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a b s t r a c t

The circular economy (CE) framework has captured the attention of industry and academia and received
strong policy support. It is currently deemed as a powerful solution for sustainability, despite ongoing
criticism on its oversimplification and lack of consideration of socio-ethical issues. In parallel, the concept
of RRI has emerged strongly with a strong focus on the integration of social desirability in innovation
under transparency, democracy and mutual responsiveness principles. In this paper, we critically
examine the literature on the CE and RRI in order to find out how the different focus of RRI may provide
an innovation governance framework to strengthen the CE framework. There are two main ways in
which RRI could further the CE: first, anticipating unexpected consequences, helping to break disci-
plinary barriers and acknowledging systemic limits that are not currently taken into consideration; and
second, the integration of socio-ethical issues in the CE, and addressing the social implications of the CE
through stakeholder participation. However, future research should look at remaining blind spots of CE
and RRI, such as non-technological innovation, the demand-side of innovation and the development of
business models. With that objective, we suggest a research agenda for common development of the
frameworks.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

In the quest for sustainable development, businesses have
emerged as important players to contribute to a transition to an
economic system that ensures environmental preservation and
reflects societal values. With the aim of pursuing this transition, the
circular economy (CE, onwards) concept has emerged strongly,
building on previous concepts and integrating a wide range of
practices into a single framework (Ghisellini et al., 2016; Korhonen
et al., 2018a). Businesses are important actors in this transition
although policy-makers (McDowall et al., 2017; Reike et al., 2018),
particularly in the European Union (European Commission, 2012a)
and China (Geng and Doberstein, 2008), have also backed this
framework. However, the operationalisation of the CE has often
been criticised as a sustainability model for its neglect of social and
ethical issues, focusing on the environmental and economic pillars
of sustainability (Kirchherr et al., 2017; Murray et al., 2017). In
principle, the CE aims to achieve welfare-increasing, sustainable
economic growth, hence addressing inter and intragenerational
equity concerns through the preservation of natural capital,
resource productivity and the removal of negative externalities
(Ellen MacArthur Foundation, 2017). Nevertheless, the concept of
the CE is still evolving, and many conceptualisations and frame-
works to implement the CE in practice have not considered a
dimension of social justice, both at the geographic and intergen-
erational levels (Murray et al., 2017). As an example, while in China
the CE is seen as the environmental pillar of the ‘harmonious so-
ciety’ (Naustdalslid, 2014), in the European context the CE has
typically focused with creation of jobs as the major socio-economic
concern (Ellen MacArthur Foundation, 2012; Sauv�e et al., 2016).

Interestingly, at the time of emergence of the CE, another
framework has emerged, mostly with the support of the European
Commission (European Commision, 2012): responsible research
and innovation (RRI, onwards). RRI aims to tackle the ‘grand chal-
lenges’ of our time through innovation and pave theway for awider
system transition to sustainability (Blok and Lemmens, 2015;
Lubberink et al., 2017). Unlike the CE framework, RRI has a much
stronger focus on the inclusion of socio-ethical issues, aiming to
reflect societal values in innovation under principles of trans-
parency, democracy and mutual responsiveness (Von Schomberg,
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2013). Despite its recent introduction in some other regions, RRI
has found conceptual and policy support mostly in Europe
(Macnaghten et al., 2014).

Both the CE and RRI ultimately aim to address problems related
with sustainable development through innovation, even if their
focus and means are different. The CE focuses on achieving a
closed-loop, material and energy balanced economy, through the
application of the 3R principles e Reduce, Reuse, and Recycle.
Through them, the aim is to tackle the environmental and eco-
nomic dimensions of sustainability (Geissdoerfer et al., 2017;
Ghisellini et al., 2016). In order to do so, new innovative concepts,
technologies and actors are to be developed to address the
complexity of sustainability problems (Ghisellini et al., 2016; Linder
and Williander, 2017). Diversely, RRI aims to democratise the
research and innovation process so that socio-ethical issues are
considered and incorporated in the development of new technol-
ogies, fostering collaboration of the innovator with its stakeholders
to address the grand challenges of our time (Stilgoe et al., 2013; Von
Schomberg, 2013), including -but not limited to - sustainable
development (Burget et al., 2017). Hence, apart from tackling
outcome-related issues (that is, addressing grand challenges) it has
a strong procedural aspect, proposing a democratic, transparent
and inclusive innovation process.

Despite sharing some common goals, the CE and RRI have been
operationalised as separate concepts in policy and practice. For
instance, at the EU level, they are managed by different Directorate
General (Environment and Research and Innovation, respectively),
and funding for research on these frameworks is provided by
different programmes. Nevertheless, the CE and RRI show some
complementarities in objectives and methods. The CE concept is
essentially contested (Korhonen et al., 2018b) and still in evolution,
with many definitions and conceptualisations developing in par-
allel (Kirchherr et al., 2017; Reike et al., 2018). Because of this, the
concept of the CE serves multiple roles in different spheres: from a
scientific perspective, it refers to a certain arrangement of the
economic system towards closed-loop material and energy flows;
from a policy perspective, it is a wider programme to embark
different social actors in the quest for sustainable development;
from a business perspective, it has often been implemented as a
tool for resource productivity. The diverse interpretations about the
concept of the CE has resulted in ongoing criticism, which some-
times stem from the distinct expectations from the concept of the
CE in different fields. A common criticism collected in the an
extensive literature flourishing around the topic is the overlook of
social and ethical issues in the CE conceptualisations and practices
(Korhonen et al., 2018a; Murray et al., 2017; Reike et al., 2018).
Therefore, exploring the concept of the CE from and RRI lens may
serve two purposes; first, to open the contested understanding and
social goals of the CE through the tools of RRI (Reber, 2017; Taebi
et al., 2014), and, second, to address these criticisms about the
socio-ethical foundations of the CE (Murray et al., 2017) with the
principles at the core of RRI (Blok and Lemmens, 2015; Burget et al.,
2017):we find that there are ways in which the integration of RRI
principles could help to sustain the socio-ethical foundations of the
CE. Therefore, the aim of this article is to provide an understanding
of the two concepts that have been previously unconnected, to
consider how RRI may be productive in the development of a more
socially and ethically grounded CE.

The next section presents the materials and methods, followed
by Section 3, which provides more background information about
the concepts of CE and RRI, as well as. Then, Section 4 provides an
overview on the identified major criticisms of the CE and discusses
the main commonalities of the CE and RRI concepts, followed by
the ways in which RRI may be helpful in addressing the major
criticisms of the CE. After that, Section 5 examines the remaining
blind spots. The final section closes with conclusions.

2. Materials and methods

In order to find out how RRI may further the development of the
CE, we conducted a narrative literature review (Bryman and Bell,
2015), following the principles of backward snowballing sampling
described by Wohlin (2014). Carrying out this type of literature
review was deemed most appropriate because extensive quality
reviews of both concepts have been recently published in relevant
peer-reviewed journals. Therefore, the aim of this manuscript is not
to perform yet another review on these topics, but rather to
concentrate on the criticisms to the CE in which RRI may be useful.
To identify relevant literature to build on these concepts, we
selected quality reviews for our initial sample of papers (summar-
ised in Appendix 1), which was later complemented with backward
(cited) and forward (citing) searches of those papers relevant to the
critical research question. Some reviews were excluded from the
list of key papers because they either did not conceptualise or
identify major criticisms of the CE frameworks (for instance,
Lewandowski et al., 2016) or because they were focused on a single
industry or topic (as it was the case for the review of Lieder and
Rashid, 2016, of CE practices in the manufacturing sector, or the
review of CE reporting in the consumer goods sector). In the case of
RRI, some reviews were excluded because they did not contribute
to answering the research question (e.g. Ruggiu, 2015).

