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Circular economy presents a real opportunity for the transition from the linear wasteful economy
model that is reigning over modern societies to a more sustainable one. Although large
multinational corporations dominate the global economy, small and medium-sized enterprises
(SMEs) could play a huge role in realising this transition due to their prevalence and their
aggregate ecological footprint. Therefore, supporting them in this quest has been the focus of
many governmental and institutional activities. In addition, the academic research is increasingly
involved in developing theoretical frameworks and strategies for implementing circular economy
whether on regional, industrial, or company level. However, in the context of SMEs, there is still
a need for putting emphasis on their particularities when developing such frameworks.
In this light, this work tries to develop a framework for the implementation of circular economy in
SMEs by incorporating all the internal and external factors present in their business environment.
Upon thorough literature review on the drivers, potentials and obstacles facing SMEs in adopting
circular practices, and analysis of case studies of successful implementations by three
companies, this work proposes a practical framework consisting of five blocks, each including a
checklist of the necessary actions, tools, and mechanisms. This will help SMEs find answers for
critical questions related to the benefits and risks of embracing circularity, the influence of their
business ecosystem, and the right approach to the transition. Furthermore, the framework
recommends the available learning and support sources, and specifies the managerial
implications and skills needed to achieve an effective implementation.
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1. INTRODUCTION
This first chapter sets the background for the analyses and results presented in the thesis by
stating the research questions and objectives and describing the theoretical frameworks that
guide this work.

1.1. Background
The current linear economy system that is based on the sequence of actions “take, make, use,
and waste’’ has tremendously contributed to the fast depletion of natural resources and the
increased levels of pollution around the globe. This reality has created a need for urgent and swift
actions on the individual, organisational, and governmental levels to alter the course for a more
environmentally, socially, and economically sustainable future (Ormazabal et al., 2018). One of
the alternatives to this wasteful linear economy is the economy concept with the antonym
adjective- Circular Economy (CE). This holistic approach promises to steer the global economy
in a more sustainable direction and has been gaining momentum in the few past years, in
academic, institutional, and industrial arenas (WEF, 2014). There are many definitions of the
circular economy concept, ranging from the focused (product and material levels) to the more
comprehensive (sectorial and regional levels) (Kalmykova et al., 2018). For instance, PrietoSandoval et al. (2018) define circular economy as “an economic system that represents a change
of paradigm in the way that human society is interrelated with nature and aims to prevent the
depletion of resources, close energy and materials loops, and facilitate sustainable development.”
The CE concept stems from earlier ecological economy (Ghisellini et. Al, 2016) and eco-industrial
development studies (Geng and Doberstein 2008) which advocate for coupling economic growth
with positive environmental performance where a ‘’healthy’’ environment engenders a ‘’healthy’’
economy. Another way of looking at CE is through the lens of material flows as the concept
promotes the use of recoverable and regenerative materials that can be put back into the
production cycle after their end of life, hence, closing the supply chain loop (Webster, 2015).
Recently, CE implementations have been the focus of many governmental policies and strategies
aiming for setting the foundations for sustainable development transition with the European Union
(EU) and China leading the charts (Garza-Reyes et al., 2018). Even with the increasing interest
and engagement in the promotion of circular economy from governments and organisations, the
absence of common instructive guidelines and frameworks is still the main challenge to its
widespread implementations (Masi et al. 2018). In addition, the lack of consensus on circular
performance measurement indicators constitutes a big hurdle for companies, especially small and
7

medium-sized enterprises (SMEs) when envisaging the adoption of circular practices (Elia et., al
2017).

1.2. Research problem
Recently, the implementation of circular economy has been the subject of many scientific studies,
consultancy guides, industrial white papers, and institutional policy recommendations and
directives due to an increasing interest in actualising the concept. Kalmykova et al., (2018) made
an exhaustive literature review on the strategies and mechanisms of CE implementations,
illustrating how they relate to the value chain and to which level of execution they pertain whether
the regional macro-level, the industrial symbiosis meso-level or to the individual company microlevel. The study also highlighted the status quo of the existing circular measurement tools.
Another important comprehensive review done by Mendoza et al., (2017) listed many of the
existing CE implementation frameworks in literature especially on the micro level, and categorised
them according to how they enforce the circularity actions (REGENERATE, SHARE, OPTIMIZE,
LOOP, VIRTUALIZE, and EXCHANGE) demonstrated in the work of Ellen MacArthur Foundation
(EMF, 2015a). As a result, they were divided into four groups following their focus domain:
sustainable business model innovation (SBMI), closed-loop systems (CLS), product-service
systems (PSS), or sustainable product design (SPD).
After a thorough investigation of scientific and grey literature and given the prevalence and the
crucial role of SMEs in the economies of developed countries especially in Europe, this thesis
argues that there is no emphasis on their particularities when developing circular economy
frameworks and strategies neither from academics, consultancies, or international institutions.
With the abundance and divergence of circular economy approaches, not much effort has been
made to incorporate the opportunities and obstacles facing SMEs, in general, in the context of a
circular transition. This well-informed assumption does not imply that the existing frameworks are
not applicable to SMEs. Nevertheless, some aspects that pertain specifically to SMEs are of a
great importance and need to be highlighted in any conceptualisation of circular frameworks that
are geared towards these companies.

1.3. Research questions and objectives
In this work, the aim is to propose a practical framework acting as a checklist for the
implementation of circular economy in the context of SMEs that takes into consideration the
internal and external constraints and drivers. By creating this framework, this thesis will answer
the following questions:
8

Q1: Why should SMEs embrace circularity? Do the benefits outweigh the risks?
Q2: How does SMEs’ business ecosystem influence their circular economy implementation?
Q3: How should SMEs approach a circular economy implementation?

1.4. Theoretical framework
This thesis, in its search for an implementation framework of circular economy that answers better
to the peculiarities of SMEs, relies on a theoretical framework with two axes as shown in Figure
1.
The first axis concerns the exploration of the drivers, obstacles and opportunities that are present
in the context of SMEs when adopting circular economy. The theories, policies and information
examined on this axis are based mainly on the research work and publications of organizations
that are engaged in the promotion of sustainable development such as the Organisation for
Economic Co-operation and Development OECD, European Commission (EC), Ellen MacArthur
Foundation (EMF). Although the data, analyses, and recommendations provided by these
organisations might be prone to the influence of political agendas and biases, their overall
reliability is not questionable.

Barriers and opportunities of CE
implementation for SMEs

Scientific & Grey Literature

CE concepts and implementation
CE
implementation
framework for
SMEs

frameworks

Scientific Literature

Figure 1: Theoretical framework

The second axis of the theoretical framework relies on the scientific literature on circular economy
and its implementation strategies. The definitions of circular economy concepts used in this work
are based on the literature consensus and are used in a neutral way. The existing frameworks of
CE implementations, on the other hand, are discussed and analysed from the perspective of the
literature review articles they are sourced from.
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1.5. Thesis structure
This thesis is structured in seven chapters. The order of these chapters and their contents are
consistent with the theoretical framework and the research goals of the work. Table 1 below
details the structure of the thesis by mentioning the inputs and outputs of each chapter.
Table 1: Thesis structure
INPUT
Necessary background

CHAPTER
Chapter I: Introduction

information

OUTPUT
Background, research problem,
research questions and objectives,
theoretical framework, structure of the
thesis

Research questions

Secondary data

Chapter II: Research

Exploratory research through scientific

design and methodology

and grey literatures and case studies

Chapter III: Literature

Determining the drivers, potentials and

review

obstacles facing SMEs in CE
implementation

Secondary data

Chapter IV: Existing

Presenting and analysing the existing

frameworks for circular

frameworks

economy implementation
Secondary data

Chapter V: Case studies

Examining case studies of CE
implementations by three SMEs to
gather information about the priorities,
benefits, and obstacles they experience

Analysis and synthesis

Chapter VI: A new

of data

framework for CE

Creating the new framework

implementation in SMEs
Summary of the thesis

Chapter VII: Discussions

Presenting and discussing the

and conclusions

originality of the framework; its
theoretical contribution, its managerial
implications; reliability, validity, and
generalisability of its structure; and
finally, the limitations of the study and
further research suggestions

10

2. RESEARCH DESIGN AND METHODOLOGY
This chapter introduces the research design and methodology used to achieve the goal of this
study which is to establish a CE implementation framework targeting SMEs in particular.

2.1. Research design
This thesis work is based on an exploratory research approach. In other words, no hypotheses,
assumptions nor knowledge of the subject are assumed in the beginning of the study instead the
goal is to explore “what is happening; to seek new insights; to ask questions and to assess
phenomena in a new light” as stated by Robson, (2002) in explaining this approach. The key tool
used to realise this exploratory study is literature reviews which are considered by Saunders et
al. (2016) as one of the three main tools in addition to conducting interviews with experts and
focus groups in performing exploratory research.
The data collected in the scope of this thesis is secondary from scientific and grey literatures,
using qualitative method for the collection and analysis due its non-numeric nature (Saunders et
al., 2016).
This study aims at building a practical managerial framework for the implementation of circular
economy after analysing the existing literature data. Therefore, it is safe to say that it follows an
inductive reasoning where the development of theories and explanations is based on
observations not predefined hypotheses from the beginning (Goddard and Melville, 2004).

2.2. Research methodology
This section describes the research methodology employed in the thesis to conceptualise the CE
implementation framework. This methodology consists of two approaches theoretical and
practical. While the theoretical approach relies on data and analysis found in scientific and grey
literatures, the practical approach focuses on the selection and analysis of case studies. Figure 2
illustrates the dynamic of this methodology framework.
Literature review
Before starting the search for the literature review material in scientific databases, the first and
most important step is to select keywords that best fit the theme of the study. In the case of this
thesis, the keywords were: circular economy, circularity, SME, implementation, framework,
strategy. The scientific databases that were used the most during the preparation of this work
were: LUT Finna, ScienceDirect, ResearchGate, and Scopus.
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The search in these databases was performed using combinations of the keywords such as:
{circular economy AND SME}; {circularity AND SME}; {circular economy AND implementation};
{circular economy AND SME AND implementation}; {circular economy AND SME AND
framework}; {circular economy AND SME AND strategy}; {circular economy AND SME AND
implementation AND framework}; {circular economy AND SME AND implementation AND
strategy}.
For example, the parameters in the search engine in the case of LUT Finna were set as follows:
Language: English; Sources: International e-materials; Content type: E-article (Full text available,
Peer reviewed), Book, Book chapters; Year of publication: 2012 – 2020. With these settings, for
the combination of keywords {circular economy AND SME} (in all fields), 254 articles have been
found; however, the more restrictive combination {circular economy AND SME AND
implementation AND framework} got 134 articles. To narrow down the number of examined
scientific
publications,
2.1.
Research
Design the ones without the words: circular economy, circularity, or circular in their
titles were discarded. As a result, fifteen articles were selected in this search.
Information Sources

Literature Review

Scientific Literature
Grey Literature

Case Studies
Analysis

Selected SMEs

Preliminary Results

Circular economy concepts
and implementation
frameworks and startegies

Practical examples of
methodologies, tools, and
approaches for CE
implementation in SMEs

Final Result

Proposal of practical
framework for the
implementation of
circular economy in
the context of SMEs

Figure 2: Research methodology

The goal of this part is to examine the existing scientific literature on the CE implementation
frameworks and strategies to determine if they are including the particularities of SMEs in the
discussions. In addition, grey literature is explored to present the governmental and institutional
outlook, policies, and recommendations on the matter of SMEs’ adoption of circular practices.
Industrial and consultancy white papers and guides are also explored for further information on
the current trends and technical tools of CE implementations.
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Case Studies analysis
Three case studies are examined in the scope of this work to generate a practical perspective on
the implementation of CE in the context of SMEs. The main questions that this part is trying to
answer are:
•

Why did these companies choose to transition to a circular business model or adopt some
circular practices?

•

What are their circular products and services?

•

What are the social, financial, and environmental benefits generated from the
implementation?

•

What are the barriers and challenges of the implementation?

The companies in question have been selected from different industries and countries, having
size as their only common factor. Further details about the selection criteria of these companies
are provided in the chapter Case Studies. The data on these case studies has been gathered
from reports issued by organisations promoting sustainable development and circular economy
practices.
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3. LITERATURE REVIEW
Many governments around the world are confronting the difficulties of low productivity growth,
decreasing financial investments, and rising economic and social inequalities. These difficulties
were amplified by the 2007-08 worldwide financial crisis; however, they reflect underlying
structural problems (OECD, 2016, 2017a). To overcome these challenges, governments are
looking for creative solutions to take advantage of the opportunities offered through new
technological advancement to alleviate the risks stemming from the rapid changes in society.
These changes are mainly resulting from some megatrends such as the ever-expanding
globalization, digitalisation, automation, demographic changes, and climate change amongst
others.
Small and medium-sized companies (SMEs) are an integral part of the global objective of growing
productivity rate, lessening the impact of economic inequalities and guaranteeing that the benefits
from globalization and technological advancement are shared among all nations (OECD, 2016).

3.1. SMEs and circular economy- current situation
A key trend that is impacting the global economy is the shifting focus towards accomplishing
environmental sustainability goals. SMEs are very essential to this strive, given their huge total
ecological footprint. Moving to a low-carbon circular economy may present explicit difficulties for
SMEs in engaging in more sustainable operations while preserving their agility and
competitiveness in local and global markets. However, this transition can also open new doors to
SMEs and entrepreneurship in providing green products and services through novel sustainable
business models (OECD, 2013).
Many developed countries, especially in Europe (United Kingdom, France, and Germany) and
East Asia (Japan, China and South Korea), have progressed in enacting policies to help
implementing CE in their respective industrial spheres (Murray et al., 2017). SMEs ought to have
the most significant impact from those policies since they represent around 95% of all the OECD’s
total companies (OECD, 2017b). Along these lines, the Circular Economy Package introduced by
the European Commission in 2015, and the EU's 119.5 million Euro fund for CE policy
recommendations (EC, 2016) are noteworthy incentive schemes that direct the activities of
European nations and organizations in CE practices. The EU Action Plan, likewise, incorporates
four legislative proposals concerning directives that will pave the road for CE deployment: Waste
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Framework Directive; Landfill Directive; Packaging Directive; and Directives on End-of-Life
Vehicles, Batteries and Accumulators, and Waste Electrical and Electronic Equipment.
In the EU context, SMEs account for 99% of all existing companies (Filipe et al., 2016). Hence,
the abundance of studies showing the prevalent effect of SMEs on the environment. For instance,
according to many studies, SMEs are responsible for up to 70% of all industrial pollution, including
40-45% of air pollution and water and energy consumption (Ormazabal et al., 2018). In these
circumstances, shifting to a more economically and socially sustainable framework of operations
is a must for SMEs to fulfil their environmental, financial, and social goals and responsibilities
(Lozano, 2012). Although necessary, the shift to circular economy is not an easy task. It requires
surmounting many systemic obstacles related to organizational strategies and infrastructures and
market responses (Geng et al., 2007; Geng and Doberstein, 2008).
In the next section, the main drivers, opportunities, and barriers facing SMEs in the way to
adopting a circular economy approach are examined.

