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I.

SUMMARY

ENG: A circular economy is believed to offer solutions for the critiques that come along with the prevailing
take-make-use-dispose model of a linear economy. Building on these statements, this master thesis aims to
find appropriate principles and methods to recognize and integrate circularity in the business models,
achieved by performing a thorough analysis of eight innovative waste management solutions in a circular
framework. The research process is completed with identification of circular waste management approaches
and their appropriateness for the specific Belgian context. The first part of the master's thesis consists of a
thorough literature review of the circular economy and principles describing it. Subsequently, a projection of
the eight waste management solutions was conducted on two existing circular principles. Afterwards, the
solutions were situated in a self-developed analysis instrument based on the widely used Business Model
Canvas. This adjusted Circular Business Model deeply integrated circularity by using the ReSOLVE criteria.
These three analyses made an attempt to prove the circularity of the solutions and additionally the degree of
circularity. The outcomes of all projections against these different analysis instruments were in the same line.
This could mean that a combination of these three instruments can lead to a sort of checklist for naming
circular solutions. While previous business models mainly discussed sustainability, this master dissertation
and its result gave insights into how companies can develop a circular business model that works in practice.
This business model could add to the transition towards a circular economy, which will be unavoidable in
the future.

NL:

Een circulaire economie wordt verondersteld oplossingen te bieden voor de kritieken die gepaard

gaan met het heersende take-make-use-dispose model van een lineaire economie. Op basis van deze
stellingen heeft deze masterscriptie tot doel passende principes en methoden te vinden om de circulariteit te
herkennen en te integreren in bedrijfsmodellen. Dit wordt bereikt door het uitvoeren van een grondige analyse
van acht innovatieve oplossingen voor afvalbeheer in een circulair kader. Het onderzoeksproces wordt
vervolledigd met de identificatie van circulaire afvalbeheerbenaderingen en hun geschiktheid voor de
specifieke Belgische context. Het eerste deel van de masterscriptie bestaat uit een grondige literatuurstudie
van de circulaire economie en de principes die deze beschrijven. Vervolgens werd een projectie van de acht
afvalbeheer oplossingen uitgevoerd op basis van twee bestaande circulaire principes. Daarna werden de
oplossingen gesitueerd in een derde en zelf ontwikkeld analyse-instrument op basis van het veelgebruikte
Business Model Canvas. In dit aangepaste Circulair Business Model Canvas is de circulariteit diepgaand
geïntegreerd door gebruik te maken van de ReSOLVE-criteria. Deze drie analyses hebben een poging gedaan
om de circulariteit van de oplossingen en daarnaast de mate van circulariteit aan te tonen. De uitkomsten van
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alle projecties tegen deze verschillende analyse-instrumenten lagen steeds in dezelfde lijn. Dit kan betekenen
dat een combinatie van deze drie instrumenten kan leiden tot een soort checklist voor het benoemen van
circulaire oplossingen. Waar in eerdere businessmodellen vooral over duurzaamheid werd gesproken, gaf dit
proefschrift en het resultaat ervan inzicht in hoe bedrijven een circulair businessmodel kunnen ontwikkelen
dat in de praktijk werkt. Dit businessmodel kan bijdragen aan de transitie naar een circulaire economie, die
in de toekomst onvermijdelijk zal zijn.
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II.

FOREWORD

As a biologist I feel like nature has always been very circular. Living systems have been around for a few
billion years and will be around for many more. In the living world there is no landfill or garbage disposal,
instead materials are flowing in cycles. One species waste is another’s food. Energy is provided by the sun,
things grow, then die, and nutrients return to the soil safely where they can be used by others. Nature is a
beautiful closed loop.

The same held for our economic system, which used to be circular. But, somewhere along the road an
Industrial Revolution took place which changed our whole economic system to a wasteful linear model.
However, let’s be positive! Humanity designed this linear system, so I strongly believe we can also redesign
it again.

For me, the field of circular economy was very unknown but yet very interesting, it triggered me. How can
you move a person, a group, a country and eventually a whole planet to change their economical way of
thinking from a linear one, where they take-make-waste, to a circular one, where the aim is to reduce waste
to the maximum. This thesis has taught me a lot, on so many levels. For the future, I hope I can contribute to
the transition towards a circular and healthy world.

Finally, I would like to thank my parents for their endless love & support. A special gratitude to my brothers
(whom I look up to), family and best friends to keep supporting me. Further I would like to thank Renata,
my mentor, who was available at any time if I had questions or needed feedback. At last I want to thank
professor Poels Geert for letting me choose a subject which I found really interesting and give me the freedom
within this subject.

Judith DE KONINCK
Ghent University, Belgium (2019-2020)
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1.

INTRODUCTION

Over the last 150 years, our economy has been dominated by a one-way model of manufacturing and
consumption. This linear economic model, which exists of producing a product and throwing it away after
use, is in many reports referred to as the ‘take-make-use-dispose’ model (Lieder, 2016). This model was
created during the industrial revolution and has not been adapted ever since. Sadly, it is putting an
unsustainable pressure on our planet’s natural assets and systems (Pardo R. & Schweitzer J. P., 2018).

Figure 1: Mechanisms behind a linear economy (Source: Zero Waste Yukon, 2019)

In this one-dimensional system, resources are extracted from the planet and are further processed and then
manufactured into products that businesses or consumers are buying. Instead of reusing or recycling these
materials, the model ends in throwing away of waste into landfills or incinerators (Pauli, 2010). This linear
system contributed to a steep economic growth worldwide, but several studies showed that this linear model
has multiple weaknesses (EMF, 2012, 2013; Mcdonough and Braungart 2010; Murray et al., 2015).

1.1. PROBLEM STATEMENT
The mechanisms and components behind this linear model cannot be extrapolated to the future. The problems
can be attributed to the mechanisms in Figure 1. The exhausting of resources by the removal of natural capital
from the environment is causing many irreversible consequences for our environment, biodiversity and
associated ecosystem. The resources we are using for production are scarce, but consumers are seeing their
own aspect only as a small part of this problem. Globally, people are acting as if resources are infinite so we
create an excessive use of these resources (Pauli, 2010; Michelini et al., 2017). In the past decades low
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resource prices made it possible to easily create economic growth in this linear system. But times are
beginning to change, resource prices are becoming more expensive due to significant lower supplies of
natural capital (law of demand and supply) (Accenture, 2014; EMF, 2015). Consumer demands are changing,
and companies are starting to realize that a transformation to an alternative model is needed to ensure
economic growth and to secure themselves from business risks as unpredictable resource prices and
stagnating demand and supply disruptions. A business model for long term economic growth is needed as
this inefficient linear system leads to increasing business risks and environmental problems (Accenture, 2014;
Sariatli, 2017).
The alternative for this ‘linear thinking’ is the Circular Economy (hereafter CE). The circular economic
model is proposed as a solution for the conflict between industry, economy and environment that results from
the industrial linear economy. This economy is based on maintaining, reusing, remanufacturing, recycling
and biocycling waste products and/or materials in a closed loop (See Figure 4). In this circular system,
products and the materials they contain are highly valued (European Parliament). Circular economy is aiming
to let biological materials return safely to their ecological cycles and technical materials are designed to
continuously circulate in the economic system.

Figure 2: Schematic overview of a circular economy (Source: Circle Economy, 2018)

At present, more and more customers are demanding that companies need sustainable solutions with a
minimal environmental impact. So, with major companies and consumers both demanding green products, a
pressure on manufacturers is rising. Companies who can best raise the ecological challenges today will be
the leaders in the market tomorrow (Geng et al., 2019). Within the circular economy model, waste
management is one of the most important areas. The transition of our world into a dumping place for waste
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has been going on for the last decades. The numbers are shocking, more than 80% of the goods we consume
are thrown away as waste only within six months after manufacturing (EMF, 2013). In recent years, work
has also been done at a policy level towards a circular transition, for example, the Belgian government is
taking policy measures and is setting various goals to promote a shift to a circular economy (PwC, 2016;
FOD, 2016).

During this thesis, the core concept is the analysis of global and innovative waste management solutions that
are designing-out waste. The need for companies who are developing innovative and sustainable waste
management applications is essential for driving our circular transition. The solutions will undergo a
projection against circular principles and an attempt to create a general framework for a circular business
model will be made. The formation of this new framework will be based on the prevailing business model
canvas, and will be used for investigation of the solutions. The results could be useful to make a distinction
between real circular waste management solutions and just ‘normal’ waste management solutions.
Nowadays, companies are in need of exhaustive circular business models to further stimulate and encourage
implementation of the CE. This explains the demand of understanding and analyzing circular business models
at the firm level of waste management applications (Lewandowski M., 2017). Additionally, companies need
game-changing solutions that grow all kinds of industries to a clean and lean future but at the same time they
should still be able to survive the transition and develop.

1.2. OBJECTIVES
This dissertation will attempt to perform an investigation of different waste management solutions by using
existing and self-developed analysis instruments that contain applicability for companies. A so-called circular
business model will be generated and used; the aim is to deeply integrate circularity within this model.
Therefore, this study will propose a clear and concrete set of criteria, which is needed to specify the degree
of circular acting. The solutions from different companies will be projected against these set of criteria. By
analyzing these results, we can find out if these solutions are really circular solutions or rather just normal
waste management solutions. Lastly, this thesis will attempt to discuss applicability of the solutions in a
Belgian context. Overall, the aim of this study is to bring insights on new global waste applications and
especially to assist companies on their journey from a linear to a circular economy with the use of a concrete
sets of criteria and a proper circular business model.
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1.3. RESEARCH QUESTIONS
1) What can be said from the projection of the eight waste management solutions against the existing
circular principles?
2) Can the self-developed analysis instrument function as a proper circular business model?
3) Are the discussed innovative waste management solutions applicable within the framework of the
circular economy concept? In other words, are the solutions real circular waste management solutions or
rather just waste management solutions?
4) How can these circular solutions be applied to a Belgian context?
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2.

LITERATURE REVIEW

2.1. THE CONCEPT OF CIRCULAR ECONOMY
2.1.1. The emergence of the idea
Literature states that decades ago humanity already acted circular. Practices at the core of a circular economy,
such as repairing, recycling, refurbishing, or remanufacturing are barely revolutionary. These key values of
a circular economy are rooted deep down in our past (Kuijpers, 2019). But the arrival of the Industrial
Revolution changed our economic behaviour. This revolution was a period of major industrialization and
innovation that took place during the late 1700s and early 1800s (De Vries, 1994). Globalization, high
economic growth, ‘bigger-faster-mindsets’ and high profit business models that came along with this period,
caused the disregarding of circular behavior among people and transformed the economy into a linear one
(Stahel, 2016; EMF, 2012; Sariatli, 2017). This wasteful linear economy traditionally follows the "takemake-use-dispose" model, where value is created by manufacturing and selling as many products as possible
(Michelini, Moraes et al., 2017; Sariatli, 2017).

