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ABSTRACT

This thesis deals with the role of design in the contribution of businesses to the goal of
achieving a sustainable development. Its importance has been recognized for decades, but it
was not before the end of the last century that academia, some front-running companies, con-
sultants and standardization bodies started to develop schemes on how to systematically ap-
ply environmentally conscious design and, later on, design for sustainability (DfS) in the de-
sign and development of products, services and systems. Nevertheless, the systematic and
widespread uptake of this important sustainability strategy at micro-level did not have the
desired expression and it was observed that despite the extensive literature on the subject,
there is still a lack of a common understanding of DfS is and how to operationalize it.

Building on corporate sustainability management and design management theories, an
analytical framework to analyse DfS models was developed, consisting of nine elements at
strategic, tactical and operational levels, and applied through an extensive literature review.
This allowed us to conclude that the analytical framework (and its underlying theories) were
adequate to analyse and compare the studied models and to identify priority areas for further
development: establishing a sustainability vision to which companies are encouraged to con-
tribute through their products and services/business models, integration of DfS in the business
strategy at the highest decision-making level, cocreation with stakeholders, the adoption of
design strategies and criteria that address the economic and social components of sustainabil-
ity and the sustainability assessment of the new solutions.

However, it was not before the emergence of circular economy (CE) in the political
agenda (the first circular economy action plan of the European Union was released in 2015)
that ecodesign/DfS finally received a remarkable attention. In this respect, there was a wealth

of publications on circular design strategies, to which this thesis also contributes by proposing
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strategies and criteria that fill gaps in previous proposals, namely addressing social criteria in
design.

Nevertheless, CE is subject to criticism regarding its actual contribution to sustainability.
This fact, combined with the realization that sustainability schemes adopted by companies are
mostly aligned with weak sustainability, made us question the potential of design for CE to
address the enormous challenges our societies face; therefore, we aimed at the development
of a model of design for CE in a strong sustainability paradigm assisted by adequate guiding
principles. Through an iterative consultation process using the Delphi method, a conceptual
model was developed, building both on the learnings of the analysis of the DfS models and on
its theoretical foundation. Furthermore, the Delphi research has led to a new definition of de-
sign for circular economy in a strong sustainability paradigm and contributed to clarify the
relationship between circular economy and strong sustainability. The thesis closes with prom-
ising research directions to further develop the model and its application to different need

areas and respective value chains.
Keywords: design for sustainability, circular economy, design for circular economy,

strong sustainability, implementation model, design management, corporate sustainability

management.
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RESUMO

Esta tese trata do papel do design na contribuigdo das empresas para o objetivo de al-
cangar um desenvolvimento sustentavel. A sua importancia tem sido reconhecida ha décadas,
mas foi sé no final do século passado que o meio académico, algumas empresas lideres, con-
sultores e organismos de normalizagao comegaram a desenvolver modelos para a aplicagao
sistematica de um design ambientalmente consciente e, posteriormente, design para a susten-
tabilidade (DpS) na concegao e desenvolvimento de produtos, servigos e sistemas. No entanto,
a adocao sistematica e generalizada desta importante estratégia de sustentabilidade a nivel
micro ndo teve a expressao desejada e observou-se que, apesar da extensa literatura sobre o
assunto, ainda falta um entendimento comum sobre o DpS e como operacionaliza-lo.

Com base nas teorias de gestdao de sustentabilidade empresarial e gestdao de design, foi
desenvolvido e aplicado um quadro analitico com nove elementos aos niveis estratégico, tatico
e operacional, para analisar modelos de DpS através de uma extensa revisao da literatura. Isto
permitiu-nos concluir que o quadro analitico (e as teorias subjacentes) foram adequados para
analisar e comparar os modelos estudados e identificar areas prioritarias para um maior de-
senvolvimento: estabelecer uma visao de sustentabilidade para a qual as empresas sao enco-
rajadas a contribuir através dos seus produtos e servigos/modelos de negdcio, integracao do
DpS na estratégia de negdcio ao mais alto nivel de decisao, cocriagao com stakeholders, adogao
de estratégias e critérios de design que abordem as componentes econdmicas e sociais da sus-
tentabilidade e avaliacao da sustentabilidade das novas solugdes.

Mas nao foi antes do surgimento da economia circular (EC) na agenda politica (o pri-
meiro plano de agao de economia circular da Unido Europeia foi langado em 2015) que o eco-
design finalmente recebeu uma atengao notavel. A este respeito, proliferaram publicacdes so-

bre estratégias de design circular, para as quais esta tese também contribui, ao propor
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estratégias e critérios que respondem a lacunas comuns das propostas anteriores, nomeada-
mente abordar critérios sociais no design.