3.2. Drivers, opportunities, and barriers
Generally, in the term Circular Economy, the ‘’circularity’’ comes from the loop of extracting,
transforming, using, and recycling resources. In the first step, enterprises take naturally existing
raw materials and resources to turn them into products and services. They are then disseminated
and utilized by end-users or other enterprises for their own production. In the last step, those
products- or what is left of them- would be recovered into the value chain as raw material or
energy (EMF, 2013). Thus, SMEs have become significant for the potential of global CE
implementation since they account for most of the companies operating in the market in
developed countries, as mentioned previously.
Drivers
Due to their high heterogeneity, it is difficult for SMEs to reach a common level of environmental
management maturity across the board (Ormazabal and Puga-Leal, 2016). As a matter of fact,
CE implementation cannot be separated from the conventional environmental management
process which companies envisage very differently according to their own distinctive contexts.
Therefore, developing a common framework for these practices is an underlying way for
progressing towards CE. Unless founded on the premise of circularity, there is no way a company
that is adapted to a linear economy can transition directly— It is a gradual stepwise process. To
help SMEs navigate the environmental requirements, many tools have been proposed by
literature; one of them is the Environmental Management Maturity (EMM) model developed by
15

Ormazabal et al. (2015). Comprised of six stages, this model categorizes the levels of
environmental maturity of companies from most reactive (lowest) to most proactive (highest).
SMEs are mostly still in the reactive phase when dealing with environmental problems as they
simplistically put them in the box of financial expenses, rather than seeing the potential connection
between positive environmental practices and financial benefits (Biondi et al., 2002). Along these
lines, CE addresses this false perception by offering a financial prospect to adopting
environmentally sustainable practices. CE introduces a paradigm shift in creating, capturing, and
delivering value through resource efficiency, product lifecycle extension (eco-design, repair and
remanufacture) and closing the loop from landfill back to supply chain (Nußholz, 2017). Positive
outlook on environmental issues has granted some companies success in adopting innovative
business models, focusing on recycling and manufacturing (Ongondo et al., 2013), renting instead
of ownership (Bakker et al., 2014), and moving from product to service (Yang et al., 2014), etc.
One way of progressing towards CE, SMEs could adopt a meso-level of circularity through
industrial symbiosis and creation of industrial ecosystems. SMEs and start-ups, unlike big
businesses, are more likely to rely on their business ecosystem for all sorts of support. According
to the OECD report (2018a) on strengthening the role of SMEs and entrepreneurship in global
development, countries need to create favourable business environment and functional
ecosystem for SMEs to be able to contribute to the transition to a more sustainable global
economy. This ecosystem must guarantee supportive institutional and regulatory policies, and
better conditions for accessing markets and resources to mitigate the risk factors and constraints
facing SMEs.
Besides the government enacted policies and regulations, SMEs can benefit also from joining
industrial clusters to support their CE transition. A cluster, as defined by Michael Porter (1998),
“is a geographical proximate group of interconnected companies and associated institutions in a
particular field, linked by commonalities and externalities.’’ Today, around the globe, many
companies, research centres, universities, public and private investment entities are engaged in
clustering processes based on technological affinity and geographic proximity where they share
knowledge and resources. For instance, a recent Danish study has shown that two thirds of the
clusters in the country are involved in the promotion of a circular economy transition. Most of
these clusters are providing essential support to SMEs in developing circular products, services,
and processes (CED, 2019).
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Another example of these ecosystems is voluntary organisations known as Industrial Associations
(IA) (Aldrich and Staber, 1988). IAs are usually established by an industrial sector or region to
serve as a tool for cooperation through information sharing, staff training and other collaborative
services and activities (Nordqvist et al., 2010). Several empirical studies have proven that SMEs
can benefit from joining industrial networks such as IAs that allow an efficient industrial symbiosis
resulting in closing the raw material loop, in turn increasing the profitability of operations and
promoting environmental sustainability (Biondi et al. 2002; Daddi and Iraldo 2015).
Opportunities
Many studies have researched the opportunities that CE implementation might unveil in the long
haul for SMEs (Table 2). Some of the direct benefits/opportunities that have been highlighted by
the literature are the ‘’green image’’, cost reduction and financial benefits, and business
sustainability.
Green image- The social status that comes from incorporating environmental practices in the
core business depends on the company’s ability to communicate well its sustainability strategy to
the public which is instrumental in developing a close relationship with the consumers (Noci and
Verganti, 1999). Thus, the green image can engender an increase in profitability and market share
(Ormazabal and Puga-Leal, 2016). However, many companies are indulging in green washing
which makes the green image only effective when it is real and backed by tangible actions (Del
Río et al., 2016).
Table 2: CE implementation opportunities (Ormazabal et al., 2018)
Opportunities

References

Green image

(Del Río et al., 2016; Noci and Verganti, 1999;
Ormazabal and Puga-Leal, 2016; Rizos et al., 2016)

Cost reduction and financial

(Noci and Verganti, 1999; Preston, 2012; Ritzen and

benefits

Sandstrom, 2017)

Recovery of the local environment

(Carrillo-Hermosilla et al., 2010; Ellen MacArthur
Foundation, 2015; Moore and Manring, 2009; Rizos
et al., 2016)

Sustainability of business

(Moore and Manring, 2009; Noci and Verganti, 1999)

Cost reduction and financial benefits- They generally result from resource efficiency and value
creation and capture from the market. The opportunity, here, stems from adding the element of
17

resource environmental recovery to this mix through technologically innovative solutions (CarrilloHermosilla et al., 2010). This is best explained by this passage from the report of MacArthur
Foundation (2015) which implies that there is a correlation between CE implementation and
resource environmental recovery (primary material conservation) in mobility, food, and
construction sectors because “CO2 emissions could drop as much as 48% by 2030 and 83% by
2050, compared with 2012 levels. Primary material consumption measured by car and
construction materials, real estate land, synthetic fertilizer, pesticides, agricultural water use,
fuels, and non-renewable electricity could drop as much as 32% by 2030 and 53% by 2050.”
Sustainability of business- Adopting CE can offer the firm a chance to accomplish sustainability
in the long run since the whole concept revolves around efficiency of resources management and
waste minimisation. Moreover, CE promotes innovativeness which can ensure competitiveness
and better positioning in new markets (Moore and Manring, 2009).
As a result of the aforementioned opportunities, new markets based on new demands for green
products and services can be opened for companies (Moore and Manring, 2009; Porter and van
der Linde, 1995), and consumers are becoming more aware of environmental issues and
anticipating that products meet such requirements (Bougherara and Combris, 2009; Zanoli and
Naspetti, 2002). Hence, having sustainable offerings from companies may prompt the creation of
innovation ecosystems where consumer pressure engenders governmental and institutional
incentives. Consequently, this will result in sustainable inventive designs, solutions, and business
models (Hofstra and Huisingh, 2014; Prieto-Sandoval et al., 2016).
Barriers
Given the sustainability drivers, new governmental incentives, and industrial potentials, the case
for adopting CE is becoming more and more attractive. Nonetheless, SMEs still have many
barriers to surmount on the way to a significant CE implementation. Many scientific publications
(aggregated in Table 3 by Ormazabal et al., 2018) studied extensively the barriers facing SMEs
in implementing CE and the environmental practices and challenges that come with it.
The barriers facing SMEs in implementing CE are numerous. Some of them are related to the
company’s own situation; some are derived from external factors such as regulation and industrial
ecosystem. However, going through the literature, most of these barriers are characterised by the
lack of some essential building blocks such as environmental awareness, capital availability,
governmental and institutional incentives, data for assessment, administrative support, technical
expertise, and dedicated supply chains. In the following, some of these hinderances are explored.
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Table 3: Barriers to CE implementation (Ormazabal et al., 2018)
Barriers

References

Lack of financial support

(Geng and Doberstein, 2008; Ormazabal et al., 2016; Rizos et
al., 2016)

Inadequate information

(Geng and Doberstein, 2008; Ormazabal et al., 2016; Ritzen

management systems (IMS)

and Sandstrom, 2017; Rizos et al., 2016)

Lack of proper technology

(Geng and Doberstein, 2008; Ormazabal et al., 2016; Preston,
2012; Ritzen and Sandstrom, 2017; Rizos et al., 2016; Shi et
al., 2008)

Lack of technical resources

(Geng and Doberstein, 2008; Ormazabal et al., 2016; Preston,
2012; Rizos et al., 2016; Shi et al., 2008)

Lack of financial resources

(Geng and Doberstein, 2008; Ormazabal et al., 2016; Rizos et
al., 2016; Shi et al., 2008)

Lack of consumer interest in

(Geng and Doberstein, 2008; Nubholz, 2017; Ormazabal et

the environment

al., 2016; Preston, 2012)

Lack of support from public

(Geng and Doberstein, 2008; Ormazabal et al., 2016; Preston,

institutions

2012; Rizos et al., 2016)

Lack of qualified

(Geng and Doberstein, 2008; Ormazabal et al., 2016; Preston,

professionals in

2012; Shi et al., 2008)

environmental management
Lack of commitment on the

(Biondi et al., 2002; Geng and Doberstein, 2008; Ormazabal

part of the organizations’

et al., 2016; Shi et al., 2008)

Leaders.

Lack of environmental awareness and company culture- The term “company culture” alludes
to the way of thinking and decision-making undertaken by management and fitted into operations
by employees. Here, we are talking about the attitudes towards sustainability in general, and
circular economy in particular. Usually in SMEs, the management is heavily influenced if not
under direct control from the owners. Hence, strategic decisions may be subject to personal
convictions or desires. In this regard, the adoption of CE depends greatly on the personal
awareness and vision of the company’s manager (Fernández-Viñé et al., 2010; Bradford and
Fraser 2007). Besides, risk aversion- although not particularly exclusive to SMEs- may be a
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deterring factor for some managers even if the analysis and predictions point to a positive
outcome from enacting CE (Liu and Bai, 2014; Dekoninck et al., 2016).
Not all decision-making hindering CE implementation come from a pure subjective perspective
held by managers. Some of them stem from legitimate worries of having wrong estimations about
the value creation prospect and the costs that it might entail, keeping in mind that there are factors
beyond the capability of SMEs to properly assess, such as business environment reactions and
their long term ramifications. Therefore, this combination of unilateral decision-making, risk
aversion, and limited assessment capabilities keeps SMEs resistant to change and stuck in their
conventional ways of making business, missing on the opportunities offered by CE (Kok et al.,
2013; Besch, 2005).
Besides, employees’ individual attitudes and levels of awareness about sustainability issues may
make or break the implementation of CE. For instance, some employees are environmentally
conscious and find motivation in incorporating sustainability in their workload operations, others
might be sceptical of green approaches and prefer business as usual (Chan, 2014; Oreg, 2003).
Lack of capital- Capital or the lack of it has been branded as the most obstructive of all the
barriers throughout literature (Trianni and Cango, 2012). For instance, adopting a circular model
necessitates having a reverse logistic operation which entails modifications to the planning and
management of some standard operations such as distribution, inventory, and production (Kok et
al., 2013). These changes incur a lot of expenses related to planning and investment on the
company’s side (Dervojeda et al., 2014). Having limited financial and human resources, SMEs
cannot afford huge investment in a transformative green approach with burdening upfront costs
and without fixed payback time. Unlike big corporations, it is just too financially risky for them
(Oakdene, 2011; Rademaekers et al., 2011).
In reality, switching to a circular business model is not always a balanced trade-off when it comes
to costs. For instance, the steady but small revenues of product-to-service business model (e.g.
renting instead of selling) do not often mitigate its high upfront costs compared to the traditional
produce-and-sell business model (Kok et al., 2013). Due to this, some product manufacturers see
these kinds of circular models as an existential threat to their already profitable business model
(Besch, 2005; Kang and Wimmer, 2008; Mont, 2002). In addition to the upfront costs, the lifecycle
management approach of CE imposes the involvement of employees and customers in
monitoring, recovering, and recycling processes which requires the allocation of a lot of resources
(Dervojeda et al., 2014).
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If internal resources are not adequate for financing the transition to CE, external financing is not
always an option either. For example, in the European context, accessing organisational and
governmental grants is usually rendered difficult by the lack of preparedness and assessment on
the part of SMEs (Hoevenagel et al., 2007; Müller and Tunçer 2013). Getting significant loans
from commercial banks is usually bound by the amount of existing collateral and guarantees
which is not often substantial in the case of SMEs (Dervojeda et al., 2014; Hyz, 2011).
The OECD report (2018b) on financing SMEs and entrepreneurs stated that even after the
apparent rebound in accessing banking loans post the 2007-08 financial crisis, SMEs still face
many challenges in seeking external financing. Some of these challenges are related to market
failures, but many are structurally related to the SMEs’ own standing such as the lack of financial
skills and knowledge which engenders information asymmetries and high transaction costs.
Furthermore, the 2007-08 financial crisis has exposed the level of inadequacy of SMEs in
adapting to the fluctuation of the credit cycle which forced the banks to enact more strict and
demanding credit allocation criteria.
Even with the decline in interest rates and the improving credit conditions worldwide, these
rigorous banking measures targeting SMEs have resulted in widening the gap between their
average interest rate and the one charged to large companies. Figure 3 shows a comparison of
the average interest rate costs for SMEs and the average spread between interest rates of SMEs
and those of large companies in the period between 2007 and 2016.

Figure 3: Comparison of credit costs between SMEs and large companies (OECD, 2018a)

21

Lack of governmental and institutional support- Whether through financial assistance,
supportive regulations, tax incentives, or vocational training, governmental support is crucial for
SMEs when implementing CE. Therefore, the lack of it is considered a major roadblock on the
way of investing in environmentally sustainable operations by SMEs (Parker et al., 2009;
Calogirou et al., 2010).
The absence of clear regulatory frameworks for sustainability practices and green businesses is
usually very discouraging to SMEs especially at the stage of decision making. Let us take the
simple example of waste management in the European Union where there is a lack of a common
classification of waste material (Van Buren et al., 2016). Evidently, this would result in limited
interoperability of transport and processing systems among the countries in the region. In addition,
these countries do not share the same level of commitment and investment in waste management
(Wilts et al., 2016) which can result in fluctuating prices and supplies of waste raw materials that
are important for CE supply loop (Vanner et al, 2014). Increasing taxes on raw materials, which
are usually low, would constitute an impactful governmental push for using more recycled
resources that companies tend to gloss over due to the costs of processing (Sarkis et al., 2010;
Linder and Williander, 2015).
On the scale of priority in governmental innovation support policies, paradigm shift models such
as CE tend to come last in favour of more gradual innovation practices often related to efficiency
(Kok et al., 2013). Although having regulatory frameworks and policies is necessary, not all
regulations are born equal or as beneficial to companies for that matter. For instance, heavily
regulated competition in an industry might obstruct cooperation and creation of industrial networks
which are instrumental to CE infrastructural operations such as product development, reverse
logistics, recycling processes, etc. (Kok et al., 2013). On the other hand, enforced sharing of
information and competencies in order to set a common operational framework may significantly
affect a company’s competitive standing. Even if that does not happen, this firmly regulated
cooperation among companies can be seen as an exclusive monopolistic practice from the
outside (Kok et al., 2013).
Environmental regulations are as good as their implementation goes. If they are not credibly
enacted on the ground, companies tend to get dissuaded from engaging in environmental
practices such as processing their waste and by-products for prospect business dealings.
Similarly, some other regulatory fiscal tools such as consumption tax, green tax, or pollution tax,
whatever the name du jour, for the promotion of environmentally friendly consumption habits
might have reverse affect, if not enacted properly (Geng and Doberstein, 2008).
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In conclusion, due to their limited resources and capabilities, SMEs are prone to be heavily
affected by externalities related to market fluctuations and failures, and regulatory restrictions and
inefficiencies. Many publications of the OECD have indicated that it is important that governments
enact transparent regulatory, financial and judiciary processes for SMEs and start-ups to be able
to invest in high risk and innovative ventures such as a CE transition (Calvino et al., 2016).
Lack of knowledge about Circular Economy - CE is not a novel concept; the term has been
used since the nineties of the past century. Nevertheless, there is still lack of knowledge about its
definitions, benefits and the environmental regulations that will enable it from key stakeholders
such as SMEs (AMEC, 2013; Murillo-Luna et al., 2011). To highlight this discrepancy between
the anticipated level of involvement of SMEs in CE and the lack of knowledge about it, a survey
of 300 European companies done by EU co-funded project, FUSION, has revealed shockingly
that the majority had no idea what the term meant. When explained through its formative blocks
(recycling, reuse, recovery of raw material, etc), participant companies acknowledged its
existence, indicating that they are already deploying some aspects of it such as reuse and repair
in their operations. Furthermore, participants indicated that they recognise the business potential
that waste management might entail. Similarly, a survey of Chinese companies has revealed that,
although most of them declared a fair knowledge of the concept, they still lacked the appropriate
response and involvement because of a combination of intrinsic and contextual reasons (Liu and
Bai, 2014).
Lack of information sharing- collaborative sharing of knowledge, technology and innovation is
essential for a wide successful implementation of circular economy. However, most companies
are still conservative when it comes to information sharing (Van Buren et al., 2016; Van Eijk,
2015). Sometimes, this tendency is due to the inability of individuals to convey their innovative
ideas to a broader audience of stakeholders which eventually hinders CE deployment (Dekoninck
et al., 2016). In addition, the limited number of successful implementations of circular business
models across industries does not help with the dissemination of knowledge about practical
frameworks to follow which decrease the interest in circular practices all together (Kok et al.,
2013).
Another factor contributing to the lack of information is the scarcity of information sharing
platforms. The resistance towards creating such systems comes from mistrust, confidentiality
issues, and fear of loss of competitive advantage among companies. All these issues build walls
of separation between many practices such as co-production, open innovation, and product
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lifecycle management that can accelerate a broad rollout of circular economy (Romero and
Molina, 2011; Parlikad et al., 2004).
Administrative burden- Preparing documents, filling forms, and following amendments and
updates are among many administrative hurdles that SMEs are required to go through in reporting
and managing their environmental practices. These administrative activities are usually complex,
time-consuming and resource-draining. For example, in reporting their environmental
performance, SMEs need to seek consultancy to prepare different sets of administrative
documents of the same data which are meant for different authorities (Calogirou et al., 2010;
OECD, 2010). If the administrative burden is already heavy for just following and reporting some
environmental practices, the burden of planning and managing all the processes related to a
circular economy transition can only be imagined (Kok et al., 2013).
Lack of technical and technological expertise- Transitioning from linear to circular economy
will require the deployment of new technologies. Currently, the technologies used in the linear
value chain are well established and widely shared which deincentivise the investment in novel
green technologies (Kok et al., 2013). Incorporating CE operations such as remanufacturing,
reuse and repair in the traditional value chain operations require the installation of new equipment
and machinery and the training of the staff on how to operate them. So, two inter-reliant issues
arise here: novel technology and inadequate technical know-how, making the demand for the CE
enabling technologies very low (Geng and Doberstein, 2008). In addition to the familiarity with the
conventional linear operations and technologies, the ecosystem of suppliers and solutions
providers does not usually encourage SMEs to envisage sustainability practices (Calogirou et al.,
2010).
Moreover, the scarcity of investment particularly in eco-design technology (Van Eijk, 2015), the
limited progress in resource efficiency technologies (Zhu and Geng, 2013), and the low prices of
raw materials compared to recycled ones (Van Buren et al., 2016) are all undermining factors to
the prospect of CE implementation. Finally, it is worth mentioning that the conventional recycling
infrastructure are reportedly having difficulties handling the complex material mixes used in new
products (Florin et al., 2015). So, this might be an opening for acquiring new circular technology
for recycling.
Lack of dedicated supply chains - SMEs usually operate in tight coordination with their
suppliers and customers due to the limited scope of production. Therefore, any kind of reluctance
in cooperation on the part of these stakeholders might significantly hinder the prospect of adopting
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circularity practices (Dervojeda et al., 2014; Van Buren et al., 2016). This reluctance usually
derives from risk aversion attitudes towards what is new and unknown, in this case the circular
economy and how it might affect their competitive advantage and positioning in the market (Luthra
et al., 2011).
Furthermore, engaging in circular practices presumably generates more complexity to the supply
chain in all aspects: financially, legally, and logistically. Before embarking on the journey of CE
implementation, many governing terms should be explicitly examined and agreed on by the
stakeholders in the supply chain. These terms include among others: ownership, costs and
benefits sharing schemes, and the level of commitment to the requirements and regulation.
Hence, coordinating and managing supply chain operations in the context of CE implementation
proves to be costly time and resource wise, and more likely to necessitate the involvement of new
partners in the market (Kok et al., 2013; WBCSD, 2011).
In the case of SMEs, two significant drawbacks are noteworthy: the limited options when it comes
to distribution channels (Sivertsson and Tell, 2015), and the unreliable recovery process of raw
materials which is necessary for some basic circular operations such as refurbishment and reuse
of products (Mont, 2002). To illustrate the problem of unpredictable recovery process, let us
consider the example of SMEs remanufacturing printers. First the company must have enough
workers to manage the rate of returns of printers. Second, which is very important, the company
must develop a level of sustainability awareness on the customers side to be able to engage them
in the recovery process and guarantee the acceptance of the refurbished products (Linder and
Williander, 2015). Usually this level of engagement and pressure from consumers for green
practices is low, especially when it comes to small firms (Meqdadi et al., 2012). Evidently, the
support for CE from the demand side is very crucial. However, it is hard to quantify or predict
because it relies on individual behaviours and convictions (Van Buren et al., 2016; Planing, 2015).
For instance, some consumers do not grasp the benefits of environmentally sustainable industrial
practices, they are rather focused on the added value of the product from a personal perspective,
whether it is the price or the quality, etc. Others are just not buying into some circular value
propositions such as use instead of ownership (Edbring et al., 2016).
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4. EXISTING FRAMEWORKS FOR CE IMPLEMENTATIONS
There are many frameworks for CE implementation in scientific literature. This abundance is due
to the increasing interest in the concept as an alternative to the linear economy from research
centres, and also the absence of consensus on common standardised frameworks. Mendoza et
al. (2017) have aggregated most of these frameworks (see Table 4) and classified them into four
groups according to their strategic goals: sustainable business model innovation; sustainable
product design; closed loop supply chains; and product-service systems. Then Mendoza et al.
(2017) used Ellen MacArthur Foundation’s (EMF) ReSOLVE Checklist to analyse the
performance and limitation of each group of frameworks. To address the lack of specific guidance
for implementation, Mendoza et al. (2017) added to the six actions of EMF ReSOLVE a seventh
action named IMPLEMENT, turning ReSOLVE into iReSOLVE. This updated checklist assigns to
each action a set of comprehensive requirements based on the techniques of project
management to make the implementation process more practical as illustrated in Table 4. In the
following, the EMF’s Resolve Checklist and Menodza’s literature inspired frameworks’
classification for CE implementation are presented with further details.

