@ CIRAIG"

International Reference Centre for the
Life Cycle of Products, Processes and Services

CIRCULAR ECONOMY: A CRITICAL LITERATURE REVIEW OF CONCEPTS

October 2015

#33 POLYTECHNIQUE
- MONTREAL




This report was prepared by the International Reference Centre for the Life Cycle of Products,
Processes and Services (CIRAIG).

Founded in 2001, the CIRAIG is a life cycle centre of expertise that is internationally recognized for its
work and initiatives rooted in a strong scientific basis and close to fifteen years’ applied experience.
The CIRAIG supports corporations, governments, organizations and consumers in their sustainable
development plans driven by life cycle thinking.

The CIRAIG has developed a recognized expertise in life cycle tools including Life Cycle Assessment
(LCA) and Social Life Cycle Assessment (SLCA). Completing this expertise, its research projects also
cover Life Cycle Costing (LCC) and other tools such as carbon and water footprinting. CIRAIG’s activities
include applied research projects that span several activity sectors including energy, aerospace, agri-
food, waste management, forestry and pulp and paper, mining and metals, chemical products,
telecommunications, financial services, urban infrastructure management, transport as well as green
product design.

A joint initiative by Polytechnique Montréal and ESG UQAM, the CIRAIG brings together engineering
and social sciences and has developed a research program driven by multidisciplinarity.

WARNING

With the exception of complete documents produced by the CIRAIG, Polytechnique Montréal and/or
ESG UQAM, such as this report, a written consent by a duly authorized representative of CIRAIG,
Polytechnique Montréal and/or ESG-UQAM must be obtained prior to any use of the name CIRAIG,
Polytechnique Montréal and/or ESG-UQAM in a public disclosure related to this project and its results.

WWW.Ciraig.org
3333 Queen-Mary, Suite 310

Montréal (Québec) Canada, H3V 1A2

Polytechnique Montréal Université du Québec a Montréal (UQAM)
Département de génie chimique Ecole des sciences de la gestion (ESG)
2900, Edouard—Montpetit 315 Rue Sainte-Catherine E

C.P. 6079, Succ. Centre-ville C.P. 8888 succ. Centre-ville

Montréal (Québec), Canada, H3C 3A7 Montréal (Québec), Canada, H3C 3P8

ISBN 978-2-9815420-0-7 (PDF)
Legal deposit: Bibliothéque et Archives nationales du Québec (BAnQ), August 2015



Prepared for:

The Circular Economy Working Group of the International Life Cycle Chair (ILC Chair), a CIRAIG research unit:

ArcelorMittal

Bombardier Aéronautique
LVMH

Michelin

Mouvement des caisses Desjardins
Nestlé

RECYC-QUEBEC

Solvay

TOTAL

Umicore

Veolia

LIFE CYCLE CHAIR PARTNERS

A

ArcelorMittal ~ BOMBARDIER  [&3] Desjardins o

I'évolution de la mobilité

Québec

DN
“© @S
Nestle

SAQ SOLVAY

7\
Q \@[ RECYC-QUEBEC

. P
rora,  Umicore @ veoua Québec

LVMH

MOETHENNESSY  LOUIS VUTTON




©CIRAIG

Final Report

Luce Beaulieu

Analyst

Gabrielle van Durme

Analyst

Marie-Luc Arpin

PhD Student, ESG-UQAM

Scientific direction

Jean-Pierre Revéret

Professor, ESG-UQAM
Co-chairholder, ILC Chair

Manuele Margni

Professor, Polytechnique Montréal
Co-chairholder, ILC Chair

Project management

Sophie Fallaha

Director of industrial relations, ILC Chair

Page iv CIRCULAR ECONOMY: A CRITICAL LITERATURE REVIEW OF CONCEPTS

October 2015



Circular Economy Working Group ©CIRAIG

The concept of a ‘Circular Economy’ has gained much traction in the global business community in the
last 5 years. This holistic concept is supported by many stakeholders, but is mostly championed by the
Ellen McArthur Foundation, who depicts it as a solution to sustainability and thriveability for both
business and planet. The concept is usually presented as an alternative to the ‘linear economy’, which
according to the Ellen MacArthur Foundation, is synonymous with a ‘take-make-waste’ approach to
goods and services production. A Circular Economy is systemic by design, close-looped, restorative,
waste-free, based on effectiveness and runs on renewable energy.

Circular Economy supporters portray it as an exciting and whole new way of transforming the economy
into a regenerative economic system that will, as a baseline, exist within planetary limits. This attractive
proposition is a social construct which grew out of the sediment layered by many different concepts that
have been in existence for some time now. Thus, this critical literature review aims at presenting: 1) a
general and conceptual portrait of Circular Economy as well as its underlying key concepts; 2) an
explanation of Circular Economy’s main tenets (from definition to implementation); and 3) a positioning
and mapping of the various pre-defined concepts. Various analyses and key takeaways are provided all
through the review.

Circular Economy associated key concepts

The list of defined concepts covers a large area of theoretical strands from which Circular Economy is
derived. These ten concepts have all provided conceptual building blocks to understanding Circular
Economy. They are presented in order of conceptual scale (from more to less encompassing):

* Sustainable Development

* Ecological Transition

* Green economy

*  Functional Economy

¢ Life Cycle Thinking

* Cradle-to-cradle thinking

* Shared Value

* Industrial Ecology

* Extended Producer Responsibility
* Ecodesign

Sustainable Development is a polysemic and comprehensive concept that attempts to reconcile and fuse
together three dimensions of development: economic, environmental and social. It ties in with Circular
Economy through the economic and environmental dimensions, as well as through Corporate Social
Responsibility, business’ entryway into Sustainable Development. Ecological Transition is a polymorph
concept, which encompasses theory, discourse and implementation and is mostly used by the French
government to describe a multi-stakeholder process meant to direct society towards an economic
development compatible with planetary limits. Green Economy is a concept that proposes economic
solutions to mostly environmental issues through large, multi-partite policy proposals emanating from
the United Nations and trickling through national governments and NGOs. The Functional Economy (also
known as Performance Economy) is one of the main DNA strands (along with Cradle-to-cradle and
Industrial Ecology) of Circular Economy. In order for business to decouple growth from resources
consumption, new business models based on selling performance (or service) rather than goods, and on
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retained ownership, must be adopted. This general idea can then spur innovation and create incentives
to close production and consumption loops.

