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PREFACE

This book is developed within the framework of the International project ,,Online
Master Programme for Circular Economy (CIRCECO)”. Project coordinator —
European University — Skopje (R. of Macedonia), project partners — Zelena
Infrastruktura, Green Infrastructure Ltd. (Croatia), Fakulteta za komercialne in
poslovne vede (Slovenia) YES Foundation (Macedonia) and The University of
Economics and Culture (Latvia). Project period — December 2017 — January 2020.
CIRCECO is financed and supported by the European Commission, Erasmus +
Programme, Key Action 2 — Strategic Partnership (grant agreement No. 2017-1-
MKO01-KA203-035392).

CIRCECO project’s specific goals are as follows:

e Circular Economy joint research — conducted in collaboration with participants
from the business sector, researchers, experts, professionals and students in
order to analyse economic indicators and potential benefits and risks of
transitioning from linear to circular economy.

e Support and implement models for effective and practical learning through
raising awareness and inspiring students to rethink the economic future from
the viewpoint of circular economy; establish innovative educational practices
and training platforms so as to speed up the transition from linear to circular
economy; provide the latest information, insights, and views implemented in
the Master Study Program for circular economy needed to accelerate the
transition; foster innovation, creativity and entrepreneurial skills.

e The support and development of innovative business models focused on a
renewable and self-sustainable economy, and employ innovations resulting
from the circular economy and the cooperation with the business sector;
implementation of a comprehensive business initiative for circular economy
and support throughout the implementation stage; strengthening the
knowledge-transfer infrastructure.

e Creating an Online platform, enabling the setting up and implementation of an
on-line study programme, allowing students and staff to log in, upload and
download learning materials, forum discussions, as well as providing an option
for live consultations and lectures.

e Promoting the benefits of the innovative Online Master Study Programme for
Circular Economy and raising awareness through relevant electronic and press
media, in order to inform about the latest findings, reports and achievements
in the field of circular economy and exchanging views of all interested parties.

e Increased awareness in the importance of circular economy, not only among
the business sector, but for the wider audience as well.



The main goal of this book is to increase students’ awareness about the significance
of circular economy. The learning book is designed to provide a comprehensive
overview about the global issues our society is facing nowadays, solutions suggested
by world, European and national organizations, and specifically emphasizes the role
of the circular economy to deal with environmental, economic and social problems.

This book will help students to be acquainted with the new terminology, to understand
the relationships between various associated concepts and models, and to generate
ideas about their own research in the field of circular economy.

The book “Introduction to Circular Economy” consists of 11 chapters. Its structure
was used as a basis for developing an online course “Introduction to Circular
Economy” within the framework of the project. The questions for individual studies
at the end of each chapter will help students to systematize knowledge and to fulfil
the tasks within the course.
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INTRODUCTION

Modern economic realities require a fundamentally new approach to the
implementation of economic activity, since commaodity producers are currently
experiencing serious restrictions, caused by a shortage of natural resources and
unprecedented degradation of ecosystems. In order to ensure sustainable
development, which presupposes economic progress, environmental safety and
improvement of the quality of life of the population, today a different development
paradigm is needed.

In the world, at the moment, the traditional model and the economy are gradually
being revised, and a new development paradigm, based on the concept of a green
economy, is gaining more and more resonance. The Organisation for Economic Co-
operation and Development (OECD) officially adopted an economic policy of
“green” growth as a strategic direction for the development of all its members in 2009.
It was adopted for the long-term period, i.e. up to 2030, as well as up to and beyond
2050. The main advantage of a circular (green) economy is that it not only saves
nature, but also ensures further economic growth without increasing consumption
(and landfill growth), as well as increases the number of jobs. Since the main task of
this economy is to ensure maximum efficiency of each step and process in the
particular product or service life cycle, one of its priority directions is concentrated
on waste reuse.

Many countries have a linear economic model based on the principle of “take, make,
dispose”. For this reason, the traditional economic model is being reinterpreted, and
more and more attention is being paid to the concept of a circular economy, based on
the principle of “take, make, reuse”.

Most experts believe that a closed-cycle economy (or a closed-loop economy, a
cyclical economy, a circular economy) is a way to find harmony between the
economy and the environment. For many years, nature and the economy have been
in conflict; moreover, it is impossible to give priority to one of the parties of this
conflict without detriment of the other.

The economy of a closed cycle becomes the subject of a wide range of studies not
only in European countries, but also throughout the world. Experts consider it as a
potential strategy for the development of society, which can improve well-being,
while weakening the dependence of states on raw materials and energy. Many
entrepreneurs see cyclical economy as a way to boost economic growth and increase
profits. Many governments are actively involved in discussing the issues of
attractiveness of the transition to a closed-cycle economy, its impact on the number
of jobs, economic growth and the environment. Circular economy can become a key
tool in the fight against pollution, biodiversity loss, climate change and growing
inequalities. But to do that, the causes of the current problems need to be looked at,
remembering that local activities can influence global change. Consequently, there is
a need for cooperation at the level of governments, society, companies and
individuals, which can serve as a common basis for the implementation and
development of the circular economy.



Circular economy can also bring significant economic, social and environmental
benefits on a global scale, becoming a paradigm for new economic development.
Circular economy envisages a change from the current model based on ‘end-of-life’
concepts to the new model of production and consumption. The new model aims at
reducing resource consumption, recycling and reusing various products and materials
in all production, distribution and consumption processes. Circulation promotion
aims to accomplish sustainable development, because the circular economy is linked
to many of the United Nations' endorsed 17 Sustainable Development Goals (SDGs).!

A circular economy is a regenerative or regenerative production system. It is also
often possible to find other names for this approach, such as green economy, closed-
loop economy, and non-waste economy. This approach provides for replacing the
concept of “end-of-life” repair, shifting the interest towards the use of renewable
energy sources, completely eliminating the use of toxic chemicals that interfere with
product reuse, and waste elimination through the improvement of design, materials,
products and, as a result, the entire business model.

A wasteful lifestyle, mainly in industrialized countries, has led to a decline in
ecosystems, limited resources and an increasingly unstable climate. At the same time,
population growth and the much-needed increase in per capita income in low-income
countries put additional pressure on resources. Business circles often see the
environmental policy development as a threat to competitiveness, but there is reason
to consider resource efficiency as an opportunity.

The current economy is built on the principle of “quick turnover”. The faster the
consumptions items are replaced, the better it is for manufacturers. As a result, the
Earth's resources are managed very inefficiently. The transition to a circular economy
through reuse will bring many benefits.

In the 1981 Report of the European Commission “Jobs for tomorrow: the potential
for substituting manpower for energy” (Stahel & Reday-Mulvey, 1981) it is said, that
the circular economy, in contrast to the production of new goods, will create local
jobs and reduce resource consumption, greenhouse gas emissions and waste. The
findings presented in this report have remained relevant also nowadays.

The economic effect of introducing the concept of a circular economy is expressed in
reducing the consumption of raw materials and energy resources, and as a result — in
reducing demand for them and price volatility in resource markets; as well as an
increase in the number of jobs due to the formation of new sectors of the circular
economy (Van Buren et al., 2016). The acceleration of urbanization leads to an
incentive for the state to promote the development of a circular economy. The
advantages for enterprises are expressed in the strengthening of relationships with
partners along the entire value chain, increasing innovation and customer loyalty, the
emergence of additional competitive advantages and new sources of profit (Firnkorn
& Muller, 2012; Shafiee & Stec, 2014), and for consumers — in the consumption of
environmentally friendly products and, in some cases, a decrease in their cost.

1 United Nations. Sustainable Development Goals.



The circular economy provides the direction of material resources for reuse within
the existing production cycle, which leads to a number of positive and negative
consequences. It was found that despite the presence of negative effects, the benefits
from the development of the circular economy are significantly higher.

Along with the long-term benefits of the transition to a circular economy, the
following challenges exist:

- the difficulty of promoting systemic changes;

- economic challenges (a circular economy may be unprofitable in the short
term);

- imperfect markets (lack of necessary products and infrastructure,
competition, knowledge and / or incentives in the market);

- imperfect regulation (imperfect legislation and / or implementation);

- social factors (insufficient knowledge and skills related to the circular
economy);

- difficulties in obtaining adequate funding;
- lack of harmonized procedures in various fields.

The introduction of a circular economy requires transformations that facilitate the
identification and use of reserves in the chain of use of material resources throughout
the “product cost cycle”, which is possible only with complex changes, not so much
technological as economic and organizational.

The transition to a circular economy is accompanied by attracting investments in the
engineering and design service sectors, which will take into account recycling
opportunities at the product design stage, waste processing technologies and
processes, modernization of existing industries to increase resource efficiency and
the ability to work on secondary raw materials, and the development of
biotechnology-based products.

For the development of a circular economy and the creation of conditions that
stimulate the attraction of investments in it, it is suggested to:

- carry out work to improve the methodology for identifying industries or
activities related to the circular economy sector;

- develop quality standards for secondary raw materials to increase the level of
their involvement in the economy and strengthen the confidence of producers
on their part;

- improve the reliability and availability of data in the field of waste, which
would contribute to better comparisons;

- create a public information platform that will allow to not only monitor the
development of a closed-type economic system, but also to share information
with all participants in this sector.



1. CIRCULAR ECONOMY AS A RESPONSE TO GLOBAL ISSUES

The Industrial Revolution, which started in the 18" century, was not only the
transition from hand production methods to manufacturing, but also the starting point
for huge transformative processes within the society. Unprecedented population
growth and technological innovations led to increased consumption that, in turn,
considering the limited resources, caused the global challenges mankind is facing
now. World population reached 7.7 billion people in 2019 (Figure 1).2

The size of the world population over the last 12.000 years
7.7 billion in 2019
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Mid 14th century: The Black Death
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4 million in 10,000 BCE

Figure 1. World Population Growth from 10,000 BC to today
(Source: Our World in Data, 2019)

The most visible effects of the growing population are an increase in thr usage of
natural resources, environmental pollution and land use changes like urbanisation.
According to the forecasts of The Global Material Resources Outlook to 2060, the
use of global materials will rise double to those of today (Figure 2). According to
Angel Gurria, OECD Secretary-General “Growth in materials use, coupled with the
environmental consequences of material extraction, processing and waste, is likely to
increase the pressure on the resource bases of our economies and jeopardise future
gains in well-being”.?

2 Qur World in Data, 2019.
3 OECD, 2018.
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Figure 2. Key facts and projections from the OECD Global Material Resources Outlook to
2060 (Source: OECD, 2018)

The World Economic Forum, which took place in 2016, determined that one of the
global risks, that, for the next ten years will mostly concern people and economies,
will be the water crisis. Two thirds of the world’s population currently lives in areas
that experience water scarcity for at least one month a year.* According to the World
Health Organisation (2019) data “in least developed countries, 22% of health care
facilities have no water service, 21% no sanitation service, and 22% no waste
management service. By 2025, half of the world’s population will be living in water-
stressed areas”.®

Eurostat collects data on total waste in all European countries. According to 2016,
the total amount of waste generated by all economic activities and household
production, reached 2,538 million tons; of which hazardous waste accounted for 4.0%

4 World Water Assessment Programme (WWAP), 2017.
5 World Health Organisation, 2019.
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of the total, i.e. 100.7 million tons.® Global waste, as forecasted, will grow to 3.40
billion tons by 2050 (Kaza et al., 2016).

The growth in population and the increase in the amount of waste generated leads to
aggravation of global environmental problems. Statistics on water, land and air
pollution are depressing. Worldwide, over 80% of all wastewater returns to the
environment without being treated.” World Water Assessment Programme (WWAP)
in 2017 analyzed the situation in different income countries and got to know, that
high-income countries treat about 70% of the wastewater they generate, upper
middle-income countries treat about 38% and lower middle-income countries about
28%. In addition, in low-income countries, only 8% of industrial and municipal
wastewater is treated in any form.2 Cumulative carbon dioxide (CO,) emissions in the
United States increased to 400 billion tons, which is 13 times more than in the same
year of the previous century. The value of the indicator increased 1000! times for a
100 year period in China (Figure 3).°

Nodata Ot 50 milliont 500 million t 5 billiont 50 billion t 100 billient  250billiont 400 billiont
I I I [—
Figure 3. Cumulative carbon dioxide (CO-) emissions (total sum of CO- emissions produced
from fossil fuels and cement) (Source: Our World in Data, 2017)

Environmental pollution, in turn, resulted in land degradation (soil erosion), forest
degradation, biodiversity reduction and climate change (global warming). The cause
of environmental pollution, to a greater extent, is industrial production. The Industrial
Revolution has led to the creation of a production system that results in billions of
tons of toxic materials being released into water, air and soil, destroying the

6 Eurostat, 2016.

7 World Water Assessment Programme (WWAP), 2019.
8 World Water Assessment Programme (WWAP), 2017.
9 Our World in Data, 2017.
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ecosystem and reducing biodiversity. The absence of universally implemented
environmentally neutral technologies causes pollution of the atmosphere, water
bodies, as well as an increase in waste generation. Therefore, ecology needs to be
seen as a complex scientific direction that collects and synthesises data on interactions
between the environment, people and society as a whole, energy substances and
processes in these systems.

Circular economy is restorative and regenerative by design. It can be a response to
many challenges we are facing now through strategies, such as recirculating a larger
share of materials, reducing waste in production, extending the lifetimes of products,
and deploying new sharing-based business models.'° Finally, it will have a positive
economic effect.

Circular economy is an economic model that functions more like a natural ecosystem
with some changes.!* Comparing the economic model with the ecosystem is possible
because there is no waste in the ecosystem, and there is no waste in the circular
economy, and all materials can be reused. Circular economy is an economic activity
aimed at energy saving, regenerative environmentally friendly production, circulation
and consumption. The circular model is the most successful way to save resources
and materials, and constant economic growth.

Based on the report of the European Investment Bank??, there are three fundamental
drivers of circular economy:

1. Resource constraints: Global demand for resources is rising very rapidly,
resulting in ever-increasing shortages of critical raw materials and water.

2. Technological development: The introduction of new technologies enables
the development and introduction of new CE business models. Without the
development of new technologies and the development of innovative
approaches, recycling, block replacement and re-use of resources, as well as
the application of new IT technologies, will not be possible.

3. Socio-economic development: Circular models play a very important role in
the context of increasing urbanization. Urban areas can easily develop,
implement and maintain systems that can collect and return a variety of
goods, materials and other resources, and which will also be cost effective.

In turn, the opportunities offered by circular economies for companies include: (i) de-
risk/ hedge future commaodity supply uncertainty and price volatility; (ii) reducing
manufacturing costs, (iii) avoided costs and new revenue streams, and (iv) new
business opportunities and new markets.*®

10 Material Economics, 2018.

1 Towards the Circular Economy: Accelerating the scale-up across global supply chains. World
Economic Forum, 2014.

12 European Investment Bank, 2019.

13 ibid.
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The experts from McKinsey in their 2016 report “The circular economy: Moving
from theory to practice”* concluded that:

— By adopting circular-economy principles and integrating new technologies
and business models, Europe could achieve “growth within”.

— A growth-within model would create better outcomes for the European
economy, generating annual benefits of up to €1.8 trillion by 2030.

— The circular economy could produce better welfare, GDP, and employment
outcomes than the current development path.

— A circular economy could benefit the environment while boosting
competitiveness and resilience.

Based on the viewpoint of the experts from the World Business Council for
Sustainable Development®®, circular economy can deliver significant benefits for
businesses, such as increased growth; innovation and competitive advantage; cost
reduction; reduced energy consumption and CO; emissions; increased supply chain
and resource security.

The most important result that can be achieved after the transition to a circular
economy is reduced consumption of natural resources. This will help both the
environment through reduced environmental impact and the economy, such as
achieving security of supply through reduced dependence on imports of natural
resources (Potting & Hanemaaijer, 2018). Circular economy offers the opportunity to
“make better use of the materials already produced, and so reduce our need for new
production,... through strategies such as recirculating a larger share of materials,
reducing waste in production, light-weighting products and structures, extending the
lifetimes of products, and deploying new business models based around sharing of
cars, buildings, and more”.%6

CONTROL QUESTIONS AND QUESTIONS FOR INDIVIDUAL STUDIES

1. What are the main challenges people are facing now? What are the cause-effect
relations between them?

2. What is the situation in your country? Find statistics on main social and
environmental indicators to describe.

3. How do you understand the term “Circular economy” after reading this chapter?

4. What benefits can be captured by businesses and society, moving to the circular
economy?

14 McKinsey&Company, 2016.
15 World Business Council for Sustainable Development, 2017a.
16 Material Economics, 2018, p. 3.
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2. CONCEPTUAL FRAMEWORK FOR CIRCULAR ECONOMY

2.1. EMERGENCE OF THE CONCEPT AND CURRENT DEFINITIONS

The concept of circular economy gained the extreme popularity among the
academicians during the last decades. To show the progress in the number of studies
devoted to circular economy issues, a small research has been conducted. Figure 4
demonstrates the exponential growth of the number of CE-related papers, published
in different issues indexed in SCOPUS and Web of Science databases — the largest
and the most valuable in the academic world databases of peer-reviewed literature.
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Figure 4. Results of the search in Web of Science and SCOPUS data bases, using the key
words “circular economy” (Source: Authors’ compilation)

The idea of the circular economy appeared several decades ago. Back in the 1960s,
economist Kenneth Boulding (1966) wrote about the “ideal economy”. He argued
that it was necessary to manage the available resources as if being in a spaceship:
there was no way to hope for fresh produce, and nowhere to store waste and garbage.
Boulding introduced the terms of two alternative forms of economy: 1) cowboy
economy, i.e. the open economy of the past, and 2) spaceman economy, i.e. the closed
economy of the future.

In 1969, Otto Schmitt introduced the terms of biomimetics/ biomimicry to describe a
“more technical approach of imitating models, systems and elements of nature
specifically for the purpose of synthesizing sustainable products through artificial
mechanisms which mimic natural ones” (Schmitt, 1969).

Back in the 1970s, many scientists, ideological leaders, and also some companies
began to speak out in support of a closed-cycle economy, but until recently this model
remained only an idea.
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The increased amount of waste and the scarcity of raw materials, in turn, fostered to
consider waste as a resource and to implement the principles of re-using and
recycling. In 1989, a new research field of “Industrial ecology” emerged (Frosch &
Gallopoulos, 1989). Industrial ecology facilitates the transition from open material
and energy cycles to closed ones, thus reducing the wastage of the industrial process
(Kronenberg, 2007).

The term “Circular economy” was introduced by Pearce and Turner (1990), who
developed a new economic model, applying principles of the laws of
thermodynamics. The idea was explained later by Ciegis and Ciegis (2008).

To date, the active advocates of the cyclical economy are the international consulting
company McKinsey&Co. and the World Economic Forum (WEF), while
international companies like Unilever, Cisco Systems and Philips implement the
principles of cyclical economics.

The concept of the circular economy takes its origin from many theories and scientific
schools, but all of them are, in one way or another, connected with overconsumption
of natural resources. The current concept of the circular economy is based on the
foundations of industrial ecology, the environmental economy and the green
economy. These concepts have been developed to balance the environmental burden
in industrialised countries (Murray et al., 2017; Ghisellini et al., 2016). Due to its
comprehensive and multidimensional nature, the concept of circular economy is
related to many other concepts. This leads to considering it as a quintessential concept
to describe socially- and environmentally- responsible human activities within the
production cycle and consumption.

In recent years, circular economy in the world has become increasingly popular,
emphasizing that resources and their effectiveness are crucial for economic and
business prosperity and the achievement of sustainable development goals.

The impetus for the introduction and popularization of the ideas of a cyclical
economy occurred in 2010, when the former yachtswoman Ellen MacArthur created
a foundation under her own name, promoting this approach.'’ Circular economy (CE)
is a paradigm for economic development and a policy initiative. It is developed to
respond to the unsustainable, conventional and linear “take, make, dispose” economic
model. Circular economy is defined as “an industrial economy that is restorative by
intention; aims to rely on renewable energy; minimises, tracks, and eliminates the use
of toxic chemicals; and eradicates waste through careful design”.*®

In the 2013 report “Towards the Circular Economy: Economic and business rationale
for an accelerated transition” an overview of several schools of thought about circular
economy was developed by the Ellen MacArthur Foundation.!® The “historical
evolution” of the concept is visualized in Figure 5. For sure, this “evolution” is just
illustrative. The predecessors of the circular economy were economists working in

17 Ellen MacArthur Foundation, 2017a.
18 Ellen MacArthur Foundation, 2013a, p.22.
19 Ellen MacArthur Foundation, 2013a, p. 26-27
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the late 1800s and in the beginning and middle of the 19" century. The years assigned
to the concepts and schools of thought illustrate the period of the “emergence”.
Sometimes the most significant contribution was made much later after emergence.

Spaceman economy
Biomimicry

Crandle-to-crandle
Industrial ecology

Ecological economy  Cjrcular economy

Regenerative design

1960s

1970s 1980s 1990s

Figure 5. Schools of thought contributed to the development of the Circular economy
concept (Source: Authors’ compilation)

For instance, Walter R. Stahel firstly used the term “cradle to cradle” (Hebel et al.,
2014, p.11). However, the authors of the current concept of cradle to cradle are
William McDonough and Michael Braungart (2002). Main contributors to the
development of the conceptual predecessors of circular economy and other related
schools of thought are listed in Table 1.

There are plenty of scientific publications with an attempt to make a comprehensive
overview of definitions of the circular economy concept. Kirchherr et al. (2017a) with
an analysis of 114 definitions and Rizos et al. (2017), who reviewed not only the
definitions, but also the circular economy processes and impacts, both can be

mentioned as an example.

Table 1. The main contributors to CE-related schools of thought

(Source: Authors’ compilation)

Concept / school

of thought Year Contribution
Performance 1986 | Stahel, W.R. “Hidden Innovation, R&D in a Sustainable
economy Society”
Green Economy 1989 | Pearce, D.W., Markandya, A., Barbier, E.B. “Blueprint for a
Green Economy”
Industrial ecology | 1989 | Frosch & Gallopoulos “Strategies for Manufacturing”
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Concept / school

of thought Year Contribution
Regenerative 1994 | Lyle, J.T. “Regenerative design for sustainable
Design development”
Biomimicry 1997 | Benyus, J.M. “Biomimicry: Innovation Inspired by Nature”
Bioeconomy 1998 | Enriquez, J. “Genomics and the World's Economy”

Cradle-to-cradle 2002 | McDonough & Braungart “Cradle to Cradle: Rethinking the
Way We Make Things”

Blue economy 2010 | Pauli, G. “10 years, 100 innovations, 100 million new jobs”

Several up-to-date definitions of the concept, proposed by different authors and
organisations in 2015-2019, are summarized in Table 2.

Table 2. Definitions of the concept of Circular economy
(Source: Authors’ compilation)

Author(s) Definition

Korhonen et al. (2018) “Circular economy is an economy constructed from societal
production-consumption systems that maximizes the
service produced from the linear nature-society-nature
material and energy throughput flow”.

Kirchherr et al. (2017a) “A circular economy describes an economic system that is
based on business models which replace the “end-of-life”
concept with reducing, alternatively reusing, recycling and
recovering materials in production/ distribution and
consumption processes, thus operating at the micro level
(products, companies, consumers), meso level (eco-
industrial parks) and macro level (city, region, nation and
beyond), with the aim to accomplish sustainable
development, which implies creating environmental quality,
economic prosperity and social equity, to the benefit of
current and future generations”.

Association of Cities and “The notion of circular economy aims at finding a new
Regions for sustainable economical paradigm integrating environmental
resource management preoccupations  (particularly, dwindling of certain
(2015, p.3) resources), and therefore makes way for “new business

models”, i.e. a deep transformation of production and
consumption models.”

Deloitte Central Europe “The circular economy presents a development strategy that
(2017, p. 27) allows economic growth while optimizing the use of
resources, deeply transformed patterns of production and
consumption chains, and designs for new industrial systems”
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Author(s) Definition

World Business Council “The circular economy is a new way of looking at the

for Sustainable relationships between markets, customers and natural

Development (2017a) resources. It leverages innovative new business models and
disruptive technologies to transform the linear economic
model”

Ellen MacArthur “.an economy that provides multiple value creation

Foundation & McKinsey mechanisms which are decoupled from the consumption of

Center for Business and finite resources”

Environment (2015, p. 23)

European Investment Bank | “...a new economic model that represents sustainable
(2019, p. 3) progress towards efficient green growth, moving from a
consumption and disposal-based linear model to extending
the life and use of products and materials and minimising
wastage”

Rizos et al. (2017) state that the two basic approaches to the interpretation of the
notion “circular economy” are:

1. resource-oriented definitions/ interpretations, emphasising the need to create
closed loops of material flows and reduce the consumption of virgin
resources;

2. interpretations that attempt to move beyond the notion of management of
material resources and incorporate additional dimensions.

In turn, the circular processes — recycling, remanufacturing etc. — are classified into
three categories: 1) using less primary resources, 2) maintaining the highest value of
materials and products and 3) changing utilisation patterns.

One can select any definition that is the most clear for them. The most important is
to be aware of the principles and activities within the circular economy. One of the
simplest ways for understanding definitions of the concept of circular economy is
provided by the quarterly journal Government Europe:%

The circular economy is a regenerative system in which resource
input, waste, emission, and energy leakage are minimised by
slowing, closing, and narrowing energy and material loops; this
can be achieved through long-lasting design, maintenance,
repair, reuse, re-manufacturing, refurbishing, recycling, and
upcycling.

20 Government Europe, 2018.
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2.2. CIRCULAR ECONOMY AND THE RELATED CONCEPTS

“These concepts [circular economy, green economy, sharing
economy, steady-state economy, bioeconomy] contribute to form
companies’ sustainability visions and strategies by providing
shared grounds for discussion on current issues with multiple
stakeholder groups” (D’Amato et al., 2019)

“To become more sustainable, companies need to go from
traditional, linear business models based on “take, make and
dispose” 10 circular business models based on reuse, resource
efficiency, the sharing economy and closed loops” (Jgrgensen &
Pedersen, 2018)

In these statements several notions and terms that are usually associated with
(sustainable, sharing economy, green economy, closed loops) or matched against
(linear business, “take, make, dispose”) the term “circular economy” can be found.
The understanding of these related concepts can help to get a deeper awareness about
the concept of circular economy itself.

Circular economy and Sustainable development

In 1987, the World Commission on Environment and Development defined
sustainable development in the report Our Common Future, as following:

“Sustainable development is development that meets the needs of
the present without compromising the ability of future generations

to meet their own needs ”. %

Since the emergence of that definition, many actors still are struggling to find viable
solutions to achieve sustainable development. However, it is a complicated process
affected by various external factors. The world’s population is increasing, along with
the average gross domestic product. The middle class is expanding and is predicted
to increase with three billion people over the coming decade. Even though these
external factors are favourable to economic growth, they are simultaneously imposing
limits to it, as they are the key drivers of resource demand.?? This rising global
affluence creates a demand that many non-renewable resources cannot keep up with.

Sustainable development refers to approaches and methods that minimize our impact
on the environment, promote development, based on social justice and equality. Three
pillars of sustainability are economic, environmental and social sustainability. It is
only achieved when there is balance or a trade-off between these three aspects.

21 World Commission on Environment and Development, 1987, p.41.
22 Towards the Circular Economy: Accelerating the scale-up across global supply chains. World
Economic Forum, 2014.
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The principles of sustainable development contain only a concept, but do not contain
specific solutions or implementation tools for achieving sustainable development,
which is a complex fundamental task. An important issue in the implementation of
the concept of sustainable development, especially since it is often viewed as
evolving, was the identification of its measurable indicators, which could reflect the
economic, social and environmental aspects of the sustainable development of society
and link them together. An additional issue was the creation of various methods and
approaches for the implementation of the concept of sustainable development in life
in various fields and industries.

Therefore, at the United Nations Sustainable Development Summit in 2015, world
leaders adopted the 2030 Agenda for Sustainable Development.® The Agenda
includes a set of 17 Sustainable Development Goals (SDGs) to be met by 2030
(Figure 6), which are accompanied by specific targets — 169 in total.2* All goals relate
to the global challenges the planet is facing, including those related to environmental
degradation and climate change, poverty, inequality, peace and justice.

Ensure healthy lives and uu ALITY GENDER
ell-being for all
Lttt EDUCATION EQUALITY

DECENT WORK AND 1 0 REDUCED
ECONOMIC GROWTH INEQUALITIES

12 RESPONSIBLE 1 CLIMATE 16 PEACE, JUSTICE 1 PARTNERSHIPS

ANDSTRONG
INSTITUTIONS

ACTION FOR THE GOALS

Figure 6. Sustainable development goals®®

Dr. Patrick Schroder at the Institute of Development Studies (IDS) has identified the
key targets amongst the Sustainable Development Goals (SDGs) that are crucial for
a transition to a circular economy (Table 3).

23 United Nations, 2015.
24 United Nations. Sustainable Development Goals.
25 Sustainable Development Working Group, 2015.
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Table 3. Key SDG targets crucial for circular economy
(Source: The top 10 priority targets for the circular economy

26)

SDG targets

Description

TARGET 2-4

By 2030, ensure sustainable food production systems and implement
resilient agricultural practices that increase productivity and
production.

