that new 
technological innovations are speeding the growth of companies in many ways. So, companies are now…, need to 
change their strategy more often than yesterday and need to be more flexible and resilient at the same time. So, 
although Sprout is quite a young company, but you have been an entrepreneur for many years as we now. So, 
what are your thoughts on that and, there are theories that you recall or some of the things that you have learnt 
at the university or whatever that, you think that are not valid anymore, or that they are outdated in a sense? 

M: That’s a good question and…. 

E: If you don’t want to go deep in the theories it’s just fine, it’s just… 

M: No, no, no, …but I mean times do change and I have an age where a lot of things have changed over the years. 
The Internet could be one of them. I think what you see today, compared to just 5-10 years ago is that when I 
started the business here, Sustainability was not really a big issue, it wasn’t really what companies or people had 
so much focus on. That has changed tremendously over the last 5 years. Today, basically, of course you can make 
an App and that’s sustainable, but you need to think sustainability and purpose into everything you are making. I 
read just yesterday an article that said 5 years ago when we started Sprout, a Sprout pencil was rather expensive. 
I mean, it was retailing for 24,95dkk in the shops, which is about 3€. Today, it’s retailing for about 1.5-2€/piece. 
Of course, because of production has changed and so on. But the big difference: 5 years ago, people were willing 
to pay more for something that was sustainable and green. Today - according to what I’ve read yesterday, but I 
think it’s correct – young people like yourselves are not willing to pay extra money for something that’s sustainable 
or green, you take it as a given fact that what you buy it’s sustainable and green. It has to have purpose whereas 
just 5 years ago people were, as I said, willing to pay extra. You are not. And to me that makes a lot of sense, it 
makes sense that you would expect and demand from the product you buy today that companies had thought 
this into the process and into the supply chain. So, I’m not sure that’s what you are looking for but that’s something 
that has changed in the last, …. the demand and the expectations of the younger generations. 

K: Yeah. 

M: That covers also what we were looking for the culture part. So, … 
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K: I have some questions, I can help you… So, I think we talked about the mindsets of the customers and we would 
like to know what you would say that are your 3 biggest advantages for customers and what would be the 3 
greatest values on buying the Sprout pencil instead of buying any other pencil. And maybe you can rank them. 
Which is the greatest value and then the least? 

M: To be very frank if you buy an old pencil it’s not that different, I mean, you can still write with it. Just like with 
the Sprout pencil. And once you are done the “stub” is left and is thrown out. That’s not that different from the 
Sprout pencil. But the big difference is that the Sprout pencil is a game changer in the way it makes people think 
about how they are using products and what they are doing afterwards whether with the normal pencil you 
wouldn’t give it a second thought to throw out the “stop”. If you even started to write with it. So, that’s the big 
difference. We are not really looking to other pencils because to us it’s a totally different product, we are looking 
more to “plastic ball pens”, that you get all the time with Philips and Microsoft with logo on. You can get them at 
the conference and so on. So, what happens with them is that you use it to take notes at a conference and then 
it goes into a draw and it wouldn’t be seen again. And that to me is a big enemy of the Sprout pencil, and you 
know, “plastic ball pens”, 124 million pieces are produced every day, every day around the 124 million plastic ball 
pens, that are not either being used, or they are going in the waste, or even worse, in the seas adding to plastic 
pollution. 

K: oh, yeah. Micro waste… 

M: And that for me is the biggest part of the Sprout pencil, it’s not the product, it’s about making you consider, 
think about how you use thing and what you use and make you think more and sustainable and green. The Sprout 
pencil doesn’t save the planet, it helps you thinking the small things in your everyday life.  

K: And then I have maybe a bit different question, but I think interesting to ask. You know, it’s a pencil, but you 
can also grow food out of it. So, have you thought on partnering with restaurants or schools or any kind of 
educational institutions to spread the voice around your products and also, maybe it’s a strange question, but do 
you define Sprout as a pencil or kind of extension of the food because you can also grow it as a food?  

M: To take the first part, yes, we work with schools, we make projects with schools, we also have a lot of 
restaurants as customers. Recently we shipped a large order of Sprout pencils to Gordon Ramsey’s restaurant in 
the UK for instance, where the restaurants are using it for giving the customers who buy a meal to get a Sprout 
pencil they can go home and plant and grow their own. We do that, we work with a lot of chefs, both in Denmark 
and abroad, both to promote but also, they use in the restaurants. Of course, the plant part makes good sense 
and we have chefs here in Denmark, for instance, that they love, they can note down a new recipe and when they 
are done, they plant, and they get the basil they can use on their food. So, for them it’s a great. What’s second 
part? 

E: How would you define the product? 

M: Exactly, exactly, it’s, of course, it’s a pencil and the product, the brand, is the “Sprout pencil”. But, initially we 
saw a lot of people buying the Sprout pencil to plant it, we got a lot of messages from people saying “we can’t 
wait to grind it down so we can plant it”, meaning they were actually buying it because they wanted to plant it 
and we were saying not to people but to ourselves also, you can always brake it off, you plant the “stub”, and you 
continue writing if you are too impatient to write it down first. To me, you can’t just say it’s a pencil, because it’s 
so much more than a pencil and we try to educate people to use a normal pencil, we encourage people to take 
notes, it’s also scientifically proven that when you take notes with a pencil instead than on your computer, you 
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remember better. So of course, we try to install that in people. Same with coloring pencils, we do color pencils 
also. 

K: for kids 

M: But even companies are buying it. 

K: for workshops. 

M: Exactly, Maersk likes the blue because it’s their logo color. But there we make bundles with coloring books and 
we try to educate on that part. But we also have to and spend a lot of resources educating people on how to plant 
it and we have planting guides, we have…. What to do with basil? So, we get a Danish chef to make pizza with 
basil. So, it’s not just a pencil. 

K: yeah, right now comes for me in an interesting partnership, like, if I stay in a hotel and then I woke up and I have 
breakfast and then they say “Hey, this was the basil from the pencil” and kind of, in a way, have the breakfast in 
our hotel with the basil which grew out of the pencil, that I think it’s interesting.  

M: It is. We have a lot of hotels as customers either they use it for conferences and seminars or they put it in the 
rooms instead of the traditional pen. Their biggest problem is that if you have a normal pencil people tend to leave 
it in the room, whereas if you have a Sprout pencil, they take it home, so they have to keep replacing them, which 
is good business for us but it’s much more expensive for the hotel, so… But we do ship a lot to hotels all over the 
world… 

K: We talked a lot of how circular the pen is and also about the infrastructure and we were just wondering what, 
how do you think you could make your company even more sustainable and low carbon producer in order to 
contribute to zero waste society? Because I think Denmark wants to be one of the first countries in the world to 
be zero waste society and then can you make, perhaps, name three restrictions or/and three drivers who could 
support this philosophy because right now this is philosophy?  

M: I think the main issue is on the products, can you make more zero waste than we already do? And the only way 
to do that is to avoid the packaging. But packaging is very, very difficult to avoid. We try to minimize by offering 
our customers to purchase the Sprout pencil as it is, without packaging, but then you have the problem of missing 
some instructions, so what we do is we use as little as possible which is putting them on cards like this, so people 
have instructions and they know what it is. They would look at this and say where’s the eraser? what is this? They 
don’t know what this is. What we will never do, and we have never done, we will never use plastic. For instance, 
pencils come in boxes with blister packs. We use normal boxes. For instance, this box is what Michelle Obama is 
using. We have shipped a lot of Sprout pencils for Michelle Obama book tour and she is selling Sprout pencils at 
her stops. 

E: She is coming to Copenhagen. 

M: She is coming to Copenhagen and you can buy Sprout pencils in Copenhagen when she is there, and she 
selected them by herself. She was the one insisting to have Sprout pencils because her husband got a Sprout pencil 
in Portugal 6 months ago at a conference. So that’s how we are inviting… 
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K: That’s the best way, if you can because it just comes… if you can, from person like that to get organic feed 
automatically. 

M: Exposure... 

M: Exactly, but that’s one way. I mean, in a perfect would we would do without packaging but since we cannot 
also in shops consumers, they demand some kind of packaging, so they can see what it is. At least we can do it 
with FSC certified packaging, meaning again it’s not been cut down from tropical wood, papers made from that. 
So, but again, it’s still waste because once you’ve… 

K: What can you do? 

M: Exactly. We tried to do it in our export packaging in the beginning, manufacturer sent us a big box of pencils 
which was wrapped in plastic (Cellophane N/A) … to protect it. Today we use paper instead to protect the pencil 
when shipping. 

K: So but then, kind of the question leads I guess to… in a way the direction of innovation and opportunities what 
do you say… would you, like, think that there’s a new, I don’t know, I guess it is somehow technological innovation 
if it would be possible to, for instance, produce some kind of packaging  out of different kind of material which 
you would not after the use  to throw out, it could be biodegrade, but do you think there is a way to do something 
like that or not, or then it would be super expensive? 

M: Whether super expensive or not, is a good question but there’s a lot of discussion about certified packaging 
versus recycled packaging and a lot of proponents for the recycled packaging. The problems with the recycled 
packaging is that you have no way of knowing what is inside, you have no way of knowing where it’s coming from. 
You can also make pencils from recycled newspapers; some people think that’s a fantastic idea. For us is not a 
great idea because the ink used to print on newspapers, we cannot be certain that that ink is harmless when put 
in the ground for instance. So, is a big discussion and we have a deal all the time how, what it’s best? Is it FSC 
which is a new tree, even if we plant new ones instead or is it recycling. Because we have customers saying: “we 
want the packaging recycled”. We have to say “ok”. But then we don’t know where is coming from. We don’t know 
the composition of the recycled material. And that in terms of circular economy is one of the biggest challenges 
that a lot of people is saying: “everything must be recycled” but it’s not that simple. 

E: You don’t know the quality of it and the point is also to achieve great quality of recycled materials, which is not 
granted.  

M: Exactly, exactly. 

K: Want to move up to… we have a bit of time yeah, right, for the Business Model? 

E: Yeah. Ok so, what does the circular advantage lay in Sprout business model? So, how did you come up with this 
business model? The way it is drawn today. 

M: Yeah but it’s the simple and boring answer is that they came with the product so it’s not something that we 
have invented or it’s just today it’s so much part of our DNA. When we are doing new products, I mean, launching 
new products we have certain issues that must be met and part of this is that we cannot produce anything to do 
with plastic.  
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K: Yes, because of the seeds and because it needs to be saved from the ground.  

M: Yes but even new products. We are now launching next month a completely and entirely different product 
nothing to do with seeds, nothing to do with pencils. But the material is 100% biodegradable and it’s a material 
and a product that it’s replacing something that today is mainly plastic and hundreds of millions of pieces. 

K: we will know that next month! 

M: you will not next month yeah! And part of that it’s just important for us, it doesn’t have to be able to, it’s not 
necessarily that you plant it, but it must be biodegradable. It must be something you can just throw in the nature 
and then after a month of two it would be gone, for instance. So that way you can say everything we do must be 
circular; because there cannot be any waste or leftovers. 

E: Did you get any investments from anyone. If yes how was the process. Again, did they seem concerned about 
the cause of your business model? 

M: Concerned about what? 

E: about the topic, about the sustainability. Did they were concerned? But first, did you get any investments? 

M: Yes, initially, 4 years ago I took in an investor who put in a lot of millions of Danish Krones, because I needed 
funds, to do patents it’s very expensive. It has cost us millions of Danish Krones to get patents and so on.  But last 
year I purchased the shares back and instead I sold a smaller portion to a different investor, also a friend, because 
we don’t need the money, but I took in another investors because he has a lot of experience with the retail side 
of the business, Johan Bülow Liquorice, it’s very famous especially in Denmark. But he has a long retailing 
experience, which we don’t, we are strictly to companies. So I allowed him to purchase a smaller part of the 
company and there’s not been that much of discussions about “we should do this and that”, because it was already 
set up and both investors wanted to be part of it because it’s green and sustainable and a good business, 5 years 
in a row we are growing two digit on the sales. It’s not only sustainable but it’s also sustainable business, financially. 

E: Ok perfect. Do you have any competitors? 

K: Because we had hard times to find any competitors. 

M: No, the arrogant answer is that we don’t have any competitors. That of course because we have patented. So, 
no, we have looked into that. Of course, you can find someone who is doing something green and sustainable in 
the same segment no one we consider competitors. 

K: Ok. We have asked a lot of questions. Do you have anything specific you would like to add? 

M: You are welcome to come back with questions also, data in the process of course I’ll be curious to see your 
thesis and analysis, especially the executive summary. I prefer those to long reports for obvious time reasons but 
otherwise if you have any questions feel free to send me an email, it’s best. I’ll try to help you of course. 

E. Yes, of course we are in the process, so we are, we know where we want to go but of course we are meeting 
with some companies to gather more and more data and see what opportunities and how we can reach a 
interesting point also in the thesis. So yeah, it would be to get back to you later in the process if you find It 
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interesting and also give you some feedback also for you to be interested and not just us to asking questions. 
Maybe giving you, in the meanwhile, some feedback. 

M: Of course, you should maybe contact this woman she is very strong in circular economy she is running a 
company that is only on circular economy, what’s called…?  

E: Lendager...? 

M: Lendager for instance yes. I remember of several panels and I think she will… definitely be able to give you a 
lot of input. I know her only... I’ve spoken to her, I know her mother. It’s a very wealthy family, where the family 
has chosen to use their wealth for the circular economy and Ditte is the, is one of the children and she is definitely 
an expert on circular economy also outside of here. 

K: Perfect thank you so much and I’ll definitely add you on my LinkedIn. 

M: Yes of course feel free to do that, of course. 

K: And thank you so much again for your time and we need to hand in thesis in the middle of May so I guess after 
that you will hear from us with  the finished product and during the process if we come up with some question we 
will be happy to send you an email  to get more input perhaps on a new product.  

M: Of course. Look to Carlsberg also. Of course, I’m sure you have read… 

K: Yes, they have started to do… to take glue instead of  

E: Of the plastic 

K: and actually, this Wednesday we go to Schoeller Plast, which is…it is a plastic recycling company? 

M: EcoXpac, has developed 100% biodegradable material, you can use it for bottles also. Carlsberg has had that 
it… I think four year now, but they still haven’t launched it. This company has developed a technology and they 
can do it. So instead of glass bottles, you would have a bottle made from fibers which is fully biodegradable you 
can find them on the… 

K: Google 

M: Google also. E-c-o-X-p-a-c. You have a touch screen? 

E: Yeah. 

M: I’m very jealous. Yes, exactly that’ the company. You look at the… it’s a very interesting company, which is 
having a hard time having founding for because they need, they have patented the process, the production 
process. It’s not so much the material but the process of the producing tens of thousands of these bottles per 
hour, which is always a big challenge. 

K: Especially, to scale up the business. 

M: Yes. 
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K: this is also something what came out of our literature review that there are those small companies, small 
medium size companies, they have great ideas, but they have issues in scaling up the business, because… 

M: and funding 

K: Yeah and funding because most of the investors want to have return on the investment after six months but in 
Circular Economy it cannot happen if 5 or 10 years and they need to be willing to do that, but it’s very hard for 
them, and also, as nowadays, there is no company who produces, actually, everything alone. They have their 
suppliers, they have their… someone who needs to deliver product, It’s like the chain of process through the value 
chain, it’s hard to change, or to get it circular completely. 

M: Exactly, no, the company, there are a lot of small companies doing things that are circular, but they are having 
a hard time getting… 

K: Scaling it up 

M: Exactly. First of all because they are often investors, engineers but they have no commercial background. 
Second of all because the investors are looking, maybe not for six months, but three to six years, where circular 
economy projects can be 10+. So, feel free to come back if you have other questions. 

K: Super!! 

 

Schoeller Plast – Interview 
 

Date: 27.02.2019 

Present from Schoeller Plast A/S: 
Jan Bybjerg Pedersen - Director, Sales & Development at Schoeller Plast A/S 

Lars Brandt - Sales Manager at Schoeller Plast A/S 
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JP: Jan Bybjerg Pedersen 

LB: Lars Brandt 
E: Edoardo Marchi Zigliani 

K: Kristine Bezbaile 

JP: Schoeller family actually come from Germany. The legacy is from 1750. I believe something like that where the 
Schoeller family starts the industrial adventures in Germany and it actually is still very huge family with a long track 
record of doing industrial developments. Going through the twentieth century Schoeller was established by 
Alexander Schoeller in Germany. In the early 30s with doing packaging based on wood. In the 50s after the war 
Schoeller did new patent for a beer crate based on the findings that he did in the 30s with a wooden crate that he 
built and actually received the patent for it. And did the patent again in the 50s based on the plastic crate and this 
has evolved into the Schoeller industry group. 
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And I'll just give you an introduction what the Schoeller industry actually is today. Our main ambition is that we 
contribute in a meaningful way of creating sustainability by using plastic materials. Some of the first developments 
that we did in Denmark was based on the findings of Alexander Schoeller and we did first crates Denmark in the 
mid-60s. Been developing these crates up to the late 1990. We are interested to support business and public 
entities, to include sustainability in the supply chain, energy, how to focus and maintain the materials that we 
already have established, get them back use them bring them to new products actually just recycle them and 
produce the same type of products again, that was actually what we started with in the 60s. So, the circular 
economy isn't quite new to us, because we've done this since 1968. It's just the new word of that concept. New 
buzzwords so to speak. We are very keen on producing boxes because that's how to produce and how to maintain 
certain kind of goods. Looking at the Schoeller Plast and Schoeller Allibert which is part of us. We are one of the 
largest producers of handling material and materials of plastic. We do euro pallets, boxes and so on. So, we believe 
that keeping our materials clean, we can actually use them much more than just focusing on the biodegradable 
and that type of materials. Based on the track record the plastic crates that we did in the late 60s we are still 
reusing and recycling them. So, the track record is taking good care of the products and using them a lot of times, 
more than once it makes more sense than just having a product that you only use once.  
 
Schoeller group today is the plastic part of Schoeller industries in Germany and Schoeller Allibert as mentioned is 
focusing on recycling and polymer developments. We actually have a project which is looking at how to develop 
and use materials in a new thinking and new applications and so on. And of course, we have Companies in US. But 
Schoeller Allibert is the largest part of the group which is more than 2000 employees. And Schoeller industries 
group owns 30% of Schoeller Allibert and the rest is of 70% is owned by group fields which is equity capital in 
Canada. It has had a lot of different names since the 80s. One of the companies that which isn't mentioned is Coke 
International Food Company. You have probably met these green collapsible crates in the supermarkets. That's 
something that is developed by the Schoeller family. It was prior as Schoeller owned company, which is now owned 
by Brambles, which are providing now material pallets to the entire food industry all over the world. 
 
This premised, where we are based now was established in 1966. We're still a family owned independent third 
generation own company. 50% owned by family over 50% is owned by Schoeller Plastic industry in Germany. We 
serve clients more or less over all over the world. Our production is based here. We have made in 2018 a return 
of 14 million euro in Europe. We have 51 employees we have 26 injection moulding machines. We produce 24/7. 
We are closed two times a year, during Christmas and during summer two weeks. In total two weeks. But we are 
still on the partnerships during that time with Schoeller Allibert… 
That’s All the crap about the machinery…This is of course our general presentation. We are working with 
machinery with force from 35 tons to 1250 tons. This slide is more or less about how big the machinery is. 
We are producing crates for beverage industries. We are producing industrial batteries. Plastic pallets for the 
medical devices transport. A lot of various. Going from one branch to nine kilos of a product.  The oldest Schoeller 
company is actually in Switzerland, producing pallets.  

K: Also see Franziskaner Beer box up there. :D 

JP: Some other products that we are producing from ice cream Sticks to iPhone case too.  

K: These water bottles I have seen a lot in CBS29. These for example, we produce with various numbers of clients. 

                                                
29 Acronym for Copenhagen Business School. 
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JP: So, tell us what it is that you're working on. What the timeline and what do you want from us.  

K: So, you talked a lot about how you track back the products and the things that you also think or have a mindset 
of how further use those products many times rather than one time. And what we would like to explore in our 
thesis is circular economic value drivers. And one of the value drivers is to extend the life of the product but also 
reuse it more than one time. And we would like to see this. We would like to explore this together in an interplay 
of smart connected assets which is called IoT´s. For these there are also three types of value drivers. For instance, 
you talked a lot about the tracking that you would know in which quality is the product because you also said when 
you collect it back it is important to know the quality of the product and how it is been used and how it's been 
taken care of. Our aim of the thesis is to explore this interplay between circular economic value drivers and smart 
connect assets, which are IoT´s, the new technology.  

JP: In the late 60s what we did with the marking the mold, we can still track them. For example, the beer crates 
we produced for the Carlsberg in 1969 we would be still able to track them when receiving them back.  And we 
would able to see the base material of the product. So, it was a mechanical man marking tracking code. That's why 
it makes it for us quite easy to do to reuse the product that we produce. 

K: That's interesting! But in back in the days you said you did it manually and now do you have a Digitalized platform 
where you collect all the data, or you can only see that when you physically get the product back to be able to 
track it?  

JP: We need to get the product back physically to be able to track it back and then reproduce it. It's manually 
placed in the load so during production we will see what we produce in July last year and on which material based.  

K: Well, the idea of Internet of Things system is that you could potentially digitally via platform monitor the process 
you just described.  Where you could see what the asset consists of, what is the state, the quality of the asset as 
it depends for how many times it's been used.  You could also see where the asset is located and what is the real 
time condition of it.  

JP: What you also need to consider is the lifetime of the track. For example, if the battery only is lasting only for 
the two years, it is for us very short time. What is the durability of the battery?! It needs to make sense for us.  

E: There are large trackers that will work and can detect the position of an item once or twice a day for two years 
or so and they are very old.  

K: Yeah but I think the point I guess which you just said is that you also produced new products based on the 
material which was traced back in the 60s.... 

E: Yeah, I understand.  

K: Yeah. But there are different kind of IoT devices and the sensor size can be as small as a piece of rice till a bigger 
sensor you physically place on items or at their storage room.  But it also depends how you place them but some 
of them have super tiny solar panels even though it's that tiny it has potential to regenerate and lasts longer than 
two years. But yeah and I know what you mean it's not comparable to 60 years of traceability.  

JP: But the tracking possibility for this could be sensitive knowing that we know how we can optimize life time of 
a certain material on a certain product. Where we could see when the product has gone out of the lifetime, or 
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when it must be returned or not, or where was its attest position. Perhaps that could make sense for the service 
providers to say OK we now know that you got this box and that was last registered from your premises and now 
it’s a time for me to send you an invoice.  

E: Let's say that the box is not used anymore and is stored in in in in a storage room empty. You can just say OK 
instead of producing the new one let's just get these ones which are not used now and resell it to another customer 
reuse it rearranges it in a way. 

JP: Are you looking into at the overall possibility or looking into a certain type of market?  

E: I would say overall possibilities but in the field of intelligent connected assets. So, on the possibility to control it 
from distance and to know how to gather information from the asset.  It's not just about the location as we said 
also the condition and the also availability of the asset. So, it has a broader perspective, but we would like to 
understand the interplay between the different value drivers of circular economy and the intelligent asset.  

JP: I think you need to consider which types of key drivers and into which various markets. Because the consumer 
market is one thing but looking at the Industrial Transportation is another thing. So, if you need to go for A to B 
on industrial products or on consumer products and the life time of the product that you want to monitor. These 
might be possible way of how to get value that you drive to the right value driver for a certain kind of market. 

K: Just to specify what we would like to do is to follow the full value chain.  As you said from industry perspective 
if you have a manufacturing company, they have completely different needs. If we take post-consumer. And, the 
things that we have low tech companies on our thesis and high-tech companies. So, for instance for low tech 
companies for them it's more to look at the post-consumer is treating a product. Is it a waste? Can you extend the 
life cycle of the product? For instance, a few days ago, we went to the company called Sprout where their produce 
pencils and when you are done on writing the pencil. You turn it around and you can plant it. Then the other 
company is called Swamp Farm they use spent Coffee Grounds to farm mushrooms but of course from your side 
it would be more interesting to know how you can follow when you deliver to the clients like Carlsberg box or any 
kind of box that you can follow the whole process step by step through the value chain to see where it lands in 
which place, how long it stays. I don't know how off it's used and things like that. So right now, we have two ways 
on looking at it. 

JP: One perspective could be that you investigate the home delivery market. Mailboxes and home deliveries form 
the supermarkets. That is the market where we are looking into, because the problem is that some of the boxes 
is used as IPS boxes, the white wall thermal boxes which are used just one time. From the circular economy 
perspective how can you convert these into something to have expanded lifetime. Getting them back from the 
consumers that is a quite a big issue. It does not make sense to have returnable boxes, if they stay with the end 
consumer.   