We performed two searches in the Web of Science during July
2017; the first under the terms “circular economy” and “review”,
and the second under the terms “responsible innovation” or
“responsible research and innovation” and “review”. We also con-
ducted the same search in June 2018 to update the results. Since the
first procedure to be performed on the initial sample was backward
snowballing, we limited the search to the years 2014e2018, since
previous relevant references would be encountered. In addition,
the framework of the CE has been contested mostly from 2013 on,
during the validity check phase of its conceptual development
(Blomsma and Brennan, 2017; Reike et al., 2018). The selection
criteria included academic papers only, although these referred to
relevant grey literature that was later included in the materials; for
instance, the Ellen MacArthur Foundation's reports. The key review
papers that guided the selection of materials for the CE and RRI and
their relevance to the research question are summarised in
Appendix 1.

3. Overview of the CE and RRI concepts and development

3.1. Overview of the circular economy

The concept of a circular economy is older than this nomen-
clature (Reike et al., 2018; Winans et al., 2017), and builds on ideas
developed in the context of ecological economics (closed-loop
economic systems) (Boulding, 1966; Stahel and Reday, 1981) and
industrial ecology (Frosch, 1992; Thomas, 1997). Industrial ecology
is mostly concentrated on material rather than monetary flows,
although competitiveness and economic growth are also relevant
for the business actors involved (Esty and Porter, 1998). However,
the CE added a stronger economic focus.

From this basis, several other schools of thought have contrib-
uted to the development of the CE (Ellen MacArthur Foundation,
2012; Geissdoerfer et al., 2017); mainly cradle-to-cradle
(McDonough and Braungart, 2003) or the blue economy (Pauli,
2010), or integral supply management control. Cleaner produc-
tion frameworks are a clear antecedent of the CE at the micro level,
and still encompass principles applied for circular product design;
mainly, input substitution and technological optimization (Sousa-
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Zomer et al., 2018). At the policy level, the CE also builds on pre-
vious frameworks, such as the integrated pollution prevention and
control (IPPC), which proposed a life-cycle approach to the utili-
zation of the best available techniques (Schoenberger, 2009).

Due to the variety of frameworks, theoretical domains and
governance levels at which the CE has developed, it has been very
differently conceptualised in different contexts, creating varied
expectation (Reike et al., 2018). For instance from an industrial
ecology perspective, it is focused on closing material and energy
loops, at the policy level it is understood as a tool for a wider socio-
technical change towards sustainability (McDowall et al., 2017;
Murray et al., 2017). However, it has emerged as a framework for
sustainable development, providing not only a particular vision and
outline of a sustainable economic system, but also a collection of
principles, instruments and measurable goals (Blomsma and
Brennan, 2017; Korhonen et al., 2018b; Murray et al., 2017b).

The CE has been interpreted differently even in the academic
debate, in which the concept has beenwidely contested (Korhonen
et al., 2018b). An analysis of 114 definitions by Kirchherr et al.
(2017) showed that only certain patterns were shared among def-
initions. In any case, as noted by Kirchherr et al. (2017) the most
prominent definition is that provided by the Ellen MacArthur
Foundation (2012:7) in its influential initial report on the CE. For
this reason, for the purposes of this paper, we consider this
definition:

“[CE] an industrial system that is restorative or regenerative by
intention and design. It replaces the ‘end-of-life’ concept with
restoration, shifts towards the use of renewable energy, elimi-
nates the use of toxic chemicals, which impair reuse, and aims
for the elimination of waste through the superior design of
materials, products, systems, and, within this, business models.”

3.2. Overview of responsible research and innovation

Since the works of Joseph Schumpeter (1912), innovation has
been considered a paradigm of economic progression and a tool for
increasing levels of humanwelfare. Moreover, in recent years it has
been signalled as a major instrument towards sustainable devel-
opment (European Commission, 2012b; Jay and Gerand, 2015).
However, this understanding of innovation assumes that it is
inherently good and neglects the uncertainty of results and po-
tential impacts that may be associated with the adoption of a
certain innovation (Von Schomberg, 2013). Aiming to hedge these
potential risks, RRI has emerged as ‘an attempt to govern research
and innovation in order to include all the stakeholders and the public
in the early stages of research and development’ (Burget et al., 2017, p.
9).

At its conception, RRI was centred around radically new,
emerging technologies, and more specifically, those developed in
publicly funded universities and basic research centres rather than
businesses. The debate on new technologies with the potential to
irremediably impact the environment or the course of societal
development (e.g. genetically-modified organisms or nuclear en-
ergy). To that extent, RRI builds on previous tools and frameworks
that aimed to address the uncertainties derived from emerging
technologies and is not completely novel. The aim of providing
socially desirable outcomes from emergent technologies and the
little capacity to understand all the potential consequences of this
types of innovation drove policy-makers introduced technology
assessment methods at different levels; including for instance,
parliamentary technology assessment. As noted by Genus and
Iskandarova (2018, p. 2), a variety of previous practices have
informed the current understanding of RRI: among others,
“technology assessment (TA), science governance, risk governance,
(engineering) ethics, public and stakeholder engagement, antici-
pation, foresight and future studies”. These practices aimed to
integrate the vision of stakeholders in technology development,
establishing a dialogue between the civic society and the innovator.
Ultimately, this would break the divide between development and
control of technology through the provision of a system for early
criticism (Schot and Rip, 1997). One of these practices is construc-
tive technology assessment, which aims to evaluate and respond to
the social and human implications of innovation at the develop-
ment stage, rather than examining the ex post impacts (Schot and
Rip, 1997). The discipline has evolved over time and several di-
mensions that are collected by RRI to integrate human values in
design e such as its democratic and reflective nature - had been
identified by constructive technology assessment (Genus, 2006).

The way in which these practices were applied were considered
insufficient by policy-makers, since they were, to some extent,
driven by the collective ‘gut-feeling’ (Zwart et al., 2014). This led
governmental institutions to the development of the ELSI and ELSA
programmes in the United States and the European Union,
respectively. The aim of these programmes, which constitute the
basis for the later development of the RRI framework (Zwart et al.,
2014), is to assess the Ethical, Legal, and Societal implications of
research. Therefore, researchers should examine and hedge the
unintended but potential negative consequences of their research,
adopting and anticipatory attitude, embracing collaboration with
different societal stakeholders and researchers from other disci-
plines (e.g. philosophers, science communicators, or social scien-
tists) (Zwart et al., 2014).