TARGET 3-9

By 2030, substantially reduce the number of death and illnesses
from hazardous chemicals and air, water and soil pollution and
contamination

TARGET 6-3

By 2030, improve water quality by reducing pollution, eliminating
dumping and minimizing release of hazardous chemicals and
materials, halving the proportion of untreated wastewater and
substantially increasing recycling and safe reuse globally

TARGET 7-3

By 2030, double the global rate of improvement in energy efficiency

TARGET 8-4

Improve progressively, through 2030, global resource efficiency in
consumption and production and endeavour to decouple economic
growth from environmental degradation, in accordance with the 10-
year framework of programmes on SCP, with developed countries
taking the lead

TARGET 9-2

Promote inclusive and sustainable industrialization and, by 2030,
significantly raise industry’s share of employment and gross
domestic product, in line with national circumstances, and double its
share in least developed countries

TARGET 11-6

By 2030, reduce the adverse per capita environmental impact of
cities, including by paying special attention to air quality and
municipal and other waste management

TARGET 12-2

By 2030, achieve the sustainable management and efficient use of
natural resource

TARGET 12-5

By 2030, substantially reduce waste generation through prevention,
reduction, recycling and reuse

TARGET 14-1

By 2025, prevent and significantly reduce marine pollution of all
kinds, in particular from land-based activities, including marine
debris and nutrient pollution

The researchers and public authorities recognize a strong interconnection between
sustainable development and circular economy, both on the theoretical (conceptual)
and the practical level.

In the report of the Economic Research Institute for ASEAN and East Asia “Towards
a Circular Economy: Corporate Management and Policy Pathways”, it is stated that

% SB Insight, 2019, p. 10.
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sustainable development requires a balanced and simultaneous consideration of
economic, environmental, technological, financial, and social aspects of the
country-, sector-, firm-level process, as well as interaction among different
stakeholders. In that context, circular economy is seen as a new business model,
expected to lead to a more sustainable and harmonious society (Anbumozhi & Kim,
2016).

Shaharia (2018) in his paper “Circular Economy: The Beauty of Circularity in Value
Chain” states that circular business models and sustainable business models are
focusing on the same values — creating sustainable value, stakeholder management,
and long-term perspective. The supporting activities in the circular value chain “are
mostly the same as the linear value chain, but sustainable procurement and practicing
sustainability in supporting activities are added” (Shaharia, 2018, p.588)

“The link between circular economy and the Sustainable
Development Goals is thus evident. A circular economy improves
resource efficiency and can therefore increase economic growth
in a long-term sustainable manner” (2019 report “The Nordic
Market for Circular Economy”).?’

The concept of sustainable development has a direct economic and technological
substantiation, the essence of which can be described by the so-called “5R” principle
of a closed-cycle economy:

— Restriction of energy and material consumption

— Replacement of non-renewable resources by renewables

— Recovery of the necessary components from recycled waste
— Recycling

— Reuse of products

Lehmann, Leeuw and Fehr, representing the World Resources Forum, state that a
circular economy is “the basic requirement for achieving a sustainable economy and
a future-compliant society” (Lehmann et al., 2014). In their brochure “Circular
Economy Improving the Management of Natural Resources”, the authors also
presented their vision of circular economy within the framework of other
sustainability concepts (Figure 7).

27 SB Insight, 2019, p. 9.
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Circular Economy Biomimicry
Industrial economy that is restorative by intention Innovation inspired by nature

Blue Economy Industrial Ecology
Using the resources in cascading systems Sustainability Creating closed loop processes
Concepts

Family

Cradle to Cradle
All materials involved are nutrients

Service Economy
Sell performance rather than products

Sustainable Consumption and Production
More and better with less

Figure 7. CE within the framework of other sustainability concepts
(Source: Lehmann et al., 2014)

Circular economy versus Linear economy

The Industrial Revolution created a linear model for a rapid and an efficient
production of products — more often with built-in service life — without regard to
environmental consequences. Historically, manufacturers often took environmentally
unsustainable resources, manufactured goods, and disposed of the remaining
materials in ways that were harmful to the environment.

The linear economy is based on a linear process. Usually, the process is optimized to
make it as efficient as possible, with high throughput and lower production costs
based on the availability of various inputs at relatively low cost. The typical process
is based on the “take — make — consume — dispose” model and consists of a series of
steps: resource extraction, production, distribution, consumption and disposing of
products at the end of their life cycle.

A linear model of value creation “begins with extraction and concludes with end-of-
life disposal. Resources are acquired, processed using energy and labour, and sold as
goods — with the expectation that customers will discard those goods and buy more”.28

Circular economy is an alternative model that assumes an endless flow of raw
materials, product life-cycle extension and incorporates the principle “reduce, re-use,
recycle” instead of the principle “take, make, dispose”.

“In a circular economy, products are designed for durability,
upgradeability, reparability and reusability, with a view to
reusing the materials from which they are made after they reach
the end of their /ife .

28 McKinsey & Company, 2016.
2% European Commission, 2019a, p. 4.
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Shaharia (2018) defines a circular value chain as “a process and activities by which
organizations retain and regenerate values to an article from secondary raw materials
through reverse logistics and propose regenerative value by practicing sustainability
in supporting activities: human resources, procurement, technology, and firm
infrastructure”. A simplified illustration of both a linear and a circular economy is
presented in Figure 8.

Linear value chain Closed loop value chain

Materials

sourcing

X Manufacturing
Manufacturing waste

Manufacturing

Distribution
logistics

Distribution
logistics

&

Packaging

Sales and retail ate

Product
recycling and
materials

recovery

Limited recycling

Consumption Consumption/

Consumption
and use use waste .

and use

Manufacturing

Figure 8. Simplified illustration of a linear and a circular economy®

A key difference between the linear economy and the circular economy is the fact
that circular economy is eco-effective instead of eco-efficient.

“The goal [of eco-effectiveness] is not to minimize the cradle-to-
grave flow of materials, but to generate cyclical, cradle-to-cradle
“metabolisms ” that enable materials to maintain their status as
resources and accumulate intelligence over time (upcycling)”
(Braungart et al., 2007, p.1338)

This creates a positive correlation between the economy and the ecology.® Circular
economy is a response to not only ecological problems. Along with the positive
environmental impact, benefits from the transition to a circular economy include:

- Resource benefits: improving resource security and decreasing import
dependency;

30 Deloitte Sustainability, 2016.
31 SB Insight, 2019.
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- Economic benefits: opportunities for economic growth and innovation;
- Social benefits: sustainable consumer behaviour and job opportunities.®?

Moreover, “the circular economy is compatible with the inherent interests of the
corporations, as it is aligned with the competitive and the strategic frameworks and it
is capable to enrich the contract between the consumers and the producers”. (Sariatli,
2017) The properly applied principles of circular economy can deliver companies
“cost benefits today and some striking longer-term strategic opportunities as well as
new profit pools in reverse cycle services”.®

“Transitioning t0 a circular economy does not only amount to
adjustments aimed at reducing the negative impacts of the linear
economy. Rather, it represents a systemic shift that builds long-
term resilience, generates business and economic opportunities,
and provides environmental and societal benefits .3

Circular economy and Green economy

The term “Green economy” was coined in 1989 in the “Blueprint for a Green
Economy” report (Pearce et al., 1989).

In 2008, the United Nations Environmental Programme (UNEP) launched a Green
Economy Initiative (GEI). GEI’s aim was stated as “to demonstrate that investing in
green sectors — such as energy efficient technologies, renewable energy, public
transport, sustainable agriculture, environment friendly tourism, and sustainable
management of natural resources including ecosystems and biodiversity”.*®

European Environmental Agency defined green economy as

“...results in improved human well-being and social equity, while
significantly reducing environmental risks and ecological

scarcities .3

A comprehensive overview of the literature on green economy “A guidebook to the
Green Economy” was provided by Allen and Clouth (2012).

D’Amato with co-authors in their paper “Green, Circular, Bio economy: a
comparative analysis of sustainability concepts™ stated that “Green Economy acts as
an ‘umbrella’ concept, including elements from Circular Economy and Bioeconomy
concepts (e.g. eco-efficiency; renewables), as well as additional ideas, e.g. nature-
based solutions” (D’Amato et al., 2017).

According to the European Environmental Agency (2016b), the circular economy is
a relevant part of the green economy (Figure 9), which deals also with the human

32 European Environment Agency, 2016a.

33 Ellen MacAvrthur Foundation, 2013a, p. 10.
34 Ellen MacArthur Foundation, 2017b.

3 Chief Executives Board Secretariat, 2016.
3% European Environmental Agency, 2016b.
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welfare (i.e. lifestyles and consumption models for an extensive and inclusive well-
being) and the ecosystems resilience (i.e. natural capital and ecosystem services
preservation).

Ecosystem

Human well-
resilience
being |
Circular economy focus |
i > Green economy focus J
- e M M e e A E A mmm e e e m e e e e el o= mm e m——m et mm e m————————
Waste Framework Directive Resource Efficiency 7th Environment Action
(and other EU waste legislation) Roadmap Programme
CE package Strategy non-toxic environment

Figure 9. Circular economy and Green economy
(Source: European Environment Agency, 20163, p. 31)

Circular economy and Corporate Social Responsibility

Corporate social responsibility (CSR) “refers to companies taking responsibility for
their impact on society” (European Commission, 2017).

Speaking about circular economy business models, the link with the concept of CSR
becomes obvious. Researchers (Turon & Czech, 2016; Esken et al., 2018) and
business practitioners investigate circular economy practices and the economic
impact of CE-based activities in line with the CSR strategy.*’

“A holistic approach to circular economy is the one that merges
the mission-driven approaches of CSR, social enterprise, and
social entrepreneurship with the ecological potential of circular
economy for social good” (Soufani et al., 2018).

Based on Ordaz & Vargas-Hernandez (2017), “Circular Economy model emerges as
a system that seeks the manufacture of more resistant products or the collection of

37 Deloitte Sustainability Consulting Central Europe, 2017.
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raw materials through recycling for its reutilization, which represents a way of
sustainable development that maintains the Social Responsibility from companies”.

To understand the close relationship between circular economy and CSR or vice
versa, one can read any CSR report prepared by the organizations. The reports include
sections, such as “waste management”, “greenhouse gas reduction”, “product energy
efficiency”, “water stewardship” — all of which are the core activities of circular

economy (Intel Corporation 2019; Starbucks Corporation, 2006).

In some reports CSR activities are mentioned as instruments for moving towards
circular economy goals:

“I am pleased with our sustainability and corporate responsibility performance in
2017, particularly the progress we made in the areas of energy performance, climate
action and circular economy” (President and CEO of Ericsson, Sustainability and
Corporate Responsibility Report 2017).%8

“Groupe PSA has long deployed an eco-design approach. It is actively involved in
the circular economy through managing its products’ end-of-life cycles” (GROUPE
PSA, Corporate Social Responsibility Report 2018).*°

“XPO Logistics Europe supports the move towards a circular economy by reducing
the amount of waste generated by our operations and by ensuring that as much waste
as possible is sorted and recycled” (XPO Logistics Europe, Corporate Social
Responsibility Report 2018).%°

“We need to move away from linearity and embrace circularity. Through careful
design and innovative business models, technical and biological materials can flow
continuously within the economy, rather than be used once and discarded,
safeguarding valuable stocks and decoupling growth from finite natural resources”
(Chris Dedicoat, Executive Vice President of CISCO, Corporate Social
Responsibility 2016 Report).*

CONTROL QUESTIONS AND QUESTIONS FOR INDIVIDUAL STUDIES
1. How do you understand the term “Circular economy” after reading this chapter?
2. Form your own list of key words associated with circular economy.

3. Select 2-3 CE-related concepts and explain the interrelation between them.

38 Ericsson, 2018, p. 4.

39 Groupe PSA, 2018, p. 17.

40 XPO Logistics Europe, 2019, p. 20.
41 CISCO, 2017, p. 18.
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3. CIRCULAR ECONOMY ACTIVITIES

3.1. GLOBAL INITIATIVES TOWARDS CIRCULAR ECONOMY

The United Nations Environment Programme (UN Environment)

UN Environment is the leading global environmental authority that sets the global
environmental agenda, promotes the coherent implementation of the environmental
dimension of sustainable development within the United Nations system, and serves
as an authoritative advocate for the global environment.*2

United Nations Global Compact (UN Global Compact)

UN Global Compact is the world’s largest corporate sustainability initiative. The
strategy of the UN Global Compact is to drive business awareness and action in
support of achieving the Sustainable Development Goals by 2030.

UN Global Compact guides companies to do business responsibly, committing to and
incorporating its 10 principles on human rights, labour, environment and anti-
corruption into strategies and operations.*

The Ellen MacArthur Foundation

It was launched by Ellen MacArthur in 2010 to accelerate the transition to a circular
economy. Its work focuses on six areas:*

1. Learning. The Foundation provides insights and resources to support circular
economy learning, and the systems thinking required to accelerate a
transition.

2. Business. The Foundation works with its Global Partners to develop scalable
circular business initiatives and to address challenges to implementing them.

3. Institutions, Governments and Cities. The Foundation works with
governments and institutions with the aim of informing policymakers and
supporting public-private co-creation mechanisms.

4. Insight and Analysis. The Foundation continues to widen its understanding
by working with international experts, key thinkers and leading academics.

5. Systemic Initiatives. The Foundation is bringing together organisations from
across value chains to tackle systemic stalemates which organisations cannot
overcome in isolation.

6. Communications. The Foundation communicates CE ideas and knowledge
through digital media and Circulate, an online information source dedicated
to the issues of circular economy and related subjects.

42 United Nations Environment Programme. About UN Environment.
43 United Nations Global Compact
44 Ellen MacArthur Foundation, 2017a.
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World Health Organization (WHO)

WHO started its work in 1948 and now all the members of WHO represent 194 of
the world’s countries.*®

WHO bases its work on the Sustainable Development Goals (SDGs). The currently
implemented strategical programme is the Programme of work 2019 — 2023.% Its
vision: “A world in which all people attain the highest possible standard of health and
well-being”.

WHO supports countries to implement the drinking-water quality guidelines.*” The
organisation works closely with UNICEF on water, sanitation, and hygiene in health
care facilities.*®

UN-Water & UNESCO

Members of UN-Water are UN (United Nations) agencies, programmes and other UN
entities dealing with water-related issues, including sanitation and natural disasters.
UN-Water provides coherent and reliable data and information on key water trends
and management issues and coordinates the United Nations international observances
on freshwater and sanitation.*

The flagship programme of UN-Water — UNESCO World Water Assessment
Programme (UNESCO WWAP) —was founded in 2000. It coordinates the production
of the UN World Water Development Report (WWDR), with an aim to report on the
status of global freshwater resources and the progress achieved in reaching the
Millennium Development Goals related to water. UNESCO WWAP seeks to equip
water managers and key decision-makers with the information, data, tools and skills
necessary to enable them to effectively participate in the development of policies.®

The Food and Agriculture Organization (FAO)

FAO unites 194 member states. Its goal is to achieve food security for all and make
sure that people have regular access to enough high-quality food to lead active and
healthy lives. To meet demands and challenges in agricultural development, FAO
has identified five key priorities:®

1. Help eliminate hunger, food insecurity and malnutrition.

2. Make agriculture, forestry and fisheries more productive and sustainable.
3. Reduce rural poverty.
4

Enable inclusive and efficient agricultural and food systems.

45 World Health Organization. Who we are.

46 World Health Organization, 2018.

47 World Health Organization, 2011.

48 World Health Organization, 2019.

49 UN-Water. What we do.

50 UNESCO. World Water Assessment Programme (UNESCO WWAP).
51 Food and Agriculture Organization. What we do.
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5. Increase the resilience of livelihoods to threats and crises.
World Meteorological Organization (WMO)

WMO was established in 1950 and now is an organization with 193 member states
and territories.

WMO collects data to produce weather, climate and water-related forecasts and
coordinates and organizes international research programmes to improve weather,
climate, water and environmental observations, prediction, service delivery and
scientific assessments of regional and global environmental conditions.>

World Bank Group

World Bank Group is a partnership of institutions: The International Bank for
Reconstruction and Development (IBRD), The International Development
Association (IDA), The International Finance Corporation (IFC), The Multilateral
Investment Guarantee Agency (MIGA) and The International Centre for Settlement
of Investment Disputes (ISCID) working for sustainable solutions that reduce poverty
and build shared prosperity in developing countries.

World Bank operates in accordance with its environmental and social policies, which
provide a framework for consultation with communities and for public disclosure.
These policies require the borrowing governments to address certain environmental
and social risks in order to receive World Bank support for investment projects.>

Platform for Accelerating the Circular Economy (PACE)

PACE is a public-private collaboration platform and project accelerator. PACE aims
to accelerate action towards the circular economy by driving projects, capturing &
disseminating learnings and leveraging leadership for scale.>

3.2. EUROPEAN INITIATIVES

In 2005, the European Commission proposed a Strategy on the Sustainable Use of
Natural Resources *>*® within the 6" Environmental Action programme (6 EAP). This
was an initial stage for development current European strategies towards circular
economy. In 2011, the Resource Efficiency Roadmap®’ was developed to “illustrate
what will be needed to put Europe on a path to resource efficient and sustainable
growth”.*

52 World Meteorological Organization. What we do

53 World Bank. Environmental and Social Policies.

54 Platform for Accelarating the Circular Economy (PACE). Public Overview.
55 European Commission, 2019b. Sustainable Use of Natural Resources.

56 European Commission, 2003.

57 European Commission, 2011a.

%8 European Commission, 2019¢. The Roadmap to a Resource Efficient Europe.
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The current EU policies on circular economy express the commitments of EU to
United Nations’ 2030 Agenda for Sustainable Development *° and Paris Agreement.®
In 2015, the European Commission presented a circular economy package — the key
EU policy initiative on circular economy.®*? It contains EC communication “Closing
the Loop - An EU action plan for the Circular Economy”®, an action plan with
concrete actions, measures and timetable, and legislative proposals on waste
management.

The EU action plan for the Circular Economy aims to support the transition to a
circular economy in the EU. It contains a set of actions, such as:%

1. A European EU Strategy for Plastics in the Circular Economy.

2. Communication about how to deal with the interlinkages between chemical,
product and waste legislation.

3. A monitoring Framework on the progress of the transition towards
circularity, both on the EU level and on a national level.

4. A report on critical Raw materials.

The guidance for EU’s environmental policy till year 2020 is the 7" Environment
Action Programme.% The Programme sets up a 2050 vision of 'living well within the
limits of the planet'. Its key objectives are:

— to protect, conserve and enhance the Union’s natural capital;

— toturn the Union into a resource-efficient, green, and competitive low-carbon
economy;

— to safeguard the Union’s citizens from environment-related pressures and
risks to health and wellbeing.

Circular economy Action plan is complemented by a set of strategies, such as:
- The Bioeconomy Strategy launched in 2012 and updated in 2018.5¢
- Eco-innovation Action Plan.®’
- The EU Biodiversity Strategy to 2020.%
- The Plastics Strategy adopted in 2018.5°

% Transforming our world: the 2030 Agenda for Sustainable Development
80 United Nations Climate Change, 2015.

61 European Parliament, 2016.

62 European Commission, 2019d. Green growth and circular economy.
83 European Commission, 2015.

64 SB Insight, 2019.

85 European Commission, 2014a.

6 European Commission, 2019e. The Bioeconomy Strategy.

67 European Commission, 2011b.

68 European Commission, 2011c.

9 European Commission, 2018a.
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- amodernised Common Agricultural Policy (CAP) proposed in 2018 for the
next long-term EU budget 2021-2027. 7°

A comprehensive overview of the EU programmes towards circular economy, as well
as the recommendations for the EU institutions are provided in the discussion paper
prepared within the European Policy Centre’s project “Digital Roadmap for Circular
Economy” (Hedberg et al., 2019).

The overview of CE activities in EU28 countries is provided within the 2019 report
“Circular economy update: Overview of circular economy in Europe” prepared by
the European Federation of Sustainable Business.”* The report “Circular economy
strategies and roadmaps in Europe: Identifying synergies and the potential for
cooperation and alliance building”, developed by the European Economic and Social
Committee, provides a comprehensive list of national strategic documents on circular
economy, elaborated in 14 European countries.’

CONTROL QUESTIONS AND QUESTIONS FOR INDIVIDUAL STUDIES

1. What are the main organizations promoting the transition to a circular
economy?

2. Which organization are engaged into the circular economy activities in your
country?

0 European Commission, 2018b.
1 Ecopreneur.eu, 2019.
2 European Economic and Social Committee, 2019, p.13.
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4. PRINCIPLES AND BUILDING BLOCKS OF THE CIRCULAR
ECONOMY

4.1. PRINCIPLES OF THE CIRCULAR ECONOMY

Over the past few years, circular economy has significantly raised interest and
continues to gain momentum. “Circular economy”, “circular principles” and related
concepts are frequently mentioned in academic literature and the reports of various
involved organisations. Some definitions were provided in the second chapter of this
book. The definitions of “circular economy” varies widely depending on the problems
to be solved, the audience or the lens through which the author looks at the world.
For some organizations, circular economy means managing material resources and
resources to close material cycles. For others, this means new business models and
far-sighted organizational strategies, or innovative products and design strategies.

Without a clear understanding of the circular economy, there is a huge missed
opportunity to effectively link the topic with the existing framework. For example, it
is difficult to answer the questions: What aspects of a circular economy are related to
sustainable development goals? How to close the emissions gap and attain the Paris
agreement reached at COP21? Which initiatives are better to use in various sectors
for sustainable development? Which political initiatives must be developed in
different countries of the world?

Development of the environmental protection and sustainable development concept
towards the circular economy have gone a long way in more than 60 years, starting
almost from scratch, gradually developing to present day (Figure 10).

Circular
Actions economy
- - —
Pollution Life cycle
prevention, analysis
Economy, Cleaner
Complex production,
approach to EMSs
Laws, Limits, environmental
End of pipe issues
solutions
Almost
nothing
1960 1970 1980 1990 2000 2010

Figure 10. Development of the environmental protection and sustainable development
concept towards the circular economy (Source: Authors’ compilation)
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The concept of a circular economy has origins that are deeply rooted and cannot be
directly connected to any single author or date (see Chapter 2). However, in
accordance with international studies of the circular economy, two fundamental
approaches can be identified:

— resource-oriented, implying a closed flow of materials, energy and waste,
which can be achieved through reuse at the product level (repair or
restoration), at the component level (reuse in production) and at the material
level (recycling);

— economy-oriented, according to which the circular economy is an economic
system based on the reuse of materials and the conservation of natural
resources, focused on creating values for people and the economy in each
part of the system.

The notion Circular Economy gained traction in 2010 when the Ellen MacArthur
Foundation was established. Combining the previously mentioned two approaches
and the most cited one, is the definition given by the experts of the Ellen McArthur
Foundation. According to this approach, “a circular economy is one that is restorative
and regenerative by design and aims to keep products, components, and materials at
their highest utility and value at all times, distinguishing between technical and
biological cycles”.”

In 2014, the World Economic Forum in collaboration with the Ellen MacArthur
Foundation, and McKinsey & Company created a report “Towards the Circular
Economy: Accelerating the scale-up across global supply chains®“, where the
following five main principles of the circular economy have been identified:™

— Design out waste: By designing out waste, both environmental and
operational improvements can arise. The aim is to reduce waste by designing
products for disassembly and refurbishment to fit within biological and
technical material cycles.

— Build resilience through diversity: A diverse system built on features such
as modularity, versatility and adaptively makes the system less vulnerable to
external shocks.

— Rely on energy from renewables: As great amounts of energy are typically
used during production processes, using renewable resources should be the
ultimate aim for manufacturing systems.

— Think in systems: The concept of the circular economy is inspired by living
systems, where systems rather than components are optimized. The ability to
understand how different parts of the system influence each other is therefore
crucial.

— Waste is food: Technological and biological nutrient-based products and
materials should cycle through the economic system through different

3 Ellen MacAvrthur Foundation, 2015a, p.2.
7 Towards the Circular Economy: Accelerating the scale-up across global supply chains. World
Economic Forum, 2014.
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applications before they finally reintroduce their nutrients into the
biosphere.™

“A circular economy refers to a model in which we keep resources
in use as long as possible to extract the maximum value from them
whilst in use, and then to recover and regenerate products and

materials at the end of their service /ife”.”

To date, there are more than a dozen visualizations of the circular economy model,
while all of them have a similar structure. However, the model of the circular
economy based on the development of the Ellen MacArthur Foundation, which is
presented in Figure 11, is the most widespread and comprehensive model today.

Linear economy is presented as a vertical process in the middle of the figure, from
resource extraction and production, to landfill. The figure also shows two cycles in a
circular economy - biological substances on the left and technical substances on the
right.

— The technical cycle involves the management of finite resources. Usage
replaces consumption. Technical materials are recovered and mostly restored
in the technical cycle.

— The biological cycle encompasses the flows of renewable materials.
Consumption only occurs in the biological cycle. Renewable (biological)
nutrients are mostly regenerated in the biological cycle.”

In this report, it is claimed that value is created in a closed loop system. Unlike
biological materials, technical materials are not connected in series with other
applications, but the functionality, integrity and value of the energy contained in
them, is maintained by means of modernization, reuse, dismantling, repair and
rehabilitation works. Three features of the circular economy are also highlighted:

— enhanced control over the reserves of natural resources and the observance
of a sustainable balance of renewable resources for preserving and
maintaining of natural capital at an inexhaustible level;

— optimization of consumption processes developing, using and distributing
such materials, components and products that could be recycled and reused
as much as possible;

— identification and prevention of negative external effects of current
production activities in order to increase the efficiency of economic and
environmental systems.”®

> Towards the Circular Economy: Accelerating the scale-up across global supply chains. World
Economic Forum, 2014.

76 Closing the loop: risk or reward?

7 Ellen MacAvrthur Foundation, 2015a, p.7.

8 Ellen MacArthur Foundation & McKinsey Center for Business and Environment, 2015.
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Figure 11. Outline of a circular economy (Source: Ellen MacArthur Foundation, 2015a, p.6.)
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The basis of the circular economy is formed by closed supply chains. They combine
conventional direct supply chain processes with reverse logistics processes, which
range from product recovery, remanufacturing, disassembly and reuse of individual
parts. The ultimate goal is to preserve the value of products consumed and used by
consumers, with the possibility of reducing the environmental impact of the entire
supply chain.

Value Creation is happening using four different principles, i.e. inner circle, circling
longer, cascading, and pure input (Table 4). These principles offer ways to take
advantage of the price difference between used and virgin materials.

Table 4. Sources of value creation for the circular economy
(Source: Authors’ compilation, based on Ellen MacArthur Foundation, 2015a)

Inner Circle — Minimising the use of comparative
materials, through re-use. The tighter the circle, the less
it has to be changed to be returned to use (with higher

D savings).

i fonger Circling Longer — Maximising the number of
consecutive cycles of reuse, to avoid production of a
new component.

caded use act Cascading — Diversified re-use across the value chain,
substituting previously used virgin materials with
existing materials (including symbiosis).

... Pure/mon-t ‘ Pure inputs — Avoidance of contaminated materials to
increase collection and re-use efficiency whilst
maintaining quality.

5

So, circular economy describes an economic system based on business models of the
reuse, processing and extraction of materials in the production and consumption of
goods, works, and services. The concept of a circular economy requires a rethinking
of the value chain.

Circular economy can benefit companies and municipalities. This may be due to
increased efficiency in the use of resources, reduction in waste management needs,
and reduction in environmental pollution. In addition, circular economy has the
potential to create social and economic benefits, i.e. new jobs, give opportunities and
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improved welfare in low-income households etc.”®® (Ghisellini et al., 2016;
Lazarevic & Valve, 2017).

A key element of sustainable production is the materials used. Such materials have to
come from sustainable sources and have to be reusable and recyclable. The energy
used to produce and process materials have to be highly efficient and come from
sustainable sources. Materials have to be produced with high energy efficiency and
with minimal waste or residue. Materials have to be moved back and forth throughout
the entire life cycle of the products.

Another important element is the conversion of waste into value. Waste is designed
out of the production and consumption cycle. It means that waste is kept to the very
minimum or there is simply no waste at all. Material and industrial residues are used
as a resource for something else, their value being preserved, and goods with an
expired service life are disassembled and recycled.

In addition to materials and waste, product design is also important. That is a design
that allows you to use materials for a long time and maintains the high quality of
materials after recycling. Products are designed to be modular, versatile and adaptive.
In addition, the service life of the product is increased due to the maintenance, repair
and upgrade schemes.

During many years, also nowadays, the concept of thr 3Rs is very popular. It was
developed based on the “waste hierarchy” and shows the particular sequence of
priority of actions to be taken for reducing the amount generated waste, and for
improving the general waste management programs, projects and processes. This
concept of the 3Rs is as follows: Reduce, Reuse, Recycle.’!

All three principles are not hard to implement. All that is needed is a small change in
our daily lifestyles to reduce waste, so that less of it goes to landfill, reducing our
carbon footprint. But, of course, the current understanding of the concept of 3Rs goes
beyond just reducing, reusing and recycling, and takes on a much broader 'umbrella’.
Usually it means to build the economy based on the life cycle approach.

1R — Reduce. The main idea is to reduce the amount of produced waste. It is possible
by starting with the inspection of what materials, details and products are being used,
and finishing with the examination of the purposes for their usage. It could be done
using many different approaches, for example:

— Limiting the number of purchases.

— Purchasing durable goods with a longer warranty, which usually have a
longer lifespan. Additionally, reducing the amount of waste at the landfill.

— Avoiding buying products that are over-packaged and use too much plastic,
foil or paper.

 Ellen MacArthur Foundation, 2015a.
80 Wijkman & Skanberg, 2016.
81 Srinivas, 2015.
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— Using electronic means of communication rather than paper- based
documents.

— Reducing paper wastage by printing on both sides of the paper.

— If one no longer wishes to receive messages, removing your contact data
from mailing lists can decrease the delivered paper materials.