4.1. The ReSOLVE checklist
Created by the beacon organisation of circular economy, the Ellen MacArthur Foundation (EMF),
ReSOLVE Checklist consists of broad outlining actions that should be undertaken when
envisaging the implementation of CE (see Figure 4). These actions are widely known as
‘’REGENERATE, SHARE, OPTIMISE, LOOP, VIRTUALISE, AND EXCHANGE’’ (EMF, 2015b).
They are considered as the six commandments of circular economy practices. Each one of these
actions should abide by the three basic principles of circularity: efficiency and conservation in
using natural resources; optimisation of products utility through recycling, recovery, reuse, and
repair, while respecting the biological and technical cycles to guarantee the minimisation of waste;
and finally, design of efficient systems that expose and eliminate negative externalities (EMF,
2015b). Ultimately, ReSOLVE is conceptualised to give a practical definition of circular economy
by framing the acceptable practices and inspiring innovative solutions.
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XCHANGE

•

Shift to renewable energy and materials

•

Reclaim, retain, and restore health of ecosystems

•

Return recovered biological resources to the
biosphere

•

Share assets (e.g. cars, rooms, appliances)

•

Reuse/secondhand

•

Prolong life through maintenance, design for
durability, upgradability, etc.

•

Increase performance/efficiency of product

•

Remove waste in production and supply chain

•

Leverage big data, automation, remote sensing and steering

•

Remanufacture products or components

•

Recycle materials

•

Digest anaerobically

•

Extract biochemicals from organic waste

•

Dematerialise directly (e.g. books, CDs,
DVDs, travel)

•

Dematerialise indirectly (e.g. online shopping)

•

Replace old with advanced non-renewable materials

•

Apply new technologies (e.g. 3D printing)

•

Choose new product/service (e.g. multimodal
transport)

Figure 4: ReSOLVE checklist: six actions for CE implementation (EMF, 2015b)
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iResolve actions

negative externalities.
SBMI = sustainable business model innovation; CLS = closed-loop systems; PSS = product-service systems; SPD = sustainable product design.
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Specific step-by-step guidelines
and supporting tools

Systems thinking (value chain,
cross-cycle, cross-sector)

An ambitious vision/target
A scaled-up business plan with a
roadmap
Stakeholders engagement

Choose new products/services

Apply new technologies

Replace old with advanced
renewable materials

Dematerialize indirectly

Extract biochemical from organic
waste
Dematerialize directly

Digest anaerobically

Recycle materials

Remanufacture products or
components

Prolong Product life (durable
design, maintenance, repair)
Increase product performance
and efficiency
Remove waste in production
and supply chain
Leverage big data, automation,
remote sensing, steering

Reuse, second-hand use

Share assets

Reclaim, retain, restore health
of ecosystems
Return recovered biological
resources to biosphere

Shift to renewable energy and
materials

Table 4: CE Frameworks aggregation and analysis according to iReSOLVE actions and requirements (Mendoza et al., 2017)
Cilcular economy principles1
Principles 1, 2, 3
Principles 2, 3
Principles 2, 3
Principles 2, 3
Principles 1, 3
Principles 1, 3
Principles 1, 2, 3

iResolve actions
REGENERATE
SHARE
OPTIMIZE
LOOP
VIRTUALIZE
EXCHANGE
IMPLEMENT

1Principles: 1 – Preserve and enhance natural capital; 2 – Optimize resource yields by circulating products, components, and materials; 3 – Foster system effectiveness by revealing and designing out

4.2. Sustainable business model innovation (SMBI) frameworks
The strategic goal of Sustainable Business Model Innovation (SBMI) Frameworks, as in the
name, is to promote innovation in environmentally sustainable business practices, thus
decreasing the negative affect of industrial operations on society (Bocken et al. 2014). The
challenge, in this case, is how to create, deliver and capture added value along the value chain
while maintaining environmentally friendly operations. According to iReSOLVE assessment,
none of these frameworks cover the full string of ReSOLVE actions REGENERATE-SHAREOPTIMISE-LOOP-VIRTUALISE-EXCHANGE plus IMPLEMENT and their requirements.
The SBMI framework with the highest score was the one developed by Bocken et al., (2014),
with all six actions covered in addition to two IMPLEMENT requirements (stakeholder
engagement and systems thinking). Bocken et al. (2013a, 2014), proposed two similar SMBI
frameworks. The first one introduced a value mapping tool for designing value propositions
through sustainable actions, taking into consideration the involvement of all firm’s
stakeholders. The second one, on the other hand, takes the value network approach where
the firm can foster sustainable practices by strengthening its ties to external innovation
networks. The absence of structural alignment between value creation and circular value
proposition requirements in both frameworks prompted Bocken et al., (2016) to introduce a
third framework. This novel framework suggests linking the business model circular strategy
to the product design requirements through predefined guidelines. This will ensure the
commercial viability of the products whilst maintaining environmentally sustainable operations.
Although it strives to guarantee a high-level of circularity, this framework does not offer a clear
step-by-step process on how to translate a CE based vision into a model where business and
product design requirements are both met (Mendoza et al., 2017).
Second to Bocken’s framework on the level of comprehensiveness, come Gaziulusoy et al.,
(2013) and Broman et al., Robert (2015) frameworks. Although they both meet all the
iReSOLVE IMPLEMENT action requirements, neither of them incorporates any ReSOLVE
actions. The framework presented in Gaziulusoy et al., (2013) employs a double flow method
that combines both back-casting (setting the desirable outcomes first and working backward
to attain them) and forward-casting (the opposite) to analyse a system’s innovation level. The
goal of this method is to circumvent any future obstacles to the implementation of sustainability
by mapping all the possible scenarios in a company from a system perspective.
The framework in Broman and Robert (2015), on the other hand, uses only a back-casting
approach. It is generally referred to as framework for strategic sustainable development
(FSSD). Following an FSSD, a company will reach its sustainability targets by committing to
a four-steps process. First, the company should aim at aligning its vision, core value and
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practices with the requirements of sustainability in society. Second, the potentials and the
obstacles should be identified. Third, creative solutions for transitioning to more sustainable
practices should be determined. Finally, the solutions should be assessed according to
strategic guidelines and then turned into an action plan to enact the desired organizational
changes (Mendoza et al., 2017).

4.3. Closed-loop systems (CLS) frameworks
The goal of closed-loop frameworks is to conserve raw materials and resources by closing the
supply chain loop which is at the core of circular economy. Thus, they meet most of the
requirements of five of the six ReSOLVE actions except for REGENERATE. One of the
examples of closed loop frameworks, as presented in Table 4, is Rashid et al. (2013)
framework, which argues that resource conservation in manufacturing should be thought
about whilst in the phase of product design and development. This idea of streamlining
resource conservation with product design, although important, creates many challenges not
only in the product design phase but also for the supply chain and the business model as a
whole. Mendoza et al, (2017) highlight that the framework is missing a step-by-step guideline
which exacerbate its complexity.

4.4. Product-service systems (PSS) frameworks
This type of frameworks answers to another key concept of circular economy which is selling
services rather than goods. This business strategy promotes a transition to a more sustainable
economy because it contributes eventually to the conservation of raw materials and resources
(Stahel, 1994). According to Bocken et al. (2016) Product-Service Systems (PSS) frameworks
provide instrumental ways for CE implementation. PSS frameworks could generate three
distinct business models according to the point of focus whether product, use or result (Tukker,
2004). Furthermore, for an effective implementation of PSS, strategic and operational
decisions should be congruent (Reim et al., 2015). In addition, the implementation of PSS
should be tackled from a system-level perspective, where the organizational structure is
modified to match the business model operations, and customer centricity should be put to
the forefront (Baines et al., 2007).
According to iReSOLVE assessment, PSS frameworks emphasize particularly the promotion
of the actions SHARE and VIRTUALISE of ReSOLVE checklist and some essential
IMPLEMENT requirements. Differently, the actions REGENERATE and EXCHANGE are
excluded from these frameworks. Although focusing on a key concept of CE, product-toservice shift, PSS frameworks still need further studying and finetuning (Baines et al. 2007;
Reim et al. 2015). For instance, Mendoza, et al. (2017) mention the lack of methodology and
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strategic tools to guide the implementation of CE in the PSS frameworks, highlighting the need
for clear setups for the value chain operations.

4.5. Sustainable product design (SPD) frameworks
As their name indicates, sustainable product design frameworks focus on product design as
the main driver for circular economy implementation. As reductive as they might sound, these
frameworks provide interesting technical perspectives on CE implementation. Here, four
product design approaches will be presented Cradle-to-Cradle design, biomimicry, natureinspired design (NID), and design for sustainability (DfS)
Cradle-to-Cradle (C2C) design
Cradle-to-Cradle design (C2C) concept was introduced and trademarked in 2007 by Michael
Braungart and Bill McDonough. They consider any type of material used in industrial
processes as nutrient that should be treated in a similar way to natural cycles. In this vain,
they argue that design should be regenerative, progressive, and constantly growing because
growth is naturally good. Moreover, C2C encourages ‘’eco-effectiveness’’ in designing
products and industrial processes instead of eco-efficiency, meaning that design should
inherently drive innovation and create direct positive impact on all aspects of life. To concretise
the concept, they came up with a set of principles that design should follow. They can be
summarised as follows: materials should be safe and continuously regenerated; operations
should be solely powered by renewable energy sources; water should be considered the
primordial and most precious resource; and diversity in culture and nature should be
celebrated (Braungart and McDonough, 2007).
Following these principles, for instance, a C2C designed product should be biodegradable.
So, it can be safely absorbed by natural biological processes or reused as raw material for
industrial processes (closing the loop) at the end of its lifecycle. Therefore, C2C design as a
framework mainly supports achieving the requirements of the actions REGENERATE and
LOOP. Moreover, this framework offers guidelines for the implementation of sustainability not
only in product design, but also in the organizational structure through its eco-effectiveness
requirements (MBCD, 2012).
Biomimicry design approach
Mimicking what is in nature to invent a solution is as ancient as humanity itself, though the
term ‘’biomimetic’’ entered the dictionary only in 1974. Biomimicry design invites innovators to
emulate nature’s organisms, biological processes, and ecosystems in finding novel effective
designs (de Pauw et al., 2015). To pass from a mere concept to a framework for design,
Baumeister et al., (2013) created a stepwise guideline for incorporating the biomimicry
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approach in product design. The steps start by scoping the problem, discovering similarity in
nature, creating the concept, and finally, evaluating the fidelity and the results. Due to its
imitation of natural processes, biomimicry design framework meets most of the requirements
of ReSOLVE actions.
Although environmental sustainability is linked to natural cycles, imitating nature in designing
product should follow the specifications of the desired outcome; and it should not be the goal
in itself. Furthermore, limiting the use of biomimicry to product and process design does not
necessarily guarantee promoting sustainability in other aspects of the value chain which will
require a more holistic approach (Volstad and Boks 2012).
Nature-inspired design (NID)
Although they share the same theme, nature-inspired design is a wider umbrella than C2C
and biomimicry. NID is very compatible with the requirements of the IMPLEMENT action due
to its approach of incorporating naturally inspired designs across all value chain operations in
order to have a broader positive impact. A NID framework has been developed to ensure this
broad positive impact by listing six major principles that designers should follow. Resulting
from combining aspects of C2C and of biomimicry, these principles stipulate that waste is a
resource, renewable energy is the power, local responsiveness is required, adapting and
evolving are a continuous process, development and growth are integrated, and finally
resource efficiency is a must (Tempelman et al., 2015). Along these lines, the NID framework
meets most of the requirements of ReSOLVE actions except for EXCHANGE and has the
potential for further development. The lack of quantitative tools for assessment of NID
implementation outcomes in separate operations along the value chain can create risks of
unaccounted environmental problems (Pauw et al., 2014).
Design for sustainability (DfS)
Emerging from the evolution of product eco-design, the framework of design for sustainability
is based on considering the three spheres of sustainability (society, economy, and
environment) during the product development phase (Crul and Diehl, 2009). As a result,
products and services developed using DfS principles are sought to have positive sustainable
outcomes all through their lifecycles. DfS has a plethora of tools and methods to ensure that
sustainability requirements are incorporated during the phases of product design,
development, and beyond which makes it meet all the requirements of ReSOLVE actions
except for REGENERATE (Mendoza et al., 2017).
In conclusion, numerous literature publications praised the utility of Sustainable Product
Design (SPD) Frameworks, from C2C, biomimicry, NID, to DfS in enhancing the environmental
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sustainability and quality of products and systems. However, this usefulness- although very
important in the transition to a CE- does not quite translate into practical deployable business
models (Mendoza et al., 2017). As a major rollout of CE would require a combination of many
strategies, tools, and methodologies in business modelling (Bocken et al., 2016), having
frameworks focusing only on product design would not suffice for the level of innovativeness
needed. Therefore, the previously mentioned design frameworks and many existing others
should be integrated as a toolkit for CE business models development (Mendoza et al., 2017).