Building on ELSA and the idea that innovation should reflect
societal values, the concept of RRI emerged strongly under thewing
of the European Union (Zwart et al., 2014). RRI calls for the inclusion
of stakeholders in the innovation process as anchors of socio-
ethical values (Blok and Lemmens, 2015). Moreover, RRI aims to
better its uncertainties and potential impacts of innovation,
providing with the capacity to anticipate, deliberate on and
respond to such uncertainties (Owen et al., 2012). European policy-
makers have placed significant efforts and hopes on RRI as a means
to achieve the ‘right’ impacts from innovation (Von Schomberg,
2012), drafting several strategies to direct innovation towards the
grand challenges of society, including sustainable development
(Blok and Lemmens, 2015; European Commision, 2012). Hence RRI
is built on an idea of research as a multi-stakeholder process, in
which science, industry and society collaborate to deliver in-
novations that reflect societal values.

An emergent field of literature pivoting around the operation-
alisation of RRI has sprouted. One of the aims of this research is to
define and refine what RRI involves, beyond the inclusion of
stakeholders as fenders of societal values in innovation, aiming to
tackle grand challenges (Von Schomberg, 2013). The main goal
becomes to identify the main dimensions of RRI so that it can be
introduced in research, development and innovation processes.
Some of the seminal works on RRI (Owen et al., 2012; Stilgoe et al.,
2013) highlight that, for innovation to be responsible, it must be
governed under a democratic framework in which socio-ethical
values, represented by the voices of stakeholders, are included.
Von Schomberg (2013) delves into this, proposing a transparent and
interactive throughput of RRI, in which societal actors are mutually
responsive to each other, which should result in an acceptable,
sustainable and socially desirable innovation output. This is con-
structed around the idea of embeddedness of innovation in society
(Saille, 2015), guiding European research policy towards ‘Science
with and for Society’ (European Commision, 2016). Therefore,
principles of RRI are concerned with the input - resolving grand
challenges -, throughput - transparency, participation and
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responsiveness - and output of innovation e ethical acceptability,
sustainability and social desirability e of innovations (Blok and
Lemmens, 2015). With this, the importance of democratic partici-
pation (science with society) and socio-ethically acceptable and
desirable results (science for society) are stressed.

With the aim of providing a governance framework for
responsible innovation, Stilgoe et al. (2013) provide four di-
mensions of RRI processes: anticipation, reflexivity, inclusion and
responsiveness. The latest reflections on RRI that aim to develop the
concepts and its dimensions on the grounds of the thriving litera-
ture on the topic suggest the addition of new dimensions to the
framework collected by Stilgoe et al. (2013). Burget et al. (2017)
propose two new dimensions to RRI: sustainability and care. Sus-
tainability is a common theme in the RRI literature and one of the
keys to understand the use of the concept by bodies like the Eu-
ropean Commission. It is related to the tackling of ‘grand chal-
lenges’ necessary for RRI outlined by Von Schomberg (2013). The
addition of sustainability as a dimension of RRI is also related to the
engrailment of RRI in European policies and research frameworks
toward sustainable development (Madelin, 2016), and the idea that
innovation e and RRI in particular e can be a useful tool to address
sustainability problems (Flipse et al., 2013; Voegtlin and Scherer,
2017). Care is another dimension of RRI suggested by Burget et al.
(2017), related to the future-oriented ethics that are meant to
deal with the uncertainties of technological innovation (Groves,
2009).

4. Addressing the criticisms and interpretations of the CE
through RRI

4.1. Principles of the CE

The CE concentrates on addressing environmental issues while
aiming at economic growth, and is conceptualised as an alternative
framework to the linear economy, within which the components
and materials keep their value and are recycled, remanufactured or
reabsorbed by the natural environment (Geng and Doberstein,
2008). As illustrated by Andrews (2015), as the CE is distinct to
the linear economy mostly because of the treatment of materials,
components and products at their end-of-life: while in the CE they
are processed into closed loops and become resources for future
life-cycles, in the linear economy they become waste and are either
incinerated or disposed of in landfills.

This is built on the idea of embeddedness of the economic
system in the natural environment and the acknowledgement of
the ecosystem boundaries (Boulding, 1966) and its services to the
economy (Pearce and Turner, 1992). Thus, a major concern for the
CE is not only to ensure that the idea of material and energy
circularity ingrained in the whole value chain, but also that busi-
ness opportunities are created (Webster, 2013). Furthermore,
Lieder and Rashid (2016) suggest that the CE must be environ-
mentally and economically regenerative: this means that, apart from
closing the material and energy loops through resorting to the bio-
economy, renewable energies and the 3R principles (reuse,
remanufacture, recycle), the CE should aim to ensure sustainable
economic growth, by creating new jobs, industries and sources of
wealth creation. This translates into efforts both from the policy
(through societal action, legislation and policies) and industry
(ensuring profitability, competitiveness and involvement of
manufacturing industries) perspectives. The majority of con-
ceptualisations of the CE focus on the creation of a balance between
the environmental and economic pillars of sustainable develop-
ment (Ghisellini et al., 2016; Greyson, 2007), looking at social as-
pects only when it comes to its potential for jobs creation (Lacy and
Rutqvist, 2016; Stahel, 2016). However, in the high-level policy in
China, the CE is planned as the environmental pillar of the
harmonious society (Geng and Doberstein, 2008), the socio-
economic vision of sustainable development for China that in-
cludes green economic growth, respect among economic actors, the
increase of affluence, and improvements in morals and the rule of
law. However, in practice it has beenmostly oriented to tackling the
resource intensity of the national economy (Gregson et al., 2015;
McDowall et al., 2017).

The main principles for the implementation of the CE are
Reduction, Reuse and Recycle e 3R- (Ghisellini et al., 2016; Murray
et al., 2017). It is notable that the focus of attention in each of the
principles has been different depending on the geographical area
(McDowall et al., 2017). Due to concerns of resource scarcity for
industrial production, Reduction has become a major objective in
China (Mathews and Tan, 2011), eco-efficiency indicators being
very relevant for national assessment of the state of the CE (Geng
et al., 2012). However, European policies have been directed
mostly towards Recycle as a form of waste management and
development of upcycling based industries (Gregson et al., 2015),
and focusing on the minimisation of waste as an externality
(Andersen, 2007). However, recycling is the least environmentally
advisable of the three principles of CE, due to energy dissipation
and gradual downgrading of certain materials (Bilitewski, 2012;
Stahel, 2013). Therefore, in order to achieve environmental, social
and economic sustainability, it is necessary to balance the three
principles and understand the CE from a systemic perspective
rather than individual practices under the 3R principles (Webster,
2013).

Reduction is related to eco-efficiency; that is, the minimisation
of natural resources in the form of raw materials or energy into the
production process. Eco-efficiency mostly disregards the social
dimension of sustainability, focusing on the natural environment as
a finite provider of energy and raw materials and recipient of
harmful waste to a limited carrying capacity, decoupling business
activity from environmental degradation (Figge et al., 2014). Eco-
efficiency has been criticised for its limited goals. Moreover, the
concept of decoupling (environmental degradation from economic
growth) is perilous as it suggests that the economy may function
without inputs from the ecosystem (Hukkinen, 2001), and neglects
functioning rules of ecosystems that may put them at risk, since the
loss of spare capacity, diversity and flexibility may negatively affect
long-term sustainability (Korhonen and Seager, 2008). In any case,
the most highlighted issue regarding eco-efficiency is the Jevons
paradox, whereby increases in efficiency increment consumption;
therefore resulting in further resource scarcity (Alcott, 2005;
Korhonen et al., 2018a; Korhonen and Seager, 2008).