— Avoid the usage of disposable tableware or other items.®

2R —Reuse. The main idea is to reuse something, any item as much as possible before
replacing it. Things that somebody wants to throw away can be transformed into
something useful. Learning to reuse items or re-purpose them, for another than their
initial use, is essential in waste hierarchy. Again, many activities should be done to
reuse as much as possible. Some examples of items that can be reused are:

— Waste paper: it can be collected and sent to recycling companies or used for
notes and sketches.

— Newspaper: Old newspaper can be used to pack items in boxes for moving
or storage. It can also be used as a decor element, for example, for wallpaper
or framed pictures.

— 0OlId clothes: Unwanted clothes or shoes can be donated to specific
individuals or charity institutions. Additionaly, they can be repurposed into
new clothes, accesories or interior design elements.

— Used wood: The main usage for used wood is fire; however several crafts
can also be done with it.

— Tyres: These can be sent to recycling stations or used to make a tyre-swing.

— OlId pots and jars: The main use of these can be storing items in the Kitchen,
garden etc.

— Compostable materials: A compost bin can be built to use these for
composting. The compost will return to the garden to help your plants grow
better. For this purpose all biological materials, as well as tea bags and
coffee grounds, can be used.®

3R — Recycle. Recycling (and composting) is done for ensuring that items or their
components are put to some new purpose as much as possible. To recycle something
means that it will be retransformed into raw materials that can be converted into a
new item. Instead of throwing items in landfills of certain types like, glass, paper and
tin cans, they should be recycled, thus transforming them into something useful and
reusable. There are very few materials on Earth that cannot be recycled. One of the
issues facing communities that want to become more involved with the recycling
effort is that, while the relying collection and sorting process may be affordable to

82 E-CSR, 2019.
8 ibid.
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implement, there still has to be a facility to receive and transform the discarded waste
into raw materials. More progress is being made towards uniting recycling plants with
industries, which can process the waste material, through agreements and incentive
credits.

To put efforts in recycling, several actions can be taken:

— Carefully selecting products that can be recycled i.e. that are made from
recycled materials.

— Buying products that have been made from recycled materials.

— Buying non-toxic products if it is possible. Purchase non-hazardous
materials whenever possible, as they may be difficult to recycle.

- Inventing new ways to recycle different items, and etc.®

All developed countries have used a wide variety of initiatives and schemes, and there
are companies that use or benefit from all or one of the 3R initiatives.

Additionaly to the three basic Rs, sometimes the fourth R of “rethink” or “recover”,
is added. In the case of ‘rethink’ it should be put in first place, meaning that first and
foremost the environmental impact of our actions should be considered. Conversely,
if ‘recover’ is used, it will be treated as the last R, because it refers to the practice of
using waste products again. For example, decomposing garbage produces methane
gas (one of the greenhouse gases), which some landfill sites recover and burn for
energy, rather than letting it dissipate. In this case, the concept of 4Rs (reduce,
recycle, recover, and reuse) is usually discussed.

However, the concept of the 3Rs developed further, evolving into the 5Rs concept:
Refuse, Reduce, Reuse, Recycle and Recover (Matevosyan, 2014; Tan et al., 2016),
then the 6Rs: Reinvent/ Rethink, Refuse, Reduce, Reuse/ Repair, Recycle, Replace/
Rebuy (Avalero, 2013; Jawahir & Bradley, 2016), and the 7Rs: Refuse, Reduce,
Reuse, Recycle, Recover, Repair and Re-gift (Van Ree, 2016; Golden Plains Shire,
2016).

8Rs also offers an expanded version of the 3Rs. The 8R adds a philosophical question
on consumer behaviour, which sounds like “do | need it in the first place?”” 8R adds
the process of re-thinking the purchase of goods by consumers (Lyngaas, 2017).

The last of the known concepts is the 9R model. The 9R model shows the hierarchical
levels between the linear and circular economy. The highest level describes the
circular economy and the cell ‘refuse’. It means, that the products become not or no
longer needed or useful, or replaced by a completely different product. The lowest
level describes the linear economy and the cell ‘recovery’. On this level waste is
burned and this process produces energy and heat for further use (Figure 12).

8 E-CSR, 2019.
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Figure 12. The 9R model for circular economy (Source: Lankester, 2018)

The 9R model tries to describe the way from linear to the circular economy. The
different step-by-step R strategies, presented in the middle part of the model, show
the best activities to move from a linear to a circular economy.

4.2. CIRCULAR ECONOMY BUILDING BLOCKS

Over the last two decades, increased attention to the concept of business model has
been observed, especially in entrepreneurial, business strategy and management
scholars.

Business models are widely acknowledged as “a system-level, holistic approach
towards explaining how firms do business”. Accordingly, a business model has been
widely considered as a new unit of analysis of the company, which is centred on the
focal firm and its activities, but with wider boundaries than those of the firm (e.g.
relationships with its partners and suppliers) (Zott et al., 2011).

A business model could be defined by three main elements (Figure 13).
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Figure 13. A conceptual business model framework
(Source: adapted from Richardson (2008))

In today’s increasingly globalized and competitive market, business model
innovation has become one of the most important means of staying competitive in the
market. The sustainability of any business model remains unclear, as the constantly
changing market environment (new technologies, competitors, regulations, customer
need changes, etc.) can quickly make existing business models obsolete or less
profitable.

At a conceptual level, adopting circularity in business seems to be an intuitive
business case: closed loop supply chains enable the company to reduce its dependence
on increasingly scarce and costly natural resources, and to turn waste into additional
sources of revenue and value. But the practical implementation of circularity is not
S0 easy. The main reason arises from the fact that most of the companies are simply
not built to capitalize on the opportunities of a circular economy. Their strategies,
structures and operations are deeply rooted in the linear approach to growth.
Moreover, many traditional business models are still viable today only because of
mispriced resources and other market distortions which make them more competitive
than they would otherwise be (Clinton & Whisnant, 2014).

Over the last years, as the concept of circular economy has been receiving more
interest from businesses, the topic of a circular business model has been increasingly
discussed in scholars and white papers through different lenses (i.e. typologies,
archetypes, business model innovation framework).

NuRRholz (2017) describes a circular business model as “how a company creates,
captures, and delivers value with the value creation logic designed to improve
resource efficiency through contributing to extending useful life of products and parts
(e.g. through long-life design, repair and remanufacturing) and closing material
loops”. Nul3holz puts the emphasis on the interconnection between the business value
creation logic and the two types of resource efficiency strategies: on the one hand,
downstream value chain activities aim to preserve the embedded value of products
and to maximize their use (i.e. extension of the useful life) and on the other hand,
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upstream value chain activities substitute primary material input with secondary
materials (i.e. closing materials loops).

Mentik (2014) describes a circular business model as “the rationale of how an
organization creates, delivers, and captures value with and within closed material
loops™.

Bocken et al. (2016) think that circular business models enable “economically viable
ways to continually reuse products and materials, using renewable resources where
possible”.

Despite the growing amount of literature around the concept, there is neither unique
definition nor understanding of the business model, but rather various perspectives.
Through an extensive review of business model literature, Wirtz (2011) identifies
three main approaches: technological, strategic and organization-theoretical.

All definitions emphasize the importance of addressing business models having
circularity in mind. While scholars agree on established business model concepts
(“the value creation logic” and the business rationale on “how an organization creates,
delivers and captures value”), they offer various perspectives on what resource
efficiency strategies entail.

As a developer of the idea of circular economy, the Ellen MacArthur Foundation®:8
published a report identifying the following four essential building blocks of a
circular economy:

1. Circular economy design.

2. New business models.

3. Reverse cycles.

4. Enablers and favourable system conditions.
Block 1. Circular economy design

To facilitate product reuse, recycling and cascading, companies need to build core
competencies in circular design. The design of circular products plays a key role for
extending the product life-span and closing material loops, as new design strategies
are thought to address durability, maintenance and repair ability, as well as
upgradability or compatibility. Circular product (and process) design requires sets of
information, often new working methods and advanced skills. For using circular
designs in an economically successful wayi, it is necessary to pay attention and operate
in the following areas: material selection, standardised components, design for easy
end-of-life sorting and recycling, i.e. easier separation or reusage of products and
materials, and design-for-manufacturing, taking into account possible useful
applications of by-products and waste.

85 Ellen MacArthur Foundation, 2013b
86 E[len MacArthur Foundation, 2017¢
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Block 2. New business models

The shift to a circular economy requires innovative business models that either
replace existing ones or seize new opportunities. Here the most important role
belongs to the companies. Companies having significant market share and
possibilities to create and develop innovations could play a major role in driving
circular economy.

Business models of circular economy are based on not only manufacturing, but also
the usage of new economy approaches, such as redistribution, maintenance and
sharing. Remanufacturing predicts the maintenance and refurbishment of product
components and used parts with a view to sell them again. Redistribution means resell
and buy-back business activities. Maintenance is mostly oriented on performance
rather than products. In this case, ownership of the products remains with the service
provider. In contrast, sharing provides access to the item, product or service and
possibility to use it, but does not provide ownership.

However, new business models could be created not only on the production side, but
also on the consumer side, as new purchasing models. Usually the following three
types of models are used: access- or usage- based, performance-based and result-
based models.

Access- or usage-based purchasing models are focused on the purchase of goods and
products for a specified period of access and/ or use. Conversely, performance-based
models purchase certain services or performance that are not product-specific. In
comparison, result-based models focus on a defined service result.

If business models and initiatives are profitable, other market players will also use
them, which will allow expanding these models more widely.

Block 3. Reverse cycles

To introduce reverse cycles, cascades and the final return of materials back into the
industrial production system, or to soil, it is necessary to create and learn new and
additional skills. These skills are connected to the delivery chain logistics, sorting,
warehousing, risk management, power generation, and even molecular biology and
polymer chemistry. It is necessary to create new, better-quality collection and
treatment systems, and also an effective segmentation of end-of-life products. All
such systems must be cost-efficient and environmentally friendly.

Block 4. Enablers and favourable system conditions

This block mostly focuses on education and policy making. For wider reusage of
materials and rooting of this habit, as well as achieving higher resource productivity,
market mechanisms must play a dominant role. But for the implementation of their
plans, the support of politicians and educational institutions, as well as opinion
leaders, should be enjoyed. Following examples can be mentioned:

— Collaboration.

— Rethinking incentives.
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— Providing a suitable set of international environmental rules.
— Leading by example and driving up scale fast.
— Access to financing.

By implement the above mentioned four principles; companies can better follow the
development of a circular economy. The purpose of it is to restore any type of capital,
i.e., natural, social, human or financial. This will certainly benefit all and contribute
to the sustainable development of the economic system (Fonseca, 2018).

In an effort to define a common language for a circular economy, various terms and
definitions used by more than 20 organizations — NGOs, government agencies,
academia, consultants, etc. that work on the elements of this topic, have been outlined.
After interpreting and grouping these various terms, seven key elements emerged,
defining most of the terms related to the circular economy (Figure 14).

Prioritise Design
regenerative for the
resources future
Preserve Rethink Incorporate
R exte vhat's the business digital
alreac ade mode technology
Use Collaborate
waste as to create
a resource joint value

Figure 14. Seven key elements of circular economy?®

1. Prioritise Regenerative Resources. Ensure that renewable, reusable, non-
toxic resources are utilised as materials and energy in an efficient way.

2. Preserve and extend what’s already made. While resources are in-use,
maintain, repair and upgrade them to maximise their lifetime and give them
a second life through take back strategies when applicable.

3. Use Waste as a Resource. Utilise waste streams as a source of secondary
resources and recover waste for reusage and recycling.

4. Rethink the Business Model. Consider opportunities to create greater value
and align incentives through business models that build on the interaction
between products and services.

87 Making Sense of the Circular Economy: The 7 Key Elements
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5. Design for the Future. Account for the systems perspective during the design
process, to use the right materials, to design for appropriate lifetimes and for
extended future use.

6. Incorporate Digital Technology. Track and optimise resource use and
strengthen connections between supply chain actors through digital and
online platforms, and technologies that provide insights.

7. Collaborate to Create Joint Value. Work together throughout the supply
chain, internally within organisations and with the public sector to increase
transparency and create joint value.®

Later, in the Circularity Gap Report 2019%, these seven elements were slightly
modified and named as the DISRUPT model, also consisting of seven elements,
which describe the entirety of the relevant circular strategies, accordingly:

D — Design for the Future;

I — Incorporate Digital Technology;

S — Sustain & Preserve What’s Already;
R — Rethink the Business Model;

U — Use Waste as a Resource;

P — Prioritise Regenerative Resources;
T — Team Up to Create Joint Value.

It is important to note that the development of any business solution to cover all round
opportunities should not follow the “one size fits all” approach, but should prefer
individual solutions that integrate local socio-cultural habits and use locally available
materials. In addition to this principle of diversity, any business activity done must
be based on renewable energy sources.

CONTROL QUESTIONS AND QUESTIONS FOR INDIVIDUAL STUDIES
1. How can you describe the term “circular economy” after reading this chapter?
2. What are the main principles of the circular economy?

3. How can you describe the 3R concept?

8 Making Sense of the Circular Economy: The 7 Key Elements
8 The Circularity Gap Report 2019.
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5. ACTION AREAS OF THE CIRCULAR ECONOMY

5.1. KEY ACTION AREAS OF THE CIRCULAR ECONOMY

The circular economy model works on the basis that materials for new products come
from old recycled products, which means that the products must be made to be more
durable and fit for recycling and reuse. As far as possible, everything is reused, ex
works, recycled, used as a source of energy, or at a last resort disposed of (Figure 15).

Reduce Generate
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non-toxic,
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Figure 15. The key components of the circular economy concept (Source: UNIDO, 2017)

The 7" Environment Action Programme set a long-term vision of where the EU wants
to be by 2050: “In 2050, we live well, within the planet’s ecological limits. Our
prosperity and healthy environment stem from an innovative, circular economy where
nothing is wasted and where natural resources are managed sustainably, and
biodiversity is protected, valued and restored in ways that enhance our society’s
resilience. Our low-carbon growth has long been decoupled from resource use, setting
the pace for a safe and sustainable global society”.*®°

Europe faces two challenges:

1. stimulating and securing growth that promotes well-being and provides jobs
for all,

2. quality assurance of growth that will ensure a sustainable future.

% European Commission, 2013.
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In the EU, an Action Plan for the development of a circular economy has been
implemented since December 2™ of 2015 9, establishing a set of measures that cover
the entire product life cycle: from production and consumption to waste management
and the secondary raw material market.% Later it was updated to a newer version, i.e.
on March 4" of 2019. The European Commission adopted a comprehensive report on
the implementation of the Circular Economy Action Plan.%

The measures identified in the Action Plan focus on measures at the EU level that
provide high added value to create a circular economic model. The measures included
in the Action Plan provide synergies between the environment and business agendas.
Realization and implementation of circular economy, however, will require long-term
participation at all levels — the European Union, the Member States, regional and
local, as well as from all stakeholders.

Measuring the progress towards a circular economy is carried out in five ways:
production, consumption; waste management; secondary raw materials;
competitiveness and innovation. Indicators of circular economy, included in the
monitoring structure, have been developed in the indicated directions (Figure 16).%

Waste
Management

Figure 16. Key action areas of Circular economy
(Source: Authors’ compilation based on European Commission, 2015)

The figure shows that the Plan of Action of the circular economy covers the entire
product life cycle. In order to ensure a balanced movement of each stage of the cycle,
it is necessary to act at all of the interconnected stages of the product life cycle.
Therefore, the needs and limitations of other stages must be taken into account.

9 European Commision, 2015.
92 Eyrostat, 2019.

9 European Commision, 2019f.
% European Commision, 2015.
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Among the key EU indicators for the period up to 2030 to reduce waste are the
following: the disposal of 65% of municipal waste; the disposal of 75% of packaging
waste; the recovery of 75% of construction waste and waste as a result of the
demolishing of buildings.%®

Currently, the level of disposed municipal waste in the EU is 46.4% (2017),
packaging waste - 67.2% (2016), and the level of recovery of construction and
demolition waste of buildings exceededs the planned figure, reaching 89% in 2016.%

The objectives and key actions of all areas of a circular economy are provided in

Table 5.%7

The Action Plan also contains an Annex, which lists all the measures that the
Commission intends to take as part of its current mandate, with relevant measures
and appropriate timelines.

Table 5. Objectives and key actions of areas of circular economy
(Source: Authors’ compilation based on European Commission, 2013)

Key area

Objectives

Key actions

Production

Provide incentives to boost
circular product design.

Innovative and efficient

production processes.

Reparability, durability, and
recyclability in eco-design (e.g. TV
screens).

Best practices for waste
management and resource efficiency
in industrial sectors.

Industrial symbiosis.

Consumption

Repair and reuse of

products to avoid waste

generation.

Provide consumers with
reliable information on
environmental impact of

products.

Encourage reuse activities (e.g.
waste proposal).

Eco-design: availability of spare
parts.

Guarantees and action on false green
claims.

Circular Economy criteria in Green
Public Procurement.

Independent testing programme to
assess possible planned
obsolescence.

Better labelling: EU Eco-label,
Environmental Footprint.

9 European Commision, 2018c.

9 Eurostat, 2018.

97 European Commission, 2013.
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Key area Objectives Key actions
Waste Improve waste management Legislative proposals on waste.
management Lr;elrlgfcmfh the EU waste Work with Member States to
improve waste management plans,
Address existing including to avoid overcapacity in
implementation gaps. residual waste treatment
. .. (incineration and mechanical-
Provide long-term vision biological treatment).
and targets to guide
investments. Ensure coherence between waste
investments under EU Cohesion
Policy and the waste hierarchy.
Market for Increase the use of Quality standards for secondary raw
secondary raw secondary raw materials. materials.
materials

Increase the use of recycled
nutrients and the reuse of
treated wastewater.

Safely manage risks of
chemicals of concern.

Improve knowledge of
material stocks and flows.

EU regulation on fertilisers.

Legislative proposal on minimum
requirements for reused water.

Analysis on the interface between
chemicals, product, and waste
legislation.

EU-wide electronic system for
cross-border transfers of waste.

Innovation &
Investment

Create the right
environment for innovation
and investment.

Horizon 2020 initiative launched on
‘Industry 2020 in the Circular
Economy’ (EUR 650 million).

Pilot ‘innovation deals’ to address
potential regulatory obstacles for
innovators.

Targeted outreach of EU funding, as
Cohesion Policy Funds and for
SMEs.

New platform for financing Circular
Economy with European Investment
Bank and national promotional
banks.

Previous studies in the field of circular economy revealed that the above mentioned
areas of circular economy (production, consumption, waste management and
development support) differ significantly, depending on the level of business models
of individual business entities, and mechanisms for regulating the environmental and
economic status of urbanized territories and regions.

In particular, the implementation of the concept of a circular economy at the micro
level involves the consideration of environmental aspects in the development of
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production processes and products (eco-design), the organization of a clean
production with low emissions, and the introduction of waste prevention systems by
manufacturers, as well as the strengthening of consumer responsibility - through the
introduction of eco-labelling systems and green state procurement.

The introduction of the circular economy practice at the meso-level includes the
development of eco-industrial parks® and agricultural ecological systems
(agroecosystems)®®, complemented by an environmentally friendly design and
efficient waste management.

At the macro level, the introduction of circular economy practices are aimed at
creating eco-cities, eco-communities and eco-regions (Ghisellini et al., 2016;
Heshmati, 2015).

An important condition for ensuring an effective implementation of the concept of a
circular economy and smoothing out existing barriers is the availability of support in
the form of initiatives by governmental and non-governmental organizations,
covering all areas of production, consumption and waste management, at three levels
of aggregation: micro-, meso- and macro-.

5.2. PRIORITY AREAS OF CIRCULAR ECONOMY

Comprehensive consultations were held with various stakeholders, based on which
the following five priority sectors were identified. All these sectors have their own
problems and barriers on implementation and development. These problems can be
resolved by adjusting the EU legislation and policy instruments. The action plan
provides specific measures to address these issues (Figure 17).1%

Critical Raw

Food waste Materials

Figure 17. Five priority areas of circular economy
(Source: Authors’ compilation based on European Commission, 2015)

% An association of producers of goods and services wishing to improve the economic and
environmental situation by jointly managing natural resources (energy, water and materials) and the
environment. Moreover, production is carried out in a closed system similar to natural ecosystems, i.e.
waste or by-products in the production chain are raw materials for another production chain.

9 A community of cultivated plants and animals and their environment, artificially created in the process
of human economic activity, in which the balance of the biogeochemical cycle of nutrients is ensured
by introducing them into the soil in amounts that compensate for the annual alienation from the crop.
100 Eyropean Commision, 2015.
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Table 6. Objectives and key actions of priority sectors of circular economy
(Source: Authors’ compilation based on European Commission, 2015)

Priority area

Objectives

Key actions

Plastics e Increase recycling Adopt a specific strategy to reduce plastic
efficiency - less than waste, including marine litter.
25 % of plastic waste Set bitious taraet for th
collected is recycled, €l a more ambitious target tor the
and about 50 % is recycling of plastic pack'aglr_lg in the
landfilled. framework of a new legislative proposal on

waste.

Food waste Reach the Develop an EU methodology to measure

Sustainable food waste.

Development Goal
(SDG) to halve food
waste by 2030 —
today around 100
million tons of food
are wasted every
year in the EU.

Create a platform for the SDG on food
waste and share best practices and the
achieved results.

Clarify the EU legislation on waste, food
and feed, and encourage food donation.

Improve the use and understanding of date
marking along the food chain (e.g. ‘best
before’ label).

Critical raw
material
(CRMs)

Increase the efficient
use and recovery of
CRMs.

Encourage recovery of CRMs, and draft a
report on best practices and options for
further action at the EU level.

Encourage action by the Member States.

Construction
and demolition

Identify and increase
recovery of valuable
materials.

Ensure recovery of valuable resources and
adequate waste management in the
construction and demolition sector, as well
as facilitate assessing the environmental
performance of buildings.

Put in place pre-demolition guidelines to
promote high-value recycling, and
voluntary recycling protocols.

Biomass and
bio-based
products

Support an efficient
use of wood and bio-
based products.

Increase recycling of
bio-waste.

Promote an efficient use of bio-based
resources through series of measures,
including promoting the cascading use of
biomass and support bioeconomy
innovation.

Set a new target for recycling wood
packaging and a provision to ensure the
separate collection of bio-waste.




For a broader value assessment European Commission published COM(2014)398 —
Communication: “Towards a circular economy: A zero waste programme for
Europe™®, where it underlines that “Moving to more circular economic models
promises a much brighter future for the European economy”. This document sets out
how to establish a framework to promote circular economy. In addition, the document
mentions how to move the EU towards a zero-waste economy, through:

— new innovations in markets for recycled materials;
— new business models;

— eco-designs, and

— industrial symbiosis.

It is possible to achieve this goal by using a combination of smart regulation, market-
based instruments, incentives, information exchange, and support for voluntary
processes.

All circular economy key actions in priority sectors are based on the statement that
waste is a resource and waste has an economic opportunity, if it is collected and
treated correctly. It is directly connected with the waste management hierarchy,
suggested by the UNEP in the Green Economy Report. Recognition that waste is a
resource accounts for a shift towards greater recycling and recovery.

Most favoured option
Lowering the

amount of waste
produced

Using materials
repeatedly

Using materials
to make new
products

Recovering
RECOVERY | energy from
waste
Safe disposal
landfill

Least favoured option

Figure 18. Waste Management Hierarchy (Source: Authors’ compilation)

101 Eyropean Commission, 2014a.
102 UNEP, 2011.
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The above mentioned hierarchy informs and shapes the EU waste policy, as well as
sets out the most favourable to least favourable options for waste management.
According to it, reduction and reuse are the most favoured options, which fit for the

concept of circular economy.

Circular economy

et Remanufacturing,
Efficient Urttlelrﬁ?/&aobqe()f Products refurbishment | o4t Sharing Shiftin
with longer | and reuse of as service | models | consumption

Recycling |  use of
resources fgf{ggg life spans products and patterns
components
Examples from different sectors
o il ; Product life cycle extension and
Recycling of critical raw materials Using biological resources in the remanufacturlyng in the building
forest sector sector
Effects in different sectors and value chains
Reduced material costs (once a Development of new products, high Longer life cycle of building
secondary raw material market upfront investment, designing leading to reduced maintenance
functions), change in demand products in contact with customers, | costs, industrial symbiosis leading
_patterns of primary materials, need for marketing of new to cost savings, changes in cost
investment in take-back system, products, cross-value chain structure, establishment of new
business opportunities in product | cooperation, business opportunities | partnerships and cross-value chain
disassembly for SMEs cooperation
Indirect effects on the economy
Impact of value chains: Changes in consumption:
inputs from different Trade effects: process spending patterns may Changes of usage
sectors might be changes may lead to a impact other sectors if patterns: consumers may
dpu_rchased of different | reduction of imports or to |  consumers spend either use more or less of the
elivery channels might an increase in exports more or less or other products or service
be used products and services

Impacts at the EU and national level

: . Social: growth in high-skilled
Environmental: decreased GHG employment, job creat?on in areas

Economic: net GDP impact, net icci :
; J emissions, decreased primary AN

o aportuniiee material consumption, avoded | gy ional impacts among
’ different income groups

Figure 19. Circular economy effects on sectors and impacts (Source: Rizos et al., 2017)
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During the last years, many targets were set for waste management. However, very
often, after its assessment, it became clear that many countries and regions have great
difficulties reaching the landfill target, considering their current waste management
situation. Therefore, the European Commission proposes to amend Directive
1994/62/EC'¥ on waste to introduce an overall recycling target for all packaging
waste for 2030 at 75% and for 2025 a target of 65%.

5.3. ASSESSMENT OF THE CIRCULAR ECONOMY

The transition to a circular economy concerns not only certain materials and sectors,
but covers the entire economic system. Evaluation of the progress along this path
should mainly contribute to understanding trends in maintaining the economic value
of goods and resources, as well as in the generation of waste. Since no indicator can
reflect the complexity and diversity of the transition to a closed economy, the best
solution is to use a set of indicators.

There are many indicators related to the environment and resources which have
already been proposed by several organisations. A thorough review of specific

indicators which may be relevant to the circular economy are summarised in Table
7.104

Table 7. Indicator sets relevant to the circular economy (Source: EASAC, 2016)

Indicator set Advocated by Characteristic/ data l_\lumber of
source indicators
Sustainable Development UNEP Major global 10
Indicators environmental issues
Sustainable Development UNDP End poverty, fight 17
Goals inequality and
injustice, and tackle
climate change
Corporate sustainability Global reporting Sustainability-relevant | >100
initiative (GRI) indicators for
organisations
Environmental sustainability | Yale and Columbia | Environmental 21 (ES)*
index (ESI); environmental universities indicators 20 (EPI)
performance indicator (EPI)
Little Green Data Book World Bank Environment and 50
sustainability
Green Growth Indicators OECD Environment, 25-30
resources, economic
and policy responses
Economy-wide material Eurostat Focused on material 6
flow accounts EW-MFA Wuppertal Institute | flows
Circular economy indicators | Ellen MacArthur Indicators currently 7
foundation (EMF) available

103 European Parlament, 1994.
104 EASAC, 2016.
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Characteristic/ data Number of

Indicator set Advocated by A
source indicators
Resource efficiency EU Resource Eurostat, EEA and 32
efficiency others
scoreboard
(EURES)
Raw materials European Raw Materials 24
Innovation Scoreboard 4
Partnership (EIP) European Union Raw
Materials Knowledge
Base (EURMKB)

*The 21 indicators were in the areas of air quality, biodiversity, land, water quality, water
quantity, reducing air pollution, reducing ecosystem stress, reducing population pressures,
reducing waste and consumption pressures, reducing water stress, natural resource
management, environmental health, basic human sustenance, reducing environmental-related
natural disaster vulnerability, environmental governance, ecoefficiency, private sector
responsiveness, science and technology, participation in international collaboration efforts,
greenhouse gas emissions, reducing transboundary environmental pressures.

In order to assess the level of development of circular economy in literature in recent
years, special indices have been used, which allow interested parties to determine
how consistently the process of formation of the circular economy is going on. Such
indices include the following: The Material Circularity Indicator (MCI)1%; The
Regional Circular Economy Index System (Jia & Zhang, 2011); The Circular
Economy Performance Index (Ruiter, 2015); A Circular Economy Index for the
Consumer Goods Sector (Verbeek, 2016). A detailed analysis of the listed and other
indices available in the literature is beyond the scope of this book. It needs to be noted
that these indices, representing scientific and practical interests, are at the same time
characterized by certain incompleteness in assessing the totality of elements and
processes taking place in a circular economy. In addition, some of them show
elements of subjectivity. For example, The Circular Economy Performance Index is
calculated using the key performance indicators (KPI), widely known in
management, and at the level of individual companies, based on the data obtained
during their survey. However, it remains unclear what criteria should be followed
when choosing a KPI and when selecting companies for interviews.

In 2015, the EC, in the Perspective Work Plan for the Circular Economy, expressed
its intention to create a simple and an effective monitoring system.X%® The set of
indicators for the development of the circular economy proposed by the EC takes into
account and complements the previously developed Resource Efficiency Scale!®” and
Raw Material Scale.!®® The main criteria for choosing indicators were as follows: a)
the ability to reflect the basic elements of a circular economy; b) data availability; ¢)
thematic relevance, acceptability, ease of use, etc.

105 Ellen MacArthur Foundation, 2015c.
106 Eyropean Commision, 2015.

107 European Commision, 2019g.

108 Eyropean Commision, 2018d.
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The monitoring system includes ten indicators, which are part of four blocks:
— production and consumption;
— waste management;
— secondary raw materials;
— competitiveness and innovation.