No entanto, a EC é alvo de criticas quanto a sua real contribuigao para a sustentabilidade.
Este facto, combinado com a constatacao de que os esquemas de sustentabilidade adotados
pelas empresas estao maioritariamente alinhados com a sustentabilidade fraca, fez-nos ques-
tionar o potencial do design para a EC para enfrentar os enormes desafios que as nossas soci-
edades enfrentam; assim, foi definido o objetivo de desenvolver um modelo de design para a
EC num paradigma de sustentabilidade forte, apoiado por principios orientadores adequados.
Através de um processo iterativo de consulta utilizando o método Delphi, foi desenvolvido
um modelo conceptual, baseado tanto nas aprendizagens da andlise dos modelos de DpS,
como na sua fundamentagao tedrica. Para além disso, a investigacao realizada através do mé-
todo Delphi deu origem a uma nova definicao de design para a economia circular num para-
digma de sustentabilidade forte e contribuiu para clarificar a relagao entre economia circular
e sustentabilidade forte. A tese termina com perspetivas de investigacao promissoras para
uma maior especificacdo do modelo e a sua aplicacao a diferentes dreas de necessidade e res-

petivas cadeias de valor.
Palavras-chave: design para a sustentabilidade, economia circular, design para a econo-

mia circular, sustentabilidade forte, modelo de implementacdo, gestao do design, gestao da

sustentabilidade empresarial.
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INTRODUCTION

1.1 Context and motivation

Shifting to sustainable consumption and production patterns, particularly in high
income countries, has been advocated over more than 50 years (considering as landmarks e.g.
the 1972 United Nations Conference on Human Environment and the publication of ‘Limits to
growth” (Meadows et al., 1972)), since the ecological crisis — overexploitation of resources, pol-
lution and disruption of the Earth’s natural processes — is directly linked to which, how and
how much goods are produced and consumed (Bengtsson et al., 2018). In 2015 the United
Nations launched the 2030 Agenda for Sustainable Development with its core 17 sustainable
development goals, one being precisely responsible consumption and production (UN
General Assembly, 2015).

Businesses have been urged to engage in sustainable consumption and production and
one approach to deal with this challenge that has gained momentum since the 1990’s is
ecodesign (Brezet & van Hemel, 1997; U. Tischner et al., 2000), i.e., the integration of environ-
mental considerations in design and development of products with the aim to reduce adverse
environmental impacts throughout their life cycle (International Electrotechnical Commission,
2019).

The concept of ecodesign has evolved from the focus on how to improve or redesign a
single product, from environmental and economic points of view and within the realm of es-
tablished technologies, to questioning the function the product is providing and developing
new product-service combinations that comply with such function; or even going further and

questioning and changing the whole system (the combination of artefacts, infrastructures,
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economic models, socio-cultural values and institutional frameworks), designated as design
for sustainability (DfS) (A.Idil Gaziulusoy & Brezet, 2015). This type of more radical innova-
tions, covering not only environmental concerns, but also social ones, is deemed as necessary
to achieve sustainability. Another relatively recent concept that concurs to the same purpose
is circular design or design for circular economy. Its definition is not consensual, but one can
say that it seeks the development of products and business models that ideally eliminate waste
and pollution by functioning in closed-loop systems and whose value is kept at the highest
level, for as long as possible (Ellen MacArthur Foundation, 2015).

Kate Raworth showed in her book ‘“The Doughnut economics : seven ways to think like
a 21st-century economist’ (Raworth, 2017), in a very impactful way, that global social founda-
tion still falls short of life’s essentials such as food, education and housing; at the same time,
the ecological ceiling defined by the planetary boundaries (Rockstrém et al., 2009; Steffen et
al., 2015) has been overshot in six out of the nine boundaries (Richardson et al., 2023).

This is a clear indication that decades of work in environmental and sustainability man-
agement in companies and their value chains has not produced the expected results at global
level, since various indicators have been worsening over the years (the above-mentioned plan-
etary boundaries, as well as the Earth overshoot day (Earth Overshoot Day, n.d.), the global
circularity rate (Circle Economy, 2023) and the Human Development Index, which globally
presents a slight declining trend in the past few years (Human Development Reports, n.d.)).

It is estimated that 80% of the environmental impact of a product throughout its life cycle
is determined at the design stage (Nasr et al., 2018, p. 9) and therefore ecodesign and, moreo-
ver, DfS and design for circular economy are seen as a particularly powerful tools for compa-
nies to adopt a truly sustainable behaviour, in contrast with other sustainability oriented busi-
ness practices that focus on determined stages of the life cycle of products or on specific topics
and overlook the whole life cycle and the potential of more radical innovations. The questions
are, then: (1) is it the case that the uptake of ecodesign/DfS/design for circular economy has
not been expressive enough to drive the required transformation on the production-consump-
tion system and (2) even if they were widely disseminated and implemented, would the sus-
tainability landscape be drastically different, for the better?

This thesis focuses on both questions. Firstly, by contributing to characterize DfS models
or frameworks that have been proposed by academia, under the assumption that the uptake

of DfS is more likely to be successful if informed by corporate sustainability management and
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design management theories. Secondly, by addressing the question of how to guide companies
in the circular design and development of new products, product-service systems and business models
so that they actually contribute to sustainable development?