The second principle of the CE is Reuse, which also refers to
refurbishing or manufacturing; that is, extending the life of either
whole products or their components for the same purpose for
which theywere created (European Union, 2008). Reuse is themost
important strategy of the three principles of the circular economy
(Castellani et al., 2015), involving less labour, energy and material
(Ghisellini et al., 2016). Along with Reuse, extending the life of
products is an important strategy for the CE (Cooper, 2016). How-
ever, consumer attitudes towards fashion and utility of products as
well as reticence towards refurbished or remanufactured products
(Baxter et al., 2017) may discourage producers from engaging in
Reuse beyond legally-established obligations (Sakai et al., 2011).
When it comes to reuse, a main criticism to the CE is that, despite it
being the most environmentally effective principle of the 3R, pol-
icies have been mostly oriented towards eco-efficiency and recy-
cling (McDowall et al., 2017; Sakai et al., 2011). This is so because
they sustain better the economic pillar of CE, by increasing effi-
ciency gains for producers and creating new waste-based in-
dustries, respectively. However, consumers often assign a lower
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value to reused, refurbished and remanufactured products (Baxter
et al., 2017); therefore, their commercialisation would require a
change in consumer attitudes. In the case of product-service sys-
tems, the value that consumers assign to ownership and control of
products has hindered further application beyond the B2B sector
(Tukker, 2015). Although consumer perceptions of reused products
seem to be evolving towards greater acceptance (Castellani et al.,
2015), this is mostly based on a thrift culture that enables further
consumption, rather than on the idea of preventing waste (Gregson
et al., 2013).

Finally, the Recycle principle refers to the reprocessing of waste
materials for the same or different uses than those that they were
originally used for (European Union, 2008). Recycling reduces the
amount of waste that needs to be burned or buried on landfills; and
it is also a useful strategy to avoid sourcing materials from the
natural environment (Geng and Doberstein, 2008). However,
certain materials cannot be recycled indefinitely, since the material
is downgraded after a certain number of re-processing cycles
(Stahel, 2013); even in the most advanced recycling processes,
there is certain material quality and quantity loss (Cullen, 2017).
Moreover, the energy input required for recycling which, to date,
may not necessarily sourced from renewables, needs to be
considered. In addition, there are some added risks in certain
recycling processes, such as in the case of certain chemicals. For
smaller waste flows, the environmental costs of transportation to
plants where economies of scale can be met outweigh the benefits
of recycling (Bilitewski, 2012; Stahel, 2013). As a consequence,
recycling is the least environmentally sustainable solution of the
three CE principles (Ghisellini et al., 2016). Furthermore, total
recyclability may lead to attitudes leading to lessmaterial reduction
in the first place (Catlin andWang, 2013), which would entail a risk
considering that recycling cycles (with current technologies) are
finite and result in gradual loss of energy and materials (Cullen,
2017). Despite this, waste recycling has dominated the CE
discourse at the practical level (Stahel, 2013), particularly in Europe
(McDowall et al., 2017).

Aiming to address the shortcomings of the 3R principles and
providing a more comprehensive and systemic understanding of
the CE (Webster, 2013), the Ellen MacArthur Foundation (2012)
proposes three addition principles, as noted by Ghisellini et al.
(2016). The first one is appropriate design, whereby, apart from
minimising production materials, components are selected and
designed based on future reuse or recycling options (Braungart
et al., 2007; den Hollander et al., 2017). The second is the reclas-
sification of materials between ‘technical’ and ‘biological’ depend-
ing on the capacity of the biosphere of carrying them and
incorporating them into the natural cycles, the former being
destined to reuse of recycle and the latter being accepted as
disposal to the environment (Lewandowski, 2016; Webster, 2013).
Lastly, renewability puts renewable energy at the centre of the
production system, not only due to the finite nature of fossil fuels as
a natural resource and the harmful emissions derived from their
use, but also as a way to insulate the economy from peaks in prices
and limited availability (Ghisellini et al., 2016).

4.2. Major criticisms of the CE

Despite these efforts to safeguard sustainable performance, the
limitations of the CE in contributing to sustainable development
have also been highlighted (Geissdoerfer et al., 2017; Murray et al.,
2017). During the current period of conceptual development of the
CE (Blomsma and Brennan, 2017; Reike et al., 2018), various criti-
cisms and interpretations of the frameworks have started to
emerge (see Appendix 1 for a summary table). Particularly, these
criticisms address the limitations of current interpretations of the
CE as the framework for a transition to a sustainable economy
(Geissdoerfer et al., 2017; Ghisellini et al., 2016) can be categorised
in the following points:

� Conceptual fragmentation and lack of paradigmatic strength
(Blomsma and Brennan, 2017; Korhonen et al., 2018a, 2018b;
Reike et al., 2018).

� Oversimplistic, short-time goals that cause a neglect of ther-
modynamic limits (Blomsma and Brennan, 2017; Geissdoerfer
et al., 2017; Kirchherr et al., 2017; Korhonen et al., 2018b,
2018a; Sauv�e et al., 2016).

� Loss of quality in materials over the loops and potential lock-in
effects (Ghisellini et al., 2016a; Kirchherr et al., 2017; Korhonen
et al., 2018b; Winans et al., 2017).

� Overlook of socio-ethical issues in its development and imple-
mentation (Blomsma and Brennan, 2017; Geissdoerfer et al.,
2017; Kirchherr et al., 2017; Korhonen et al., 2018b; McDowall
et al., 2017; Naustdalslid, 2014; Sauv�e et al., 2016; Winans
et al., 2017).

The literature has addressed these criticisms in different ways.
When it comes to conceptual fragmentation, several authors have
aimed to provide a revised, more inclusive definition, while
providing a research agenda for the CE (Blomsma and Brennan,
2017; Kirchherr et al., 2017; Korhonen et al., 2018b). Therefore,
some of the latest advances in the CE are directed towards the goal
of providing model clarity for further research and enhanced
implementation in practice.

Regarding the second problem, the consideration of the envi-
ronmental dimension of sustainability in the long run by the CE is
questioned. The environment serves the economy in four different
ways (Pearce and Turner, 1992; Perman et al., 2003): as an amenity
base, as a life-support system, as a resource base, and as a waste
sink. The first two aremore relatedwith the relationship of humans
with the environment, the amenity-based function representing
the environment as a recreational space and source of human joy
for its mere existence, and the life-support service providing a
home for humanity through various, diverse ecosystems that sup-
port difference forms of life. The latter have amore direct impact on
the economy, not so much on society development: being a source
of materials and energy and the recipient of waste by-products. The
four of them are important for the development of the socio-
economic system within the natural system, facilitating human
existence.