4.6. Back-casting and eco-design for the circular economy (BECE)
framework
After analysing the frameworks in Table 4, pointing out their potential contribution to CE
implementation and the gaps they still need to cover, Mendoza et al. (2017) introduced their
own framework. Dubbed BECE, short for Back-casting and Eco-design for the Circular
Economy, this framework envisages the implementation of CE by combining back-casting as
a form of strategic planning and eco-design as a product development tool (see Figure 5).
Thus, it is considered as a participative framework for the conceptualisation of innovative

BACKCASTING

ECO-DESIGN

1. Creating an overarching
vision

1. Formulation of goals and
scope

2. Analysis of past and
present drivers and
constraints

2. Product selection and
evaluation

3. Specification of desired
future

3. Definition and analysis of
improvement alternatives

4. Development of future
scenarios

4. Selection of improvement
alternatives

5. Testing consistency of
scenarios

5. Concept development
and validation

6. Testing feasibility of
scenarios

6. Implementation and
follow up

Business strategy plan

Product development plan

Product innovation cycle

Business strategic planning

business models for CE (Heyes et al., 2018).

Figure 5: The outlining of BECE methodologies (Mendoza et al., 2017).
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The back-casting part is meant for studying the feasibility requirements for realising desirable
future outcomes through analysing all possible scenarios taking into consideration past and
present drivers and constraints (Sharmina, 2017). As for the eco-design part, the focus is on
integrating the sustainability goals into the whole product development phase. As shown in
Figure 6, BECE has ten steps that can be attributed to the two axes of the framework: backcasting and eco-design.
The steps 1 to 3 describe the process of back-casting scenarios’ setting as follows: through
step 1, an extensive vision of the implementation is laid out; in step 2 all potential opportunities
and barriers are investigated; and after that, in step 3 the specifications and targets for the
implementation are clearly defined.

Figure 6: Steps of BECE framework (Mendoza et al., 2017).

The eco-design techniques are implemented throughout steps 4 to 10. Firstly, the design
portfolio of products and services is determined (step 4), followed by the evaluation and
selection of the suitable ones (step 5). Alternative eco-design and CE value chain operations
are then proposed for the selected products and services (step 6). And finally, through
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strategic planning and scenario casting, the action plan for CE business model implementation
is validated (steps 7 to 9) and set in motion (step 10).
Heyes et al., (2018) projected the BECE framework onto the conventional business model
canvas, using steps 2 to 4 to analyse the business model of an ICT company, and steps 6 to
9 to generate alternative CE suitable business model for it; which proves the practicality and
flexibility of BECE framework.
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5. CASE STUDIES
Due to the limited scope of this work, conducting new case studies to support the content was
not possible. Therefore, three case studies that have been already presented in literature were
selected here. The selection was based on multiple criteria: All the chosen companies are
SMEs according to the local definition; they all started with a linear business model and later
implemented a circular one; they all had some success in their implementation goals; and
lastly, they are based in different countries and operate in different industrial sectors each.
The three companies are Soleno from Canada (CPQ, 2018), GH Form from Denmark (Norden,
2015), and Dislaub from France (IEC, 2015). In the analysis of each case, four axes have
been considered: the nature of products and services, the CE implementation process, the
generated benefits to the company and customers, and the barriers and challenges faced by
the company.

5.1. Soleno: The power of recycling
All the information presented on this case study is based on the report: “Circular Economy in
Quebec: Opportunities and Economic Impacts” (2018, p.43-45) by the Council of Quebec’s
Employers (CPQ).
Founded in 1977, Soleno is a medium-sized family-owned business which specializes in
stormwater management, mainly using high density polyethylene (HDPE) pipes. It also
manufactures geotextile membranes. The company has approximately 370 employees in four
business units: Soleno, Soleno Services, Soleno Textile and Soleno Recyclage. Its factories
are located in Quebec and New Brunswick, Canada. Since its foundation, the company put
focus on its local social impact, and has maintained a strong involvement in its community
over the years. This case study focuses more on Soleno Recyclage which recycles and
packages HDPE from domestic and industrial uses. The factory, located in Yamachiche,
operates thanks to a partnership created in 2014 with the RCM Group, a social economy
company that promotes the employment of people with functional limitations. To date, the
partnership employs 65 people. In 2015, Soleno received the Eco-responsible Certification
issued by the Council of Responsible Industries in Canada for all its divisions.
Products and services
Soleno Recyclage receives HDPE from sorting centres and other business partners, including
the company's other factories. The material is sorted and washed, then it is packaged,
extruded, and sent in the form of granules to the Soleno factories for the manufacture of new
polyethylene drainage elements.
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Soleno covers four main business sectors: residential, natural resources, agricultural
development, commercial and institutional infrastructure. Being in a local market, where costs
and speed of transport are key elements of competitiveness, the clientele is mainly located in
Eastern Canada and the northeast of the United States of America. The evolution of research
and of certain standards mean that the markets of Soleno are in full growth. For example,
agricultural researchers have shown that a well-drained field will have better productivity which
quickly pays for the investment allocated to installing drains. Part of the company's growth is
based on awareness, communication, and scientific research as Soleno regularly contributes
to research projects.
Competition varies by industry, but the main competitor for infrastructure projects is a
substitution product: concrete pipes. These are preferred for several applications despite the
longer service life provided by HDPE pipes. Soleno also has to compete with other Canadian
and American manufacturers in its main markets.
Circular economy implementation
The circular economy strategy that dominates at Soleno Recyclage is obviously recycling. It
collects HDPE containers which, once processed, provide the raw material for the
manufacture of drains. This mode of supply allows Soleno to increase its autonomy of access
to raw materials and constitutes a response to the economic crisis of 2008, where it saw
several of its suppliers go bankrupt. The plant needs approximately 100 million plastic
containers annually. Soleno also employs industrial symbiosis. On one hand, internally, where
the scrap from the extrusion plants is sent to Soleno Recyclage. On the other hand, it
collaborates externally with several industrial partners. The company has set up a collection
point of recyclable materials, such as cardboard and metal at each of its sites, which are then
transferred to companies that recycle them. Conversely, some companies send their HDPE
residues to Soleno recycling plant. These practices, in addition to agreements with sorting
centres, ensure a continuous supply of raw materials for Soleno Recyclage.
Economic, environmental, or social benefits
Recycling and industrial symbiosis, as well as several other practices, allow Soleno to have a
significant economic, environmental, and social impact in Quebec. The company has a clear
desire to be a leader and to develop sustainable and local solutions. The economic benefits
are manifold. Local procurement allows Soleno to reduce its transport costs which reduces in
return the purchase price of the raw material and gives the company a competitive advantage.
This increases control over the volumes and prices of raw materials.
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From an economic and social point of view, there is local creation of direct and indirect jobs
as well as increased revenues for businesses and government. Hiring people with disabilities
helps develop a workforce that is struggling to find jobs. Finally, local recycling of materials
reduces the environmental impact by minimising waste and preventing the extraction of virgin
raw materials and their transformation.
Barriers and challenges
The main issue facing Soleno relates to the manufacturing standards of its products. They are
very restrictive and require a specific quality of polyethylene which makes recycling more
complex since the quality of the material received is not always adequate. Current standards
also prevent the company from accessing certain markets where concrete pipes are preferred;
a practice that is difficult to justify. This industrial sector is difficult, a situation highlighted by
the bankruptcy of recycling factories which preceded that of Soleno. This was one of the
reasons why Soleno created its own recycling plant.
Another difficulty is access to the material to be recycled. About 60% of the company’s needs
are met in Quebec, so it needs to source from outside of Quebec for the remaining 40%.
However, if the Quebec population participated more in recycling, the company would be able
to fill all its supply locally. Two other phenomena also reduce access to the raw material: the
export of materials to be recycled by brokers who buy them and transport them to other
countries as well as biodegradable containers which are not recyclable. These supply and
export challenges constantly fluctuate the prices of the material to be recycled and vary the
supply costs of other Soleno factories, Soleno Recyclage’s core customers.

5.2. GH Form: Sustainable furniture for the city's spaces
The information in this section is based on the report: “Moving towards a circular economy:
successful Nordic business models” (2015, P.28) by the Nordic Council of Ministers (Norden).
Established in 1918, GH Form is a Danish family-owned company that develops,
manufactures, and sells equipment for city's public spaces. Driven by raw material shortages,
its fluctuating prices, and the overall high cost of production, GH Form switched from its linear
business model to a circular one. The two main aspects of this transition are turning into a
lease-based dissemination of products instead of direct sale and using their recycled products
as raw material.
Products and services
GH Form develops and manufactures a variety of outdoor furniture and equipment, mainly for
municipal parks and public spaces. Some of their widely used products are lampposts,
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benches, parking for bicycles, waste containers, flower bowls, etc. For instance, recently, a
lamppost of their design has obtained the Cradle-to-Cradle certification and is being marketed
for 10 to 15 years rent deal to municipalities across the country, with guaranteed recollection
and recycling after end of life. The product development takes place in collaboration with
Nordic designers, architects and artists and the company’s own iron foundries. In this process,
GH Form contributes with its knowledge of product design. So, the end products are optimised
in terms of design, environmental and production costs.
Circular economy implementation
After realising that raw material incurs around 60% of the total production costs, GH Form
decided to use their own recycled material instead. Hence, they reduced their expenses and,
by result, the prices for their customers. In some instances, they were able to fully recycle their
iron products. In the case where recovered products were in good shape, GH Form was able
to reuse them directly with a bit of tweaks which constitute perfect circularity.
Adopting a leasing-based business model allows GH Form to keep the ownership of its
physical products, hence, protecting the flow of raw material and decreasing upfront costs for
municipalities investment in its services. To encourage the municipalities to subscribe to their
offerings even further, GH Form guarantees the maintenance throughout the lease period. By
the end of the lease agreement the products are collected to be reused after refurbishment if
no damage has occurred. Otherwise, they get dismantled and used as raw material for new
production.
Economic, environmental, or social benefits
Products as a storage for iron- Due to the durability of cast iron of which most of GH Form
products are made, the yield of recycling can be as high as 100% of the original input of raw
material. In other words, all GH Form’s benches and lampposts that are dispersed around the
city can be considered as iron storage which creates significant benefits for the environment
and the economy.
Circularity is about closing the loop- The ultimate environmental goal of GH Form is to
manufacture products with the minimum possible amount of waste, thus the keenness on
recycling to the end limit. But this is not the only way that GH Form is trying to close the loop
of raw material supply chain; in fact, they collect discarded waste material from other industry
players in Denmark to use it in their own production.
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Barriers and challenges
Lack of customer awareness about the benefits of certified circular products- Given the lack
of interest and knowledge about the benefits of circular products and concepts (lease vs.
ownership), GH Form is having a hard time promoting its leasing business model even with
all its financial and environmental incentives. In fact, most of the municipalities still prefer to
purchase the products rather than leasing them; hence, 95% of GH Form products are still
being sold directly.

5.3. Dislaub: Giving a second life to used solvents
The content of this section is based solely on the information provided in the study: “The
Circular Economy: A Key Path for The Fight Against Climate Change” (2015, p. 42-43) by the
French Institute of Circular Economy (IEC).
Dislaub is a subsidiary of Cristal Union, a French sugar cooperative group with a distillery
located in Buchères in the Aube. Created in 1946, Dislaub’s main activity was the distillation
and production of agricultural alcohol from raw alcohols of beet. Following customers’ demand
in the 1990s, Dislaub began to collect and recycle used alcohol and solvents from industrial
use.
Products and services
Beside agricultural alcohol, today, Dislaub distillery produces 45,000 tonnes per year of
solvents regenerated thanks to its regeneration processes where impurities are separated
from solvents that can be recovered by decantation and distillation. This material recovery
gives a second life to used solvents instead of sending them to incineration, thereby reducing
their customers' costs and greenhouse gas emissions. In addition, the impurities from the
regeneration processes are also sent to energy recovery in their on-site biomass boiler.
Solvent recycling now accounts for half of their turnover.
Circular economy implementation
Listening to customers and focusing on their needs first before identifying a strategic
repositioning opportunity was the key to Dislaub’s successful circular economy
implementation. In addition, innovation and transformation of operation of the distillery have
maintained the site and secured its jobs. Furthermore, Dislaub managed to successfully
control the balance between used solvents and the sale of regenerated solvents to ensure
efficient production: a dual role of buyer – seller.
Economic, environmental, or social benefits
Some of the significant benefits of Dislaub’s circular economy implementation are:
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•

The regeneration of used solvents prevents emitting greenhouse gases from waste
treatment and incineration. The tonnage of waste treated is around 85,000 tonnes per
year.

•

Substitution of 80% of fossil gas energy consumption by the commissioning of a
biomass boiler. The biomass used comes from forest chips (37,000 tonnes/year)
located within a perimeter of 100 km around Dislaub. As a result, it prevents the
emission of 10,000 tonnes of CO2 per year compared to consumption from gas.

•

Reduction in truck transport with a tank cleaning service that is developed and offered
by Dislaub.

Barriers and challenges
Many solvents today are used in non-recoverable dispersive uses. It is estimated that a
quantity of 120,000 tonnes of solvents is entering a second regeneration cycle currently in
Europe compared to several million tonnes of solvents in one cycle only, meaning that Dislaub
is still playing in a very small league.
Another challenge to closing the supply chain loop is the difficulty to acquire the material for
recycling. For instance, due to the lack of common regulations between France and Germany
on waste management, an authorisation for imported waste may take up to 3 months to be
issued.
In conclusion, whether the driver was to secure the flow of raw materials (Soleno), to answer
to customers’ requests (Dislaub), or to cut on production costs (GH Form), all three companies
gained significant benefits from adopting circular economy practices. Another point that can
be deduced from the analysis of these cases is that when the circular strategy is tailored
according to the company’s internal resources and business environment, the implementation
succeeds. Moreover, the analysis has proven that most of the challenges facing the
companies in their circular operations are related to external factors such as customer
awareness, market fluctuations, or lack of regulations.
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6. A NEW FRAMEWORK FOR CE IMPLEMENTATION IN SMEs
In this chapter, the proposed framework of the thesis will be illustrated and analysed with
comprehensive explanations of all its building blocks.

6.1. The proposed framework
Inspired by literature and case studies analysis, the framework presented in this thesis (see
Figure 7) consists of five building blocks each containing a set of ordered questions acting as
a checklist of the essential actions needed for the CE implementation in the context of SMEs.

Implementation Framework

Building motivation

Assessing resources
and capabilities

Analysing business
environment

Defining a strategy

Setting an action plan

Execution & Learning Tools
Training; Coaching; Workshops; Roundtables;
Surveys; Creation of incentive profiles; Feedback;
etc.

Internal data analysis; Financial data sheets;
Available external databases and platforms; etc.

Governmental and institutional policies, directives,
and events; Consultancy; External databases and
platforms of CE; Industrial platforms, networks,
and events; Market research and analysis;
Development banks support; Financial platforms;
Lobbying groups; Academic research; etc.
Life cycle thinking & assessment; Environmental
management systems; Corporate social
responsibility schemes, Cost-benefit analysis
(CBA); Consultancy; Academic research; External
databases and platforms of CE; Industrial
cooperation and networking; etc.
Data analytics software; Internal decision-making
and planning processes (brainstorming, case
study, analytics); Procurements, Training,
Industrial and environmental performance metrics
on CE; Internal databases for sharing information
and assessing progress; etc.

Figure 7: The proposed framework of the thesis
Each question has simple multiple optional answers which will help the company’s CE
promoters to verify their preparedness and streamline their actions in enacting the CE
transition. In addition, the framework offers suggestions about the execution and learning tools
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that are necessary for each step of the implementation. This framework does not replace the
extensive work and research needed for such implementation, but it offers a practical way of
outlining, checking, and following the implementation process in a sound structural way.
6.2. Building motivation
As presented in the literature review section, SMEs are becoming increasingly interested in
circular economy practices such as resource efficiency and waste minimisation without even
linking them to the concept itself. Most of European SMEs cited reduction of raw material
costs, having better competitive advantage and positioning, and accessing new markets as
the main reasons for incorporating environmentally sustainable practices in their value chain
operations (EC, 2013).
While there are many benefits to adopting circular economy as illustrated in the literature,
there are also many practical obstacles that prevent SMEs specifically from taking the CE
road. For instance, on one hand, the lack of knowledge about the concept itself and the
opportunities it entails are some internal barriers that SMEs need to surpass. On the other
hand, some external hindering factors face SMEs such as the limited institutional and industrial
support, unavailability of technology, lack of dedicated supply chain, market fluctuation, lack
of consumers engagement and demand (Rizos et al., 2016). Although some of these obstacles
are not specific to SMEs, big sized companies can remedy any lack whether technological,
logistical or know-how by the availability of resources. Furthermore, when it comes to the
implementation process of CE, big corporates have the tools to determine and customize the
necessary operations and steps, hence, mitigating the risks and enhancing the outcomes.
SMEs, however, due to their lack of resources, often follow the market trends and cannot
ensure which CE practices and strategies fit best their value chain operations (Rizos et al.,
2016).
It is in this context that the proposed framework emphasizes acquiring the necessary
knowledge and building a solid motivation as the first step in implementing CE. Figure 8 shows
the first checklist of the framework on how to build motivation inside the company for CE
implementation.
Firstly, the management or the persons in charge of the implementation should look inward to
determine and assess the level of knowledge about CE in the company and the drivers that
motivate different stakeholders, if any. Secondly, they should consider the issues and barriers
that come with circularity, asking the question: can this change bring opportunities? They
should also give the stakeholders a full picture of the importance and challenges of sustainable
development, exposing them to the status quo and the existing initiatives such as the United
Nations Sustainable Development Goals (SDGs) and EU environmental policies and
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directives. This will allow the stakeholders to reflect on the company’s negative environmental
impacts and how certain approaches relating to the CE can eliminate or at least mitigate them.