Coinciding with the end of the industrial revolution, the idea of circular acting was again discussed. In 1848,
Hofman stated “in an ideal chemical factory there is, strictly speaking, no waste but only products. The better
a real factory makes use of its waste, the closer it gets to its ideal, the bigger is the profit” (Lancaster, 2002).
This statement already spoke about zero waste, an element of a circular economy. After this many papers
followed with elements contributing to the term circular economy, but none of them were describing it as an
economic model (Murray A. et al., 2017). Somewhere around the end of the 20th century, in 1989, Pearce &
Turner, two British environmental economists came up with a concrete version of the circularity concept. In
their first paper they talked about how the traditional linearity would lead to a planet warehouse of waste.
Instead they encouraged a system where development is based on technical and biological cycles (Pearce, D.
W., & Turner, R. K., 1990).

In 2012, the Ellen MacArthur foundation conceptualized circular economy for the first time (EMF, 2012).
The report described CE as an industrial system that is restorative and regenerative by design. The publishing
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of this report was the run-up for the circular economy model as new economic vision. The idea of feedback,
of cycles in real-world systems is ancient and goes way back into history. But the historical roots of circular
economy has been laid by some famous prevailing schools, such as; Cradle to Cradle (McDonough &
Braungart, 2002), Blue economy and Biomimicry. These schools were the precursors and base for the
conceptualization. The foundation was also inspired by the business mindset of lean manufacturing, which
aims to maximize value for the customer while minimizing waste (Nadeem et al., 2019).

Circularity has been gaining more attention the last years from global companies such as Google, Unilever
And Renault. This increasing attention came together with the formation of the Sustainable Development
Goals and the Paris agreement in 2015; two incentives created as an attempt to re-think linear economics on
a global scale.

2.1.2. The need for circular economy
Value in a linear economy is created by manufacturing and selling as many products as possible. But an
infinite increase in production and growth is simply not possible with a finite amount of resources (Michelini
et al., 2017). Figure 2 shows the present amount of resources considering you’re born in 2010, even if
production remains static, resources will get exhausted in the coming decades. An amount of 92.8 billion
tonnes of resources entered the global economy in 2015 (Circle economy, 2018). The trend is accelerating as
material resource use could double between 2015 and 2050, reaching 186 billion tonnes per year by 2050
(UNEP, 2017). The potential future shortage of our planet’s natural resources is increasing rapidly throughout
the world (Michelini et al., 2017).
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Figure 3: The amount of resources still available when you were born in 2010 (Source: Statistical Review of World
Energy, 2010)

The Earth Overshoot Day marks the date when humanity’s annual demand on nature exceeds what Earth’s
ecosystems can regenerate in that year. During the last two decades, the Overshoot Day has moved up three
months to July 29 (Figure 3), the earliest ever. This means that humanity is currently using nature 1.75 times
faster than our planet’s ecosystems can regenerate, equivalent to 1.75 Earths (The global footprint network,
2019, 2012). The Footprint network stated that the world is depleting its natural capital, compromising the
planet’s future regenerative capacity.
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Figure 4: Earth overshoot day 2019 (Source: Global Footprint network, 2019).

The global endless depletion of resources causes the need for a circular system, where resource exhausting
is minimized, is urgently needed (Pauli, 2010; Michelini et al., 2017).

2.1.2. Defining a circular economy
2.1.2.1. Principles of a circular economy
In the meantime, the concept of a circular economy has begun to cover a very broad cargo (Schellemans,
2018). The circular economy has been defined by many people and several papers are proposing different
definitions (Lieder & Radid, 2016; Murray et al., 2017; Stahel, 2016). But, the following definition by the
Ellen MacArthur Foundation is generally accepted as a standard: “A circular economy is an economic system
of closed loops in which raw materials, components and products lose their value as little as possible,
renewable energy sources are used and systems thinking is at the core.” (EMF, 2012). Defining this term
allows us to all be on the same page when discussing about circular economy. Circular behavior can be
explained in different ways based on some principles.
The butterfly diagram, introduced by The Ellen MacArthur Foundation, is a visual that tries to describe the
circular economy by focusing on two closed loops, namely the biological and technical loops, which both
serve as a continuous flow of materials. Inside the biological loop, biologically-based materials are floating
inside the cycle. Natural materials (e.g. wood or freshwater) are moving back into the system by composting,
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anaerobic digestion or other technologies, inside this cycle, living systems regenerate which can again be
used as renewable assets for this type of bio-economy. The technical cycle components are man-made
materials, hazardous elements, and metals. During this cycle, activities as; reusing, repairing,
remanufacturing and recycling are used to recover and restore materials and/or elements (Wautelet, 2018;
EMF, 2015)

n
Figure 5: Schematic view of the idea of circular economy, also called as the ‘butterfly diagram’. (Source: EMF, 2013)

The main guidelines of following a CE can be extracted from the scheme on Figure 5. First, preserving and
enhancing the natural capital, by controlling end replenishing current stock and through using renewable
resources. Second, optimise the yield of operating resources. This can be done by circulation of products and
materials in their use, they should obtain the highest productivity in both technical and biological cycles.
Third and last, system thinking, increase the effectiveness by out-designing negative externalities.
This system of cycles contains power in four different ways of thinking, which is visualized in Figure 6. First,
the power of the inner cycle, this power refers to minimizing the materials used in the circle. When the need
of change for a product is minimized, the more rapid it can return to usage, the higher the potential savings
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and the more natural capital will remain embedded within the product or material. Second, the power of
circling longer applies to maximizing the number of consecutive cycles and/or the time in each cycle. Third,
the power of cascaded use, this accounts to a broad reuse across the value chain. Fourth and last, the power
of pure inputs, which means that non-hazardous material streams increase product and material efficiency
while maintaining quality, particularly of technical materials. This cycle system of value creation can be
referred to as ‘the power of circles’. Their value or so-called power lies in changing the run rate of required
material intake which subsequently increases material productivity (Yang et al., 2018; WEF, 2017; EMF,
2013).

Figure 6: Sources of value creation in a circular model.(Source: Ellen MacArthur Foundation circular economy team)

The term “circularity” can also be described by the use of a set of interventions or guidelines. Several reports
state some different guidelines, but most of them are in general going the same direction. The criteria used
in this thesis to describe circularity will be based on the ReSOLVE framework created by McKinsey in 2015
(EMF, 2015). This framework is able to offer a methodology to incorporate circular strategies and growth
initiatives for all types of businesses (Manninen et al., 2018). It’s six actions are listed and explained in the
undermentioned Table (Table 1).

Gower proved that the ReSOLVE framework can be employed as a very effective tool to illustrate areas
where circular interventions could be made, especially in low-and middle-income countries (Gower et al.,
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2016). Besides, the ReSOLVE principles can act as an instrument for companies to generate more circular
strategies, these principles can help the company grow through innovations in one of these areas. Because
circularity is still a growing concept, there are currently loads of opportunities within this framework for
global leaders or entrepreneurs.

Regenerate
Shift to renewable energy and materials; reclaim, retain, and regenerate health of
ecosystems and return recovered biological resources to the biosphere.

Share
Keep product loop speed low and maximise utilisation of products by sharing them
among users, reusing them throughout their technical lifetime, and prolonging their
life through maintenance, repair, and design for durability.

Optimise
Increase product performance or efficiency; remove waste in production and the
supply chain; leverage big data, automation, remote sensing, and steering.

Loop
Keep components and materials in closed loops and prioritise inner loops; for non
renewable materials, this means remanufacturing products or components and
recycling of materials; for renewable materials, this means anaerobic digestion and
extracting bio-chemicals from organic waste.

Virtualize
Avoid the use of resources for physical products by replacing them through
(in)direct offering of virtual and dematerialised products.

Exchange
Replace old materials with advanced non-renewable materials; apply new
technologies, choose new products and services.

Table 1: The ReSOLVE framework, designed by McKinsey (EMF, 2017)
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2.1.2.2. Towards a circular Business Model – Business Model Canvas as
foundation
To give a clear description about a circular business model, a definition of the normal business model must
be first given. There are quite many conceptual frameworks of business models in general, but the
comprehensive framework proposition by Osterwalder and Pigneur has become the standard (Linder &
Williander, 2017). Alex Osterwalder and Yves Pigneur defined a business model as the following: “A
business model describes the rationale of how an organisation creates, delivers and captures value“. This
business model distinguishes nine building blocks and is conceptualized as the business model canvas
(hereafter BMC). During the thesis we will use this description as a standard. The nine building blocks of the
BMC can be seen on Figure 7 and are explained in Table 2, based on descriptions from many papers (EMF,
2012; Osterwalder & Pigneur, 2005; Barquet et al, 2013; Lewandowski, 2015).

Figure 7: A visual representation of the business model canvas (Source: Osterwalder & Pigneur, 2010).

Building block

Content

Value proposition

What are you building and for who? Solving a
problem or need. What gain are you gaining? What
is creating value to your customers?
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Key partners

Your network of suppliers and partners that are
supporting in the firm’s activities by performing
some activities or providing resources needed.

Key resources

What assets do you need to make this business
model works by offering and delivering your
product or service?

Key activities

What are the most important things to do to make
your business model work? What are they key
activities you need to become an expert at?

Customer relationships

How can you attract customers, keep them and grow
them?

Channels

How can your product be delivered, communicated
and sold from the company to your customers?

Customer segments

Who are they and why would they buy? What is the
archetype of the people you want to reach with your
product?

Cost and expenses

What is the total cost involved when operating your
business model?

Revenues

How do you actually make money from your
product or service being sold to customer segments,
what value is the customer paying for?

Table 2: The nine building blocks of the circular business model canvas and their explanation, adapted from the BMC
of Osterwalder and Pigneur.

The BMC has been accepted and used for further conceptualizations of a circular business model framework.
Literature shows that element(s) related to CE should be introduced to the business model framework in order
to improve circular business models. Schaltegger stated that business model innovation is the key to business
success (Schaltegger et al., 2016). A circular form of the BMC would not be the first adaptation of this canvas.
Over the years, different environmental-caring variants of this original canvas have already been designed
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(Nosratabadi et al., 2018). The Triple Layered Business Model Canvas (TLBMC) is one of them. This
extended BMC is made for exploring sustainability-oriented business model innovation through the addition
of two extra layers, one social layer which is based on a stakeholder perspective and an environmental layer
which focuses on a lifecycle stance. The TLBMC is stated to be used as a creating tool for structuring
sustainability issues in business model innovation (Joyce and Paquin, 2016). Another variant is the
Sustainable Business Model Canvas. This canvas integrates two extra building blocks, eco-social costs and
eco-social benefits. Through which the model has the potential to incorporate the principles of sustainability
and integrate sustainability goals into the value proposition and value creation of businesses (CASE, 2018).