Life Cycle Thinking (LCT) is closely tied with Life Cycle Assessment (LCA) and Life Cycle Management
(LCM). Its main goal is to reduce environmental impacts through an ISO landmarked, eco-efficiency
based methodology which looks at each step of the product, process or service’s life cycle, in order to
design or redesign these with less embedded impacts. Cradle-to-Cradle Thinking is a concept that was
developed and commercialized by Michael Braungart and William McDonough and is perhaps the main
conceptual pillar of Circular Economy. Cradle-to-cradle champions eco-effectiveness (and dismisses eco-
efficiency) through an approach based on cycling technical and biological nutrients in order to achieve
healthy material metabolisms. Shared Value is a management approach that was developed by strategy
authorities Michael Porter and Mark Kramer in order to reconcile capitalism with societal needs. The
framework calls for business to create value by identifying and addressing social needs through new
products and markets, redefined value chains and the creation of community development clusters.

Industrial Ecology, another major pillar of Circular Economy, is a research and application field that
focuses on the creation and maintenance of a closed loop industrial ecosystem. Industrial Ecology aims
at optimizing energy and materials, pollution and waste reduction through an economically viable
transformation of industrial by-products or waste into inputs, with the ultimate goal of enabling
industrial systems that mimic natural ecosystems. Extended Producer Responsibility (EPR) is a condition
of the ‘polluter pays’ principle and aims at shifting a product’s environmental responsibility over the full
life cycle back towards the producer (and away from municipalities). Even though EPR has the potential
to drive change over the full life cycle, it has mostly enabled postconsumer end-of-life management.
Finally, the concept of Ecodesign is based on integrating environmental aspects into product
development. Ecodesign can be used as a tool to implement LCA results or it can be a guideline, a
checklist or an analytical tool that supports an eco-efficiency based product development process.

Concepts timeline

A timeline of the emergence and key moments concerning Circular economy and its associated concepts
is provided. From this timeline, it is possible to note that the first conceptual seeds that lead to what is
today encompassed by Circular Economy were planted at the end of the 19" century. In the twentieth
century, the 1960s saw the emergence of concepts such as Spaceship Earth as well as the ancestor of
LCA. The 1970s was a vivid decade for the commencement of concepts such as Cradle-to-cradle,
Ecodesign, Industrial Ecology (through the first industrial symbiosis in Sweden) and major reports
underlining the importance of adequate resources governance and closed loop economic systems. The
1980s were the set of the emergence of Sustainable Development and concepts such as the
Performance Economy (better known today as Functional Economy) as well as the first articles on
Industrial Ecology and the coining of the term ‘Green Economy’.

From the 1990s and onwards, a plethora of concepts started to take foot in policy, management and
scientific communities alike, starting with the term ‘circular economy’ itself in 1990 and the concept of
Extended Producer Responsibility in 1992. Cradle-to-Cradle design starts to appear in the Hannover
Principles in 1992, while the first book on Industrial Ecology is published and the United Nations
Conference on Environment and Development (UNCED) establishes the concept of sustainable
consumption. The 2000s was marked by the Johannesburg Plan of Implementation’s (JPOI) report on
Sustainable consumption and production (SCP), UNEP and SETAC's launch of the Life Cycle Initiative, the
launch of the book Cradle-to-cradle: Remaking the Way We Make Things, the creation of the Marrakech
process for SCP implementation and the founding of transition towns. In 2008, China became the first
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country to adopt a Circular Economy law, while the United Nations Environment Programme (UNEP)
was reviving the concept of Green Economy. 2010 marks the birth of the Ellen MacArthur Foundation,
the main global champion of Circular Economy, followed in 2011 with the introduction of the Shared
Value concept. In 2013 and 2014 respectively, France and Canada saw the birth of their own Circular
Economy Institutes.

Defining Circular Economy

Following the concepts timeline, a portrait of what is (or should be) Circular Economy is tackled. First, a
variety of definitions is presented and connected with the one holding the most pull, emanating from
the Ellen MacArthur Foundation. This definition states that Circular Economy is restorative and
eliminates waste by design through better materials, products and systems design, enabled by
innovative business models. Circular Economy’s principles are to embrace systems thinking, design out
waste, embed diversity, use waste as food and run closed-loop systems on renewable energy. Figure 1
illustrates the Ellen MacArthur Foundation’s vision for Circular Economy.

THE CIRCULAR ECONOMY AN INDUSTRIAL SYSTEM THAT IS RESTORATIVE BY DESIGN

’ Mining/materials manufacturing

{

Material/parts manufacturer

oo
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SOURCE: Ellen MacArthur Foundation circular economy team

Figure 1: The Circular Economy diagram.

From: Ellen MacArthur Foundation (2012a)

Other definitions (such as that carried by ADEME) generally embrace an efficiency approach, a
decoupling of economic growth from resources consumption, waste management and a materials
stewardship approach. It is generally admitted by many definitions that consumers are transforming
into users, enabling new business models such as those highlighted by the Functional Economy
literature.
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In Circular Economy, value is created using the tightest possible loops for both technical and biotic
nutrients. For the technical cycle, the loop with the most value is that of product maintenance and
repair, followed by the reuse and redistribution loop, the refurbishing and remanufacturing loop and
finally, the recycling loop. For the biotic cycle, biochemical feedstock production is the loop with the
most embedded value, followed by renewable energy supply through biogases and finally, agricultural
amendment use. Cycling longer, cascading and toxicity reduction are also value creation drivers. It
should be noted that all through this literature review, the social dimension has been found mostly
lacking in Circular Economy. This is, at best, problematic and should be amended in future development.

Circular Economy implementation

Because of its overarching and holistic nature, Circular Economy must be implemented at multiple levels
in order to function as intended. Therefore, cooperation between government, civil society and private
actors is necessary. While understandable, this condition can also create multi-level obstacles. Some
organizations have mapped out steps that various stakeholders can take in order to plan for or
circumvent these obstacles, at regional and business levels.