Key Questions
How well do the managers of the company understand circular economy?
❑

Very well

❑

Not well

❑

Unknown

What are the drivers behind the interest in adopting circular economy?
❑
❑
❑
❑
❑

Cost reduction
Increase in revenues from existing
products and services
Improved relationships with stakeholders
Risk reduction
Environmental sustainability promotion

❑
❑
❑
❑
❑

Creation of new products and services
Strengthening the relationship with
customers
Differentiation from the competition
Regulatory or industrial requirements
Others

What are the main obstacles in the way of implementing circular economy?
❑

Lack of environmental awareness

❑

Lack of knowledge about circular economy

❑

Company culture

❑

Lack of capital

❑

Lack of institutional support

❑

Lack of information sharing

❑

Administrative burdens

❑

Lack of technical and technological expertise

❑

Lack of dedicated supply chains

❑

Others

Are there potential negative outcomes from implementing circular economy?
❑

Yes

❑

No

❑

Unknown

❑

Unknown

❑

Unknown

If yes, do they outweigh the expected benefits?
❑

Yes

❑

No

How is the level of awareness about circular economy in the company?
❑

High

❑

Low

Does the company have programmes that raise awareness or increase knowledge about circular
economy?
❑

Yes

❑

No
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How is the level of enthusiasm and commitment to circular economy implementation from the
managers?
❑

High

❑

Low

❑

Unknown

How is the level of enthusiasm and commitment to circular economy implementation from the
stakeholders in the company (investors, employees, suppliers)?
❑

High

❑

Low

❑

Unknown

Do you have incentive schemes to get everyone on board?
❑

Yes

❑

No

Figure 8: Checklist 1: Building motivation inside the company for CE implementation
Thirdly, after promoting CE awareness throughout the company, comes the step of
incentivisation to get everyone onboard with the same level of engagement and enthusiasm.
This can be done by integrating the economic dimension, identifying the potential benefits
such as cost reduction, creation of new products and services, increase in revenues from
existing products and services, strengthening of the relationship with customers, improved
relationships with stakeholders (investors, employees, and suppliers), differentiation from the
competition, or risk reduction. Another way of engendering enthusiasm can be set by using
the environmental consciousness angle, or even better by creating dedicated incentive profile
for each stakeholder through a variety of tools such as personal surveys, workshops, training
session, coaching etc.
6.3. Assessing resources and capabilities
In this step of the framework, the cruciality of assessing internal resources in the case of SMEs
when embarking on the journey of implementing CE is highlighted. Figure 9 shows the second
checklist of the framework on how to assess the company’s resources and capabilities for CE
implementation.
This step is in alignment with the theoretical strategic resource-based view for maintaining a
sustainable competitive advantage. Pioneered by Barney's (1991), The resource-based view
has been the focus of many literature works with the aim of developing innovative ways of
value creation based on examining and valorising internal resources and capabilities (Zhu et
al., 2015). This strategic view states that a company needs to account for all its resources
tangible and intangible (competencies, knowledge, processes, materials, financial assets,
etc.) to create and sustain a competitive advantage in the constantly evolving markets (Liu et
al., 2018).
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Key Questions
Have all the company’s resources (human, material, tangible, intangible, and financial) been
assessed for a circular economy implementation?
❑

Yes

❑

No

Does the company have dynamic capabilities to create and maintain a competitive advantage, if
transitioned to a circular economy business model?
❑

Yes

❑

No

Have the financial assets of the company been structured in preparation for a circular economy
implementation?
❑

Yes

❑

No

Are all the potential costs of a circular economy implementation being accounted for?
❑

Yes

❑

No

Are there enough financial assets to cover these potential costs without seeking external funding?
❑

Yes

❑

No

Does the company have the necessary managerial, technical, and professional skills for a circular
economy transition?
❑

Yes

❑

No

Does the company have enough manpower to pilot a circular economy transition?
❑

Yes

❑

No

Are the company’s employees well equipped for a circular economy transition?
❑

Yes

❑

No

Figure 9: Checklist 2: Assessing the company’s resources and capabilities
In other words, to have a sustainable competitive advantage, a company needs internal rare,
unique, and valuable resources and capabilities (Barney, 1991; Kabongo et al., 2017).
Therefore, when it comes to the environmental issue which is branded by the scarcity of raw
materials, adopting resource-based strategic view becomes crucial in that the substitution of
these materials will require engaging internal resources and competencies in order to maintain
a competitive advantage.
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In addition to the need of acquiring external resources, the company must dynamically keep
on upgrading its cross-functional capabilities through a learning process of accumulating
knowledge and tacit competencies to adapt to the fluctuation of the market. That is when the
term “dynamic capabilities” comes into the picture. According to the literature, the concept of
dynamic capabilities can be described as “the firm's ability to integrate, build, and reconfigure
internal and external competences to address rapidly changing environments.” (Teece et al.,
1997).
Now, how does the resource-based view and its dynamic capabilities concept fit into the
context of CE implementation? A simple answer would be it is all about efficiently managing
resources. One can draw the similarities between the purposes of this strategic management
view and the circular value creation principles laid out by the EMF as they both call for
efficiently using resources, by means of conservation, reusing, upgrading and recycling which
requires dynamic capabilities from the company (EMF, 2013).
As a conclusion, a company should continuously assess and upgrade its resources and
capabilities not only as a mean of strategizing for CE implementation, but also as a part of the
implementation itself. There are many ways and tools for SMEs to structure and develop its
internal resources and capabilities, for instance, by using information databases, data
analytics tools, financial data sheets, internal communication platforms, training, etc.
6.4. Analysing business environment
After building the motivation and assessing resources, the company’s external environment
should be examined by considering its market, its activity sector, its position in the value chain,
and its geographic location. Figure 10 shows the third checklist of the framework on how the
company should evaluate its operational environment to secure access to technological and
financial support for CE implementation.
Market research and analysis
First of all, the company should resort to a thorough market research and analysis to clearly
determine its positioning and the potential of the implementation success by focusing on
customers’ needs and tendencies, and what the competition is concentrating on currently.
This step should be familiar to most companies because it is often used in marketing and
strategic planning. There are plenty of market research and analysis tools; they range from
simple surveys and interviews, simple SWOT analysis, to more sophisticated software and
databases that account for all business aspects. However, the key factor in doing a successful
market analysis is the quality of the gathered data whether primary or secondary.
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Analysing business environment
Key Questions
Has the company gathered enough data on its market and target customers?
❑

Yes

❑

No

Are circular economy and environmental sustainability perceived positively in the market?
❑

Yes

❑

No

❑

No

Is there customership for green products and services?
❑

Yes

Is there potential for increasing customers’ interest in green products and services and other circular
economy outcomes?
❑

Yes

❑

No

Are the competitors in the market engaged in circular economy practices?
❑

Yes

❑

No

Are there any governmental, institutional, or industrial support mechanisms for circular economy
implementation?
❑

Yes

❑

No

Are there any governmental, institutional, or industrial mandatory requirements for circular
economy implementation?
❑

Yes

❑

No

Are there any circular economy clusters, networks, or ecosystems in the market?
❑

Yes

❑

No

Does the company have dedicated market partners or suppliers for circular economy
implementation?
❑

Yes

❑

No

Are there possibilities of acquiring external investment in circular economy implementation?
❑

Yes

❑

No

48

Is there a clear process for accessing financing from banks or other financial institutions?
❑

Yes

❑

No

Is the level of interest, collateral and other required guarantees from banks being high for circular
economy financing?
❑

Yes

❑

No

Figure 10: Checklist 3: Analysing the operational environment of the company
Circular suppliers
Another point that needs to be highlighted when talking about the company’s support
environment is suppliers. As mentioned previously in the literature section, a close
collaboration and coordination with suppliers is crucial for the implementation of circular
economy especially for SMEs. Therefore, they ought to scan the market for reliable and
environmentally conscious suppliers and create a solid partnership by including them in the
circular economy strategy from the get-go.
Access to financing opportunities
An instrumental aspect of assessing the favourability of the environment for implementing
circularity is the level of access to financing opportunities. Accessing finance is a fundamental
requirement for SMEs when proceeding to big structural changes aimed to increase the
development and productivity such as circular economy.
Applying for bank loans to finance a circular economy business model particularly adds more
difficulty layers to the already hard and expensive financing process. In its 2018 guidebook for
helping SMEs to go circular, KPMG outlined that circular business models such as ‘’product
as a service’’ and “pay per use” are inherently too risky to be given loans due to the long
spread of their cash flows over time, limited collateral, and unfavourable creditworthiness of
customers. However, the guidebook suggested some solutions to overcome these difficulties.
One of them is to diversify the sources of loans and investment capital, for instance, by raising
equity capital from crowdfunding, venture capital, or private equity. In this way, an SME can
mitigate the overall perceived risk when seeking additional financing from banks. Another
solution could be achieved by including debt financing such as leasing and supply chain
financing to the traditional bank financing. Table 5 summarises the financing options that
SMEs can explore for their circular economy projects.
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Table 5: CE financing options for SMEs (KPMG, 2018)
Means to finance circular business models
Bank finance

Corporate debt
Lease
Factoring & Supply chain finance
Structured finance
Balance sheet reduction through off
balance finance

Capital Markets

Equity finance: Initial Public Offering
Debt finance: Green bonds

Foundations and Impact investors
Venture Capital, Private equity, Family
Offices
Near banks like Google, Apple, Amazon
Crowd funding

Peer2Peer lending
Equity investment

All these forms of financing need to be supported by legal contracts with clear terms, especially
over the ownership of the assets which help boost the confidence of the financial entities.
Moreover, there is the option of requesting support from development banks that offer tools
for measuring the eligibility of circular businesses to accessing financing (KPMG, 2018).
6.5. Defining a strategy
Defining a suitable business strategy for the implementation of circular economy is at the core
of this framework. However, elaborating comprehensively on the available strategies in
literature and industry would require a full publication on its own. Therefore, in this section, the
main CE strategies are presented briefly with the necessary mechanisms and tools of
implementation in different parts of the value chain. Figure 11 shows the fourth checklist of
the framework on how the company should select the suitable CE implementation strategy
and mechanisms.
Integrating the circular economy in the company’s vision
Before selecting the circular strategy, the first step should be about integrating the circular
economy concept into the company’s vision. Therefore, the chosen strategy should be in line
with the raison d'être, the mission of the company. The endgame, here, is for the company to
improve its environmental performance without degrading its economic performance. This can
be done in a transitional way without starting from zero.
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Key Questions
What circular economy strategy the company is envisaging?
❑
❑

Functional economy
Industrial Symbiosis

❑
❑

Sharing economy
Recycling

❑
❑

Remanufacturing
Others

What are the mechanisms and tools used for implementing the circular economy strategy?
❑
❑

Input-output analysis
Reverse supply chain

❑
❑

Life cycle assessment
Others

❑

Eco-design

What parts of the value chain the strategy is targeting? And what are the implementation tools
used in each part?
❑
❑
❑

❑
❑
❑

❑
❑
❑
❑

❑
❑
❑

❑
❑

MATERIALS SOURCING
Energy production/Energy autonomy
Life Cycle Assessment (LCA)
DESIGN
Customization/made to order
Design for disassembly/recycling
MANUFACTURING
Energy efficiency

❑

❑
❑

❑
❑

Green procurement
Material substitution

Design for modularity
Eco-design

Material productivity

DISTRIBUTION AND SALES
Optimized packaging design
CONSUMPTION AND USE
Community involvement
Virtualize/Dematerialization

COLLECTION AND DISPOSAL
Logistics/Infrastructure building

❑

Reduction

Reproducible & adaptable
manufacturing

❑

Redistribute and Resell

❑

Eco-labelling

❑

❑

Stewardship

❑

❑

❑

Separation

❑

Product as
a service
Product
labelling

❑

Reuse

❑

Sharing

Take-back and trade-in
systems
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❑
❑
❑
❑

❑
❑

❑
❑

RECYCLING AND RECOVERY
By-products use
❑
Element/substance
❑
recovery
High quality
❑
recycling

Cascading
Energy
recovery
Industrial
symbiosis

REMANUFACTURE
Refurbishment/Remanufacture

❑

❑
❑
❑

Upgrading

Downcycling
Extraction of
bio-chemicals
Restoration

❑

❑
❑

Upcycling
Functional
recycling

Maintenance and Repair

CIRCULAR INPUTS
Bio-based materials

Figure 11: Checklist 4: Selecting the right strategy for CE implementation
In other words, the company can build on its existing sustainable development policy that is
required by the environmental impact indicators and regulations, and the circular economy
strategy can help uphold them by shifting the environmental issue from a reactive stage to a
proactive one. Furthermore, when strategizing, not only should the challenges of circularity
within the company be considered, but also those relating to the use of products and services
by customers or end-users.
The second step should be about defining the objectives and the starting actions. The circular
economy promoters in the company should identify clearly the objectives pursued, whether
that be improving environmental and economic performance, developing the company's
business model in the direction of ecological transition, meeting the expectations of certain
external stakeholders, etc. Depending on the initial observation and the identified objectives,
the starting actions should be defined. These can relate to a combination of resources, stages
of the product lifecycle, fields of action, etc.
Selecting the strategy
Circular Economy consistently integrates many strategies that already exist in isolation. This
section presents five of these strategies: functional economy, sharing economy,
remanufacturing, industrial symbiosis, and recycling.
Functional economy- also known as performance economy, it consists of selling the use of
a product and not the product itself. Therefore, the focus would be put on the product
performance, rather than its possession. This leads to the decoupling of added value,
consumption of energy, and raw materials. For most companies, however, this implies a
significant change in the business model. For instance, Michelin, while continuing to sell truck
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tires, offers tire service to owners of heavy vehicle fleets. As part of this service, Michelin
remains the owner of its tires and, in exchange for a price per kilometre, it is responsible for
the maintenance, renovation and re-treading of the fleet’s tires. In addition, it installs telemetric
sensors to ensure that the tires always maintain optimal pressure. This practice saves fuel
and reduces greenhouse gases, and helps extend tire life by 2.5 times, which is advantageous
for Michelin, the owner of the material (De Angelis, 2018). Although Michelin is not an SME,
the functional economy model has been adopted by many SMEs such as GH Form presented
in the case studies section.
Sharing economy- also named collaborative economy, it uses products and services to
optimize the use of resources (Rizos et al., 2017). Based on the pooling of goods, it calls for
new ways of interaction and exchange. It is generally based on the use of a digital platform
which allows consumers and producers to get in touch directly - and to interchange their roles
according to the offered products and services.
Remanufacturing- it consists of refurbishing a product through disassembly, cleaning,
inspection, sorting, reconditioning and reassembly. The remanufacturing allows components
to be returned to their working state (Lieder and Rashid, 2016; Parkinson and Thompson,
2003). For instance, in the energy sector, equipment has a lifespan of several decades
crossed by cycles of remanufacturing and reconditioning. As an example, the hydraulic fins of
wind turbines are regularly remanufactured to restore them and ensure their performance
(Sauvé et al., 2016).
Industrial symbiosis- it links companies in the same industrial area. Residues or outputs
from one company then become raw materials or inputs for the other. This exchange system
is based mainly on, but not limited to, geographic proximity (Yap and Devlin, 2016).
Recycling- it includes a set of processing operations for residual materials recovered at the
end of the cycle with the aim of being reintroduced into a new production cycle (Lieder and
Rashid, 2016). The reuse of these materials is done either in closed loops (the materials are
reused in similar products), or in open loops (the materials are used in other products).
Mechanisms and tools of implementation
Circular Economy also integrates various tools, some of which are methods of quantifying
material flows or methods of impact analysis (input-output analysis, life cycle assessment),
while others relate more to the product development process (eco-design) or its recovery in
the value chain (reverse logistics). Four tools are presented below.
Input-output analysis- it is an economic modelling tool that makes it possible to assess the
different possible interactions within an economy by measuring inputs and outputs. For
53

example, the inputs may be the import and consumption of natural resources, while the
outputs will be observed in the form of exports, pollution, and residual materials (EASAC,
2016)
Life cycle assessment (LCA)- it is a method of scientific assessment of production and
consumption habits that takes into account a set of environmental, social, cost and potential
impact elements of a product, service or process over its lifecycle (from the extraction of raw
materials to their transformation, through their use, maintenance and end of life) (UNEP,
2015). A lifecycle approach standard developed by ISO (ISO 14 040 and ISO 14 044) ensures
consistency of assessments internationally.
Eco-design- it is a product design concept that takes into account the environmental impact
of a product from its conception to its end of life, by optimizing the use of resources and
sustainability, including modularisation and repackaging, re-using of components or reducing
raw material requirements (Lieder and Rashid, 2016).
Reverse supply chain- it contributes to the optimization of flows from the consumer to the
manufacturer and the intermediate links of the value chain which is the opposite of the classic
logistics chain (Lieder and Rashid, 2016).
In the Appendix, an exhaustive table of tools and mechanisms for circular implementation
that are defined and classified according to their function in the value chain (Kalmykova et
al., 2018) is presented.