There is empirical evidence that even in countries where circular design has had a re-
markable expression, the overall circularity rate has not increased. This is the case of The Neth-
erlands, a leading country in circular economy (Totaro, 2023), where the CIRCO - Creating
business through circular design Programme has trained over 2000 companies in circular design
with a rate of implementation of new, circular designs of 70% (van Os, 2023, oral communica-
tion) and the total quantity of natural resources used in the country has remained unchanged
since 2010 (Totaro, 2023).

Realizing that, although there is an increase in the adoption of sustainability practices
by companies, paradoxically the environmental quality worsens, several authors note the need
to align methods and models of corporate sustainability management with strong sustainabil-
ity (Bjorn & Repke, 2018; Demastus & Landrum, 2023; Landrum, 2018; Landrum & Ohsowski,
2018; Nikolaou et al., 2019), which is not currently happening (Demastus & Landrum, 2023).
The same call applies to design for sustainability and business model innovation; (Brozovic,
2020; Ayse Idil Gaziulusoy, 2010).

Trying to respond to the findings above, this thesis aims at developing a model of design
for circular economy in a strong sustainability paradigm. One can argue that the solution to
the sustainability challenges goes way beyond the agency of companies; it is complex, multi-
dimensional and asks for rethinking the global economic system towards a sustainable society;
but even in such scenario companies and their value networks would need to be equipped to
function and thrive in such new paradigm. This thesis aims to be a modest contribution to

such purpose.

1.2 Research questions

The overarching research question of this thesis is:
RQ1: What should a model that supports companies in the systematic adoption of de-

sign for circular economy in a strong sustainability paradigm look like?
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To answer this question, the departure point was the analysis of design for sustainability
(DfS) models published in the literature in the light of corporate management and design the-

ories. The related research questions (RQ) and sub-questions (SQ) are formulated as follows:

RQ 1.1: How do DfS models published in the literature perform in view of corporate
sustainability management and design management theories?
5Q 1.1.a: What would an analytical framework based on those theories look like?
5Q 1.1.b: To what extent are the DfS models in accordance with the analytical framework?

The increasing attention that has been devoted to circular economy in academic, political
and business arenas (Murray et al., 2017; Stahel, 2016), as well as its potential to tackle envi-
ronmental sustainability (Ellen MacArthur Foundation, 2015; Sauvé et al., 2016) has deter-
mined the inclusion of design for circular economy in this research. An extensive academic
and practical work has been devoted to the development of circular design strategies (Bocken
et al., 2016; den Hollander et al., 2017; Moreno et al., 2016), and the present work contributes
to such efforts by adding new elements more aligned with DfS, as formulated in the following

research question:

RQ 1.2: Which circular design strategies and related criteria should be adopted by
companies that:
— Address the social dimension of sustainability;
— Enwisage not only product, but also product-service system design;
—  Encompass materials and energy sustainability alongside traditional circularity

strategies such as slowing and closing resource loops?

As elaborated in chapter 5, the links between circular economy and sustainability remain
a subject of debate and a “circular solution” is not necessarily more sustainable (Schroeder,
2018) and for organizations and business to make substantial contributions to sustainable de-
velopment, their organizational methods and tools (including those related to the products,
services and business models they put on the market) should be in line with strong sustaina-
bility (Demastus & Landrum, 2023; Landrum, 2018). Following this rationale, the research

questions below were addressed:
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RQ 1.3: How can design for a CE in a strong sustainability paradigm be defined?

RQ 1.4: How do CE and strong sustainability relate to each other?

SQ 1.4.a: Which are the features of CE and strong sustainability that are aligned?

$Q 1.4.b: Which are the features of CE and strong sustainability that are conflicting?

RQ 1.5: What is the added value of a model that supports companies in the design for a

CE in a strong sustainability paradigm?

RQ 1.6: Which are the most important elements of a model of design for a CE in a strong

sustainability paradigm?

1.3 Research contribution

In line with the objective and the research questions, the contributions of this thesis can

be summarized as follows:
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Advancing the knowledge on design for sustainability (DfS) in the light of corporate
sustainability management and design management theories, through a broad liter-
ature review presented in chapter 3, which resulted in the development of an ana-
lytical framework to study existing DfS models and unveiling their strengths and
weaknesses, with the aim of promoting DfS and its adoption in practice;
Contributing to the development of design for circular economy by proposing de-
sign strategies and criteria aligned with an understanding of circular economy in
the framework of sustainable development;

Further advancing the concept and practice of design for circular economy and its
relationship with sustainability, which resulted in a new definition, an implemen-
tation model and guiding principles of design for circular economy in a strong sus-

tainability paradigm.






RESEARCH DESIGN

2.1 Overarching theory

This research combines corporate sustainability management, design management and
sustainability science; this combination of disciplines to produce new knowledge is a charac-
teristic of transdisciplinary research (Darian-Smith & Mccarty, 2016), which has become an
established part of the activities in society that deal with sustainability issues (Lorenz, 2022),
since sustainability studies require critical, holistic and integrative thinking.