K: Yes, I agree!  We also have prepared a couple of questions. So, I guess I'll just start. You also said in your 
presentation you said that the circular economy is based on restorative and regenerative production and 
consumption systems. And as you said, I am also a bit repeating myself, that's the systems and to keep the products 
at its highest components and material value at all times. And if you look from an academic perspective, we look 
at the butterfly model where you have the technical side of the model and you have the biodegradable side of the 
product. With Schoeller Plast we would like to look from a technical side. And how would you say how do you 
delivering multiple value through these cycles? Meaning that you said one way is to use the product more than 
once. Are there any other value drivers what would you say you deliver to your clients?  
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JP: It is also a lifetime of the product. That is a utilization. And just to give you again an example when we delivered 
first beer crates, we gave our customers 10-year warranty and we also give them warranty that we can reuse the 
material 4 times.  Some of those beer crates are just coming only now back after 50 years and they can still be 
reused for another 4 times.  

K: Then we talked about the tracking and we have made this example of the Internet of Things. Maybe I can define 
how we understand that in our case because I sometimes think it is a buzzword in each industry decides how to 
how to define it. So, for us it is that Internet of Things are the sensors connected to the wider computing systems 
of the networks that can monitor or manage actions of connected objects and machines. And in the context of 
circular economy, IoT´s can collect information generated by these sensors across the stakeholder’s value chain. 
And with these intelligent asset value drivers there is a knowledge of location. As you just said that previously the 
condition of the product and availability of the raw material. Our question would be to what extent do you think 
that IoT sensors can improve the recycling process with Schoeller Plast?  

JP: That is very much indeed on which for the service product that will be produced. 

K: Can we make an example of the boxes. 

JP: Again, we would need to specify which branch that we would need to look at. Because If it's beer crates it's 
one thing, if it's boxes it’s another thing. Distributing from let's say from supermarkets to the warehouse to 
supermarkets, that would be another thing. Again, from the food Packer to the consumer it would be definitely a 
third thing. 

K: What would you say where would these kinds of sensors make most sense? For example, delivering from here 
to the supermarkets and then from supermarkets to end consumer?  

JP: What data are you would be requiring? 

LB: Because if we need to pay, that would be one thing, then would suggest some parameters. If you then go into 
the supermarket, they for sure look into some other data and then the transport company would begin to have 
some of the things.  

JP: Then you would need to analyses the whole supply chain in each stage and say we would get something we 
would like to know, for example where what and when the boxes is produce? Yeah, the supermarket would like 
to know when it's in the warehouse, when it has left the warehouse. The consumer would like to know if the box 
has been let's say tampered. Or if it's still maintaining the right temperature and so on. I think you need to look 
into how many things and how many information could you actually gather in each stage. Because everything 
would be valuable. 

K: I understand. I think for us it would be interesting to know as a starting point from Schoeller Plast perspective, 
what kind of information would be relevant? I guess you kind of said that it would be in this case material.  

JP: Material and when it was produced and for which customer it was produce. For example, production batch 
and material supply could be relevant. If we could gather all things into one form our production when we start 
planning our production.  All these data, we received the order from Customer X with the purchase number of 
this, with a production number from Schoeller Plast would be this with a delivery note with the specific date and 
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year. We will be able to have a full track record on that all the accidents and all actions done in the product 
production.  

E: Okay. I think it makes perfect sense. Absolutely. 

K: I know you now have the manual process right now of tracking your products. Do you think that technology of 
IoT could bring you new opportunities? Or do you also see the risks of security are there some kind of barriers by 
implementing something like that? What would it be?  

JP:  Of course, it would be crucial, for us to know that what you have on this chip is only visible for us. Definitely, 
If we could obtain the full knowledge in each time, we do a product like this that would be most helpful for us in 
how to track our products and also if we should have a claim from the customer of ours. Please scan and send it 
to us. It would be quite easy and quite valuable depending on which side of the ways we are. 

LB: Its interesting, but the question is I don't know if it would be over killing to have on each product a sensor or 
if it would be enough to have a sensor on the pallet.  

JP: It is depending on the product. Let's see we would be the service provider.  Let’s say we would rent the box to 
the customer, then it would it even more valuable for us. 

E: And this is something we are discussing the opportunity that IoT´s is giving to the company. As it would allow 
the companies to attach services connecting to their existing products. So actually, by controlling a longer value 
chain they will be actually able to create value both for themselves and for the customers with a reinforcing cycle. 
So, the more the clients value the service the more the company is going to be able to create value for itself. 

K: The only question we also have in the last days is let's say Schoeller Plast attach these sensors to provide the 
service for customers and then also collect the data. Who would then own the data is that the Schoeller Plast, or 
it is the customer?! 

JP and LB: Yeah! That’s very relevant!  

K: We also try to understand that from a higher perspective. Here would come in Policymakers and governments. 
How this would be because you've said for you would be very important that the data is accessible only for you 
because of the secrets of producing. But then from a policy perspective they have to come up with some kind of 
regulations regarding the privacy issues and security and things like that. So, we are now also throwing the ball on 
each side and trying to understand the bigger picture. 

JP: But there is always a risk! I think in general that everyone who knows and owns the data is vulnerable. 

K: This came through several times that even when you get back the boxes 60 years ago that you can still recycle 
them up to four times. The question is how do you manage to do that, without compromising quality of the raw 
material? 

JP: We don't get the full batch of boxes produced in let's say back in 1970. Yes, we will get a various number of 
boxes from 1971, 1975 or 1979. Same type but from various production batches. So, we do not degrade the 
material by only using the one from 1960´s. We mix them together, therefore we prolong the actual production 
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cycle, otherwise, if we were only using from 1970 again and again and again then we can only recycle the boxes 4 
times in total.  

K: So, if you can mix it from sixty years ago or nowadays… 

JP: You can keep the same mechanical properties and we don't know then for how many times we can reuse it.  

K: And how do you measure the quality? 

JP: If you mix what we know from the EU you are producing it doesn't influence. It stays the same. 

K: Then another question is, of course you recycle. Let's say Boxes and produce different kind of products. But 
then the question is a bit maybe philosophical. This one part of production is circular mindset of reusing as many 
times as possible. But what about the other operations like transportation. I guess you have value chains where 
you have people delivering it. How circular is the whole process is? What would you say?  

JP: Well, if it is beer crates. You can tell about our mobile grinders.  

LB: We have grinders that we send out to the brewers to their warehouses and then they grind their boxes on the 
spot. Then we get the small pieces of plastic back (granules) to our production ground. Yes. So, in order to save 
transportation costs this is one’s way what we do.  

K: OK. That's super interesting so of course from the Danish clients you can do it on your own on a spot, but you 
also said you export to all over the world. 

JP: But with products that we are sending out we wouldn't normally get back to us. So, for instance the battery 
boxes of product lifetime of 15 - 20 years with the led and with the liquids inside, we don’t know how that will end 
because sent all over the world as a backup battery for hospitals and so on.  When we're looking at the circular 
thought, it is based on our own products not on our customers products. OK let's say our own cold products. Our 
customers must decide how should their products should be used in the future. We cannot decide for them! 

LB:  For transportation the creates are foldable, therefore you can get a lot more on each truck. It would create 
more space as the cerates we do the are completely rigid. 

K: Do you have any special kind of plastic recycling certifications for recycling the products many times?  

JP: No. There is a company in southern part of Germany which has a certification on how to regrind food containers 
and still have these certificates on this.  

LB: Well it's for the food industry. It's a foil-based product that you could use, and they can use to regrind.  For 
example, for the meat trays that you see in the supermarkets. It's produced from a foil which is three- or five-
layers smaller layers smaller built together in order to have the thickness that you need for the tray. And then if 
you're producing food containers that way you will need the under two outsides. You need that a virgin material 
and then you can put the regrind or you can do reused material in the middle. So that you can only do that up to 
60% of the foil can be reused material. But the top layer and the bottom must be the last 20%, 20% on top and 
then 60% in the middle and then 20% on the bottom. If you have a three-layer foil, then you can use it for food 
products. Otherwise it's not possible. 
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E: Are you working with the policy makers to make this change in the regulations. Are you interested in working 
with them to develop new policies for the use of plastics?  

JP: Month ago, we had the environmental minister visiting us but that´s for Danish plastic federation to try to 
influence politicians. I don't think that we are a company which is large to poke environmental minister and to say 
please do this now. 

K: I kind of asked on the beginning quite similar question but maybe can you just say what are the three advantages 
for customers using your product? And how do you like deliver them that value? I mean we talked on the beginning 
how you recycle the product many times but from the customer perspective how do you do?  

JP: Of course, it's again industry dependent question.  

K: I think we should stick with the beverage industry because we have asked several questions in that direction if 
you would say from that perspective. 

JP: But of course, durability is one thing, the recyclability is the second thing, the third thing is design and our 
knowledge in the beverage industry. The standards developed for the beverage industry is something that we 
have been developing. Schoeller Plast is the company that actually started on setting the standards and these then 
got copied by our competitors during the last 50 years and they are still today in Germany and in other countries.  

K: Perfect. Then I have very academic question. I even need to show you a table. I hope we don't bomb you too 
much with academic questions. But we found this new framework which is called Resolve framework. And it has 
like six areas which is called regenerate, share, optimize, loop, virtualize and exchange. And if you look at those 
steps where would you place Schoeller Plast? 

K: I guess I would say it is regenerate right?  

JP: Yes! 

E: ReSOLVE is a checklist with the actions that you are taking in each category. And it works as a tool box so 
whenever you implement a solution, a product or a service you go through all these areas to understand if it is 
sustainable, if it is circular or if it is not and if not, how can it be beneficial to your business. That's why we think it 
is useful.  

JP: This is not the model that we've been working with. But of course, we always investigate how and again 
depending on if it's something that we develop with the customer or we develop for our own benefit. The latest 
thing that we did was with the aim of using recycled material for the product what will be reused again. We use 
some of these with that mindset. Virtualize is not where we have looked into. 

E: It doesn't mean that you have to mix them to take actions in each of them. It's just to categorize and be aware 
of what you are delivering as business. 

K: Yes, but it's also interesting that you do it from 1960´s. 
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JP: Our development has been based on common sense. And now the models like these are let's say for us to be 
sharper on what we are doing and that could help us be more structured of approaching a product development. 
This would help us to get the thoughts sorted out. 

K: And it's also interesting that you know we realized that all this concept of circular economy just started I guess 
around five years ago. Yeah something like that. But the interesting aspect is that Schoeller Plast had it since 1960s 
this idea of recycling. How did you decided to start the production in this way? 

JP: For us it was common sense and then it was based on the demand from the brewer industry. They wanted 
durability. They had a wooden box at that time, let´s say at that point that was preferred packaging. And a lot of 
people were managing and repairing these boxes. But the durability was OK in the 60s. But when we came up with 
our product, they said you need to convert from wood to plastic and that time no one new plastic.  And it was a 
type of modern product that would die within no fewer number of years. So, we needed to have this warranty of 
10 years that was the way where we go and said OK can we use this and how can we reuse the material. We knew 
already at that point that it could be reused but no one had ever thought that the product would last 50 years. So, 
it's a spinoff of some thoughts that our founder had in the 60s. 

K:  Now I would like to ask a question from a customer perspective. What would need to happen from a customer 
perspective after they have used let´s say the box to help to contribute more to Circular Economy with zero waste?  
As we also know that Denmark would like to be one of the first countries in the world with zero waste. And from 
that perspective is there something that customers can do?  And if yes, what would that be? And what happens 
of the plastic material part which cannot be recycled? 

JP: Again, it depends which customer you are looking at and which industry.  Looking at the zero waste, just to add 
to what you say we're never ever going to zero waste in Denmark. I don't see how that's possible. The aim is that 
in 2022 we're going to 50% of recycling the waste. Yeah. When we're going to zero that's nothing that's what can 
happen! From my point of view, from my perspective it's never going to happen.  I don't think you'll be able to 
reuse it everything to zero waste. 

K: I know one thing is what they say from a political perspective, they say 50% in 2022. Yeah. That's in three years. 
I mean but they're big vision is that. But it's interesting to see from a company perspective, from a practical from 
business perspective. 

LB: But I think one of the issues is in this discussion is as well the end consumer. The end consumer I do not know 
the difference on the plastics. Consumer have an HD-PE30 crate, or they have a plastic bag that's just plastic for 
the end consumer. It's not that easy to reuse that or to recycle that. So therefore, that's going for incineration.  

JP: But it also is also quite political controlled, because if we want to reuse 100%, we need to address. In Denmark 
where should we get our heat from our houses from windmills. OK, solar panels. Yes. But all the rest of Denmark 
is heated by the incineration, let’s get real!  

                                                
30 Acronym for High-Density Polyethylene. It represents one of the most common plastic polymers of which Schoeller Plast crates are 
made. 
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K: Exactly what you say and it's that's is also how they contradict themselves because municipalities in Denmark 
they are heated by incineration of plastics but then these people from politic perspective say that they want to 
become zero waste… 

E: I have seen in your presentation that you have used the world cradle to cradle. How do you mean with that 
word? We have read some articles on that on the on these techniques on how to design products or design 
products?  

JP: So, when we are looking at the beer crate again, and it should not be used anymore.  We can recycle those, 
and they could be a for example, a new plant box. When that plant box is done in ten years, we can get it back 
and then use it a furniture. And when that is done in five years or ten years afterwards it can be a plan box again. 
It can be a waste bin. It could be anything. So, from my point of view we're sitting back on having clean materials 
we know what is from, what is done then we can we can always reuse them. Of course, we cannot say what will 
happening 100 years. We can still be able to find a production to put it in let's say to other items 

K: So, these would then for instance materials who has low level polymers, right?  High level polymers then would 
material the plastic materials which would be used in a way that you can recycle them at its highest value.  

JP: All materials if they are clean! Let’s say, still has HD-PE we can still use it. A lot of times. So, it's a common 
product. OK. If we where it is from, or either way we can burn it and transform into the heat.  

K: You said one way you can always find a different kind of product you could put them in. Or the easiest way 
would be just to burn it. So, the question would be and as you previously also mentioned that some people just 
don't know what the difference between all kinds of plastics is. Would this be the lack of sorting technologies in 
Denmark and the knowledge about how to recycle waste? How would you see that?  

JP:  The knowledge and the sorting technique is one of the key issues. If we don’t get the right sorting, we cannot 
use it for anything. We cannot use PET31 bottles with the Meat tray and a beer crate mixed in one. Then it’s not 
generating any value whatsoever! 

K: And what do you think how it can be improved? Is there anything in these case policymakers can do to teach 
you to give incentives? 

JP: Invest into the right sorting facility! If they want to reach 50% or 0% waste, you need to address the investment 
that will benefit the country and looked at it as a country decision that we want to do this and not by the 
municipalities to decide which makes sense for us to sort and no. Because then its only have a micro economy 
effect, not the macro. 

K: From the experience does the mindsets in general of people changes regarding the recycled products? For 
example, I think especially in automotive industry they don't advertise that they use recycled materials because 
then people may think it's less safe than the virgin materials. How do you see that in your industry? 

                                                
31 Acronym for Polyethylene terephthalate. It represents one of the most common plastic polymers. 
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JP: It's a common sense to use recycled material and it's approved by our customers at least for a beverage industry 
that the materials is being reused. They wish to reuse the materials. Thy are already invested in materials in the 
70s at a much lower price than what they cost as virgin materials today.  

LD: You can see it in our production in the testing we do with the crates. For example, if we stay in the beverage 
industry then you still test the crates for pressure and so on. When you test that as a brand-new virgin material, 
we do the same to test with reused HD-PE. We have no other controls, when its reused materials, It’s the same 
specifications we are using for the production. 

K: And just to understand better, would for instance IoT´s in this case be handy? For instance, that you would be 
able to see the quality of plastics and how it's been recycled? 

JP: Something like that of course would be helpful but you must also know that when we add something at the 
recycling process it has to be removed or reused. So, what we if it's electronic tag which could influence on our 
production it of course has to be removed. So, if that’s an electronic tag of course it has to be removed! Otherwise 
that’s would be a huge obstacle.  For example, when the grinder is going to Carlsberg and then they must remove 
those sensors, that would be very costly. 

K: And, I guess one of the barriers! 

LD: I think one of the barriers could be also the end user, if they figure out that you have this this transmittal 
sensor in the create then I think some people will simply not use the crate and would just pick up the bottles from 
the create,  because then you will see where they go. Then it’s like a big brother society! :D 

K: And one more thing which I think it's interesting what I have seen many people in Denmark are using the crates 
for the bikes.  But you want to have them back at some point, right? Is that an issue that the people want to use, 
things like that for their daily life? How do you get them back? 

JP: I think you referring to the green, milk crate from Arla. Well that's generally a problem for Arla, because they 
invest much money into those crates ever year and are dealing with huge issues every year, getting the back from 
people.  

LD: It's a nice size and just fits on the back of the bike. 

K: Exactly. And something interesting I saw on your website and you previously also mentioned that you 
experiment with different kind of materials to come up with new ideas. One of the projects you did was with 
Plastix and it's called Ocean box. This question leads the direction of Innovation in a way. How did you come up 
with this idea and partnership of making a box out of old fishing nets? 

JP: It is based on environmental Ministry UDP32 funds. One of my partners who provides and have been in contact 
with them during another circular economic project. He said why don't we team up with Plastix because they want 
to test this. Why don't you go together and ask for funding? This project came out of the blue. One month before 
we got the funding, we got in contact with the Plastix and the funding came. That's a win-win situation for 

                                                
32 Acronym that refers to the partnership between UNEP (United Nations Environment Program), DTU (Danmarks Tekniske Universitet) 
and the MFA (Ministry of Foreign Affairs) established in October 1990. UDP works to facilitate the shift towards a sustainable 
development. Hence, it supports research and innovations through funding obtained from the Ministry of Foreign Affairs of Denmark.  
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everyone! We would like to test other products, but the material is more or less too expensive to replace other 
regrinding products that we are producing from that required materials. This project gave us more knowledge and 
hopefully there will be a customer saying: “Okay now we want this”.  

K: That would be the next question, if you manage to test the product on the market?  If you've got any feedback? 
During the collaboration with Plastix could you unleash any kind of new technological knowledge from this 
partnership?  

JP: It´s not any new technologies… 

K: But then at least from material perspective? 

JP: From the material perspective, now we will conclude that we will be able to use at least 50% of fishing net in 
our production. I think we have customer possibilities, but we haven't got a customer yet, because the project is 
not concluded yet. 

K:  I think it is very interesting, you shred the plastics, you come up durable boxes and then suddenly, I'm just 
thinking from technological perspective of the machines you have. Was it easy to use fishing nets because it's 
completely different consistence of the plastics.  

JP: We received the fishing net, which was already compounded as a started plastic pallet. K: When you try to 
come up with projects like this or try to experiment with new materials like these. I know you said this one came 
out of the blue but in general how do you manage to find companies who are willing to participate? It's kind of 
was a risk for you too because you still don't know if people would buy it. You have invested money. You're fast 
doing new things! 

JP:  We are constantly contacted by people who wish to have this green, let's say this green platform who want to 
give the product a history. So, companies are very keen on doing something with us based on the knowledge that 
we have done, because we invest in projects like these.  

K: From the very beginning and on your website, you said that the whole knowledge back in the days came from 
how to produce wooden boxes and that is kind of a competitive advantage for you over other companies. But 
what I'm wondering about is, how did that knowledge help you to design the products and how this came along 
with plastic? 

JP: I can't answer that because it was an idea from Alexander Schoeller, but he is dead by now. It’s based on in the 
early 50s when the plastic came and some saw durability of plastics and that was the idea from Alexander 
Schoeller. But I don’t think it was easy to do first boxes form the plastic.  

K: Now I was just wondering because I also got the notion from the website that you are very proud of design and 
how you do beverage boxes.  

E: If I understood it correctly that you are never going to be zero waste. As I am understanding that, you will not 
be able to reuse the whole waste, repeatedly. So, in essence you are quite effective but there are some technical 
issues that you are not able to over at this current stage, as many companies are not able to overcome them right 
now. So, there is a technical technological barrier. 
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K: It has been concluded and you also said that Schoeller Plast is a relatively small company and to change 
something on a bigger scale, it would be hard for you to binge policy makers and say what would need to be done. 
My question would be, is there a way that digital technologies can help to scale your business? If yes, in which way 
and to what extent? Especially looking through the value chain and the control of it. 

JP: I don’t I think, can answer that question! Good! Because I haven’t seen what the IoT can provide us.  

K: okay.  

K: In general, is there a need or Schoeller Plast to become bigger? And what are the challenges of not being able 
to scale?  

JP: Well that's been very much depending on which market we would like to address.    

K: This came as a barrier, also from the previous interviews we have done with the circular economy driven 
mindset companies. That it is hard for them to scale their business.  

JP: No, it's not! Of course, depending on what we focus on only Circular Economy type of products. There's a lot 
of ways how to scale and how to expand our business. But of course, some of the business could fit very fine into 
the circular economy mindset. But then again there will also be business looking outside the circular economy. 
Based on which type of products are we producing for a customer or to a customer? Its contracting, that would 
be one way/issue of how to expand. Are we developing our own products or are we supplying circular economy 
products into the new area, where we are not present yet? So, I think that there are many ways of to expand the 
business.  But it's not a circular thought, that keeps up keeps us to address the market. As we are not alone in this 
business there is a lot of competition.  

E: But do you believe in a sense that you are able to leverage on this circular economy concept for your customers? 
Again, if we stick to certain industries I mean if you see a market for you in which the circular economy can be an 
advantage to leverage on? 

JP: Well yes, of course.  

LD: You know some of our customers they have an environmental view into the market as well. So, if they can 
recirculate some of their materials then they can show that in their yearly report. Therefore, some have focused 
on that right now. And I'm sure more companies will follow that direction. That they can show on a yearly report 
that we have reused this a number of tons of material to new the products and then we use it again. And I'm sure 
that will be a lot more. This is goanna be a bigger issue and then in the coming year. 

E: Good to know that! Do you have any examples of which industry you're really seeing this?  

JP:  Take a look at Lego and Carlsberg. Carlsberg did a campaign towards zero waste. For example, they have 
started to use glue.  

JP: Yes, that's one way of their approaches!  

K: But then how it is for you? Will they keep ordering from you a tray´?  
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JP:  No, they're already converted. In early 1999 and the year 2000 allowed in Denmark to have beer cans. And 
based on that our business in beer crates have been going down. But nevertheless, there are still beer in bottles 
on the market. So, to a certain extent it will be there of course. But the glue cans don’t influence our business, 
because we haven’t supplying any cans and it's not going to save the world.  

K: Who are your competitors? 

JP: Embarrassing if the only competitors we have are cardboard wrapping, because that’s an alternative packing 
material. Of course, beers cans are essential threat, especially, if we continue to go from beer bottles to the cans. 
Then of course that's a huge threat for us. 

E: Your industry is going to be affected by this shift from you know being not circular to become circular. You are 
already pursuing this route but as you said you don't believe that Denmark in general is going to be able to undergo 
this shift to arrive to zero waste. But still policymakers are pushing in that direction. And you have already 
expressed that there is this contrast but what in your experience. How do you see the future scenario? How do 
you see this will be solved? Because in the end someone needs to change policies or companies?! 

JP: Well, some of the problems are done by the media. Plastic is the root to everything evil on earth as you know!  

LD: So, it is easy to punch right! 

JP: We don't want plastic, but we cannot eliminate plastics! We need the packaging! 

LD: You need to have a shift in the mindset at the end-user, because even though people hear every day in the 
media that plastic is bad for the environment and when driving on the highway people thrown plastic out of the 
window from their car. We cannot do anything to that! 

JP: And you still need to go and bring back your bread from the supermarket. How are you going? Are you going 
to use your hand? You know, if we look at the biological biodegradable materials then every field should be used 
for corn or something similar. In order to make the same amount of packaging. Who will not eat? You or me? No 
defiantly! Not! So, I don't think, it's fairly to say that we all do have an interest on doing something with the 
pollution and everything but it's not the plastic industry that can solve everything. And it's just sick because the 
media of course we should take care of the pallets don’t end up in the oceans and of course we need to take care 
that the straws doesn't end up in a turtle and so on.  As Lars said, it's a mindset use the waste bins that we have! 
Going to the Third World and then give them the waste bins and let them use them. I think that would be much 
more effective, then only looking what we are doing here in Denmark, because we are only five million people. 
We are not larger than Hamburg. We cannot solve everything. So, it’s a general shift in mindset that needs to be 
done. And let's focus on the third world countries and so on. Give them a possible way of handling their waste in 
a proper way. I think that makes more sense.  

E: And do you believe that IoT devices can force this shift or create synergies?  

JP: Of course, it can!  Only in a certain extent but it's only what we see and then again what will we use data for. 
Do we use Data, because we want to sell more? Than we would then just pushing it ahead of us. Because again 
what you need data for is to be become wiser and we're living in a commercial society. If you want to be 
commercial, when you sell products, you will have an environmental impact in some way. Let´s be honest we're 
consuming more than ever! I think the next generation will be consuming even more the population is still 
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increasing. Let´s say if I were as large as Coca-Cola, how should they conduct their business? They have only one 
way, they have responsibility towards their shareholders and they have shown that they generate more profit. 
How can they generate more profit, know more about the consumers? Of course, they can do it more in some 
environmental way but still again they need to sell more products.  