The strategy in the value chain context
To give a fuller picture of how these mechanisms and tools are integrated into the value chain,
Kalmykova et al, (2018) aggregated most of them and linked each to the value chain parts
where it applies in order to create a literature-based comprehensive strategy database. Figure
12 illustrates how different circular value chain parts or nodes interact in a raw material closed
loop. This loop has nine nodes enumerated from one to nine and is driven by the use of
renewable energies. The nodes 1 to 7 are linked in an orderly circular way from Materials
Sourcing, Design, Manufacturing, Distribution and Sales, Consumption and Use, Collection
and Disposal, to Recycling and Recovery, whilst the intersectional nodes 8. Remanufacturing
and 9. Circular Inputs denote other possibilities of materials’ circulation. It is worth mentioning
that the external aspect of the Consumption and Use node might create a material flow loop
through sharing.
Kalmykova et al, (2018) found in their literature review that Recovery and Remanufacture and
Collection and Disposal had been cited the most among the value chain parts in CE
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implementation. They accounted for about half of the examined implementation cases. This
might be due to the fact that most of these implementations stemmed originally from waste
management practices enforced by many countries’ environmental policies, particularly in
Europe.
Second to the two aforementioned parts of the value chain came the Consumption and Use
part in the number of implementation cases. Even though circular consumption practices had
been promoted for a while now through various approaches such as sharing, reusing, and
repairing, their proliferation among consumers is still limited. This situation is due, in big part,
to the lack of institutional support (Kalmykova et al., 2018).

Figure 12: Loops of circular flows in the value chain (Kalmykova et al., 2018)
Although the Circular Inputs part which refers to using flows of regenerative materials that
have more than a single lifecycle is a key aspect of any effective circular implementation, its
prevalence in the circular strategies is still very limited. Similarly, the examples of
implementation based on mechanisms and tools related to Material Sourcing, Design,
Manufacturing, and Distribution and Sale are still underrepresented (Kalmykova et al., 2018).
6.6. Setting an action plan
After choosing the scope and strategy of the implementation, the company should concretise
its ideations by setting a clear action plan. Starting by running back-casting and forecasting
scenarios, the firm could avoid many negative outcomes of the implementation as shown
previously in the BECE framework. Then, all the necessary procurements, trainings,
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infrastructures, and collaborations should be established. One managerial aspect that is
essential at this stage is the role and task assignment which will make the implementation run
effectively.
In this explanatory section, the emphasis is put on detailing how the level of circularity is
measured and monitored during and after the implementation process. The presented
measurement tools and indicators for circular economy implementation in companies on
product and enterprise levels are mainly based on the 2018 report ‘’Circular Economy
Indicators for Businesses’’ provided by the EpE. Figure 13 shows the fifth and last checklist of
the framework on how the company should define a clear action plan for CE implementation.
Circularity indicators
Generally, the indicators stem from the circular strategy; they are primarily used to monitor
progress towards its objectives. A good indicator combines three characteristics:
measurability, credibility, reproducibility in space and over time. In circular economy
implementations, indicators at the level of products and their components appear to be those
with the highest number and frequency of use. Different factors help explain this. On the one
hand, the technical, financial, and methodological feasibility is probably better. On the other
hand, the product in itself is an effective tool for communicating the company’s environmental
performance to its customers (EpE, 2018).
Some of the common product-level indicators are:
Life Cycle Assessment- As defined previously, LCA is a commonly used tool to assess the
environmental impacts of the entire lifecycle of a product or service. It can be considered as
both a strategy and a monitoring tool.
Cradle to Cradle Certification- This tool offers 5 progressive levels of certification. It
assesses a product on five criteria (reusing materials, renewable energy and carbon
management, water management, social responsibility, and healthy materials) during the
manufacturing process, the assembly of the product, its use, and its end of life.
Material Circularity Indicator (MCI)- It was developed by the EMF and Granta Design with
the support of the Life+ program of the European Commission as a "technical" tool for
measuring the circularity of products made of non-renewable material (EMF, 2015c). This
indicator aims to measure the "degree of circularity" of a product by identifying consistent,
measurable, and precise parameters. It is a general questioning on different stages of the
product lifecycle with an MCI score between 0 and 1. A product is described as "entirely
circular" (score of 1) if, for example, it does not contain virgin raw material, its lifespan is
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optimized, its collection at the end of its lifespan is fully realized and its recycling is 100%
efficient.

Key Questions
Is the circular economy implementation gradual or all at once?
❑

Yes

❑

No

Does the implementation cover all business aspects and operations, or just parts of it?
❑

Yes

❑

No

Have all possible scenarios and forecasting for the circular implementation been examined?
❑

Yes

❑

No

❑

No

Does the company have clear execution plan?
❑

Yes

Has the company procured the necessary technologies and equipment?
❑

Yes

❑

No

Are the organisational roles and operational tasks clearly defined?
❑

Yes

❑

No

Has the company set the appropriate performance evaluation metrics and indicators for the
implementation?
❑

Yes

❑

No

If yes, which of the following are selected?
❑
❑
❑
❑

Cradle to Cradle Certification
Prototype circular economy indicator
Resource duration
Others

Material Circularity Indicator (MCI)
Circular Economy Toolkit
Life Cycle Assessment (LCA)

❑
❑
❑

Are there feedback loops for review and adjustment?
❑

Yes

❑

No

Figure 13: Checklist 5: Setting an action plan
Circular Economy Toolkit- This online toolkit was developed by the University of Cambridge
(Bocken et al., 2013b) to support companies in implementing circular economy approach. It
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includes an assessment tool with 33 questions divided into 7 categories on stages of the
lifecycle (design, use, repair, etc.). It is primarily a questionnaire to identify the potential for
product improvement.
Prototype circular economy indicator- Using the same product approach, Cayzer et al.,
(2017) propose a "Circular economy indicator prototype". An interface built on Excel directly
usable by companies is available on request from the authors (See Figure 14). This indicator
measures the circular performance of a product by a series of questions relating to each stage
of its lifecycle (design or redesign; manufacturing; marketing; use; end of life), associated with
a point grading system, including a maximum score.

Figure 14: Circular Economy Indicator Prototype Website (Cayzer et al., 2017)
Resource duration- Franklin-Johnson et al., (2016) developed a Resource Duration model,
an environmental performance indicator linked to the circular economy. If the circular economy
is intended to conserve resources as long as possible, the method considers that the duration
of conservation of a resource through different valuations in a given system is an adequate
measure of circular economy. The proposed longevity indicator, thus, measures material
retention as a function of the duration of use of a resource, in particular by adding three data:
initial life of the product, life obtained by reuse or reconditioning, and durability obtained by
recycling.
Enterprise-level indicators
There are few, if any, turnkey indicators for measuring the circular economy at the enterprise
level. The EMF (2015c) has highlighted this lack of official or recognized indicators, methods,
and tools for measuring business performance in moving from a linear economic model to a
circular one. On the other hand, companies measure their environmental impacts (greenhouse
gas emissions, energy consumption, or even water management) which can be integrated
and useful for conducting circular economy approaches. However, some approaches to
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constructing indicators applicable at the level of a company such as preserving and expanding
what is already manufactured, using waste as a resource, designing for the future,
collaborating to create joint value, rethinking business models, and incorporating the digital
economy already exist. The Material Circularity Indicator (MCI) cited above also offers an
extension, by aggregation, to the scale of the enterprise. Moreover, the WBCSD is currently
developing a framework to measure circularity at the enterprise level.
In the absence of a recognized and standardized general method, enterprises commonly
develop their own indicators as presented by the WBCSD survey, (2018).
Some recommendations
The EpE report, (2018, p. 46-49) outlines some recommendations, similar to the objectives of
this section of our proposed framework, for setting the appropriate actions to undertake during
the CE implementation.
i.
•

Proceeding in stages
The company should start with the most common material and simplest environmental
issues (data availability, existence of a proven economic gain, consensus of
stakeholders, strong internal and external visibility, etc.) to improve the existent
practices

•

The company should then gradually expand to more ambitious, longer-term actions:
product redesign, transformation of the business model of the company, etc.

•
ii.
•

The company should review continuously its waste treatment hierarchy.
Building a set of indicators
The company should take into account existing frameworks, standards, and
regulations applicable to its circumstances.

•

The company should examine and structure its existing indicators and data related to
circular economy, environmental sustainability, or resource consumption.

•

The company should define new indicators by covering the aspects and objectives
missing in the existing indicators.

•

The company should define the scope of indicators (project, site, production process,
current functioning of operations, upstream, or downstream)

•

The company should monitor any rebound effects by looking at the selected indicators:
Do they really contribute to a reduction in the total impact of the business or only
relative impacts?

iii.
•

Anchoring the circular economy in the organization
The company should co-construct the implementation process by involving its different
departments of the company, including the operational ones, public authorities at the
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appropriate scale, local or global stakeholders, academic experts when necessary,
and industrial partnerships.
•

The company should integrate environmental concepts and the circular economy into
existing processes by reusing as much as possible of the reporting data already
available.

•

The company should facilitate the engagement in the implementation by training key
employees (strategy, R&D, purchasing, sales, etc.).
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7. DISCUSSIONS AND CONCLUSIONS
This thesis proposes a methodological framework for the implementation of circular economy
in the context of small and medium-sized enterprises by examining the opportunities and
obstacles present in their business environment. The framework answers to the questions of
why go circular, how to proceed, and what to consider by giving a step-by-step guideline for
the implementation. Moreover, it suggests the appropriate learning options, support
mechanisms, and performance indicators.

7.1. Originality
Given the fact that SMEs represent up to 90% of operational enterprises in developed
countries (OECD, 2017b), the lack in literature of circular frameworks geared towards
providing specific guidelines that consider their circumstances was surprising. For instance,
many of the existing frameworks, especially on the enterprise level, are either abstract or
indifferent to the company’s size and environment (Mendoza et al., 2017). In addition, they
usually examine the cases of well-established companies’ trials for incorporating more CE
practices (EpE, 2018). Most of the literature surveyed in the scope of this work focused on
analysing the drivers and barriers facing SMEs in adopting circular practices and many
concluded by stating the need for institutional support and industrial cooperation (Rizos et al.,
2016; Ormazabal et al., 2018). These analyses were mostly done on a meso and macro levels
related to industries, institutions, and regions (Kalmykova et al., 2018).
However, in this thesis work, a synthesis of academic and grey literature reviews and case
studies allowed the creation of such framework that takes into account the peculiarities and
heterogeneity of SMEs. From building motivation by fostering knowledge and creating
personal incentivisation for different stakeholders, assessing the internal resources and
capabilities, examining and choosing the suitable circular strategy and tools, to finally setting
an action plan with the appropriate performance indicators, the framework tackles all the
necessary aspects of CE implementation for SMEs. Moreover, adding a checklist to each
block of the framework by asking the right questions gives a practical feature to its use.

7.2. Theoretical contribution
This work belongs to a plethora of academic literature on the promotion and deployment of
circular economy. Pioneered by the EMF, CE implementation studies have been consistently
growing in topics and interests and have proven to be an important source of support to the
concept’s actualisation, for example the number of published scientific articles on circular
economy jumped from 17 in 2013 to 127 in 2016 (Deus et al., 2017).
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Since the framework does not specify the circular actions that the company should undergo
but instead gives the company the constructs and tools to choose the right strategy with its
implied actions, it cannot be categorized according to the iReSOLVE checklist developed by
Mendoza et al., (2017). Although the framework draws some similarities from the back-casting
and eco-design methodologies of Mendoza et al., (2017), it differs in the sense that the ecodesign is not specified as the pillar for the circular economy implementation. Furthermore, the
proposed framework encourages a holistic view to the CE implementation that encapsulates
internal and external factors related specifically to SMEs. It also gives suggestions on the
existing tools for implementation strategies, performance indicators, financing options and
learning sources.
Current literature publications on circular economy theory and implementation can be divided
into two categories. The first category is based on systemic economy-wide view which targets
regional (macro), industrial (meso), or company (micro) level implementations. These types of
implementations require greater involvement and support from governments and
organizations due to their transformative scale. The second category of implementations
targets specific sectors, products, or material and its impact is mainly local (Kalmykova et al.,
2018). Although SMEs’ CE implementation frameworks fall under the former category, there
are no specific guidelines yet recognising their particularities. Hence, the thesis contributes to
filling this gap by creating an SME specific framework.
Ormazabal et al., (2018) study on the challenges and opportunities of a circular economy
transition in the case of Spanish SMEs has tremendously informed this work given how it
highlighted that the operational, institutional, and industrial environments play an essential role
in the way SMEs envisage CE implementation in general. Therefore, this work could be
considered in continuity with the goals of such publications.

7.3. Managerial implications
As mentioned previously, the decision-making process especially about strategic changes in
SMEs falls under direct if not exclusive control of the managers (usually the owners). However,
in this section the persons in charge of the implementation of the CE strategy are referred to
as CE project promoters to convey the need for adequate professional role assignment when
planning for such transition.
The managerial implications of adopting the proposed framework are mainly related to the
actions and goals that the CE project promoters should have. The catch here is for them to
correctly identify the opportunities that lie beneath the adoption of CE practices by acquiring
the knowledge and the necessary tools for the implementation. As a result, a commercially
viable circular business model will be developed.
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•

The first implication when approaching the CE implementation according to the
proposed framework is diffusing awareness and knowledge about the importance and
relevance of CE among all stakeholders within and across the value chain. This can
be done by outlining economic, social, and environmental benefits of CE
implementation through credible performance indicators.

•

Second, the CE project promoters should work on increasing the company’s internal
capacity for designing and developing circular products and services through staff
training and seeking external advisory assistance.

•

Third, a continuous assessment of existing processes, internal resources, and risks is
necessary for recognising the circular sources of revenues and expenses, and then
updating the circular strategy accordingly.

•

The fourth implication that the framework entails for CE project promoters is the close
collaboration with circular communities and actors. This is not only important for
anchoring CE practices in the company, but also for creating business partnerships in
circular supply and logistics that SMEs greatly need in this context.

•

Finally, due to the inherent complexities of CE business models and the limited
financial assets of SMEs, seeking external financing for CE projects will require special
skills and expertise from CE project promoters. Some of the actions that are deemed
instrumental in this case are structuring internal resources, preparing a convincing
credit story for the investors, seeking support from financial advisories, mitigating the
perceived risks from banks by raising equity capital, and formulating clear terms in
legal contracts.

7.4. Reliability, validity, and generalisability
As described by Saunders et al., (2016), ‘’reliability refers to replication and consistency. If a
researcher is able to replicate an earlier research design and achieve the same findings, then
that research would be seen as being reliable. In essence, validity refers to the
appropriateness of the measures used, accuracy of the analysis of the results and
generalisability of the findings’’
Although the role of reliability and validity assessments is argued to be not as essential to
qualitative research due to its interpretive and subjective nature in comparison to quantitative
research (Saunders et al., 2016), in this section, however, they are deemed necessary to
further highlight the strong and weak aspects of the proposed framework.
The reliability of the framework is relatively verifiable because it is mainly based on reliable
literature sources; it incorporates many known scientific theories on strategic planning,
resource management, and sustainable development; and it abides by the literature
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consensus on the definitions of circular economy concepts. However, the subjective nature of
its outlining, and prioritising of certain actions over others in the execution might make it
completely different from another framework that is trying to achieve the same goal of creating
a practical CE implementation for SMEs.
On the question of validity and generalisability, it can be argued that some verifications are
crucially needed to assess the appropriateness of the framework, and that is due mainly to
the use of secondary data solely and the lack of measurement tools.

7.5. Limitations and further research
This study has a limited scope due to the time and resources necessary to develop a
comprehensive implementation framework for a novel concept such as circular economy, and
the tests and trials needed to assert its usefulness and effectiveness.
The outcomes of this work could have been more well-grounded, if surveys and interviews
with SMEs had been conducted and focus group of experts had been involved. In other words,
the lack of primary data collection and analysis is one of the key shortcomings of this study.
The main obstacle in acquiring the primary data was the restrictions and inconveniences
caused by the outbreak of Coronavirus disease (COVID-19).
For future research on this topic, more technical and managerial tools should be explored in
the context of CE implementation in SMEs. For instance, common circular performance
indicators on enterprise level could be developed to assess the suitability and effectiveness of
implementation strategies. In addition, creating strategic mechanisms to scan and identify the
opportunities and obstacles that relate to circular economy in the company’s business
environment is of a great importance to any implementation framework.