Corporate sustainability management is concerned with the contribution of companies
to sustainability and encompasses approaches such as corporate environmental management,
corporate social responsibility, sustainability reporting and sustainable innovations such as
sustainable product and service design, among others (Baumgartner & Rauter, 2017). It com-
bines classical management and sustainability and requires the integration of environmental
and social issues in management as a prerequisite to creating societal value (Baumgartner &
Rauter, 2017; Pazienza et al., 2022). A theory of (corporate) sustainability management “has
the potential advantage over other management theories in more comprehensively reflecting
the biophysical-based reality of human individuals, organizations, and societies and their in-
tegration with human cultures and economies” (Starik & Kanashiro, 2013, p. 13) and needs to
address both short term and long term effects of management decisions on the company itself,
the value network, the society and natural environment. Pazienza et al. (2022) defined corpo-
rate sustainability as “the new business paradigm that requires attention to Environmental,
Social and Economic dimensions to be able to provide for current and future generations” (p,

17).
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Outside academia there have been several contributions to corporate sustainability man-
agement, namely in the world of standardization: (i) the ISO standards on environmental man-
agement that constitute the whole 14000 series (ISO, n.d.-b, n.d.-a) and include environmental
management systems, environmental performance evaluation, life cycle thinking and
ecodesign, sustainable resource use, evaluating strategic and monetary consequences of envi-
ronmental management, etc. and (ii) the ISO 26000 standard on social responsibility (ISO,
2010), among others. The ISO work is a multi-stakeholder and global effort to produce stand-
ards that contribute to terms and definitions, methods and practices that are adopted by com-
panies, thus having a theoretical and practical added value to corporate sustainability.

Design management focuses on the principles and practices of managing the design pro-
cess. According to the Design Management Institute, design management seeks to link design,
innovation, technology, management and customers to provide competitive advantage across
the economic, socio/cultural and environmental factors in businesses. Simply put, design man-
agement is the business side of design (Design Management Institute, n.d.). Designers support
companies in managing complexity and applying design-thinking systems theory, addressing
globalization and innovation needs and becoming more socially responsible organizations
(Borja de Mozota, 2008). In recent years, a new focus at the intersection between design and
sustainability science research has emerged, which looks at design as a way of bringing sus-
tainability at the core of business decisions, at strategic level (Baldassarre et al., 2019).

Within sustainability science, it is also relevant for the present research to reflect in two
models of sustainability: weak sustainability vs. strong sustainability. To understand this dis-
tinction, one needs to address the concept of natural capital, i.e. not man-made, in contrast to
manufactured capital and human capital (labour) (Costanza & Daly, 1992). The ‘weak sustain-
ability” school proposes that development is sustainable if the sum of all capitals per capita is
maintained or increased over time (Ekins et al., 2003), which means that capitals are inter-
changeable and the reduction of natural capital is acceptable if it is compensated by the in-
crease in other forms of capital. Criticism to the weak sustainability model includes (Ayse Idil
Gaziulusoy, 2010):

— The consideration that it is unrealistic to assume that substitution between capi-
tals is unlimited or money can be the universal substitute for everything (Gowdy,

2005);
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— For many types of natural assets, technical substitutes do not exist (Sartorius,
2006);

— The future that society will derive from capital cannot be predicted with certainty
(Figge, 2005). Therefore, the weak sustainability model contradicts the require-
ment of not compromising the ability of future generations to meet their needs
(Ayse Idil Gaziulusoy, 2010), which is part of the definition of sustainable devel-
opment (WCED, 1987).

The strong sustainability model argues that natural capital to some extent can be substi-
tuted by manmade types of capital, as long as “critical natural capital” is maintained (Elkis et
al., 2003, as quoted by Bjorn & Repke, 2018). Figure 2-1 illustrates the two models of
sustainability.

In figure 2-1 (left hand side), sustainable development is at the confluence between the
environmental, social and economic dimension; as Moir & Carter (2012) note, this
representation ignores the intrinsic, immutable relationships between each of the dimensions
(Giddings et al., 2002), facilitates the perception that the substitution of physical and human
capital for natural capital can occur indefinitely (Neumayer, 1999) and furthermore, areas
where there is no overlap can be incorrectly perceived as being unrelated to sustainability
(Lozano, 2008). The image on the right of figure 2-1 suggests a nested model with a hierarchical
structure in which the economy is a subset of society and human activities are dependent on

and impact upon the natural environment (Giddings et al., 2002; Moir & Carter, 2012).

Environment

Figure 2-1: Sustainable development according to the weak sustainability model (left) and strong sustainability

model (right)

Source: (Giddings et al., 2002)
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The implications of these two sustainability schools at the micro level are developed in
chapter 5, based on Nancy Landrum’s unified model of sustainability stages (Landrum, 2018),
providing insight on the adoption of the strong sustainability paradigm to answer the call to
link the circular design to strong sustainability in corporate sustainability management

Figure 2-2 represents schematically the zone of intersection of the different theoretical

foundations of this thesis and demonstrates its transdisciplinary character.