K: It seems like the never-ending story! 

JP: If we're commercial, we're commercialized and a living by providing products. We cannot, all be service 
providers. All of us cannot be nurses and hairdressers, everything else needs. We need to have food and anything 
else that will be consuming. No, I cannot see from my perspective, how it will end! 

K: With the regard what you said us about Schoeller Plast production process, is there are a way perhaps how to 
improve production process? Maybe something could be optimized? Or if you look at the value chain from partner 
perspective?  

JP: There's always things that could be optimized in production. The machinery we're using are improving as well 
as cost and driving more gallon per mileage. And the same thing with injection molding machines that they get 
more energy efficient. This would be also never-ending story as well!  

K: Where do you get plastic materials and raw materials?  

JP: We are still using a lot of new materials. So, they come directly from the producer. The recycled materials, 
grinding materials are coming from old customers or we buy some from the grinders. We cannot use directly form 
the end consumer, because it's dirty and it's not it's not sorted as it should be. At this stage it's not possible. Thank 
you very much!  

Refurb – Email Interview 
 

Date: 25.02.2019 

Present from Refurb: 
Mette Marie Karlberg, Business and Development Coordinator at Refurb 

Mentioned in the Interview: 
E: Edoardo Marchi Zigliani 

K: Kristine Bezbaile 
M: Mette Marie Karlberg 

E-mail Questionnaire: How does Refurb has integrated into their Business Model IoT solution? What are the 
practical implications, challenges and opportunities? 

1) A circular economy is based on restorative and regenerative production and consumptions systems. Such 
a system aims to keep products, components, and materials at their highest value within technical or biological 
cycles. Could you please describe how Refurb provides multiple value creation within those cycles, thus acting 
towards a more sustainable economy? 
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WEEE (Waste from Electrical and Electronic Equipment) is a constant threat to our environment. The focus is 
usually on lowering production and recycling at the end of product life. The opportunities in circular economy, 
however, go beyond this, and give us an opening to new business models. Recycling or Product Life Extension is 
one of them - and Refurb is just circular financially in its DNA: In Refurb we buy Laptops, Desktops, Smartphones 
and Tablets from large public and private companies. We diagnose and delete the IT equipment when we get it 
into the house. If there is a need for hardware upgrades, we do this, just as we renovate small items and make the 
units thoroughly clean. Then we put the units for sale via www.refurb.dk. 

Refurb sells to private, public clients and companies. We buy ONLY IT equipment that is functioning, so we do not 
handle WEEE / E-scrap. We recycle 98% of what we buy in, the remaining 2% are broken down into many different 
fragments, which are picked up by e.g. STENA Recycling33 for final shredding and recycling. Recycling IT is one of 
the areas where the greatest environmental gain can be obtained. Despite the fact that electronics only account 
for 2% of our total waste, 70% of the hazardous substances in our waste come from IT. 80% of the CO2 emissions 
that a PC contributes with come from production. So, by reusing, we can eliminate significant amounts of harmful 
CO2. 

For what concerns data deletion, data security is a crucial area for all professionals, especially about personal or 
business critical data. We know that and therefore data security is our most important justification. Refurb verifies 
all deletions at serial number level and uses proven algorithms, recognized deletion software and own deletion 
reporting system. Refurb handles all deletion tasks in accordance with the latest standards set by the Data 
Inspectorate. All data management takes place in secured environments and own closed production set-up or at 
the customer to the extent desired. Refurb certifies all deletions and subsequently documents how data has been 
destroyed through detailed reports. 

For what concerns IT systems, Refurb supports the business model with our proprietary and completely unique 
software. At this point, Refurb is also very much focused on development and innovation. We have three 
employees who constantly focus on further developing our internal systems. Our system automates and simplifies 
all processes so that we can eliminate all duplication and all manual work that can instead be performed by a 
system or machine. 
See Appendix 1 - Flow description for a complete overview of the flow in the business. All internal IT is, of course, 
recycled. Refurb has a fairly large server setup, which automatically and together with our ERP34 system can supply 
data for all our Windows installations in the production. Large, modern and scalable. 

2) Internet of things (IoT) is defined as sensors connected by networks to computing systems that can 
monitor or manage actions of connected objections and machines. In the context of Circular economy, IoT can 
collect information generated by sensors to connected stakeholders across the value chain. Within the intelligent 
asset value drivers there is the knowledge of the location, condition and availability of the raw material. For 
example, to what extent do you think that IoT sensors can improve metal waste recycling process? 

3) The number of IoT devices is expected to grow from 25-30 billion by 2020. This number of products pose 
significant challenges in terms of the consumption and disposal of electronic waste. How do you plan to recycle 

                                                
33 STENA Recycling is a Swedish recycling company established in 1939 in Gothenburg. 
34 Acronym for Enterprise Resource Planning. An ERP system consists in a software for business management, used to collect and store 
data. Through the software is possible to keep track of business resources (e.g. cash, raw materials, production capacity) and 
commitments (e.g. orders and payroll). 

http://www.refurb.dk/
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technologies and recover those scarce metals embodied in the e-waste? How would you need to adapt your 
business model? 

As described above, we do not deal directly with WEEE or metal waste. We enter earlier in the value chain - before 
the IT units become scrap. We therefore work purposefully to prevent the units from becoming scrap! And here 
is a big challenge that we are sure that IoT can help to solve. 

Report from the Danish Environmental Protection Agency and a current collaboration that we at Refurb have with 
researchers in SDU35 show that there are millions of IT units in the Danish homes (see attached report). As the 
world now looks, most private consumers have their devices lying at home in stock right up until the devices 
smoke. How do we get these units into the recycling loop? It requires: 

- That consumers sell their used device further as soon as they have bought a new one. The longer the device is at home in stock, 
the more it falls in value. 

- That consumers can easily get rid of the device. 
- That the trade can take place "a place" that they trust (there is often data on the units) 
- And that this "place" can offer: Data deletion, iCloud solutions, etc., so that the private consumer feels confident whether to 

transfer his data or get them completely deleted before the device is resold. 

This "place" does not yet exist, and it must clearly be solved with IoT solution. We're working on it  

4) Based on the Business Model of Refurb, how do you create, capture, and deliver value to your customers? 
What are the biggest 3 advantages for a customer, using your service in perspective of creating/capturing or 
delivering value? Can you rate those from 1 to 10 where 10 is the highest level of value for the customer? 

In Refurb we have customers at both ends of the value chain: 
1) Those who sell their used IT equipment to us. 
2) Those who buy recycled IT equipment from us. 

The three biggest benefits for 1 (in order of priority): 

- Economy (10) - they get money for their used IT equipment 
- Data deletion (10) - they are assured correct data deletion 
- Logistics (7) - We can retrieve the equipment at their address in secured cages that are GPS locked 
- Environment (5) - By selling for recycling, the company makes a big difference to the environment 

The three biggest benefits for 2 (in order of priority): 

- Economy (10) - they can buy quality IT for 50% of the new price 
- Confidence in seller (9) - check us on Trustpilot, we have high confidence and deliver quality on time and give good guarantees 
- Customer service (7) - you can get all the help online or via the phone you need 
- Environment (5) - by buying recycling you save new production and thus make a difference to the environment 

5) Many companies and governmental bodies ask for generic change within their business models towards 
more circular business models. Trough Resolve checklist (Regenerate, Share, Optimise, Loop, Virtualise, Exchange), 
as managerial tools embracing a change by addressing both technological internal issues but also strategic aspects. 

                                                
35 Acronym for University of Southern Denmark; it has been established in Odense in 1998. 
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How would you describe such innovations taking place in the Refurb´s own business? Witch of ReSOLVE checklist 
elements do you see in your organization? Can you please give examples? Please see the table below. 

Sorry, I don't know about ReSOLVE. But I can see that we work with SHARE (reuse) - and I have described above 
how. 

6) Nowadays any company is producing a product by itself alone, they do have suppliers for several steps of 
the production process. Refurb steps in after the classic life cycle of computers by repairing or maintaining a used 
computer, in order to sell them to customer. What would need to happen after your customer used the laptops to 
help to contribute to a circular economy with zero waste? What happens with the computer part which cannot be 
reused? How do you guarantee that they are recycled? 

Already answered this under Question 1 (98% is directly reused (perhaps with little repairing) and only 2% is sent 
to recycling. And we only use recyclers that are ‘miljøcertificerede’36. 

7) The literature often proposes that businesses rooted in linear production systems need to look towards 
new service-oriented business models to close resource loops. Examples include product lease, per-use fees, and 
offering a take-back service to ensure that material value is maintained when customers dispose of products. How 
would you describe Refurb Business model innovation to close the resource loops? How long did it take for your 
company to become profitable? 

We work with many different CE business models, including: 

- Purchase and sale of used IT units 
- Rent / Lease 
- Take-back models (selling to companies and offering them to buy the units back after 1-3 years) 

Refurb started in 2008, got our first employees in 2009. In 2011 we were 4 employees. Today we are 50. 

8) Do you think digitalization can increase your contribution to a circular economy? Can digital technologies 
help you to scale your business? if yes in which way? If no, why not? 

YES! If we can solve the problem of getting private consumer devices into a recycling loop, we will able to source 
more IT units and then sell more. As the situation is now, Refurb can sell more than we can buy / get in stock. 

9) What do you think your company might look like in a sustainable, low-carbon and zero-waste society? 
What would be the drivers and challenges towards this vision? Can you please name at least 3 barriers and 3 
drivers? 

I’m sorry, I don’t understand this question? Do you want me to dream about a new world? 

 

Main takeaways from the Presentation Complementary to the ReFurb E-mail Interview 

- The ppt is a report on a study that has been conducted to see how and why people do not use their electro appliances. 

                                                
36 Danish environmental certification for recyclers. It corresponds to the international standard ISO 14001. 
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“In 2018, it is the Danish Government’s target to collect 65% of all marketed electronics (sold electronics minus 

collected electronics waste). In 2013, 50% were collected. Thus, a number of initiatives have been initialized to 

identify ways to optimize collection. This report investigates how private citizens dispose of their electronic 

equipment to identify means of optimization through a qualitative and representative quantitative research study. 

The study identifies that every Danish family, on average, has 45 kilos of electronics in stock (i.e. have not been 

used within the last year) in their households (i.e. 11% of their total amount of electronics). Of this, large household 

appliances constitute 66% of the kilos. The study uncovers differences in means of storing and disposing of 

electronics based on age, household, and family size. This knowledge can be used for targeted campaigns. There 

are clear barriers towards bringing used electronics to recycling stations as opposed to either giving them away or 

selling them. This is primarily because of a perception that electronics are not recycled and thus can create more 

value if they are given to others. 

 

The study confirms that every Dane amassed 10,1 kilos of electronics more than they discarded last year. 

Of these 10,1 kilos, the study identifies 19%, which can primarily be attributed to demographic development, i.e. 

a net addition of citizens and changed family patterns, which influences the amount of electronics in our homes. 

Changed family patterns primarily concern more people living alone and, to a lesser degree, that families have 

become richer and there is an increase in homes owned rather than leased, which are indicators of amassing more 

electronics.” 

 
- What does the study reveal? 

“One may have the hypothesis that, if no special bets are made, the Chamber of Pulteris likely to continue its 

growth for the following reasons: 

• The Acquisition readiness is high and is likely to accelerate further in the coming years as the life cycle of 

electronic products is shortened. 

• The Disposal readiness is at a lower level because: 

• The Motives ' I take the race ', ' out of sight out of mind ', ' what if... ' And ' there was once... ' 

Indicates that disposal readiness has potential for development. 

• The Perception that electronics ' dies ' when it comes to the recycling site can have a preventative 

effect on Danes ' desire to dispose of. 

• A lot of electronics are recycled and incorporated into new functions in the same family (the TV 

from the living room moves to the teenage room or the cottage) or is given to new families. 

• Trends such as the circular economy are gaining ground and are likely to affect the of Danes ' 

disposal behavior in the coming years. 

For The collection rate, there is a potential to reduce inventory by influencing behavior as follows: 

• Motivate further/faster disposal by clarifying that the electronics do not die but are part of a recycling 

cycle and thus continue to create value when it reaches the recycling site. 

• Consider targeted initiatives based on: 

• Particularly important electronics groups that either weigh much or occupy a lot in the warehouse 

(e.g. white goods, which are by far the largest weight; Laptops that quickly and long end up in 

stock; Exercise cycles that have a low use rate). 
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• Demographic differences (age, form of housing, income) affecting disposal behavior (e.g. young 

people who re-use more, families in rented dwellings using non-registrable channels more). 

 

Consideration should be given to how the way the collection rate is measured can be calibrated with the 

(socio) demographic trend, since it is not possible to eliminate the kilograms due to demography and stock 

and which make up the majority of the kilograms that this study has Identified. 

Finally, there is a great potential to identify the factors beyond the scope of the study. 

Overall, this study can explain 19% of the gap – the majority of the gap is due to other factors and can be 

mapped, and initiatives can be launched to further improve the collection rate.” 

 

 

Plastix – Interview 
Date: 07.02.2019 

Present from Plastix: 
Hans Axel Kristensen, CEO – Plastix A/S 

Henrik Adam - Quality & Environmental Manager 

Mentioned in the Interview: 
HA: Hans Axel Kristensen 

HE: Henrik Adam 
E: Edoardo Marchi Zigliani 

K: Kristine Bezbaile 

H: So, Kristine we have already met. Edoardo, my apologies for asking did we also meet in Copenhagen? 

E: Not really, no. Because I did not follow the same elective (on Circular Economy, N/A) 

H: Well, just briefly. I’m the CEO of Plastix. I was part of the founding team of Plastix. I opened the door of an 
empty factory building back in December 6, 2012 and I’ve been part of the process of developing a technology 
and setting up Plastix after an investment today of 25 + million euros. Today we have a recycling facility that has 
a global brand in the sense that we are one of the only companies in the world who can in a large scale recycle 
waste discarded fishing nets, ropes of the maritime industry which also has given us a global exposure because 
this is one of the waste streams that are generating a lot of global awareness around the general plastification of 
our environment in particularly  our seas and oceans in the world. [1.50] So, today we have a company that is in 
the middle of a very intensifying commercialization process. In our meeting room today Hendrik and I, we have 
been sitting the whole day working with the ISO certification process that we are in the middle of get two ISO 
standards, 900137 and 1400138. Besides that, we are also in the process of actually looking at the digitalization of 

                                                
37 ISO 9000 standards are designed to help organizations to ensure that they meet the needs of customers and stakeholders while 
respecting regulatory requirements related to the product sold. More specifically, ISO 9001 is focused on the requirements that 
organizations must meet in order to fulfil ISO 9000 standard. 
38 ISO 14000 standards relate to the environmental precautions that are in place to help organizations to minimize the negative effects 
that companies’ operations have on the environment. ISO 14001 standard is a framework that companies must follow in order to 
effectively minimize the negative effects of a company’s operations on the environment. 
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our processes, at least the backup systems. The reality is that we do not have a real IPR system today. We are 
really trying to explore which routes to pursue, with limited economics. I’d actually say with no economics, right 
now. At the same time, we have been building up a very stringent and valuable process in our laboratory, very 
much driven by Henrik, where we have conducted laboratory analysis for Plastix, laboratory analysis about our 
input streams, as far as our quality assurance process, which means that we today have a very very very valuable 
database of input streams now consisting of more than 700 full lab analysis of Plastix input streams and so you 
know this is really generating a lot of respect towards both the input, the sourcing setup, as well as on the output 
side, the customers, because they are really, you know, reassured that nothing at this recycle facility is based on 
best guesses on what the material is consisting of or whether if it is a mixed polymer type or in any way its 
recyclability. Everything we do is evidence based. So we can substantiate that each and every input stream of 
waste that we have ever met it is now registered in a database where we are actually able to cross link different 
parameters and also do different assessments because if there’s one thing that the recycling industry towards the 
clean tech industry is requesting that is quality recycled plastic materials and because of this high level knowledge 
that we have been building up over the last 6 years, I think we are putting ourselves in the very lead of this industry 
and we can definitely see that. So, I am right now looking at your conceptual model, framework picture that you 
have sent to us. There seems to be an interesting fit to what we are concerned with and what we are trying to 
solve or at least, you know, integrate our business model right now as you are describing right here. But I also 
have to be very honest, how we can merge thing with you it’s a little unclear, but this is what this call might clarify 
how we can make something valuable out of this. Does that make sense? 

K: Yes 

E: Absolutely. Basically, the conceptual model that you have in front of you is just to show you from which 
perspective we would like to analyze the situation. So, basically our focus is strategy and on innovation. So, it’s on 
how innovation - and your innovation is very clear from a technological point of view – can unleash competitive 
advantage for a company and make it a leader in its market. So, we would like to use your company as an example 
to show why makes sense to shift from a linear business model towards a circular one. This is the rationale of the 
thesis. It might make a lot of sense to you because you’re already doing that (adopting a circular business model 
n/a), but not many companies are doing that, and many companies are now seeing the necessity of doing that in 
the future, because many businesses are not going to be possible in some years without a circular business model. 
So, that’s our goal and that’s how and why we would like to interact with you. Kristine, feel free to add upon this. 

K: Yes, just to maybe precise.  Our aim of our thesis is to create a blueprint for companies which they can change 
their business model to a more circular business model and ideally within digitalization and innovation toolbox. 
We are aware that there are three perspectives of how to look from a digitalization perspective. They should be 
data analysis, which could include artificial intelligence; data collection, IoT – I think Hans you mentioned 
something in a way that you are guys scanning each single unit of plastics you use in your products, so that actually 
know what kind of plastic are present in each product right? So, you’re actually building up a database based on 
that and that would be data integration part. 

H: Ok but let me just challenge you a little bit and qualify something. I think what’s really interesting here is the 
fact that if I should refer to your elaborations Edoardo, Plastix is a component a very important component in the 
circular economy, because we are you know…Basically the DNA of our company is to transform what was 
previously considered a waste stream into a raw material that can be used into production of new products. So, 
you know, if you should look at Plastix as a company how would we transfer into the circular economy, that would 
be a wrong starting point, because we are basically the DNA or even I’d say, the definition of circularity, because 
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we are taking a waste stream, different waste streams and transforming them into a new product in terms of a 
new green plastic as we call our recycled plastic materials. On top of that, where we have a role towards the 
companies who wants to be circular, is the fact that we can provide them with skills and knowledge through a 
concept that we have baptize “Plastix Solutions”, because I don’t know if you remember that, Kristine, as I 
mentioned, what we have learn in the process is that the plastic industry, the converters as well as the 
manufacturers have since the 1950s and all to today, are producing their products out of virgin materials, are 
producing their products from a linear conceptual model, meaning that they don’t even have into consideration 
the recyclability, they do not design their products for recyclability, today. The transition is now kicked-off, so to 
say, by the definition of circular economy, but we are very much at the very early stage of these processes because 
– I’d say it to be a little, you know, rude is not the right word but, very clear – what we have learnt is that the 
majority of plastic converters have absolutely no experience of working with recycled plastic. The manufacturers 
have even less experience in working with recycled plastic as an alternative or as a combination together with 
virgin materials. They do not have legislative requirements to decide for recyclability yet. So, it is still a process of 
voluntary movement and this also is in transition with the establishment of the sustainability goals set for 2050, 
as in the aftermath of the Paris agreement, and particularly goal number 12, talking about responsible 
consumption and responsible production. Is the core definition of circular economy, that is where we need to go? 
So, back to my statement, Kristine you have heard that everything transformed in what today has been given a 
name in the plastic world, now called the new plastic economy, has been the fact China [on the, n/a] 1st January 
2018 ultimately decided not to import the world’s plastic waste anymore. That’s point number 1. Thirteen days 
after the European Commission articulated the first ever in the world plastic strategy, that basically set out the 
direction in alignment with the sustainability goals, as well as the Paris agreement, which is unique, if we look 
about plastic packaging products, we need to transit into using at least 55% recycled materials by 2030, 50% by 
2025. So that it is a huge transition. Then, the ministers of Europe have been required to produce plastic actions 
plans during 2018. Many have, some are still not ready. Denmark presented the plastics action plan in December 
2018. The industry, both the manufacturers as well as the plastic converters have requested to all over Europe to 
deliver pledges, pledges meaning we promised the commission that we will integrate “X” number of plastics into 
our products, into our packaging materials, over the coming years. The Commission returned, first pledges were 
not sufficiently enough, the Commission came out and said “listen, we are providing you now with 4 months extra 
to rethink it, because if you don’t do it voluntarily, we will force you by legislation. So, you know, you have another 
round”. And then the commission replied for the pledges that were announced in November 2018: “thank you 
industry, thank you converters, we accept for now your pledges, they are not sufficiently enough, but we will 
accept, we will trust you will increase your goals for the coming period. So, you know the things are really in the 
process. What really transformed and basically flipped flopped the market, was the fact that in 18th December 
2018, the European Commission at the EU Parliament with a substantial majority voted for the single use plastics 
directive, which with one flip basically closes down 40 plus plastics conversion companies in Europe that produce 
single use plastics applications. This means that by 2021, 31st December, these companies have to close down 
unless they have basically redefined their own setup. That has sent a shockwave to the industry. Furthermore, the 
most famous consultancy company in the world, McKinsey, came out with a report, 21st December, a Global 
Report around the necessity, in the name of the circular economy, which will change, you know, the global 
framework for manufacturing, they came out with the report stating: “Industry, we have to do this, we have 
options, mechanical recycling, chemical recycling, paralysis, as solutions to our generation’s waste of energy”. So, 
you know, the McKinseys of the world are now basically just getting it into national reports in each country, all 
over the world. But the message is very clear: we need to include recycled materials, in the name of the Circular 
Economy, in our products, we need to design them for this assembly, that are including recycled materials and 
that it can be reused again at their end of life. This is the huge transition. This transition requires substantial 
investments. The good thing for me was that after we met, Kristine, is that now the policy makers of the world 
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and the McKinseys are saying what I’ve been saying over the last years, and we have been saying and claiming for 
the last years. And this is really interesting. So, my question will be Plastix is actually not a company that is going 
to the transition into the Circular Economy, we are delivering for this Economy. So, you can either use Plastix as a 
catalyst for companies that are using or producing products made of plastics or part components of plastics 
applications, or the Plastix case. I’m not really sure what you want to pursue when Edoardo is saying that “we 
want to look at the companies that transition to the Circular Economy”, because Plastix, we substantially a Circular 
Economy company. It is in our DNA, it is what we do. You get my point? 

K: Yes, yeah, yeah of course, we do. Therefore, I think that maybe we did not say it clear enough and when is said 
“as a blueprint” for companies who are not Circular, so the idea would be to take Plastix as a blueprint and analyze 
the business model and see if we can identify ideally within digitalization and innovation, a toolbox, if we can 
create suggestions for other companies who are still linear companies. Maybe, let’s say that, if some of them will 
partner up with Plastix, that would make their transition easier into Circular Economics. But we don’t know it yet, 
because we have to analyze it and we have to see it, from case to case. The idea would be to use Plastix as we 
said, as a blueprint for other companies. Because you are already Circular. 

E: Yes exactly. What I meant is to analyze Plastix as an example for what many companies should do in the future 
and are not doing it yet, and Plastix is already doing. Yes, that’s what we meant. 

H: But Edoardo, there is where I get a little concerned because these companies cannot do what Plastix is doing 
unless they are recycling companies. But what they can do is that they can work with these phenomena as stated. 
For example, the Plastix strategy, with working with design for disassembly, design for recyclability, using recycled 
materials in their products, design processes, insuring that these products at the end of their life can be 
disassembled and others can be reused or recycled. And that’s why I’m a little bit concerned when you are saying 
that they should do what we are doing, they can’t. But they should request from suppliers of their raw materials - 
in the case of, for example, plastics - that they deliver quality recycled materials. If you have understood what I 
mean. Because you can’t ask DELL computers to be a recycling company. They are not. 

E: No, absolutely. I get your point. I’m trying to say it in another way, instead. Plastix is using technologies that 
might be used by others, with another purpose, but with an idea of creating products that can help companies to 
understand more of their customers or extending the lifecycle of their products. 