However, the CE omits the amenity base and life-support
functions of the environment, focusing on the resource base and
waste sink functions (Zwier et al., 2015). This may lead to other
environmental problems not accounted for in the CE (Andersen,
2007), particularly as it comes to human development beyond
economic growth, since the environment and the economy have
other functions for humanity that go beyond the simplification of a
zero-waste economy (Zwier et al., 2015). Regarding the potential
short-sightedness of the CE goals and objectives, several advances
have been made within the field, aiming to provide a more
comprehensive framework that integrates better the relationship
between material and energy loops and the long-term outcomes of
CE practices (Korhonen et al., 2018a; Reike et al., 2018; Sauv�e et al.,
2016). These developments highlight the limits of the existing CE
frameworks in addressing such topics and provide solutions for
operationalisation in practice; however, they do not approach the
problem of innovation governance that is inherent to existing
practices in the CE. Current practices in the CE are criticized
because of its over-simplistic goals that emphasize bottom line
approaches over a holistic view of sustainability (Murray et al.,
2017), for which current schools of thought have not found a
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solution yet (Reike et al., 2018).
Nevertheless, the major criticism to the CE is that it largely

overlooks the social dimension of sustainability (Kirchherr et al.,
2017; Murray et al., 2017), which is suggested to be a conse-
quence of its origin in industrial ecology and its alleged analogy
with the natural systems (Oh et al., 2016; Sahakian, 2016). In this
regard (Moreau et al., 2017), call for applying social and solidarity
economy principles to the CE for a democratization of the economy;
hence conveying to the common good regardless of economic
profitability (Murray et al., 2017, p. 377). propose revising the
concept of a CE to “an economic model wherein planning, resourcing,
procurement, production and reprocessing are designed and managed,
as both process and output, to maximize ecosystem functioning and
humanwell-being”. Beyond the inclusion of social goals in the CE, on
a practical level there is an array of social issues that are not covered
by CE frameworks, such as ownership, value capture and distri-
bution of waste streams for the recycling industries, or how to
involve the public in the design of socially acceptable and desirable
environmental solutions. As highlighted by (Winans et al., 2017),
the absence of stakeholder engagement is preventing further suc-
cessful implementation, and there are severe governance issues
that fragment CE practices when this should be approached sys-
temically (Korhonen et al., 2018b; Naustdalslid, 2014). Issues like
business models or the role of consumers, which would help to
clarify ownership and value capture, are only scarcely discussed in
the CE literature (Kirchherr et al., 2017; Linder and Williander,
2017). The distribution of value downstream is lost because of the
fragmentation between different levels of research - macro, meso
and micro - (Korhonen et al., 2018b; Sauv�e et al., 2016).

In tackling these two criticisms of the CE, the emerging concept
of RRI, which aims to provide an innovation governance framework
that integrates socio-ethical considerations in the innovation pro-
cess, could prove useful. This is so because not only the tackling of
social issues is missing from current frameworks, but also the social
elements that are required to proceed with wider changes in the
socio-technical system. In addition, RRI aims to stimulate the dis-
cussion among different stakeholders about the goals of innovation
to define what might be socially desirable, ethically acceptable and
sustainable results, which might be instrumental to tackle con-
ceptual fragmentation in the development of frameworks for the
CE.

4.3. RRI as a tool for anticipation and reflection in the CE

As previously noted, one of the major criticisms of existing CE
frameworks (as identified in the literature) is that they take a short-
term approach to sustainability (Geissdoerfer et al., 2017b). The
oversimplification of objectives has, on the one hand, attracted
business to the framework, by providing clear guidelines and the
promise of economic growth attached to environmental sustain-
ability (Murray et al., 2017; Sauv�e et al., 2016). On the other hand,
the overlook of thermodynamics (Korhonen et al., 2018a; Winans
et al., 2017) in the idea of indefinite recyclability of materials and
the need for a systemic shift beyond eco-efficiency practices are
also a result of the absence of long-term thinking in many CE
frameworks (Reike et al., 2018). This may lead to unintended con-
sequences (Murray et al., 2017), which would be aggravated by the
effect of technological lock-in effects (Korhonen et al., 2018a) For
example, Stahel (2013) cites material abuse as an unintended
consequence of CE. If a material, for instance natural fibres, is found
to be efficiently recyclable, this may lead to a surge in the use of this
material. Increasing use of that fibre because of its recyclability may
result in increased consumption, overuse of water and energy for
production, and loss of biodiversity. To address this problem of
unintended consequences, the RRI framework for innovation
governance shall be helpful.
One of the main objectives of RRI frameworks is to provide an

innovation governance framework that prevents unintended con-
sequences from new innovations (Burget et al., 2017a). In that
sense, RRI dimensions as contemplated in the AIRR framework
(Stilgoe et al., 2013) e anticipation, inclusiveness, reflection and
responsiveness e are developed precisely to tackle this problem.
More specifically, anticipation and reflection practices should be
useful in overcoming the dilemma that the CE presents (Blok and
Lemmens, 2015). This dilemma expresses the difficulty posed by
the fact that, at the nascent stage of an innovation, we do not know
enough about the implications it may unfold to make clear de-
cisions on its diffusion; while once we know about these implica-
tions, it may be too late to make preventative decisions to avoid
negative, unintended consequences.

Anticipation is expected to reduce the risks associated with the
uncertainty inherent to innovation by examining the social, tech-
nical, political and environmental context associated with the
innovation. In other words, the goal of anticipation is to understand
the possible implications of the innovation in question to ensure its
acceptability and social desirability (Stilgoe et al., 2013). Therefore,
innovators must develop competences in foresight, engagement
and integration in order to understand and govern the impacts of
the development of new technologies at different levels (Guston,
2014). Anticipatory measures may include stakeholder consulta-
tion to assess whether the use of suchmaterial was a good choice in
terms of sustainability, considering wider implications. However,
the anticipatory dimension of RRI has been challenged, suggesting
that such anticipation of the future is speculative and therefore fails
to hedge the risks of uncertainty (Groves, 2015; Nordmann, 2014).
But, in any case it would certainly be useful in raising awareness of
some of the upcoming issues, and certainly in providing CE prac-
tices with the depth and systemic thinking that they require to
lever a transition to a sustainable system, beyond isolated eco-
efficiency measures (Reike et al., 2018).

Uncertainty will always be present in a wider system transition
such as the one sustained by the CE but including anticipatory
measures would certainly help to address the wider implications of
the innovation process. Therefore, RRI could further the role of the
CE in the system transition to sustainability, by providing the tools
for innovation governance would help to look at the role of CE in-
novations as part of the environmental, social and economic sys-
tem, beyond solving a certain environmental problem at a certain
point. In this regard, RRI aims to go beyond the precautionary
principle, considering going through with innovation processes
after a careful acknowledgement and evaluation of the un-
certainties that surround it. Tools for innovation governance such
as technology foresight, multi-stakeholder dialogue and orches-
tration of the innovation processes come together under the RRI
umbrella, aiming to create awareness of the values and unintended
consequences underlying the innovation.