But what exactly can be understood by a circular business model? The term is used to define business models
that are suited for the CE by incorporating elements that narrow and close resource loops, so that the resource
input into the organisation is decreased and waste and emission during manufacturing are minimized (Bocken
et al., 2016).

Some much promising and interesting circular business models were already proposed by many
(Lewandowski, 2015; Mentink B, 2014; Laubscher & Marinelli, 2014; Dewulf. 2010). Additionally,
Accenture (2014) explained that business models should not focus anymore on profits generated by driving
volume and cutting cost through more efficiency but should rely on rethinking products and services
throughout the value chain to prepare for a future of resource constraints. The move towards the circular
economy will need to put terms such as closed-loop thinking and sustainability at the heart of business models
(Bocken et al., 2016). This reasoning implies that companies can reduce negative impacts on the environment
by delivering and capturing value through this alternative value proposition whereby the business rationale
is realigned between the network of stakeholders to meet environmental, social, and economic benefits.

2.1.3. Economic benefits of a circular economy
The move towards a more circular economy could deliver positive effects, such as reducing pressure on the
environment by securing the raw materials supply. And even from an economic point of view, the benefits
of this transition to speak for themselves. There is literally a whole new business behind the circular economy.

1) Sustainable economic growth

An important aspect of circular economy is to separate the economic growth from the use of raw resources.
As a result, the economy is not constrained by the shortfall of raw materials to grow. A circular model will
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lead into higher turnover due to more productivity of the same number of materials and new sustainable
activities. On the other hand, there will be less demand for resource extraction, which will reduce the number
of less specialised jobs. This will increase the value of labour, that subsequently lead to a higher GDP (WE
Forum, 2017). With the loss of costs for materials and the creation of new products, services and value, EU
GDP can grow by 3.9 %. It is presumed that the transition will promote economic growth, The United Nations
Environmental Plan (UNEP) stated that in 2050 the global economy would benefit from more efficient
resource through a gain of $2 trillion a year (UNEP, 2017; EMF, 2017).

2) Growth of green jobs

Green jobs can be explained as employment within the environmental sector. In a linear economy they can
mainly be linked to responding and solving the negative impact of the linear economy challenges (European
Commission, 2014). The International Labour Organization stated that circular thinking can create 18 million
green jobs by 2030, comprising 9 million green jobs in renewables and construction and 4 million in
production. As circular economy is increasing in application, these green jobs will subsequently increase
together with the circular transition. But it’s important to keep in mind that this transition will also result in
many job losses. However, the estimation of new green jobs exceeds job losses accompanied by the transition.
It is fair to say that a circular economy will boost green job employment (European Commission, 2014;
International Labour Organisation, 2018).

3) Innovation stimulus

Circular economics challenges companies by creating innovative solutions/products based on a new way of
thinking. That means companies need to think about circular rather than linear value chains and striving for
improvement for the whole system. These circular value chains are turning into new insights,
interdisciplinary cooperation between designers, producers and recyclers. Subsequently this will lead to
sustainable innovations (Kraaijenhagen et al., 2016; WEF, 2014).

4) Savings

Geng et al. (2019) remarked that products made from remanufactured plastics are around 80% cheaper than
using new materials. Apart from that new revenue streams are opening up from materials that would have
been discarded anyways. And all above this, a circular economy saves a huge amount of money considering
the excluding of disposal costs (World Economic Forum, 2017; Vlaanderen Circulair, 2018). Measures such
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as waste prevention, ecodesign, reuse, recycling and thus a better usage of resources could save European
companies €600 billion, which can be put equal to 8% of the annual turnover (European Parliament, 2015).

5) Competitive advantage

PwC stated that there are four main areas in which a circular economy can result in a significant competitive
advantage; end-product recycling, circular products, customer value chain and circular procurement (PwC,
2019). Competitive advantage can be increased by securing resource supply, less dependency of primary
resource market and a lower exposure to price volatility (EMF, 2014). Further, the World Economic Forum
is stating that companies which are employing a successful circular solution will significantly increase their
competitive advantage over companies conducting the linear approach, because they create a higher value
from every unit of resources (World Economic Forum, 2017).

2.1.4. Policy landscape for engaging towards circular economy
2.1.4.1. Europe
In 2014 the European Union (EU) published its regulations regarding the move to a CE. These regulations
were released under the following communication, “Towards a circular economy: a zero waste programme
for Europe” (European Commission, 2014). After releasing the Commission decided to withdraw its
legislative proposal on waste, but with the aim to present new proposal by the end 2015 that would cover the
whole economic cycle and not only waste reduction. On 2 December 2015, the European Commission
launches its new circular economy package. The package consists of a series of proposals for European
directives (European Commission, 2015b). Together with these specific guidelines, a European ambitious
action plan for closing the loop was also published (European Commission, 2015a). The plan consisted of
measures to address all stages of the life cycle of a product, from production and consumption to waste
management and the market for secondary raw materials (Vlaanderen Circulair, 2018). In July 2018, the
latest revised legislative framework in waste has entered into force. Many clear goals for more circularity are
set. Targets as reduction of waste and creating a long-term path for recycling and waste management. Some
key elements (obtained by The European Commission, 2018) of the revised waste proposal include: a
common EU target for recycling 65% of municipal waste by 2035, a common EU target for recycling 70%
of packaging waste by 2030 and a binding landfill target to reduce landfill to maximum of 10% of municipal
waste by 2035.
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Very recently, ‘The European Green Deal’ was arised. It’s a very promising set of measures constructed by
the European Commission in December, 2019. This deal will lead to the first European Climate Law to
anchor the 2050 climate- neutrality target into law. The deal mainly consists of three strong actions plans
regarding; sustainability, preservation of Europe’s natural environment and circular economy. The New
Circular Economy Action Plan is focusing on sustainable resource use, especially in resource-intensive and
high- impact sectors such as textiles and construction. It is fair to say that this deal is very promising to turn
Europe into a continent where the circular economy is central (European Commission, 2019).

2.1.4.2. Belgium
In 2016, Prime Minister and Minister of Economy, Kris Peeters, and Minister of Environment and
Sustainable Development, Marie Christine Marghem, presented their 21 joint actions to promote the circular
economy. With this they want to contribute to the ambition to make Belgium a leader of the circular economy.
Policy measures such as strengthening the exemplary role of the state, supporting product repairs, defining
criteria for recyclability, establishing a knowledge center for circular economy and assessing performance
were incorporated at the federal policy level. Also six goals were set to work towards a circular economy
development in Belgium. Examples of these goals are “improvement of energy productivity” and “increase
resource productivity” (PwC, 2016; FOD, 2016).

In March 2016, the Flemish government launched a document entitled "Vision 2050". It includes seven
transition priorities that must make Flanders sustainable. Specifically, it concerns seven transitions, where
Circular Economy transition is one of them. It was the first time that the circular economy was not discussed
as a concept, but was actually included in the policy (Vlaamse overheid, 2016). Additionally, in 2017, the
Flemish government launched a plan, “Flanders Circular” to transform the Flemish economy to a circular
economy. The plan is a merging of many organizations and falls under the Flemish Government. Flanders
circular sets out six key activities in its initial statement; network, knowledge, innovation, laboratory, policy,
anchoring. These core activities are further elaborated by the Flemish Government in the Circular Economy
transition priority.

On 24 February 2017, the Flemish Government launched a "Transition Priority for the Circular Economy"
(Vlaamse overheid, 2017). With this, she wants to specifically work out the circular economy transitions that
was proposed in "Vision 2050". The document is seen as a strategic plan of approach for the 2017-2021
period.
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2.1.5. Globalization of a circular economy – the necessary precondition
Until this day there is not yet an international policy approach towards a globalization of circularity. Despite
that circular economy at a global level could empower developing countries to industrialize and developed
countries to increase growth, without exhausting natural resources.
Additionally, international approaches would greatly contribute to achieve the UN Sustainable Development
Goals (hereafter, SDGs). In August 2015, 193 countries reached an agreement on new global goals for
sustainable development: the UN SDGs (UN, 2015). Schroeder stated that a circular transition could add to
the realization of several SDGs by directly contribute to achieving 21 of the targets and indirectly contribute
to another 28 targets. The strongest bond exists between circular practices and targets of SDG 6 (Clean Water
and Sanitation), SDG 7 (Affordable and Clean Energy), SDG 8 (Decent Work and Economic Growth), SDG
12 (Responsible Consumption and Production), and SDG 15 (Life on Land). However, circular practices
could also contribute to synergy creation between several SDGs, such as those promoting economic growth
and jobs (SDG 8) and those aiming for biodiversity protection in the oceans and on land (SDG 14, 15). While
CE practices will definitely not fix all the problems listed by the SDGs, they could be implemented as an
approach to (in)directly reach some specific SDG targets (Schroeder et al., 2018; UN, 2015).
This year, Geng et al. proposed a very interesting strategy to globalize circular economy based on several
steps. To start, a global database should be created to gain information about global resource use.
Additionally, a global platform should give the possibility of sharing knowledge about the circular economy
possibilities. Next, international organizations should encourage large-scale experiment contributing to
circular economy knowledge. Following, standards for performance measurement and reporting need to be
set and accepted. At last, policymakers should develop ways to enforce regulations and sanctions on a global
scale. Eventually, all of these steps must unite to create a global agreement (Geng et al., 2019).

2.2. WASTE MANAGEMENT IN A CIRCULAR ECONOMY
As mentioned earlier the European Commission launched an Action Plan for a circular economy where clear
goals for more circularity were set. Targets such as reduction of waste and creating a long-term path for
recycling and waste management were mentioned (European Commission, 2018). This new action plan will
directly impact on how organisations and cities will need to manage waste. To obtain these goals, companies
will need to innovate and develop ingenious waste management solutions that are able to reduce, reuse and
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recycle all types of waste created during every stage of the product life cycle. Therefore, startups and existing
companies can help us get there by putting innovation and technology to work, in recent years more and more
companies are committing to this cause (European parliament, 2017; Stahel, 2016).

2.2.1. Review of innovative waste management solutions
For this study eight innovative waste management applications were chosen to analyze.
These approaches were chosen due to their fit of the following two criteria: (i) a waste management whose
approach is already practiced in reality, (ii) an approach that possesses an innovative technology in the
context of waste management. In the summaries below, concise content about each innovation can be found.