Zone of
intersection

Sustainability science

Desigh management | Corporate

sustainability

Figure 2-2: Theoretical foundations of this thesis, in the zone of intersection between different disciplines.

Source: Own elaboration

2.2 Methods

Literature review and desk research

A literature review summarizes and evaluates a series of writings on a particular topic
(Knopf, 2006) in a systematic, explicit and reproducible way (Fink, 2014). Desk research is a
way of organizing and summarizing information and it overlaps with literature review (Byrne,
2017).

Since this thesis is founded on existing publications from academic and grey literature,
both methods have been used in chapters 3 to 6 but was particularly important for chapter 3.

In this case, the literature review was done in two steps:
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— Firstly, to build an analytical framework to analyse DfS models published in the
literature. Using analytical frameworks offers several opportunities for the organi-
zation of research (Coral & Bokelmann, 2017);

— Secondly, to collect the published DfS models, using the following journal data-

bases: Science Direct (http://www.sciencedirect.com), Scopus (Www.scopus.com),

Business Source Complete and Academic Search Complete (www.ebsco.com).

The identification of examples of circular design strategies that corresponds to the annex
of chapter 4 was equally performed through desk research and exchange of information with
fellow colleagues that were partners in the KATCH_e project!, within which the chapter 4 ma-

terial was produced.

Online survey using the Delphi method

According to Grime & Wright (2016), the Delphi method is particularly adequate when
the subject under research can benefit from collective, subjective judgments and when group
dynamics are not suitable for reasons such as time differences, distances and personality con-
flicts. It allows a group of experts to deal with complex problems (Linstone & Turoff, 2002)
through sequential rounds of questionnaires towards the collective building of informed con-
clusions (Brown, 1968; de Jesus et al., 2019; Grime & Wright, 2016). It was considered a sound
method to apply in chapter 5, aiming at answering to RQ’s 1.3-1.6, despite the limitations that

are described in the chapter.

Statistical data treatment
The results of the qualitative answers obtained through the application of the Delphi
method were subject to statistical treatment with the aim of ascertaining and reaching consen-
sus. The following assessment methods were used:
— DPercentage of agreement within two categories on a five-point Likert scale (de Jesus
et al., 2019).
— Mean item ranking, share (%) of experts placing an item in the top half of their list,

and Kendall’'s W (Moslem et al., 2019).

'KATCH_e project — Knowledge Alliance on Product-Service Development towards Circular Economy
and Sustainability in Higher Education (project n® 575793-EPP-1-2016-1-PT-EPPKA2-KA)
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— Measures to quantify the amount of variation of dispersion: median, the IQR and the

standard deviation (de Jesus et al., 2019).

2.3 Structure of the thesis

This document is organized in six chapters. Chapters 1 and 2 introduce the problem and

the research context. Chapters 3 to 5 are the central ones and correspond to two individual

articles and a book chapter. They can be read as stand-alone documents as they address spe-

cific questions around the contribution of design to sustainability and related implementation

models. Conclusions and perspectives for further research are presented in chapter 6.

Figure 2-3 shows the relationship between the main chapters and figure 2-4 presents the

overall structure of the thesis: chapters, research questions and objectives and methods. This

is followed by a brief description of each chapter.

The growing
momentum of

Chapter 4
Design for CE

The importance of circular economy
DfS Analytical and circular
How DfS framework: design
implementation- building blocks
oriented models of the model
are conceptualized

Chapter 3 strategies
Analysis of DfS
models

published in

Chapter 5
New definition
of DfCE ina SS

the literature

A model of
DfCE in a SS
paradigm

The call to link
design for circular
economy and
strong
sustainability

paradigm,
relationships
between CE
and SS,
proposal of a
model and
guiding
principles

Figure 2-3: Central chapters of the thesis (in blue), the trends and problems they address (in grey) and the out-
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Chapters Research questions Methods Publications

‘ INTRODUCTION |
‘ RESEARCH DESIGN |

DESIGN FOR SUSTAINABILITY MODELS: A
MULTIPERSPECTIVE REVIEW

All

RQ1.1

SISTEMATIC LITERATURE  papep 1 (puBLISHED)
(s0.1.1.aand 5Q 1.1.b)

REVIEW

‘ CIRCULAR DESIGN STRATEGIES |

DESK RESEARCH
DELPHI: SURVEY

RQ13-RQ1l6
(SQ1.4.aandSQ1.4.b)

DESIGN FOR CIRCULAR ECONOMY IN A
STRONG SUSTAINABILITY PARADIGM

PAPER 2 (SUBMITTED)

RQ 1 (OVERARCHING)

All

[ )
[ RQ1.2 ] DESK RESEARCH BOOK CHAPTER (PUBLISHED)
[ )

IE| ‘ CONCLUSIONS AND RECOMMENDATIONS |

CAPTION:
RQ: RESEARCH QUESTION
SQ: SUB-QUESTION

Figure 2-4: Structure of the thesis: chapters, related research questions, methods and publications

Chapter 1 introduces the subject of this research by presenting the context and motiva-
tion, the research questions and the research contribution.