H: Well, that that…I’m again, a little bit reluctant to reply yes on that because actually what companies could do… 
I’ll finalize my sentence because I have it in my head. What companies that produce products containing plastics, 
any type of product, could do, is to engage with Plastix, because our extensive knowledge of recycled plastics we 
can help them what they think today is not possible or what they are told by their plastic converter is not possible. 
We can show them that it may be very possible. That’s what we can do. There is where we can provide with 
information. We can’t counsel them in how they design their product so that it can be disassemble. That is for 
their own design engineers to work on. But basically, what we are gospelling (shouting, n/a) all over the world, is 
the fact that we say: “Listen, if the manufacturing industries of the world represent the highest CO2 pollution, we 
need to be circular in every move we make, as a company, all of us, basically stating that we should think Circular 
every step of our process: the design phase, the execution phase, the end-up life phase. We should basically 
pretend that we all have an extended producers’ responsibility.” As I said to you Kristine in my lecture, imagine 
that globally that we would accept laws that would require that all producers of a product should take it back at 
their end of life. Then, again, I showed you that they would design the products super smart so that they could be 
disassembled and reused most of the components. That isn’t the case, but that is what we should aim at. That is 
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the ambition of the world. Basically, we should act like ants, we shouldn’t generate any waste, we should generate 
a new resource. Maybe it’s a little bit philosophical, but it thinks to put a bar at a high level is totally fair, and I’d 
love seeing you guys doing that, but it also requires a lot of different analysis. But - don’t quote me for this - but 
I’m really doubting: is the capitalistic model of today, can it fulfil the requirements of the circular economy? I 
seriously doubt it, I seriously doubt it. And I am a business man, and I am engaged in growth and, you know, 
providing viable business models, but what I’m basically changing here, and I am challenging my own investor 
group is: if you think this is a quick in-and-out, you can forget it. These are super-long-term investments, you will 
get a return of investment, but it is not going to take you three years. The capitalistic model is based on quarter 
to quarter growth strategies. The Circular Economy doesn’t work that way. And that’s where it becomes really 
interesting. Henrik you had a comment. 

HE: No, just a question, because you talked about data collection and integration and data analytics, what kind of 
data are you actually trying to look at? What type of data are you interested in in your model? 

K: I mean, as far as we understood how we could look into digital transformation will be though data collection 
and then we would look at the IoTs and see how we could use IoT, perhaps, or it could be artificial intelligence, or 
it could be also… 

HE: I am a bit confused on this on this, I know what that it, but what type of data do you get from IoT? 

K: You could get, for example… 

HE: What type of data do you want to analyze? 

K: It depends how we would approach it, but from IoT you could get data of what kind of components the product 
consists of, you can get actually even like let’s say the person goes to the shop X and brings the product to the 
home how can event track how he moves, you can get out geotag, you can get out, for instance, also the person’s 
buying habits and based on that, for instance, if the weather is bad the person would go less shopping, whether it 
is sunny the person would go more shopping, you can get different kind of thing. It is just for now for us to 
understand which part of the digital transformation we would take, if it would be data collection, we will look at 
the IoT, if it would be data integration, we would need to look at the database management system where data 
analysis would we artificial intelligence and big data. But of course, it is clear to us, for our thesis we are not able 
to focus on all the three digital transformation technologies, we will need to decide on one of them, either data 
collection, data integration or data analysis. And based on that we will need to say, yeah, it’s IoT, it’s other parts 
of the model, if you have it still in front of you. 

HE: Yes, I’m a bit…mmm…because we process fishing nets, there is no data connected to this other than the data 
that we generate in our laboratory. I’m not sure if there you’re looking at a broader perspective, in a sense, the 
manufacturers of the nets maybe… 

K: OK, I thought like... 

HE: There is no digital tracking system of input streams for instance, not as far as I understand.  

K: Ok, yeah. 
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HE: So we don’t have mobile phones attached to the nets or some kind of radio that transmitter that constantly 
sends out the signal where certain a certain net is on the globe or when it comes into processing…That’s why I’m 
asking what kind of data… 

K: Yeah, I see. But didn’t you, Hans, you previously mentioned that you have kind of a tracking system, what kind 
of…like, you said that… 

HA: Yes, mmm… there are some marks. Basically, what rope producers do is they put tracer on their nets, but this 
is a physical item. 

K: Ok. Yeah. Then I am also not sure if we can… 

HE: I mean if you find somewhere, if you come across a net, you look at it, and there will be some identifiers. But 
this is, for me at least, this is not digital data. What we do is, from all the input we get, we generate a database 
and collect data from the properties and the composition and that we use lab for my perspective, I want to know 
more on how we can use that data in a way. 

K: Ok, so you say that you get the data, you have a sort of physical traceability, I don’t know, like a sensor, 
something on the net you can somehow follow it on how it’s gonna be used or on how it’s gonna be processed? 
Do I understand that correctly or…? 

HE: Some of it, not all. There are some producers that add a tracer… 

K: What kind of data you get from producers? You said…what would you like to get out of the data? Or you said 
that you want to know how to better use the data? 

HE: We measure properties and composition, something we gather from our laboratory. But from the producers 
or from the location kind of things we don’t get…there are no digital data transmitted, as far as I know. 

HA: If I might add a remark, Kristine, you remember when I gave my presentation, I showed you a metrics so-called 
the compatibility metrics. Do you remember that? 

K: Yes, give me a second. I actually have your presentation in front of me. 

HA: It is this line called “Plastics compatibility metrics”. Where you have the squares. 

K: Yes, I see. 

HA: Our laboratory is all about identifying, you know, the squares, basically. It’s all about identifying these types 
of input streams, being a fishing nets, being a rope, being a thrower, being even rigid plastics, or anything… What 
does it consist of? So, you know, the data that we are talking about are data registered in a laboratory analysis. 
That is chemical, molecular, you know. We are basically trying to identify first of all, what type of plastics are we 
dealing with here, are we dealing with different types of polymers, that means different types of plastics? Are they 
compatible, can they work together or not? The reality, as I’ve also emphasized, is that, you know, that was one 
of the side effects I mentioned of plastics, that is the fact that plastics can really only be recycled into a quality 
material, providing how it is sorted within its own type of plastics. Then, if we go deeper into that analysis, even 
within the same type of plastics, there are a lot of variables because depending on the molecular structure of this 
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specific plastic components application, then it might flow thick when you melt it, or it might flow thin when you 
melt it, that is called the melt-flowing index. So we are basically conducting a high-level chemical analysis of the 
different types components that we are holding in our hands to identify what are they are really consisting of, so 
that we can decide is this a material from which we can get something reasonable, out of meaning that is the dark 
green square, or it is below the color of the dark green square, equally also the quality is lower. We want to 
produce consistent high-quality materials. So that is what we are using our data for, and that’s also what the 
manufacturers and the converters request. They quest as good materials as possible for them to wanting to 
replace virgin materials with this recycled material.  

K: Yea, I see, and I understand. 

HA: You know, the reason for having this conversation and these clarifications are actually to help you. You know, 
I’d think that if you really want, you do a thesis around the Circular Economy with companies, I think that you 
might end up in a dead end with Plastix as the company case. But with Plastix as the aspiration and we would like 
to come with input to you, you know, I’ll help you, but the reality is that I don’t think that if you wanted to have 
an analysis or a thesis around recycled plastics, then we would be the right company, but that’s not what I hear 
you saying. 

K: Yeah. That’s correct. 

HA: So actually, there is a risk, that, you know, the dart is actually hitting outside the board, because we are not a 
company that is aiming to be Circular, we are, you know, our core DNA, the definition of “circularity”. 

K: Yeah. 

HA: You know, I am really, we are really trying to work with you here, I just want you to understand that what you 
are saying might be at risk of not being, of not creating a good thesis for you, but if you work with companies that 
are really now trying to do something about it. 

K: Yeah, I mean it was link, as you say, Plastix can be an aspiration just to think that you are already, you know, you 
said already the industry is starting to kick it off slowly, but you had the aspiration already four or five years ago, 
and the interesting aspect is already here, like, why and how you understood that the business could start at the 
beginning to be circular, completely 100% from the beginning, whether other companies are now integrating now 
just some elements. Like you said, they could be manufacturers that produces just one part of it with virgin plastics, 
or they integrate just one part of it. However, as you said it’s so expensive for them to change completely their 
manufacturing process that not many of them are actually cannot do it. So even if we cannot do a technical master 
thesis analysis, because both of us are business students, we have a bit of technical understanding but we don’t 
have a background of chemistry and, like, components of plastics, but we could use Plastix as an aspiration even 
from a strategic and management perspective, because you said it’s in your DNA, so, and actually it would take 
many years to see the return on the investment. For example, I did a very small semester project with two Danish 
companies and one company uses coffee waste to produce mushrooms, to grow mushrooms, and the other 
company uses coffee waste to produce cosmetic oil. For this one company that produces cosmetic oil, they 
actually urgently need an investor but none of the investors want to invest into their technology because as you 
said they cannot see the investment return from quarter to quarter, rather they need to stick it within five or ten 
years, and things like these actually mean that people and society need to change their mindsets towards 
circularity and we all have to. If I have to say to my grandmother that she should buy recycled toilet paper, she 
might do it now, but she would not understand that because she is from a very old generation. Maybe from this 
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perspective, as you had it already and found your company five years ago that we could look at the strategic and 
management perspective. 

HA: I might be able to help you in one sense, because here’s my point. For example, are we hooked up on LinkedIn, 
Kristine or Edoardo? But I think we are, aren’t we? 

K: I think, I am not sure, I’ll look. 

HA: It doesn’t matter. We can do that, but there’s a Danish design furniture company that is called Mater design. 
They are now launching a revitalization of an old Danish design garden chair and table, that was originally produced 
in wood, and they are now using our oceanic raw materials from fishing nets. They are really eager; they are in 
the process working towards circularity. That could be an interesting case for you. Because in that case Plastix has 
a role as the raw materials provider.  

K: Yeah. 

HA: And, you know, it might even be interesting do a case study as a specific company because it’s really a company 
doing something. Another company that could be interesting it’s a plastic converter, called Schoeller Plast. They 
are based just outside of Roskilde. They are also working with our materials. That is a converter. So, you have a 
company A that could be a design company making products, then you have a converter that is actually wanting 
to meet the request for the manufacturers that are producing their products with recycled materials. 

K: Ok. 

HA: These two companies would be great companies for you to approach. 

K: Alright. It makes perfectly sense. 

HA: And these are really companies who are really eager to amend their business models into the Circular 
Economy.  

K: Yes, that’s exactly how we would like to approach the topic. Perfect. 

E: Do you have any direct contacts with these companies? You know someone we can talk to maybe? 

HA: Yes, I do. I can send you an email with their names and mobile numbers. 

K: That would be brilliant. That would be just fantastic. 

E: Ok perfect. We will contact these companies that you mentioned that might be more suitable as they are really 
going through the transition, while you are already born circular. Then we will consider you as an inspiration and 
maybe we are going to get back to you in the future. 

HA: Again, I think it was really important to listen to what you’re saying and at least it is my perception that, from 
what you are saying, I think it would be, you know, off target to take Plastix because it would be a wrong approach, 
on the other hand, addressing companies that are moving from a linear to a circular setup and wanting to go and 
pursuing that route which is a necessity and my own perception is very clear, I think that Circular Economy will 
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rapidly change the way companies are operating today in the very close future, I even think that it will disrupt a 
number of companies, because they will simply not have the time to basically restructure into being Circular, when 
the first movement is there. And that’s why you, your generation, are so important, all of you, into the process of 
pushing that agenda, because is an imperative that we reach the targets otherwise the globe would basically, not 
dissolve because you know the globe is so wide, but we will have difficulties, and your children’s children, maybe 
also your children, may have difficulties in finding a place to live in this Earth and globe. That is why this is so 
important. 

K: Yes. I think it was very good and nice of you to clarify with us and it made also clearer for us in which direction 
we should go. Definitely thanks for suggesting those two companies and would be really nice if you can forward 
us their contacts and I’ll definitely add you on my LinkedIn, if I haven’t done it yet. 

HA: That’s really good, and we wish you, Henrik and I, all the best of luck and of course would you ever have an 
opportunity to come and visit us, you’re more than welcome. 

K: That would be great. 

HA: We would try to support you from the background here. I think what you guys are in is super important. I think 
we need these types of thesis that you are working on so, please, keep up with the good work. 

K: We will, and we will definitely come by. 

HA: That’s really great. So, listen, Kristine and Edoardo, thank you very much. It was interesting to have this 
explorative conversation with you. Do you have anything to add Henrik? 

HE: No, I wish you all the best and if possible, if you have any questions, as the source of inspiration we can be we 
are always happy to help you in any day. So, if you manage to hook up with those companies and you have any 
questions on those companies, we can help you in that way.  

K: That sounds really great. 

E: Thanks. 

K: And thank you so much again for taking time for us and helping us. 

HA: Great, great. Listen, we are in touch, let’s keep in touch and I’ll send you an email with the details of the 
companies. I can’t promise you that they will engage with you but at least you have tried. 

K: Exactly, doesn’t cost anything. Thank you so much. 

HA: Thank you both. Have a great evening. E: Bye Kristine: Bye Bye. 
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Plastic Recycling Production Tour: 

HA: Well, you are here to see the factory today, yeah?  

K, E: Yes! 

H: I think that’s important. Basically, what I was suggesting now is you have your coffee sip, and then we go to see 
the factory. Because having the factory under your skin, I think it will make you see things in a different way. I’ll 
give you an update of what is going on in the market right now… Everything is happening, right now in the area of 
the circular economy! Single use plastics directive included extended producers’ responsibility for …. And raw 
producers, the Circular Plastics Alliance39 being established by the EU as the aftermath of the EU pledging process… 
we are part of that, I’ll tell you more about that as well. We’ll talk about the development in Denmark and the 
development course that’s happening right now, and then we will look at also and address the complexities of the 
circular economy linked up with the SDG’s as well. So basically, we’ll try to cover as much as possible. 

K: That’s great for us. 

H: Yeah?! So…I highly appreciate what you have been doing and also of course what are doing now with trying to 
grasp into a context it’s complicated. 

K: It is and we actually have quite a big project in the end because we have in total 6 companies, we are exploring 
so it’s a multiple case study. Of course, if we try to kind of combine circular economics which in a way it’s low tech, 
with high tech, which is IoT, it is not that easy because it depends on which industry you are, what do you do, how 
you do it, from an holistic view point it’s quite challenging for us.  

                                                
39 The CIrcular Plastics Alliance is an initiative launched by the EU Commission in order to achieve a better alignment between supply 
and demand for recycled plastics. The Alliance include various types of stakeholders including waste collectors, recyclers, plastic 
producers and retailers. 
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H: It is challenging too because no one really knows what it is still.  

K: Yep...! 

H: No, one really grasps the level of seriousness comprised in the phenomena “circular economy”.  

K: Yeah. 

H: That’s what I think you know. And they really don’t understand how it will radically change the way we run our 
businesses in a very near future. If not starting right now. That’s what I see. An I’m questioning – we had that 
discussion at the university, you know – I am questioning: can the existing capitalistic model include the circular 
economy at its full? Or, at least, can it free its potential? I don't know. I asked the question to a group of CEOs 
recently stating in a candid way: “What do you think? Have you reflected around this question and issue? and a 
lot of them actually more or less agreed that, you know, the existing financial system which is, you know, ultimately 
these were CEOs They are led by boards and investors. And they haven't awakened until the Circular Economy. 
There is a gap that makes it difficult, right? If they still expect what they expected in a linear economy, then it'll be 
difficult. They need to have a different perspective meaning long term perspective. So, you know, exciting things 
that are happening right now. I just watched a video with Greta Thunberg, the Swedish girl. 

E, K: Yeah! 

H: You know what is interesting? She started this, actually in June, July, August last year. That is how young the 
whole phenomenon is. 

K: Yah. It's incredible. 

H:  That's when she started doing her doing her protest in front of the Swedish parliament, refused to go to school. 
And it picked up in August and forward. That is how young that is. And look what it has generated:  global attention. 

E, K: Yeah! From one girl. She started alone. I also saw that video. And then people just join her step by step.  

H: I just had a I had a call from a net and raw producer who’s a CEO and they it's a family owned company whose 
CEO at a family arrangement was accused by his grandchildren, with the sentence: “Grandfather what you are 
doing is not good. Do you have a solution? And if you have a solution tell us about it and if you don't have a solution 
then find a solution”. Basically, that started his whole reflection. I mean, we're talking about some mechanisms 
here that we've never seen before, mechanisms that are forced by a general sensation of responsibility towards 
generations, future generations - as I said you when we met at the very first time - how important this is, this wave 
of awareness of this movement. 

K: Yeah. And what I was reflecting, you know, in CBS that we, in a way, still follow the programs which is quite 
based on linear way of consuming. And the Circular Economy course I took, you saw yourself, we were about 20 
people only. So, it's strange, you know, that all this movement comes, and we know that we have to improve and 
the companies has to change and we have to change the mindsets but then again they produce smart young 
people which have been going through this old system and it's just like contradicting. 

H: It is. And that’s why it is so difficult right now because everything is basically pushing each other to the polls 
right now. It’s becoming a very polarized dialogue, on the one hand, and on the other hand you have some forces 
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now that are just pulling it into the core of the of the essence here, if we don't do something now that this scenario 
is very clear, we won't make it. And it's not those, a couple electric statements, that I think should lead the 
dialogue. The dialogue should be directed towards an innovation agenda. How do we find solutions? How do we 
establish solutions within the different types of areas? That is really the key. And so I think it's important for us to 
address all of these issues. But let me just clarify and ensure that we have a common denominator the agenda for 
today. What are really the key issues and that you would like, apart from seeing the factory of course, what would 
you like to cover today? 

K: We would like to go through the questioner and cover most of it depending on how much time we have. And 
then we have actually done a couple of analysis and we would like to know a short input on that, regarding Plastix. 
And when we did that analysis new questions arose actually. So, it could be a lot of talking, I guess. 

H: Great. So, my suggestion, Fenella, was, for Kristine and Edoardo, to see the factory now because then we have 
it in a frame the whole set up here. Would that be a way to do it? 

F: Sounds good.  

H: So, what we need to do is for you to have your cake. Would you like some? All right. But then this is a good 
plan. What I would like us to do now is for you to go out with me, put a pair of security shoes on and a yellow vest! 

[…] 

H: Because, I think I said it on my lecture, imagine that any producer, manufacturer of a product would be obliged 
to take them back. 

K: Yeah. You said that!  

H: I can promise you that their design engineers would put smart because the CEO would say: “Listen, I don't want 
to waste one gram of raw materials in this process, so, please, you know, work it out! 

K: Exactly. 

H: That is ultimately where we need to go. Because then you would never sell a product. You only lease it because 
you would want it back. 

K: Then we are going to product service systems that they can servitize and go away from… 

H: Yeah exactly! I met with the CEO, last week, of “VIKING Life-Savings Equipment40”. They are located in Esbjerg. 
They leased the material now. And they actually lease it because then they are in control of the, you know, the 
ocean. It's life-saving equipment, they simply don't want the customer to not maintain the material and then 
suddenly in a life's crisis situation the material is non-functional and then they are being blamed of not delivering 
a quality product. So, the only way that they could basically keep control of this of the service of their products is 
to maintain them themselves. So, I mean, again it is interesting models that might have a link to - it wasn't 

                                                
40 Danish company that produces rescue equipment for the offshore industry. 



201 
 

intentionally because of the Circular Economy thinking -but, maybe, maybe there are a lot of solutions out there 
already that could be copied into a Circular Economy setup. Just because of that. 

K: That's correct, and this is the second part of our analysis is to see which companies could use product service 
systems in combination with IoT in order to make their either their production more efficient or are in some ways, 
as you say, towards circularity. 

H: Yeah. And you know and take those concepts and convert it into circularity concepts. Yeah. Because it isn't 
today. I am confident that we will see this in the near future. And I am talking about companies “surviving” versus 
“not surviving”. And that's where we are now. Because again, you know, I am sick and tired of all the caps and the 
green intentions and the green what-not and there is no substance in it. We need to we need to move towards 
something much more substantiated now, documented and substantiated. Right?  

But, anyway this business actually Scandinavian largest washing facility and to some extent I'm proud of it. But it's 
also a very scary statement that we don't have more washing capacity in Scandinavia. I mean all of Scandinavia! 
This is scary. Christina41 is there, is this the secretary of the new recycling section in the plastics industry. It has 
just been founded. But the commission related to that has just been rearticulated. So now it's actually the real 
recyclers that are in this section. Meaning, as opposed to the waste management, it is not those who collect, sort, 
handle, homogenize the material which is waste management. It is those who actually transform a waste fraction 
into a raw material. You know how many recyclers we have it in Denmark? 

K: Not many, I guess! 

H: Six! And you know? The interesting part is that we're all specialized we don't even compete with each other. 
Because one is running it one is running expanded polystyrene, that is Flamingo. It’s just an hour from here. One 
is running post-industrial nylon, that's A.V. Pehrsson42 in Birkerød. One is running post-industrial fibers RC Plast, in 
Varde. They get it all from fiber vision in Aalborg and Varde, for example. Then you have one that runs post-
industrial rigid plastics that's Aage Vestergaard Larsen43. He's the biggest the oldest one. And then you have Plastix 
running, recycle plastics made primarily from the maritime industry but that's fiber recycling and some rigid 
(plastics N/A) recycling. Oh, sorry we're seven, six plus us. And then you have two, Gemplast and Dansk 
Affaldsminimering44 that actually runs post-consumer plastics and gets a product out of that. But the pellets are 
not high quality. That is Denmark's recycling capacity in 2019. And we met just with the Environmental Agency 
and her secretary as well because they're trying to cover how can we how can we prove that a harmonized 
collection system in Denmark within the municipalities because they all do different things. 

K: Yes. This is also what Christina Busk and Andreas said us, that they want to find a solution because. They are 
too small to compete for the market opportunity and they are trying to find one, as you said, a homogeneous way 
of how to... 

                                                
41 Christina Busk 
42 A.V. Pehrsson A/S is a plastic recycler that processes various grades of polyamide (i.e. nylon) 
43 Aage Vestergaard Larsen is a plastic recycler that processes a wide variety of plastic polymers including PP, PE and PET. 
44 Dansk Affaldsminimering is a plastic recycler and waste handler specialized in contaminated hard and soft plastics. 
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H: Another key word I want to introduce to you today is the key word of the “phenomenon traceability”. Yes, 
traceability will become a valuable asset. You know, can you actually can you actually document the traceability 
of your process? 

E: and how do you see that happening in your sector? 

H: It's actually going to happen right now because with the extended producer responsibility45 for the netting and 
rope producers, it is their responsibility, it's their cost. It is required for them that they can document what is 
happening with their product at its end of life. Then, they need to work with someone that can document their 
output. That would be Plastix. We are the only one in Europe that can service them together with Aquafil46. We're 
two companies to service the whole netting and rope industry within Europe but basically also within most of the 
world. 

E: Also, IoT can play a role in the process? 

H: I need to be many places at the same time right now. That's why Fenella is here to help me here to get into you 
know all of these different things right now. I feel that they have a sense of urgency in the agenda, right now, that 
we need to be politically engaged in that process because it is happening right now. What are they going to do the 
netting and rope producers? We can't just sit there arrogantly and wait for them to say: “Hey listen we're the only 
ones and now we're going to exploit the hell out of you”. Our job is to engage in a constructive partnership with 
them because they have a challenge right now that I fully understand they don't know the full value chain. I mean 
who's the producer now? They produce nets themselves, but they also produce parts of the nets. And then you 
go to net binders and the net binders have their own designs of it. So who in this whole value chain are you going 
to pinpoint as a producer? The good thing is that the Commission has stated that this should be considered an 
extended interpretation: “It’s basically all of you, so you better get your eggs together and get it to work!”. And 
that's also how the legislation should be articulated. You know, there shouldn't be any escape forces on who is 
the producer. Whenever you do something then you are the producer. And again, that's why we also need you 
and your skills and knowledge going forward to not compromise on these things because compromises are only 
ways exploitation of other opportunities to be exploited, rather than to be put into the Circular Economy. You 
know from the conversation we had today. It was almost non-circular. Because if a customer requires an exclusivity 
clause, it's actually against the whole Circular Economy Thinking. We should spread the news!  Sharing is what it's 
all about. 

K: Yeah. In general, what we also face is that companies think short term instead of long term. 

H: The whole financial system within the listed companies is on a quarterly basis. Come on! I mean you can't even 
operate on that. Circular Economy doesn't fit into quarterly reports. I can promise you. I mean we're talking 5-, 
10- to 12-year frequencies. That’s where the whole investment community is also to face a huge transition 
because they're thinking about short term. The venture capitalist: that's basically between 12 months and 36 
months and if it really goes really bad, it would be 40, 50 or 60 months, right? That's how they think. That's not 
Circular Economy. That's very old-fashioned linear investment strategy. That’s why this is such a wicked problem. 
These are wicked challenges where there's variety of ways to do it and we can’t probably agree on all. But that's 

                                                
45 The extended producer responsibility (EPR) is a policy that pushes any producer as well as any actor involved across the value chain to 
be responsible for the treatment or disposal of post-consumer product. 
46 Is one of the leading producers of synthetic fibers and specialized in the production of polyamide 6 (i.e. a specific type of nylon). 
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why I'm so happy you're here and that you're writing this thesis because it needs to highlight these issues. We 
should send it to Flemming Besenbacher47. Do you know who he is? 

K: We actually don't. 

H: Flemming Besenbacher is the Group Board chairman of Carlsberg. Flemming Besenbacher is also the chairman 
of the advisory board for Circular Economy that councils the Danish government and he is the one, right now, 
travelling the world talking about Circular Economy and I'm challenging him a lot on the way that he presents it 
because he is presenting it in a very linear setup. But he's a very intelligent man and he also knows and sees the 
complexities and the challenges. He’s a professor and he's very skilled. So, he is a good person. I hope I can have 
a copy of your thesis and Flemming would be the one I would send it to.  