2.2.1.1. The Omni processor
The Omni processor is a machine built and engineered by Janicki Bioenergy in Seattle; the project is funded
by the famous Bill & Melinda Gates Foundation. The original function of the omni processor consisted of
physical, biological and chemical processing fecal sludge. Liquid waste dumping is a big problem in
developing countries, the waste contaminates the drinking for many people, this can lead to diseases and to
physically and mentally underdevelopment (Gatesnotes, 2019).
The processors’ principal activity is the excluding of pathogens and make sure to halt the spreading of fecal
sludge diseases but at the same time to generate outputs that contain a commercial value (Kuchenrither et al.,
2012). The rest products of the sludge processing consist of energy, clean drinking water and soil nutrients,
these products have the potential to create revenues (Gatesnotes, 2019). Despite all these benefits, the most
interesting and innovative aspect of this processor is the fact that it is not only capable of processing human
sludge but also waste water. This is very useful in the journey of providing clean drinking water from treated
and polluted water

2.2.1.2. The Automated Vacuum Waste Collection system
The automatic vacuum waste collection system invented and produced by Envac AB, a swedish company.
The system relies on an underground system of pipes, where garbage is automatically sorted and recycled or
burned for energy. It’s a sustainable garbage-removal system which excludes street-corner trash or garbage
pick-up trucks. Regardless of the location, the vacuum system can be used everywhere. The goal is to make
cities cleaner, greener and more attractive, but the most important aspect is the reduced amount of waste
associated traffic, which leads to significantly lower carbon emissions. After waste collection through the
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pipes, waste is further automatically separated with a smart recycle system (Arrabal et al., 2015; Hiddalgo et
al., 2018; Envac, 2019)

The waste bins can be located strategically wherever suits best considering the placement (e.g. hospital vs. a
smart city). One big change considering the prevailing waste collection system are the operating hours. The
automated vacuum system is working 24/7 which means that this system gets rid of bulging bins due to its
automatic working and independency of human working force (Hiddalgo et al., 2018). The system can be
installed outside or inside, considering the preferences and location of placement. (Envac, 2019)

2.2.1.3. Winnow
Winnow is a company founded by Marc Zornes and Kevin Duffy. Marc, a former McKinsey worker set up
Winnow. Winnow is a software as a service company.The system is based on groundbreaking artificial
intelligence and aims to run kitchens where food waste is cut in half. In their latest product, Winnow Vision,
kitchens only need to throw away food. The bin will capture the waste on camera, recognize it and thereafter
calculate by weight. The smart bin “learns” to recognize all types of foods, so the smart system knows exactly
what and how much you are putting in your kitchen bins and thus how much actually has been wasted.. Up
to a one third of all food that is produced in the world is lost or wasted, with an estimated value of 1 trillion
USD discarded each year. Furthermore, greenhouse gas emanating from decomposition of post-consumer
organic waste is responsible for 5% of global emissions (FAO, 2018). As David Jackson, head of marketing
in Winnow stated; “if food waste was a country, it would be world’s 3rd largest greenhouse emitter”
(Mekhsian et al., 2017; Altariba et al., 2017)

The focus of Winnow is kitchens within the hospitality industry, who have had a difficult time in recent years
due to competition of new businesses as UberEats and Deliveroo which is leading to lower profits. This is
where Winnow comes in, offering a simple and novel technology package that helps commercial kitchens
manage their food resources in a smarter way. Within the first year of operation food profits will increase
with 30-60% and food waste will decrease with 40-75%. The slogan of Winnow: “Unlock the value of food
waste in your kitchen” aims to a more profitable and sustainable commercial kitchen in the hospitality
industry. On 26th november (2019) Winnow reached a total saving of $ 33.000.000, 23. 202.500 Meals were
saved and 42.000 tonnes of CO2 was saved (Winnow, 2019).

20

2.2.1.4. The Interceptor
The Ocean Cleanup, founded by Boyan Slat, develops technologies to get rid with the world’s oceans of
plastic. Except from cleaning up the current trash in the sea, the inflow of new river plastic needs to be
addressed. Research by the Ocean Cleanup concluded that only 1000 rivers are responsible for 80% of ocean
plastic entering the oceans, which makes rivers the main source of ocean plastic pollution.

As a solution to this problem, the Interceptor was invented, a system to clean up river flows to the sea. The
interceptor works as follows; first, the interceptor takes a strategically position in the river and debris flows
into the system because the barrier is directing waste to the mouth of the interceptor. The barriers covers only
half of the river so it will not interfere with other vessels or impede the movement of wildlife. Next a conveyor
belt extracts the debris from the water onto a giant shuttle, this system functions autonomously, using smart
software, the shuttle knows when to equally distribute waste into one of the six dumpsters until they reached
a similar amount of trash. At any time, local and global operators can remotely access the interceptor’s
dashboards from anywhere in the world. Once full, the interceptor automatically sends a text message to the
local operators to come and collect the waste. Operators then remove the barge, and it is brought back to
shore, where the dumpsters are emptied, send off the debris to local waste management facilities, and return
the barge back into the Interceptor.The Interceptor can store up a maximum of 50m³ of trash before needing
to be emptied, so at top performance, the interceptor can extract more than 100.000 kilograms of trash per
day. This means it’s capable of operating even in the most polluted rivers all over the world (The Ocean
Cleanup, 2019).

2.2.1.5. DyeOx
The textile industry is big business, in india it is worth a $2.64 billion. But despite the many economic benefits
to the textile industry cities, the benefits come together with enormous environmental and social drawbacks.
The “dyeing part” in a textile industry is a major producer of hazardous waste and at the same time large
amounts of fresh water are used during this process (Agrawal, 2015). And to make it even worse, most of
that untreated wastewater is discharged as toxic effluents which eventually leads to contamination. Soils,
water surfaces and mainly rivers are polluted, subsequently rivers will bring the toxics to the sea, where it
can further spread to every ocean in the world. DyeCoo has found a solution for the giant pollution caused
by the major textile industry (DyeCoo, 2019).
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The DyeOx4 machine is the latest technology invented and manufactured by DyeCoo. The machines’ process
consists of dyeing cloth while using not one drop of water or chemicals, besides in the dyes themselves. The
technology is using heated and highly pressurized carbon dioxide as a dyeing medium, at that phase the CO2
can act a solute and solvent at the same time. This is resulting in very quick penetration of the color pigments
into the textile fibers without any extra needs. In this process, the cloth does not need to be dried, which cuts
the processing time in half, uses less energy and eliminates costs. At the end, the carbon dioxide is recycled
and used again, and so a fully closed loop is created. This new efficient technique can make the textile
industry cleaner and more profitable at the same time (Agrawal, 2015; Van Der Kraan, 2017; DyeCoo, 2019).

2.2.1.6. MycoComposite
MycoComposite is a platform that uses mycelium to bind together organic agricultural byproducts, such as
wood chips, to produce durable, bio-based and 100% compostable material. The company Ecovative is
responsible for developing this alternative styrofoam. In our natural system we find mycelium as the natural
adhesive that holds the forest floor together. Mycelium can be used as main substitute for polystyrene, the
main component in plastic which is made from petroleum and is a non-sustainable, non-renewable, hyper
polluting and fast disappearing commodity. It is not biodegradable and ends up into landfills, while the
mushroom based packaging will decompose in a garden in a couple of weeks. The production of the
mushroom packaging is very easy and relies on a natural system. First clean agricultural waste is inoculated
with mycelium, thereafter mycelium does the work, Over a few days the fungus binds the waste together
forming a solid shape.The great thing about mycelium is you can grow it into every mould as you like and it
will fit exactly. At last the mycelium package needs to be dried to prevent the fungi from growing. In fact
mycelium is used as a natural glue. To use of mycelium as packaging is promising and compatible with our
planet as it decreases waste, increases recycling and prevent plastic (Dahmen, 2017; Kim & Ruedy, 2019;
Ecovative, 2019).

2.2.1.7. Micronized Rubber Powder (MRP) by Lehigh Technologies
About one billion tires are discarded worldwide, annually. Using post-industrial raw rubber materials and
post-industrial rubber materials end-of-life tires to generate renewable raw materials for industrial
applications (fa. high-performance tyres, coatings, asphalt and construction material) can end this enormous
rubber waste and satisfy the rising global demand from governments, manufacturers and consumers for more
sustainable products (Habibah et al., 2018; LeHigh Technologies, 2019).
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Lehigh Technologies has succeeded in this and is creating a more sustainable rubber industry, they
manufacture high-performance, lower cost, sustainable Micronized Rubber Powders (hereafter MRP) from
rubber materials. Lehigh has commercialized a proprietary cryogenic turbo mill technology that transforms
end-of-life tire and post-industrial rubber materials into MRPs, the company is dedicated to developing highvalue uses for end-of-life tire materials that would otherwise be burned or deposited in landfills. Lehigh
provides a sustainable solution to the important environmental problem of end-of-life tires and other postindustrial rubber material by transforming waste materials into high-value products, they succeeded to close
the loop by using these rubber particles over and over again (Habibah et al., 2018; LeHigh Technologies,
2019; Michelin, 2018).

2.2.1.8. Renewable Food for Animals and Plants
More than 30% of organic waste, such as food containing loads of nutrients, is wasted daily, mostly sent to
landfills creating toxic greenhouse gases that are harming our environment. At the same time there is a
growing demand for high quality protein in the animal feed and aquaculture sectors. Currently this
aquaculture feed is produced in a way that depends on finite resources, and leads to environmental
degradation. Black soldier fly (hereafter BSF) larvae provide a valuable solution to this global problem, as
they naturally upcycle nutrients from organic matter. For over a hundred million years fly species have been
breaking down organic material, whilst providing food for fish, birds and animals in our nature. This is the
essence of how we use black soldier flies to transform discarded organic matter to high quality protein feed
for the fish, poultry and other industries. At Enterra, traceable, recycled food including fruits, vegetables and
grains are used to feed our insects. The canadian company is diverting food waste from landfills and the flies
are converting it to high quality nutrients for animal feed, pet food, oils and organic fertilizer. After eating
the waste, the bugs are cooked and dried (which kills the insects and any pathogens inside BSF), they are
pressed for oil and the remaining solids converted into a powdery meal. This environmental friendly approach
makes sure that nothing is wasted and everything is gained. Likewise, the operation requires no water as all
the water the insects need comes from the recycled fruits and vegetables in their diet. Black soldier fly larvae
are a highly efficient, low-impact source of nutrients compared to resource-intensive alternatives like beef,
pork, chicken, fishmeal, soymeal, coconut oil and palm kernel oil and non-organic fertilizers (Enterra, 2019).
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3. METHOD
3.1. ANALYSIS OF THE WASTE MANAGEMENT SOLUTIONS
Eight waste management solutions were chosen to be evaluated through three methods (the Butterfly
diagram, the power of circles and the circular business model) in order to find the most appropriate method
and principles through which circularity can be assessed. In addition, these methods will determine the
circularity of the solutions, along with applicability in specific contexts.

3.1.1. Situation of the waste management solutions in the butterfly diagram
Each of the study cases will projected against the butterfly diagram. Figure 5, presented a visual overview of
the closed loops in a circular economy. The analysis of the case studies will provide an illustration of these
processes in a waste management context. Figure 5 will be used to point out where the solution is fitting
within this diagram.