Chapter 2 presents the research design: the overarching theory, showing the transdisci-
plinary character of this work and the main theoretical foundations it builds upon, the meth-
ods used (a combination of systematic literature review, desk research and a survey using
Delphi, an interactive forecasting method) and the author’s contribution to the different chap-
ters.

Chapter 3 consists of a systematic literature review that resulted in (i) an analytical
framework to study published design for sustainability (DfS) models based on the specified
theories and (ii) the analysis itself, of 10 models published between 2000 and 2019. The main
take aways of this chapter are the applicability of the theoretical background, the confirmation
of the analytical framework as an adequate representation of the studied models and the iden-
tification of gaps for further study in the quest of supporting companies in the adoption of
design for sustainability.

Chapter 4 takes a more practical stand by proposing design for circular economy strate-
gies and criteria to be applied in the design and development of products and product-service
systems that overcome some gaps identified in the literature. They are illustrated by examples
already available in industry and constitute an intermediary step in the framing of circular
economy and circular design in the context of sustainable development. This endeavour is

further developed in chapter 5, where a discussion on the differences between weak and
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strong sustainability are presented and a contribution is given through the conceptual devel-
opment of circular design as well as to its practice within a framework of strong sustainability.
In this chapter, we aimed at overcoming recognized limitations in the current predominant
CE and circular design discourses and answered RQ’s 1.3-1.6.

Chapter 6 elaborates on conclusions and recommendations for future research.

2.4 Authors' contribution

This research was conducted by Cristina Rocha as the main author, under the supervi-
sion of Paula Antunes and Paulo Partiddrio as supervisor and co-supervisor, respectively.
Overall, Cristina was the leading author of all chapters in this thesis. She conceptualised the
ideas, developed the methodology, conducted the investigation, executed surveys, drove the
formal analyses, curated the data and wrote the articles (original draft, review and editing).
Paula Antunes supervised, gave feedback, reviewed and edited the research. Paulo Partidario
co-supervised, gave feedback, reviewed and edited the research.

David Camocho and Jorge Alexandre contributed to chapter 4. They have read and
agreed to the published version of the chapter they were involved in. Ana Afonso, Elena Mu-
let, Joao Sampaio and Laura Ruiz-Pastor provided minor inputs to the text.

The outcomes of this research are disseminated in one international conference, one
peer-reviewed academic article, one book chapter, one online course and in several non-aca-
demic events involving hundreds of public and private organizations committed with circular

economy and design for sustainability.
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DESIGN FOR SUSTAINABILITY MODELS:
A MULTIPERSPECTIVE REVIEW?

Abstract

Several authors have identified limitations in the uptake of design for sustainability
(DfS) in companies and value chains. In spite of the extensive literature on the subject, re-
searchers and practitioners still do not share a common overview on the subject, which hinders
operationalization efforts. This paper proposes that DfS adoption is more likely to be success-
ful if informed by corporate sustainability management and design management theories.
Therefore, an analytical framework has been developed and applied to systematically analyse
ten published design for sustainability models, which were identified through an extensive
literature review. The analytical framework is composed of nine building blocks, or elements,
organized in three levels: strategic, tactical and operational. To facilitate a more detailed and

objective analysis of the selected models against each element, 22 questions have been

2 Published as a peer-reviewed article:
Rocha, C. S., Antunes, P., & Partiddrio, P. (2019). Design for sustainability models: A multiperspective
review. In Journal of Cleaner Production (Vol. 234, pp. 1428—1445). Elsevier Ltd. https://doi.org/10.1016/].jcle-

pro.2019.06.108

Previously presented at an international conference:

Rocha, C. S., Antunes, P., & Partiddrio, P. (2019). Design for sustainability models: A multiperspective
review. 3rd LeNS World Distributed Conference, organised as part of the LeNSin, the International Learning
Network of networks on Sustainability project (2015-2019). Oral presentation, Milan session, 37-5 of April
2019. https:/llensconference3.org/index.php/general#italy-session
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established. The findings show that while some authors have focused on abstract models that
support companies in establishing a vision and concepts for (more) sustainable products and
services, others offer more instrumental approaches to guide the different phases of design.
On the level of the building blocks, there is a considerable alignment of the models with the
analytical framework; the detailed mechanisms and processes for implementation, however,
vary a lot. Overall, difficulties related to developing a sustainability vision that guides the
design for sustainability process, co-creating with stakeholders and harmonizing environmen-
tal, social and economic criteria were identified. The social dimension of design for sustaina-
bility is still poorly established and tackled in a multi-level, non-systemized way. The paper

concludes with promising research directions focusing on design for sustainability.

Keywords: Design for sustainability, design management DfS models, corporate sus-

tainability management, social responsibility.
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3.1 Introduction

The role of designers in contributing to the sustainable development agenda has been
acknowledged for many years. Victor Papanek inspired the agenda of social design saying
that designers and creative professionals have a responsibility and are able to cause real
change in the world through good design. Already in the 1970's he wrote about his ideas for
ecologically sound design and designs to serve the poor, the disabled, the elderly and other
minority social groups (Papanek, 1971).