Since the 1990s, several legislations worldwide have conceived of and implemented more or less
complex versions of CE. To date, China is the only country that has adopted Circular Economy as a law,
in a unique ‘harmonious society’ perspective, implementing it as large-scale industrial ecology. In
Europe, a Circular Economy package was proposed in 2014 but was recently deactivated by the
European Commission, in order to prepare a more ambitious and tailor-made package, which should be
presented to the members in the course of 2015.

Various elements and business principles have been established in order for companies to adhere to and
implement Circular Economy, including business models and disruptive technologies. Circular Economy
measurement is also underway in more or less mature states. The Ellen MacArthur Foundation has
published its proposed circularity indicators and associated methodology, including a web based tool.
The framework is based on a Material Circularity Index (MCI) that focuses on material restoration rate
but also proposes complementary material risk indicators. Circle Economy and PGGM'’s assessment
method takes a more holistic point of view based on evaluating at the material, product and system
levels. Materials are evaluated against a certain number of factors, which enables product classification.
Organizational resource throughput is evaluated against planetary boundaries, economic risk, smart use
and ethical allocation. The systemic level of assessment is scored against absolute planetary boundaries
and based on value judgment. Impacts are arguably not the focus of both these evaluation frameworks,
but other impacts methods, such as LCA, could be complementary.

Positioning and mapping the concepts

In order to better analyze and understand Circular Economy and its key associated concepts, a scope
and concreteness mapping and a circularity-thinking mapping were designed by the International Life
Cycle Chair (ILCC) team of analysts and researchers. They are meant to enable a specific perspective
based on various discriminating aspects in order to help position and interpret the various concepts. It
should be noted that these positioning mappings were done in the most unbiased way possible, but
embed an inevitable proportion of subjective value judgement.

The scope and concreteness mapping uses a matrix composed of a ‘y’ axis representing application
scope and an ‘x’ axis representing a concreteness gradation. The circularity thinking mapping uses
Circular Economy’s main principles to evaluate each concept, including a semi-quantitative score, where
one star stands for one point. The first mapping is presented at Figure 2 and the second at Table 1.
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Figure 2: Scope versus concreteness mapping.

Note: Colors are used to facilitate the association of an area with its name but do
not have a signification.

Table 1: Circularity thinking mapping based on the pillars underlying the Ellen MacArthur
Foundation definition.

Systems Waste is Design out Diversity is Renewable
S Score
thinking food waste strength energy
Sustainable
vstal * kK - * * % * % 8
Development
Ecological
&l * Kk - - - * H 5
Transition
Green Economy -- -- -- -- % % 2
Functional * %k B * * B 5
Economy
Life Cycle
- - - 4
Thinking ok k *
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Systems Waste is Design out Diversity is Renewable
o Score

thinking food waste strength energy
Cradle-to- *x Kk *x Kk * Kk * %k * Kk 15
cradle thinking
Shared Value Y % - - 'S ¢ - 4
Industrial *x Kk *x Kk * * %k - 10
Ecology
Extended
Producer * % K -- * %k -- -- 6
Responsibility
Ecodesign Y %k - * - - 4

Legend: Significance of the EC principles for the definition of the associated key concepts
Core: % % % ; Present: % % ; Marginal: % ; Absent: --
Score = number of stars

Based on both mappings, it can be said that the examined concepts represent a wide array of scopes,
focus and degrees of implementation. Sustainable Development, Ecological Transition, Green Economy
and Circular Economy are high-level concepts that show the way towards perennity on the planet in
different but largely encompassing ways; they are the goal that must be attained. Ecological Transition,
aside from systems thinking and the promise of a focus on renewable energy, does not correspond
much to circular thinking. The Green Economy overlaps with Circular Economy in that both concepts
leverage economic activities in order to attain sustainability. Green Economy is, however, carried by
international organizations, while private actors mostly carry Circular Economy.

Functional Economy is one of the main pillars of Circular Economy and this shows through 1) the fact
that it is much more concrete with a scope rooted on individual and grouped organizations, and 2) by its
score on the circularity thinking mapping. One of the strongest juncture points is the focus on longevity
and intelligent waste-as-input management, powered by innovation and new business models. Life
Cycle Thinking (including LCA and LCM) is based on systems thinking, showing on the scope and
concreteness matrix that it is a wide (multiple concreteness markers) but shallow (mostly applicable at
value chain level) concept. It is steeped in relative sustainability assessment (i.e.: impact assessment
based on hotspots identification), while Circular Economy is based on absolute sustainability assessment
(ASA); this shows mostly in the circularity thinking mapping, where LCT scores poorly on most circularity
thinking principles. Cradle-to-cradle distinguishes itself from all other concepts by its perfect fit with
Circular Economy on its most basic principles (as illustrated in the second mapping), while it is evident
that its scope, while deep, is counterbalanced by a narrow concreteness range.

Shared Value is a management approach that endeavours to map out the intersection between
evaluative approaches and business strategy for profit making; thus its place on the scope and
concreteness matrix is precisely at the value chain scope and framework concreteness mark. Its focus on
the social/societal dimension does not help shared Value score well on the circularity-thinking mapping.
However, both concepts rest on the idea that the economy needs to be overhauled and decoupling
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mechanisms need to occur for business and consumers to continue to thrive, although the disruption
proposed by Circular Economy is greater than that proposed by Shared Value.

Industrial Ecology is as wide as Functional Economy and Extended Producer Responsibility, but its
application scope is based on the association of multiple companies within an industrial eco-system. The
concept and applications of Industrial Ecology are based on systems thinking and resource efficiency,
thus scoring well within circularity thinking. Extended Product Responsibility is a rather concrete
concept which is conceptually applicable to a single company although empirically it is applicable to
sectors as well, rendering it as wide as Industrial Ecology and Functional Economy, but much lower on
the application scope axis. It can be said to consist of the first attempt at a systematic closed loop
system with a private actor focus, helping it to score well for systems thinking and ‘design out waste’,
but does not score at all for other circularity thinking variables. Ecodesign is a tool that aims to
implement environmental considerations into product design and is often used in conjunction with LCA,
thus generating a deep scope and very concrete range, and unsurprisingly, not scoring strongly on
circularity thinking.