E, K: Definitely! 

H: Because it would be very good for me to have a conversation with him about it. But this is this is the washing 
facilities. Normally it's about getting the material washed it's getting it washed in clean water that stays clean while 
washing it, depending on the degree of contamination. You basically increase the cleaning process of the water in 
there it is very targeted polymer dosing system where you basically can have polymers and make that dirt, then it 
flocks into bigger pieces and then sinks. So, you have these phenomena of creating a sludge. This sludge you press 
the water out back in the Green Zone48 again and then you have that comprised sludge component. That needs 
to be driven to landfill or for incineration. So, there is a solution for that. But then again, to get the water out of 
the material, therefore we have a press, pressing to the moisture below 15%. And then the 15% it is going to 
thermal dryers. These are thermal dryers. The thermal dryers will bring the moisture down to below 5% and then 
it will be blown into the silos of the White Zone49 where we make the pallets. That's what's happening. And the 
same principle with the rigid plastics line, apart from the fact that you don't press the water out rigid (plastic N/A), 
you spin it. And again, one man is running it in here, one man who is running it in there and then two men are 
running it in there. So, there's only four men in because it's very labor-intensive outside and inside here is very 
automized. And it needs to be fully automized. Have I forgotten anything Fenella? Here, the feedstock is 
transformed into raw material. 

K: I can smell it! 

E: So here you have the granules out of here! 

H: Yes! Let me show you down here the different type of products that we have! 

[…]  

H: Because you don't want one of these ending up in the nature. 

K: No no… 

                                                
47 Flemming Besenbacher is the chairman of the Supervisory Board and Chairman of the Nomination Committee for Carlsberg A/S. 
Additionally, is the Chairman of the Carlsberg Foundation and has received numerous distinctions for his research merits.  
48 Here Hans refers to a zone of the production facility. 
49 Here Hans refers to a zone of the production facility. 
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H: Think about how many of them are here. Now. In this room. You probably have around close to 600 billion in 
the factory right now. That's why we need to be very careful with our materials. Because this is micro plastic. 

E: To track down the process? 

H: Yeah. Yeah. We have to know what is happening it. That's why we have committed to the Operation Clean 
Sweep50 which is about a global standard about how to ensure that granules do not end out in the nature. So, in 
all our outlets we have filters that capture these, and we ensure that they don’t end up in a local lake or at the 
ocean or anything. 

E: And these filters that you have are connected to sensors or not yet? 

H: They are not, they don't have to be connected to sensors because we obliged, according to our environmental 
permit, to go out and check them on a monthly basis and secure that everything is working well. The filters have 
a miss size that prohibits that these (the granules N/A) can come through. But all of these things are fully fair that 
we have to do. Over here I show you we have material that has been micronized for auto molding but also for 3D 
printing.  

E: You get this by milling or…? 

H: Yeah, we have someone to do that. That's really exciting too. You know, 3D printing area is also exploding. It's 
is going to be part of a Circular Economy solution as well and so we need to find a way to integrate recycled plastics 
and 3D printing rather than virgin plastics. 

K: I think you have a question about virgin plastics? 

E: Do you add virgin material when you recycle? 

H: Yes. Right here you see a material that is not stabilized. Stabilized means that this is just the pure from the net 
without color additive. But then you have material like this one right here. Then stabilized means that we have a 
2% stabilizer which is the equivalent of a master base of virgin. Because that it’s kind of an upcycling process.  

E: To upgrade again the quality? 

H: Yeah, to upgrade the quality it has an OIT means “oxidation induction time”. It basically means that when you 
process the material if it doesn't OIT stabilizer in it, it's already a recycled material. If you then have a production 
process of an item, an application let's say it is 12 minutes. You in your injection molding form or whatever, it takes 
twelve minutes, then you would actually risk disaggregating the material just by producing. So, what you need is 
a minute measure. So, you need to have an induction or OIT of at least 20 minutes. Ours is approximately 40 
minutes plus just to be on the safe side which means that you can now process the material so it's better, it's a 
stabilized and it’s better. It's an upcycling of the material. So, it will be 98% pure. With a 2% stabilizer. And then 
we have recipes where we actually try to impact the melt flow index. You know, if you, again in reference to my 
matrix, the scheme I made, the dark green squares are what we're interested in. But even within those squares 
the HD-PE can be different in melt flow index. That means that when how thin or thick is it when you melt it. 

                                                
50 Operation Clean Sweep is a program that aims to preserve the marine environment by impeding that plastic waste ends up in the 
oceans. 
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Reference to the ocean box movie. You have to blend it with a 50% virgin of an MFI 30 to ensure that the material 
becomes flowable when you melt it. It's a thin flowing it's a thick flowing…? So, over here you have a sample of 
this. This material right here you see it's called MFI 35 50/50. This is 50% of our material and is 50% of virgin 
material and this one has the properties of making crates, boxes. So, this actually suits very well for making any 
crate in the world, boxes. Hence, the phenomenal ocean box. Yeah. It's even cooler. So, it can we make recipes? 
Yes. Do we make recipes? Yes. We do make them. And I think looking at the Circular Economy as well I don't think 
that the objective necessarily is to have 100% recycled (products N/A). It would be fantastic if we could reach 50%. 
Because then we could basically ensure that with a mix of virgin and recyclers there’s an upcycling of the material. 
It can be 70/30 too: 70% recycled, 30% of virgin material to upcycle. Because the good thing about plastics, plastics 
is often considered the inferior (material N/A), right now. But the reality is plastics can actually be recycled over 
and over. And over and over again. 

K: Yeah. If they are sorted accordingly… 

H: Providing it in its homogenized plastics type. 

E: Yes, but then even if when you recycle use additional virgin material is that Circular to you? I mean... 

H: It is certainly circular. It is not a full closed loop circular. But it if you if you look at it, it's actually to me quite 
circular in the sense that you… I don't think we can ever achieve what the answer to which should be our vision: 
“the end doesn't create any waste ever”. I think we should go for that but a way to upcycle it, our nature system, 
would be to add a few percentages, that we do the 2%. That's enough, we’re fine. But again, I think you're right 
asking the question: what is circularity now? Because I think we should be ambitious, but if you look at the plastics, 
I would call this a circular model with 2% stabilizer because you enable the cross ability and processability of the 
material. Because a material that come from anything, gets disaggregated over time. Disaggregation is chemistry. 
But I think it is right to also work with definitions of recycled ability. I'm keen to see what you are finding here. 

E: Is this a grinder? 

H: Yeah! It’s a grinder of fibers. Now this will be dismantled, that will be put into a CNC51, it will be re-sharpened, 
it will be metaled again and then it will be ready to be put back into production. That’s how we need to do it, all 
the time. 

[…] 

Laboratory visit: 

H: This is the place where we kind of try to analyze and to grasp like all that complexity that comes in. So, from all 
these different inputs here we're looking at lots of different types of impurities that are there. But what we're 
most interested in is from the input material first of all, of course, identity. So, where we use FTIR spectrometer, 
we do measure thermo-properties, the melting point so that also gives us indications on the identity are very clear. 
And I can see what kind of the interesting part is, we need to know of these kinds of things, we need to understand 
that these two are not different, but these two are similar. Like with this one. And this one is actually similar to 
this one and sometimes we find a core like this and we need to check what is the core. One of my favorites at the 

                                                
51 Acronym for Computer Numerical Control. In this case Hans means that the grinder will be re-sharpened by using a CNC tool, which is 
a machining tool that automatically follows the instructions provided by a software (i.e. the desired sharpening). 
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moment is something like this, where this is all material that we use. This is a PPQ polymer here. There is also the 
same in the core in a similar way that you see it here. And then you also see the challenges that we already have 
because when you look close enough in two of those strands, we also find a core inside. So, we need to understand 
there's a core, this core is polyethylene and this one, the marker here is also polyethylene. So sometimes you see 
the different markers often also like you see it here. Sometimes just different colors but same material. So, we 
need to understand this complexity is this really all one, is it useful or how are these things combined to determine 
the properties. So, we measure all these kinds of things that come in, at the end we do the same measurements 
again to measure what comes out and include some like density and mechanical properties on our material. What 
is important for both is also processability. Because this is of course important for our customers as well. That 
means how fluid is it when we process it. Processed plastic is melted and then it has different flow properties. So, 
it's important to understand that, for instance, this one also is not a core but our material. This is basically the 
same material, it's all polypropylene. I have another one actually even softer. That is all the same material 
chemically, the same exactly same if we measure, we scan it, there would be no difference in the melting point 
there would be only little difference but when we measure the melt-flow index, that's what it's called, like how 
well it flows, there might be a huge difference. And then upon the difficulty of mixing all kinds of plastics that 
you've seen, also those properties actually add in and we cannot just randomly mix one that is very fluid or tough. 
This is also a challenge, like teaching those outside to understand that this is a different material than this. Then 
in the recycling industry there's still no solution. That if we just put that into out intruder probably the it will break. 
So, such a tough material even though chemically if you look at the monomers it's all the same. The only difference 
is the length of molecules. That also means it’s the difference in processability. So yeah, that's basically it. 

E: So, a lot of work would be saved if designers of the ropes would organize a bit that way… 

HE: Yeah. I mean of course all kinds of designs are functional. So that makes it difficult for us. Of course, they have 
a function. No one makes something like this just because…We have also something like this to add strength, this 
is two materials. This one, is nice is what we actually use, but the one here means that is actually for us impossible 
and we cannot separate is too complicated. You know see how much time it takes you and then try to add up, you 
know, and then you can calculate how many children you need to employ. And we have some funny things like 
this, where there’s even rigid plastic inside, that thread in the middle is a different material, then this one and 
then this one even on the outside, it looks very much the same but it's not. And now a special issue is we can now 
see. Now imagine this green and red, it’s all white as well. Then you end up with something like this. Are we sure 
actually that…? So, you know, also from a visual perspective sometimes is difficult to recognise and we have all 
these funny people that combine these things. So that's, you know, it's a complex issue. We're trying to do as good 
as we can from the sorting and we are doing quite well. We have our technologies. We also have a scanner that 
we can use. It's also teaching to actually let people know how can we differentiate: what does that mean? How 
can we actually own the property from all these inputs? We all measure as they are that we try to translate into 
something tangible that they can use out there to actually, by just touching, feeling seeing, to differentiate and 
then see we can have different ways. Yeah. That’s what's happening inside here.  

E, K: Yeah. Perfect! 

HA: “Evidence based” is a key word in here. Evidence base is that we don't guess. Christina is making a database 
right now. We're trying to keep it updated and ensure that we have more than seven hundred registrations 
reported now. That's quite unusual in a recycling company that you see evidence-based databases, full lab 
analyses, chemical analysis of feedstock. This is one of the keys in the circular economy as well that is “evidence 
based” and documentation. You have to prove the concept, all the time. 
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HE: So, we collect all data for these different measurements of the data we collect and then we are becoming 
better and better also analyzing. The more actually we get more data a much clearer picture we actually can draw 
from all those inputs how they go together of the sortable and when. 

K: Yeah, just a quick question. When you have so much data how do you like see through it? Do you have any tools 
for analyzing them? 

HE: Statistical tools. Well, first we actually are in that process. So, we have collected a lot of data and we are now 
at a stage where… Normally we actually get more into detail and then analyze it. So, we have basic statistics first 
of all to check the different properties and now we want to go and check more into a multivariate data analysis, 
cluster analyses using the spectra and the DNC graphs as a totality. For instance, if we measure DNC and you have 
different melting point, we register the melting point, then there are some variation but the melting point as such 
doesn't tell you the whole story because there might be some variances along the graphs that you want to consider 
as well especially also when we look at our output material at the end. Because there everything comes together, 
and we eventually want to know if we see some deviation here in there. It does not necessarily mean that it's a 
product issue as such, but then I'd like to know where it comes from. If there is maybe in one of those ropes, we 
have some LD-PE52 insight that we have analyzed somewhere. So, I mean, if we mix everything, everything also 
becomes diluted. So, when I know this rope has some content of LDPE inside and maybe this rope is only a little 
part of a larger batch than I would like to know how I can see that in the product. So, there would have to look at 
the whole graph sometimes and so on. We're going to use statistical methods to actually help the whole class 
consider not only different single metric points. 

K: Yeah, Yeah good. Great. 

HA: Thank you. Thank you so much. Thank you. Okay. Let's move to the meeting room. 

Meeting Room: 

HA: the EU has established the Circular Plastics Alliance53 and the Circular Plastics Alliance was made as an in the 
aftermath of the pledging from the industry, ok? So, the EU Plastic Strategy54, among others, requested in 2018 
that the manufacturers and the converters and the recyclers and the whole industry, 360 degrees, to pledging 
how much recycled plastics would they integrate their products. Now, the pledging was way too unambitious. So, 
the first deadline in the end of June was postponed till the end of September, was postponed again until end of 
November or beginning of November. The pledging came in stating that, you know, we will integrate 
approximately six and a half million tons of plastics by 2025 in our products. The EU Commission stated: “What? 
We know that the target is 11 million tons of plastics, because that is what recyclers across Europe, you know, 
state that they can deliver”. So, we want to fill that market and not just have an overcapacity on the contrary. We 
want to force you to engage in it. So, they got together, brand owners, virgin producers, converters, 
manufacturers, NGOs and whatnot across the spectrum and had their first meeting the 5th of March and now this 
institution is called the Circular Plastics Alliance. The idea was to bring the parties together. We talked about the 

                                                
52 Acronym for Low-Density Polyethylene. It represents one of the seven plastic polymers. 
53 The Circular Plastics Alliance is an initiative launched by the EU Commission in order to achieve a better alignment between supply 
and demand for recycled plastics. The Alliance include various types of stakeholders including waste collectors, recyclers, plastic 
producers and retailers. 
54  The European Strategy for Plastics represent the first plan on how to transform the way plastic products are designed, used, 
produced and recycled in the EU (EU, 2019). The Strategy represents one of the initiatives included in the Circular Economy Action Plan 
of the EU Commission launched in December 2015. 
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change of mindset to basically state: “Ok, so now guys we need to fill that gap of more than two and half million 
tons of plastics that you need to integrate in your products. If you do not do that by yourself, we will do it for you 
through legislation. That's basically the message. I'm very supportive of this. Again, the market will not do this by 
themselves. That's, at least, what I state now. The key takeaways from this is basically the following: we need the 
whole value chain to work together here and to contribute to achieve the objective of the 11 million tons. So, 
recyclers are biased to ensure that they deliver the highest quality standard for recycled polymers to the market, 
that that is for sale. And that is the recyclers’ task. The converters and brand owners they need to maximize their 
effort to design easily recyclable plastics articles, design for disassembly, design for recyclable, obviously, right? 
Waste managers must ensure that waste is collected separately and that the different polymers are sorted, 
basically also harmonized collection setups. And fourthly, the consumers also need to be made aware of their 
responsibility in this endeavor to actually ensure that they basically consume right, that they don't buy all that shit 
you can get out of the “wish App” from China that is absolutely non-recyclable. They have to help maintain the 
value of the plastics material to the value chain so that they don't, you know, that gives basically a link to the way 
that they dispose of plastics, so they don't, you know, create spillways that can’t be used. And again, it's all 
interrelated. Because, again, who comes first of this value chain? It has to happen. Carlsberg is promoting 
themselves brutally over six pack plastics. 

K: They use glue. 

HA: Yeah, it's amazing, I mean, how much exposure… They are basically green because of that little thing which is 
amazing. I mean I know it's a giant step because it's one of these plastics components that you see seals and 
marine mammals be entangled into, birds and whatnot. So of course, is a great initiative that they're doing there, 
they should do that. This is a difficult bottle we have right there. It is a difficult bottle. Is a PET bottle with a different 
lip, a different material? The bottle PET converters and recyclers would say that now we have designed a system 
to actually manage that. The Danish return system has done that. And it’s been collected, and it’s been shredded, 
and it can be separated because it’s a float-sink issue. It is a polypropylene or polyethylene lip, and this is a PET 
bottle, so they can manage that. But again… So, you know, eat and ask questions along the way. 

E: I would love to ask you to go back a little bit to you, in the sense that OK your recycling process is advanced but 
how does it differentiate from other recyclers are there, in your opinion, recyclers that are not circular? Are you 
more circular than other recyclers? What's your competitive advantage in recycling? 

HA: I would say that converters that creates a new raw material are almost per se circular. The competitive 
advantage we have is maybe aligned to our line of specialty. This particular input stream called “fishing nets, trawls 
and ropes from the maritime industry”. Because a mechanical recycling technology is mechanical recycling 
technology. But it can never be the same. Plastics recycling is generally very specialized. 

E: And what advantages does this application bring to you? For example, by having just one industry, for example, 
the maritime industry, do you achieve cost efficiencies? Why have you done this? Why have you chosen to focus 
on the maritime industry? 

HA: First of all because it was a waste stream that really did not have a solution linked to it and of course when 
you are targeting a very difficult input stream there was also a reason for it not having a solution. It has been very 
difficult. Its fiber recycling first of all, that's one thing. But apart from that, it's also a specific fiber recycling 
technology needed to handle this type of a fiber fraction, because its fibers are very tough materials normally 
because they are actually made to keep their strength in the pool. I mean you can take a bread knife and you can 
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cut it over. You can basically saw it. But again, it's designed, so it is a linkage between the competitive advantages 
that we have developed, a very specialized mechanical recycling technology for a very specialized input stream. 

E: And are you having any issues in finding the waste, do you have excess of waste or is it a problem getting the 
ropes? 

HA: The fishing nets and the ropes are certainly out there. We have had to invest in understanding the root of end 
of life material, but growing Plastix and also creating a global awareness of our existence through our work with 
the NGOs, the nets are coming to us. The harbor, the fishermen, the maritime industry basically globally would 
like to find solutions for this input steam that has been one of the main polluters of our marine environment. So 
of course, they are also being looked upon by the whole global community as one of the Marine polluters. 

E: There's a need to find a solution. 

HA: They have to find a solution and there is no solution other than Plastix and another company called Aquafil55 
and then maybe a small Chilean one who can do a little recycling. It's only a small volume and they can only make 
it black. 

E: Ok. And so, are your partnerships working? I mean, does NGOs, ports and fishermen and producers are having 
any issues in bringing the ropes to you? Do wish having something better?  

HA: Oh yes absolutely, absolutely. You just saw that out there. Basically, in the ideal world we will we would not 
get chains, boilers or any other input then the bailed fishing nets. But we were getting those secondary waste 
streams that we cut off and sell. We're getting them and eventually we would like not to get them, and we would 
like them to do a kind of pre-handling, pre-sorting process out there so that we don't get anything we shouldn't 
have. That is responsible and paying off and taking care of the waste streams. 

E: Ok. And for example, IoT, the Internet of Things or having like a tracker...? You talked about traceability, when 
we started. So, how do you see traceability having a good impact on this issue on the on the collecting and 
shipment of… 

HA: I think traceability of our products, that will be a key factor going forward. I think the whole Internet of Things 
of having some kind of smart way of pushing it back into a digital platform is really important. What we have seen 
is knitting and rope producers putting in a tracker in the middle of a rope, an absolutely non-recyclable tracker 
that makes the rope completely non-recyclable. If you have something in the middle of the rope, we can’t get it 
out, so I don't have the solutions for that yet. And I think the netting and rope producers do not have the solutions 
for this, but I think they will work on it because now that they're being exposed to an extended producer 
responsibility, things will change to the benefit of the recycling of the fishing nets. Do you remember, I told you 
earlier that they will be exposed to an extended producer responsibility? It is included in the text of the single use 
plastics directive56. 

                                                
55 Is one of the leading producers of synthetic fibres and specialized in the production of polyamide 6 (i.e. a specific type of nylon). 
56 The mentioned directive refers to the agreement under which single use plastic items such (e.g. straws, cotton swabs, plastic plates, 
cutlery, etc.) will be banned from 2025. 
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E:  Are you focusing on PE and PE-HD polymers because of the fact that they’re easier to be recycled, or what? 
Why it was chosen to start with those two polymers? 

HA: First of all, if you look plastics production and plastics consumption, HD-PE and PE and PP57 represent the 
vast majority of polymers. I think it’s up to 80%, 85% in total. The more technical plastics like ABS58, like PE6 nylon 
and so forth, are significantly lower. In our industry nylon is also a big thing because of nylon fishing nets. Yes, to 
the question we want to be world champions in processing fiber PE-HD and PP. We also have the solution for the 
PE6 but that is another extensive investment required. It requires specific CapEx59 for that specific waste stream. 
And these CapEx are fully identified. Everything is fully protected. We know what that line is supposed to be like. 
We have designed it. We would need the 4 million Euro to do that. 

E: Basically you discussed a lot about policymakers but I have to say that what we have talk with the Andreas 
Clemmensen60, on one hand they said that they were slow in doing regulations because they wanted to see and 
to give freedom to companies to act the way was more profitable; but on the other hand, as you said, this gave 
you a lot of uncertainty and kept companies static, that no one want to act first. Who is right? Did they were too 
slow, or you were too static? 

HA: To me the answer is not answering your question. To me the answers is looking at the on a quarterly basis or 
maybe on a half year basis on the outcome of the IPCC61 Climate Report62. If you deduct. If you basically base your 
answers or your questions to that report, clearly, we are behind schedule. So, hence, are we moving fast enough? 
We're not, no we are not, because the market is the market is still operating on a linear business model, linear 
thinking. The circular thinking is a shift in mindset. It's a shift in methodologies. Is this shift in the investment 
strategies, it’s a shift in in partnerships in the SDG 17? It's all about public-private, multi-stakeholder, cross-sector 
partnerships. You will have to have a very aggressive public procurement model to force the use of recyclers, for 
example. That could be a model instead of instituting legislative minimum requirements of recycling, you could 
just say any public purchase should require at least 20% recycled (recycled parts N/A) in anything they do related 
to plastics, for example. I think that the public procurement model could have an enormous impact on accelerating 
the circular economy providing that we have some clear common denominators and understandings of Circular 
Economy across Europe. Because if you leave the Circular Economy to be implemented in 28 or depending on 
Brexit or 27 different interpretations or even definitions, you will have 27 different models. Or you have one joint 
harmonized system covering all of Europe, that would be an enormous strength. So, I don't know if I answered 
your question, but I'm at least trying to elaborate you that the industry will answer that they're doing something. 
I think that if you ask the CEOs in a closed room, they would say that they're not doing enough. 

E: And what do you think of Circular Economy Strategy63 that has been started by a Danish government in 
September 2018? 

                                                
57 Acronyms for High-Density Polyethylene, Polyetylene and Polypropylene. These represent three of the main plastic polymers. 
58 Acronym for Acrylonitrile butadiene styrene. It represent a thermoplastic polymer. 
59 Abbreviation for Capital Expenditure. It consists in the cashflows that a company uses to buy, maintain or implement assets. In this 
case Hans refers to the cashflows needed in order to buy new expensive production machineries. 
60 Andreas Clemmensen represents one of the experts that have been interviewed during this research. Andreas is Head of Section at 
the Ministry of Food and Environment of Denmark. 
61 Acronym for Intergovernmental Panel on Climate Change. It is the UN body for assessing the science related to climate change (IPCC, 
2019). 
62 It is an annual report that discusses impact of global warming. 
63 Plan created by the Danish Government in order to accelerate the transition towards circular economy. 
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HA: I think that it's always good to have a start. I don't think it is ambitious enough and I basically think that again 
is working on intentional activity. You know, the intention of the model is to do so. I think it should be a lot more 
specific. I think if it had pinpointed like the Plastics Strategy64 the Danish Action Plan 65comprises of 27 initiatives 
of which the 17 are actually analysis and, you know, an analysis and mapping activities. Come on! I mean you'd 
ask the ones working with plastic recycling, we would have the answers for this. We need some action here, we 
need to invest, it requires investments. Circular Economy requires investments. 10 trillion dollars on a global scale. 
That's the outcome of the P40 meeting that was held in Copenhagen in which I participated as well. The Japanese 
Prime Minister went out stating if we invest 10 trillion dollars in converting into a Circular Economy, we may get 
close to achieving the targets set forced in the Paris accord with the 1.5° degree maximum is a Centigrade degree 
increase in temperatures. And if we don't, you know, we will have consequences that are difficult for us to even 
predict the outcome of. I'm not trying to make an apocalyptic scenario for you. I'm just trying to say that we need 
to have a little bit more substantiated dialogue around what is Circular Economy. What does it mean? I'm anxious 
to see what you will elaborate from your thesis. What does it mean? What will you say? What is your conclusion? 

E: Then I have one last question that maybe it is more of a recap, but that would help also to focus and to 
understand. So, we have all these goals, these ambitions of contributing to the Paris Agreement climate targets66, 
but this this would also mean to prohibit plastic incineration. So, can you please name three barriers and three 
drivers in this regard, for the plastic industry, if you feel more comfortable in that. You said “mindset”, you said 
“knowledge” ... 