However, the sustainability-oriented design only emerged late in the 20th century when
strategies, methods and tools appeared, related to ecodesign or design for environment. Alt-
hough some authors pointed out the need for moving from environmental-oriented product
redesign to more radical innovations, addressing not only environmental (and economic) but
also social concerns (see for instance van Weenen, 1995), it was not before the 2000's that one
could observe a significant effort in the development of concepts, models, tools and methods
aiming at supporting industries and design professionals to include sustainability concerns in
the product, service and(or) business development (see e.g. Joore and Brezet, 2015).

There are several models, tools and methods published in the literature for sustainable
product and service design, including environmental, economic and social criteria, but several
authors recognize limitations in their implementation and in the generation of more sustaina-
ble solutions (Ameta, 2009; Ceschin and Gaziulusoy, 2016; Maxwell et al., 2003; Tischner, 2008;
Watkins, 2014). Furthermore, the diversity of approaches to design for sustainability (DfS)
makes it difficult for researchers, practitioners and trainers to gain a common overview on the
subject, particularly when integrated in the broader sustainability management in companies.
Moreover, DS research has to a great extent excluded the importance of project management
(Ali et al., 2016) and this may be an obstacle to the practical implementation of DfS, ultimately
hampering the prospects of a wide uptake by industry and professionals involved in design.
Consequently, the related potential sustainability gains remain relatively unexploited.

Several concepts and approaches appeared with the purpose of providing a basis to
manage sustainability at companies' level, grounded on business management, stakeholders'
theory, environmental sciences and social sciences, namely: environmental, quality, health
and safety and energy management systems; stakeholders” engagement; social responsibility;

and environmental and sustainability communication. The linkage between these initiatives
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and design has not been clear and often simply missing. While these various principles, strat-
egies, approaches and tools may be complementary and conceptually related, it has been
difficult to integrate them into product and design contexts (Kiigiiksayrag, 2015; Richardson et
al., 2005; Salari and Bhuiyan, 2016).

In this paper, we addressed these concerns by analysing the characteristics of existing
DfS models. We propose that corporate sustainability management and design management
provide the basis for a systemic and systematic implementation of design for sustainability
and thus take this assumption as a framework for the analysis.

Other authors published review papers that analyse DfS and ecodesign models and tools
(Ahmad et al., 2018; Blizzard et al., 2012; Brones and Monteiro de Carvalho, 2015; Gaziulusoy,
2015; Salari and Bhuiyan, 2016; Vasantha et al., 2012) but nevertheless research specifically on
DfS is scarce and shows a variety of perspectives and goals. The only study that takes a similar
approach to the one used in this paper has been performed by Brones and Monteiro de Car-
valho (2015), but it concerns ecodesign and not DfS. Thus, a systematic review of existing DfS
models or frameworks to understand their alignment with corporate sustainability manage-
ment and design management theory is expected to contribute to advance DfS knowledge and
its wider adoption.

After the presentation of the design for sustainability concept and its evolution in section
3.2, the method used for the literature review is explained in section 3.3. Sections 3.3.2.1 and
3.3.2.2 provide the theoretical background on sustainability management and design manage-
ment, resulting in an analytical framework developed for this research (section 3.3.2.3). Results
and discussion are presented in section 3.4 and section 3.5 closes the paper with the conclu-

sions, limitations and perspectives for future work.

3.2 Understanding design for sustainability (DfS)

The discussion around the concept of design for sustainability starts by defining “de-
sign”. According to the Design Research Portal, “design is a creative activity whose aim is to
establish the multi-faceted qualities of objects, processes, services and their systems in whole
life cycles” (DRP, 2017).

The integration of environmental considerations in design with the objective of reducing
environmental impacts of products along their life cycle, known as ecodesign, life cycle design

or design for the environment, has been subject of research (e.g. van Hemel, 1998; Klostermann
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and Tukker, 1998; Stevels, 2009; Myrdal, 2010), and tools and methods development (Brezet
and van Hemel, 1997; Behrendt et al., 1997; Tischner et al., 2000) since the late 1990's. Ecodesign
is part of the wider concept of product life cycle management, which complements potential
environmental gains achieved through design decisions, once a product is launched and stays
in the market, sometimes for a long period (Vila et al., 2015). Key characteristics of ecodesign
include life cycle thinking (i.e. considering the environmental aspects and associated impacts
in all life cycle stages), and early integration (i.e., addressing environmental considerations at
the earliest possible stage of product development (Thrane and Eagan, 2007), when there is
more room for introducing radical changes to the product concept and optimize outcomes.
Another key characteristic of the ecodesign work in the late 1990's is that of integrating the
concept of functional thinking where the main focus is not the product to be designed but the
function(s) it delivers (Ceschin et al., 2010; Vezzoli and Ceschin, 2011).