Conclusions and perspectives

Circular Economy is a multi-level, socio-constructed concept that can either be considered a paradigm
shift, a new toolbox, a conceptual umbrella or a portmanteau discipline. It is an idea or concept that is
currently being developed, with moving and adaptable content as well as blurred boundaries, feeding
from multiple and rich conceptual sources. As a response to resource scarcity and eroding profits,
Circular Economy provides an attractive response to a global economic crisis, but manages to leave
behind some important issues (such as the social dimension of sustainability).

In short, Circular Economy offers an integrated framework to fuse the triple bottom lines and gives a
second wind to useful sustainability concepts as well as providing a strong business vision endorsed by
exemplary thought-leaders. Whether it is robust enough to stand the test of multi-level implementation,
manages to integrate missing dimensions, is able to properly measure its own progress, enriches current
and future sustainability debate are all questions that currently await an answer.
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The global resources crisis that will be upon us in the coming decades has been amply demonstrated,
documented and decried. From large consultancy firms, to governments, to NGOs this subject, along
with the plea for renewable energy production and the issue of climate change, has generated much
literature. Multinational enterprises (MNEs), more than most, are experiencing growing tensions,
resources depletion, mounting commodities prices and general supply instability, whether in the
environmental or social dimensions.

There is a direct relationship between global gross domestic product (GDP) and resources consumption
(Krausmann et al., 2009) marking a coupling of economic development and resources scarcity. It has
been estimated that the world population uses 1.5 times the planet’s resources yearly (Global Footprint
Network, 2015) and everything points towards an acceleration of this trend, as the global middle classes
expand (Furness et al., 2012). Apart from recycling efforts, most industries and society’s modus operandi
is generally still based on a linear ‘take-make-waste’ model. This situation paints a picture in which
economic growth based on continued and unabated resources extraction and use, paired with declining
innovation disruptions, is doomed to fail.

The previous portrait is generally the one put forward in most Circular Economy literature, in order to
position the debate around a need to transition towards an economy that will decouple economic
growth from resources depletion. Proposing solutions based on this premise is nothing new and is the
core of the Marrakech Process, which encapsulates the idea of Sustainable Consumption and Production
(SCP) (UNEP, 2011a). Its origin can be traced back to the Oslo Symposium (1994) when a working
definition of SCP was proposed as being:

“the use of goods and services that respond to basic needs and bring a better quality of life,
while minimising the use of natural resources, toxic materials and emissions of waste and
pollutants over the life cycle, so as not to jeopardise the needs of future generations” (Norwegian
Ministry for the Environment, 1994).

Yet, proponents of Circular Economy position it as “a whole new way of looking at the world, a political
project that can look at the way we manufacture, produce and consume things” (The Forum of Young
Global leaders 2015) or as a “challenger” to linear economy, a way to “break the vicious cycle”
(Butterworth et al., 2014) and to “create a regenerative, self-organising and sustainable market
economy” that would afford “an exciting new way to create value for the firm, by challenging existing
industrial paradigms- towards a new strategic direction that’s relevant for our changing world” (Raksit,
2014, p.3) based on the “widespread adoption” of “disruptive technologies that allow massive change”
(Accenture, 2014). Most also agree that Circular Economy “moves the debate away from efficiency - and
on to resource, labour and capital effectiveness” (Butterworth et al., 2014).

The attraction mostly lays in the promise, or hope, of an integrated framework that fuses and reconciles
various concepts. The main attractions for business are the quantified savings and various paybacks; the
fact that consumers (at least, in certain industrialized countries) are changing and becoming “users”
who are less interested in owning but rather in experiencing the service associated with an object; the
emergence of new innovation models and so-called breakthrough technologies, able to revolutionize
business; and last but not least, the appeal of reconciling together environmental and economic theory
through a unified concept that would contain very few trade-offs (Raksit, 2014).

In spite of the new and growing enthusiasm that currently surrounds Circular Economy’s ostensive
revolutionary potentials, it is generally agreed upon that the idea’s conceptual inspirations and precepts
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have been around for several decades. As recent environmental history reveals (Renner, 1947; Fischer-
Kowalski, 2002), ecosystems’ regenerative capacity (or low entropy) has served as a metaphor for a
viable economy since at least the 1940s, when the term ‘industrial symbiosis’ was coined. From such a
historical stance, nothing is new to Circular Economy’s claim, by which wastes are resources, or food.
Similarly, the concepts of ‘life cycle assessment’ and ‘cradle-to-cradle’ both began underscoring in the
1970s the critical character of materials and resources circularity to sustainable production and
consumption. Yet, when coauthors David W. Pearce and R. Kerry Turner later coined the idea of a
Circular Economy (in 1990) through their now famous work “Economics of Natural Resources and the
Environment”, they neither referred to ‘life cycle assessment’ or ‘cradle-to-cradle’. Moreover still, it
appears as though the idea of Circular Economy largely remained unnoticed by the business and
management world until roughly 2010, with the birth of the Ellen MacArthur Foundation. Indeed, the
inherently descriptive and disciplinary project underlying the original definition of Circular Economy by
Pearce and Turner (1990) — which was explicitly intended to fit within the confines of neoclassical
economics — had little in common with today’s multidisciplinary, vibrant, and apparently transformative
appropriations of the notion.

Only by setting today’s conception of Circular Economy against such a historical background may we
begin to answer these questions, as well as to rigorously situate the numerous concepts in relation to
one another. Conceiving of Circular Economy as both a historical and a social construct hence allows us
to perceive that the notion — with its meaning and constituents — is far from being a static theoretical
idea. As a social construct, it is (and has been) in constant transition and negotiation through time, with
its meaning being partly transformed, renewed or frozen as true, under the influence of social actors
and changing socio-economic conditions. Conversely, the concept of Circular Economy is influencing
social actors, and transforming or reproducing different parts of the world before our eyes.