3.1.2. Situation of the waste management solutions in the ‘power of circles’
diagram
Figure 6 is a visual of ‘the power of circles’. The eight waste management solutions will be situated within
the power of cycles diagram and their value creation will be discussed within the waste management context.

3.1.3. The Circular Business Model Canvas
The waste management solutions will also undergo an investigation based on the Business Model Canvas
(hereafter BMC), invented in 2005, whose description can be found in the literature review (Osterwalder et
al., 2005). The prevailing Business Model Canvas was invented more than a decade ago, so to suit the idea
of circular economy the vision of this canvas should be adapted to the contemporary circular view.

Luckily, the canvas contains a structure that allows it to be adapted. This part will describe the development
of a self-made circular analysis tool for the waste management solutions based on the BMC. Following from
this, the BMC flexibility will be used as a design tool for the development of a Circular Business Model
Canvas (CBMC). This dissertation recommends that the content of each initial building block of the BMC
will be viewed through the lens of a circular economy. Supplementary, a new building block/element will be
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integrated into the canvas which will attempt to describe and prove circularity of the waste management
solution in question. The newly added element is named ‘circular strategy’ and will be integrated into the
prevailing BMC. This extra component will propose the type(s) of circular mechanisms in the several
business models. This circular strategy will be further outlined by the use of the ReSOLVE framework
principles. Its six element (as listed in Table 2) will be applied to the waste management solutions product’s.
The adapted canvas can be seen in Figure 8 and is explained by Table 3. The explanation is based on literature
review and my own input.

BMC building blocks

Value proposition

Building block through the lens of a circular economy

How can you product have value for others? A circular product contains
value due to specific features related to the CE principles. Value can be
created by providing a product with a sustainability-related outcome. Product
life-extension creates value by maintenance, repair, refurbishment,
redistribution, upgrading and reselling. Are the products creating value by
enhance reusing, recycling and cascading? Maybe there is an co-value for a
customer outside the main supply chain? (Planing P, 2015; EMF, 2016; Lacy
P et al., 2014, Smith-Gillespie, 2017).

Key partners

Can you grow new partnerships to grow circularity within your business
model? Sharing resources, technologies, knowledge, financial aspects and
many more with other companies can cause big advantages for you and the
company in question. Is your supplier offering circular materials?
Cooperation with others is a main principle of the CE. (Joustra et al, 2013,
EMF 2012, 2015; Smith-Gillespie, 2017)

Key activities

Which activities can enhance positive externalities and lower negative
externalities? Are the key activities (in)directly leading to the principles of a
CE? Is your product offering a service or is it designed for circular practices
(e.g. remanufacturing, recycling,...). (Smith-Gillespie, 2017, Planing P,
2015)

Key resources

The choice of input; based on 1) circular-sourcing (using only products or
assets obtained from closed material loops) 2) Virtualization of products and
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3) substitution of resources with improved materials that fit the CE concept.
Are you using specialized techniques and processing for manufacturing
circular products? (EMF, 2015; Planing P; Smith-Gillespie, 2017 )
Customer relationships

How can you teach and convince your customers of the circularity journey of
your products/ service for a long time? Are you creating loyalty by circular
acting? (EMF, 2015; Smith-Gillespie, 2017)

Channels

In a circular economy distribution channels will maximize virtualization. A
virtualized value proposition can be sold. Delivery systems can also be
transformed into a virtual delivery system through the use of virtual
channels? Is there a possibility of returning your product? (EMF, 2016;
Smith-Gillespie, 2017)

Customer segments

Who will also benefit from your product or service except from the ones you
direct aim to? Impacting more (in)direct people with your product. (SmithGillespie, 2017)

Cost and expenses

Opportunity costs considering negative externalities can be decreased at a
high rate using circular products. Which costs could be lowered by working
together with other companies? Are your waste disposal costs lowered?
(Smith-Gillespie, 2017; Planing P, 2015)

Revenues

How can you create a new natural capital? Revenue streams can be related to
retrieved value, obtained from products, components or resources collected
back from waste disposal. (EMF, 2016; Planning P; Smith-Gillespie, 2017)

Extra building block for

Building block through the lens of a circular economy

the CBMC
Circular strategy

With which circular strategy will you be able to create a competitive
advantage against others? With which circular strategy a value conservation
or creation is obtained? Based on the ReSOLVE framework.
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Table 3: The Circular Business Model Canvas building blocks explained, this CBMC is adapted from the original BMC
by Osterwalder and Pigneur.

Figure 8: The alternative canvas as an attempt to adapt the Business Model Canvas towards a Circular Business Model
Canvas.

3.1.4. Analyzing questions considering application to Belgium
The following questions will be answered for each of the solutions. These answers are useful to conduct a
discussion about possible application to Belgium.
1) “What are the main benefits of the application?”
2) “In what way can the product change society?”
3) “Is the analysed solution applicable to the Belgian context? - why yes, and why not?”
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4. RESULTS
4.1. ANALYSIS OF THE WASTE MANAGEMENT SOLUTIONS
4.1.1. Situation of solutions in the Butterfly diagram
A. The Omni processor: We have to keep in mind that this fit is not that good because we are applying a
human resource, fecal sludge, to the butterfly diagram. But if we accept this, the product could mainly
be situated in the biological cycle. The Omni processor extracts biochemicals, in the processor’s case,
it can extract clean drinking water or clean freshwater. These will again contribute to restoration of the
biosphere. Additionally the processor is also recovering energy, which is primary used for selfmaintenance. We have to keep in mind that this fit is not that good because we are applying a human
resource, fecal sludge, to the butterfly diagram.

B. The Automated Vacuum Waste Collection System: This waste collection system can be applied to
the technical cycle. Where its main goal is recycling. Compared to other garbage pick up systems it is
automatic and partly self-maintained. The fit in this diagram is rather weak due to its lack of circularity.

C. Winnow: Winnow is maximizing waste reduction in mainly the hospitality industry, through the use
of an artificial system. It excludes food waste till 75%. Subsequently that leads to restoration of the
biosphere by preventing food overproduction and minimizing CO2 usage for food waste disposal.

D. The Interceptor: The interceptor is a smart boat made, for which recycling is the main purpose. The
removal of the plastic by its technology can add to cleaner rivers and seas. Except from this function is
it difficult to place the interceptor somewhere else in the diagram.

E. DyeOx: DyeOx is a system made for improving dyeing technologies. It is saving carbon dioxide, water
and energy by a new technology. Additionally it reuses the CO2 instead for new operation cycles. This
technology can contribute on a high level to restoration of the biosphere by not exhausting resources,
besides, the machine also excludes the use of other toxic chemicals and subsequently does not discharge
polluted water.
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F. MycoComposite: MycoComposite products can be decomposed in the ground and be part again of the
biological cycle. The Agricultural waste can be cascaded in the biological cycle through it’s resource
function for the compostable packaging.

G. Micronized Rubber Powder: Situated in the technical cycle, Micronized Rubber Powder can be
reused from old and end-of-life rubber materials. The rubber is recycled and reused in the technical
cycle, MRPs even contain a higher performance than the prevailing rubbers from which they are made.

H. Renewable Food for Plants and Animals: Leftover food that is bad or has some damage can be used
to create value. This food is decomposed by a fly and can serves as food or nutrients. In this way, is it
possible for the natural capital to be integrated in the biological cycle again. The fit within the butterfly
diagram is rather weak as the input (the leftover and damaged food) to make the value had no prevailing
function.

Figure 9: Overview of all the waste management solutions situated in the Butterfly diagram.

29

4.1.2. Situation of solutions in the power of cycles diagram
The power of the inner cycle
-

Automated Vacuum Waste Collection system: minimising the use of the garbage pick-up trucks and
subsequently reduce CO2 emission by less traffic.

-

Winnow: the use for new natural capital (‘food’) is minimized due to optimal amount of food
necessity. More natural capital remains embedded. The smart technology minimizes the materials
used, by counteracting overproduction and saving more natural capital

-

DyeOx: minimizing carbon dioxide used in the circle. The need for extra CO2 is minimized, savings
are higher and natural capital remain embedded in the biosphere.

-

MycoComposite: the amount of resources needed for this new type of compostable packaging
compared to the amount of resources needed to produce plastic packaging is much lower.
Remarkably, the resources for MycoComposite are already present. So the circle can be decreased
through a lower amount of resources needed.

The power of circling longer
-

DyeOx: because the CO2 is reusable, the change for new CO2 is minimized and the number of cycles
is maximized without using new carbon dioxide.

-

Winnow: product longevity is ensured due to optimisation of food necessity.

-

Micronized Rubber Powder: the new Rubber Powder contains a higher performance than the
prevailing rubber from rubber waste. They can cycle longer through better performance.

The power of cascaded use across industries
-

The Omni processor: The waste that goes through the processor is cascaded into to different products
chains (electricity, drinking water, soil nutrients). Actually the Omni processor does not really fit in
here as the ‘input waste’ cannot be seen as a useful product to be used in general.

-

MycoComposite: a different use of the agricultural waste, reuse of waste across the value chain.

-

Micronized Rubber Powder: all types of rubber waste are cascaded into a new value.

The power of pure/non-toxic/easier-to-separate inputs and designs
-

None

No fit in the power of cycles
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-

Renewable Food for Plants and Animals

-

The Interceptor

4.1.3. Circular Business Model Canvas analysis
4.1.3.1. The Omni processor
Value proposition: The plant’s excess electricity can be brought back to the community and clean drinking
water is obtained, we can say that value is found in the sustainable impact on the environment. Dump sites
of fecal sludge will disappear. Fecal pathogens are disappearing, which can lead to saving many lives, which
subsequently gives a co-value to all people living in the village.

Key partners: The lead partner is the producer of this machine, Janicki Industries, only this company offers
the Omni processor at the moment. Other than the producer, the main partners in this system are the local
people, they will provide the fecal sludge, on which the owner will depend. Cooperation within the village is
important to make a difference in the sanitation context.

Key activities: Material substitution of hazardous waste material into healthy natural capital, water and soil
nutrients, and electricity. Service provided for the village by the owner to eradicate the pathogenic fecal
sludge.

Key resources: Waste, and to be more specific, fecal sludge. Using the waste as a resource can be considered
as a circular aspect on the one hand. On the other hand producing electricity, clean drinking water and soil
nutrients can be considered as assets from the output. The self-powering processor itself is a tangible asset.
The Omni processor can be considered as our smart resource which is capable of remanufacturing the fecal
sludge.

Customer relationships: Promoting the machine and explaining the urgent need for the processor due to the
severe effects of fecal sludge dumping. Educating the fact that sewage is valuable so they should not throw
it away in the environment but rather treat it with the omniprocessor.