As it comes to reflexivity, it refers to the consideration of the
socio-ethical value of innovation to proceed with it, departing from
the traditional amorality of science (Stilgoe et al., 2013). Moreover,
innovators are expected to also reflect on how their own value
system and bounded rationality affect the development of the
innovation (Stilgoe et al., 2013). In that sense, reflexivity in the CE
innovation process would help to avoid the technological fix
approach and help to provide a positioning of the proposed inno-
vation within the wider systemic shift (Kirchherr et al., 2017). The
technological fix approach calls for short term, technology-based
solutions for a problem or failure in the socio-technical system,
which often creates new lock-in effects, create new problems
because of unintended effects on system dynamics, and prevents
from finding other holistic solutions.
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Therefore, reflexivity mechanisms should help to incorporate
the social aspects of in the system. Reflexivity is concerned with
being able to scrutinize the potential consequences of the innova-
tion in question, abandoning views of the amorality of science, and
hence conducting a critical assessment of the innovation (Stilgoe
et al., 2013). In order to do so, systematized tools like ethical
technology assessment offer away to include reflective processes in
innovation (Stilgoe et al., 2013), as well as the as do other practices
to promote self-awareness within the individual and the organi-
zation - for example, tools for prioritization or acknowledgement of
individual or organizational values that might have steered the
innovation process in a particular direction (Lubberink et al., 2017).
Second-order reflexivity tools, such as code of conducts or mora-
toriums, might also be effective (Stilgoe et al., 2013). In addition,
reflexivity is linked with the dimension of inclusion, since it is
suggested it can be enhanced by bringing in stakeholders' value and
therefore augmenting the scope of reflexivity to perspectives
beyond the innovator's (Taebi et al., 2014; Wickson and Carew,
2014), and in more direct manner, through the involvement of
ethicists in the innovation process (Stilgoe et al., 2013). This high-
lights the value of RRI to strengthen the socio-ethical foundations
of the CE, as illustrated in the next section.

4.4. Supporting the socio-ethical foundations of the CE through RRI

RRI can also be thought of as a way to integrate social values and
concerns into CE practices through the participation of stake-
holders in the innovation for the CE process. While the integration
of social concerns may not be an issue from the understanding
referred in certain disciplines, the CE reviews analysed pinpointed
this as a major limitation, since the CE is being conceptualised and
operationalised as a tool for system transition to sustainability
(Geissdoerfer et al., 2017; McDowall et al., 2017). To that extent, the
RRI framework may help to address socio-economic and socio-
ethical issues in the CE, for instance, ownership of the revalued
waste streams, or participation of new actors in the circular chain.
Inclusion of stakeholders calls for the incorporation of their views
on the ethical acceptability and social desirability of the innovation
in question. Lack of stakeholder engagement has been signalled as
an impeding factor for the success of CE projects (Naustdalslid,
2014; Winans et al., 2017), due to the collaborative and systemic
nature of projects, which often requires community involvement
andworkingwith other stakeholders across the value chain. Both in
theory and practice, CE innovations are often focused on the
technological aspects while social aspects of the systeme including
transdisciplinary and involvement of stakeholders other than the
focal actor are not addressed. Therefore, their participation would
be leveraged not only in terms of signalling social issues that
concern the community, but also to identify how they could be
solved. Beyond the technological aspects, most disruptive in-
novations induce changes of social practices; for instance, de-
tergents that allow for an effective wash in cold water, hence
reducing the CO2 emissions. In order to achieve the environmental
gain, they are only effective if the user can break with the idea that
the use of hot water will result in cleaner clothes. Hence, many
technical innovations are only socio-environmentally fruitful if
they are accompanied by a change of behaviour of the user. This is
the case of many innovations for circularity; for instance, changes
in ownership structures in product-service systems that reduce the
emotional value attached to an object. In this case, inclusion of
stakeholders by making the innovation process more open and
reflective (Long and Blok, 2017) would result not only in awareness
of these issues, but also in better decision-making as it comes to
social desirability and marketability.

Beyond these contribution to the innovation procedure,
inclusion shall strengthen the socio-ethical foundations of the CE.
RRI aims to provide an innovation governance framework that
helps to reflect societal values, so that the outcomes of the inno-
vation are ethically acceptable, socially desirable and sustainable
(Von Schomberg, 2013). Stilgoe et al.‘s (2013) inclusion dimension
of RRI entails the active engagement of stakeholders in the inno-
vation process in order to incorporate their views on the ethical
implications of the innovation and enhance decision-making (Blok
et al., 2015a). Current frameworks of RRI call for consultative pro-
cesses (e.g. multi-stakeholder forums), deeper collaboration
beyond consultation could be developed through open or partici-
patory innovation (Stilgoe et al., 2013). In order to assess how
successfully stakeholder voices are being heard during the inno-
vation process (Callon et al., 2009), suggest three criteria: intensity
(how early stakeholders' voices are incorporated in the process and
to what extent attention to them is paid), openness (breadth of
stakeholders included) and quality (depth and steadiness of the
dialogue). Engaging in inclusion practices in the design of circular
systems shall widen the disciplinary constraint that is currently
limiting the CE to environmental and economic concerns (Sauv�e
et al., 2016), taking into consideration the needs of different so-
cial groups and integrating their goals in the paradigm shift that the
CE ought to be (Kirchherr et al., 2017; Korhonen et al., 2018a), and
helping to break the barriers between the micro, meso and macro
levels by involving different system actors (Naustdalslid, 2014;
Reike et al., 2018).

However, the limitations of inclusion as a way to reflect societal
values must be acknowledged. Later reflections on these concepts
suggest that they might have competing goals (Papadopoulos and
Warin, 2007), inclusion referring mostly to the intensity and
openness criteria, and deliberation to the quality criterion, and how
stakeholder views become ingrained in the decision making pro-
cess. An example comes from the use of bio-digestors in the tran-
sition to the bio-based economy: the bio-gas producer might see it
as a sustainable solution, while theremight societal resistance for it
being used for decomposing humanwaste, and at the same time, an
environmental NGO might see it a technology that maintains the
lock-in to non-renewable, limited stock energy systems. Under a
truly inclusive governance of RRI, stakeholders should also be able
to negotiate the terms of their participation in the innovation
process (Oudheusden, 2014). Therefore, inclusion mechanisms
such as stakeholder consultation and participatory innovation
should be complemented with anticipatory governance aiming to
control for the social and ethical impacts of the CE, such as tech-
nology assessment (Oudheusden, 2014). In addition, in the case of
businesses, the risk of losing a competitive advantage to informa-
tion spillovers or lengthy consultation processes might trump the
call for transparency and mutual responsiveness of RRI (Blok and
Lemmens, 2015). In this case, anticipatory and reflection mea-
sures should also be a part of the technology assessment, to ensure
that socio-ethical values have been taken into consideration in the
process.

In any case, anticipating, reflecting and being inclusive should
be reflected in the capacity to make changes to the intended
innovation to reflect this societal values (Paredes-Frigolett, 2016).
This is the last dimension of the RRI framework developed by
Stilgoe et al. (2013): responsiveness; that is, the capacity to adapt
and redirect the course of the innovation process under the light of
socio-ethical issues raised by stakeholders. Therefore, re-
sponsibility goes beyond inclusion, including the need to adjust to
answer and adjust to society, while acknowledging the limitations
of knowledge that may entail further changes in the future;
therefore trying to avoid lock-ins to the greater extent possible
(Pellizzoni, 2004). A major criticism of current CE frameworks is the
fragmentation between the micro, meso and macro levels
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(Korhonen et al., 2018b; Naustdalslid, 2014), which results in
problems of governance and overlook of the social aspects caused
by the paradigmatic change of the CE (Kirchherr et al., 2017;
Korhonen et al., 2018a). Therefore, to be responsive to these is-
sues and integrate them in the design of circular systems, CE actors
may need to increase inter-institutional, multi-level collaboration.
However, how to make technological adjustments derived from
ethical concerns is challenging in practice, because even if an
assessment is made ex ante, there are several issues that will
emerge during the innovation process, and newly developed
technologies may give rise to issues not considered by the inno-
vator or its stakeholders (Taebi et al., 2014). How to exercise
responsiveness and establish priorities of action may also be a
challenge in the case of value conflicts (Van de Poel, 2009) and due
to the fluidity of social processes that results in a an evolving sys-
tem of values (Taebi et al., 2014).