Taking act of this historically and socially constructed (and hence transitioning) character of the concept,
the present report aims at understanding how today’s most broadly accepted definitions of Circular
Economy either contribute to enriching or to impoverishing the multiple other concepts which it has
come to gather and integrate over time, or from which it has historically stemmed. As such, some limits
of the trajectory currently being taken may be foreseen as losses in conceptual quality and analytic
complexity, which in turn could result in new or repeated forms of social or environmental harm.

Against such a backdrop, how may we understand Circular Economy’s recent revival and popularity rise
as an overarching, all-encompassing concept? What external circumstances or foreseeable
contingencies have converged so as to allow for the notion to be constructed as a credible, robust and
operational transition pathway to sustainability? And why now, more than ever before? While these
guestions beg an answer, the issues addressed in this report are:

* A general portrait of the associated key concepts that underlie Circular Economy, including a
conceptual timeline

* What is (or should be) Circular Economy, including definitions, principles, implementation and
barriers

* Positioning and mapping of Circular Economy according to scope and concreteness,
sustainability approach and circularity thinking
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This section will explore key concepts that are related to Circular Economy (hereafter named CE). In
most cases, these concepts predate CE, as will be shown in the timeline, in section 2.11. Whenever
possible, the following aspects will be discussed for each concept:

* Key authors (and/or schools of thought that contributed to the concept’s emergence)

* Definition (most accepted definitions and alternate definitions when appropriate)

* Goal (general aim of the concept)

* Application (scale, sector, whether the concept applies to production processes, end-of-life
management, etc.)

* Tools

Other key distinctive elements discussed in the literature review will be included in the discussion.
Throughout, the goal is to eventually be able to create links between the different concepts, and be able
to represent them in relation to CE in a visual diagram. The concepts are treated in descending order of
operationalization scope, meaning from vastly encompassing to specific and tactic. A conceptual
timeline is presented at section 2.11.

2.1 Sustainable Development

Sustainable development (SD) is a polysemic concept that started to be internationally propagated in
1987, after the publication of Gro Harlem Brundtland’s Report for the World Commission on
Environment and Development (WCED), Our Common Future. Its well-known definition also contains
two key concepts, which are often not attached to the core definition. These refer to needs, specifically
“the essential needs of the world's poor, to which overriding priority should be given”. It also broaches
the idea of limitations “imposed by the state of technology and social organization on the environment's
ability to meet present and future needs”(WCED, 1987).

Even though 1987 marks the emergence of SD, it should be noted that it is preceded by at least 15 years
of international efforts to bring forth a certain form of sustainable production and consumption
patterns. In 1972, two major events contributed to shape the 1987 definition of SD: the publication of
the report to the Club of Rome “Limits to growth” and the Stockholm Conference and Declaration,
followed by the World Conservation Strategy in 1980. Post Brundtland, the major events that shaped
sustainable development’s progress and dissemination are the Rio Summit (1992), which generated its
Declaration, Agenda 21 and key international conventions, on climate change and on biological diversity
and later, on desertification. The Johannesburg Summit in 2002 brought back the social dimension in the
debate as it was neglected in 1992. In 2003, the Marrakech Declaration proposed 5 objectives; two of
them are to 1) decouple economic growth from resources consumption and 2) to create a circular
economy (Stahel, 2015). In 2012 the Rio+20 summit pressed countries to develop sustainability
indicators and put forward the concept of green economy.

The term SD itself starts appearing in scientific publications in the beginning of the 1980s. Since the
Brundtland Report, the term has progressively entered the business vocabulary and its practices. The
concepts that support SD generally refer to the three dimensions of development (economic -
environmental - social) and later, to the triple bottom line, a concept put forth by John Elkington (1997).

Private companies who consider that their responsibilities extend further than profit creation or legally
binding constraints adhere to initiatives that can be broadly categorized as Corporate Social
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Responsibility (CSR), also a wide field of knowledge and practice. SD and CSR have enabled the creation
of thousands of evaluative or normative approaches, initiatives and tools. As examples, thousands of
organizations now use the Global Reporting Initiative’s (GRI) indicators as a means to present their CSR
reports, each year. Many large pension funds now look closely at environmental, social and governance
(ESG) indexes before investing. Certifiable or not, many programs such as ISO 26000 or SA8000 have
proliferated in the last decade.

On the scientific side, a plethora of authors have written extensively about SD since 1987. In fact, over
200 definitions of SD exist (Pearce and Walrath, 2008). It is therefore more useful to discuss SD
conceptually, in order to peg its main tenets against those underlying CE.

The conceptualization of SD can be represented using models, which delineate the considered
dimensions as well as their interrelations.

* Jacobs and Sadler (1990), a model in which the 3 dimensions are equal

Ecologic

Liveable Viable

Sustainable

Social Economic

Figure 2-1: Sustainable development according to Jacobs and Sadler.
From: Jacobs and Sadler (1990)
* Passet (1997), in which there are 4 dimensions subordinated to each other

Culture

Environment

4

Economy
Society

Figure 2-2: Sustainable development according to Passet.

From: Passet (1997)
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* Gendron (2005), in which 5 dimensions are hierarchized

Individual and

social
development

Governance

Economy

Ecological integrity

Figure 2-3: Sustainable development according to Gendron.

From: Gendron (2005)

2.2 Ecological Transition

The core of the “Ecological Transition” concept is “transition”, i.e. a transformation process towards a
more sustainable societal model. It can take various names according to its focus, such as “sustainability
transition”, “transition towards a low carbon economy”, “socio-ecological transition”, etc. The concept is
currently mainly used in Europe and is multidimensional: it can be an implementation, a discourse and a

theoretical field (Audet, 2015):

* Implementation: it can take various forms. A well-known one is the “transition towns”
movement, initiated by Rob Hopkins in the 2000s, through which local initiatives aim to build
resilient communities with projects on local energy production, food systems, transportation,
etc. This implementation has a strong focus on citizen empowerment but this is not per se a
feature of “ecological transition”. Eco-design for instance can also be seen as an implementation
of the concept. It can also be applied through public policies targeting ecological tax reforms,
amongst other things.