Each of the blocks characterizes either a certain stage of the life cycle of resources,
products and services, or an aspect of the development of a circular economy. The
Production and Consumption block covers four indicators related to the EU self-
sufficiency in raw materials, public procurement of goods and services in the green
economy, waste generation, and food waste. At the same time, a methodology for
calculating the indicators “state purchases of goods and services in the green
economy” and “food waste” is under development. The level of waste processing,
both aggregate and by their individual types, is presented in the “Waste Management”
block. The “Secondary raw materials” block is devoted to two aspects - assessing the
share of secondary raw materials in the total volume of demand for raw materials and
the intercountry trade in raw materials to be recycled. Investments, employment,
gross value added in the circular economy, as well as patents related to processing
and secondary raw materials, are considered in the block “Competitiveness and
Innovation”.

As mentioned earlier, the basic concept of a circular economy depicts a production
and consumption system that is based on the following principles - recycling, reusage,
restoration, repair, sharing of goods and services, changing consumption patterns and
using new business models and systems.

There is no single indicator for measuring circular economy, but there are a number
of indicators that can help to measure the effectiveness of individual areas that
directly or indirectly contribute to the development of a circular economy. These
indicators can be displayed into the following groups:

— Sustainable resource management. Using these indicators, it is possible to
evaluate the performance of the transformation of the EU member state
economies towards circularity. This can be achieved by reducing the demand
for resources, thus, increasing resource security and reducing the
environmental burden within the country and abroad.

— Societal behaviour. Using these indicators, it is possible to assess the
awareness of citizens and their engagement and participation in the circular
economy. Social norms, behavioural change and citizen engagement are an
integral part of the success of the transition to a circular economy. People
need to be involved in the disposal, reusage and new forms of consumption
of goods. Disposal in this case means the separation of waste streams and the
delivery of waste to the sorting and processing sites. Re-use requires a change
in the mind-set regarding the repair and refurbishment of goods. While, new
forms of consumption mean product-service systems, willingness to pay
more for durability, sharing etc.
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Business operations. Using these indicators, it is possible to show how eco-
innovative activity helps to change and adapt business models with the
principles of a circular economy. The transition to a circular economy is
impossible without the involvement of enterprises, which are the main
driving force of this transition. They foster circularity throughout the entire
life cycle of the use of materials, starting with the how and which original
materials were used, which is directly related to the quality standards of
goods, the environment and health. Especially important for ensuring the
possibility of reusage, recycling, re-manufacturing and raising the durability
of goods is the design phase. It helps to keep the materials within the
economy longer. Additionaly, to expand into circular economy, re-
manufacturing and recycling are both very important.

CONTROL QUESTIONS AND QUESTIONS FOR INDIVIDUAL STUDIES

1.
2.
3.

What are the key action areas of circular economy?
What are the priority areas of circular economy?

Which indicators do you know for evaluating the circular economy?
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6. CONCEPT OF LIFE CYCLE AND INTRODUCTION TO LIFE
CYCLE ASSESSMENT

6.1. CONCEPT OF LIFE CYCLE

Life cycle is among the most widely used concepts in the social sciences. Angela M.
O’rand and Margaret L. Krecker analysed and reviewed the history, meanings, and
uses of these concepts across anthropology, psychology, economics, and sociology
(O’rand & Krecker, 1990).

The product also is to be considered a living entity that evolves like others —
conception, birth, maturity, age and death.

The product life cycle is an important concept in marketing. From a marketing point
of view, the life cycle of a product is the time from the development of the product to
its commencement and cessation of sales. It describes the stages a product goes
through from the idea, until it finally is removed from the market. Not all products
reach this final stage, some continue to grow and others rise and fall. The duration of
each stage is influenced by emerging market factors and customer habits.

First referenced in the 1920s, the product life cycle applies biological knowledge to
products. In nature, a seed is planted, begins to sprout, becomes a fruit, then
eventually withers away and dies. The product life cycle focuses on introduction
(seed), growth (sprout), maturity (fruit) and decline (death) phases. Each phase has
its own marketing mix strategy and implications regarding product, price, distribution
and promotion.’® However, the product life cycle starts with the product’s
development and introduction, and then moves toward withdrawal or eventual
demise. This progression is shown in Figure 20.11°

SALES/PROFITS ($)

PROFITS
L V/——\ > TIME
PRODUCT INTRODUCTION GROWTH MATURITY DECLINE

DEVELOPMENT

Figure 20. Product life cycle (Source: Lumen, n.d.)

109 Griffin, n.d.
110 | ymen, n.d.
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Therefore, from a marketing point of view, the product life cycle is mostly about
profit and activities related to increasing it, i.e.

— commodities have a limited life on the market;

— there are different stages in the marketing of goods and each one requires
different marketing activities;

— profits vary at different stages of the product life cycle.

However, nowadays many people do not only think about profit, but also about the
impact of the product on the environment, its protection and reduction of
consumption of various resources. To achieve more sustainable production and
consumption patterns, the environmental implications of the whole supply-chain of
products, both goods and services, their use, and waste management, i.e. their entire
life cycle from — cradle to grave, must be considered.

A life cycle perspective includes consideration of the environmental aspects of an
organization’s activities, products, and services that it can control or influence (Figure
21).11

Therefore, a life cycle is “Consecutive and interlinked stages of a product (or service)
system, from raw material acquisition or generation from natural resources to final
disposal. Life cycle stages include acquisition of raw materials, design, production,
transportation/delivery, use, end-of-life treatment and final disposal ~.}*2

Raw materials Manufacturing

il
=™
o e
Disposal m @ é Packaging

Use Distribution

Figure 21. Life cycle of a manufactured product (Source: Van Kampen, 2015)

The life cycle of a manufactured product consists of a stream of materials passing
from process to process. In addition to the flow of materials at each stage of the life
cycle, there is also a flow of information. Moreover, there is a continuous interaction

11 van Kampen, 2015.
112180, n.d.
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with the environment. Thus, not only material management, but also information
management is an important part of product life cycle management (Figure 22).

Design Dispose

U 1T

BN Matcrial [ Information

Figure 22. Life cycle of product and different flows (Source: Authors’ compilation)

When an organization applies a life cycle approach to its products and services in its
work, then the following should be considered:

the stage in the life cycle of the product or service,

the degree of control the organization has over the life cycle stages, e.g. a
product designer may be responsible for raw material selection, whereas a
manufacturer may only be responsible for reducing raw material use and
minimizing process waste, and the user may only be responsible for the use
and disposal of the product,

the degree of influence the organization has over the life cycle, e.g. the
designer may only influence the manufacturers production methods, whereas
the manufacturer may also influence the design and the way the product is
used or its method of disposal,

the life of the product,
the organization’s influence on the supply chain,
the length of the supply chain, and

the technological complexity of the product.

The organization can consider the stages in the life cycle which it has the greatest
control or influence over, as these may offer the greatest opportunity to reduce
resource use and minimize pollution or waste.'?

131380, n.d.
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6.2. LIFE CYCLE THINKING

Over their life-time, goods and services can impact an environment in different ways.
The main purpose of life cycle thinking is to reduce the overall environmental impact.
At different stages of the life cycle, impacts may be bigger or smaller. However, care
must be taken to avoid transferring problems from one stage to another. For example,
if the environmental impact of a product at the production stage is reduced, it can lead
to an even greater impact in further stages. Thus, it is necessary to carefully evaluate
all the stages and their relationship, as well as the benefits/ costs that each stage will
bring.

Life cycle thinking should be used in all sectors that are involved in production
chains. This means that all stages of the life cycle should be assessed and
comprehensively taken into account when making informed decisions regarding
production and consumption models, as well as management strategies and policies.

Lower ecological .
impact Business
marketing &

Greener
manufacture of
products

efficiency

Legislation

Product eco-
design

Carbon
reduction

Life Cycle
Thinking

Waste
management

Ecolabels,
carbon footprints

Greater consumer
awareness, confidence
& green consumption

Greater
resource
efficiencv

Green
Procurement

Figure 23. Life cycle thinking instruments and advantages
(Source: Authors’ compilation)

Typical first steps for a business can include:

— Conducting a screening of the company's product portfolio to identify those
goods and services that contribute most to environmental burdens.

— Identifying which life cycle stages contribute most to the overall
environmental impact of particular products.
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— ldentifying options for improvement, as well as possible “win-win”
situations, where reducing the environmental impact of products can come
with cost saving opportunities.

6.3. LIFE CYCLE ASSESSMENT

Life cycle thinking takes into account environmental impacts throughout the entire
product life cycle.

In recent years, environmental issues have become more acute and more people are
becoming interested in them. There is an increasing interest in research into the
possible environmental impacts of goods and services produced and consumed. In
order to better understand and address these effects, the Life Cycle Assessment
(LCA) method is used.

There are a number of tools that evaluate various environmental characteristics. But
LCA, unlike other methods, provides a holistic approach to assessing environmental
performance and takes into account potential impacts at all stages of the product life
cycle, i.e. from the cradle to the grave.

So, life cycle assessment is the factual analysis of a product’s entire life cycle in terms
of sustainability. LCA assesses product-related inputs, emissions, and environmental
and human health impacts; appreciates anything that can be attributed to the product
in any way. The full life cycle, from the extraction of natural resources to the
processing, production, distribution and use of materials; and ending with reuse/
recycling/ energy recovery and disposal of residual waste, is viewed in this method.

The European Commission has developed guidelines for Life Cycle Assessment,
which are fully compatible with international standards. These aim to ensure quality
and consistency based on scientific evidence when carrying out assessments.*4

The International Organization for Standardization (ISO) created two LCA standards:
the ISO 14040 and ISO 14044. ISO 14040 defined Life Cycle Assessment as “the
compilation and evaluation of the inputs, outputs and the potential environmental
impacts of a product system throughout its life cycle .1t

ISO 14040 describes the principles and framework for the life cycle assessment
(LCA). Following information is described: the LCA definition, goal and scope;
description of the life cycle inventory analysis (LCI) phase, the life cycle impact
assessment (LCIA) phase, the life cycle interpretation phase, also LCA reporting and
critical review, and LCA limitations. The standard also describes the relationship
between the LCA phases, and conditions for use of value choices and optional
elements. As all ISO standards, 1SO 14040 does not describe the LCA technique in
detail.

114 European Commission. European platform on life cycle assessment (EPLCA).
115 1SO Online Browsing Platform, 2006.
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The intended application of LCA or LCI results is considered during the definition of
the goal and scope, but the application itself is outside the scope of this International
Standard.

According to the 1SO standards on LCA, it can assist in:

identifying opportunities to improve the environmental aspects of products
at various points in their life cycle;

decision making in industry, governmental or non-governmental
organizations (e.g. strategic planning, priority setting, product and process
design or redesign);

the selection of relevant indicators of environmental performance, including
measurement techniques; and

marketing (e.g., an environmental claim, eco-labelling scheme or
environmental product declarations).

6.4. LCA METHODOLOGY

According to the ISO standards, a Life Cycle Assessment is carried out in four phases.
All four phases of LCA framework are shown in Figure 24:116

4 A

1. Goal and scope
definition

2. Inventory analysis 4. Interpretation

\ 4

3. Impact assessment ¢

. /

Figure 24. Life Cycle Assessment framework
(Source: 1SO Online Browsing Platform, 2006)

Stage 1: Goal Definition and Scoping. Identify the LCA’s purpose, the products of
the study, and determine the boundaries, i.e. what is and is not included in the study:

To define the goal:

intended application of the study;

intended audience.

116 |SO Online Browsing Platform, 2006.

65



To define the scope:

identify the product system to be studied:;

define the functional unit;

define the boundaries of the product system;

identify the assumptions and limitations of the study;

select impact categories to be included.

Stage 2: Life Cycle Inventory. Quantify the energy and raw material inputs and
environmental releases associated with each life cycle phase:

highly data intensive;
detailed mass & energy balances performed over life-cycle;
advantages: measure data & define baseline metrics of life-cycle processes;

challenges: assumptions made when data is unavailable.

Inventory is collected from multiple sources.

INPUTS / Product design \ OUTPUTS
Material Extraction/ Principal products

Materials —» Processing/ Sourcing b Co-products
Energy ) Product —»  Air emissions
Aj Manufacturing

" —»  Water effluents

> Product Distribution
Water —»  Solid wastes
Product Use
Other environmental
. ' interactions
K Product End-of-Life /

Figure 25. Life Cycle Assessment inputs and outputs (Source: Authors’ compilation)

Stage 3: Impact Assessment. Assesses the impact on human health and the
environment:

Converts inventory into impact categories or mid/end points which explain
the environmental effect.

Impact categories may include: carcinogens, respiratory organics and
inorganics, climate change, radiation, ozone layer, eco-toxicity,
acidification/eutrophication, land use, minerals, fossil fuels.

66



Can apply weights to impact categories.

Stage 4: Report Results. Evaluate opportunities to reduce energy, material inputs,
or environmental impacts at each stage of the product life cycle.

Life cycle interpretation: findings of the inventory analysis or impact assessment are
evaluated in relation to the goal and scope of the study to reach conclusions and
recommendations:

1.
2.
3.

Identify significant issues.
Evaluate results for completeness, consistency, and sensitivity of the data.

Draw conclusions & make recommendations consistent with the goal &
scope of the study.

LCA can be done for materials, products, buildings, services and supply chains.
Typically, LCA studies are conducted in one of the following ways:

Streamlined LCA: A streamlined LCA relies heavily on secondary data and
a professional life cycle assessment software to produce rapid results. This
streamlined approach can produce results quickly and is therefore useful for
initial hot-spotting and testing conclusions before embarking upon a detailed
study. Streamlined LCA is useful to determine if a full LCA is needed.

Detailed LCA: A detailed life cycle assessment is required for the maximum
robustness, or if the study is comparative and to be released in the public
domain.

LCA peer review: To achieve maximum credibility a peer review is
recommended. LCA is a detailed field. If an LCA is comparative and to be
released in the public domain, the ISO standards on LCA require that an
independent peer review is to be completed.!*’

The 1SO 14044 (ISO Online Browsing Platform, 2006) standard details the selection
of a system boundary for LCA studies. There are four main options to define the
system boundaries used (shown in Figure 26):

Cradle to Grave: includes the material and energy production chain and all
processes from raw material extraction through the production,
transportation, and the use phase, up to the product’s end of life treatment.

Cradle to Gate: includes all processes from raw material extraction through
the production phase (gate of the factory); used to determine the
environmental impact of the production of a product.

Gate to Grave: includes the processes from the use and end-of-life phases
(everything post production); used to determine the environmental impacts
of a product once it leaves the factory.

17 Circular ecology, 2019.
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— Gate to Gate: includes the processes from the production phase only; used to
determine the environmental impacts of a single production step or process.

Unit processes ‘
Standard processes

“Gate to gate”

emissions

N e l — -
¥ exploitation Hproduction
1 >V\‘\>. e !

Cradle to gate
Gate to grave

Cradle to grave

Figure 26. Four main options to define the system boundaries (based on ISO 14044 (1SO
Online Browsing Platform, 2006))

To facilitate LCA various software is used. In the past 20 years different software
products for the calculation of life cycle assessment, carbon footprint or other
indicators such as Gabi, Umberto, SimaPro, Gemis, OpenLCA or ecoMC were
developed.

The best known is the international leading LCA software SimaPro.!*® SimaPro, has
been the world’s leading LCA and sustainability software for more than 25 years. It
is trusted by the industry and academics in more than 80 countries.

Most LCA software is commercial, but there are three open-source software
packages:

e OpenLCA is an open-source software and support database in EcoSpold or
ILCD format. It also has free and paid data sources via its Nexus service. IMHO
OpenLCA is the best one that is available for free.!*°

e Carnegie-Mellon’s EIO-LCA tool uses a different approach to LCA - called
Economic Input-Output LCA, which aggregates data on an industry sector

118 ESU-services, 2019.
119 OpenLCA, 2018.
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level. This method makes a LCA study faster and cheaper, but also less
accurate.'?

e CMLCA from Leiden University is a free tool that is intended to support the
technical steps of the life cycle.'?

Life cycle assessment results may be used for product development and improvement,
for strategic planning and public policy planning, as well as for marketing and other
purposes.

It can help to integrate environment into core business issues and see it from the
systems perspective. It can help to develop and use innovations, and improve
efficiency of processes and products and services, also throughout the engagement of
different stakeholders — investors, customers, employees. As a result, a better return
on investments can occur.

Phases of  Extractionof ~ Preliminary Manufacture of ~ Use and End Ic_>f "fe:d
life cycle raw materials production  end products  operation re%‘;{;ggaa”

Input—Output Input—Output Input—Output | | Input—Output Input—Output

Life cycle
inventory

analysis
! | | | Emissions | | Waste! | | |

COz, SO2, CO, NOx, HCI, PM1o, SFs, land use and other resource flows. ..

Midpoint
categories Endpoint/
damage
categories
Life cycle
impact Ecosystem
assessment quality

Global warming, Ozone depletion, Eutrophication, Land use, Resource (material and
energy) consumption, Acidification, Human toxicity, Smog

Figure 27. Overview of Life Cycle Assessment (Source: Authors’ compilation)

120 Carnegie Mellon University, 2018.
121 CMLCA, 2018.

69



Environment is not a cost centre for the company, but a business opportunity:
— Look beyond the company’s gate.
— Expose trade-offs and opportunities.

— Expand analysis of products, projects, policies and programs — what is the
function, what are the boundaries, what are the impacts, where are the
opportunities?

By performing an LCA, a company also gains a set of metrics by which it can
compare year-to-year performance, together with the performance of suppliers and
partners.'?

CONTROL QUESTIONS AND QUESTIONS FOR INDIVIDUAL STUDIES

1. How do you understand the term “Life cycle” from the environmental point of view
after reading this chapter?

2. How many stages are there in a manufactured product’s life cycle? Name all of them.

3. How many stages does the Life Cycle Assessment Framework consist of? Name all
of them.

Is there a software/tool that can be used for life cycle assessment?

122 Network for Business Innovation and Sustainability, 2008.
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7. INTRODUCTION TO ECO-DESIGN

“The design process not only gives birth to a product but is also
responsible for its life and death” (Ullman, 2009).

“Eco-design is a strategic design management process that
considers the full life-cycle environmental impacts of packaging,
products, processes, services, organisations and systems. It can
identify layers of waste and layers of value” (Prendeville et al.,
2014)

Nowadays, in the industry, product design and development is a multi-faceted
activity, which often takes place in large organizations with involvement from many
different departments and specialities representatives. These people are working in
Research and Development (R&D), marketing, management and other departments.
The most popular way to represent the design process is adapted from Ullman (2003)
and it represents the sequence of tests or events with milestones and decisions (Figure
28).

Develo . :
Analyse desic rﬂP Generate Evaluate and Prototvni Document
) i ¢ =t |1 O
problem re quirct%cnrs concepts select rototyping results

t

Figure 28. The design process (Source: Ullman, 2003)

For several decades, the consumer society has made profitability its credo - producing
and consuming more and always at the lowest price. This tendency is expressed in
the over-exploitation of natural resources, increased air and water pollution, the
disappearance of plant and animal species and the spread of waste. Breaking this
chain means taking immediate action to “produce more with less”. In other words, to
meet global demand for goods and services while limiting waste and avoiding excess
pollution.

Companies have now adopted this approach and incorporated sustainable
development into their strategies. This has also become a political issue. In 2000, in
Malmé (Sweden), governments around the world issued a call to support sustainable
production and consumption, “in order to improve finished products and services,
while reducing environmental and health impacts”. In short, herald an era of
environmental design.

To achieve sustainability, it needs to be looked at the design and product development
stage. In this case, sustainability will be justified in the smallest details of the design.
There are political documents and various statements, but in the end, specific design
problems need to be solved: how to design products and production processes so that
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materials can be recycled and fully recovered? How to produce safe food, i.e. how to
create agricultural systems that do not use pesticides, fertilizers and fossil fuels? How
to create wastewater treatment systems that improve rather than harm the surrounding
ecosystem? How to design buildings that produce their own energy and recycle their
own waste?

Such design problems link traditional scientific and engineering disciplines. They can
be solved only if industrial designers communicate with biogeochemists, plumbers
with wetland biologists, architects with physicists and farmers with
environmentalists. The only long-term approach to building a sustainable world is to
redesign the details of products, buildings and landscapes around us. This is a search
for the smallest details of a sustainable culture design, based on the textures of daily
life.

At every stage of product designing, design plays an important role, which includes
not only functionality and aesthetics, but also goodwill. With the growing demand
for sustainable products, product manufacturers need to pay more attention to design
and product life cycle, with continuous improvement and innovation to create more
environmentally friendly and economical resources. However, it is only possible if
the customers, manufacturers and designers work together to create a tripartite
understanding of the processes in the context of business, production and design.

The everyday world of buildings, artefacts and landscapes is a projected world
created by man. Taking this into account, architects, city planners, farmers, chemical
engineers, industrial designers, interior decorators and many others are designers to
a certain extent. All of them are involved in shaping the physical details of our
everyday experience. One of the most important and seemingly simple design
principles that developers can use is to make sure that everything they design can be
used. This not only increases the likelihood that your customers will choose to buy
your solutions, but also increases the likelihood that, once they do, these decisions
will actually be used, rather than rejected for something else that might work better.
Several principles fall into the category that can help designers and developers create
solutions that are more successful. For example, usability, clarity, accessibility and
value of each of them contribute to creating more convenient solutions that are more
likely to be used for a longer period.

During product planning and designing, producers can greatly influence any phase of
the value creation process and material life cycle — a chance to promote ecological
innovation. The problems that designers face in the context of their environmental
impact have been known for many years, and research in this area was conducted at
least fifteen years ago. All that developers do to reduce the amount of materials and
energy in their products reduces the amount of resources consumed and the impact
on the environment. Systematic reduction of toxic materials, careful designing to
reduce the size and weight of the product, as well as the reduction of waste and energy
during the production process can significantly improve the sustainability of the
solution.
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The term “Eco-design” has many synonyms, such as environmental design,
sustainable design, green design, environmentally sustainable product design, and
design for environment. It has grown its contribution to sustainable manufacturing
during the last decades.

Eco-design means “any production process that takes into account environmental
considerations (e.g. raw material use, recyclability, end-of-life waste management
requirements) at the product design stage” (Monier et al., 2014). Consequently, eco-
design is the integration of environmental requirements into the product development
process. This means that the potential environmental impact of the product (including
the service) is already assessed and reduced as much as possible.

Eco-design is the design of products and services to minimize environmental impact
throughout the life cycle, while providing the required functionality, quality, cost and
aesthetic appearance. Accordingly, eco-design aims to reduce resource consumption,
use environmentally friendly materials, optimize production, distribution and use of
the product, and ensure its proper management at end-of-life — restoration, treatment
or disposal.

Eco-design and eco-innovation are enabling factors of circular economy (Cluzel et
al., 2014, Benslimane et al., 2015; European Environmental Agency, 2016a).

“Eco-design delivers products made with fewer resources, using recycled and
renewable resources and avoiding hazardous materials, as well as with components
that are longer lasting and easier to maintain, repair, upgrade and recycle”.!%

“Eco-innovation is any form of innovation resulting in or aiming at significant and
demonstrable progress towards the goal of sustainable development, through
reducing impacts on the environment, enhancing resilience to environmental
pressures, or achieving a more efficient and responsible use of natural resources”.*?*

Sustainability does not mean deterioration in the quality of life, but a change in the
way of thinking and values, seeking a more environmentally friendly way of life. In
a sustainable design, it is necessary to use an alternative approach to traditional
design, which includes these changes in thinking. In the new design approach, it is
necessary to identify the impact of each design choice on the natural and cultural
resources in the context of the local, regional and global environment. Long-term
design requires understanding of the short- and long-term consequences of any kind
of environmental transformation. The product design has been identified as an
important life cycle stage in the contribution to the life cycle environmental impacts.

For the first time Eco-design was developed as the Directive 2005/32/EC on Eco-
design of Energy-used Products.'® The current European Union legal framework for
the eco-design of energy-using products is laid down in the Directive 2009/125/EC

123 European Environmental Agency, 2016a, p. 18.
124 European Commission, 2011b, p. 2.
125 Eyropean Council, 2005.
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of the European Parliament and of the Council, establishing a framework for the
setting of eco-design requirements for energy-related products.!2

ENERGY EFFICIENCY

Directive 96/57/EC on
Energy Efficiency
Requirements for Household
Electric Refrigerators,

Directive 2000/55/EC on
Energy Efficiency
Requirements for Ballasts

Directive 92/75/ECC on
Energy and Resources
efficiency of Household

Appliances Frecseisand Combinations for Fluorescent Lighting
Thereof
ECO-DESIGN
S e Directive 2005/32/EC on Eco-design RELATED POLICIES
of Energy-using Products Regulation 66/2010 on the EU

European Climate Change
Program (ECCP)
Integrated Product Policy (IPP) Directive 2008/125/EC on Eco-desi Directive 2010/30/EU on

irecti fecye St Product Information of Energy-
DlrectlYe 94/62/CE on X Requirements for Energy-related i/
packaging and waste packaging related Products.

Products
Directive 2000/53/CE on end-
of life vehicles 1SO 14006 1SO/TR 14062

Ecolabel

Figure 29. Legal framework of eco-design in EU countries (Source: Sanyé-Mengual et al.,
2014)

The EU legislation on eco-design and energy labelling is an effective tool for
improving the energy efficiency of products. It helps eliminate the least performing
products from the market, significantly contributing to the EU’s 2020 energy
efficiency objective. It also supports industrial competitiveness and innovation by
promoting the better environmental performance of products throughout the internal
market.’?” And it also provides both generic and specific eco-design requirements.?

Eco-design methods can help prevent and reduce the environmental impact of a
product throughout its life cycle, from the production and delivery of raw materials
to the production, packaging, delivery, use and disposal of a product. Evaluated
impacts — global warming, acidification, resource overflow, biodiversity loss,
presence of toxic substances in the atmosphere, indoor air and water, ozone layer
depletion, etc. The Eco-design approach implements the principles of sustainable
development by preventing pollution, before it has appeared.

A clear description of some of the barriers and drivers of Eco-design was collected
by Brezet and Hemel (1997).

126 Eyropean Council, 2009.
127 European Comission, 2019h.
128 Eyropean Union, 2019.
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The historical development of Eco-design has two periods:

1. The first generation of ecological design was based on small-scale

experiments with living lightly in place. Many of the technologies and ideas
of this generation, such as alternative building materials, renewable energy,
organic foods, conservation, and recycling, have been widely adopted in
piecemeal fashion.

The second generation of ecological design is now on the horizon. This
second generation is not an alternative to dominant technology and design; it
is the best path for their necessary evolution. The second generation of
ecological design must effectively weave the insights of literally dozens of
disciplines. It must create a viable ecological design craft within a genuine
culture of sustainability rather than being entangled in interdisciplinary
disputes and turf wars. It is time to bring forth new ecologies of design that
are rich with cultural and epistemological diversity (Van Der Ryn & Cowan,
1996).

The particular function of the Eco-design Directive is to improve design on a product
specific level. Eliminating the worst performing products from the market and
shifting the economy towards solutions with the least life cycle costs (i.e. total cost
of product ownership throughout its lifespan).'?®

o~
Concept Design

| s .

| Core Design

_ = Contlnuouslmprovement
y e e e e s e G s e

Need Concept Detail Prototype Test Production

Re-Think Re-Design Re-Pair Re-Fine

Figure 30. Conceptual and descriptive model of the Eco-design process (Source: Bhamra et

al., 2001)

All consumer goods, even the “green” ones, have negative repercussions on the
environment. They are manufactured using raw materials, energy and water. Then
they must be packaged and transported to their place of use, before finishing as waste.
Eco-design is a means of minimizing these impacts throughout a product’s life cycle
for the same degree of efficiency and utility.

129 Airedale Air Conditioning, 2019.
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The most frequently discussed topic in Eco-design literature is the ‘life cycle
principle’. Ecologic design researchers Carolien van Hemel Brezet and Hans Brezet
in 1997 offered several eco-design strategies and principles in the Lifecycle Design
Strategies Wheel (LiDS Wheel) (Brezet & Hemel, 1997). It is applicable to the design
of existing products, as well as to the creation of new and innovative concepts.
However, it is equally important to comply with the product's objectives and
functions in the manufacturing of any product, in order not to lose its quality.
Therefore, in order to better consider all aspects of the environment and alternatives
to design, based on LiDS Wheel, Sabine Koklacova (2015) has developed a model
that reflects not only the product’s life cycle, but also takes into account the necessary
functions and goals.

‘Design for Environment’ (DFE) is an umbrella term describing techniques used to
incorporate an environmental component into products and services before they enter
the production phase. DFE seeks to discover product innovations that will meet cost
and performance objectives, while reducing pollution and waste throughout the life
cycle.

Eco-design within a circular economy should create opportunities for repeated reuse
and recycling of products based on the use of the latest technologies, knowledge and
working methods.

A wide variety of techniques are available, falling into two broad categories:

1. Techniques that are used to identify the environmental impact of a product
throughout its life cycle, such as Life Cycle Assessment;

2. Techniques that help designers improve the environmental performance of
their products.

Analysis tools can be used to identify broad environmental issues, but improvement
techniques are needed in order to solve any of the identified problems.