HA: “Mindset” is really important. “Knowledge” is a really important key factor because it requires knowledge to 
work with a new type of material. But I would also say… I think I use the word “evidence-based” as well. I think it's 
really important not to present anything else but facts. What is actually possible? So, it's not basically working 
100% with recycled. It's also fine working with 50% recycled. I think to initiate and accelerate the “step-by-step 
process” is really key, because what we have learned is that we can't sell it big bag to a customer and then they 
start putting 100% of our material into their machines for Christ's sake. They need to start with 1% and then do 
5%. And if it works well, to 7% and if it works well to 10% and increase, you know, the volume of recycled raw 
material. If they don't have any experience working with, it is a different material. It's not virgin. It can be as close 
to virgin quality as it wants to be. 99.5% and it is. But it needs to be, but there is also a knowledge transition 
process involved in this. How do we work with this material? How do we change the mindset? Why is it supposed 
to be white when it could be a light green or a different color? Why is everything supposed to be transparent, 
translucent? So, it's also education, awareness is education. In Denmark we had in the old days a program that we 
would have on a daily basis in the national television: “Enlightenment of the citizens and the society in general”. I 
think we should make a cool, you know, modern platform in the television, we basically educate, educate young 
people as well as old people. The young people are now taught the SDGs in the schools, they know much more 
about this than their parents and the SDGs67, I call it the world's most important plan because I think it is this 
strategy. I think any CSR68 should be better replaced by the SDGs to me. As I said earlier, SDGs or CSR is a 
narcissistic system. I have been writing CSR policies, or CSR statements myself: I fall in love with myself every time 
because it sounds so great what we have been doing. But you know what? This is important because these goals, 

                                                
64 Policy launched by the Danish Government to achieve a more reasonable and efficient plastic waste management. 
65 Plan launched by the Danish Government in order to prevent negative externalities resulting from business activities. This plan was 
launched as an answer to UN Guiding Principles on Buisness and Human RIghts. 
66 Paris agreement climate targets have been decided during Paris climate conference, held in December 2015. In that occasion, a global 
action plan has been signed in order to limit global warming below 2°C. 
67 Acronym for Sustainable Development Goals. These goals have been developed by the United Nations and represent the main global 
challenges for a responsible development of businesses and societies. 
68 Acronym for Corporate Social Responsibility. 
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they have a common denominator. They have KPI and several layers. They are being measured up against reports 
that are being made by the United Nations on a quarterly and half yearly basis. We can track the progress here. 
So, what we should do is require companies to integrate the SDGs or some of the goals into a business model. Just 
two or three, they shouldn't be forced because it's better if they… but that they should do that and then we should 
start reporting into that system. Because CSR is what you think yourself is right. Does it make sense? 

E, K: It makes sense. Yes, it does. 

F: I'm afraid we're running out of time. I would suggest that any more urgent questions that we do now. 

HA: Yeah, you're welcome to hang around if you're not leaving right now. We can find you a room where you can 
sit. But, I mean, you have to engage in another meeting. And you can eat your lunch.  

K: Yeah, sounds good!  

HA: There's a I think that is always difficult to elaborate with you, but I really would like to emphasize, what can I 
send you? I can send you I continue this Plastics Alliance summary. That would be helpful for you. I will have to 
say that we have to look at the options when we talk about plastics recycling, Edoardo, because if you look at it 
we don't have the solution yet because products are not designed for recyclability for now. It takes the next 10 
years. So, mechanical and chemical recycling is an option, paralysis and incineration is an option. It's not recycling 
but it's an option. I mean they should be wanting to buy, this is the greatest product. We can document everything 
about it the traceability, it is completely and the essence of recycled material. We know where it's from. Perfect. 
Listen, let me take you to my office! 

Ministry of Environment and Food of Denmark – Interview 
 

Date: 26.03.2019 

Present from The Ministry of Environment and Food of Denmark: 
Andreas Hastrup Clemmensen, Head of Section, Resources and Utilities 

Mentioned in the Interview: 
E: Edoardo Marchi Zigliani 

K: Kristine Bezbaile 
A: Andreas Hastrup Clemmensen 

E: Hi Andres. Here’s Edoardo for the phone interview. 

A: Hi Edoardo. How are you? 

E: Yeah, good! I’m going to merge the call together with my thesis partner, so you’ll be in a conference call. […] 
Ok, here we are. That’s all of us. 

K: Hi Andreas! Here’s Kristine, nice to meet you. 

A: Nice to meet you. 
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E: So, do you Kristine want to introduce a bit the situation and the topic? 

K: For sure! 

A: Just set the scene. 

K: Of course. So, we are writing a thesis about economic value drivers and connected assets value drivers. The 
idea of our thesis is to explore how these two can interplay with each other and what are the barriers and 
opportunities within this interplay. And so far, we have done 6 interviews with our 6 case companies. If you think 
of the butterfly model from Ellen McArthur, we have three companies on the biological side of the business 
practices and three companies on the technical side. From the biological side we have a company called Sprout. 
They produce plantable pencils. Then we have two start-ups, one is Kaffe Bueno, they are extracting cosmetic oil 
from spent coffee ground and the other is SvampeFarm, they are using spent coffee ground for planting, for 
farming mushrooms. And then on the technical side we have a company called Plastix, they take plastics out of 
the fishing nets and ropes, and they recycle them. Then we have Schoeller Plast which is a plastic converter. And 
then we have Refurb. They recycle IT equipment. 

A: Those are you case companies? 

K: Exactly. So, three we place them differently on the butterfly model, the other three we place them differently 
on the technical side of the butterfly model. And so, the idea is that we have on the one side low tech companies 
and then on the other hand, on the other side we have high-tech companies. I think it’s very interesting because, 
although circular economy as such… is it a technical subject as such but it doesn’t involve at the current stage new 
technologies, like for instance the Internet of Things, and therefore we think this comparison of the low-tech side 
of the companies and high-tech side companies is very interesting. And that’s what we have so far and in order to 
better understand how IoT can link with our case companies, we have also conducted interviews with 
Wastecontrol, that’s the company that provides smart solution for private companies and municipalities by using 
IoT sensors. This is just an email interview, but we are still very happy that will help us to understand what 
implications are of using IoT and then we hope with that we can inquire our case companies and actually see how 
it would be done in practice. 

A: What is a practical example of how IoT us? Just to understand. 

K: Yeah. For instance, if you think of the companies on the technical side like Plastix or Schoeller Plast they could 
use IoT on tracking down where the materials through the value chain in real time. 

A: At the moment or is it something that you are….is it a business case that you are basically proposing to them, 
more or less? 

K: Exactly. Because what they do at the moment is, they do it manually by hand and of course it takes a lot of time 
and they don’t have any data actually online or digitalized processes. This is what we proposed them. So, this is 
pretty much how far we are and just to get an external opinion we also talked with industry leader Christina Busk 
and to have a better understanding and a holistic view for our thesis perspective. Because they case companies 
they say what they internally do and of course is it important how it is externally from policy maker perspective 
and leader perspective. That’s pretty much a short introduction in our thesis. 

A: Ok right, thank you.  
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K: Cool, Ed would you start with questions? Because the questions they are based on circular economy, IoT, how 
to utilize the resources just see which questions you think you can answer. 

E: Yeah. It would be interesting to gather this external perspective on our questions. So, yeah, do you have 
anything…? 

A: Yeah. Maybe just tell a bit about what our approach is, the way we work with circular economy and a bit of 
myself as well. So, as you know they Danish government, they, I mean, the office in the ministry, the department 
called Resources Utilities which is the Ministry of Environment and Food office for circular economy….resources 
broadly. A year and half ago the former minister but still the current government launched – as you know - the 
“Circular Economy Strategy”, together with a number of partners. I mean, we work with a number of other 
Ministries and businesses, they were all main partners... So, we work with them on the strategies and then in late 
December 2018, from this Office, we worked on the Plastics Action Plan which was launched in December 2018 
by a third Minister. So, the reason why I wanted to distinguish between those two, I mean, both partners, … 
strategies… I mean funding a team builds a plan… they included… but they are still different in their approach. So 
from a governmental point of view the “plastics strategy” or “plastics action plan” is a series of initiatives that 
together provides, you know, the make-up of this plan and that has to deal with the way that we look at plastics, 
what we need it for, which, to put it short, was a lot more knowledge on this area. We need data on plastics. And 
no one around the world has solid data and knowledge on plastics and we need basically to become a lot smarter 
both in terms of circular economy but also in terms of microplastics and pollution on what the correct, the most 
appropriate solutions are. Then again there are a number of solutions that already can do something. You have 
probably gone through the government action plan and seen what the government has proposed but one of them 
is establishing the plastic Centre, this national plastic Centre, which the Danish EPA is going to oversee and is going 
to open up, hopefully, before beginning of this summer. That’s going to be real projects and are bringing together 
- from entire value chain. So, if you are looking at the plastic industry or the construction sector for instance, we 
would bring, or EPA would bring together all the stakeholders that would be the producers who produce and 
import plastics used in the construction sector, you know, the producer who import plastics, you know, the 
transportation companies. This is just to give you an example on the way we are working with it. And the plastic 
industry, the construction sector or the construction industry, the major companies in there and then the recyclers 
and handlers as well. So, it’s a lot a way of organizing sectors then in most stakeholders are used to. I mean the 
construction sector when they want to find a solution to something they would go for instance to their supplier 
and say, you know, “we’ve got this challenge, this problem, could you help us?”, it would be by a natural exchange 
of ideas or propositions. So, we want to switch the conversation into the shape of the value chain and that’s pretty 
much what the plastic …  are going to do. The Circular Economy Strategy overall, I mean, it’s a strategy for how to 
look and transform certain areas and society into a more circular economy approach or at least look at the 
potentials of circular economy in different sectors both being, you know, as a mean, as part of your case study 
questions, what are the main drivers for this, what’s holding them back from adopting a C approach and to the 
resources and production in general and various other overall  approaches to circular economy in a broader 
perspective. So, those are the two main plans of strategy we are working with at the moment and they are the 
first for Denmark. So, it’s interesting to see how they are implemented. Or it would be interesting how they are 
ultimately implemented in the upcoming years. For my side, I’ve worked both of the themes but now plastics is 
taking up most of my time.  That’s probably where I can contribute the most to.  

K: Perfect, I think that our questionnaire is actually in the plastic strategy and also there are elements of circular 
economy but I think it’s a good balance of both and then some parts of that is the … of the IoT, but I think Edward 
can go through the questionnaire and actually explain in case there is a need but yes it is super interesting and 
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also I just went through the National Plastic Strategy and the interesting this is that research and development is 
already at point 4 out of 6 points if I remember correctly so let’s see. 

E: OK, so I’m going to start asking you about policies and incentives because you know circular economy is based 
on restorative and regenerative production and consumptions systems. These systems aim to keep products, 
components, and materials at their highest value within technical or biological cycles. So, I’d like to ask you if you 
can explain how Environment and Food Ministry in Denmark accelerates the transition towards circular economy 
and what are the policies and incentives that the Ministry is taking? 

A: I think the policies are just explained. Those two (Plastics Action Plan and Circular Economy Strategy, n/a), would 
be the main…Those would be the main policies and initiatives and you can dive into the initiatives below into those 
two policies put in other words. But you question about incentives. A lot of what we do is incentivized by the EU 
revised waste directives. That would be the packaging directive and the waste directive primarily. We revised them 
almost a year and half. They speculate that in Europe, all EU countries have to reach a certain amount of recyclable 
materials or a percentage of waste needs to be recycled by 2025. So that’s a pretty big incentive. Certainly, for 
plastics. I think that, I mean, all member states are all pretty … when it comes to plastics. For the other fractions, 
Denmark is doing quite alright, I mean is still going to be a big job to implement the directive and in particular the 
extended producers’ responsibility which is another massive incentive for businesses. Because is the EPR69 that 
we are going to have to implement by 2025, 1st January 2025 the latest, we need to build in a green incentive, a 
green monetary incentive for producers. So, if someone puts the plastic product or packaging products on the 
market it would be incentivized economically how it is designed and how easily recyclable is. So that’s a pretty big 
incentive, already that. 

E: Ok, perfect. So, yes, we asked you about the incentives also because we have seen that in many cases circularity 
does not allow businesses to become profitable in the short term. To what extent do you agree with this 
statement, in your experience? 

A: Sure, that’s a fair point.  

E: So, you have seen it in some businesses. Ok. So, then I’d like to as you more about the interplay between circular 
economy and IoT. So, we have seen that intelligent assets can contribute to capture circular economy benefits 
from an industrial perspective. What do you think are the challenges to address in order to realize the potential 
opportunity? 

A: The potential opportunity for what? 

E: Because you know, in the circular economy we have seen that there is a great potential to merge circular 
economy with IoT, smart assets. If you in the Ministry are thinking about exploiting smart connected assets in the 
circular economy direction? Yes, if not why not? Let’s discuss about this. 

A: Yeah. I think it’s a fairly broad question so let me answer to it broadly as well. I think that’s completely up to the 
market to decide if that’s, I mean, profitable and certainly I think we can see if it’s going to take a leap in technology 
terms. So, make a lot of these different fractions profitable is if you are looking at it from a circular economy 

                                                
69 Acronym for Extended Producer Responsibility. The extended producer responsibility (EPR) is a policy that pushes any producer as 
well as any actor involved across the value chain to be responsible for the treatment or disposal of post-consumer product. 
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perspective. So, for instance, the Government I know the Ministry of Education and Research who manages major 
universities and major research programs they have put forward what they call a “grand challenge”. So, it’s a prize 
basically, it’s a money prize to the research team who comes up with the best solution to track and lever be 
conditions around plastics or also other fractions in packaging. So, a major challenge is to track and, as you also 
said, to know where the packaging goes and where are the materials, you know, what are there in, what kind of 
plastics is it, for instance. Is it a PHD, PPE, whatever it is that is inside this packaging that I’m holding between my 
hands. That’s a major challenge if we, as a society, are going to transform packaging and how it becomes 
environmentally but also financially sustainable. So that’s one way of working with it, with both incentives and 
approach to encouraging new technologies, in that respect. We spoke with the Ministry of Research about using 
blockchain, but it could be something else, but first of all we are not experts on this, so we shouldn’t really … and 
tell what direction people should go, that would be, I think that would be counterintuitive, it should be driven by 
demand and by the market. So, whoever comes up with a good solution and, you know, and it’s agile enough for 
the changing surroundings of society that we live in, I think if we as … Government and institutions we came up 
and say, you know, we want a solution where you only can use blockchain or whatever technology then that would 
probably hinder development even more than it would benefit it. So, I mean, it’s a political subject as well, but 
from my point of view it makes sense to put forth like a guide and say this is what we need to be in 2025 or 2030, 
whatever, to recycle a lot more and then let decide this to researchers and new technologies, companies, whoever 
should be in pushing that agenda without deciding what the solutions are. 

E: Ok, perfect. That’s a valuable answer. Do you Kristine want to ask something? 

K: No, I am agreeing with him and it makes perfectly sense. 

E: Absolutely, absolutely. So, I want to ask you regarding the “Tour de Plastik” because we know that the Minister 
is visiting many companies and in connection with this new Government action plan I’d like to ask if you know 
about it and if yes what are the outcomes of it? 

A: If I know about what? 

E: the “Tour de Plastik” 

A: Oh yeah, yeah! I arranged it. So, I should know a bit about it. But I mean we need to, besides him launching the 
plastic action plan, when ministers to these things it’s quite common for them to go around and, you know, go 
into dialogue with companies and also learn about the subjects, I mean, becoming even smarter on the challenges 
it’s more part of any politician work. I mean, if you act as Christina Busk about the member of parliament that she 
has been showing around plastic companies she wouldn’t even know the number. So, it’s quite normal for 
politicians to go around and visit companies and educating themselves in this way, checking all the good comments 
from the people working on this agenda on daily basis. 

E: Ok it makes sense. So, I’d like to ask you know more about plastic industry so despite the high economic 
significance of the plastic industry in Europe - it was forecasted that plastic production will reach up to 600 million 
tons by the 2035 - the plastic recycling sector remains underdeveloped and fragmented in Nordic countries. What 
do you think are the factors that hinder the market for recycling of plastic waste in the Nordic countries and 
Denmark in particular? Why? 

A: Yeah. To talk about it you can look at the entire value chain and there are issues all around, at any part of the 
chain, any joint if you will, there are challenges. So, if you look at the design phase, the people who actually design 
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plastics they actually need to do it in a way that makes plastic easily recyclable. That means, that entails a number 
of things. So, for instance, no composite materials, so don’t’ use metal, don’t dwell into a plastic product a piece 
of metal or something that can’t be pulled apart in the recycling process. A fairly easy point but a lot of, we see a 
lot of companies going for a design for only satisfying the customers’ sense of aesthetics and not the recyclability 
or easer of recyclability. That’s one point. The next should be the people who actually put on the market. What 
are their incentives? You know, the supermarket chains. How to they work with plastics or do they have closed 
resource loops for quality plastics which could be from the food packaging which is high quality and expensive PCE 
plastics that meets a high-quality demand for food contact. So, and then you have the consumers, what kind of 
sorting systems do they have at home? Is there a waste pocket specifically for plastics to throw any other fractions 
in the backyard? How is it collected? How is it sorted at the mechanical and other sorting facilities and finally what 
is, how is the market for recyclable plastic. Do you have a lot of information about what kind of materials are, you 
know, exists basically and where are they? So, this is like a resource stock exchange type of situation that you are 
looking for. This is what the traceability comes into play and then you are back to the designers. Are they using 
recyclable materials? Is it sorted after those who actually purchase the products and then you can loop that 
through that circle multiple times coming up with new challenges at each intersection every time, I think, for the 
rest of the days. It’s an ongoing composition basically. 

E: Yeah absolutely. Do you want to add something? 

K: Yes, I just wanted to ask if you have thought about trying bio-based packaging, what biodegradable plastic 
packaging? What are your thoughts on that? Is it a short-term solution or how do you see that? 

A: I don’t think…it’s a very debated subject and a lot of people have different opinions and ideas on it. From my 
perspective and from our perspective we still need to be a lot smarter, a lot more than…… we have to really make 
sure that you distinguish between biodegradable and bio-based plastics. Because biodegradable is the part that 
we throw away and we are not too much fans on biodegradable. It becomes micro plastics all the time and it does 
not disintegrate afterwards. I haven’t seen the case, I haven’t seen anyone proving, a proving case a 100% 
biodegradable product that does not become micro plastics.  If you know anyone who claims that, ask for proof. 
Another thing is bio-based, it’s a question where does carbon molecules come from? So, are you clearing rainforest 
in Brazil? Or for the cultivation of sugar cane or mays or anything else that then produce plastic pallets, if not it 
becomes a very healthy alternative. 

People eat mays or sugar cane instead. So, it’s a question of having to do a life cycle assessment of the resource: 
where does it comes from? As far as we know, I mean, its recyclability is also another thing. As far as we know 
from the plastic Industry in Denmark it is feasible to recycle bio-based plastics. That saying a carbon molecule is a 
carbon molecule, it doesn’t matter where it comes from. It doesn’t matter if it’s petrochemical from oil or it’s 
sugar cane, basically it’s the same chemical composition. So, the two questions I’d pose regarding bio-based 
plastics… 

K: And biodegradable… 

A: I’d completely forget about biodegradable plastics; I don’t think is a viable solution too very much at the 
moment. But bio-based plastics you could ask is it environmentally and economically a better alternative than the 
petrochemical stuff? That’s what you need to know basically. And also, I’d be…I mean, it’s very widely used in Italy 
as a sort of “using” plastic bags. I get a sense that it’s simply because of question of being green washing. 
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E: So, and regarding another distinction that interested us a lot was between circularity and sustainability. There 
is still a lot of confusion in both for practitioners and scholars with the two terms. How do you intend these two 
as a policy maker? Do you differentiate between the two of them? 

A: No, not in a theoretical sense. No. I mean, it depends on your variables. It’s just like when you do life cycle 
assessment analysis. It depends on the variables that you have, you are counting water consumption, you are 
counting chemicals used in production of certain materials. I mean, the circular economy is something that goes 
beyond…. Sustainability is one of the terms that you know what it means but you cannot explain to someone else 
or at least the get the natural definition being explained. But certainly, there are theoretical definitions, I just don’t 
know them at the moment. Perhaps you know them better than I do. But the circular economy perspective or 
concept is … just right. I mean that’s for sure something else, but we don’t, it’s not something that takes, that is in 
our everyday.  

E: Ok perfect. I’m going to ask you the last question. So, the Nordic region has set ambitious goals for transitioning 
to fossil-free economies and contributing to the Paris agreement climate targets. That would mean to prohibit 
plastic incineration. How do you see this ambitious goal to happen? And what do you think are going to be the 
three barriers or three drivers towards this? 

A: The question that needs to be answer is: What do we replace plastics with and that is more sustainable than 
what plastics has to offer? Because it’s a wonderful material. It has a lot of qualities that when you’re bringing up 
the climate debate, we tend to forget how many tons of CO2 are saved because of plastics each year. The plastic 
components in cars which otherwise would be made of I don’t know what metal or something that would make 
cars way heavier and less environment friendly. Airplanes. I mean, the entire transportation sector would be 
completely overwhelmed if we take plastics out of the equation from the climate perspective. I know, it’s not evil. 
I’m not saying plastics can’t save the climate but it’s a quick fix idea and I tend to be a bit sceptical when people 
say that they will fix something in this context. We have incinerated a lot of plastics that we do, which burns very 
well. So that generates electricity and central heating the houses during winter. So it’s a question what are we 
substituting it with? And this goes again in which variables we are examining, what variables are we using when 
we, yeah… 

E: Ok. Perfect. Then I don’t want to ask you for more minutes so it’s fine like this and thank you very much for your 
time. 

A: Oh, you are welcome and please share your work when you are done! 

E: For sure! 

K: Bye! 

E: Thank you very much! Have a good day! 

A: Bye! 
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K: Kristine Bezbaile 

EM: Arup laid out the what it believes is the value of transitioning to a circular economy construction industry. We 
don't want to talk about waste anymore. We want to talk about value and value of resources. So, there's been an 
analysis done on the value of a materials within a skip. You know that the builders traditionally just throw out all 
construction waste. And there's about 2000 Euros or value in every Skip. If they had sorted it better on the 
constructions site. So that's where we want to move to industry where we're doing selective demolition. 

K: OK. 

EM: That's a key statement for us. I don’t know if you've seen the strategy for the circular economy by the Danish 
government. 

K, E: Yes! 

EM: It came out in September 2018 and that lays out the need for initiatives so initiative 13,14 and 15 are related 
to buildings. So, they want to develop a voluntary sustainability class which would be something like the DGNB. 
Are you familiar with DGNB? It’s like a lead you heard of lead LED. 

K, E: No, we haven’t! 

EM: In buildings in building design there are various frameworks that you can use to design a more sustainable 
building and these frameworks basically help you to describe what is sustainability. So, typically, you will design 
against one of these. And based on the design decisions you make you will get a rating at the end of the design 
that you can get like a platinum which means that you've made almost every decision possible to make the building 
more sustainable and that covers everything from the energy that you use the construction materials the health 
and well-being of the people inside the building. And but at the moment there's not so much focus on circular 
economy. How do you actually design it so that so that at the end of the life of the building you can take it apart 
and reuse the materials to make sure that you use the smallest loop possible. 

K: Exactly. 

EM: At the moment most of the sustainability classes teach you at the DGNB they talk about materials and recycled 
ability materials but not reuse which is what we want to move toward. So, in the next few years we might see a 
Sustainability Framework come about that talks a lot more about reuse of materials. 



220 
 

K: I have a quick question when I talk to Christina Busk, she was talking a lot about material passports. Is it. Is it 
something in a way that's could be integrated? 

EM: I guess, yes! I guess you think about material passports are a necessary tool to achieve a circular economy 
building. So, having all of the materials we talk about having a material a digital twin. So, every building will have 
a digital twin on the cloud. Every material uses, and every structure and every light will have an equivalent in the 
digital model. So, all of that information about what it is where it came from and how it can be reused will be 
included in this. 

K: This is so cool because the assistant from Danish Environment Minister is specialized in how to use different 
kind of resources. And he talked about digital stock exchange of material so that you know, what was the first use 
of the material. What kind of components it consists of that you can see if you can reuse that material for a project 
ABC and D based on what kind of chemical consistence was used previously. 

EM: So, there's a European wide initiative called “My Duster”. That's a European initiative to try and generate this 
digital cloud of information about it used to be known as BAMB. It's European wide and they want everyone to 
start using this so that everyone's put in the same type of information in so that we can all use it later. 

K: Yeah. 

EM: So digital twins material passports are all vital components to lead us to the ultimate goal which is a circular 
economy building, but there's also a circular economy business models which is another report that ARUP written 
about how do we need to move away from owners buying all the materials at the start of the projects and then 
recouping their costs based on the rent every year because that depreciation model means that at the end of 30 
years the materials are valueless therefore they can be demolished. So, we need to move to a business model 
where the materials are seen as valuable and can be sold at the end or actually the building owners don't actually 
buy them in the first place they just rent or lease. And there's a good example of that starting to happen with 
Schiphol Airport. You may have heard about Schiphol Airport. 