* Discourse: “transition” is more and more present in discourses from a wide range of
stakeholders from the civil society, companies and governments. The discourse is very variable
itself, notably according to its focus on technological versus social innovation.

* Theoretical field: this field is still young and in construction. Three main schools of thoughts
coexist and offer complementary — though sometimes conflicting — visions. They can be very
briefly explained as follows:

o Reflexive governance: Focuses on the type of governance necessary to manage
environmental issues, which are in essence very complex.

o Multi-level perspective: Studies how socio-technical regimes (e.g. transport regime,
agro-food regime) evolve with or resist innovation.

o Transition management: Explores how to guide transition processes.

As can be seen, “ecological transition” is a polymorph and wide concept. Many visions and initiatives can
fall under the concept, some being more techno-centrist and others more socio-centrist, for instance.
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There is not one common view about the role of “humans” as beneficiaries and as actors of the
transition processes, nor as of the role of economic actors and of innovation.

The term Ecological Transition is also used since 2012 by the French government as a name for their
multi-stakeholders process towards a sustainable economic development. In this French context,
Ecological Transition is an overall multi-party process gathering all major sustainable development
actors and aiming at finding concrete ways to achieve an economic development compatible with the
finite character of our natural resources and the necessity to maintain natural regulations essential to
life (Dron et al., 2013).

2.3 Green economy

The concept of Green Economy has emerged in recent years as a strategic priority for governments and
intergovernmental organizations: EU, UN, OECD and others have issued studies, positions papers and
strategic plans to achieve this goal (EEA, 2015).

The UN’s definition is that Green Economy is an economy that results in improved human well-being
and social equity, while significantly reducing environmental risks and ecological scarcities. In its
simplest expression, a green economy can be thought of as one which is low carbon, resource efficient
and socially inclusive (UNEP, 2011b).

The concept of Green Economy puts forth the use of economic instruments to tackle environmental
challenges: e.g. initiatives allowing the internalization of environmental costs (e.g. carbon market),
investments in green technologies or renewable energy.

Green Economy was one of the main discussion fields at the RIO+20 Conference in 2012. The resolution
adopted by the General Assembly at the end of the conference, called The future we want, states:

“(...) we consider green economy in the context of sustainable development and poverty
eradication as one of the important tools available for achieving sustainable
development and that it could provide options for policymaking but should not be a rigid
set of rules. We emphasize that it should contribute to eradicating poverty as well as
sustained economic growth, enhancing social inclusion, improving human welfare and
creating opportunities for employment and decent work for all, while maintaining the
healthy functioning of the Earth’s ecosystems” (UN General Assembly, 2012).

A focus hence lies on developing Green Economy policies encouraging the emergence of conditions
favourable to green economy projects, initiatives or models.

An important strategic approach to achieve Green Economy is “decoupling”. Decoupling can be simply
defined as breaking the link between “environmental bads” and “economic goods”. Two modes of
decoupling need to be undertaken: resource decoupling and impact decoupling (UNEP DTIE, 2011).

An important criticism of Green Economy is that it can potentially make the social pillar of sustainable
development disappear as international efforts tend to be redirected towards this concept, which has
economic actors and activities at its core. The dominant place of Green Economy on the Rio+20 agenda
at the expense of sustainable development at large is an illustration of this fear: even if Green Economy
does not aim to replace sustainable development, it becomes de facto a “weaker” version of
sustainability ambitions.
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2.4 Functional Economy

The main pioneer of Functional® or Performance Economy, Walter R. Stahel, coined the term in 1986.
Succinctly, Functional Economy is focused on the function, or performance, of goods and services.
Stahel considers it a new business model with enterprises retaining ownership of long life-span goods
combined with lower energy and materials demand for the production phase, made possible by
(amongst other thing) appropriate design (Indigo Development, 2005; Stahel, 2013b). It is considered by
some as the most profitable business models of all for CE (Butterworth et al., 2014).

The term Functional Economy relates to the co-production of integrated solutions for products and
services that meet households (B to C) and industry (B to B) expectations between providers and
beneficiaries, consolidating new environmental and social requirements (Gaglio et al., 2011). Du Tertre
posits that the most specific aspect of Functional Economy is the design and implementation of these
integrated solutions, which will provoke a change at a systemic level, and support triple bottom line
issues in an articulated manner. For example, it is a question of moving from “the automobile” or
“public transportation” to the concept of “mobility” (ATEMIS, 2008).

Functional Economy assumes that efficiency and effectiveness must be reconciled, as it changes the role
of actors in an economy where long life span and performance mean that “doing the right thing” (or:
effectiveness) must be paired with “doing them right” (or: efficiency). The main goals of Functional
Economy are:

* Increase in wealth creation
e Jobs increase’
* Reduction of resources consumption (Stahel, 2010).

A looped economy is at the core of Functional Economy, as waste prevention, refurbishment and
reconditioning (as well as extended consumer insurance) are integral to long life-span and retained
ownership (Stahel, 2015). Stahel is a core proponent of CE but also posits that linear economy is
complimentary to CE, as it contributes to what he calls ‘quantum leap innovation’ in sectors such as IT,
nanotechnologies and biotechnologies (Stahel, 2015). This view is somewhat paradoxical to what most
CE proponents say, namely that linear economy is currently unable to produce additional disruptive
technologies. The business models of Functional or Performance Economy are presented in Figure 2-4.

! Also sometimes called the Functional Service Economy or Service Economy. Its key associated operational
concept is product-service system (PSS). It is defined as “a marketable set of products and services capable of
jointly fulfilling a user’s need. The product/service ratio in this set can vary, either in terms of function fulfilment or
economic value” (Goedkoop et al., 1999 in Mont, 2002).

%1t should be noted that Functional or Performance Economy is one of two concepts (the other being Shared
Value), which includes a social vision to its core elements. Stahel and Reday (1976) proposed to (what is now
called) the European Commission a report (The Potential for Substituting Manpower for Energy) that the creation
of local jobs (linked to e.g., refurbishment, waste management, etc.) based on a vision of care for people as part of
an integrated “stock” management approach, which would “exploit” stock while maintaining its quality and value.
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Figure 2-4: The Business Models of Performance or Functional Economy.