However, Eco-design can be applied with different goals depending on the product
life cycle stage. Therefore, different types of Eco-design were developed:

— Design for remanufacturing focuses on the re-design of an existing product;

— Design for manufacturing and assembly aims to improve the production
process;

— Design for disassembly (or “modular design™ or “design for repair and
redesign”) is a design strategy that considers the future need to disassemble
a product for repair, refurbishment or recycling (Erixon, 1996; Kusiak, 2002;
Diener&Will, 2010; Kamrani&Salhieh, 2002). It means that products are
designed so as to be easily disassembled or separated into individual parts
that may either be replaced or repaired to promote long product life (see
Figure 31);

— Design for durability means that a product is designed with consideration to
how well the materials and the overall product will endure over time. More
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specifically, attention is given to how easily different parts of products may
wear out; how easily the connections may break; and how individual parts
may behave in relation to each other;

— Design for recycling enhances the product recyclability by avoiding end-of-
life treatments with higher impacts;

— Design for reusability aims to optimize the lifespan of the product. Product
reusage is often viewed as an effective strategy for enhancing environmental
sustainability given the potential environmental advantage of reuse over new
production (since generally fewer new raw materials are needed when
components of ‘old’ items are reused) (Boyaci et al., 2016);

— Design for energy efficiency aims to minimize energy consumption, i.e. to
save energy and money, to make the home more comfortable and durable;

— Hazardous material minimization.

Figure 31. Design for (dis-)assembly (Source: Shedroff, 2010)

Design plays a crucial role in the innovation of environmentally responsible products.
That function can take the form of either eco-design strategies or concept
demonstrators.

Eco-design strategies are sufficiently broad to be used at the product planning and
problem definition stages of the design process. Concept demonstrators, on the other
hand, are a tangible vision of the possible product of the future (International Institute
for Sustainable Development, 2013).

Any product has a greater or lesser impact on the environment because it must
produce and process raw materials, consume energy, be transported and stored.

Product production is only one of the stages of the product life cycle. The life cycle
includes the extraction and production of raw materials, the transport, the use of the
product, its subsequent disposal, the incineration, and the recycling, if possible, of the
recycled material. Eco-friendly goods or eco-products are judged on this whole cycle.
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Table 8. Ways how eco-design can minimize impacts
(Source: Authors’ compilation based on UNEP, n.a.3?)

Transportation

cutting and liberalized markets all
add up to one thing - products
travel thousands of kilometres
before being used.

Stages Description Solutions

1st stage: Raw | Manufacturing a product means | Reduce quantities, choose the most

materials first exploiting raw materials. | appropriate materials, transform
Extracting and processing these | waste into raw materials, and prefer
constituent parts consumes natural | renewable materials and products
resources, uses energy and is a | that use only one type.
source of pollution.

2nd stage: Manufacturing tends to consume | Optimize production processes;

Production large amounts of energy because | assemble products so they are easy
of the complex processes it | to separate into their different
involves. components for repair or recycling.

3rd stage: Bottles, boxes, cans and other | Concentrate products; reduce the

Packaging packaging currently account for | amount and volume of packaging to
over half the volume of household | make savings along the chain, from
waste in developed countries. manufacturing to waste disposal.

4th stage: Relocated  production,  cost- | Choose manufacturing sites

according to the products’ final
destination, use combined transport
and alternative fuels, optimize
loads.

5th stage: Use

Using products, operating
appliances and maintaining them
in working order requires more or
less energy, water, etc. Nowadays,
designed to be frequently
replaced, goods are increasingly
fragile and hard to repair, which
encourages  wastefulness and
generates waste.

Design functional, energy-saving or
autonomous products that are
lasting, safe and easy to maintain or
repair.

6th stage:
Disposal and
recycling

Worn-out or damaged products
are more or less easy to recycle.
The multiple components, alloys
and other combinations of
materials from which they are
made render disassembling and
processing a complex and costly
procedure.

Develop reusable or recyclable
products and components.

130 UNEP, n.a.
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Eco-design is a possibility to apply for different types of products and for specific
sectors. Any product can use an eco-design approach to ensure it is maximizing the
use of sustainable materials, is using the least amount of energy necessary, can be
recycled or reused at end-of-life.

Raw materials
e pure materials

e recycling materials

Disposing

e product reuse

e secondary production / refurbishment
e material recycling

e safe burning (with energy recovery)

G

Reuse / Recycling

e high endurance and longevity

e easy operation and repair

e modular / adoptable product structure
o classic design

e renewable content materials Al

Preparation of materials
o volume reduction
e severity reduction

=~ _~

Product production

e clean production techniques

o fewer production steps

o low / clean power
consumption

o less waste

o pure production ingredients

e strong product / user relationship
Distribution

Product Use and Service e less / clean / disposable packaging
¢ low power consumption o energy efficient mode of transport
e a clean energy resource e energy efficient logistics

e pure ingredients \li
¢ no / little waste

Figure 32. Characteristics of a product in different life cycle stages for eco-design
(Source: Authors’ compilation)

Many different eco-design strategies exist. The most popular are:

— The product-focused approach - aims to render existing goods and services
more economical, more efficient and less harmful to the environment, as well
as improving after-sales service, and end-of-life collection and processing.

— The results focused approach - pursues the same objectives from a different
angle, for example by selling not the product itself but its use (rental).
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— The needs focused approach - studies the needs and expectations that a
product or service must fulfil, then looks for the best way to satisfy them
using a product, or a service, or both.**

Entrepreneurs, technologists and designers can come up with three alternatives —
clean materials, renewable materials, and recycled materials — to create
environmentally friendly products. The choice of material can also take into account
the country of origin or the distance it will travel. Accordingly, the shorter the
distance, the more environmentally friendly the eco-design of packaging production
is.

At the material preparation stage, one or both alternatives can be considered to create
a greener product - reduce severity and/ or reduce volume by selecting lighter
materials accordingly, reducing size to maximize resources, but not forgetting the
product's required functions or objectives. This stage opens up the possibility of
innovation in terms of design and function.

At the production stage, in order to create a greener and more sustainable design,
manufacturers of the product can consider alternatives between clean production
techniques, fewer production steps, low or clean energy consumption, less waste, or
some (clean) production components. Each of the options opens up opportunities for
innovative solutions in the production process, as well as the opportunity to reduce
not only the resources spent, but also to save money.

In addition, the distribution phase is a way to reduce resource and energy
consumption. There is an alternative between less, clean, or reusable packaging, a
more environmentally friendly mode of transport, or energy efficient logistics. This
is also a sector where it is possible to develop either innovations or innovative
solutions in terms of both process and environmentally friendly technologies.

When designing environmentally friendly products, it is also necessary to consider
the consumption of resources during their use. It is possible to choose or combine low
energy consumption, the use of clean energy resources, the number of components
that need to be minimized, the use of clean components and the lack of energy for
wasteful use. Accordingly, the convenient use of the product — re-opening, closing,
storing, stability, ease of movement, etc., can be considered and developed.

Depending on the product, high durability, easy operation and repair, modular
(adaptable) product structure, classic design or strong product (user) relationship can
be envisaged.

When considering the release phase during the life cycle, it is possible to see the reuse
of the product, secondary production (renovation), material recycling, safe burning
(with energy recovery), and safe disposal of product residues.

As an opportunity for further development, moving a product or packaging to the next
level of development is the development of a new concept, creating a transition to
service delivery, shared product use, feature integration or optimization, for which all

BBL UNEP, n.a.
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stages of the life cycle are re-adjusted accordingly. The development of a new concept
has the potential to create both innovative products and processes, as opportunities
are unlimited, developing environmentally friendly designs or processes. From a
business point of view, it opens up opportunities to be a step ahead of competitors,
surprise customers with innovations, and the opportunity to create proprietary
products, bringing extra profit to the company, besides reducing resources, it can also
save money. However, without the help of competent designers, it is impossible.

Prendeville et al. (2014) found the relationship between eco-design and circular
economy through mutual factors, such as closed loop manufacturing, various
methods and tools, cross sector collaboration, business model innovation and
resource efficiency (Figure 33).

. xal faceg Cly,
ec)\g‘\ d\\) fS (2//(9
Ob environmental closed loop continual /@
(ZS/ impact manufacturing ecohomic
reduction

growth

methods and tools

reduced
consumption

sustained
consumption

cross sector collaboration

business model innovation

promotion of
resource efficiency
over life cycle
impacts

promotion of life
cycle impacts over
recource efficiency

resource efficiency

Figure 33. Relationship between Eco-design and Circular Economy
(Source: Prendeville et al., 2014)

Dr. Conrad Luttropp suggested 10 Golden Rules in eco-design. All of them are very
generic and must be transformed and customised to be at real use in product
development work. These 10 rules are following (are not listed in any order of
preference) (Luttropp, n.d.):

1. Do not use toxic substances and arrange closed loops for necessary but toxic
ones.

2. Minimise energy and resource consumption in production and transport
through housekeeping.

3. Minimise energy and resource consumption in the usage phase, especially for
products with most significant environmental aspects in the usage phase.

4. Promote repair and upgrading, especially for system dependent products.

Promote long life, especially for products with most significant
environmental aspects out of usage phase.
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6. Use structural features and high quality materials to minimise weight not
interfering with necessary flexibility, impact strength or functional priorities.

7. Use better materials, surface treatments or structural arrangements to protect
products from dirt, corrosion and wear.

8. Pre-arrange upgrading, repair and recycling through access ability, labelling,
modules, breaking points, manuals.

9. Promote upgrading, repair and recycling by using few, simple, recycled, not
blended materials and no alloys.

10. Use as few joining elements as possible and use screws, adhesives, welding,
snap fits, geometric locking etc. according to the life cycle scenario.

The application of eco-design is influenced by various factors:
e External:
— legislation;
— market requirements;
— competitors;
— suppliers;
— social responsibility;
— industry requirements.
e Internal:
— cost reductions;
— potential for innovation, improvement;
— higher quality;
—  better reputation;
— part of the (environmental) management system;
— employee interest;
— interest in creating something new and innovative.

The use of energy-efficient and eco-friendly resources is certainly an important
aspect, but the concept of eco-design goes beyond this. It is a holistic approach,
keeping in mind the environmental, social and economic benefits, as well as an
aesthetically appealing and durable design. Eco-design by its nature fosters
innovation and promotes behavioural change in producers and consumers towards
product-service systems and self-sufficiency. It envisions “ecologically-minded”
thinking not as an add-on but as part of the fundamental design process, right from
the start. Once it has made the leap from theory to practice, eco-design can help
achieve the move towards a circular economy.
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“In short, eco-design is good design that benefits people and the environment
alike”.*%

Eco-design begins with the idea of a product's production, with raw material
extraction, transport, use and waste being taken into account. The whole system
should be analysed and each stage needs to be evaluated, where changes or
improvements to reduce the overall environmental impact can be made. In order to
develop an eco-design, it is necessary to have interdisciplinary and in-depth
knowledge and co-operation among all involved parties — product customers,
designers, and manufacturers - and active public education that will stimulate demand
for environmentally friendly products in the long term. It is therefore necessary to
promote cooperation between the parties involved in the development of knowledge,
information and innovation transfer points, as well as by promoting cooperation with
associations, non-governmental organizations, higher education institutions and
research institutes, while at the same time educating society, especially children.

CONTROL QUESTIONS AND QUESTIONS FOR INDIVIDUAL STUDIES
1. How do you understand the term “Eco-design” after reading this chapter?
2. What rules of eco-design do you know?

3. What types of eco-design do you know?

182 Ecodesing circle, 2019.
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8. SUPPLY CHAIN

“The value chain describes the full range of activities that firms
and workers do to bring a product from its conception to its end
use and beyond. This includes activities such as design,
production, marketing, distribution and support to the final
consumer. The activities that comprise a value chain can be
contained within a single firm or divided among different firms.
Value chain activities can produce goods or services, and can be
contained within a single geographical location or spread over
wider areas” (Gereffi&Fernandez-Stark, 2011, p.4.)

The concept of value chains was developed by Porter as early as 1979 and he
described it as decision support tools, which were added onto the competitive
strategies paradigm. According to Porter there are two types of value chains: 1)
primary activities: Inbound logistics, Operations, Outbound logistics, Marketing and
Sales, and Service; and 2) secondary activities: Procurement, Human resource
management, Technological development and Infrastructure (Figure 34).

|/ Firm Infrastructure
Human Resource Management =
Technology =
I\ Procurement
Inbound : Outbound Marketing & - ~a
Logistics Operations Logistics Sales Service :f

PRIMARY ACTIVITIES

Figure 34. Porter’s value chain (Source: Porter, 1985)

e Primary activities:
- Inbound logistics deal with receiving, storing and distributing inputs.
- Manufacturing operations convert inputs into finished products.

— Outbound logistics are concerned with the collection, storage, and
distribution of products or services to customers.

- Marketing and sales involve activities that create awareness among the public
regarding the product.

- Services increase the value of product or services.
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e Support activities help the primary activities and include procurement,
technology development, human resource management and infrastructure.

Nevertheless, a supply chain is the interconnection of all functions that start from the
production of raw materials to the final product, and end when the product reaches
the final consumer. It relates to the integration of all activities related to the processes
of sourcing, procurement, conversion and logistics.

This network includes different activities, people, entities, information, and
resources. The supply chain also represents the steps to get the product or service
from its original state to the customer. These two networks help provide customers
with quality products at a reasonable price. Most of the supply chain is placed side
by side to the value chain.

“The process of planning, implementing, and controlling the efficient, cost effective
flow of raw materials, in-process inventory, finished goods, and related information
from the point of consumption to the point of origin for the purpose of recapturing or
creating value or proper disposal” (Rogers & Tibben-Lembke, 1999, p. 2).

A regular supply chain begins with the ecological, biological and political regulation
of natural resources. This is followed by the extraction of raw materials, then several
production processes - constructing, assembling and combining components, etc. The
transition to the warehouse follows, the size of which is constantly decreasing, and
the points of delivery of the goods, which are increasingly more dispersed
geographically, and, finally, access to the consumer.

The following activities are included in the supply chain (Surbhi, 2018):
— Integration
— Sharing of Information
— Development of product
— Procurement
— Production
— Distribution
— Services to customer
— Performance analysis.

The basis of the circular economy is a closed supply chain. Closed supply chains
maximize the value added over the entire product life cycle with dynamic recovery
within relatively long time intervals of values of various types and volumes (Guide
& Wassenhove, 2009).

De Angelis et al. (2017) analysed a large amount of literature and gave their
explanation of traditional, sustainable and circular supply chains. Besides, they
discuss the key supply chain challenges being faced by managers, namely: extending
the shifting perceptions of value, mitigating risk through structural flexibility,
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introducing early supplier innovation, more strategic services, and the issue of global
vs local distribution of production.

Manavalan and Jayakrishna (2019) analysed a case example in a supply chain
organization to meet industry 4.0. requirements and to enable circular economy. They
suggest using the 6Rs; as well as various technologies in the supply chain, so that the
enterprise is more sustainable in terms of economics, social responsibility, and
environmental awareness. They also emphasize that combining the concept of a
circular economy with a sustainable supply chain can bring significant environmental
benefits. Investing in technology helps organizations increase operational efficiency,
which leads to a more skilful implementation of the circular supply chain.

Nowadays worldwide, recycling and reuse of scrapped products have become a very
popular topic. Everywhere, entire businesses, which have been created on the sole
purpose of reclaiming raw materials from existing goods, can be found.

Modern supply chain enterprises should be prepared to move to a circular supply
chain, which includes the entire process of reverse logistics.

By using the principles of a circular economy, it is possible to minimize the costs of
biological and technical resources, as well as the generation of waste, which then falls
back into the environment. Thus, the extension of the principles of reverse logistics
includes two subsystems; the first is related to biological goods (for example, food),
and the second to technical goods (products).

Biological Goods l Technical Goods
DR Suppliers
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Biosphere
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Figure 35. Circular Economy and Supply Chains (Source: Ellen MacArthur Foundation &
McKinsey Center for Business and Environment, 2014, p.15)
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Circular economy today has two main driving forces — large companies and
governments.

Since the activities of large transnational corporations cover the entire production
chain from the supply of materials to the sale of goods, it is easier and more profitable
to implement pilot cyclical projects. In many cases, these projects turn the consumer
into a user: the product remains the property of the corporation and, after the end of
its service life, is returned to the manufacturer, who can release a new model based
upon it or create another product using old materials.

A report on circular economy, released in 2014 by the World Economic Forum, the
Ellen MacArthur Foundation and the leading international consulting company
McKinsey & Company, predicts that looping production could bring the global
economy $ 1 trillion annually by 2025, and in the next five years create 100 thousand
new jobs, saving $ 500 million on materials and preventing the emergence of 100
million tons of waste.*3

With the introduction of a circular economy, supply chains have become
multidimensional - new flows and formats are introduced, service networks appear,
more common ground appears, and recovery cycles for products and materials appear
instead of leaks, i.e. they are “looped”. Figure 36 shows some potential flows. Such
cyclical use of materials, i.e. willingness to resell, repair, rebuild, or recycle, means
rethinking reverse supply chains and packaging design.
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Figure 36. The ‘loopy’ supply chain (Source: Weetman, 2017)

133 Towards the Circular Economy: Accelerating the scale-up across global supply chains. World
Economic Forum, 2014.
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A value chain within the circular economy framework is transformed, and innovative
solutions may include!®* (1) reducing the quantity of materials required to deliver a
particular service (lightweighting), (2) lengthening products’ useful life (durability);
(3) reducing the use of energy and materials in production and use phases
(efficiency); (4) reducing the use of materials that are hazardous or difficult to recycle
in products and production processes (substitution); (5) designing products that are
easier to maintain, repair, upgrade, remanufacture. (6) incentivising separation,
collection systems that minimise the costs of recycling and reuse, etc.

Today’s manufacturers produce huge volumes of products that cannot be recycled or
reused. Using various methods of real-time data collection and analysis, information
can be obtained from various sources in order to increase the overall efficiency of a
company. Thus, one of the barriers to a linear supply chain is the lack of cooperation
and communication. The collaboration of the various participants in the supply chain
needs to be reviewed in order to create a better, cheaper flow of products. Modern
supply chain actors must be prepared to use technology to effectively manage and
transition from a linear to a circular supply chain. A circular supply chain can be
displayed as a web, while a traditional linear supply chains represents a typical flow
of goods. They start with suppliers; go to manufacturers, distributors and then
consumers. A circular supply chain has many links between each of these parties. For
example, consumers can be directly related to the supplier or manufacturer. In this
case, the relationship is becoming more complex, and without the use of IT
technology, for its tracking and managing, it is almost impossible.

CONTROL QUESTIONS AND QUESTIONS FOR INDIVIDUAL STUDIES
1. How do you understand the term “Supply chain” after reading this chapter?
2. What activities are included in the supply chain?

3. How can a linear supply chain be changed to a circular one?

134 European Commission, 2014b, p.4.
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9. OVERVIEW OF CIRCULAR ECONOMY BUSINESS MODELS

The circular economy is driven by new business models (Kirchher et al., 2017a). The
Ellen MacArthur foundation estimated that in Europe, by 2030, a circular economy
could create direct primary-resource benefits worth 600 million euros.**® Unlocking
these gains presents great opportunities for businesses.

Business models in the circular economy aim to preserve materials and articles for as
long as possible. They need to be used for so long as to get the maximum value out
of them. Similarly, the circular economy is about transforming the business and
economic system so that waste is “shaped” by the way we live. Business models in a
circular economy can offer new commercial opportunities.

There are many types of business models in the circular economy, ranging from
converting non-recyclable waste materials into usable heat, electricity or fuel, to
product leasing models and new production technologies such as 3D printing
(Lewandowski, 2016).

One of the most cited and used circular economy business model categorization is the
one developed by Accenture in 2014.1% Accenture conducted a study analysing more
than 120 companies from a wide variety of geographical regions and industries. Most
of the companies were from Europe or North America, the most popular industries
being the textile, high-tech and clothing industries. Five circular business models
were identified from the companies surveyed: 1) Product-as-a-Service (PaaS), 2)
Recovery and Recycling, 3) Circular Supply-Chain, 4) Product Life-extension, 5)
Sharing Platforms (Figure 37).1%

All of the above mentioned business models have different characteristics and can be
used individually or together throughout the value chain. With the implementation of
these circular business models, companies can gain strong competitive advantage -
massive resource productivity savings, enhanced customer value and differentiation,
reduced cost to serve and own, generation of new revenue, as well as risk reduction.

One of the most effective strategies to implement circular loops is to provide access
to the products through a rental service instead of selling them. Keeping ownership
of products and their embedded materials enables the business to close the loops more
efficiently and opens new business opportunities.

135 Ellen MacArthur foundation and McKinsey Center for Business and Environment, 2015.
136 Accenture, 2014,
137 ibid.
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Business Models

* Can be applied to product flows in any part of the value chain

Circular Supplies: Provide renewable energy,
bio based- or fully recyclable input
material to replace single-lifecycle inputs

Resource Recovery: Recover useful
resources/energy out of disposed
products or by-products

Product Life Extension: Extend
working lifecycle of products and
components by repairing, upgrading
and reselling

Sharing Platforms: Enable increased
utilization rate of products by making
possible shared use/access/ownership

Product as a Service*: Offer product access
and retain ownership to internalise
benefits of circular resource productivity

C. Returning
Circular Other 4 byproducts

supplies loop \

C. Remanufacture

1
B. Waste
as a resource

\
=
\

A. Re-Jupcycle

\

Upgrade ==

Figure 37. The five circular business models (Source: Accenture, 2014)

90



By adopting a Product-as-a-Service business model, the retail business focus is
shifting from pushing product sales and reducing product costs to enhancing user
experience and increasing product quality. In that regard, offering high-quality
products starts at the design stage: products must be designed to be used as long as
possible, to be easily repaired, remanufactured and recycled. Design is not only about
the shape of product but also includes the production process and the selection of raw
materials, which should be carefully selected regarding their toxicity and
environmental impact. For a retailer, developing a PaaS implies a closer collaboration
with the key stakeholders across the value chain, including product manufacturers
and designers. On the other hand, when developing a PaaS business model, the
business approach shifts from a product-centered approach to a customer-centered
one. It means that the focus is not on product features, but rather on the function that
the product delivers to its end-users. In other words, technology is considered as an
enabler to create and deliver value to the customers. Therefore, the shift to PaaS starts
with a deep understanding of the user needs, which enables to explore creative ways
to meet them.

Finally, it is important to note that designing a circular business model is not only
about turning a product into a service! It requires systems thinking. To design such
innovative business models including elements such as take-back models, repair
services, upgradability or a sharing system. System thinking implies to consider the
characteristics of the business, as well as its interaction with its environment at
different levels - at the business level by looking at the material flows and processes,
at the value chain level by analysing the interactions between the key stakeholders
and at the industrial level by identifying cross industry collaboration (i.e. industrial
symbiosis). Therefore, when developing a circular business model, it is crucial to
understand the position of the company in the value chain and its relationships with
the key partners as well as the implications of circular opportunities.

The Ellen MacArthur Foundation, SUN and McKinsey Center for Business and
Environment in their report “Growth within: A Circular Economy Vision for a
Competitive Europe” have presented a categorization for six business models (called
also the ReSOLVE framework): 138 13

— Regenerate - refers to shifting to renewable energy and materials.

— Share - denotes the sharing and recycling economy, as well as prolonging
the life of products.

— Optimise - refers to increased efficiency, waste minimization and utilization
of information and communications technology (ICT).

— Loop - is defined as closing the technical and biological material cycles.

138 Ellen MacArthur Foundation & McKinsey Center for Business and Environment, 2015.
139 Ellen MacArthur Foundation, 2015b, p. 176.
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— Virtualise - deals with direct and indirect dematerialization.
— Exchange - calls for the utilization of novel materials and technologies.

Companies use the ReSOLVE framework as a tool for generating growth initiatives
and circular strategies. Most sectors have a lot of potential in each of these areas,
which is already proven in practice.

Due to the increased attention on the part of the state and interstate bodies, as well as
the significant benefits that accompany the application of the principles of the circular
economy, many companies are introducing appropriate business models into their
practical activities. The classification options for these models, developed by the
authors, are presented in Table 9,14

Included in Table 9 are the circular business models, corresponding to the theoretical
model of a circular economy.

Table 9. Business models of the circular economy (Source: Authors’ compilation, based on
Ellen MacArthur Foundation, 2015a)

Varieties of business Description and purpose Company Examples
models
Circular suppliers Ensures that the supplier delivers | Ford, Fairphone, 3D Hubs,

biodegradable or fully recyclable | Desso, Toyota, Cisco
resources that underlie the
circular production and
consumption system

Resources recovery Helps to eliminate resource losses | Coca-Cola, Maersk,
due to waste generation, and Michelin, Philips, Walt
therefore to increase profitability | Disney World Resort
of production from mentioned
return flows

Sharing platforms Ensures platforms to promote Patagonia, BlaBlacar,
interaction between individuals or | Nearly New Car, BMW,
organizations and product users Drivy, Daimler, Lyf

Product life extension | Provides the repair, Bosch, Caterpillar, Volvo,
refurbishment, reconstruction or Renault, Apple, BMA
upgrading of a product and Ergonomics, Michelin

through that the preservation or
improvement of a used product.

Product as a service Provides the opportunity not to Rolls-Royce, Mud Jeans,
buy the product, but still ensure De Kledingbibliotheek
its use, for example by renting or
leasing. This can stimulate the
development of durable products
with a longer life cycle.

140 Ellen MacArthur Foundation, 2015a.
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Thus, circular suppliers are necessary for the development, production and
distribution of recyclable materials that prevent the disposal and burning of waste and
used products. Resource recovery technologies help to process products and waste
into new raw materials and apply them in a new production cycle. The development
of exchange platforms allows the reuse of products, and business models related to
the extension of the product life cycle, industrial restoration, remanufacturing and
repair of used products, their individual components and parts.

The application of the Product-as-a-Service business model allows companies to
provide products to its customers for temporary use with a package of services, one
of which is maintenance. At the same time, companies can use them individually or
in combination to reduce energy consumption, increase resource efficiency, increase
consumer value and profit. At the same time, the development of a circular economy
depends not only on technological and organizational innovations introduced by
companies, but also on measures taken by the legislative and executive authorities to
form an institutional environment adequate to these innovative processes. Expanding
the size of the circular economy at the global level requires a combination of business
models, technological advances and innovations, as well as the joint efforts of
stakeholders, business and government representatives.

Table 10. Circular Economy business models’ types and sectors, where already applied
(Source: Authors’ compilation)

Circular Resource Product life | Sharing Product as
supply recovery extension platforms a service
Resource | Closed Closed Slow Narrow Narrow
efficiency | material material material resource resource
facilitator | cycles cycles cycles flow flow
Business Cradle to Industrial Direct re-use | Sharing Product/
model sub- | cradle symbiosis Repair Shared user
type Recycling access oriented
Downcycling
Upcycling
Sectors, Consumer Metals, paper, | Automotive | Short-term Transport
where goods plastics Electronics rent Energy
already Transport
applied Consumer
goods

Circular suppliers

In the sectors of agriculture, food production and packaging materials, it is possible
to use recyclable or biodegradable materials, which underlie the circular system of
production and consumption. Companies of the relevant segments should seek and
conclude agreements with suppliers of eco-raw materials and materials, to which they
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could return products or waste for processing. Particularly relevant for consumers is
the return to the manufacturer of old or outdated equipment and electronics, cartridges
for printing, however, this usually requires special agreements with manufacturers,
very often foreign ones.

Resource recovery

Transformation of waste into value is possible through the recovery of embedded
value at the end of one product’s lifecycle, to feed into another. Treatment methods
and reverse logistics allow those materials to get back into the market. These methods
are different, but usually include sorting, warehousing, power generation, delivery
chain logistics, risk management, etc. With cost-efficient, better-quality collection
and treatment systems, as well as an effective segmentation of end-of-life products,
the leakage of materials out of the system will decrease, supporting the economics of
circular design.#

The use of composting and anaerobic digestion in agriculture for the production of
fertilizers and energy, as well as the processing of solid waste and products unsuitable
for recovery and reuse, are necessary to avoid depletion of resources and increase
landfills. Therefore, the development of waste collection and sorting infrastructure in
all countries is necessary with the creation of appropriate production facilities.

Reduction and recycling slow down the rates of depletion, but do not stop these
processes. Much recycling is “downcycling”, because it reduces the quality of a
material over time.

For example, when plastic is recycled, it is often mixed with different plastics to
produce a hybrid of a lower quality. The original high-quality material is not
retrieved, and it eventually ends up in landfills or incinerators.

Product life extension

Product life extension models employ product maintenance and circular design.
Products are designed for long life, supported by guarantees and trusted repair
services.

By repairing, upgrading, remanufacturing or remarketing products values, that would
otherwise be lost through wasted materials, they are instead maintained or even
improved. This model can be used for business to business (B2B) segments which
are capital-intensive, for example, industrial equipment, as well as for business to
customers (B2C) companies, that serve markets, where pre-owned products are
common or where a new version of the product adds only partial performance benefits
over the previous version.'#?

The remanufacturing industry can be formed in the automotive industry, the
production of large household appliances, the aerospace industry and the military
industry and, of course, in other industries. Considering domestic investment in new

141 Ellen MacArthur Foundation, 2015c.
142 Accenture, 2014,
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technologies, as well as foreign direct investment and technology imports, the
interaction of production sites and research centres in the country, a high-tech
remanufacturing industry can be formed, the services and models of which are
already used by thousands of companies around the world as one of the main elements
of circular economy.

An important component of product life extension is a circular design of a product,
which should enable its easy disassembly in order to replace an outdated or a
corrupted part. This model could be combined with sharing and virtualisation models,
as components could be sold or shared on virtual platforms.

Product as a service

An enterprise that works according to the “product as a service” model offers the
buyer access to the product, while at the same time retaining ownership of it. This
can be implemented via practices of leasing, renting, pay-per-use or performance-
based models (Rizos et al., 2017). Such practices can bring great environmental
benefits since the company will be interested in operating and repairing the product
for a longer period of time.