K: Yeah. So, the airport in Amsterdam, right? 

EM: Philips are providing the lights as a service. And the beauty of that is that you start to align the incentives 
better. So, Philips are incentivized to put the latest lighting and most efficient lighting systems in because they get 
paid per Lux or light level. And that they have to pay the energy costs. So, if they install the most efficient lighting 
their energy costs come down and their profit increases. So, there you've got alignment of private companies 
focus on increasing profits with reducing energy and carbon so that those kind of business models are crucial for 
us to get to that stage. 

E: And in that sense how do you see your IoT, what role do you see being played by the IoT in this servitization 
process? 

EM: Well a lot of people say that the data is like the new gold. Right!? So, you probably heard that! What we're 
realizing is that our clients are no longer happy with us just providing a design and then leaving it to them to deal 
with all the problems. What they increasingly want us to do is to be linked to the building and the design for many 
years and so we see Internet of Things as an opportunity for us to collect data and to optimize and continue to 
optimize our designs. We so we see Internet of Things as an opportunity for us as designers to ensure that our 
designs remain optimal and can be updated. 
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EM: Yeah so, I don't know. I'm not particularly focused strong on IoT… You will probably find some useful material 
in the reports that I sent you about IoT. I know that's your focus right… So, I should try to think of Internet of Things 
:D So for example, a good example from my field… Let's just talk through that. I'm an energy designer. So, a building 
is designed in three dimensions and with a building loses heat during the winter and then it gains heat during the 
summer. So, we have to have air conditioning. Right!? And the air conditioning system is run of some fuel source. 
We call a primary energy that comes into the building and it uses that to generate heating and cooling. So, I spend 
a lot of my time A) trying to optimize the energy to reduce the amount of energy that uses the house, B) I also 
look at the way what primary energy we're using and how we could maybe change that primary energy. So, it 
might be that we put a wind turbine on the roof. It rarely happens because they're not very efficient but that kind 
of idea. For me though this is all kind of theoretical because I'm doing that before the building is being built. What 
I would love is if that air conditioning system had a sensor in it and gave me real time data because then for every 
minute I could link performance of the AC unit with number of people in the room, weather outside and a whole 
series of other variables and I could start seeing correlations and we could use our machine learning to actually 
optimize the design. So, for me Internet of Things enabled energy like radiators and air conditioning systems in a 
building, lighting would enable us to unlock the door to a whole new level of optimization within the built 
environment. 

And it would not just be kind of optimization so that we can know on a computer. We can go in and upload a new 
bit of software to the air conditioning system. It would also enable us to track the performance of those which 
would mean that it would help with the business model for new business models. So, if I knew that the air 
conditioning system say you know day one and then after ten years I can go back, and I can look back air 
conditioning system I can see how well it's performing. You know maybe it's 90% of its performance still compared 
to the when it's first and so we then know the value of that air conditioning system you know. 

it's still performing at 90% and therefore we can sell it at this rate which helps us the building owners, and for the 
developers it helps them to have more confidence that this change in business model is as potentially profitable. 
So, what we what we would need is some test buildings and we typically use small buildings as like a test bed for 
these kind of innovations and we run it for two or three years and that helps gives the confidence to the developers 
next time they're building some big building now that we can install these kind of things. So that for me that's my 
experience of IoT. 

E: I like your example. It's really useful for us. If I can ask you some questions on diving more into this example 
would be really helpful for us. In fact, I would like to ask you in this regard if do you think that IoT can enhance the 
durability, I would say for product service systems? But in your case of the sensors and items that you control in 
the building. Do you think durability is going to be enhanced by the use of IoT devices? 

EM: Let's just check your definition of that. I need to understand durability for me means say a chain on a bike. 
Right?! So how durable it is how many cycles it can go before it breaks. Is that what you meant? 

E: Yeah. 

EM: So, durability of the air conditioning system. Let's just say to keep it simple would be enhanced. Yeah of course, 
we would be able to track. I mean very similar to Rolls Royce power by the hour model. You know they have 
sensors on the turbines to tell them how it's performing and when it needs the service. I see that was no problem. 
And in fact, what we would want is Samsung in this case to be renting us these units so that they have the sensors 
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in there and the sensors send data back to the Samsung development base and they are the ones that are deciding 
when are we going to change that unit when you're going to repair it.  

There's always a difficulty in the construction industry. It's always very difficult to balance ongoing maintenance 
and how much to spend on that ongoing maintenance because I'm just thinking here if you've got time and you've 
got cost and say so everything degrades over time but what you don't want to do is degrade it so quickly because 
there's one little element in the thing that's overheating and causing it. So that then in five years’ time you need 
to reinvest and buy a new one if actually you fix something here so that the life is extended to here. And then it 
gets there and then you need to be by then you've effectively bought yourself money. So yes definitely. So IoT 
would enhance and currently these kinds of decisions are often made by what we call buildings by facilities 
management teams who have very little training or understanding of all of the systems they are using. They often 
just refer to the instruction manuals. The instruction manuals will always say you know check it every week or 
every month. You know really often the facilities management have very little time and very little budget to do 
that. So, what actually happens is that they leave everything go until then it starts breaking and then they're 
fighting fires constantly.  There's a red light here running over. What's this. What we need to do. I don't know. Let's 
check the booklet. Let's phone them up.  Which is an expensive way of doing it. Basically, they should be more data 
the decision about when to fix things should be more data enabled to data driven decision making. So, an IoT 
would put cell phone. 

E: This connects a lot to the reliability of items connected because someone can say on one hand that IoT enhance 
the reliability because by creating the network and by being connected to the Internet. We have data that we 
would not have otherwise, so that we in the end are more reliable product or system and that allows us to be 
safer. Think of the temperature of ovens or a sensor that allow to prevent explosions and fires. This kind of stuff 
but on the other hand if you rely on IoT devices, safety devices and something goes wrong. For example, the 
battery is drained, the network gets frozen or no data connection something like that someone can argue that not 
relying on IoT sensor would have been better. What do you think of this? 

EM: I agree with you. We can't! Because sensors are cheap, and they will fail. We can't just rely on a 1 cent sensor 
to always give us the correct information. So there has to be a backup maintenance system. I think these days if a 
sense of fails usually displays a warning. It usually defaults to error. Which then means you need to come, and 
check and you need to check if there's a fault or whether the sensor is broken. And typically, if the sensors broken 
then it's a cheap fix. So yeah, we shouldn't rely on sensors. Or certainly have sensors that fail to error rather than 
fail to or just stop working and therefore display the same value again.  

E: And how do you see an IoT creating an aesthetic problem?  

EM: Well I'm an engineer. So, you ask an architect obviously they will give you a completely different answer. 

K: No but I think we had some discussions in this relation that previously you said for the building or construction 
industry would be the best, if at some point there are material passports and that there is a way how you can 
“easily” dissemble the house at some point.  We had several discussions with others that you know manufacturers 
would rather design something which would in a way be easier for them to use or sell, because then the people 
would prefer to buy that rather than talk for designers in a meaningful way and design in a way that it's easier to 
disassemble at some point. 
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EM: Yeah, I think so we design something called the Wiki House70. So, you can google Arup Wiki House and is an 
open source house, so you can download the designs and then you just need CNC machine71 and some plywood 
and make the house and then you can build it yourself. It's like Lego and it doesn't look pretty. Because obviously 
you can see all the joints right. So, the house is made up of these blocks that stick together, and you know so this 
it's clearly visible that it's a deconstructed house. So aesthetically it is going to have a big impact. It's a job for 
designers, product designers to ensure the looks. That is actually part of the deconstruct ability is actually 
celebrated. Yeah and we have done some work with architects where they are happy to see deconstruct able 
joints. 

So, you now we talk about the circular economy is going to be built on the elimination of nails. So yeah, we no 
longer want nails to be used on construction sites or any what we call wet traits. We don't want wet traits anymore 
which is when someone is standing there plastering and painting and those kind of wet because that involves 
people onsite which slows down the construction, but it also means that it's unique. So, we want to have pre-
fabrication where people are building stuff like modular designs and we want to have bolted connections where 
everything can be on unbolted. And they're examples of architects using that, 3XN72 and, which she said in English 
is Lendager but it's a Danish brand. 

K, E: She's also helping us throughout the project but via email. TWC the circular Way. 

EM: Yeah exactly. So, they're using. They are happy to celebrate those kinds of aesthetic choices that they've made 
because actually it says a lot about the building, and it talks to the sort of environmentally sustainable angle that 
they're going for. That design is all about that. So, they're happy to celebrate aesthetically. Not all architects or 
designers who want to do that. I mean a good example is the Fair phone vs. Apple iPhone. Yeah that's a clunky 
bigger model versus a sleek well-designed easily used. So yeah aesthetics has a huge role to play for me as a 
mechanical engineer when I'm designing air conditioning systems I care less about the aesthetics and more about 
the carbon. So, for me I will always prioritize that. However, every building is a collaboration between architects 
and engineers. And there are often debates and conflicts come about because of the aesthetics. We have carbon 
emission targets we must meet the building. And the architects have aesthetic targets they must meet, and we 
have to find a way of making sure that we came together. So, you will find that architects some I believe architects 
that prioritizes athletics over sustainability will go out of business. So 3XN and Lendager architects are the future. 

K: Maybe for the last question we can ask something about the barriers? So, when you do the project with your 
clients what are the key challenges and barriers in order to help those companies to become more circular or 
transition towards circularity? 

EM: Everything is the barrier!  I'll just give you some headlines knowledge and lack of understanding is the key 
one. I would say now we recently did a review of our clients and about our clients are developers or people that 
pay money for big infrastructure or building. About half of them are formally signed up to the SDG´s on their 
website. But then I would say only 10% of the people I speak to actually know what it is. So, it is there's a difference 
between officially what they're saying and knowledge and what they do. And there are different types of 
knowledge. There's like a general understanding of it and then there's what is the impact going to be. And those 

                                                
70 WikiHouse is an open source project for designing and building houses. It comprises a digitally manufactured building system which 
aims for an eased fabrication and assembly of building (WikiHouse, 2019). 
71 Acronym for Computer Numerical Control. In this case Hans means that the grinder will be re-sharpened by using a CNC tool, which is 
a machining tool that automatically follows the instructions provided by a software (i.e. the desired sharpening). 
72 Danish Architectural Practice founded in 1986 in Copenhagen. 
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are two different things. So, knowledge and then understanding of the implications as well. Buildings are long term 
projects. You know minimum 10 years often 100 years and people are making decisions in the future where there's 
a lot of uncertainty. So that is a big one when there is lots of uncertainty. People rely on what they know already. 
And what we're trying to push is a whole different way of building and designing. And that is a huge psychological 
challenge is where we're trying to change things when there is a lot of uncertainty and a long-term impact. 

K: All right. 

EM: I mean that's just the start. Then there's all the technical challenges but actually the technical challenges are 
solvable. Engineers and architects are very good at solving those challenges, but I think the main one is the fact 
that the people paying the money are not aware of the challenge and not willing to risk that kind of money… 

K: Because they don't want to do long term investments. They want to have short term returns. 

EM: No, no. They all make long term investment decisions. You know that's what the construction industry is. But 
they don't have the confidence to do something new, when they're designing a long term, they… because the 
implications are huge. If they make a wrong decision. So that's the challenge is you've got to simultaneously change 
the design as well to simultaneously change the business model and I think that both of those things together 
create even more confusion. So that's the main barrier which is why Arup group is trying to produce as many 
reports and ideas and research topics and that's why we love talking to you guys and helping spread the 
knowledge. I would like to learn something whenever I meet you guys and I'd love to see the outfits. 

K: Yeah for sure. Perfect. Thank you so much for taking time for us. EM: No problem. No, it was really great to be 
asked 

K: If don't mind, when we do the transcript and start to do the analyses. If we have some questions maybe we can 
send you an email? EM: Of course. I will I review what I've said if I can help clarify. Better in text and yeah keep me 
updated. 

Lendager TWC – Ditte Lysgaard Vind – Interview 
 

Date: 10.04.2019 

Present from Lendager TCW (The Circular Way): 
Ditte Lysgaard Vind, Managing Partner 

Mentioned in the Interview: 
D: Ditte Lysgaard Vind 

E: Edoardo Marchi Zigliani 
K: Kristine Bezbaile 

E: Hi, here are two students from CBS. 

D: Sorry for the difficulties!  

E: No worries this is fine. Is everything fine? Have are you doing?  
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D: Yeah, I'm doing well. Well yeah. 

K: Should we quickly do the recap about our project or do you remember that's from my last week?  

D: I remember that. 

K: Perfect. Then we will just shoot our questions to you.  

D: Yeah. That would be perfect.  

K: Perfect. 

E: OK so we know that we're now in a period of technological innovations and there are plenty of technological 
innovations that are shaping not only the products, but all the way companies create. deliver and capture value. 
We have seen that TWC is now working on the project U.N. 17 to build the first project that incorporates all the 
17 SDG´s. What do you expect from this from this project and what kind of synergies do you believe that 
technology would unleash? 

D: OK so just to understand the scope you're not asking about TWC, but about the Lendager? 

E: Yeah. We would like to ask on the Lendager Group. 

D: It’s a different scenario than TWC. I know about it a bit. It’s a bit complex, Lendager is an architecture company, 
there is production company and then there is TWC.   

E: OK.  

D: And the question you are asking is more on the building side not on the TWC side. It sounds like you were asking 
for an overall view. 

E: Yes. so, I mean from which perspective you would like to approach that? From which company of the group?  

D: OK I think I'll try. So, UN 17 is about how do we not only deliver sustainability within the building environment 
but use the built environment as a platform for overall sustainability in the society level. That's why we're trying 
to deliver across the SDG´s. So, one example would be taking the waste away from outside the built environment 
and then solving a waste problem by creating innovation. Where we take waste streams from outside the built 
environment and turn them into materials within the built environment. On the one side we are delivering on 
solving a waste problem but also minimizing the negative impact of traditional building processes. 

E: Okay great. So, I would then ask you more on the circular economy side, we know that a circular economy is 
based on restorative and regenerative production and consumption systems and such a system aims to keep 
products components and materials at their highest value within both technical or biological cycles. Can you please 
explain how Lendager provides multiple value creation for its clients within those cycles and so acting towards 
circular economy?  

D: So, we look at it in the sense that we do dual value creation and, in the sense, that we work toward for branding 
the “world of tomorrow is a waste of the day”. But in the same time working towards designing a world without 
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waste, so solving a current problem but also looking at how do we essentially design so that we avoid that in the 
long term. We're looking more towards business models. And in the built environment one thing could be designed 
for the disassembly and designed for longevity and prolonging life. 

In a way in a short term, it's very much about the resource’s recovery business model. When materials become 
waste, they are burned or landfill until now. We are reutilizing them in built environments and also being mindful 
that the built environment could become a material bank. That stored material could be taken out and used for 
another application.  

E: Okay perfect. That's a really valuable answer. And I would like to ask you if you can name three main barriers 
and the drivers that play significant role for your clients in action towards the circular economy?  

D: So, one is to say that there's a lot of common sense and should start looking at the lessons of circular an 
economy. It makes sense to utilize the material much better from a business perspective. So, there is the cost of 
reduction or it's adding value and opening up new opportunities within existing and new markets. Being one by 
much from the business potential, then there is a consumer interest in applying interest from their perspective. 
So particularly B2B more and more are asking for sustainable solutions. So, the more sustainable you are… And 
circular economy can be used as a tool to help live better.  

In a way that you can help your clients to deliver and so they can deliver to their clients and potentially to the end 
consumers. And then lastly also very much sort of Political purpose towards a circular economy to the legislation 
and future legislation. Is a driver but of course the current legislation can be a barrier. But more than anything 
about the barrier is that we are implementing circular solutions but we're still implementing them in a linear 
overall structure. So, whether it's infrastructure as a main barrier, whether it's culture and behavior or change 
barriers that will need to be overcome. 

E: Okay. Perfect. So, we have also seen that in many cases circularity does not allow businesses to become 
profitable in the short term. So, to what extent do you agree with this statement. Is it true from your experience? 

D: From our experience, we have an opportunity tool, with which we work together with our clients. So that map 
out what is the impact and business potential versus what is the resources necessary. That could be manhours, 
investments and whatnot. And what we always find is that there are a lot of low hanging fruits and some sweet 
spots, that can deliver financial value at short term. But then there most likely also sort of greater opportunity. 
That takes a bit longer to deliver. So, it's not either or. It's on its way to put a focus. Depending on the problem of 
the client. It takes more or less an investment, more or less time to have a return on that that investment. But 
there are times when it's true what you're saying and then there's a lot of opportunities to create value in a shorter 
perspective world. So that depends on what Circular Economy you are focusing on. 

E: Internet of things (IoT) is defined as sensors connected by networks to computing systems that can monitor or 
manage actions of connected objections and machines. In the context of circular economy, IoT can collect 
information generated by sensors to connected stakeholders across the value chain. Within the intelligent asset 
value drivers there is the knowledge of the location, condition and availability of the raw material. For example, 
to what extent do you think that IoT sensors could improve value chain collaboration and guide businesses in the 
transition to a circular consumption process of building materials? Any other examples where IoT could come in 
play? 
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D: Yeah, I think it makes sense to get a bit broader than IoT only, so technological developments, such as IoT, but 
also as such as Blockchain and Material Passports73, all of these things that work together, enable efficiency and 
transparency and scalability. Which is the key point to delivering impact at scale, so it goes a lot faster. You know 
scaling up possibilities within Circular Economy which will then eventually benefit the impact, but also the business 
side of things. What we most often find is that the bigger the problem of the potential, the better the business 
case. And technology, including IoT but not alone, plays a vital role in that, if we choose to use it as such. But what 
if we look at technology as our friend, because it enables us to not do a lot of things and scale up circular solutions. 
But it also creates urgency in that. It can also scale up the negative effect because you see it in a linear rather than 
the circular way. Because certainly technology is there, but we still need to use it in a certain mode of operation. 

E: You mentioned before the role that policymakers can play in in delivering and developing a Circular Economy. 
What are the synergies between Danish small medium enterprises and policy makers that circular economy and 
duty can generate?  

D: What I think it can… Well I'm not sure if I am understanding the exact focus, but Circular Economy essentially is 
a way of future proofing. Business and Planet the same time. So, in that sense it helps to align the interests of 
society and us policy makers. With the backend that companies want to drive a profitable business. So, aligning 
incentives would be something that circular economy delivers on and technology such as IoT help to scale that 
delivery.  If that makes sense. I'm not sure if that was you are looking for. 

E: Absolutely. So, literature and existing theories suggest that one of the most profitable and smarter ways to scale 
up the circular businesses is to touch services to the existing offered product. So, delivering product service 
systems basically. From your experience is this true for your clients and in your industry?  And if yes what are the 
most frequent opportunities and challenges that product service systems arise?  

D: I think it's definitely true. I think most often you see that people start with either supply or resources recovery. 
In sort of to have get circular economy get going… And the quality of the same. What is a great way to deliver a 
very grand effect. But it also takes effort to get going back to the second opportunity to work with circular services. 
There is a grand effect. But it also takes some resources in terms of changing your business model and stuff like 
that. 

E: Perfect. Great. And do you have any examples that you have seen or being done by your clients? 

D: Yeah but I think it's best if we …. Would have sort of NDA… I will make sure that I'm not suffering in my way. 
But I think there should be a global example with the different companies working within that space. Research 
was always fall on the strings too…. 

E: Okay, okay. 

K: I have also one question. We came across a ReSOLVE checklist. Is it kind of described steps for companies to go 
a bit more forward to circularity? Have you heard about the ReSOLVE checklist? Is this kind of checklist you suggest 
your clients if they would like to become more circular?  

                                                
73 Document that includes the materials of which a product is made. This document describes the characteristics of materials that allow 
an easier reuse, remanufacturing and recycling process. 
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D: I don't know the ReSOLVE checklist. But there is definitely methodology out there. We have our own scorecard. 
Is it worth it? But that's just one way of doing it in the company. 

E: OK perfect. Then I'm going to ask you one of the last questions I'm going to ask you regarding the characteristics 
that Internet of Things can provide to product service systems. For instance, I would like to ask you regarding three 
main areas how Internet of Things can enhance the reliability, the conformance or the aesthetics of product 
service systems?  

D: I think there is a lot in terms of transparency and performance. But IoT can provide a reliability and security in 
terms of knowing where the product is just from an insurance perspective and a logistics perspective. There is a 
lot of opportunity. On aesthetic side I haven't so much… There are no applications to come to mind. Do you have 
any sort of suggestions or examples?  

E: For example, we have talked with ARUP Group which is a company that does consultancy service. They are 
mainly engineers, they don't take into consideration the aesthetics of how like product services aesthetics can be 
influenced or deteriorated by placing for example sensors on products etc. So, this is something for example some 
chips that aren't still not that small etc. Do you think this can keep the transition and the usage of these sensors 
away for now? 

 D: I don't know but it's also…. IoT it’s for me one of many enablers for product service systems. We don’t focus 
on what we do strictly. No, I haven't come across examples of it but I'm also not a such an expert in the area. 

E: OK. OK. That's absolutely fair enough.  The last thing I would like to ask you, regards if in your opinion there are 
companies who are 100 % circular nowadays?  

D: I don't think there's any 100% circular that I can think off now. 

E: That's the last question we wanted to ask you. Because that's exactly the same impression we have. And so 
because you know Circular Economy requires system synergies. And so, if you have just one company that is doing 
that still it cannot be 100% fully circular.  

D: So, I mean it's also you sort divide into the circular economy. For an appropriate product and business model 
level or at least that's what we do. So, you can imagine you implemented a product as service business model, 
that's great but you might still rely on some sort of virgin product. Or, you know, like the cannonballs.  They have 
a great business model in terms of sharing resources. But building the cannonballs can still relies on sort of 
traditional building materials and building structures as an example or they offer like when you take everything 
into account, I think that goes along with the fact that we need to be mindful that… We haven't had a sort of 
overall paradigm shift so we're still introducing circular business models in a linear system. So it's great that we're 
doing Circular Economy but there still a long way to go… 

But that also goes to the point that for me Circular Economy is not the goal. It's the tool. 

So, the goal is a regenerative society. You mentioned the Ellen MacArthur Foundation in the beginning with 
regenerative and restorative and that being the goal and the Circular Economy is helping to deliver on that. 

E: Okay, can you elaborate more on what you just said regarding like the how this circular economy is transitioning, 
is being applied in a linear way. What do you mean by that?  
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D: Is not being applied in a linear way but we still live in a linear world. You introduce a circular business model 
but is still challenged by the fact that your surroundings are at the large scale linear which makes it difficult to be 
100% circular. 

E: Okay then can in this sense as the SDGs (sustainable development goals) being implemented in business model 
in a circular way, to help to be circular?  

D: Yes, I think they can!  

E: Okay great. Then thank you very much for your answers, because we missed some of these pieces of information 
that you gave us. So, thank you very much for your time. Although it has been you know difficult to arrange the 
call perfectly fine no worries and thank you very much. We will share with you the outcome, if you would like to 
have it!  

D: I am looking forward to and best of the luck! Thank you!  

K: Thank you. E, K: Bye! 
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K: Kristine Bezbaile 

K: Hi 

E: Hi. How are you?  

C: I'm fine thank you. How are you? 

E: Good. It's been a tough week for the thesis but everything's going well. 

C: Okay. It's good to hear. When are you going to make your report finished? When are you going to deliver it? 

E: By the 15th of May. Yeah. OK. Yeah. So, there's still a bit of time but you know it's always well to be prepared in 
advance to handle it. 

C: Yeah of course. 
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E: So, we are actually in the middle on almost the end of our collecting data process with interviews and stuff and 
we are about to start the analysis. So, the context literature review and methodologies as already being covered. 
So, we are basically already known what to do. 

C: That’s great!  

K: And thank you again for taking time for us.  

E: So yeah. I'm wondering if you had time to look at the E-mail, I sent you last evening regarding the context and 
the topics we would like to touch? Otherwise I can just tell you about it. 

C: Just tell me about it. Sorry! 

E: It's perfect. No worries, it´s absolutely perfect. So basically, our thesis investigates how Danish small medium 
size enterprises can optimize their circular strategy by integrating servitization as strategy enabled by an IoT the 
Internet of Things. In order to do that we have applied different models that you might know or not. For example, 
from Ellen MacArthur we have touched upon it a lot with the butterfly model. So, we placed our case companies 
on this model to see the interlinks and the barriers that can emerge from placing them out and connecting these 
companies with servitization in order to bring new services, thanks to the IoT. And with that we aim to see the 
technological barriers, challenges and opportunities of circular economy and new business model practices.  