Consequently, RRI as a governance framework could provide a
solution for some of the major criticisms of the CE; mainly, the
prevention of unintended consequences and the inclusion of socio-
ethical aspects in its development and goals. However, the limita-
tions in the concept of RRI itself, which is also under development,
call for the common development of certain themes, with RRI
providing the socio-ethical grounding at the procedural and
outcome level that the CE is currently lacking. In the following
section, we pinpoint some of the challenges that have remained
unaddressed by both the CE and RRI literature and propose di-
rections for development of the CE based on future developments
of the RRI frameworks.

5. Blind spots and research agenda

One of themain limitations of the application of RRI frameworks
for the development of the CE is that, despite both frameworks
being part of ecological modernization, only the CE has gained
attention as source of economic growth and the development of a
competitive advantage. At the moment, many businesses are being
attracted to the CE because of the benefits that are associated with
involvement in it (Kirchherr et al., 2017; Reike et al., 2018). The
promise of economic growth coupled with environmental sus-
tainability in the CE discourse makes this framework attractive. In
the case of RRI, frameworks have been mostly applied and
considered from the perspective of basic research, which consti-
tutes a problem when applied to companies that develop such in-
novations in a market environment, since it is expected from this
companies to fulfil these dimensions while creating economic
growth (Lubberink et al., 2017; Stahl et al., 2017). The problems
highlighted for RRI in competitive environments - information
asymmetries and unbalanced degrees of responsibility (Blok and
Lemmens, 2015) may also transfer to a CE context: in the creation
of systems favorable to CE, other actors - policy-makers or knowl-
edge providers e are considered, but the weight of responsibility is
placed upon businesses as central agents of innovation (Prosman
et al., 2017; Stahl et al., 2017), which poses difficulties for the
integration of the inclusion dimension of RRI in innovations for
circularity.

Such centrality of businesses as actors of the CE e which places
economic interest in a dominant position-may hinder the full
involvement of other societal actors in the innovation process, since
other interests would remain secondary to the economic bottom-
line. This may prevent their knowledge and innovation potential
from entering the solutions for so-called ‘grand challenges’ through
the CE, particularly when stakeholders are seen as a passive actor in
the innovation process, as in the dominant techno-economic
paradigm (Timmermans and Blok, 2018). There is no consensus in
the RRI community about how inclusive deliberation shall be
operationalised in practice and the power asymmetries in the
governance of deliberative processes may trump real participation
and influence of stakeholders (Blok et al., 2015a,b; Oudheusden,
2014). Exploring how other frameworks such as co-design, partic-
ipatory design or used-led design may contribute to stakeholder
engagement in the competitive phase of innovation for the CE
should be helpful in addressing these issues (Baldwin and von
Hippel, 2011; Quist and Vergragt, 2006), as well as exploring
stakeholder engagement from an ethical point of view (Blok, 2019).
Therefore, future researchmay address this issue, responding to the
following question: what can an RRI informed CE learn from frame-
works for stakeholder participation in the context of competitive
environments?

Although RRI understands innovation as a multi-stakeholder,
non-linear process, and the CE requires of the participation of all
economic actors (including consumers) to close the materials loop
in the economy, responsibilities for implementation mostly lie at
the supply side. The nascent literature on business models for the
CE links the production and consumption sides, but mostly calls for
the producer to steer consumers towards a behaviour that enables
the CE (Bocken et al., 2016; Tunn et al., 2019). A future agenda for
research should involve the issue of the consumption side in the CE,
considering the inclusion mechanisms that RRI provides. Some CE
scholars tackle the change in consumption patterns through
changes in circular business models (Ghisellini et al., 2016); how-
ever, there are some systemic obstacles in the consumption side
that need to be tackled for further success of CE, such as the
emotional attachment to ownership, privacy issues derived from
pay-per-use models and the creation of a demand for more ethi-
cally acceptable or environmentally sustainable products. Demand
side has been only marginally explored in the case of these
frameworks (Cooper, 2016; Schlaile et al., 2017); however, without
demand the promise of economic growth associated to the CE
cannot be fulfilled. In this regard, there is a need to develop the
responsiveness dimension on the supply side, but also at the de-
mand side, creating fluent communication channels to drive con-
sumer behaviour. Therefore, another question that remains is: in
which way can supply and demand side be linked and coordinated for
the CE through RRI practices breaking stakeholder divides?

Finally, several complementarities have been identified in the
previous section, which call for further integration of CE and RRI
practices. After examination, we have observed that RRI could be a
powerful tool in the transition to a more reflexive, inclusive and
socially oriented CE. If it is so, it would be necessary to coordinate
policies, practices and theories to make both frameworks advance
together. The conceptual fragmentation of the CE and the early
development of RRI make it difficult to propose clear-cut measures
in the definition of agendas. However, the techniques covered un-
der the anticipation and reflexivity dimensions of RRI aim to
stimulate discussion, which might help to close the gap not only
between different understandings and expectations of the CE, but
also the role of RRI in its development. Under this light, the next
question arises: how can the anticipation and reflexivity dimensions
of RRI help to coordinate RRI and CE agendas to identify synergies and
lead to a more socially conscious CE?

6. Conclusion

This research aims to set the ground for a more-strongly socio-
ethically grounded CE by integrating RRI as an innovation gover-
nance framework. Both the CE and RRI are sustained by policy and
aim at more sustainable innovations; however, while the first fo-
cuses on the environmental issues in industrial production, the
latter concentrates on the reflection of social values in innovation.
We find that there are two main ways in which RRI could further
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the CE: first, anticipating unexpected consequences and acknowl-
edging systemic limits that are not currently taken into consider-
ation; and second, the integration of socio-ethical issues in the CE,
and addressing the social implications of the CE through stake-
holder participation. In this regard, RRI frameworks can be very
powerful tools in addressing the major limitations in interpretation
of how the circular economic system should be developed.

However, some issues like the lack of paradigmatic clarity are
still to be further addressed in the literature. Both the RRI and CE
conceptual development have not reached maturity, which means
that different interpretations of the concepts and frameworks are
still in development, particularly as they are applied by new actors
e as it is the case of industry. Even through the application of RRI
frameworks to the CE, some overlapse such as the anchoring in the
Table 1
Key sources for RRI and main contributions.

Article Objective of the paper

Voegtlin & Scherer (2017) The paper reflects on the role of deli
and responsible innovation in contri
addressing grand challenges and Sus
Development Goals (SDGs).