64

REFERENCES
Aldrich, H., Staber, U.H., 1988. Organizing business interests: patterns of trade association
founding, transformations, and deaths. In: Carroll, G.R. (Ed.), Ecological Models of
Organization. Ballinger Publishing Company, Cambridge, Massachusetts, pp. 111-126.
AMEC Environment & Infrastructure; Bio Intelligence Service, 2013. The Opportunities to
Business of Improving Resource Efficiency; AMEC Environment & Infrastructure: Northwich,
UK. http://ec.europa.eu/environment/enveco/resource_efficiency/pdf/report_opportunities.pdf
Baines, T. S., H. W. Lightfoot, S. Evans, A. Neely, R. Greenough, J. Peppard, R. Roy, et al.
2007. State-of-the-art in product service systems. Journal of Engineering Manufacture
221(10): pp.1543–1552.
Bakker, C., Wang, F., Huisman, J. and den Hollander, M., 2014. Products that go round:
exploring product life extension through design. Journal of Cleaner Production, 69, pp.10-16.
Barney, J., 1991. Firm Resources and Sustained Competitive Advantage. Journal of
Management, 17(1), pp.99-120.
Baumeister, D., R. Tocke, J. Dwyer, S. Ritter, and J. Benyus., 2013. Biomimicry resource
handbook: A seed bank of knowledge and best practices. Missoula, MT, USA: Biomimicry.
Besch, K., 2005. Product-service systems for office furniture: Barriers and opportunities on
the European market. Journal of Cleaner Production. 13, pp.1083–1094.
Biondi, V., Iraldo, F. and Meredith, S., 2002. Achieving sustainability through environmental
innovation: the role of SMEs. International Journal of Technology Management, 24(5/6),
p.612.
Bocken, N., I. de Pauw, C Bakker, and B. van der Grinten. 2016. Product design and
business model strategies for a circular economy. Journal of Industrial and Production
Engineering 33(5): pp.308–320.
Bocken, N., S. Short, P. Rana, and S. Evans. 2013a. A value mapping tool for sustainable
business modelling. Corporate Governance 13(5): pp.482–497.
Bocken, N., Morgan, D. and Evans, S., 2013b. Understanding environmental performance
variation in manufacturing companies. International Journal of Productivity and Performance
Management, 62(8), pp.856-870.
Bocken, N., Short, S., Rana, P. and Evans, S., 2014. A literature and practice review to
develop sustainable business model archetypes. Journal of Cleaner Production, 65, pp.4256.
Bougherara, D. and Combris, P., 2009. Eco-labelled food products: what are consumers
paying for?. European Review of Agricultural Economics, 36(3), pp.321-341.
Bradford, J. and Fraser, E., 2008. Local authorities, climate change and small and medium
enterprises: identifying effective policy instruments to reduce energy use and carbon
emissions. Corporate Social Responsibility and Environmental Management, 15(3), pp.156172.

65

Braungart, M., McDonough, W. and 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), pp.1337-1348.
Broman, G. I. and Robert, K. H., 2015. A framework for strategic sustainable development.
Journal of Cleaner Production 140(1): pp.17–31.
Calogirou, C.; Sørensen, S.Y.; Larsen, P.B.; Alexopoulou, S., 2010. SMEs and the
Environment in the European Union; European Commission: Brussels, Belgium.
Calvino, F.; Criscuolo, C and Menon, C., 2016. No Country for Young Firms? Start-up
Dynamics and National Policies, OECD Science, Technology and Industry Policy Papers,
No. 29, OECD Publishing, Paris, France. http://dx.doi.org/10.1787/5jm22p40c8mw-en
Carrillo-Hermosilla, J., Del Río, P., Konnola, T., 2010. Diversity of eco-innovations:
reflections from selected case studies. Journal of Cleaner Production. 18, pp.1073-1083.
Cayzer, S., Griffiths, P. and Beghetto, V., 2017. Design of indicators for measuring product
performance in the circular economy. International Journal of Sustainable Engineering, 10
(4-5), pp.289-298.
Chan, E., Hon, A., Chan, W. and Okumus, F., 2014. What drives employees’ intentions to
implement green practices in hotels? The role of knowledge, awareness, concern, and
ecological behaviour. International Journal of Hospitality Management, 40, pp.20-28.
Cluster Excellence Denmark (CED), 2019. Survey of Danish Clusters.
http://www.clusterexcellencedenmark.dk/
Conseil du patronat du Québec (CPQ), 2018. Économie Circulaire Au Québec: Opportunités
Et Impacts Économiques. https://www.cpq.qc.ca/fr/publications/communiques-depresse/etude-prosperite-quebec-economie-circulaire-au-quebec-opportunites-et-impactseconomiques/
Crul, M. R. M. and Diehl, J. C., 2009. Design for sustainability: A step by step approach.
Paris; Delft, the Netherlands: United Nations Environmental Programme (UNEP) and Delft
University of Technology.
Daddi, T. and Iraldo, F., 2015. The effectiveness of cluster approach to improve
environmental corporate performance in an industrial district of SMEs: a case study.
International Journal of Sustainable Development & World Ecology, 23(2), pp.163-173.
De Angelis, R., 2018. Business Models in The Circular Economy. DOI: 10.1007/978-3-31975127-6. Palgrave Pivot. p.51.
de Pauw, I., Karana, E., Kandachar, P. and Poppelaars, F., 2014. Comparing Biomimicry
and Cradle to Cradle with Ecodesign: a case study of student design projects. Journal of
Cleaner Production, 78, pp.174-183.
de Pauw, I., Kandachar, P. and Karana, E., 2015. Assessing sustainability in nature-inspired
design. International Journal of Sustainable Engineering, 8(1), pp.5-13.
Dekoninck, E.A.; Domingo, L.; O’Hare, A.J.; Pigosso, D.C.A.; Reyes, T.; Troussier, N., 2016.
Defining the challenges for ecodesign implementation in companies: Development and
consolidation of a framework. Journal of Cleaner Production. 135, pp.410–425.

66

Dervojeda, K.; Verzijl, D.; Rouwmaat, E.; Probst, L.; Frideres, L., 2014. Clean Technologies,
Circular Supply Chains, Business Innovation Observatory; European Commission: Brussels,
Belgium.
Deus, R.; Savietto, J.; Battistelle, R.; Ometto, A., 2017. Trends in publications on the circular
economy. Revista Espacios. 38. 20.
Edbring, E.G., Lehner, M., Mont, O., 2016. Exploring consumer attitudes to alternative
models of consumption: motivations and barriers. Journal of Cleaner Production. 123, pp.5–
15.
Elia, V.; Grazia Gnoni, M.; Tornese, F., 2017. Measuring Circular Economy Strategies
through Index Methods: A Critical Analysis. Journal of Cleaner Production. 142: pp.2741–
2751.
Ellen Macarthur Foundation (EMF), 2013. Towards a Circular Economy. Business Rationale
for an Accelerated Transition; Ellen Macarthur Foundation: Cowes, UK.
https://www.ellenmacarthurfoundation.org/assets/downloads/publications/Ellen-MacArthurFoundation-Towards-the-Circular-Economy-vol.1.pdf
Ellen MacArthur Foundation (EMF), 2015a. Growth within—A circular economy vision for a
competitive Europe. Isle of Wight, UK.
https://www.ellenmacarthurfoundation.org/assets/downloads/publications/EllenMacArthurFo
undation_Growth-Within_July15.pdf
Ellen MacArthur Foundation (EMF), 2015b. Circular Economy Report – Delivering the
Circular Economy. https://www.ellenmacarthurfoundation.org/publications/delivering-thecircular-economy-a-toolkit-for-policymakers
Ellen MacArthur Foundation (EMF), 2015c. Circularity Indicators—An Approach to Measure
Circularity. Methodology & Project Overview.
https://www.ellenmacarthurfoundation.org/assets/downloads/insight/CircularityIndicators_Project-Overview_May2015.pdf
Entreprises pour l'Environnement (EpE), 2018. Les Indicateurs De L’Économie Circulaire
Pour Les Entreprises - Octobre 2018 | Epe | Entreprises Pour L'environnement.
http://www.epe-asso.org/les-indicateurs-de-leconomie-circulaire-pour-les-entreprisesoctobre-2018/
European Academies’ Science Advisory Council (EASAC), 2016. Indicators for a circular
economy. ISBN 978-3-8047-3680-1.
European Commission (EC), 2013. Flash Eurobarometer 381—SMEs, Resource Efficiency
and Green Markets. Brussels, Belgium.
https://ec.europa.eu/commfrontoffice/publicopinion/flash/fl_381_en.pdf
European Commission (EC), 2015. Circular Economy Package. Brussels, Belgium.
https://www.eea.europa.eu/policydocuments/com-2015-0614-last
European Commission (EC), 2016. 28 New Environment Projects in the Pipeline. Brussels,
Belgium. http://ec.europa.eu/easme/en/news/28-new-environment- projects-pipeline.
Fernández-Viñé, M.B.; Gómez-Navarro, T.; Capuz-Rizo, S.F., 2010. Eco-efficiency in the
SME of Venezuela. Status and future perspectives. Journal of Cleaner Production. 18,
pp.736–746.

67

Filipe, S.F.; Grammatikos, T.; Michala, D., 2016. Forecasting distress in European SME
portfolios. Journal of Banking & Finance. 64, pp.112-135.
Florin, N.; Madden, B.; Sharpe, S.; Benn, S.; Agarwal, R.; Perey, R.; Giurco, D., 2015.
Shifting Business Models for a Circular Economy: Metals Management for Multi-Product-Use
Cycles. UTS: Sydney, Australia. http://wealthfromwaste.net/wp-content/uploads/2015/11/P3FINAL-SHIFTING-BUSINESS-MODELS-FOR-CE-ONLINE.pdf
Franklin-Johnson, E.; Figge, F. and Canning, L., 2016. Resource Duration as a Managerial
Indicator for Circular Economy Performance. Academy of Management Proceedings,
2016(1), p.11617.
Gaziulusoy, A.; Boyle, C. and McDowall, R., 2013. System innovation for sustainability: a
systemic double-flow scenario method for companies. Journal of Cleaner Production, 45,
pp.104-116.
Geng, Y. and Doberstein, B., 2008. Developing the circular economy in China: challenges
and opportunities for achieving’ leapfrog development’. International Journal of Sustainable
Development & World Ecology. 15, pp.231-239.
Geng, Y.; Fu, J.; Sarkis, J.; Xue, B., 2012. Towards a national circular economy indicator
system in China: an evaluation and critical analysis. Journal of Cleaner Production. 23,
pp.216-224.
Geng, Y.; Haight, M. and Zhu, Q., 2007. Empirical analysis of eco-industrial development in
China. Sustainable Development, 15(2), pp.121-133.
Ghisellini, P.; Cialani, C. and 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, pp.11-32.
Goddard, W. and Melville, S., 2004. Research Methodology: An Introduction. 2nd edition,
Blackwell Publishing.
Heyes, G.; Sharmina, M.; Mendoza, J.; Gallego-Schmid, A. and Azapagic, A., 2018.
Developing and implementing circular economy business models in service-oriented
technology companies. Journal of Cleaner Production, 177, pp.621-632.
Hoevenagel, R.; Brummelkamp, G.; Peytcheva, A.; van der Horst, R., 2007. Promoting
Environmental Technologies in SMEs: Barriers and Measures; European Commission:
Luxembourg.https://publications.jrc.ec.europa.eu/repository/bitstream/JRC37214/eur22769e
n.pdf
Hofstra, N. and Huisingh, D., 2014. Eco-innovations characterized: a taxonomic
classification of relationships between humans and nature. Journal of Cleaner Production,
66, pp.459-468.
Hyz, A., 2011. Small and Medium Enterprises (SMEs) in Greece -Barriers in Access to
Banking Services. An Empirical Investigation. International Journal of Business and Social
Science, 2. pp.161-165.
IEC Institut Economie Circulaire, 2015. Etude | L’Économie Circulaire, Une Trajectoire Clé
Pour La Lutte Contre Le Dérèglement Climatique. https://institut-economiecirculaire.fr/etude-leconomie-circulaire-une-trajectoire-cle-pour-la-lutte-contre-ledereglement-climatique/
68

Kabongo, J.D.; Boiral, O. 2017. Doing More with Less: Building Dynamic Capabilities for
Eco-Efficiency. Business Strategy and the Environment, pp.26, 956–971.
Kalmykova, Y.; Sadagopan, M. and Rosado, L., 2018. Circular economy – From review of
theories and practices to development of implementation tools. Resources, Conservation
and Recycling, 135, pp.190-201.
Kang, M. and Wimmer, R., 2008. Product service systems as systemic cures for obese
consumption and production. Journal of Cleaner Production, 16(11), pp.1146-1152.
Kok, L.; Wurpel, G.; Ten Wolde, E., 2013. Unleashing the Power of the Circular Economy;
IMSA Amsterdam: Amsterdam, The Netherlands.
https://www.viawater.nl/files/unleashing_the_power_of_the_circular_economycircle_economy.pdf
KPMG, 2018. Let’s help SMEs to go circular.
https://ec.europa.eu/environment/sme/pdf/Training%20materials_English.pdf
Lieder, M. and Rashid, A., 2016. Towards circular economy implementation: a
comprehensive review in context of manufacturing industry. Journal of Cleaner Production,
115, pp.36-51.
Linder, M. and Williander, M., 2015. Circular Business Model Innovation: Inherent
Uncertainties. Business Strategy and the Environment, 26(2), pp.182-196.
Liu, J., Feng, Y., Zhu, Q. and Sarkis, J., 2018. Green supply chain management and the
circular economy. International Journal of Physical Distribution & Logistics Management,
48(8), pp.794-817.
Liu, Y. and Bai, Y., 2014. An exploration of firms’ awareness and behavior of developing
circular economy: An empirical research in China. Resources, Conservation & Recycling, 87,
pp.145–152.
Lozano, R., 2012. Orchestrating organizational changes for corporate sustainability. Greener
Management International, 57, pp.43-64.
Luthra, S.; Kumar, V.; Kumar, S.; Haleem, A., 2011. Barriers to implement green supply
chain management in automobile industry using interpretive structural modelling technique:
An Indian perspective. Journal of Industrial Engineering and Management, 4, pp.231–257.
Masi, D.; Kumar, V.; Garza-Reyes, J. and Godsell, J., 2018. Towards a more circular
economy: exploring the awareness, practices, and barriers from a focal firm perspective.
Production Planning & Control, 29(6), pp.539-550.
McDonough Braungart Design Chemistry (MBCD), 2012. Design for a cradle-to-cradle
future. Charlottesville, VA, USA: Cradle to Cradle Leadership & Consulting.
Mendoza, J.; Sharmina, M.; Gallego-Schmid, A.; Heyes, G. and Azapagic, A., 2017.
Integrating Backcasting and Eco-Design for the Circular Economy: The BECE Framework.
Journal of Industrial Ecology, 21(3), pp.526-544.
Meqdadi, O.; Johnsenb, T.; Johnsenc, R., 2012. The Role of SME Suppliers in Implementing
Sustainability. IPSERA 2012 Conference, Napoli, Italy, pp.1–4.