K: What we have done so far, we have interviewed six case companies. Which are placed on biological cycle of 
butterfly model and also three companies which are on the technical side of the butterfly model. So, since they 
are very different, we have also clustered them as low- and high-tech companies. It is very interesting for us to 
see like Edoardo previously said what are the challenges and what are the opportunities for those companies. And 
one of the biggest challenges we discovered so far is that these companies have issues on scaling their business 
and optimizing their circular business practices. And what we would like to do now we would like to go through 
the questionnaire we prepared and get your external perspective on circular economy and also in general on the 
plastic industry. 

C: Are the companies also working with plastic? 

K: Yes. On the technical side we have companies who works within plastic industry. And one of the companies is 
in your membership program. It's called Plastix. As we know this program, supposedly should help investigating 
new ways of how to recycle plastics together with the corporations. And then we also have Schoeller Plast. 

C: They are also member of that program.  

K: Then we also have company called Refurb. Not necessarily they have Businesses use plastic, but they collect 
and recycle electro appliances and then they resell further the laptops and any kind of electro appliances.  

C: What are the rest of the companies?  

K: On the biological cycle we have Kaffe Bueno. What do they extract high nutritious oil from the spent coffee 
grounds then we have company called Sprout. They are, they have created this biodegradable, re-plantable pencil. 
And then we also have SvampeFarm they use spent coffee grants and growing mushrooms. These companies are 
not related with plastic industry nevertheless they have packaging issues. It's still interesting for us to see from 
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innovation and technology perspective. What are the challenges and what are the opportunities for those 
companies. And then as a sector collaborator we have company who uses IoT devices, because these six case 
companies we have they don't use IoT devices yet, nevertheless they would be happy to use them right now. They 
have manual molding or tagging systems but to better understand from the technological perspective how to 
implement IoT devices. We also have conducted an interview with Wastecontrol. They are using IoT device in 
collecting waste. 

E: So, can we proceed maybe asking you some questions and then let's of course follow up the conversation we're 
not going to stick to these questions but it's more for us to provoke a discussion to see and gather some data we 
can work on. 

C: Yes, I can see if I can answer the questions because you know. It’s not really my scope of the work. So, I don't 
know if I can answer that, but I can try. I'm working just within plastic and environmental politics. So, it's not 
circular economy in a broader way, it’s just within recycling of plastics. But in my former job I could do something 
else. So that's why I know a little bit more about this circular economics in the broader way but let´s see what I 
can answer.  

K: That sounds good!  

E: We have turned the questions in your direction for this meeting, let’s say like that! 

E: A circular economy is based on restorative and regenerative production and consumptions systems. Such a 
system aims to keep products, components, and materials at their highest value within technical or biological 
cycles. Could you please explain how Plastic Industry in Denmark accelerates the transition towards circular 
economy within biological and technical cycles?  

C: Well, we are working a lot to make sure that the companies are focusing on the recycling and what are the 
possibilities for recycling both from their own products and for the waste they leave in the production. Waste from 
the production and maybe some of the packaging material that they have there. And it’s both the one producing 
plastic but it’s also a lot of companies working within other businesses. Because they can also have like plastic 
packaging, something like that, leftovers they can recycle.  We worked to make a focus on them, we worked within 
a program called Cirkla. You can see that where we have like an academy, a plastic recycling academy, and we 
have a lot of courses there where we educate people from companies in how to send their plastic to recycle and 
also how to use recycling materials in their products. That’s B2B. And then we also work within the plastics that 
end up in the household waste which is another kind of plastics. It’s more mixed plastics. It’s different monomer 
and different kind of plastics. And it is always dirty, because you know you have it within your household and then 
you don’t put any waste band out there.  It is a difficult fraction! We have for example, we call it Forum for Circular 
plastic packaging. You can find a lot about that also in English. We have made two brochures, one is about the 
recommendation and actions that you should make sure that you can recycle more plastic packaging in Denmark, 
the other is satisfying manual. You can look at that and see how you could design plastic packaging to both take 
care of the meat but also make sure it can be recycled it afterwards.  So, we have the design manual and we also 
have these other recommendations. For example, it's also important that when you put the thing in your garbage 
bin, plastic packaging that the municipality in Denmark are allowed to sort it out in whatever way they like. And 
we had argued that it's very important for the government to align things regionally of how to sort plastic in 
Denmark, because it is such a small market. And if we are going to have some volume and some quality out of it 
you need to align with the municipality. One by one municipalities in Denmark are too small to make a market 
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opportunity out of it. For example, right now we go from, we used to send the waste to combustion which has 
been woken up crime for a lot of years. But now we're going to change that and focus on recycling and we are 
focusing on recycling material from the household which should be in a high quality. 

E: OK. Perfect. 

K: Just from the conversation it's actually seems that you have a lot of brochures and educational materials for the 
households how they should be actually sorting their waste and garbage so that it in the end of the day it can be 
used.  

C: Not just how to short the waste but we have six recommendations. One of them is about how to sort it. And 
one of them is about biomaterials. And one of them is about the design. So, there are six different 
recommendations in there. You can find them on the home page and read all through them. They're quite 
interesting and it's focusing on the packaging part.  

K: Okay. 

C: But that's one part of the plastic waste in Denmark and the other part is within businesses. It is cleaner, and you 
have larger volumes, so it's easier to get an economy out of that part. But you need to work together within the 
supply chain to figure out the solutions. 

K: So, it seems that it is a bigger and more complex system within a lot of value chain involved. Our idea for instance 
with the innovation technologies like Internet of Things for instance could help the process on allowing the whole 
value chain to benefit from it. An example, how households would need to proceed the sorting, how companies 
need to design their products, how the packaging needs to be designed. Do you think like the tool as Internet of 
Things software could help to improve this alignment through the value chain? 

C: Probably! When you talk about these things right now you talk a lot about material passport. Especially within 
the building industry and construction industry you need to know which materials on which chemicals and 
everything else. But in the material and when you're going to recycle it. So, and if you're going to have like a 
passport for the material then it could be a good thing to have some kind of watermark whatever on the material. 
It could both be for sorting. So, when the household waste is putting into the bins…. 

For example, in the plastic industry in Denmark, there are three types of plastic in the bin: polyprotein, 
polyethylene and Polyvinyl chloride (PVC). So, these three are basically 90% of the plastic material in Denmark 
right now. You have to sort the waste bin out of all these polymers, otherwise you cannot recycle it. Otherwise it 
is a mixed plastic and it’s not high quality. In that context, the electronic data might be an answer.  

E: OK. So, in this regard it seems that your you have a direction to educate and induce both companies and 
customers to act differently and what are in this sense the synergies between Danish small medium enterprises 
and policy makers that circular economy and intelligent connected assets can generate in your opinion?  

C: Hmm, I don't know I don't think there are that far actually. I think that people are talking about it, but we are 
not in the action yet. I think when you talk to the companies, they are not using it in anyway right?!  I could imagine. 
So yeah, I think it could be I don't know if there’s a strategy from the government on data and the focus on that 
to make a circular economy happen in the real time! Probably they are, it could be. I think it is easier within... if 
you have like Airbnb and others kind of companies who have a circular business model and then you use that data 
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platform for business. So, it's different than when you have like a product that you put on the market and you 
need to get it back somehow or you need to make sure that it ends up at the recycler. 

E: Okay. Perfect. Very interesting. We have seen that ok, we are in a period of tremendous technological 
innovations. There are plenty of technological innovation shaping not only the products, but all the way companies 
create deliver and capture value. We have seen that Danish Plastics Federation has established a membership for 
recycling businesses and that one of the corporations is together with Plastix and Schoeller Plast. The goal is to 
develop and test new plastic usage through reuse and recycling. By having this collaboration does Danish Plastic 
federation wish it could be able to exploit any particular technological innovation. Why and Why not? 

C: I know that there is a section within recycling companies… but what is the question?   

K: To reformulate the question the question would be since you have, I think 10 or 12 different kind of plastic 
recycling companies or plastic converters who are doing their daily business with plastics. The idea of the question 
is how this collaboration can help to innovate new solutions and what is the role of Danish Plastics Federation in 
by creating such a membership and what the Danish Plastics Federation wish to reach from collaboration like that? 
Because is very technological oriented right? On coming up with new plastic usages. 

C: We have been representing and working with those companies for a several of years. But right now, we have 
made the section where they are more together to make sure that we can we push the growth in Denmark within 
recycling companies of recycling plastics. So, we are going to focus on what are the barriers for recycling of plastics 
and barriers for growth and how can we make suggestions for solutions for that part. And it’s also part of a huge 
focus of the government right now because they have made this plastic strategy in Denmark, it was announced in 
January, I think. There's a huge focus there as well. And one of the solutions is to collaborate along the supply 
chain and to talk together, to get to know each other and also for example the designer to talk to the recycler and 
say: “What’s important for you when I design this product so that it can be better recycled? Is it important that I 
use glue, or should I be using something else?”.  We can support them with some political statements and make 
sure that it would be a possibility to create growth within this industry. And then also we can support them with 
a network. There are 50 people and it is both the recyclers, designers and the producers and the retailers. They 
are together, and they can find solutions together. We can't do it for them. We can put them together and make 
sure that they talk to each other. 

K: And just to clarify this. Is it like a platform where they meet, and they can talk together or it's more like a 
networking event or kind of a conference where they can they got invited and then they have workshops? Okay. 
You can put the ideas together to improve the communication, but actually does it really happen? What's the 
setting is it's something digital where they can talk to each other and keep communicating or it's more like there 
is once a month organized seminar or workshop where they all meet and talk and how to improve through the 
value chain? 

C: The recycling companies are the 10 companies we have meetings regularly every three to four months where 
they talk together. The networking events we have like three times a year and where they can meet and talk 
together. So, it's very physical but we also use a platform where they can discuss things, if they like, as they would 
like and especially use the network. It's a platform called “Basecamp” where they can push up their questions.  

K: And the next question would be more in direction product information through the use cycle and design 
challenges. So, in general does the digitalization can increase the contribution towards circular economy and can 
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digital technologies help generate thing of detailed product information to the use cycles? You kind of said about 
the idea of creating for products passports in order to improve the design of the products, right? 

C: In order to improve the recycling possibilities of the products 

K: But then when the products will be recycled, they will be used for design? 

C: Yeah and the focus should be on the passport. The material passport. When the product is done when you have 
like a building and you need to tear it down and you can see how old the material is. Regarding the legislation and 
then you can see if there are any chemicals in it that you don't like in the future so that a material passport. 

K: And that is that is like a digital platform where everyone will be able to see?  

C: It's not there yet. It's just something that someone is working on.  

K: Okay. But then the idea of that is to create an accessible… like a source to everyone where they could see from 
a recycling perspective of what kind of components that and that product is consisting of? 

C: Try to google “material passport” within the building or the construction industry and then you can see if anyone 
is writing about it specifically.   

E: Okay perfect. So, could knowledge generated by intelligent assets enable your institution to develop incentive 
schemes for business and individuals to become more resource productive? 

C: Yeah probably. But I don't have any examples yet. You know the industry isn't there yet. They are just working 
on increasing the recycling and increasing both the things they're sending to recycling and also the recycling 
materials they use. They are not there yet but it could probably be more or less the solutions, but I can't give you 
an example. 

E: Okay that's fine. That's fine. But then I ask you what are the barriers in this sense? 

K: Barriers for industry to be yet there in a way is it like technological barrier or it's like this communication barrier? 
The collaboration barrier between policymakers and recycling companies? 

C: I don't know if there are specific barriers right now, everything is in progress and there's a lot of things happening 
in the plastics industry.  There are a lot of things to be done and to be changed. We have the barriers of how to 
solve the plastic waste in their municipality. But that's one point. The other one is just to make a turn in the 
industry and to focus on how to and what to and things like that so… I think here we are we are just starting up. 
The last couple of years on to run it. 

K: Yeah it seems that there is still a lot of work to be done. 

C: And then there are not structural barriers I can see, “Yeah it’s that thing!”, and of course there is economy and 
the technology that you would like to develop. So that we can be better at recycling specific materials. There are 
materials that are difficult to recycle, there are technologies that need to be developed. There are companies that 
needs to figure out how to use recycled materials in their products, so that there can be some kind of number of 
recycled products within them, if it is possible depending on the legislation. For example, in medical devices is 
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difficult to use recycled materials, because it is very important the materials are clean, clean, clean! So that they 
don’t make people sick at the end. So, there are a lot of small barriers, but they are more technological and things 
like that.  

K: We have talked a lot about the materials needs to be clean, for example recycled meat boxes needs to be clean. 
Since there is a way a gap pf how the recycling processing should be done also from the households’ perspective.  
For the plastic industry it is preferable to incinerate plastics that do not meet certain criteria of purity for 
recyclability and re-use, rather than recycling it, especially if the process for recycling is difficult. How would you 
describe this supply and demand relationship? Would that be the lack of demand for recycled plastics, at least for 
some low-level polymers? Or would you rather say that there is a lack of sorting technologies and also perhaps 
knowledge? Is there anything what policy makers can do?  

C: Policymakers can support innovation, technology development and also as they do in the “Plastic Strategy”. 
They can make sure that there will be network events and make people talk together in the construction industry. 
They are doing a lot already also by identifying the barriers within this certain area. So, I think for the plastic 
industry they are going to do a lot with the “Plastic Strategy”. 

K: I saw on the website that there was recently an event there was the discussion about biodegradable versus 
recycled plastic packaging? I just wanted to ask if you have thought about trying bio-based packaging, what 
biodegradable plastic packaging? What are your thoughts on that? Is it a short-term solution or how do you see 
that? 

C: Biodegradable plastics is not going to biodegrade in the nature, the biodegradable plastics is going to 
biodegrade in some kind of combustion, some kind of gasifier. So, you need to collect it and put into waste into 
the biological food waste bin. It is not the solution of biodegradable packaging yet, not if you throw it in the nature. 
There is a difference between Bio-based and Biodegradable packing material. Bio based is based on the corns or 
sugar canes, can be solution sometimes. It depends on the origins; do you need that land to produce food? And 
instead of producing ingredients to the plastic? There are a lot of environment problems also regarding the bio-
based plastics. So, it can be one of the solutions, but I think that recycling where you can save a lot of CO2 is also 
a good solution. 

E: ok So we have one last question. The Nordic region has set ambitious goals for transitioning to fossil-free 
economies and contributing to the Paris agreement climate targets. That would mean to prohibit plastic 
incineration.  How do you see this ambitious goal to happen? 

C: Well, it is important to continue the work on how to recycle and recycling technologies. There are for example 
new technologies to take out CO2 from the air and produce plastics from the CO2. That could be also a solution 
in the future in the long term.  I think there will be a lot of new innovation and technologies both within the 
material and within recycling. Hopefully there could be a new way of how to produce plastics from the CO2. There 
could be a lot for solutions there.  

K: Ok, but it is still very ambitious goal to reach something like that, do you see any barriers in this goal happening? 
Because when we talked with companies, they said it’s kind of utopian goal, in a way, because they don’t see how 
the zero-waste society goal should happen within the next years. They actually see more barriers than drivers.  

C: It’s a goal and we will still keep working towards it and let’s see what’s going to happen. We are also going to 
work towards circular economy and by now everyone knows the EU and UN global goals. I think that now 
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everybody knows that they are going to work towards sustainability and recyclability and things like that, and also 
especially CO2 reduction and Climate. So, I think that a lot is going to happen if you are going to end there where 
the goal is, might be, maybe not. Because if you have a machine sending CO2 emissions and creating plastics out 
of it, it’s also a possibility and there are lot of possibilities within innovation and new materials. Let’s see if it’s 
going to happen, I am not negative about that. That’s how the future goes. 

K: Can your institution facilitate the sharing of big data between industry stakeholders while maintaining data 
privacy and security? Is there a need to oversee current legislation? For example, if there is IoT sharing the big 
data with stakeholders, would there be the special legislation?  

C: No, not that I would know! The legislation towards the new innovations and technologies is not yet there. 

E: Ok thanks a lot for the insights and we would be happy to share with you the final product when we hand it in, 
if you want to receive it of course. 

C: Great! Thanks for calling me and good luck with you project. 

 

Wastecontrol – E-mail Interview 
 

 

Date: 30.03.2019 

Present from Wastecontrol: 
Lars Kruse Ravnsbeck, Co-Founder & Partner 

E-mail Questionnaire: How does Wastecontrol has integrated into their Business Model IoT solution? What are 
the practical implications, challenges and opportunities? 

1) A circular economy is based on restorative and regenerative production and consumptions systems. Such a 
system aims to keep products, components, and materials at their highest value within technical or biological 
cycles. Could you please describe how IoT could help your company scale your business or help to improve some 
of your business activities?  

IoT is not a part of our development phases – or for that matter our manufacturing.  We are a part of the IoT 
offerings. However, the way we can improve on our line of IoT/Smart City products is by “sharing” 
knowledge/experiences and thus try to avoid using a lot of unnecessary resources (be that manpower or physical 
products). However due to competition and market interests, this is of course only “wishful thinking”. IF we were 
to make this practical possible, I reckon that we (meaning everyone from developer to manufacturer and end-
user/customer and re-user/gainer) should develop a totally new united “business model” where “sharing 
experiences and gaining success from own and others (competitors/end-user/industrial) would be a natural 
consequence and “must”. Until then it’s a tough task to make the developer/manufacturer focus on circular 
economy, when developing/manufacturing. 
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• Is there a silver line solution (one practical application) for companies who are interested to implement IoT into their business 
independently from the industry they are operating? 
No – not to our knowledge. The technical institutions should take that “thread”, but they are way behind the development within 
our field of technology. We actually use doctors (Ph.D.) from technical universities elsewhere in Europe to develop parts of our 
product line. 

• Is there anything what policy makers could do in order to help circular business to integrate IoT into their business models?  
Very interesting question! I guess, that politicians are so far away from this reality – that they would not understand, how to 
compromise from political ideology to “see the wood”. They would be frightened to “step into” this path, using the term and 
“vision” of circular economy is still politically “free of charge”. Unfortunately. If they were to do something REAL, you would need 
to prove that re-thinking the traditional “business models” can be profitable for all parts – and that you can only do by trying it 
out. 

 
2) Internet of things (IoT) is defined as sensors connected by networks to computing systems that can monitor or 

manage actions of connected objections and machines. In the context of circular economy, IoT can collect 
information generated by sensors to connected stakeholders across the value chain. For example, IoT could 
provide information about what resources we have and what we are losing. With objects becoming increasingly 
self-aware, the sharing platform of the future could have assets making themselves available for use in real-
time.  Within the intelligent asset value drivers there is the knowledge of the location, condition and availability 
of the raw material.  

• What are the key challenges/barriers to address in order to realize the potential of this opportunity? 

The “human factor” is – as always – a prime barrier. The fact, that “everybody wants development, but no-
one wants change.” Of course, this saying does not cover the mere population – but it is definitely a barrier, 
that a huge majority of people want to “do the job, they have always done – and in the way they have always 
done it”. In our experience! Having said that, the 10-20% who are focusing on bringing new developments to 
light and wants to take part in testing – and using – IoT products to the benefit of the total society, have the 
trouble that to use the products there are too many different platforms. In other words, their work to 
introduce IoT is hard and takes a lot of extra resources due to the fact, that data is not “flowing” freely and in 
conformity. 

• What happens to the sensors after the battery has died? 

We replace the battery – as the only one on the market! When the sensor eventually dies, you can re-use the 
plastbox and the PCB’s etc. i.e. an estimated 80% of the whole unit can be re-used. We actually use re-pro 
plastic, when making our boxes (so that part is already being re-used again by us). 

3) Who is your customer for the software and who is the customer for the sensor? Are municipalities buying 
software management tool and private companies (like waste sorting centers) IoT sensors in order to monitor 
their waste bins?   

• Which data is collected by the sensors? Can the sensors recognize different types of waste like plastic bootless, bio waste and metals? 
If yes, can it measure the quality of the waste? 

The customers are municipalities, governmental institutions, institutions, industrial companies etc. etc. 
Everybody having a waste container OR anybody, who requires a vertical measurement of some kind (our 
sensors can detect on all types of material i.e. water, waste, oil, sewage etc.). The sensor can NOT detect 
which type of waste it detects. Not yet, anyway. We cannot measure the quality of the waste either. We can 
measure different wavelength and we measure 4-dimensional within a container. 
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• Furthermore, who is owning the collected data? Is that the company who bought the sensor, management software or the company 
who collects the waste?  

We have from the very beginning decided to operate with “open data” – opposite to e.g. a company like Apple 
(without any comparison…). The data should – in our philosophy – be open fully for the end-user, as this is 
where it can be utilized properly and to the fullest. So, we do not “sit” on the data, but let it flow freely (of 
course fully encrypted!). The ownership of the data is the end-user. 

4) Could knowledge generated by intelligent assets enable schemes for businesses and individuals to become more 
resource productive (e.g. reduce waste, improve waste disposal behavior, reduce energy and water resource 
demand, improve transportation flow)?  

• How could innovation, privacy and data protection, flourish at the same time? 

Definitely -yes. By gaining experience from users of e.g. waste sensors you could decrease the traffic 
considerably, with positive effects on both the environment (CO2and the public health (NOX74)). Furthermore, 
there is a very big economical effect i.e. saving an average of 45% on your pick-up costs. In EU we have an 
estimated 350 million containers – the number growing with 5% every year. The average emptying is 1 x week 
i.e. almost 20 billion container emptying/year. And – as already said – with an annual increase of 5%. There is 
a huge loss of resources in “emptying air”! As for the interaction between innovation, privacy and data 
protection, I am not sure what you mean. sorry. 

5) From your experience what are the IoT advantages and why companies should integrate IoT solutions into their 
business models? Are there any fuller services IoT could enable? If yes, which ones?  

• What are the different IoT use case and the practical applications? How to integrate IoT solution and use the system? What factors 
are important to include? 

In our mind, you should use IoT where it makes sense. Not for “the hell of it” – but because it makes sense! In 
other words, you should not use IoT products (waste sensors for that matter), where it is unnecessary and just 
becomes a gimmick. However, like previously described it is important that there will be better administrative, 
cross-linked – platforms. What we see now, is some very basic solutions (Cisco, TELIA, Vodafone, Huawei), 
characterized by lack of actual insight in both WHAT to use the platform for, and WHICH products/features 
there is a demand for. 

6) Despite the high economic significance of the plastic industry in Europe (it was forecasted that plastic production 
will reach up to 600mil tones by 2035), the waste recycling sector remains underdeveloped and fragmented in 
Nordic countries. What do you think are the factors that hinder the market for recycling of plastic waste in the 
Nordic countries/Denmark? Why? Can you identify ways to increase the demand of recycled plastics? 

• Why Denmark is so behind other countries with regard to waste management (particularly plastic)? What are the barriers that you 
have faced? How do you plan to change it? 

The problem with Plastic in Denmark has been, that so far, we did not have any separation facilities and thus 
plastics were burnt – or driven to Germany to be transported to e.g. China for re-use (or burning…). Plastics 
comes in so many variations, that to re-use it you must separate it thoroughly. You cannot mix plastics of 
different types and make new plastic pellets of it. So, you will have to separate PE from PP from ABS from PA 

                                                
74 Generic term for Nitrogen Oxide used in atmospheric chemistry. Nitrogen Oxide included the oxides that are most relevant for air 
pollution (Wikipedia, 2019). 
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and so on…  We are not in the re-use of waste industry – and only have limited experience in re-cycling 
processes, so I do not want to try to be “clever” on this subject... :) 

7) Finally, the Nordic region have set a ambitious goals for transforming to a fossil-free economies and contributing 
to the Paris agreement climate targets. That would mean to prohibit plastic incineration.  How do you see this 
ambitious goal to happen? 

• What do you think Denmark might look like in a sustainable, low-carbon and zero-waste society? What would be the drivers and challenges 
towards this vision? Can you please name at least 3 barriers and 3 drivers? 

Denmark hopefully looks into using modern technology (like IoT solutions) to solve the challenges. Otherwise 
…. We have worked with political lobbyism for 1 year, pushing for this. 

As for barriers: 

• Barrier 1 is the political factor. 

• Barrier 2 is the traditional factor (we do, what we have always done – and do not want to change our routines) 

• Barrier 3 is lack of knowledge (which can be overcome, but it takes time...). 

As for the drivers: 

• Driver1: Education 

• Driver 2: Education 

• Driver 3: Education 
With education comes – as a natural consequence – focusing on other drivers like: 
- Developing separation technologies 
- Investment in local plants, so you do not run into the present paradox, where waste is being transported far away by trucks, to 

be treated/recycled, creating more environmental harm than it gains… (we have made studies/calculations on this). 
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5.Images from Company Visits  

Figure 40: Photos from Plastix Company Visit. External area of the production plant, a panel describing the company's 
commitment to the SDGs. 

Figure 41: Photos from Plastix Company Visit. Two phots from the internal area of the production plant, a photo with 
Plastix's CEO, recycled fishing net granules and the laboratory. 

 

Figure 42: A photo from the Schoeller Plast production plant in Regstrup, the SvampeFarm's kit for growing mushrooms, 
Sprout's plantable pencils at Sprout's office in Taastrup, Kaffe Bueno's in Kogens Enghave in Copenhagen, Arup logo at the 

entrance of their offices in central Copenhagen. 