Burget et al. (2017) To identify the administrative defini
dimensions of RRI developed in the
through a systematic literature revie

Stahl et al. (2017) It proposes a maturity model of RRI
applied to three industries, with the
fostering responsibility in corporate
processes.

Lubberink et al. (2017) The paper presents a systematic liter
review of articles in the fields of resp
social and sustainable innovation.

Blok et al. (2015) This chapter examines responsible in
in industry and the shortcomings th
framework might have in this enviro
the input, throughput and output sta

Stilgoe et al. (2013) This seminal paper develops the AIR
framework for responsible innovatio
facilitating its implementation.

Von Schomberg (2013) This seminal work presents the basis
hence addressing the grand challeng
ethically acceptable, socially desirabl
sustainable innovation process.
techno-economic- call for an integrative research agenda looking at
business model, organizational and social innovation and the
consumption side of CE and RRI, aiming to guarantee their success
as levers in the system transition to sustainability(see Table 1, 2).
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Appendix 1
Main contributions

beration
buting to
tainable

The paper reconnects the concept of
responsible innovation to wider grand
challenges, and while it does not address the CE
directly, it links it to the SDGs, showing the
potential of the RRI framework to include socio-
ethical concerns in innovations addressing
sustainability.

tions and
literature
w.

The paper shows that the RRI literature has
been developed in a fragmented manner, yet it
is possible to identify 6 dimensions of RRI: the
four identified by Stilgoe et al., plus
sustainability and care

that is
aim of
innovation

It shows that RRI frameworks that are directly
applicable in research cannot be directly
applied in competitive environments and
provides a maturity model based on five stages
(unaware, exploratory, defined, proactive and
strategic).

ature
onsible,

The article collects a series of practices that have
been reported as responsible, social and
sustainable innovation and that can be framed
under the anticipation, reflexivity, inclusivity
and responsiveness dimensions in the RRI
framework. It draws lessons for further
development of RRI based on existing practices
(particularly in the business context).

novation
e
nment at
ges.

Several shortcomings of the RRI framework in
the business environment are identified;
mainly: information asymmetries, lengthy
time-to-market and unbalanced division of
ultimate responsibility.

R
n,

Four integrated dimensions of responsible
research and innovation are discussed:
anticipation, reflexivity, inclusion and
responsiveness. Each of these dimensions aids
in developing a transparent, democratic and
inclusive innovation process to achieve the RRI
objectives.

for RRI;
es for an
e and

Then paper sets the main tenets of RRI,
discussing its origin and mechanisms and how
it can contribute to the development and
competitive advantage of the European Union.



Table 2
Key papers, objectives and identified criticisms of the CE.

Article Objective of the paper Main identified criticisms of the CE

Reike et al. (2018) Examining the historical conceptual development of the
CE and its implementation to provide conceptual clarity
and heuristics for policy and business

- The literature on the CE is severely fragmented and
consists of two main schools; the reformist and the
transformationist schools. The reformist school (which
is most prominent particularly in practice) is mostly
oriented towards eco-efficiency, does not consider an
actual transition to a different economic system and
does not contemplate a balance among the economic,
environmental and social pillars of sustainability.

Korhonen et al. (2018a) Defining the currently vague concept of the CE from the
perspective of sustainability science, and critically
analyse the existing understanding

Six limits to the CE are identified:
- Thermodynamic limits (resource consumption and
waste emissions not accounted for)
- System boundary limits (spatial and temporal)
- Physical scale of the economy (rebound effect)
- Path dependencies and lock-ins created to the initiale
but potentially more inefficient - technologies
- Governance and management of material flows
among institutions and sectors
- Social and cultural definitions of the concept of the CE
and the concept of waste

Korhonen et al. (2018b) Discussing the definitions of the CE and provide a
research approach for the CE

- The literature is fragmented, particularly at the
distinction between levels, while the paradigmatic
transformation needs to be holistic in nature.
- Practices within the CE have been assessed without in-
depth discussion or consideration of system boundary
limits

Kirchherr et al. (2017) Conceptualizing the CE to provide a common
understanding through the analysis of 114 previous
definitions of the CE.

- The CE is often presented as a collection of reduce,
reuse and recycle practices without taking into
consideration the required systemic shift.
- Economic and environmental pillars of sustainability
are highlighted, with only few mentions to the social
pillar or intergenerational equity.
- The impact of business models or consumers on the
transition to a CE is barely addressed.

McDowall et al. (2017) Exploring the different approaches in CE policies in
China and Europe

- Different understanding of practices regarded as CE in
China and Europe do not allow for mutual comparison
or to extract simple policy lessons

Murray et al. (2017) Exploring the concept of the CE and how it has been
operationalised in business and policy

- Neglect of the social dimension of sustainable
development, which limits the ability of the framework
to integrate ethical considerations.
- Oversimplistic objectives that may lead to unintended
consequences

Geissdoerfer et al. (2017) Reviewing the literature on sustainability and the CE to
achieve conceptual clarity and the similarities and
differences between concepts and practices

- Simplification of the CE concept to resource input,
waste and emission output.
- Lack of integration of the social pillar of sustainability.
- Long-term viability is not part of the discussion (as it is
in the case of sustainability).
- Narrow framing and unrealistic promises for business

Winans et al. (2017) Reviewing the history of the CE concept to examine
how it is implemented in practice

- Lack of stakeholder engagement, which prevents
projects from becoming successful in practice
- Potential risks in certain value chains (e.g. food,
plastics)
- Quality of materials over time (limits in recyclability
loops)

Blomsma and Brennan (2017) Positioning the theoretical space of the CE by relating it
to the frameworks and practices that it encompasses as
an umbrella concept, setting a research agenda based on
the theories and practices that the CE entails.

- Lack of paradigmatic clarity in CE: as an example, there
is no clear distinction between recycling, downcycling
and cascading.
- Unclear relationship between material flows and the
related energy flows.
- Loose relationship with other sustainability concepts
and neglection of the social pillar.

Ghisellini et al. (2016) Reviewing the literature and practice on the CE to
identify its origins, state-of-the-art and its role in the
transition to an environmentally sustainable economy.

- While in China it has been operationalised from the
ecological economics approach, as part of a wider plan
including social issues, in other areas it has been boiled
down to a mature economy waste management plan.
- The CE frameworks often not considered that
recyclability of materials is not infinite.

Sauv�e et al. (2016) Identifying the epistemological and practical problems
derived from different disciplinary understandings of
environmental science, sustainable development and
the CE, trying to find out the obstacles posed for the
required transdisciplinary research.

- The final objective of the CE is unclear (as compared
with the concept of sustainable development). In fact,
ambiguity in objectives can be deliberate as a
differentiation from sustainable development.
- Lack of social objectives, with enhancement of the
environmental and economic aims. Social objectives are
only considered as increasing welfare derived from an
improved economic situation.
- The CE framework does not account for the limits of
virtuous loops of production.

(continued on next page)
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Table 2 (continued )

Article Objective of the paper Main identified criticisms of the CE

Naustdalslid (2014) Exploring China's strategy to develop the CE as the
environmental pillar of the ‘harmonious society’.

- The CE is presented as a top-down process resulted
from social engineering.
- Lack of civil society participation.
- Lack of appropriate indicators, particularly at the
micro (business) level, because of the top-down
approach.
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