Channels: Distribution of the recovered products is done on a local scale. Market creation for recovered
natural capital.
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Customer segments: People in developing countries, where good waste treatments are absent, were the
average wage is low and systemic solutions contributing to sanitation are not in sight.

Cost and expenses: Labour costs are minimised due to the automation of the Omni processor. Due to extreme
high efficiency of the processor, it is self-powering, which excludes electricity costs, that subsequently
reduces the total cost to a high level.The opportunity cost of this machine is enormous, as this machine is
aiming for fecal pathogen eradication that is causing people to die in developing countries.

Revenues: The omni processor is always placed under a funding, so no real revenues are obtained by the
producer, which is also not the goal the production of this machine. The entrepreneur that is owner of the
omniprocessor will obtain money from the input (the sludge), and from the output (spare electricity, water
and ash), for this he will pay leasing money for owning this machine. Thus revenue streams are created by
producing new but recovered natural capital from waste. A whole business is created from the sanitation
waste.

Circular strategy: Regenerate (reclaim health of natural ecosystems by replacing pathogenic fecal sludge to
natural capital and electricity, shift to renewable energy by a self-maintaining system), Share (sharing
produced assets such as water and electricity), Optimise (removing fecal waste and increasing its
performance by providing value from it), Loop (extract biochemicals from the waste) and Exchange (apply
a new technology invented by Janicki)

4.1.3.2. The Automated Vacuum Waste Collection system
Value proposition: The system offers an optimization of the prevailing waste system. In this new automated
vacuum system waste bins are excluded. Lower carbon emissions are the result of waste pick-up tricks
removal. The automated plant is made to enhance recycling.

Key partners: The lead partner and producer is Envac AB. Most of the time they are partnering with the most
neighbour recycling plant.

Key activities: The negative externality of carbon dioxide emission by waste pick-up trucks is significantly
lowered with 90% due to the vacuum system.
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Key resources: The automated waste vacuum plant and the smart automatic recycling system are necessary
in pursuing this technology.

Customer relationships: Customers are being kept happy by positive results such as no more bad smellings,
efficient trash pick up and smart recycling.
Channels: The system is making its own advertisement by its presence. Because it’s a new technology people
wonder what it is and they are fascinated. Further is ENVAC advertising with several marketing videos and
successful case studies on their site.

Customer segments: Only on large scale it will be really profitable but the range of customer segments is
very broad, mainly they focus on big companies/cities who want to gather their waste more efficiently.

Cost and expenses: Low labour cost because this is an automatic system, based on vacuum power. The cost
of the technology and the smart system placement. But a major reduction in the cost of fuel as this is excluded.
This also decreases the negative cost of the city’s carbon dioxide emissions.

Revenues: Considering the scale revenued can be different. But in general revenues are created by selling
recycled waste and placing the system. Installation of the system can create a revenue of 29.500.000 USD
in a big scale occasion.

Circular strategy: Regenerate(restore health of our ecosystems by reducing trash pick up traffic, cleaner
environments and the possibility to place more car-free parks), Optimize(increase trash pick up efficiency,
leverage of automation, Loop(recycle materials with a high efficiency), Exchange(choosing new a new
vacuum based underground garbage system).

4.1.3.3. Winnow
Value proposition: The product is leading to a better and sustainable decision making in food preparation
which will lead to decreasing food waste. Subsequently carbon footprint are reduced because of less
decomposition and increased savings will lead to higher revenues.The system provides a way to identify and
measure waste in commercial kitchens.
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Key partners: The lead partner and producer is Winnow, headquarter situated in London. The head partners
are commercial kitchens in the hospitality industry.

Key activities: reducing resource consumption and delivering strong returns on investment and indirectly
reducing carbon emissions.

Customer relationships: Winnow provides support for the initial installation and setup including help
configuring your menus. They hold an interactive training session with your kitchen team where they
introduce the system and train staff to use it. Further, ongoing support and maintenance are provided to ensure
that you are driving savings and making the most from the Winnow System. Winnow is the perfect corporate
social responsibility (CSR) initiative, which is of high importance for consumers.

Channels: Winnow analytics generates a daily report with reliable and actionable data about the food waste
that is sent to the manager’s inbox. This virtualized end-product is necessary to make decisions on food
savings.

Customer segments: Commercial kitchens who end up with food waste within the kitchen. Indirectly, staff
members working in commercial kitchens using Winnow seem to take the food saving mentality home.

Cost and expenses: By cutting food waste in half due to Winnow, commercial kitchens can typically save 38 % on food cost. That accounts for a huge amount of potential annual savings. The labour costs for the
machine are very close to non-existent because it only takes a very small effort from the employees to use
Winnow.

Revenues: Winnow is developed with rapid return on investment in mind. Sites using Winnow can expect an
ROI of 2x to 10x. Our reports can be used to devise both short-term strategies in the kitchen and estate wide
purchasing and inventory strategies at operational level. In 95% of cases, Winnow has provided a return on
investment within just 12 months.If you're catering or hotel group with multiple sites you can see how savings
can quickly escalate. Right now, the product has a leasing cost of around $300 to $600 per month depending
on the model, in which assistance and maintenance is included. Winnow is trying to make the product more
accessible and thus decreasing the price.

Circular strategy: Regenerate(retaining health of our ecosystems by preventing food overproduction by
minimizing food waste), Share (maintenance of the machine is provided by the company), Optimize (increase
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efficiency of a waste bin and leverage of big data, remove food waste in the supply chain), Virtualize (online
data and statistics of food waste in your kitchen) and Exchange (applying of artificial intelligence, a new
technology and choose a new type of waste bin).

4.1.3.4. The Interceptor
Value proposition: the ‘interceptor’, a solar-powered floating device, which is designed to scoop plastic out
of rivers before it reaches the oceans. It aims to make the rivers plastic free by 2025. Subsequently clean
waters will be returned to the biosphere. All electronics on the Interceptor, including the conveyor belt,
shuttle, lights, sensors, data transmission, are solar-powered. The interceptor operates day and night without
any noise or exhaust fumes.

Key partners: The lead partner and producer is the Ocean Cleanup, TME a mechanical engineering company
is the design partner. Sharing decades of packaging know-how, Danone, along with brands Evian and Aqua,
have been able to help The Ocean Cleanup analyze and categorize plastic debris. Local partners operate the
Interceptors™ to extract waste from the river and bring this to land. They work together with responsible
waste handlers to sort debris and recycle plastic where possible. Operators need support from (local)
governments for permits to operate in their rivers.

Key activities: The interceptor is designed to clean rivers and thus to optimise resource value by providing
clean water, this is done by preventing plastic from entering the world’s oceans from rivers. The Interceptor
can extract 50,000 kilograms of plastic per day. The systems are internet-connected, allowing us to gather
continuous performance and collection data, further the Interceptor works totally autonomous and workforce
is very limited.

Key resources: The 100% energy neutral interceptor, which relies on innovative technologies as
nanotechnology and artificial intelligence. Due to solar energy the machine uses renewable energy.

Customer relationships: By showing customers the positive effect of the interceptor on plastic you can
convince them to buy it. You can keep them with you by constant results.

Channels: secondary markets for materials are created because of the recovered/ recycled materials.
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Customer segments: Worldwide the interceptor can be sold to organisations/ customers who want to solve
their plastic problem in their rivers, but who need a large-scale solution for doing this. Indirectly you will
create a positive effect people that will benefit from this product without investing in it by providing clean
water.

Cost and expenses: Labour costs are almost non-existent as the interceptor is self-sustaining due to solar
energy, the only labour costs are the local operator’s payment, who are emptying the interceptor. Collection
fees from governments and cities help safeguard continuity in waste extraction by the operators. Funders,
sponsors, and investors make river cleanups possible and accelerate the deployment of Interceptors™.
yearly economic costs due to marine plastic are estimated to be between $6-19bn USD. The costs stem from
its impact on tourism, fisheries and aquaculture, and (governmental) cleanups. This means that intercepting
plastic in rivers is much more cost-effective than dealing with the consequences downstream.

Revenues: The main revenue is by the sale of the interceptor. Further, revenue streams can be obtained by
selling the recovered and recycled materials and plastics, so the use of waste as a valuable product instead of
disposing it. A single interceptor currently costs 700,000 euros (approximately $777,000 USD) but as
production increases, the cost will lessen as the economies of scale will cause a decrease in production costs.

Circular strategy: Regenerate (renewable energy, regenerate health of ecosystem and return biological
resources to biosphere), Loop (keep products in the cycle, recycling of plastic gathered by the interceptor)
and Exchange (apply new technologies: artificial intelligence)

4.1.3.5. DyeOx
Value proposition: Lower cost of the dyeing process. No freshwater use, the high recycling rate of CO2, and
no discharge of toxic effluents make the technology much more sustainable than previous dyeing techniques.
This can be valued by the consumer due to a lower environmental impact. Value provided to a vertical
consumer because these consumers will value clothes from a sustainable brand.

Key partners: The complete assembly, manufacturing and delivering of this innovative machine is done by
VDL ETG Projects. Further, the company has already established partnerships with major brands like Nike
and Adidas.
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Key activities: Designing with the aim of material substitution; the exclusion of freshwater for the dyeing
process substitutes the use of water with the use of CO2. Also, the recycling of the carbon dioxide within the
machine is a key.

Key resources: The innovative machine DyeOx is full of new techniques that contribute to a closed loop
system.

Customer relationships: The aim is to develop long-term relationships, so current partners will buy new, even
more sustainable machines in the future. At the same time, the company wants to create loyalty from
customers who are valuing sustainability.

Channels: The value proposition reaches customers by advertising and by large companies who are
expressing positive results from using DyeCoo product. The company is well-known for winning prizes,
which is also an indirect way to reach customers.

Customer segments: Big manufacturers for big brands are the main segment. Indirectly reaching big
companies can create a sustainable impact on a large scale, as a lot of people are buying from these brands.
But that does not mean that small textile companies do not benefit from this technique. They are also among
the segments that DyeCoo wants to reach in the future. The customers investing in DyeCoo technology will
play a substantial part in making the DyeCoo revolution a reality.

Cost and expenses: During the dyeing process about 95% of the carbon dioxide can be recycled and used
again in the machines and due the high efficiency batch cycles are very short which subsequently leads to
lower energy costs. Eventually, the DyeCoo process brings production costs down by about 30 to 50%. So
the investment-cost for CO2 dyeing machines are higher compared to traditional dyeing equipment, whereas
operational and environmental costs are lower.

Revenues: The sale of the product. DyeCoo machines cost $2.5 million to $4 million dollar apiece.