This business model can be used in the leasing segment of large and small vehicles,
agricultural machinery, because instead of buying an expensive product, it is more
profitable for the consumer to purchase a package of services. At the same time, the
manufacturer has the opportunity to simultaneously saturate the market with their
products and make a profit through after-sales service, as well as a service during the
usage of the product. As a result, the manufacturer is responsible for the disposal of
products at the end of their life cycle, which leads to the formation of a closed supply
chain.

Sharing economy

Sharing models are inextricably linked to the circular economy concept since they
seek to reduce underutilization of products and thereby support the more efficient use
of resources. Sharing models can be applied to products and services among
individuals or businesses, but also to sharing of technologies and infrastructure
among industry partners.14®

“The sharing economy is an emerging social and technological
phenomenon based on developments in information and
communications technology (ICT) that implies the collaborative
consumption of physical, virtual, and intellectual goods” (Wang
& Ho, 2017).

In the World Economic Forum paper (2013), a sharing economy is defined as
“complementary to the circular economy. The circular economy refers to an industrial
economy that is, by design or intention, restorative and which focuses on cradle-to-
cradle principles and materials sustainability. Resources are used to enable high-

143 Accenture, 2014,
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quality design without contaminating the biosphere. Both the sharing economy and
the circular economy focus on efficient and sustainable resource use by individuals,
companies, and governments”.

A sharing economy can at once reduce resource use and carbon emissions, provide
solutions to the global social and environmental problems — the same as a circular
economy.

“The sharing economy refers to the sharing of goods or other
resources by multiple people....Sharing allows existing goods and
resources to be used more fully, rather than letting them lay
dormant, and depends greatly on either access to goods via a
membership (car sharing, resource libraries), or peer-to-peer
interaction (AirBnB, ride sharing, clothing swaps).... The
circular economy is more about goods as they are manufactured
and as they are taken apart for reuse and reconstruction as new
goods. It deals with the raw materials, ensuring that they never
become waste or pollution.” (Ferguson, 2016)

Sposato et al. (2017) investigated drivers and barriers of a sharing economy, which
can affect its effective expansion. They also focused on benefits a sharing economy
provides — for instance, the extension of the product’s lifecycle, which is also one of
the ideas of a circular economy.

According to the Ellen MacArthur Foundation studies, the average European office
is only 35-50% in use, even during working hours; about 31% of food is thrown out
along the entire value chain, and the average European car is only used 8% of the
time, the rest of the time it is parked.*

In recent years, many aspects of life have been transformed through a sharing
economy. The environment of supply and demand is constantly changing, new
approaches and new economic models appear. Sharing is often called “property
access”, which means that instead of owning things, they can be accessed only when
needed. This is especially true for items that are rarely used or are expensive. This
model is applicable to various products, such as cars and bicycles, as well as the
workplace, various devices and much more.

Instead of buying and owning products, consumers are increasingly interested in
leasing and sharing them. Companies can benefit from the trend towards
“collaborative consumption” through creative new approaches of defining and
distributing their offerings (Matzler et al., 2014).

Exchange and sharing platforms can be created for food products, clothes and shoes,
books, etc., which will extend the life cycle of products and their use, will lead to a
reduction in the production the number of products and materials, on the one hand,
and the volume of waste generated - on the other. A sharing economy can be used to
obtain economic, social and / or environmental benefits. Models and platforms of the

144 Ellen MacArthur Foundation & McKinsey Center for Business and Environment, 2015.
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sharing economy can allow you to receive income from asset sharing, i.e. be
monetized or allow the exchange or gifting of goods, i.e. not be monetized. Models
can also use various technical products, such as car sharing or using mobile apps for
sharing. However, models may also be non-technical, such as neighbourhood tool
lending libraries!* (Figure 38).

Sharing economy

use of money use of technology
monetized tech-enabled
non-monetized non-tech

Figure 38. Sharing economy business models (Source: Authors’ compilation)

The main stakeholders of a sharing economy are:

Providers. Usually individuals, who share their own resources with users,
i.e. the host of an apartment, the owner of a car, etc.

Users. The end users of the product or service provided by the provider, i.e.
the guest in the apartments, the person renting a car, etc.

Public Authorities. Governmental agencies, which are responsible for
legislative oversight in a specific country, region or city.

‘Traditional’ providers. Officially registered businesses in different fields
and industries.

How can companies create value through innovation in business models, as well as
interact with user communities?:

1.

o 0~ D

Using unused resources and opportunities.

Supporting customers in their attempts to resell.

Selling the use of goods, not the product.

Providing repair and maintenance.

By negotiating co-consumption to target new customers.

Finding and using new business models based on sharing economy.

One more method that can be used for realization of a circular economy is
Virtualization. Technological advancements have enabled virtualization of some

145 H hotels, 2015.
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products, like books or sound carriers, and such virtual products are already accepted
by consumers. The products are provided through digital channels instantly, which
completely reduce the need for traditional transport. This method also reduces waste
creation. Virtualization could lead to resource savings and productivity gains, but it
should be noted that there are concerns about the sustainability benefits of such
models due to high energy demand of supporting data centres (Rizos et al., 2017).

These models are of course not exclusive and are often combined or merged together.
Everyone has a role to play in moving towards a circular economy. Depending on the
role within the company, there are various circular practices that can be
implemented. 46

CONTROL QUESTIONS AND QUESTIONS FOR INDIVIDUAL STUDIES
1.  Which business models of a circular economy do you know?
2. What are the main advantages of using new business models?

3. Consider the five basic business models of a circular economy and outline the
prospects for their application in a number of sectors of the economy.

146 World Business Council for Sustainable Development, 2017b.
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10. INDUSTRIAL SYMBIOSIS

The search for compromise solutions, that are beneficial for both the businesses and
society living in the same territory, lies at the heart of a circular economy strategy.
New technologies and changes in the organizational structure make it possible to
transform industrial organizations into flexible and at the same time stable companies
that occupy their own special niche due to geographical, cultural, socio-economic,
and other prerequisites. Using this principle in building industrial clusters, economic
synergy, or “industrial symbiosis”, is achieved.

“Industrial symbiosis is the process by which wastes or by-
products of an industry or industrial process become the raw
materials for another. Application of this concept allows
materials to be used in a more sustainable way and contributes to

the creation of a circular economy” **’

In recent years, the term Industrial symbiosis has become more and more popular.
The principle of industrial symbiosis is quite simple: instead of being discarded or
destroyed, the excess resources generated by the industrial process are collected and
then redirected for use as a “new” contribution to another process by one or several
other companies, providing mutual benefit or symbiosis. Simply put, industrial
symbiosis makes the business world work just like a natural ecosystem, where
everything takes place and functions, and nothing is wasted. The concept of industrial
symbiosis is based on the principle of cooperation between enterprises of various
industries “through the fence” by analogy with the symbiosis of nature, on the
principle that allows you to combine economic benefits with environmental ones.
This approach is able to ensure the implementation of an effective model for creating
an industrial network of cleaner production in the future.

Chertow (2000) proposed one of the most cited definitions of industrial symbiosis as:
“The part of industrial ecology known as industrial symbiosis engages traditionally
separate industries in a collective approach to competitive advantage involving
physical exchange of materials, energy, water and by-products. The keys to industrial
symbiosis are collaboration and the synergistic possibilities offered by geographic
proximity.”

According to Gibbs (2008), “Industrial symbiosis uses metaphors drawn from natural
ecosystems to suggest that industrial production can be reconfigured into an
‘industrial ecosystem’ where firms are interconnected through the exchange of wastes
and energy”.

Cudecka-Purina and Atstaja (2019) suggest that a step toward a circular economy or
such concepts as industrial symbiosis is a good alternative — humans cannot prevent
all the waste generated, but can minimize the volumes going to landfills and change
their attitude towards waste.

147 Industrial Symbiosis (n.a.)
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Lombardi and Laybourn (2012) provided their own definition of industrial symbiosis:
“Industrial symbiosis engages diverse organisations in a network to foster eco-
innovation and a long-term culture change. Creating and sharing knowledge through
the network yields mutually profitable transactions for novel sourcing of required
inputs, value-added destinations for non-product outputs, and improved business and
technical processes”.

Summing up all of the information above, it can be said that industrial symbiosis is
the sharing of services, utility and by-product resources among industries to increase
value, reduce costs and improve the environment. Industrial symbiosis is a subset of
an industrial ecology with a particular focus on energy metabolism and material.
Although geographical proximity is often associated with industrial symbiosis, it is
neither necessary nor sufficient, nor does it pay much attention to the physical
exchange of resources. It is more important that the interaction between the
participants is active, i.e. be measured by the number of transactions.

Currently, Europe has some EU support networks for industrial symbiosis and
European Innovation Partnerships, such as:

— National Programmes, for example the United Kingdom National Industrial
Symbiosis Programme (NISP)*&;

— Regional initiatives, for example Swedish Cleantech Ostergétland *#°;

— Local initiatives, for example, Kalundborg in Denmark **° or Kujala Waste
Centre in Finland 5%,

The idea of an industrial symbiosis was first tested in the city of Kalundborg in
Denmark, where a whole ecological network of enterprises appeared, developing over
a couple of decades. The five major industrial enterprises of the city and the local
municipality cooperated by concluding commercial agreements for the exchange of
energy and material flows in order to obtain economic and environmental results. The
Kalundborg Technology Park was not originally planned as an industrial symbiosis.
Its current state of waste, heat and materials separation has developed over a period
of 40 years. Previously, the division at Kalundborg tended to include the sale of waste
products without significant pre-processing. Each further connection in the system
was agreed as an independent commercial transaction and established only if it was
economically viable. Thus, it can be said the initial motive for organizing such a
system was the desire of entrepreneurs to reduce the cost of production through the
use of waste and make more profit. Gradually, the leaders of the enterprises and the
municipality realized that along with an increase in the profit of enterprises, the
damage of environmental pollution was reduced. The cooperation now covers several
dozen projects on the reuse of water, energy and secondary industrial raw materials.
They are all based on the philosophy that by-products of one company are valuable

148 National Industrial Simbiosys Programme. (n.a.)
149 Cleantech Ostergétland. (n.a.)

150 Kalundborg Symbiosis. (n.a.)

151 Kujala Waste Centre. (n.a.).
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raw materials for others. Saving a huge amount of resources, enterprises receive
millions every year only to save customs costs. Industrial symbiosis in Denmark, and
now in other countries, has proven that environmental care and business can go hand
in hand.*?

One more example of industrial symbiosis is the ECO3 bio- and circular economy
business area — an industrial symbiosis platform initiated in the Kolmenkulma
ecoindustrial park in Tampere Region (Finland), centred around the cities of Nokia
and Tampere (Figure 39).
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Figure 39. Industrial symbiosis at ECO3. (Source: Nordregio, 2019)

Today the ECO3 industrial symbiosis network comprises 21 partner organisations,
from a variety of industries, collaborating on circular resource streams in nutrients,
wood and technical by-products, and efficient and sustainable energy production.

The goal of industrial symbiosis is to connect companies of different directions to use
the waste of one as a resource for another. “The core of industrial symbiosis is a
shared utilisation of resources and by-products among industrial actors on a
commercial basis through inter-firm recycling linkages. In industrial symbiosis
traditionally separate industries engage in an exchange of materials and energy
through shared facilities” (OECD, 2012, p.16.).

Each organization, depending on their role or function, can play a role in moving
towards a circular economy. Organizations can apply various cyclic methods,

152 Kalundborg Symbiosis. (n.a.)
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regardless of area and size. Table 11 contains six functions and specific practices, and
examples for moving towards a circular economy.

Table 11. Functions and practices for moving towards a circular economy
(Source: Authors’ compilation, based on Circular economy practitioner guide, 2018)

Functions/ Department

Practices and examples

Design

(Design, Research or

Biomimicry
Cradle to Cradle

Design for the
environment (eco-design)

Energy recovery
Feedstock recycling
Industrial symbiosis

Innovation o Design for disassembly/ e Green chemistry
departments) deconstruction e Integrated design process
o Design for flexibility o Life cycle thinking
e Design for o Lifetime extension &
maintainability/ durability
reparability ¢ Regenerative design
o Design for recoverability/ e Standardization
recyclability e Systems thinking
Buy e Bio-based resources ¢ Reclaimed resources
(Procurement e Biodegradable resources e Recycled resources
department) e Compostable resources e Renewable resources
e Critical raw material e Reused/ reusable
substitutes resources
o Rare earth metal e Safe chemicals
substitutes e Services (not products)
Make e Additive manufacturing e Poka Yoke (error-
(Production and e Dematerialization proofing) _
Manufacturing e Jidoka (autonomation) . Prefabr_lca_tlon
departments) * Kaizen (continuous * Refurbishing
improvement) e Remanufacturing
¢ Kanban (just-in-time) ¢ Resource efficiency
e Lean manufacturing e Six Sigma
Sell e Co-branded services e Leasing
(Sales and Marketing o D_igitiz_atio_n and e Pay-per-service unit
departments) virtualization e Sharing platforms
Dispose e Cascading ¢ Recycling
(Waste Management e Compatibilizers e Repurposing
department) e Composting e Reverse logistics
e Deconstruction and e Secondary material
disassembly marketplaces

Selective extraction
Take-back program
Waste to Energy
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Functions/ Department Practices and examples

Finance e Assess creditworthiness ¢ Incentivize end-of-life
(Finance and risk . returns . .
: e Assess environmental, o Integrate circular value in
Accounting . .
departments) social and governance risk models
e Assess linear risk e Integrated client

e Crowdfunding approach

e Emphasize relationship- o Natural capital valuation
based financing e Prioritize cash flow

e Extend investment time e Purchase order finance
horizon e Stranded asset

e Factoring management

e Green bonds ¢ Supply chain financing

e Impact loan

Through industrial symbiosis, a network of interconnected enterprises is created that
resembles the functioning of ecological systems in which energy and materials
constantly circulate and do not generate waste. Thus, the environmental impact of all
sectors involved in industrial symbiosis is reduced. It also requires much less virgin
raw materials and the amount of waste that can be disposed of, i.e. the number of
landfills is reduced. It also allows increasing the value of materials that would not
have been used otherwise, thus lengthening the value of materials and using them
longer than in traditional industrial systems.

Industrial symbiosis brings together various organizations in a network, to foster eco-
innovation and long-term cultural change. It is the culture that determines the attitude
of people towards production, an understanding of their role and function in the
industrial ecosystem, in the economy as a whole.

The main driving factors of industrial symbiosis for business are profit, reduction of
costs and risks, but for regions and Europe it is competitiveness, more jobs and
economical growth.

Key benefits of industrial symbiosis are as following:

— Impact Reduction. Reduction of environmental impact of waste through
recovery, reuse and recycling. Biostabilisation reduces the environmental
impacts and risks associated with waste that is sent to landfill.

— Economic Value. Cost saving. Creation of economic value from waste
material.

— Cleaner environment. Reduction of GHG emissions from waste transport and
raw material extraction. Reduction of reliance on fossil fuels and decrease of
emissions of NOx, SO2, CO2.
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Knowledge and Skills. Extension of knowledge and a practical know-how-to
of how waste management can be transformed into a sustainable and growth
oriented business.

New businesses and more jobs. Creation of new businesses, with the potential
to accelerate the creation of new jobs and regional economic growth.

To build a symbiotic chain it is suggested to follow five main steps:

1.

An audit / screening. As a result of which a report is created with structured
information about the current levels of resource consumption and waste
generation at the enterprise.

Resource / waste database. A screening report is included in the resource and
waste database to examine the potential for symbiotic chain formation.

Match & Meet. Organization of a meeting of interested organizations with
the potential for industrial symbiosis.

Test at Living Lab. Practical testing of ideas of industrial symbiosis in the
framework of the Living Laboratory.

Industrial symbiosis. The introduction of the technological process in the
activities of organizations, the start of the symbiotic chain.

Industrial symbiosis involves traditionally individual industries in a collective
approach to competitive advantage, including the physical exchange of materials,
energy, water and / or by-products. The keys to industrial symbiosis are collaboration
and synergies offered by geographical proximity. With the development of the
Internet and virtual capabilities, information exchange is becoming increasingly
important. All of these tools can greatly simplify the analysis of potential
organizations and the opportunities they might bring.

CONTROL QUESTIONS AND QUESTIONS FOR INDIVIDUAL STUDIES

1.
2.
3.

How do you understand the term “Industrial symbiosis” after reading this chapter?
What are the main advantages of using industrial symbiosis?

Which departments of an organization could be involved in industrial symbiosis and
how?
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11. BARRIERS TO CIRCULAR ECONOMY

The implementation of a circular economy model could bring many benefits to the
economy and business, as well as to solve environmental issues. However, the
introduction of a CE model is slow. The main barriers preventing the move towards
the circular economy model can be divided into economical (mostly financial),
institutional, structural, operational, technological and attitudinal.

A large number of scientific studies regarding the existing barriers (institutional,
structural, economic, informational, administrative, etc.) on the way of introducing
circular economy practices, confirm the complexity and multidimensionality of this
process, which necessitates the implementation of various types of actions at national,
regional and local levels depending on the nature of the barrier (Galvéo et al., 2018).

Ormazabal et al. (2018) concluded that one of the main circular economy barriers is
the lack of financial resources. Urbinati et al. (2017) and Ranta et al. (2017) noted
the need for institutional support, i.e. policies and regulations, to help companies
design and better implement circular economy measures. Garcés-Ayerbe et al. (2019)
conducted a study of circular economy activity implementation and barriers. For this
purpose, the European SMEs and the Circular Economy database were used, which
is based on Flash Eurobarometer Survey number 441,15

In Flash Eurobarometer Survey, five different internal measures for the circular
economy were discovered:

1. minimizing of usage and maximizing of re-usage of water through the
planning of the way of using;

2. using of renewable energy;
re-planning using of energy for minimization of consumption;

4. minimizing waste through the recycling and reusing waste or selling it to
another company;

5. re-designing products and services for minimization of usage materials or use
of recycled materials.

During the survey, it turned out that there are companies that have implemented or
are implementing at least one of the circular economy measures (7843), such
companies were called in-going firms, and there are companies that did not carry out
any circular economy measures (2775), being called no-going firms. Additionally,
these two groups, despite being named similar, have various barriers that prevent
them from putting the circular economy into practice (Table 12).

153 European Commission, 2016.
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Table 12. In-Going and No-Going firm’s barriers to circular economy
(Source: Authors’ compilation, based on Garcés-Ayerbe et al., 2019)

In-Going firm’s No-Going firm’s
Lack of human resources Lack of human resources
Lack of expertise to implement these Lack of expertise to implement these activities
activities Lack of understanding of cost benefits or
Complex legal or administrative improvement of work
procedures

Lack of understanding of required investment
Cost of meeting regulations or - .
standards Complex legal or administrative procedures
Difficulties in obtaining and finding Cost of meeting regulations or standards

finance Difficulties in obtaining and finding finance

Kirchherr et al. (2017b) also categorized circular economy barriers into four groups:
cultural, technological, market and regulatory barriers, underlying that all these
barriers are interrelated. Their vision is presented in Figure 39.

Cultural Technological Market Regulatory

High upfront Obstructing laws and
Company culture Circular design imegtmepnt costs regu\égt\ons

Ab\l\tytgl?ae‘!\t\;er el Limited funding for

; bUSI
r TETE e e dircular business
value chain models
products

Consumer interest Lack of data, Low virgin material Lacking global
and awareness e.g.onimpacts prices Consensus
Operating in a linear _ ) _
Too few large scale Standardisation
pilot projects

I Most pressing barriers [ll Intermediate pressing barriers [l Least pressing barriers

Willingness to
collaborate inthe

Limited circular
procurement

Figure 39. A heatmap of circular economy barriers (Source: Kirchherr et al., 2017b)

After investigating, a key player, that may accelerate the circular economy transition,
was mentioned to be the government. “It may become an enabler of CE breaking the
current chain reaction towards CE failure” (Kirchherr et al., 2017b).

Economic barriers to a circular economy model. In the current economic system,
there are some barriers for the implementation of a circular economy model, such as:
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Social and environmental externalities are not considered in prices,
privileging financial market signals, instead of people and nature when
economic decisions are made;

Prices of raw materials are fickle, and at low prices alternative, good quality
secondary resources are not competitive;

Circular economy business models are harder to develop, as most investors
are still working under a linear economy logic and sometimes upfront
investments are required,;

The demand for circular products and alternatives is still small,

There is still lack of qualified professionals with technical or ‘information
and communication technology’ (ICT) knowledge.

Institutional barriers to a circular economy model. There are many different
barriers in the process of implementing a circular economy:

The fact that the current economic system is geared towards the demand of
the linear economy and is not prepared to deal with circular economy
entrepreneurs yet;

New business models may be challenging to implement and develop because
of laws and regulations that are not prepared for these kinds of innovations;

Plenty of businesses rely on old and/or strong alliances, making it harder to
create new alliances and therefore to close loops;

Many companies still have goals and appraisal systems that focus on short-
term value creation, whereas the circular economy model is a long-term value
creation model;

The GDP index does not consider social and environmental externalities,
discouraging the creation of value in both these areas.

The Ellen MacArthur Foundation provides a categorisation of potential

barriers of a circular economy, as can be seen in Figure 40.

Reducing these types of barriers would address key challenges, which are hindering
the development of a more circular economy. Several categories of policy instruments
are available to address barriers of a circular economy:

Subsidies. With respect to innovation, positive externalities may exist, and
this may be a good reason for subsidies. While many subsidies (e.g. subsidies
on fossil fuels) generate externalities and should be abolished, subsidies on
innovation may help to overcome barriers in situations where R&D costs
borne by private enterprises generate benefits disseminated across the whole
economy. Even some infant technologies may be worth subsidizing due to
positive externalities stemming from cost decreases arising when the new
technology is applied on a larger scale and experience is gathered over time
(i.e. learning by doing).
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— Regulation. The second category of instruments is an intelligent and targeted
regulation. In general, regulations that prescribe specific processes have the
risk of lock-in in less efficient solutions. On the other hand, it may be efficient
to set restrictions on technologies or externalities that are not consistent with
a green economy. For example, governments may set a maximum pollution
level or resource-use requirements per unit of output. Governments may set
minimum standards for circularity or energy use of buildings, especially if
they are floating standards, i.e. standards that adjust to changes of
technological knowledge over time. A specific type of regulation is setting
responsibility for producers like a minimum guarantee period or mandating
they be responsible for paying the costs of recycling after disposal of the
product.

— Infrastructure. The third category of instruments is infrastructure
development. For example, electric cars require an infrastructure of
possibilities to charge the cars; public transport requires networks of
infrastructure, etc. Providing infrastructure by government, or organising
institutions that regulate the provision of infrastructure by private companies,
may be important to realise the network that is required for new opportunities
to develop.

— Public procurement. The fourth category of instruments is green public
procurement. Governments are large customers for many products and
services. If governments focus on green procurements, innovators may get a
market to develop their new products and services. For example, if
governments focus on lifetime costs, this may provide benefits both to
government and to the sellers of energy-saving or repairable products, or
sellers of products as a service.

— Information. The fifth category of instrument is the organisation of relevant
information for users. This may be through regulations requiring provision
of information on energy efficiency or on lifetime costs, or information on
environmental sustainability that can be easily compared across products.

— Coordination. The sixth category of instrument is coordination of different
agents. For example, in the Netherlands, green deals between governments
and private agents are made to reach certain green goals and to coordinate
activities and adjust legislation when necessary for this purpose.

— Financing. The seventh type of instrument is solving financing problems
stemming from imperfect information. An example of these may be insurance
by government of risks related to new circular opportunities (Woltjer, 2018).

For a successful transition to a circular economy model, the following is needed:
— atightening and development of an environmental legislation;

— government support in the field of subsidizing companies that are switching
to a circular economy model;
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— stimulation of research projects related to circular economies;

— cooperation and integration of local companies into global networks of
environmentally responsible business;

— preparedness of public consciousness, understanding of society about the
harm that the current concept of production does to health and the ecology
(the consistent development of society in a democratic way).

Key enabling factors on the way to the circular economy are:

Eco-design: products designed for a longer life; product design based on a sustainable
and minimal use of resources and enabling high-quality recycling of materials at the
end of a product’s life; and substitution of hazardous substances in products and
processes.

Recycling: high-quality recycling of as much waste as possible; use of recycled
materials as secondary raw materials ; well-functioning markets for secondary raw
materials; avoidance of mixing and contaminating materials; cascading use of
materials.

Economic incentives and finance: shifting taxes from labour to natural resources and
pollution; phasing out environmentally harmful subsidies; internalisation of
environmental costs; deposit systems; extended producer responsibility; finance
mechanisms supporting circular economy approaches.

Business models: product-service systems rather than product ownership; repair,
refurbishment and remanufacture given priority; collaborative consumption;
collaboration and transparency along the value chain; industrial symbiosis.

Eco-innovation: technological innovation; social innovation; organisational
innovation.

Governance, skills and knowledge: awareness rising about changing lifestyles;
participation, stakeholder interaction and exchange of experience; education; data,
monitoring and indicators (European Environmental Agency, 2016a).

The transition from a linear economy to a more circular one requires systemic
changes, involving a wide range of actors and sectors. Such a large-scale
transformation of markets will have impacts on industries, value chains and, in turn,
on economies.

A circular economy eradicates problems, reducing our dependence on resources,
which reserves are not renewed. It brings economies to a more efficient level,
eliminating the possibility of waste generation at the design stage, at the same time
saving production, human, social, natural and financial capital. The economic benefit
from the transition to such an economic model only in Europe by 2030 is estimated
at € 1.8 trillion. In addition to creating jobs and increasing the welfare of the
population, the transition provides an excellent opportunity to protect the
environment.
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Assessing and monitoring your impact on nature and the environment is what ecology
explains, hence the importance of ecology in any modern economic system. From
how a society relates to the natural world around it, its attitude to production,
development — that is, to an artificially constructed infrastructure — depends. How
carefully, thoughtfully and responsibly a person interacts with the outside world,
manages resources, waste, energy, so much the society is in principle oriented
towards development and well-being.

CONTROL QUESTIONS AND QUESTIONS FOR INDIVIDUAL STUDIES
1. Which barriers for circular economy do you know?

2. How can, in your opinion, a circular economy be implemented in practice faster and
more effectively?

111



10.

11.

12.

13.

REFERENCES

Accenture (2014). Circular advantage: Innovative business models and technologies that
create value in a World without Limits to Growth. Available:
https://www.accenture.com/t20150523t053139 _w__/us-
en/_acnmedia/accenture/conversion-
assets/dotcom/documents/global/pdf/strategy_6/accenture-circular-advantage-
innovative-business-models-technologies-value-growth.pdf

Airedale Air Conditioning (2019). What is the European Ecodesign Directive
2009/125/EC? Retrieved on 23.02.2019. Available:
http://www.airedale.com/web/About-Airedale/Environment-1/What-is-the-European-
Ecodesign-Directive-2009125EC-.htm

Allen, C. & Clouth, S. (2012). A guidebook to the Green Economy. Available:
https://sustainabledevelopment.un.org/content/documents/GE%20Guidebook.pdf

Anbumozhi, V. & Kim, J. (2016). Towards a Circular Economy: Corporate Management
and Policy Pathways. Economic Research Institute for ASEAN and East Asia. Available:
http://www.eria.org/ERIA_RPR_FY?2014_44.pdf

Association of Cities and Regions for sustainable resource management (2015).
Guidelines for integrated circular economy strategies at local and regional level.
Available: http://www.circular-europe-network.eu/wp-content/uploads/2015/10/CEN-
Guidelines-scan.pdf

Avalervo, S.J. (2013). The 6 Rs: making a sustainable impact. Available:
http://prosperouswaydown.com/6rs-making-sustainable-impact/

Benslimane, S., Glaser, A. & Auplat, C.A. (2015). Eco-Design or Eco-Innovation? The
Case of the Building Sector. Available:
https://www.researchgate.net/publication/315483136_Eco-Design_or_Eco-
Innovation_The_Case_of the Building_Sector

Benyus, J. M. (1997). Biomimicry: Innovation inspired by nature. New York: Morrow.

Bhamra, T. A., Sherwin, C., Lofthouse, V. A. & Evans, S. (2001). Eco-design integration
in concept development. Second International Symposium on Environmentally
Conscious Design and Inverse Manufacturing (EcoDesign 2001), December, 12-15,
Tokyo, Japan.

Bocken, N.M.P., de Pauw, I., Bakker, C. & van der Grinten, B. (2016). Product design
and business model strategies for a circular economy. Journal of Industrial and
Production Engineering, 33(5), 308-320.
https://doi.org/10.1080/21681015.2016.1172124

Boothroyd, G., Dewhurst, P. & Knight, W. (1994). Product Design for Manufacture and
Assembly. New York: Marcel Deckel.

Borchardt, M., Wendt, M.H., Pereira, G.M. & Sellitto, M.A. (2011). Redesign of a
component based on ecodesign practices: environmental impact and cost reduction
achievements. Journal of Cleaner Production, 19(1), 49-57.

Boulding, K. (1966). The Economics of the Coming Spaceship Earth. In H. Jarrett (ed.),
Environmental Quality in a Growing Economy, Baltimore, MD: Johns Hopkins
University.