69

Mont, O., 2002. Drivers and barriers for shifting towards more service-oriented businesses:
Analysis of the PSS field and contributions from Sweden. Journal of Sustainable Product
Design, 2, pp.89–103.
Moore, S.B. and Manring, S.L., 2009. Strategy development in small and medium sized
enterprises for sustainability and increased value creation. Journal of Cleaner Production,
17, pp.276-282.
Müller, S. and Tunçer, B., 2013. Greening SMEs by Enabling Access to Finance. Strategies
and Experiences from the Switch-Asia Programme. Scaling-Up Study 2013; Switch-Asia
Network Facility: Wuppertal, Germany. https://issuu.com/switch-asia/docs/switchasiamag_winter14-15_epaper
Murillo-Luna, J.L.; Garcés-Ayerbe, C.; Rivera-Torres, P., 2011. Barriers to the adoption of
proactive environmental strategies. Journal of Cleaner Production, 19, pp.1417–1425.
Murray, A.; Skene, K. and Haynes, K., 2017. The circular economy: an interdisciplinary
exploration of the concept and application in a global context. Journal of Business Ethics,
140, pp.369-380.
Noci, G. and Verganti, R., 1999. Managing ‘green’ product innovation in small firms. R&D
Management, 29(1), pp.3-15.
Norden, 2015. Moving Towards A Circular Economy. Norden.diva-portal.org.
http://norden.diva-portal.org/smash/get/diva2:852029/FULLTEXT01.pdf
Nordqvist, M.; Picard, R.G.; Pesamaa, O., 2010. Industry Associations as change agents:
the institutional roles of newspaper associations. Journal of Media Business Studies, 7,
pp.51-69.
Nußholz, J., 2017. Circular Business Models: Defining a Concept and Framing an Emerging
Research Field. Sustainability, 9(10), p.1810.
Oakdene Hollins, 2011. The Further Benefits of Business Resource Efficiency; Department
for Environment, Food and Rural Affairs. London, UK.
OECD, 2010. Regulatory Policy and the Road to Sustainable Growth; OECD Publishing:
Paris, France. http://www.oecd.org/regreform/policyconference/46270065.pdf
OECD, 2013. Green entrepreneurship, eco-innovation and SMEs, OECD Working Party on
SMEs and Entrepreneurship. Paris, France.
https://one.oecd.org/document/CFE/SME(2011)9/FINAL/en/pdf
OECD, 2016. The Productivity-Inclusiveness Nexus: Preliminary version, OECD Publishing,
Paris, France. http://dx.doi.org/10.1787/9789264258303-en
OECD, 2017a. Key Issues Paper, Meeting of the OECD Council at Ministerial Level, Paris,
France. https://www.oecd.org/mcm/documents/C-MIN-2017-2-EN.pdf
OECD, 2017b. Enhancing the Contributions of SMEs in a Global and Digitalised Economy,
Paris, France. pp. 7-8. https://www.oecd.org/industry/C-MIN-2017-8-EN.pdf
OECD, 2018a. Strengthening SMEs and entrepreneurship for productivity and inclusive
growth, Mexico City, Mexico. https://www.oecd.org/cfe/smes/ministerial/documents/2018SME-Ministerial-Conference-Key-Issues.pdf
70

OECD, 2018b. Financing SMEs and Entrepreneurs 2018: An OECD Scoreboard, OECD
Publishing, Paris, France. https://www.oecd.org/cfe/smes/Highlights-Financing-SMEs-andEntrepreneurs-2018.pdf
Ongondo, F., Williams, I., Dietrich, J. and Carroll, C., 2013. ICT reuse in socio-economic
enterprises. Waste Management, 33(12), pp.2600-2606.
Oreg, S., 2003. Resistance to change: Developing an individual differences measure.
Journal of Applied Psychology, 88, pp.680–693.
Ormazabal, M., Prieto-Sandoval, V., Puga-Leal, R. and Jaca, C., 2018. Circular Economy in
Spanish SMEs: Challenges and opportunities. Journal of Cleaner Production, 185, pp.157167.
Ormazabal, M., Puga-Leal, R., 2016. An exploratory study of UK companies’ taxonomy
based on environmental drivers. Journal of Cleaner Production, 133, pp.479-486.
Ormazabal, M.; Sarriegi, J.M.; Barkemeyer, R.; Viles, E.; McAnulla, F., 2015. Evolutionary
pathways of environmental management in UK companies. Corporate Social Responsibility
and Environmental Management, 22, pp.169-181.
Parker, C.M.; Redmond, J.; Simpson, M., 2009. A review of interventions to encourage
SMEs to make environmental improvements. Environment and Planning C Government and
Policy, 27, pp.279–301.
Parkinson, H. and Thompson, G., 2003. Analysis and taxonomy of remanufacturing industry
practice. Proceedings of the Institution of Mechanical Engineers, Part E: Journal of Process
Mechanical Engineering, 217(3), pp.243-256.
Parlikad, A. and McFarlane, D., 2004. Investigating the Role of Product Information in Endof-Life Decision Making. IFAC Proceedings Volumes, 37(4), pp.413-418.
Planing, P., 2015. Business Model Innovation in a Circular Economy Reasons for NonAcceptance of Circular Business Models. Open Journal of Business Model Innovation.
Porter, M., 1998. Competitive Strategy. New York: Free Press.
Porter, M. and Van Der Linde, C., 1995. Toward a new conception of the EnvironmentCompetitiveness relationship. Journal of Economic Perspectives, 9, pp.97-118.
Prieto-Sandoval, V.; Alfaro, J.A.; Mejía-Villa, A.; Ormazabal, M., 2016. ECO-labels as a
multidimensional research topic: trends and opportunities. Journal of Cleaner Production,
135, pp.806-818.
Prieto-Sandoval, V.; Jaca, C.; Ormazabal, M., 2018. Towards a consensus on the circular
economy. Journal of Cleaner Production, 179, pp.605-615.
Rademaekers, K.; Asaad, S.S.Z.; Berg, J., 2011. Study on the Competitiveness of the
European Companies and Resource Efficiency; ECORYS: Rotterdam, The Netherlands.
https://ec.europa.eu/docsroom/documents/5189/attachments/1/translations/en/renditions/pdf
Rashid, A.; Asif, F.; Krajnik, P. and Nicolescu, C., 2013. Resource Conservative
Manufacturing: an essential change in business and technology paradigm for sustainable
manufacturing. Journal of Cleaner Production, 57, pp.166-177.

71

Reim, W.; Parida, V. and Ortqvist, D., 2015. Product–Service Systems (PSS) business
models and tactics: A systematic literature review. Journal of Cleaner Production 97(1):
pp.61–75.
Rizos, V.; Behrens, A.; van der Gaast, W.; Hofman, E.; Ioannou, A.; Kafyeke, T.; Flamos, A.;
Rinaldi, R.; Papadelis, S.; Hirschnitz-Garbers, M. and Topi, C., 2016. Implementation of
Circular Economy Business Models by Small and Medium-Sized Enterprises (SMEs):
Barriers and Enablers. Sustainability, 8(11), p.1212.
Rizos, V.; Tuokko, K. and Behrens, A., 2017. The Circular Economy: A review of definitions,
processes and impacts, Centre for European Policy Studies, Policy Paper No 2017/8.
Robson, C., 2002. Real World Research : A Resource for Social Scientists and PractitionerResearchers. Blackwell Publishers.
Romero, D. and Molina, A., 2011. Collaborative networked organisations and customer
communities: value co-creation and co-innovation in the networking era. Production Planning
& Control, 22(5-6), pp.447-472.
Sarkis, J., Helms, M. and Hervani, A., 2010. Reverse logistics and social sustainability.
Corporate Social Responsibility and Environmental Management, 17(6), pp.337-354.
Saunders, M.; Lewis, P. and Thornhill, A., 2016. Research methods for business students.
Harlow: Pearson Education Limited.
Sauvé, S., Normandin, D. and Macdonald, M., 2016. Économie Circulaire - Une transition
incontournable. Les Presses de l’Université de Montréal.
Sharmina, M., 2017. Low-carbon scenarios for Russia's energy system: a participative
backcasting approach. Energy Policy 104, pp.303–315.
Sivertsson, O.; Tell, J., 2015. Barriers to Business Model Innovation in Swedish Agriculture.
Sustainability, 7, pp.1957–1969.
Stahel, W. R., 1994. The utilization focused service economy: Resource efficiency. In The
greening of industrial ecosystems, edited by B. R. Allenby and D. J. Richards. Washington,
DC: National Academies Press.
Tempelman, E.; van der Grinten, B.; Mul, E. J. and de Pauw, I., 2015. Nature inspired
design handbook: A practical guide towards positive impact products. Delft, the Netherlands:
Delft University of Technology.
Trianni, A.; Cango, E., 2012. Dealing with barriers to energy efficiency and SMEs: Some
empirical evidences. Energy, 37, pp.494–504.
Tukker, A., 2004. Eight types of product-service systems: Eight ways to sustainability?
Experiences from SusProNet. Business Strategy and the Environment, 13, pp.246–260.
United Nations Environment Programme (UNEP), 2015. Guidance on O-LCA launched –
Life Cycle Initiative, Paris, France, ISBN 978-92-807-3453-9.
Van Buren, N.; Demmers, M.; van der Heijden, R. and Witlox, F., 2016. Towards a Circular
Economy: The Role of Dutch Logistics Industries and Governments. Sustainability, 8, 647.

72

Van Eijk, F., 2015. Barriers and Drivers towards a Circular Economy. Literature Review; A140315-R-Final; Accelerations: Naarden, The Netherlands.
https://www.circulairondernemen.nl/uploads/e00e8643951aef8adde612123e824493.pdf
Vanner, R.; Bicket, M.; Withana, S.; ten Brink, P.; Razzini, P.; van Dijl, E.; Watkins, E.;
Hestin, M.; Tan, A.; Guilcher, S.; Hudson, C., 2014. Scoping Study to Identify Potential
Circular Economy Actions, Priority Sectors, Material Flows & Value Chain. European
Commission: Luxembourg. https://www.eesc.europa.eu/resources/docs/scoping-study.pdf
Volstd, N. L. and Boks, C., 2012. On the use of biomimicry as a useful tool for the industrial
designer. Sustainable Development, 20(3): pp.189–199.
World Business Council for Sustainable Development (WBCSD), 2011. A Vision for
Sustainable Consumption: Innovation, Collaboration, and the Management of Choice.
WBCSD: Geneva, Switzerland.
https://docs.wbcsd.org/2011/10/AVisionForSustainableConsumption.pdf
World Business Council for Sustainable Development (WBCSD), 2018. Circular Metrics
Landscape Analysis. https://docs.wbcsd.org/2018/06/Circular_MetricsLandscape_analysis.pdf
Webster, K., 2015. The Circular Economy A Wealth of Flows. UK: Ellen MacArthur
Foundation Publishing. https://www.ellenmacarthurfoundation.org/publications/the-circulareconomy-a-wealth-of-flows-2nd-edition
World Economic Forum (WEF), 2014. Towards the Circular Economy : Accelerating the
Scaleup across Global Supply Chains. Geneva, Switzerland.
http://www3.weforum.org/docs/WEF_ENV_TowardsCircularEconomy_Report_2014.pdf
Wilts, H.; von Gries, N.; Bahn-Walkowiak, B., 2016. From Waste Management to Resource
Efficiency—The Need for Policy Mixes. Sustainability, 8, 622.
Yang, M., Wei, Y. and Lin, L., 2014. Integration of Industrial Ecology Approaches into
Business Practices. Journal of Industrial Ecology, 18(5), pp.670-676.
Yap, N. and Devlin, J., 2016. Explaining Industrial Symbiosis Emergence, Development, and
Disruption: A Multilevel Analytical Framework. Journal of Industrial Ecology, 21(1), pp.6-15.
Zanoli, R. and Naspetti, S., 2002. Consumer motivations in the purchase of organic food.
British Food Journal, 104(8), pp.643-653.
Zhu, Q., Geng, Y., Sarkis, J. and Lai, K., 2015. Barriers to Promoting Eco-Industrial Parks
Development in China. Journal of Industrial Ecology, 19(3), pp.457-467.
Zhu, Q. and Geng, Y., 2013. Drivers and barriers of extended supply chain practices for
energy saving and emission reduction among Chinese manufacturers. Journal of Cleaner
Production, 40, pp.6-12.

73

APPENDIX
Circular Economy Strategies Database (Kalmykova et al., 2018).
Diversity and cross-sector linkages
Energy production/Energy autonomy
Green procurement

Life Cycle Assessment (LCA)

Material substitution
Taxation
Tax credits and subsidies
Customization/made to order

Design for disassembly/recycling
Design for modularity

Eco-design
Reduction

Energy efficiency

1- MATERIALS SOURCING
Establishment of industry standards to promote cross-sector collaboration through transparency,
financial and risk management tools, regulation and infrastructure development and education.
Energy production from by-products and/or residual/process/waste heat recovery to support
facility operation.
A process whereby public authorities/companies choose to procure goods and services with the
same primary function, but lower environmental impact as measured, for example, by LCA-based
comparison of goods and services.
LCA is a structured, comprehensive, and internationally standardized method. It quantifies all
relevant emissions and resources consumed and the related environmental and health impacts
and resource depletion issues that are associated with any goods or services.
Replacing materials for the more abundant/renewable, hence making the production process
more resilient to price fluctuations and resource scarcity.
Taxes on technologies, products and inputs that are associated with negative externalities.
Reducing the tax on resources, for example on bio-based materials and products
2- DESIGN
Products are tailor-made to meet the needs and preferences of the customer. Can reduce waste
and prevent over-production. Customers who are satisfied with the products will return to the
manufacturer to extend the service life of the products and keep their preferred features.
Customer loyalty to the manufacturer is built in.
Design that considers the need to disassemble products for repair, refurbishment, or recycling.
Products composed of functional modules so that the products can be upgraded with newer
features and/or functionalities. The modules can be individually repaired or replaced, thereby
increasing longevity of the product core.
Product design with a focus on its environmental impacts during the whole lifecycle.
Design and manufacturing involving reduction in use of materials and elimination of harmful
substances use
3- MANUFACTURING
Providing the required services with reduced energy input, which can be achieved by reduced
consumption and energy efficient processes.
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Material productivity
Reproducible & adaptable
manufacturing
Optimized packaging design
Redistribute and Resell

Community involvement
Eco-labelling

Product as a service or Product Service
System
Product labelling

Re-use

Sharing
Socially responsible consumption

Stewardship

Virtualize

At the company level: the amount of economic value generated by a unit of material input or
material consumption. On the economy-wide level: GDP per material input/consumption.
A transparent and scalable production technology that can be emulated at other places using
indigenously available resources and skills.
4- DISTRIBUTION AND SALES
Efficient packaging design strategies abiding regulations and utilizing end-of-life of packaging
material.
Resale extends the product life by second-hand use. Therefore, fewer products, which serve for
the same purpose, have to be produced. The complete products or their components can be resold.
5- CONSUMPTION AND USE
The voluntary involvement of community and different stakeholders in organizing sharing
platforms and providing guidance on product repair and replacement.
A voluntary environmental protection certification of proven environmental preference of a
product/service within its respective category. Credible and impartial labelling of product/service is
usually overseen by public or private third parties.
The ownership of the product rests with the producer who provides design, usage, maintenance,
repair, and recycling throughout the lifetime of the product. The customer pays a rent for the time
of its usage.
Aimed to guarantee that consumers have full information on the constituents, origin of raw
materials etc. to enable them to make informed decisions. Indicates no environmental or
otherwise preference for certain products, in contrast to Ecolabelling.
Direct secondary re-usage extends the product life by second-hand use. Therefore, fewer
products, which serve for the same purpose, have to be produced. The complete products or their
components can be re-used.
Shared use/access/ownership of for example space and products and sharing platforms enabling
shared use. Multi-purpose space.
A socially responsible consumer purchases products and services that are perceived to have less
negative influence on the environment and/or that support businesses that also have positive
social impact.
Taking responsibility in protecting the resource through conservation, recycling, regeneration, and
restoration. A common good is considered, for example a natural resource, in contrast to
Extended Producer Responsibility.
Dematerialization. For example, electronic books/CDs, online shopping, use of telecommunication
to decrease use of office space and travel.
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Extended Producer Responsibility
(E.P.R)
Incentivized recycling
Logistics/Infrastructure building
Separation

Take-back and trade-in systems

By-products use
Cascading
Downcycling
Element/substance recovery
Energy recovery

Extraction of bio-chemicals
Functional recycling
High quality recycling
Industrial symbiosis
Restoration

6- COLLECTION AND DISPOSAL
“Extended Producer Responsibility is as an environmental policy approach in which a producer’s
responsibility for a product is extended to the post-consumer stage of a product’s life cycle”.
A method for rewarding consistent and repeated recycling of recyclable materials, for example a
deposit refund
Facilities to promote cost-effective, time saving and environmentally safe post-consumer collection
and disposal. Solutions that render optimum collection
The biological constituents should be separated from the technical or man-made/inorganic
constituents. The technical nutrients ought to be used for remanufacture and the biological
nutrients are to be restored or degraded naturally.
Efficient take-back systems ensure that the products are recovered from the consumer after end
of life and proceed to be remanufactured. Take-back systems could ensure a continuous flow of
material for remanufacture
7- RECYCLING AND RECOVERY
By-products from other manufacturing processes and their corresponding value chains are used
as raw materials for manufacturing new products.
Materials and components used across different value streams after end of life. The embedded
extraction, labour and capital are conserved across the cascade.
It is the process of converting used products into different new products of lower quality or
reduced functionality.
The process of recovering metals, non-metals, and other re-usable substances from a material
waste stream.
The conversion of waste materials into useable heat, electricity, or fuel through a variety of wasteto-energy processes, including combustion, gasification, pyrolysis, anaerobic digestion, and
landfill gas recovery
Conversion of biomass into low-volume but high-value chemical products, thereby generating
heat, power, fuel, or chemicals from biomass.
Process of recovering materials for the original purpose or for other purposes, excluding energy
recovery
The recovery of materials in pure form without contamination, to serve as secondary raw materials
for subsequent production of the same or similar quality products
Exchange and/or sharing of resources, services, and by-products between companies.
Also known as composting. Process where biological nutrients are returned to the soil after breakdown by micro-organisms and other species.
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Upcycling
Refurbishment/Remanufacture
Upgrading, Maintenance and Repair

Bio-based materials

Converting materials into new materials of higher quality and increased functionality.
8- REMANUFACTURE
Rebuilding a product by replacing defective components by reusable ones.
The most efficient way to retain or restore equipment to desired level of performance is
maintenance. Moreover, service aftersales is considered key for competitive advantage and
business opportunity. Maintenance is also carried out in the form of repair. To eradicate product
obsolescence or extend the useful life of the product, services like upgrading are necessary.
9- CIRCULAR INPUTS
Resource inputs or materials that last for longer than a single lifecycle and can easily be
regenerated.
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