Circular strategy: Regenerate (restoring the health of marine ecosystems and not exploiting them, renewable),
Share (reuse the carbon dioxide within the machine), Optimise (Increase efficiency of dyeing technologies,
remove residual waste in the dyeing process), Loop (recycled materials), Exchange (apply new dyeing
technology).
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4.1.3.6. MycoComposite
Value proposition: Solution for the extreme waste problem of plastic. The MycoComposite forms the perfect
and sustainable alternative for plastic packaging. This sustainable type packaging can be highly valued by
the customer. Indirect value can be provided for a vertical customer by providing less plastic pollution.
Further this solution is designing out agricultural waste by manufacturing a sustainable product.

Key partners: The company works partnered up with regional farmers for the sourcing of the agricultural
waste. A partnership with GROW.bio offers people to buy do-it-yourself material to make the sustainable
packaging itself at home.

Key activities: Creating a plastic packaging substitute. By designing out agricultural waste through the use
of the waste as a resource for manufacturing sustainable packaging.

Key resources: Agricultural cultural waste mix and mycelium, the vegetative root structure of a mushroom,
are put together in the custom mold. The natural behaviours of the mycelium will do its work, after the
package formation some technologies make sure the package is ready for use.

Customer relationships: The company offers a prototype production of the desired packaging for the
customer. The feasibility will be checked and will check the feasibility, if the fit is good, the company will
send a render and follow-up with the company/person in question.

Channels: The product is sold by the use of an internet webshop. The company is also providing do-ityourself videos on Youtube on how to make your own packaging with the companies DIY-kit. Advertising
is done by online media and through word of mouth advertising by companies.

Customer segments: Ecovative design wants to attract big companies that are in need of packages and want
to make towards a more sustainable solution for the plastic packaging (fa.: IKEA and DELL). Further they
also want to attract the normal customer through selling do-it-yourself kits on their site. Their goal is to cover
a very broad range of customer segments.

Cost and expenses: Cost for making the product is considered low as the production mechanisms rely on
natural systems, which leads to lower labour costs and what subsequently makes the product very cost
competitive with conventional foams.
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Revenues: Revenues by the sales of the sustainable packaging product. Waste-as-value; revenue streams
from agricultural waste being used instead of disposed. Ready-to-use packaging can be purchased starting
from 1 USD per tray for a small package. Depending on the size and amount prices differ. Do-it-yourself
material for small packages can be bought starting from 30 USD. The company also offers custom-made
packaging on a big scale, in this case batch prices start from 575 USD.

Circular strategy: Regenerate (Shift to renewable material; organic agricultural byproducts, restore the health
of natural ecosystem by not using plastic anymore, return recovered biological resources to the biosphere by
decomposing the mycelium package), Share (Reuse organic agricultural byproducts), Optimise (remove
organic agricultural waste in the supply chain), Loop (Remanufactured components from agricultural waste,
recycle), Exchange (Use natural systems in combination with new technologies).

4.1.3.7. Micronized Rubber Powder
Value proposition: Creating a more sustainable rubber industry by producing Micronized Rubber Powders
with a higher performance then prevailing end-of-life rubber materials. This technology lowers CO2
emissions by 40% compared to using virgin raw materials for rubber production. And above all, the company
is using waste to create value and preventing waste entering landfills. Subsequently the technique preserves
resources normally needed for production.

Key partners: Partnerships with state constructors who are using their MRPs, for example with a government
firm that places asphalt. Partnering up with landfills and car companies who are providing them the end-oflife rubber materials. The company recently started a partnership with Michelin.

Key activities: Producing high-performance, lower cost, sustainable Micronized Rubber Powders from the
remanufacturing of end-of-life rubber materials.

Key resources: Lehigh has commercialized a specialised proprietary cryogenic turbo mill technology that
transforms used rubber materials into Micronized Rubber Powders.

Customer relationships: Understanding of the custom needs and collaborating with them on a deeper level
by developing something that is custom made for them (fa. size of the powder). By using Lehigh MRPs,
customers improve the sustainability of their products and their company and help provide an environmental
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benefit to society. Customers around the world are making sustainable improvement by using MRPs in their
products.

Channels: The product can be ordered through online channels. Brand awareness can be made by famous
partners through marketing within their environment (e.g. Michelin).

Customer segments: Worldwide customers that are using petroleum derived materials for material production
and who are willing to switch to a more sustainable solution where they incorporate MRP in their products.
Which depletes fewer resources, decreases CO2 emissions and saves energy.

Cost and expenses: MRP can significantly reduce the cost of a product formulation. MRP replaces rubberand oil-based feedstocks, which are priced based on fluctuating markets. Pound-for-pound, MRP offers up
to 50 percent savings over primary raw materials, offering customers a sustainable solution. The company
has asserted that MRP can offer up to 50 percent cost savings.

Revenues: Revenues are obtained by direct sales of the MRPs.

Circular strategy: Regenerate (restore health of ecosystems by keeping rubber waste out of landfills and
deplete fewer resources), Share (reuse end-of-life rubber materials, the MRP are designed for durability),
Optimise (remove waste from the production system, increase performance of the rubber by transforming
them to higher performing MRP), Loop (continuous recycling of rubber materials)and Exchange (apply new
technologies)

4.1.3.8. Renewable Food for Animals and Plants
Value proposition: This natural system provides a sustainable outcome for that is valued by the customer.
The recovery of useful resources and value at the end of one product lifecycle feeds into another.
Transforming waste into value through innovative recycling and upcycling (100 tonnes food = 60 tonnes
product). Except for that, BSF food can help preserve wild fish stocks, at full capacity one factory can replace
the need for 15 million wild fish. The carbon impact of switching to insect made sustainable solutions is an
80% reduction.

Key partners: Partnerships with supermarkets/shops who are offering their food waste to Enterra.
Corporations with large aquaculture facilities.
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Key activities: Solving two global environmental problems, food waste diversion and nutrient demand. By
farming renewable food for animals and plants which grows into natural protein, oils and organic fertilizers.

Key resources: The specialised facility where the BSF are inhabiting and where the nutrients of food waste
are recovered. The BSF larvae stock itself, who are the end product, are full of protein and fat and nutrients
making them an ideal feed ingredient. Advanced engineering techniques in combinations with biological
systems are the base of the used technology.

Customer relationships: Keep customer relationships strong by offering Sustainable farm products and
predictable pricing, quality and supply of products.

Channels: Customer segments can be reached by online advertisements or by scientific evidence of their
sustainable products.

Customer segments: Companies who are searching for a more sustainable and high-quality replacement of
fishmeal (by BSF high protein meal), coconut oil and palm kernel oil (by the BSF fat extract). They also
want to attract companies who are working in the field of aquaculture, chicken, birds and pets, as the whole
dried larvae of BSF can be used as feed for them. Further they want to attract plant growth facilities to offer
them their organic fertilizer.

Cost and expenses: The environmental cost saving has been estimated as $2000/tonne. Labour cost is small
as most of the job is done by the BSF. Avoidance of costs associated with the disposal of organic matter
Revenues: By placing a plant or selling BSF high protein meal and BSF fat extracts. Enterra’s technology
results in three times more revenue stream than anaerobic digestion (waste-to-energy) and decomposition
techniques. Each new facility will cost around $30 million. Enterra is funded by many, including canadian
government and big scale aquaculture en poultry companies.

Circular strategy: Regenerate (return recovered nutrients to the biosphere, shift to renewable materials),
Optimise (increase performance of nutrients by up-cycling, remove waste in production of meal, oil,
sustainable protein and organic fertilizer), Loop (recycle food waste, extract oils and nutrients from organic
waste), Exchange (apply new technology)
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4.1.3.9. Analysing the fit of the investigated approaches to the Circular
Economy principles of the ReSOLVE framework.
P = ReSOLVE element present in the CBMC of the particular waste management solution.
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Table 4: Summary of the fit of the investigated approaches to Circular Economy principles of the ReSOLVE framework.

4.1.4. Analyzing questions
4.1.4.1. The Omni processor
“What are the main benefits of the application?” It is 100% solar-powered (energy neutral), extracts plastic
autonomously and operating 24/7 and is capable of operating in the majority of the world’s most polluting
rivers. So far solutions to stop river plastic have been few, and designed only for individual locations, the
interceptor is the first in its kind to tackle this problem and for that will have competitive advantage compared
to other plastic treatment technologies.
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“How can this solution change society?” Local operators can help contributing to a project that will have a
big impact on the society. The interceptor will create a river without plastic debris, this can improve society
to a high level. The rivers are clean and again and are not a danger to the inhabitants.
“Is the analysed solution applicable to the Belgian context? - why yes, and why not?” Since we do not really
have a sanitation problem in Belgium, the usefulness of this solution is not that great in this country. In
addition to processing sludge, the processor can also convert waste water into clean water. This could be
applied in Belgium, but the need in other countries is much greater. In addition, there are no ethical or legal
restrictions for the placement of this product in Belgium. But, this product and its activities are not part of
the goals to be achieved through the implication of policy measures at the federal level.

4.1.4.2. Automated vacuum waste collection system
“What are the main benefits of the application?” the system currently requires just seven employees for the
entire city. The system decreases waste collection associated traffic with 90%. Making communities safer,
cleaner, more hygienic and significantly reducing carbon emissions because of the exclusion of trash
“How can this solution change society?” More space for green and parks where people can walk and enjoy
the outdoors because roads are not necessary anymore for trash pick up. Less smells in the street and keeping
streets hygienic can have a positive effect on the people around it .
“Is the analysed solution applicable to the Belgian context? - why yes, and why not?” This product could be
applicable to a Belgian context. It could be applied to big cities such as Brussels or Antwerp; as these are
populous cities. Further it could be beneficial to start operating this system in Belgian hospitals or big
companies, but further case studies would be needed to prove this. This product could contribute to a Belgian
circular economy through the goal of “improving cost of garbage removal”, but this will only be true in the
long run as the purchase cost of this system is enormous.

4.1.4.3. Winnow

“What are the main benefits of the application?” Leading to better decision making in food preparation and
increasing awareness in kitchen staff, reduce the many issues associated with food waste. Cut the total food
waste in commercial kitchens in half. Winnow analytics correlates food waste to sales, in many commercial
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kitchens this can be the difference between missing and exceeding profit and loss targets and can be the
deciding factor in winning client tenders.
“How can this solution change society?” It can make people realize that saving food or reducing food waste
is only beneficial. At the same time, you are saving money and improving the environment by reducing your
carbon footprint.
“Is the analysed solution applicable to the Belgian context? - why yes, and why not?” Winnow would
definitely fit in a Belgian context. Many Belgian facilities would fit in the customer segment targeted by
Winnow (e.g. hotels, restaurant). Besides this fit, the product could contribute to the goal, set by Belgian
government, of “decreasing the amount of waste produced per person” and “improvement of the use of
resources”. Winnow could contribute to these policies by obligated placements in Belgian restaurants and
hotels for example.