112


https://www.accenture.com/t20150523t053139__w__/us-en/_acnmedia/accenture/conversion-assets/dotcom/documents/global/pdf/strategy_6/accenture-circular-advantage-innovative-business-models-technologies-value-growth.pdf
https://www.accenture.com/t20150523t053139__w__/us-en/_acnmedia/accenture/conversion-assets/dotcom/documents/global/pdf/strategy_6/accenture-circular-advantage-innovative-business-models-technologies-value-growth.pdf
https://www.accenture.com/t20150523t053139__w__/us-en/_acnmedia/accenture/conversion-assets/dotcom/documents/global/pdf/strategy_6/accenture-circular-advantage-innovative-business-models-technologies-value-growth.pdf
https://www.accenture.com/t20150523t053139__w__/us-en/_acnmedia/accenture/conversion-assets/dotcom/documents/global/pdf/strategy_6/accenture-circular-advantage-innovative-business-models-technologies-value-growth.pdf
http://www.airedale.com/web/About-Airedale/Environment-1/What-is-the-European-Ecodesign-Directive-2009125EC-.htm
http://www.airedale.com/web/About-Airedale/Environment-1/What-is-the-European-Ecodesign-Directive-2009125EC-.htm
http://www.eria.org/ERIA_RPR_FY2014_44.pdf
http://www.circular-europe-network.eu/wp-content/uploads/2015/10/CEN-Guidelines-scan.pdf
http://www.circular-europe-network.eu/wp-content/uploads/2015/10/CEN-Guidelines-scan.pdf
http://prosperouswaydown.com/6rs-making-sustainable-impact/
https://www.researchgate.net/publication/315483136_Eco-Design_or_Eco-Innovation_The_Case_of_the_Building_Sector
https://www.researchgate.net/publication/315483136_Eco-Design_or_Eco-Innovation_The_Case_of_the_Building_Sector

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

217.

28.

29.

30.

Boyaci, T., Verter, V., & Galbreth, M.R. (2016). Design for reusability and product reuse
under radical innovation. ESMT Working Paper 16-02.
http://dx.doi.org/10.2139/ssrn.2752343

Braungart, M., McDonough, W., & Bollinger, A. (2007). Cradle-to-cradle design:
creating healthy emissions—a strategy for eco-effective product and system design.
Journal of cleaner production, 15(13-14), 1337-1348.

Brezet, H., & Hemel, C. V. (1997). Ecodesign, a Promising Approach to Sustainable
Production and Consumption. Paris, France: United Nations Environmental Program
(UNEP). Industry and Environment.

Carnegie Mellon University (2018). Economic Input-Output Life Cycle Assessment
[EIO-LCA]. Available: http://www.eiolca.net/

Chertow, M. R. (2000). Industrial symbiosis: Literature and taxonomy. Annual Review
of Energy and Environment, 25, 313-337. https://doi.org/1056-3466/00/1129-
0313$14.00

Chief Executives Board Secretariat (2016). Green Economy Initiative. Available:
https://www.unsystem.org/content/green-economy-initiative-gei

Ciegis, R., & Ciegis, R. (2008). Laws of thermodynamics and sustainability of the
economy. Engineering Economics, 57(2), 15-22.

Circular ecology (2019). Life Cycle Assessment. Available:
http://www.circularecology.com/Ica.html

Circular economy practitioner guide. (2018). Strategies and examples.
Available: https://www.ceguide.org/Strategies-and-examples

CISCO (2017). Corporate Social Responsibility 2016 Report. Available:
https://www.cisco.com/c/dam/assets/csr/pdf/CSR-Report-2016.pdf

Cleantech Ostergétland. (n.a.). Available: https://cleantechostergotland.se/

Clinton, L. & Whisnant, R. (2014). Model Behavior: 20 Business Model Innovations for
Sustainability, London.

Closing the loop: risk or reward? Faversham House Group Ltd. 2013. Available:
https://www.edie.net/news/5/Circular-economy-risks-and-rewards-resource-revolution/

Cluzel, F., Vallet, F., Tyl, B., Bertoluci, G., & Leroy, Y. (2014). Eco-design vs.
ecoinnovation: an industrial survey. 13th International Design Conference - DESIGN
2014, May 2014, Dubrovnik, Croatia. pp. 1501-1510.

CMLCA (2018). CMLCA: scientific software for LCA, 10A, EIOA, and more. Available:
http://www.cmlca.eu/

Cudecka-Purina, N., & Atstaja, D. (2019). Landfill transition towards circular economy,
case of Latvia, Scientific Monograph. The Green Economics Institute, Reading. UK.
ISBN 978-1-913354-03-9

D'Amato, D., Droste, N., Allen, B., Kettunen, M., L&htinen, K., Korhonen, J., Toppinen,
A. (2017). Green, circular, bio economy: A comparative analysis of sustainability
avenues. Journal of Cleaner Production, 168, 716—734.

113


http://www.eiolca.net/
http://www.cmlca.eu/

3L

32.

33.

34.

35.

36.

7.
38.

39.

40.

41.

42,

43.

44,

D'Amato, D., Korhonen, J., & Toppinen, A. (2019). Circular, Green, and Bio Economy:
How Do Companies in Land-Use Intensive Sectors Align with Sustainability Concepts?
Ecological economics, 158, 116-133.

De Angelis, R., Howard, M., & Miemczyk, J. (2017). Supply Chain Management and
the Circular Economy: towards the Circular Supply Chain. Production Planning and
Control, 29(6), 425-437. https://doi.org/10.1080/09537287.2018.1449244

Deloitte Sustainability (2016). Circular economy potential for climate change
mitigation. Available:
https://wwwz2.deloitte.com/content/dam/Deloitte/fi/Documents/risk/Deloitte%20-
%20Circular%20economy%20and%20Global%20Warming.pdf

Deloitte Sustainability Consulting Central Europe (2017). Transform your business.
Available:
https://www2.deloitte.com/content/dam/Deloitte/pl/Documents/Brochures/pl_Sustaina
bility_Broszura_ENG_2017.pdf

Diener, A., & Will, K. (2010). Afterlife: An essential guide to design for dissassembly.
Available: https://www.core77.com/posts/15799/afterlife-an-essential-guide-to-design-
for-disassembly-by-alex-diener-15799?source=post_page

EASAC (2016.) EASAC policy report 30: Indicators for a circular economy. Available:
https://www.easac.eu/fileadmin/PDF_s/reports_statements/Circular_Economy/EASAC
_Indicators_web_complete.pdf

Ecodesing circle. (2019). Available: https://www.ecodesigncircle.eu/about-ecodesign

Ecopreneur.eu (2019). Circular Economy Update: Overview of Circular Economy in
Europe. Available: https://ecopreneur.eu/wp-content/uploads/2019/05/Ecopreneur-
Circular-Economy-Update-report-2019.pdf

E-CSR (2019). Circular Economy — Definition, Principles, Benefits & Barriers.
Available: https://e-csr.net/definitions/circular-economy-meaning-definition-benefits-
barriers/#barriers-to-the-implementation-of-a-circular-economy-model

Ellen MacArthur Foundation (2013a). Towards the Circular Economy: Economic and
business rationale for an accelerated transition. Available:
https://www.ellenmacarthurfoundation.org/assets/downloads/publications/Ellen-
MacArthur-Foundation-Towards-the-Circular-Economy-vol.1.pdf

Ellen MacArthur Foundation (2013b). CE100 Insights: Essential Building Blocks; Ellen
MacArthur Foundation: UK. Auvailable:
https://www.youtube.com/watch?v=KmPtPidmyOE (accessed: 21.04.2019).

Ellen MacArthur Foundation (2015a). Towards a Circular Economy: Business Rationale
for an Accelerated Transition. Auvailable:
https://www.ellenmacarthurfoundation.org/assets/downloads/TCE_Ellen-MacArthur-
Foundation_9-Dec-2015.pdf

Ellen MacArthur Foundation (2015b). Delivering the Circular Economy a Toolkit for
Policymakers. Available:
https://www.ellenmacarthurfoundation.org/assets/downloads/publications/EllenMacArt
hurFoundation_PolicymakerToolkit.pdf

Ellen MacArthur Foundation (2015c). Circularity Indicators: An Approach to Measuring
Circularity. Available:

114


https://doi.org/10.1080/09537287.2018.1449244
https://www2.deloitte.com/content/dam/Deloitte/fi/Documents/risk/Deloitte%20-%20Circular%20economy%20and%20Global%20Warming.pdf
https://www2.deloitte.com/content/dam/Deloitte/fi/Documents/risk/Deloitte%20-%20Circular%20economy%20and%20Global%20Warming.pdf
https://www2.deloitte.com/content/dam/Deloitte/pl/Documents/Brochures/pl_Sustainability_Broszura_ENG_2017.pdf
https://www2.deloitte.com/content/dam/Deloitte/pl/Documents/Brochures/pl_Sustainability_Broszura_ENG_2017.pdf
https://www.ecodesigncircle.eu/about-ecodesign
https://e-csr.net/definitions/circular-economy-meaning-definition-benefits-barriers/#barriers-to-the-implementation-of-a-circular-economy-model
https://e-csr.net/definitions/circular-economy-meaning-definition-benefits-barriers/#barriers-to-the-implementation-of-a-circular-economy-model

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

https://www.ellenmacarthurfoundation.org/assets/downloads/insight/Circularity-
Indicators_Project-Overview_May2015.pdf

Ellen MacArthur Foundation (2017a). Mission. Available:
https://www.ellenmacarthurfoundation.org/our-story/mission
Ellen MacArthur Foundation (2017b). Concept. Available:

https://www.ellenmacarthurfoundation.org/circular-economy/concept

Ellen MacArthur Foundation (2017c). Building blocks. Circular economy design,
business models, reverse cycles and enabling conditions are essential. Available:
https://www.ellenmacarthurfoundation.org/circular-economy/concept/building-blocks

Ellen MacArthur Foundation & McKinsey Center for Business and Environment (2014).
Towards the Circular Economy: Accelerating the scale-up across global supply chains.
Available:
http://www3.weforum.org/docs/WEF_ENV_TowardsCircularEconomy_Report_2014.
pdf

Ellen MacArthur Foundation & McKinsey Center for Business and Environment (2015).
Growth within: A circular economy vision for a competitive Europe. Available:
https://www.ellenmacarthurfoundation.org/assets/downloads/publications/EllenMacArt
hurFoundation_Growth-Within_July15.pdf

Enriquez, J. (1998). Genomics and the World's Economy. Science, 281(5379), 925-926.
https://doi.org/10.1126/science.281.5379.925

Ericsson (2018). Sustainability and Corporate Responsibility Report 2017. Available:
https://www.ericsson.com/492ch3/assets/local/about-ericsson/sustainability-and-
corporate-responsibility/documents/scr-reports/ericsson-sustainability-and-corporate-
responsibility-report-2017.pdf

Erixon, G. (1996). Design for Modularity. In: Huang G.Q. (eds) Design for X. Springer,
Dordrecht.

Esken, B., Franco-Garcia, M. L., & Fisscher, O. A. (2018). CSR perception as a signpost
for circular economy. Management research review, 41(5), 586-604.

ESU-services (2019). SimaPro. Available: http://esu-services.ch/simapro/

European Commission (2003). Communication from the Commission to the Council and
the European Parliament. Towards a Thematic Strategy on the Sustainable Use of
Natural Resources. Available: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:52003DC0572

European Commission (2011a). Communication from the Commission to the Council
and the European Parliament Roadmap to a Resource Efficient Europe. Available:
https://eur-lex.europa.eu/legal-content/EN/TXT/?2uri=CELEX:52011DC0571

European Commission (2011b). Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions Innovation for a Sustainable Future The Eco-innovation
Action Plan (Eco-AP). Available: https://eur-lex.europa.eu/legal-
content/EN/ALL/?uri=CELEX:52011DC0899

European Commission (2011c). EU Biodiversity Strategy 2020. Luxembourg:
Publications Office of the European Union. https://doi.org/10.2779/39229

115


https://www.ellenmacarthurfoundation.org/our-story/mission
https://www.ellenmacarthurfoundation.org/circular-economy/concept
https://www.ericsson.com/492cb3/assets/local/about-ericsson/sustainability-and-corporate-responsibility/documents/scr-reports/ericsson-sustainability-and-corporate-responsibility-report-2017.pdf
https://www.ericsson.com/492cb3/assets/local/about-ericsson/sustainability-and-corporate-responsibility/documents/scr-reports/ericsson-sustainability-and-corporate-responsibility-report-2017.pdf
https://www.ericsson.com/492cb3/assets/local/about-ericsson/sustainability-and-corporate-responsibility/documents/scr-reports/ericsson-sustainability-and-corporate-responsibility-report-2017.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52003DC0572
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52003DC0572
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:52011DC0899
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:52011DC0899

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

European Commission (2013). The 7th Environment Action Programme. Available:
https://ec.europa.eu/environment/action-programme/

European Commission (2014a). Living well, within the limits of our Planet: 7th EAP —
The new general Union Environment Action Programme to 2020. Available:
https://ec.europa.eu/environment/pubs/pdf/factsheets/7eap/en.pdf

European Commission (2014b). Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions. Towards a circular economy: A zero waste programme for
Europe. Available: https://ec.europa.eu/environment/circular-economy/pdf/circular-
economy-communication.pdf

European Commission (2015). Communication from the Commission to the Council and
the European Parliament Closing the loop - An EU action plan for the Circular Economy.
Available: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:52015DC0614

European Commission (2016). Flash Eurobarometer 441 (European SMEs and the
Circular Economy). TNS Opinion; GESIS Data Archive, Cologne, ZA6779 Data File
Version 1.0.0; European Commission: Brussels, Belgium.
https://doi.org/10.4232/1.12668

European Commission (2017). Corporate Social Responsibility. Available:
http://ec.europa.eu/growth/industry/corporate-social-responsibility/

European Commission (2018a). Plastic Waste: a European strategy to protect the
planet, defend our citizens and empower our industries. Available:
https://europa.eu/rapid/press-release_IP-18-5_en.htm

European Commission (2018b). EU budget: the Common Agricultural Policy beyond
2020. Available: https://europa.eu/rapid/press-release_IP-18-3985_en.htm

European Commission (2018c). Communication from the commission to the European
parliament, the Council, the European economic and social committee and the
Committee of the regions on a monitoring framework for the circular economy.
Available: https://eur-lex.europa.eu/legal-
content/EN/TXT/?qid=1564984856817&uri=CELEX:52018DC0029 .

European Commission (2018d). Raw Materials Scoreboard. Awvailable:
https://publications.europa.eu/en/publication-detail/-/publication/117¢c8d9b-e3d3-11e8-
b690-01aa75ed71al

European Commission (2019a). Accelerating the Transition to the Circular Economy:
Improving access to finance for circular economy projects. Available:
https://ec.europa.eu/info/sites/info/files/research_and_innovation/knowledge_publicati
ons_tools_and_data/documents/accelerating_circular_economy_032019.pdf

European Commission (2019b). Sustainable Use of Natural Resources. Available:
https://ec.europa.eu/environment/archives/natres/index.htm

European Commission (2019c). The Roadmap to a Resource Efficient Europe.
Available:
https://ec.europa.eu/environment/resource_efficiency/about/roadmap/index_en.htm

European Commission (2019d). Green growth and circular economy. Available:
https://ec.europa.eu/environment/green-growth/index_en.htm

116


https://ec.europa.eu/environment/action-programme/
https://ec.europa.eu/environment/pubs/pdf/factsheets/7eap/en.pdf
https://ec.europa.eu/environment/circular-economy/pdf/circular-economy-communication.pdf
https://ec.europa.eu/environment/circular-economy/pdf/circular-economy-communication.pdf
https://doi.org/10.4232/1.12668
http://ec.europa.eu/growth/industry/corporate-social-responsibility/
https://europa.eu/rapid/press-release_IP-18-5_en.htm
https://europa.eu/rapid/press-release_IP-18-3985_en.htm
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1564984856817&uri=CELEX:52018DC0029
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1564984856817&uri=CELEX:52018DC0029
https://publications.europa.eu/en/publication-detail/-/publication/117c8d9b-e3d3-11e8-b690-01aa75ed71a1
https://publications.europa.eu/en/publication-detail/-/publication/117c8d9b-e3d3-11e8-b690-01aa75ed71a1
https://ec.europa.eu/info/sites/info/files/research_and_innovation/knowledge_publications_tools_and_data/documents/accelerating_circular_economy_032019.pdf
https://ec.europa.eu/info/sites/info/files/research_and_innovation/knowledge_publications_tools_and_data/documents/accelerating_circular_economy_032019.pdf
https://ec.europa.eu/environment/archives/natres/index.htm
https://ec.europa.eu/environment/resource_efficiency/about/roadmap/index_en.htm
https://ec.europa.eu/environment/green-growth/index_en.htm

73.

74,

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

European  Commission  (2019e). The Bioeconomy  Strategy. Available:
https://ec.europa.eu/research/bioeconomy/index.cfm?pg=policy&lib=strategy

European Commission (2019f). Report from the commission to the European
parliament, the council, the European economic and social committee and the Committee
of the regions on the implementation of the Circular Economy Action Plan. Available:
https://eur-lex.europa.eu/legal-
content/EN/TXT/?qid=1551871195772&uri=CELEX:52019DC0190

European Commission (2019g). Resource Efficiency Scoreboard. Awvailable:
http://ec.europa.eu/environment/resource_efficiency/targets_indicators/scoreboard/inde
X_en.htm.

European Commission (2019h). Ecodesign. Available:
https://ec.europa.eu/growth/industry/sustainability/ecodesign_en

European Commission. European platform on life cycle assessment (EPLCA).
Available: https://eplca.jrc.ec.europa.eu/

Monier, M., Hestin, M., Cavé, J., Laureysens, |., Watkins, E., Reisinger, H. & Porsch,
L. (2014). Development of Guidance on Extended Producer Responsibility (EPR).
European Commission - DG Environment. Final report. Available:
https://ec.europa.eu/environment/waste/pdf/target_review/Guidance%200n%20EPR%2
0-%20Final%20Report.pdf

European Council (2005). Directive 2005/32/EC of the European Parliament and of the
Council of 6 July 2005 Establishing a Framework for the Setting of Eco-design
Requirements for Energy-using Products and Amending Council Directive 92/42/EEC
and Directives 96/57/EC and 2000/55/EC.

European Council (2009). Directive 2009/125/EC of the European Parliament and of the
Council of 21 October 2009 Establishing the Framework for the Setting of Eco-design
Requirements for Energy-related Products. Available: https://eur-lex.europa.eu/legal-
content/EN/TX

European Economic and Social Committee (2019). Circular economy strategies and
roadmaps in Europe: Identifying synergies and the potential for cooperation and
alliance building. Available: https://www.eesc.europa.eu/sites/default/files/files/qe-01-
19-425-en-n.pdf

European Environment Agency (2016a). Circular economy in Europe: Developing the
knowledge base. EEA report No. 2(2016). Luxembourg: Publications Office of the
European Union. Available: https://www.eea.europa.eu/publications/circular-economy-
in-europe

European  Environmental Agency (2016b). Green economy. Available:
https://www.eea.europa.eu/publications/europes-environment-aoa/chapter3.xhtml

European Environmental Agency [EEA] (2017). Circular by design: Products in the
circular economy. EEA Report No. 6. https://doi.org/10.2800/860754

European Investment Bank (2019). The EIB Circular Economy Guide: Supporting the
circular transition. Awvailable: https://www.eib.org/en/publications/the-eib-in-the-
circular-economy-guide

117


https://ec.europa.eu/research/bioeconomy/index.cfm?pg=policy&lib=strategy
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1551871195772&uri=CELEX:52019DC0190
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1551871195772&uri=CELEX:52019DC0190
https://ec.europa.eu/growth/industry/sustainability/ecodesign_en
https://eur-lex.europa.eu/legal-content/EN/TX
https://eur-lex.europa.eu/legal-content/EN/TX
https://www.eesc.europa.eu/sites/default/files/files/qe-01-19-425-en-n.pdf
https://www.eesc.europa.eu/sites/default/files/files/qe-01-19-425-en-n.pdf
https://www.eea.europa.eu/publications/circular-economy-in-europe
https://www.eea.europa.eu/publications/circular-economy-in-europe
https://www.eea.europa.eu/publications/europes-environment-aoa/chapter3.xhtml
https://doi.org/10.2800/860754
https://www.eib.org/en/publications/the-eib-in-the-circular-economy-guide
https://www.eib.org/en/publications/the-eib-in-the-circular-economy-guide

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

96.

97.

98.

99.

100.

European Parliament (1994). European Parliament and Council Directive 94/62/EC of
20 December 1994 on packaging and packaging waste. Available: https://eur-
lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A31994L.0062

European Parliament (2016). Briefing. Available:
http://www.europarl.europa.eu/RegData/etudes/BRIE/2016/573899/EPRS_BRI(2016)5
73899_EN.pdf

European Union (2019). Eco-design requirements. Available:
https://europa.eu/youreurope/business/product/eco-design/index_en.htm

Eurostat (2016). Waste Statistics. Available: https://ec.europa.eu/eurostat/statistics-
explained/index.php/Waste_statistics#Total_waste_generation

Eurostat (2019). Circular economy - Overview. Available:
https://ec.europa.eu/eurostat/web/circular-e conomy

Eurostat (2018). Which indicators are used to monitor the progress towards a circular
economy? Available: https://ec.europa.eu/eurostat/web/circular-economy/indicators

Ferguson, S. (2016). The sharing economy and the circular economy: what’s the
difference? Awvailable: http://www.theideatree.ca/the-difference-between-the-sharing-
economy-and-the-circular-economy/

Firnkorn J. & Muller M. (2012). Selling Mobility instead of Cars: New Business
Strategies of Automakers and the Impact on Private Vehicle Holding. Business Strategy
and the Environment, 21(4), 264-280.

Fonseca, M. (2018). Building Blocks of a Circular Economy. Available:
https://www.intelligenthg.com/building-blocks-of-a-circular-economy/

Freek van Eijk (2015). Barriers & Drivers towards a Circular Economy. Literature
Review A-140315- R-Final. March. Available:
https://www.circulairondernemen.nl/uploads/e00e8643951aef8adde612123e824493.pd
f

Frosch, R. A., & Gallopoulos, N. E. (1989). Strategies for manufacturing. Scientific
American, 261(3), 144-152.

Galvéo, G.D.A., de Nadae, J., Clemente, D.H., Chinen, G. & de Carvalho, M.M. (2018).
Circular Economy: Overview of Barriers. Procedia CIRP, 73, 79-85.
https://doi.org/10.1016/j.procir.2018.04.011

Garcés-Ayerbe, C., Rivera-Torres, P., Sudrez-Perales, ., & Leyva-de la Hiz, D.1. (2019).
Is It Possible to Change from a Linear to a Circular Economy? An Overview of
Opportunities and Barriers for European Small and Medium-Sized Enterprise
Companies. International Journal of Environmental Research and Public Health, 16,
851. https://doi.org/10.3390/ijerph16050851

Gereffi, G., & Fernandez-Stark, K. (2011). Global value chain analysis: a primer. Center
on Globalization, Governance & Competitiveness (CGGC), Duke University, North
Carolina, USA. Available: https://globalvaluechains.org/concept-tools

Gibbs, D. (2008). Industrial Symbiosis and Eco-Industrial Development: An
Introduction. Geography Compass, 2(4), 1138-1154. https://doi.org/10.1111/j.1749-
8198.2008.00123.x

118


https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A31994L0062
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A31994L0062
http://www.europarl.europa.eu/RegData/etudes/BRIE/2016/573899/EPRS_BRI(2016)573899_EN.pdf
http://www.europarl.europa.eu/RegData/etudes/BRIE/2016/573899/EPRS_BRI(2016)573899_EN.pdf
https://europa.eu/youreurope/business/product/eco-design/index_en.htm
https://ec.europa.eu/eurostat/web/circular-e%20conomy
https://ec.europa.eu/eurostat/web/circular-economy/indicators
http://www.theideatree.ca/the-difference-between-the-sharing-economy-and-the-circular-economy/
http://www.theideatree.ca/the-difference-between-the-sharing-economy-and-the-circular-economy/
https://www.intelligenthq.com/building-blocks-of-a-circular-economy/
https://doi.org/10.1016/j.procir.2018.04.011
https://doi.org/10.3390/ijerph16050851

101.

102.

103.

104.

105.

106.

107.

108.

1009.

110.

111.

112.

113.

114.

115.

116.

Ghisellini, P., Cialani, C. & Ulgiati, S. (2016). A review on circular economy: The
expected transition to a balanced interplay of environmental and economic systems.
Journal of Cleaner Production, 114(7), 11-32.
https://doi.org/10.1016/j.jclepro.2015.09.007

Golden  Plains  Shire  (2016). The 7r's of recycling.  Available:
https://www.goldenplains.vic.gov.au/residents/my-home/recycling-and-rubbish/7-rs-
recycling

Government Europe (2018). The Circular Economy Concept, Explained. Available:
https://www.governmenteuropa.eu/circular-economy-concept-explained/90557/

Griffin, D. (nd.). Concept of Product Life Cycle. Available:
http://smallbusiness.chron.com/concept-product-life-cycle-1433.html

Groupe PSA (2018). Corporate Social Responsibility Report 2018. Available:
https://www.groupe-psa.com > 2019/04 > Groupe_PSA_2018_CSR_Report-1

Guide, J., & Wassenhove, L. (2009). The Evolution of Closed-Loop Supply Chain
Research. Operations Research, 57(1), 10-18. https://doi.org/10.1287/opre.1080.0628

H Hotels. (2015). Sharing economy and the tourism and hospitality sector in Greece.
Available:
http://www.grhotels.gr/GR/Bussinessinfo/News/Lists/List/Attachments/538/Sharing%
20Economy%20GRHOTELS%20ENG.pdf

Hebel, D. E., Wisniewska, M. H., & Heisel, F. (2014). Building from waste: recovered
materials in architecture and construction. Birkhauser.

Hedberg, A., Sipka, S. & Bjerkem, J. (2019). Creating a digital roadmap for a circular
economy. Available:
https://www.epc.eu/documents/uploads/pub_9285 drce.pdf?doc_id=2178

Heshmati, A. (2015). A Review of the Circular Economy and its Implementation. CESIS
Electronic Working Paper Series. Paper 431. Available: http://ftp.iza.org/dp9611.pdf

Industrial Symbiosis (n.a.). Available:
https://ec.europa.eu/environment/europeangreencapital/wp-
content/uploads/2018/05/Industrial_Symbiosis.pdf (accessed: 21.10.2019)

Intel Corporation (2019). Corporate Responsibility at Intel. 2018-2019 report. Available:
http://csrreportbuilder.intel.com/pdfbuilder/pdfs/CSR-2018-Full-Report.pdf

International Institute for Sustainable Development (2013). Design for environment.
Available: https://www.iisd.org/business/tools/bt_dfe.aspx

ISO (2006). SO 14044:2006(en) Environmental management — Life cycle assessment
— Requirements and guidelines. Available:
https://www.iso.org/obp/ui/#iso:std:is0:14044:ed-1:v1:en

ISO Online Browsing Platform (2006). ISO 14040:2006(en) Environmental
management — Life cycle assessment — Principles and framework. Available:
https://www.iso.org/obp/ui/#iso:std:is0:14040:ed-2:v1:en:fn:1

ISO (n.d.). Life cycle perspective - what 1SO 14001 includes. Available:
https://committee.iso.org/sites/tc207sc1/home/projects/published/iso-14001---
environmental-manage/life-cycle.html

119


https://doi.org/10.1016/j.jclepro.2015.09.007
https://www.goldenplains.vic.gov.au/residents/my-home/recycling-and-rubbish/7-rs-recycling
https://www.goldenplains.vic.gov.au/residents/my-home/recycling-and-rubbish/7-rs-recycling
https://doi.org/10.1287/opre.1080.0628
http://www.grhotels.gr/GR/BussinessInfo/News/Lists/List/Attachments/538/Sharing%20Economy%20GRHOTELS%20ENG.pdf
http://www.grhotels.gr/GR/BussinessInfo/News/Lists/List/Attachments/538/Sharing%20Economy%20GRHOTELS%20ENG.pdf
https://www.epc.eu/documents/uploads/pub_9285_drce.pdf?doc_id=2178
https://committee.iso.org/files/live/sites/tc207sc1/files/Lifecycle%20perspective%20%20March%202016.pdf

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Jawahir, 1.S., & Bradley, R. (2016). Technological Elements of Circular Economy and
the Principles of 6R-Based Closed-loop Material Flow in Sustainable Manufacturing,
Procedia CIRP, 40, 103-108. https://doi.org/10.1016/j.procir.2016.01.067

Jia, C., & Zhang, J. (2011). Evaluation of Regional Circular Economy Based on Matter
Element Analysis. Procedia Environmental Sciences, 11, 637-642.

Jorgensen S. & Pedersen L.J.T. (2018). The Circular Rather than the Linear Economy.
In: RESTART Sustainable Business Model Innovation. Palgrave Studies in Sustainable
Business In Association with Future Earth. Palgrave Macmillan, Cham

Kalundborg Symbiosis. (n.a.). Available: http://www.symbiosis.dk/en/

Kamrani, A.K., & Salhieh, S.M. (2002). Product Design for Modularity. Springer. ISBN
978-1-4757-3581-9

Kaza, S., Yao, L., Bhada-Tata, P. & Van Woerden, F. (2018). What a Waste 2.0: A
Global Snapshot of Solid Waste Management to 2050. NW: International Bank for
Reconstruction and  Development / The World Bank. Available:
http://datatopics.worldbank.org/what-a-
waste/trends_in_solid_waste_management.html

Kirchherr, J. W., Hekkert, M. P., Bour, R., Huijbrechtse-Truijens, A., Kostense-Smit,
E., & Muller, J. (2017b). Breaking the barriers to the circular economy. Available:
https://www.uu.nl/sites/default/files/breaking_the_barriers_to_the_circular_economy_
white_paper_web.pdf

Kirchherr, J., Reike, D., & Hekkert, M. (2017a). Conceptualizing the circular economy:
An analysis of 114 definitions. Resources, Conservation and Recycling, 127, 221-232.