From: Stahel (2015), p. 21

Longer lifespan of products means that the quality of maintenance, repair, refurbishment and/or
remanufacturing is a key component of the business model, as is value preservation through the
transformation of waste into new products in order to maximize revenue and minimize internalization
costs (Stahel, 2015).

In a Functional Economy, governments must implement the taxing of non-renewable resources, as
opposed to taxing labour, and abandon the command-and-control type policies in order to instead
promote innovation, education, R&D and appropriate entrepreneurial risk taking. As well, tax incentives
must be designed in order to reward companies who internalize risks over the whole life cycle (Stahel,
2010), thus creating a link with the concept of Extended Producer Responsibility.

The metrics proposed by Stahel (2010) theoretically allow all stakeholders (consumers, countries and
private economic actors) to evaluate products, production units, corporations or regions’ performance
(Stahel, 2010). They are:

* Value-per-weight, which enables growth and wealth creation using minimal resources

* Profits based on risks and waste internalization over goods’ entire service-life, to transfer
performance and quality responsibility, over the full service life, from the user to the producer

* Labour-input-per-weight, which enables local jobs creation using minimal non-renewable
resources (principle of manpower for energy)

It is interesting to note that the usual metrics proposed by traditional industrial models are based on
resource throughput monetization at the point of sale, namely: gross national product (at country level)
and annual sales (at company level) (Stahel, 2010). Functional Economy’s metrics are illustrated in

Figure 2-5.
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Figure 2-5: Graphic presentation of metrics.

From: Stahel (2010), p. 4

Stahel’s vision of Functional Economy ties closely with SD, as it aims to provide tools to attain at least
two of the Marrakech objectives (as mentioned in section 2.1: to decouple economic growth from

resources consumption and to create a circular economy). Figure 2-6 illustrates the Performance
Economy’s sustainability triangle.

WEALTH economic
CREATED impact

loss
prevention

Science EPeR Low-carbon economy
[value-per-weight [internalised risk [value creation from ﬂ
ratio] and liabilities] renewable resources]

waste
prevention

virtuous
loops

labour-input-per-weight ratioﬁ

[man-hour per kg]
ecologic RESOURCE SKILLS AND §ocial
impact CONSUMPTION JOBS impact
REDUCED CREATED

Figure 2-6: The Performance Economy's sustainability triangle.

From: Stahel (2010), p. 272
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Functional Economy has also been associated with dematerialization and with the consumer movement
known as the Share Economy?®, an economy based on sharing goods rather than owning them, made
possible through IT based business models which enable consumers/users to connect and buy or share
products and services (e.g.: Airbnb and Uber).

2.5 Life Cycle Thinking

The main initial observation that led to Life Cycle Thinking (LCT) is that looking for environmental
optimization within one organization does not guarantee an optimized value chain, and can even lead to
impact displacement from the organization to another part of the product chain. It is therefore
necessary to adopt a holistic perspective in order to reach total environmental optimization throughout
the product’s life cycle.

As shown on Figure 2-7, a product or service’s life cycle goes from raw material extraction through
materials processing, manufacture, distribution, use, repair and maintenance, and disposal or recycling.

/'/Vgﬂ/w%«
[ S |

/ f/ J/

kr(\‘\:vffg y

Resource

acquisition LIFE CYCLE

STAGES
[ ﬁ‘/
End-of-life |

Figure 2-7: Life cycle stages.
From: CIRAIG (2015)

The most well known way of applying LCT is environmental Life Cycle Assessment (LCA), which started in
the years 1960s, as partial LCAs. Guinee et al. (2010) split the development of LCA in three main stages:
1) Conception (1970-1990); 2) Standardization (1990-2000); 3) Elaboration (2000-present).

LCA is a methodological tool used to quantify the potential environmental impacts associated with the
entire life cycle of a product. Heiskanen (2002) proposed that LCA has evolved from being purely a

*>The Share Economy is also known as the Collaborative Economy and also, on consumer side, as Collaborative
Consumption, a term coined by Rachel Botsman around 2010.
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calculation method to a state of mind, looking for understanding the life cycle-related issues of the
product, away from the focus on individual performance. This state of mind is called “Life Cycle
Thinking”.

The main goals of environmental LCT are to reduce environmental impacts throughout the products’ life
cycles, thanks to the reduction of resource and energy use and of emissions to air, water and soil (Life
Cycle Initiative, 2013). LCA is seen as the most complete tool to assess eco-efficiency, i.e. “adding
maximum value with minimum resource use and minimum pollution”(Huesemann, 2004 in Bjgrn and
Hauschild, 2013, p. 322). Economic and social dimensions were added to the LCT tools’ portfolio, in
order to enlarge the scope and enable an even more holistic perspective.

The term “Life Cycle Management” also appeared as the way to apply LCT in organizations or, as put by
the UNEP-SETAC (2009, p.vii), as “a business management approach that can be used by all types of
businesses (and other organizations) to improve their products and thus the sustainability performance
of the companies and associated value chains”. LCM is also defined as a box containing the tools aiming
to measure and manage potential environmental, social and economic impacts of products or services
throughout their life cycle. LCM contains a wide variety of tools such as LCA, ecodesign, eco-labelling,
social LCA, etc.

Environmental and social LCA’s guidelines have been negotiated, designed and formalized through 1SO
norms development and through the UNEP-SETAC Life Cycle Initiative working groups. In the last 5
years, a conceptual framework for Sustainability Life Cycle Assessment has also been published by
UNEP-SETAC.

An interesting study by Nilsson-Lindén et al. (2014) investigates how LCM is put in practice in
organizations. Among their findings and those from consulted authors, we underline:

* Companies will implement and use LCA in different ways. These differences not only arise from
structural differences but also from how people interpret and make sense of LCA results.
Organizational context and individual sense-making affect how LCA is used in industry (Rex and
Baumann, 2008 in Nilsson-Lindén et al., 2014).