4.1.4.4. The Interceptor
“What are the main benefits of the application?” It is 100% solar-powered (energy neutral), extracts plastic
autonomously and operating 24/7 and is capable of operating in the majority of the world’s most polluting
rivers. So far solutions to stop river plastic have been few, and designed only for individual locations, the
interceptor is the first in its kind to tackle this problem and for that will have competitive advantage compared
to other plastic treatment technologies.
“How can this solution change society?” Local operators can help contributing to a project that will have a
big impact on the society. The interceptor will create a river without plastic debris, this can improve society
to a high level. The rivers are clean and again and are not a danger to the inhabitants.
“Is the analysed solution applicable to the Belgian context? - why yes, and why not?” As the rivers in
Belgium are not that polluted the need for this Interceptor is not high, especially compared to some other
countries (e.g. Vietnam, Malaysia). Also, this product does not fit within the objectives of the Belgian policy
concerning the transition towards the circular economy.

4.1.4.5. DyeOx
“What are the main benefits of the application?” The use of absolutely no water during the time of dyeing
is cut in half, and fabric comes dry out of the machine, so no drying is involved. All this leads to a high
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reduction in costs because of energy savings of 50%. Other than these benefits, dyeing without water means
that a geographical freedom is created for the company. The company becomes independent of water
availability, which opens new opportunities.
“How can this solution change society?” DyeCoo is one of several companies making an active effort to
develop products and solutions that will deliver superior business results while improving the lives of others.
No polluted water is discharged into neighborhoods, so the quality of rivers can be retained. Maybe people
will buy more from brands who are using the circular dyeing technique considering the fact that it is more
sustainable than other techniques.
“Is the analysed solution applicable to the Belgian context? - why yes, and why not?” This solution would
add to the policy of “improvement of the use of resources” by reducing the amount of CO2 compared to
prevailing dyeing technologies. Except this policy fit, is the product also applicable in a Belgian environment.
Belgian textile companies could save costs and could possibly obtain a positive attitude of consumers because
the use of environmentally friendly dyeing techniques.

4.1.4.6. MycoComposite
“What are the main benefits of the application?” The average package is grown in just 10 days. Custom
molds for specific products. Flame resistant, 100% compostable and hydrophobic.
“How can this solution change society?” This innovative solution can contribute to the major worldwide
plastic packaging problem. If this solution would be used by people and companies this could lead to nonplastic revolution.
“Is the analysed solution applicable to the Belgian context? - why yes, and why not?” MycoComposite is
already active in IKEA (which is also active in Belgium). But this product could definitely be applicable in
a Belgian environment. Also, its usage and production are very easy to do-this-yourself, especially in smallscale shops, large scale shops can rely on the mass production by the company Ecovative. This circular
package could help reaching the goals of “increasing resource productivity”, “decrease the amount of waste
produced per person” and “decrease the cost of garbage removal, set by Belgian government. This
biodegradable (costless removal) packaging serves as an promising replacement of the extreme polluting
plastic packaging.
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4.1.4.7. Micronized Rubber Powder
“What are the main benefits of the application?” MRPs are replacing the use of virgin raw materials for
rubber production, but they still retain the inherent benefits of rubber. MRPs are reducing the need for virgin
raw materials and subsequently lowers the greenhouses gases and saves energy.
“How can this solution change society?” The use of sustainable MRP incorporated products in society,
would provide an environmental benefit to society. Adding MRP eliminates waste that would otherwise go
into landfills, helping reduce the need for oil-based feedstocks, saving energy and reducing greenhouse gases.
“Is the analysed solution applicable to the Belgian context? - why yes, and why not?” Michelin, who is also
operating in Belgium is already partnered up with this product. Many other in Belgium could follow, such as
car manufacturing industries. The policy measures: “improving resource productivity” and “decreasing cost
of garbage removal” can both be achieved by making use of Micronized Rubber Powder mainstream.

4.1.4.8. Renewable Food for Plants and Animals
“What are the main benefits of the application?” Nutrient upcycling from organic food waste. The operation
requires no water, a miniscule footprint of land, with negligible methane or greenhouse gas emissions. There
are no rotting smells at Enterra, which are typically associated with landfills and other garbage operations,
because the material is consumed by the larvae before it undergoes bacterial decay.
“How can this change society?” Keeping organic waste out of the biosphere helps to contribute to the concept
of sustainability and buying circular materials can also give you a sense of satisfaction.
“Is the analysed solution applicable to the Belgian context? - why yes, and why not?” Maybe this solution
could create some ethical issues as animals are involved in this process. Also the system is pretty labour
intensive and maybe not really fitted in a Belgian context. Additionally, the solution does not contribute to
any of the policy measures set by the Belgian government towards the circular transition.
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5. DISCUSSION
This thesis started off by explaining why a linear economy will not survive in our present world, in the future,
a transition from a linear to a circular economy is going to be undeniable and circular economy business
models are the solution to create synergies between industry sectors and customers along the value chain and
the whole economy. Therefore, a current need to design solutions that will work in our future circular
economy is fundamental. The purpose of this thesis was to analyze eight innovative and promising global
waste management solutions and check their applicability into a circular framework. After intensive literature
reading, the chosen innovations were; the Omni processor, The Automated Vacuum Waste Collection
system, Winnow, the Interceptor, DyeOx, Mycocomposite, Micronized Rubber Powder and Renewable Food
for Animals and Plants. The solutions were picked on a global scale, because literature has confirmed the
importance of globalization for this transition towards circularity. This descriptive discussion will reflect the
findings of the results found.
The analysis of the waste management solutions started with a projection against the ‘butterfly diagram’.
These results showed a remarkable better fit of four solutions out of the eight. Namely; MycoComposite,
Micronized Rubber Powder, DyeOx and Winnow. The next analysing tool was the situation of the solutions
within the existing ‘power of circles diagram’. These results showed that some solutions can be placed more
than once in the diagram. Logically we can accept that approaches that occur multiple times are just a little
more circular. We can make the assumption that MycoComposite, Micronized Rubber Powder, DyeOx and
Winnow come out of this projection as 'circular winners', due to their multiple occurence in the diagram. It
is notable that the projection of the eight waste management solutions against the ‘butterfly’ diagram and the
‘power of circles’ translated in the same results.

The third analysis and last projection of the waste management solutions was done against a self-made
analysis tool based on the BMC. Literature already showed that the BMC is widely used and accepted as a
standard for visualisation of how a company is creating, capturing and delivering capture. The business model
canvas underwent a true circular transformation, where the additional building block, “circular strategy”,
made sure circularity is deeply rooted within the business model. The original elements of the canvas are
seen through a circular lens. This view can provide insights for the organization itself and others in a circular
context. Findings of the circular business models showed that the following solutions; the Omni processor,
Winnow, DyeOx, MycoComposite and Micronized Rubber Powder; possess the highest fit to the Circular
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Economy principles of the ReSOLVE framework. Ultimately the least circular solution is referred to the
Interceptor.

The question arises if this of approach has any benefits compared to other foregoing circular and sustainable
business models? Many prevailing business models contributing to environmental problems are mostly
talking about the term sustainability but it’s important to make a difference between circularity and
sustainability (Geissdoerfer, 2017).
Whereas sustainability is a term that can be applied to parts of the company, circularity should be integrated
into the whole system of a company in a whole, this thinking can be referred to as system thinking, a main
idea behind a circular economy (World Resources Forum, 2014). Circular business models created in the
past and mentioned in the literature seem to miss the element of systems thinking in their model. The
integration of the ReSOLVE criteria can be a way to incorporate the idea of systems thinking in the business
model.

The use of three circular economy principles increases the coverage of all aspects of a circular economy.
Winnow, DyeOx, MycoComposite and Micronized Rubber Powder are found to have a high fit in each of
these principles. These findings allow us to make the assumption that these solutions can be considered
circular. Considering the analyzing questions in the result section, these circular solutions would make a good
fit in a Belgian environment. Applicability would be possible both in a legal and social context, their activities
are contributing to the goals set by Belgian government, these goals are guiding belgium towards a circular
economy. Thereby adding that the solution’s activities are creating benefits in a social en financial way.
Based on the literature, we can assume that these solutions would also be applicable within Europe. They fit
in the legal framework and within a European environment. Above all, we could even hypothesize that the
solutions in question can contribute to the achievement of some SDGs (e.g. SDG 9: Industry, Innovation and
Infrastructure and SDG 12: responsible consumption and production).

Due to time and subsequently scope limitation, the research of this thesis was limited, which means that this
research and its findings can serve as a set off for many future studies. There are enormous possibilities for
prospective research originating from this thesis and circular economy in general. For this thesis a further
extension of the CBMC could be interesting. Except from the element circular strategy, other elements could
be incorporated. Some other suggestions could be “Sustainable Development Goals (SDGs)” and “Circular
changes’’. First, it would be very useful to incorporate SDGs as an extra element, why? These goals are
agreements to be achieved globally by 2030 (Schroeder et al., 2019). If we incorporate these directly into the
circular business models, this could possibly drive companies contributing to these agreements. It is also
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important that the business model can be applied globally and due to the global scale of these SDG’s, it could
suit as a part of the globalization process of circular business models. Another suggestion could be the
element; “Circular changes”, this element could reflect the changes made within the company towards a
circular business model. This information would also be interesting for other companies, within the same
industry, to serve as an inspiration and add to further circulation. But keep in mind that these elements are
just proposals to add to the canvas. For ultimate use in practice, they should be tested in circular business
model through the use of case studies.

This thesis and its results came along with some interesting findings. The outcome can bring new insights on
how companies can integrate circularity within the heart of their businesses. Also, the combination of
projection against the three circular principles can be used as a kind of checklist to distinguish a circular
waste management solution from an ordinary one, and this in any kind of industry. Making this distinction
could be interesting in the process of developing new circular solutions in a waste management context.
Although humanity maneuvered itself in the wrong direction, by making innovative circular solutions they’re
on the right way to put themselves back in the right direction.
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6. CONCLUSION
Projection of the eight waste management solutions against the existing circular principles ‘the butterfly’
diagram and ‘the power of circles’ showed quite similar outcomes. In addition, the self-developed analysis
tool proved to function as a proper circular business model in practice through integration of the ReSOLVE
criteria. Remarkably, the results of the self-developed Circular Business Model Canvas showed a highest fit
with the ReSOLVE principles for the solutions that were also considered most circular when projected against
the ‘butterfly’ and ‘power of circle’ diagram. When we accept that these three circular principles showed
similar outcomes, we can tell that some of the waste applications are clearly not circular compared to others
and therefore cannot be accepted as real circular solutions. This would allow us to state that a good fit in
these diagrams and the Circular Business Model Canvas could serve as a kind of checklist to distinguish
circular solutions from ordinary waste management solutions. To finalize, we can state that Mycocomposite,
Winnow, DyeOx and Micronized Rubber Powder are clearly circular waste management solutions,
considering some analyzing questions, these solutions would fit in a Belgian environment, in a legal and
social context.
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