Koklacova, S. (2015). Eco-design of cardboard packaging and innovative life cycle
solutions [in Latvian]. (Kartona iepakojuma ekodizains un inovativi dzives cikla
risinajumi). GlobeEdit, 112 p.

Korhonen, J., Honkasalo, A., & Seppald, J. (2018). Circular economy: the concept and
its limitations. Ecological economics, 143, 37-46.

Kronenberg, J. (2007). Ecological economics and industrial ecology: a case study of the
Integrated Product Policy of the European Union. Routledge.

Kujala Waste Centre. (n.a.). Available: https://www.phj.fi/in-english/kujala-waste-
centre/

Kusiak, A. (2002). Integrated product and process design: A modularity perspective.
Journal of Engineering Design, 13(3), 223-231.
https://doi.org/10.1080/09544820110108926

Lankester, A. (2018). What is a Circular Economy?  Available:
https://www.changinggears.net/what-is-circular-economy/

Lazarevic, D. & Valve, H. (2017). Narrating expectations for the circular economy:
Towards a common and contested European transition. Energy Research & Social
Science, 31, 60-69. https://doi.org/10.1016/j.erss.2017.05.006

Lehmann, M., de Leeuw, B. & Fehr, E. (2014). Circular Economy: Improving the
Management of Natural Resources. Awvailable: http://www.wrforum.org/wp-
content/uploads/2015/04/a-_CircularEconomy_English.pdf

120


https://doi.org/10.1016/j.procir.2016.01.067
http://www.symbiosis.dk/en/
http://datatopics.worldbank.org/what-a-waste/trends_in_solid_waste_management.html
http://datatopics.worldbank.org/what-a-waste/trends_in_solid_waste_management.html
https://www.uu.nl/sites/default/files/breaking_the_barriers_to_the_circular_economy_white_paper_web.pdf
https://www.uu.nl/sites/default/files/breaking_the_barriers_to_the_circular_economy_white_paper_web.pdf
https://doi.org/10.1080/09544820110108926
https://www.changinggears.net/what-is-circular-economy/
http://www.wrforum.org/wp-content/uploads/2015/04/a-_CircularEconomy_English.pdf
http://www.wrforum.org/wp-content/uploads/2015/04/a-_CircularEconomy_English.pdf

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

Lewandowski, M. (2016). Designing the Business Models for Circular Economy—
Towards the Conceptual Framework. Sustainability, 8, 43.
https://doi.org/10.3390/su8010043

Lombardi, D. R. & Laybourn, P. (2012). Redefining Industrial Symbiosis. Journal of
Industrial Ecology, 16, 28-37. https://doi.org/10.1111/j.1530-9290.2011.00444.x

Lumen (n.d.). Principles of Marketing. Available:
https://courses.lumenlearning.com/ivytech-mktg101-master/chapter/reading-stages-of-
the-product-life-cycle/

Luttropp, C. (nd.). 10 Golden Rules in  EcoDesign. Available:
https://Ipmc.lv/uploads/media/10_goldenrules_in_eco-design.pdf

Lyle, J. T. (1994). Regenerative design for sustainable development. John Whiley &
Sons.

Lyngaas K. (2017). 8R’s Waste Hierarchy. Available:
https://buddhajeans.com/encyclopedia/8rs-waste-hierarchy/

Making Sense of the Circular Economy: The 7 Key Elements. Available:
https://www.circle-economy.com/the-7-key-elements-of-the-circular-economy

Manavalan, E. & Jayakrishna, K. (2019). An Analysis on Sustainable Supply Chain for
Circular  Economy. Procedia Manufacturing, 33, 477-484. Available:
https://doi.org/10.1016/j.promfg.2019.04.059

Material Economics (2018). The Circular Economy: A Powerful Force for Climate
Mitigation. Transformative innovation for prosperous and low-carbon industry.
Available: https://media.sitra.fi/2018/06/12132041/the-circular-economy-a-powerful-
force-for-climate-mitigation.pdf

Matevosyan, A. (2014). The 5 R’s to Sustainability: Reduce, Recycle, Reuse, Rot,
Refuse. Auvailable: http://swcoalition.org/2014/06/5-rs-sustainability-reduce-recycle-
reuse-rot-refuse/

Matzler, K., Veider, V. & Kathan, W. (2014). Adapting to the Sharing Economy.
Available: https://sloanreview.mit.edu/article/adapting-to-the-sharing-
economy/#article-authors

McDonough, W., Braungart, M. (2002). Cradle to Cradle: Remaking the Way We Make
Things. Farrar, Straus and Giroux

McKinsey&Company. (2016). The circular economy: Moving from theory to practice.
Available: https://www.mckinsey.com/business-functions/sustainability/our-
insights/the-circular-economy-moving-from-theory-to-practice

Mentik, B. (2014). Circular Business Model Innovation: A process framework and a tool
for business model innovation in a circular economy, Master Thesis, Delft University of
Technology & Leiden University.

Murray, A., Skene, K., & Haynes, K. (2017). The circular economy: an interdisciplinary
exploration of the concept and application in a global context. Journal of Business
Ethics, 140(3), 369-380.

National Industrial Simbiosys Programme. (n.a.). Available: https://www.international-
synergies.com/projects/national-industrial-symbiosis-programme/

121


https://doi.org/10.3390/su8010043
https://buddhajeans.com/encyclopedia/8rs-waste-hierarchy/
https://doi.org/10.1016/j.promfg.2019.04.059
https://media.sitra.fi/2018/06/12132041/the-circular-economy-a-powerful-force-for-climate-mitigation.pdf
https://media.sitra.fi/2018/06/12132041/the-circular-economy-a-powerful-force-for-climate-mitigation.pdf
http://swcoalition.org/2014/06/5-rs-sustainability-reduce-recycle-reuse-rot-refuse/
http://swcoalition.org/2014/06/5-rs-sustainability-reduce-recycle-reuse-rot-refuse/
https://sloanreview.mit.edu/article/adapting-to-the-sharing-economy/#article-authors
https://sloanreview.mit.edu/article/adapting-to-the-sharing-economy/#article-authors
https://www.mckinsey.com/business-functions/sustainability/our-insights/the-circular-economy-moving-from-theory-to-practice
https://www.mckinsey.com/business-functions/sustainability/our-insights/the-circular-economy-moving-from-theory-to-practice

149.

150.

151.

152.

153.

154,

155.

156.

157.

158.

159.

160.

161.

162.

163.

Network for Business Innovation and Sustainability. (2008). Life Cycle Assessment
Guide. Life Cycle Assessment Thinking. Auvailable:
http://nbis.org/nbisresources/life_cycle_assessment_thinking/guide_life_cycle_asse
ssment_hcorp.pdf

Nordregio (2019). Industrial Symbiosis in the Baltic Sea Region Current Practices and
Guidelines for New Initiatives. Nordregio Policy Brief, 1 January 2019. Available:
http://norden.diva-portal.org/smash/get/diva2:1288423/FULLTEXTO03.pdf

NuBholz, J. (2017). Circular Business Models: Defining a Concept and Framing an
Emerging Research Field. Sustainability, 9(10), 1810. Available:
https://doi.org/10.3390/5u9101810

OECD (2012). The future of eco-innovation: The Role of Business Models in
Green Transformation. OECD Background Paper. Available:
https://www.oecd.org/innovation/inno/49537036.pdf

OECD (2018). OECD Global Material Resources Outlook to 2060. Available:
https://www.oecd.org/environment/waste/highlights-global-material-resources-
outlook-to-2060.pdf

OpenLCA (2018). The world’s leading, high performance, open source Life Cycle
Assessment software. Available: http://www.openlca.org/

O’rand, AM. & Krecker, M.L. (1990). Concepts of the life cycle: their history,
meanings, and uses in the social sciences. Annual Review of Sociology, 16, 241-262.

Ordaz, G. I. G., & Vargas-Hernandez, J. G. (2017). The circular economy as a factor of
social responsibility. Economia Coyuntural, Revista de temas de perspectivas y
coyuntura, 2(3), 105-130.

Ormazabal, M., Prieto-Sandoval, V., Puga-Leal, R. & Jaca, C. (2018). Circular Economy
in Spanish SMEs: Challenges and opportunities. Journal of Cleaner Production, 185(1),
157-167. https://doi.org/10.1016/j.jclepro.2018.03.031

Our World in Data (2017). CO. and other Greenhouse Gas Emissions. Available:
https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions

Our World in Data (2019). The Size of the World Population over the last 12.000 years.
Available: https://ourworldindata.org/uploads/2018/11/Annual-World-Population-
since-10-thousand-BCE-for-OWID.png

Pauli, G. A. (2010). The blue economy: 10 years, 100 innovations, 100 million jobs.
Paradigm publications.

Pearce, D. W., & Turner, R. K. (1990). Economics of natural resources and the
environment. JHU Press.

Pearce, D.W., Markandya, A. & Barbier, E.B. (1989). Blueprint for a Green Economy.
Auvailable:
https://www.researchgate.net/publication/39015804_Blueprint_for_a_Green_Economy

Platform for Accelarating the Circular Economy [PACE]. Public Overview. Available:
https://staticl.squarespace.com/static/5¢3f456fa2772cd16721224a/t/5¢c485ee140ec9a50
cdle0c2e/1548246766602/PACE+Public+Overview.pdf

122


http://nbis.org/nbisresources/life_cycle_assessment_thinking/guide_life_cycle_asse%20ssment_bcorp.pdf
http://nbis.org/nbisresources/life_cycle_assessment_thinking/guide_life_cycle_asse%20ssment_bcorp.pdf
https://doi.org/10.3390/su9101810
https://www.oecd.org/environment/waste/highlights-global-material-resources-outlook-to-2060.pdf
https://www.oecd.org/environment/waste/highlights-global-material-resources-outlook-to-2060.pdf
http://www.openlca.org/
https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions
https://www.researchgate.net/publication/39015804_Blueprint_for_a_Green_Economy
https://static1.squarespace.com/static/5c3f456fa2772cd16721224a/t/5c485ee140ec9a50cd1e0c2e/1548246766602/PACE+Public+Overview.pdf
https://static1.squarespace.com/static/5c3f456fa2772cd16721224a/t/5c485ee140ec9a50cd1e0c2e/1548246766602/PACE+Public+Overview.pdf

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

Porter, M. E. (1985). Competitive Advantage: Creating and Sustaining Superior
Performance. New York: Simon and chuster. ISBN 9781416595847.

Potting, J. & Hanemaaijer, A. (2018). Circular economy: what we want to know and can
measure: System and baseline assessment for monitoring the progress of the circular
economy in the Netherlands. Available:
http://www.pbl.nl/sites/default/files/cms/publicaties/pbl-2018-circular-economy-what-
we-want-to-know-and-can-measure-3216.pdf

Prendeville, S., Sanders, C., Sherry, J., & Costa, F. (2014). Circular Economy: Is it
enough? Ecodesign Centre. Available:
https://pdfs.semanticscholar.org/943c/814c3300b69a06bd411d2704ec3baa3a0892.pdf

Ranta, V., Aarikka-Stenroos, L., Ritala, P. & Maékinen, S.J. (2017). Exploring
institutional drivers and barriers of the circular economy: A cross-regional comparison
of China, the US, and Europe. Resources, Conservation and Recycling, 135, 70-82.
https://doi.org/10.1016/j.resconrec.2017.08.017

Richardson, J. (2008). The business model: An integrative framework for strategy
execution, Strategic Change, 17(5-6), 133-144.

Ritzéna, S. (2017). Barriers to the Circular Economy — integration of perspectives and
domains / Sofia Ritzéna, Gunilla Olundh Sandstrém. Procedia CIRP. 64, 7-12.

Rizos, V., Behrens, A., Kafyeke, T., Hirschnitz-Garbers, M. & loannou, A. (2015). The
Circular Economy: Barriers and Opportunities for SMEs. CEPS Working Documents.
No. 412 (September 2015). Available: https://www.ceps.eu/ceps-publications/circular-
economy-barriers-and-opportunities-smes/

Rizos, V., Tuokko, K. & Behrens, A. (2017). The Circular Economy: A review of
definitions, processes and impacts. Available: https://circular-
impacts.eu/sites/default/files/D2.1_Review-of-definitions-processes-%26-
impacts_FINAL.pdf

Rogers, D.S. & Tibben-Lembke, R.S. (1999) Going Backwards: Reverse Logistics
Trends and Practices. Reverse Logistics Executive Council, Reno.

Ruiter, C. (2015). The Circular Economy Performance Index. VU University
Amsterdam, Available: http://dspace. library.uu.nl/handle/1874/337188

Sanyé-Mengual, E., Lozano, R.G., Farreny, R., Oliver-Sola, J.,, Gasol, C.M. &
Rieradevall, J. (2014). Introduction to the Eco-Design Methodology and the Role of
Product Carbon Footprint. In: Muthu S. (eds.) Assessment of Carbon Footprint in
Different Industrial Sectors, Volume 1. EcoProduction (Environmental Issues in
Logistics and Manufacturing). Springer, Singapore. https://doi.org/10.1007/978-981-
4560-41-2 1

Sariatli, F. (2017). Linear economy versus circular economy: a comparative and analyzer
study for optimization of economy for sustainability. Visegrad Journal on Bioeconomy
and Sustainable Development, 6(1), 31-34.

SB Insight (2019). The Nordic Market for Circular Economy: Attitudes, Behaviours &
Business Opportunities. Available: https://www.nordea.com/Images/37-
308788/Circular%20Economy%2019_small.pdf

Schmitt, O. H. (1969). Some interesting and useful biomimetic transforms. Proc. 3rd Int.
Biophysics Congress (Boston, MA, 29 Aug. to 3 Sept. ) p. 297.

123


https://books.google.com/?id=H9ReAijCK8cC&pg=PR15&dq=competitive+Advantage:+Creating+and+Sustaining+Superior+Performance#v=onepage&q=competitive%20Advantage%3A%20Creating%20and%20Sustaining%20Superior%20Performance&f=false
https://books.google.com/?id=H9ReAijCK8cC&pg=PR15&dq=competitive+Advantage:+Creating+and+Sustaining+Superior+Performance#v=onepage&q=competitive%20Advantage%3A%20Creating%20and%20Sustaining%20Superior%20Performance&f=false
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/9781416595847
https://pdfs.semanticscholar.org/943c/814c3300b69a06bd411d2704ec3baa3a0892.pdf
https://www.ceps.eu/ceps-publications/circular-economy-barriers-and-opportunities-smes/
https://www.ceps.eu/ceps-publications/circular-economy-barriers-and-opportunities-smes/
https://circular-impacts.eu/sites/default/files/D2.1_Review-of-definitions-processes-%26-impacts_FINAL.pdf
https://circular-impacts.eu/sites/default/files/D2.1_Review-of-definitions-processes-%26-impacts_FINAL.pdf
https://circular-impacts.eu/sites/default/files/D2.1_Review-of-definitions-processes-%26-impacts_FINAL.pdf
https://doi.org/10.1007/978-981-4560-41-2_1
https://doi.org/10.1007/978-981-4560-41-2_1

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.
191.

192.

Shafiee, A., & Stec, T. (2014). Gaining a Competitive Advantage with Sustainable
Business — Implementing Inductive Charging using Systems Thinking, a Benchmarking
of EVs and PHEVs. Chalmers University of Technology, Master’s Thesis. Goteborg.

Shaharia, P. (2018). Circular Economy: The Beauty of Circularity in Value Chain.
Journal of Economics and Business, 1(4), 584-598.
https://doi.org/10.31014/aior.1992.01.04.52

Shedroff, N. (2010). Design for disassembly. Available:
https://atissuejournal.com/2010/03/31/design-for-disassembly/

Soufani, K., Tse, T., Esposito, M., Dimitriou, G. & Panayotis, K. (2018). Bridging the
Circular Economy and Social Enterprise: The Dutch Ministry of Defence and Biga
Groep. The European Business Review (March 18, 2018). Available:
https://www.europeanbusinessreview.com/bridging-the-circular-economy-and-social-
enterprise-the-dutch-ministry-of-defence-and-biga-groep/

Sposato, P., Preka, R., Cappellaro, F. & Cutaia, L. (2017). Sharing economy and circular
economy. How technology and collaborative consumption innovations boost closing the
loop strategies. Environmental Engineering & Management Journal, 16(8), 1797-1806.
https://doi.org/10.30638/eem;.2017.196

Srinivas H. (2015). Understanding the 3R Concept. Policy Analysis Series E-026.
Available: http://www.gdrc.org/uem/waste/3r-understanding.html

Stahel, W. R. (1986). Hidden Innovation, R&D in a Sustainable Society. Science &
Public Policy, 13(4), 196-203.

Stahel, W. R., & Reday-Mulvey, G. (1981). Jobs for tomorrow: the potential for
substituting manpower for energy. Vantage Press.

Starbucks Corporation (2006). Corporate Social responsibility. Available:
https://globalassets.starbucks.com/assets/4dd6216d0fd0400f8689eceba0497e04.pdf

Surbhi, S. (2018). Difference between Supply Chain and Value Chain. Key differences.
Available: https://keydifferences.com/difference-between-supply-chain-and-value-
chain.html

Sustainable Development Working Group (2015). UN SD GOALS. Transforming our
world:  the 2030 Agenda for Sustainable  Development.  Available:
https://www.sdwg.org/activities/un-sustainable-development-goals/

Tan Q., Zhang X., Pivot F.C., Evans J. & Kinshuk, McGreal R. (2016). The 5R
Adaptation Framework: Concepts, Systems, and Learning Scenarios. Journal of Internet
Technology, 17(5), 971-980. https://doi.org/10.6138/J1T.2016.17.5.20141119a

The Circularity Gap Report 2019. Available: https://www.circularity-gap.world/

The Food and Agriculture Organization. What we do. Available:
http://www.fao.org/about/what-we-do/en/

Towards the Circular Economy: Accelerating the scale-up across global supply chains.
World Economic Forum, Ellen MacArthur Foundation and McKinsey & Company.
World Economic Forum, Geneva, Switzerland, 2014. Auvailable:
http://www3.weforum.org/docs/WEF_ENV_TowardsCircularEconomy_Report_2014.
pdf

124


https://atissuejournal.com/2010/03/31/design-for-disassembly/
https://www.jbs.cam.ac.uk/faculty-research/faculty-a-z/khaled-soufani/
http://www.escpeurope.eu/nc/faculty-research/the-escp-europe-faculty/professor/-/biography/?tx_bookdb_pi1%5Bens_uid%5D=543
https://scholar.harvard.edu/markesposito/home
https://www.linkedin.com/in/giorgos-dimitriou-24390538/
https://www.linkedin.com/in/panayotis-kikiras-19b4072/
https://www.europeanbusinessreview.com/bridging-the-circular-economy-and-social-enterprise-the-dutch-ministry-of-defence-and-biga-groep/
https://www.europeanbusinessreview.com/bridging-the-circular-economy-and-social-enterprise-the-dutch-ministry-of-defence-and-biga-groep/
http://www.gdrc.org/uem/waste/3r-understanding.html
https://globalassets.starbucks.com/assets/4dd6216d0fd0400f8689eceba0497e04.pdf
https://keydifferences.com/difference-between-supply-chain-and-value-chain.html
https://keydifferences.com/difference-between-supply-chain-and-value-chain.html
https://doi.org/10.6138/JIT.2016.17.5.20141119a
http://www.fao.org/about/what-we-do/en/

193.

194.

195.
196.

197.

198.

199.

200.

201.

202.

203.

204.
205.

206.
207.

208.

209.

Transforming our world: the 2030 Agenda for Sustainable Development. Available:
https://sustainabledevelopment.un.org/post2015/transformingourworld

Turon, K., & Czech, P. (2016). Circular Economy in the Transport Industry in Terms of
Corporate Social Responsibility Concept. Journal of Corporate Responsibility and
Leadership, 3(4), 83-94.

Ullman D.G. (2003). The Mechanical Design Process. 3 ed. McGraw-Hill Education.

Ullman D.G. (2009). The Mechanical Design Process. 4" ed. McGraw-Hill Education.
Auvailable:
http://160592857366.free.fr/joe/ebooks/Mechanical%20Engineering%20Books%20Col
lection/MACHINE%20DESIGN/The%20Mechanical%20Design%20Process.pdf

United Nations Climate Change (2015). What is the Paris agreement? Available:
https://unfccc.int/process-and-meetings/the-paris-agreement/what-is-the-paris-
agreement

UNEP (2011). Towards a Green Economy: Pathways to Sustainable Development and
Poverty Eradication.
Available:https://sustainabledevelopment.un.org/index.php?page=view&type=400&nr
=126&menu=35

UNEP (n.a.). Eco-Design production without destruction. Retrieved on 20.06.2019.
from: http://www.unep.fr/shared/publications/other/WEBx0008xPA/ecodesign.pdf

UNESCO. World Water Assessment Programme (UNESCO WWAP). Available:
http://www.unesco.org/new/en/natural-sciences/environment/water/wwap/about/

UNIDO [United Nations Industrial Development Organization] (2017). Circular
Economy. Available: https://www.unido.org/sites/default/files/2017-
07/Circular_Economy_UNIDO_0.pdf

United Nations (2015). Resolution adopted by the General Assembly on 25 September
2015. Transforming our world: the 2030 Agenda for Sustainable Development.
Available: https://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E

United Nations Environment Programme. About UN Environment. Available:
https://www.unenvironment.org/about-un-environment

United Nations Global Compact. Available: https://www.unglobalcompact.org/

United Nations. Sustainable Development Goals. Available:
https://www.un.org/sustainabledevelopment/sustainable-development-goals/

UN-Water. What we do. Available: https://www.unwater.org/what-we-do/

Urbinati, A., Chiaroni, D. & Chiesa, V. (2017). Towards a new taxonomy of circular
economy business models. Journal of Cleaner Production, 168(1), 487-498.
https://doi.org/10.1016/j.jclepro.2017.09.047

Van Buren, N., Demmers, M., Van der Heijden, R., & Witlox, F. (2016). Towards a
circular economy: The role of Dutch logistics industries and governments.
Sustainability, 8(7), 647. http://dx.doi.org/10.3390/su8070647

Van Der Ryn S., & Cowan S. (1996). Ecological design. 10™ anniversary edition. Island
Press. ISBN 978-1-59726-140-1 Available:
https://zodml.org/sites/default/files/Ecological_Design.pdf

125


http://160592857366.free.fr/joe/ebooks/Mechanical%20Engineering%20Books%20Collection/MACHINE%20DESIGN/The%20Mechanical%20Design%20Process.pdf
http://160592857366.free.fr/joe/ebooks/Mechanical%20Engineering%20Books%20Collection/MACHINE%20DESIGN/The%20Mechanical%20Design%20Process.pdf
https://sustainabledevelopment.un.org/index.php?page=view&type=400&nr=126&menu=35
https://sustainabledevelopment.un.org/index.php?page=view&type=400&nr=126&menu=35
https://www.unido.org/sites/default/files/2017-07/Circular_Economy_UNIDO_0.pdf
https://www.unido.org/sites/default/files/2017-07/Circular_Economy_UNIDO_0.pdf
https://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
https://www.unenvironment.org/about-un-environment
https://www.unglobalcompact.org/
https://www.unwater.org/what-we-do/
https://zodml.org/sites/default/files/Ecological_Design.pdf

210.

211.

212.

213.

214,

215.

216.

217.

218.

219.

220.

221.

222.

223.

Van Kampen, M. (2015). Life Cycle Assessment: Finding the Best Approach for your
Company. Philips Innovation Services. Available:
https://www.innovationservices.philips.com/news/life-cycle-assessment-finding-best-
approach-company/

Van Ree, H.J. (2016). The 7R Model for a Circular Economy. Available;
https://www.linkedin.com/pulse/seven-practical-ways-get-our-planet-back-shape-van-
ree-mba/

Verbeek, L. (2016). A Circular Economy Index for the consumer goods sector. Master
Thesis. Available: https://dspace.library.uu.nl/handle/1874/337188

Wang, Y. B., & Ho, C. W. (2017). No Money? No Problem! The Value of Sustainability:
Social Capital Drives the Relationship among Customer Identification and Citizenship
Behavior in Sharing Economy, Sustainability, 9(8), 1400.
https://doi.org/10.3390/su9081400

Weetman, C. (2017). A Circular Economy Handbook for Business and Supply Chains:
Repair, Remake, Redesign, Rethink. Kogan Page Limited. 398.pp. ISBN 978-
0749476755

Wijkman, A. & Skanberg, K. (2016). The Circular Economy and Benefits for Society
Jobs and Climate Clear Winners in an Economy Based on Renewable Energy and
Resource Efficiency. Available: https://www.clubofrome.org/wp-
content/uploads/2016/03/The-Circular-Economy-and-Benefits-for-Society. pdf

Wirtz, B. W. (2011). Business model management: Design, instruments, success factors,
Wiesbaden, Gabler.

Woltjer, G. (2018). Methodologies for Measuring the Macroeconomic and Societal
Impacts of the Circular Economy. Available: https://circular-
impacts.eu/sites/default/files/D2.3v2_Measuring-macroeconomic-&-societal-
impacts_FINAL.pdf

World Bank. Environmental and Social Policies. Available:
https://www.worldbank.org/en/projects-operations/environmental-and-social-policies

World Business Council for Sustainable Development (2017a). CEO guide to the
Circular Economy. Available: https://docs.wbcsd.org/2017/06/CEO_Guide_to_CE.pdf

World Business Council for Sustainable Development [WBCSD] (2017b). 8 business
cases for Circular Economy. Available: https://www.wbcsd.org/Programs/Circular-
Economy/Factor-10/Resources/8-Business-Cases-to-the-Circular-Economy

World Commission on Environment and Development 1987. Our Common Future.
Available:
https://sswm.info/sites/default/files/reference_attachments/UN%20WCED%201987%?2
OBrundtland%20Report.pdf

World Economic Forum. (2013). Circular Economy Innovation & New Business Models
Dialogue.Young Global Leaders Sharing Economy Dialogue Position Paper. Available:
http://www3.weforum.org/docs/WEF_YGL_CircularEconomylnnovation_PositionPap

er_2013.pdf

World Health Organisation (2019). Drinking Water: Key Facts. Available:
https://www.who.int/news-room/fact-sheets/detail/drinking-water

126


https://www.innovationservices.philips.com/news/life-cycle-assessment-finding-best-approach-company/
https://www.innovationservices.philips.com/news/life-cycle-assessment-finding-best-approach-company/
https://www.linkedin.com/pulse/seven-practical-ways-get-our-planet-back-shape-van-ree-mba/
https://www.linkedin.com/pulse/seven-practical-ways-get-our-planet-back-shape-van-ree-mba/
https://dspace.library.uu.nl/handle/1874/337188
https://doi.org/10.3390/su9081400
https://www.clubofrome.org/wp-content/uploads/2016/03/The-Circular-Economy-and-Benefits-for-Society.pdf
https://www.clubofrome.org/wp-content/uploads/2016/03/The-Circular-Economy-and-Benefits-for-Society.pdf
https://circular-impacts.eu/sites/default/files/D2.3v2_Measuring-macroeconomic-&-societal-impacts_FINAL.pdf
https://circular-impacts.eu/sites/default/files/D2.3v2_Measuring-macroeconomic-&-societal-impacts_FINAL.pdf
https://circular-impacts.eu/sites/default/files/D2.3v2_Measuring-macroeconomic-&-societal-impacts_FINAL.pdf
https://docs.wbcsd.org/2017/06/CEO_Guide_to_CE.pdf

224,

225.

226.

227.

228.

229.

230.

231.

World Health Organization (2011). Guidelines for drinking-water quality. 4" ed.
Available:
https://apps.who.int/iris/bitstream/handle/10665/44584/9789241548151 eng.pdf?seque
nce=1

World Health Organization (2018). Thirteenth general programme of work 2019-2023.
Available;  https://apps.who.int/iris/bitstream/handle/10665/324775/WHO-PRP-18.1-
eng.pdf

World Health Organization. Who we are. Available: https://www.who.int/about/who-
we-are

World Meteorological Organization. What we do. Available:
https://public.wmao.int/en/our-mandate/what-we-do

World Water Assessment Programme [WWAP] (2017). The United Nations world water
development report 2017: wastewater: the untapped resource; facts and figures.
Available: https://unesdoc.unesco.org/ark:/48223/pf0000247553

World Water Assessment Programme [WWAP] (2019). The United Nations world water
development report 2017: leaving no one behind, facts and figures. Available:
https://unesdoc.unesco.org/ark:/48223/pf0000367276

XPO Logistics Europe (2019). Corporate Social Responsibility Report — 2018.
Available:
https://xpodotcom.azureedge.net/xpo/files/XPO_Logistics 2018 CSR_Report.pdf

Zott, C., Amit, R. H. & Massa, L. (2011). The Business Model: Recent Developments
and Future Research, Journal of Management, 37(4), 1019-1042.

127


https://apps.who.int/iris/bitstream/handle/10665/44584/9789241548151_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/44584/9789241548151_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/324775/WHO-PRP-18.1-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/324775/WHO-PRP-18.1-eng.pdf
https://www.who.int/about/who-we-are
https://www.who.int/about/who-we-are
https://public.wmo.int/en/our-mandate/what-we-do
https://unesdoc.unesco.org/ark:/48223/pf0000247553
https://unesdoc.unesco.org/ark:/48223/pf0000367276
https://xpodotcom.azureedge.net/xpo/files/XPO_Logistics_2018_CSR_Report.pdf