* Pure LCA facts are not always the most valuable outcomes of an LCA project. Improved
understanding of 1) internal processes and 2) the concerns of the other actors in the value chain
are essential outcomes (Poikkimaki, 2006 in Nilsson-Lindén et al., 2014).

* When the time comes for implementing environmentally favourable developments, intangible
aspects (e.g., how people perceive, understand, and value things) have more influence than
rational justifications (e.g. LCA facts) (Poikkimaki, 2006 in Nilsson-Lindén et al., 2014).

* As LCM focuses on the product chain, collaboration with external actors and the need to build
relationships are identified as a critical success factor.

* Internal critical success factors: Top management support, sound internal communication,
participation and collaboration of employees from most organizational functions and levels,
integration of sustainability into the organization’s business strategy.
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2.6 Cradle-to-cradle thinking

Cradle-to-cradle”® (termed “C2C” from henceforth) thinking is acknowledged to be at the heart of CE’s
closed loop systems. It is a nature-inspired, biomimetic design philosophy formalized by Michael
Braungart and William McDonough, first encapsulated in the book Cradle-to-cradle: remaking the way
we make things (2002). C2C aims to create products with a positive environmental footprint (Bor et al.,
2011). Most of CE’s distinctive vocabulary is taken directly from C2C: biological and technical nutrients,
metabolism, upcycling, etc. (Bor et al., 2011).

Its origins can be traced back to the 1990s, when Braungart and some Environment Protection
Encouragement Agency (EPEA) colleagues published A Technical Framework for Life-Cycle Assessment
(Visser, 2010). While this publication can effectively trace back the C2C idea to LCA, C2C however
distances itself wholly from LCA (inherently linear, according to the authors), as its main tenet is that it is
essential to move from eco-efficiency to eco-effectiveness. For Braungart and McDonough, eco-
efficiency basically corresponds to make more (products or services) with less (resources, energy,
toxicity). The authors affirm strongly that:

“1. Eco-efficiency is a reactionary approach that does not address the need for fundamental
redesign of industrial material flows.

2. Eco-efficiency is inherently at odds with long-term economic growth and innovation

3. Eco-efficiency does not effectively address the issue of toxicity.” (Braungart et al., 2007,
p.1339-1340)

In contrast, eco-effectiveness “encompasses a set of strategies for generating healthy, cradle-to-cradle
material flow metabolisms” (Braungart et al., 2007, p.1342). Eco-effectiveness is then a mechanism that
recouples environmental and economic systems through ‘metabolisms’ that enable materials to
maintain and even augment their inherent characteristics through upcyciling. Instead of improving
existing products, eco-effectiveness as underscored by Braungart et al. (2007) (re)develops products
from the ground up by redesigning material flows, addressing toxicity and eliminating all possible
economic growth and innovation shortcomings inherent to eco-efficiency. They however convene the
fact that eco-efficiency and eco-effectiveness can be complimentary, as “doing the right thing” (eco-
effectiveness) should be “doing things right” (eco-efficiency). They underline the fact that trimming
material flows is only beneficial if they have been previously “closed”, as “once effectiveness has been
achieved, efficiency improvements are not an environmental necessity, but a matter of equity. They are
necessary to ensure the fair distribution of goods and services”(Braungart et al., 2007, p.1342). Figure
2-8 presents Braungart et al.’s view of the eco-effective and eco-efficient time/benefit curves.

4 . . .
Cradle-to-cradle is also known as cradle 2 cradle and regenerative design.
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Figure 2-8: Eco-effectiveness strives to generate an entirely (100%) beneficial impact upon
ecological systems.

From: Braungart et al. (2007), p. 1343

C2C’s materials (or nutrients) flow within one of two metabolisms: biological and technical. Materials
that flow optimally through the biological metabolism are called biological nutrients. Biological nutrients
are basically consumption products, while technical nutrients are used for durable goods that are used
as a service (thus making the link with Functional Economy) and should have characteristics that allow
them to remain safely in the closed-loop C2C system. Eco-effective industrials parks (basically, Industrial
Ecology through industrial symbiosis) are created in order for these nutrients to flow effortlessly within
a broad industrial framework.

C2C is a mostly qualitative innovation framework, which promotes three guiding principles:

1) ‘Waste = food’, in the sense that what is usually considered waste and by-products should act as
nutrients within the metabolic system.

2) Current solar income powers products’ energy requirements, including geothermal and kinetic
energy.

3) Diversity, whether biological, cultural or conceptual, must be celebrated (Bor et al., 2011).

C2C can be achieved by enterprises through a 5 steps strategy:

1. Removal of toxic substances in products

2. Render the product “less bad” through personal preferences

3. Passive positive list: ingredients assessment according to toxicological or eco-toxicological
characteristics

4. Active positive list: ingredient optimization (from previous list) in order for them to be defined
as a biological or technical nutrient.

5. Reinvention of customer-product relationship through a service perspective

Nutrients flow management can only occur within collaborative business and industrial structures that
enable information and material flows through the products’ life cycle, taking the shape of either what is
basically industrial symbiosis or Intelligent Material Pooling (IMP). IMP is presented at Figure 2-9.
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Figure 2-9: Material flows in the context of an Intelligent Materials Pooling community.
From: Braungart et al. (2007), p. 1347

IMP is a technical nutrient metabolism collaboration system between economic actors that allows
enterprises to “pool material resources, specialized knowledge and purchasing power relating to the
acquisition, transformation and sale of technical nutrients and their associated products” resulting in a
symbiotic, mutually beneficial system (Braungart et al., 2007, p.1346)

It should be noted that C2C as well as Cradle-to-cradle are registered trademarks of Braungart and
McDonough’s consultancy, MBDC, and may only be used under license. As well, the Cradle-to-cradle
Certified mark for products may only be used by the Cradle-to-cradle Products Innovation Institute
(MBDC, 2012). This situation points to the hypothesis that a strong association between the EMF and
the C2C approach, contrary to other concepts presented here, may mean that there are high economic
stakes in CE’s successful implementation for C2C proponents.

2.7 Shared Value

Shared Value is a management approach put forward by Harvard Business School professors and
strategy authorities Michael E. Porter and Mark R. Kramer. The idea was first intro