This evolution from the focus on products to the focus on solutions is illustrated in the
well-known four levels of sustainable design innovation proposed by Brezet (1997):

— Level 1: Product improvement, focused on reducing single environmental impacts
and involving partial changes and improvements to products already existing in the
market.

— Level 2: Product redesign, in which the product is fully redeveloped with an envi-
ronmental life-cycle perspective.

— Level 3: Functions innovation, which is no longer confined to the existing product
concept; in this case, the way the function is fulfilled is changed. The general shift
from products to services (development of product-service systems) belongs to this
category.

— Level 4: System innovation, where the entire socio-technological system (the prod-
uct, the production chain, infrastructure, economic models, social cultural values

and institutions) is replaced by a new system.

By broadening the scope to more social-driven approaches, the ecodesign concept
evolved and design for sustainability (DfS) emerged. DfS includes more radical innovations
in the product, questioning its function and thus influencing the existing patterns of consump-
tion, which are expected to give a far bigger contribution to sustainable development (Rocha

and Brezet, 1999; Tukker and Tischner, 2006; Tischner, 2008). Therefore, product design
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initiatives having a great diversity of purposes showed a progressive involvement of the re-
spective supply chains, and therein of their change agents (Van Der Heijden et al., 2010; van
der Heijden and Cramer, 2017).

Spangenberg et al. (2010) note that “some definitions of ecodesign, derived to distin-
guish it from mainstream design, go beyond incremental gains. However, these definitions
were made in the absence of DfS as an additional category” (p. 1490). These authors systemize
the difference between ecodesign and DfS as presented in Fig. 3-1, highlighting that DfS broad-
ens the horizon and challenges established practices. It increases the level of complexity and
risk of solutions, which is inevitable in the case more radical innovations when compared to

incremental improvements (Spangenberg et al., 2010).

* Technical and social innovations

* Questions the existence of the object
itself

» Seeks to re-discover other methods of
satisfying the needs addressed

DfS approach * Assessment of long-term global
impacts based on the environmental,
Transformational gains social and economic dimensions of
through a sustainable development, for all stages
precautionary of the life cycle of the product or
approach service

A

Ecodesignapproach * Technicalinnovations
* Seeks to re-design products or re-

Incremental gains organize the way the functionsof a
through a preventive product or service can be provided
approach * Assesses the short and medium term

environmental and economic impacts
for all stages of the life cycle of the
product or service

Figure 3-1: From ecodesign to DfS (adapted from Spangenberg et al., 2010).

In the Wuppertal Institute Design guide (Liedtke et al., 2013, p.15), the definition of DfS
is “... all about establishing or maintaining the individual's quality of life without limiting the
potential well-being of other people or future generations ...”, and with that purpose “... in-
cludes the promotion of a sustainable use of environmental space ...” and “... needs to provide
social-technical solutions that didactically foster appropriate transition processes”. Organiza-
tions interact with each other, in the supply chain and more broadly in network-oriented

views. Those organizational innovations enabled stakeholders' involvement across and
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beyond supply chains, to get key players to understand new issues and embrace new visions,
and to have the change agents gaining the support of the main chain actors (Evans et al., 2007;
Partidario and Vergragt, 2002; Quarshie et al., 2016; Rossi et al., 2000).

In their work on design for sustainability, several authors such as Richardson et al.
(2005), Spangenberg et al. (2010), Tischner (2008) and Vezzoli and Manzini (2008) adopt a wide
understanding of design, in terms of the design scope and even the level of change attained
(e.g. from designing products to designing life- styles, see Richardson et al. (2005), p.15), where
designers are facilitators of innovations e product, technological, organizational and societal.
They are engaged in solutions that are not limited to physical products, but rather to product-
service combinations that fulfil the users' needs e also called product-service systems (PSS).
PSS have deserved the attention of sustainability experts since the early 2000's as a possible
strategy to dematerialization by providing utility to consumers through the use of services
rather than products (Mont, 2002).

As Vezzoli and Ceschin (2011, p.23) summarize it: “In synthesis, over the last few dec-
ades, the role of design has increased in relevance and recognition, enlarging its field of action
from the selection of materials and energies, to the design of the product life cycle, to the de-
sign of eco-efficient system innovation, to the inclusion of socio-ethical aspects”.

Building upon the several contributions to understanding the concept of DfS, in this pa-
per the following definition is adopted:

DfS is a holistic design approach that enables to integrate and assess the sustainability
dimensions in different stages of the product or product-service development process towards

the required scale of incremental and/or radical innovations.

3.3 Method

3.3.1 Literature review

In this section the method used to perform the literature review (a systematic, explicit
and reproducible method (Fink, 2014)) of DfS models is presented.

The following journal databases were used for the literature search: Science Direct
(http://www .sciencedirect.com), Scopus (www.scopus.com), Business Source Complete and
Academic Search Complete (www.ebsco.com). Table 3-1 summarizes the search terms, ex-

panders and limiters. The Boolean operator AND was used to limit the results related to design
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for sustainability and its variations to models, frameworks or methods, which are the object of
this research; besides, only relevant academic disciplines were selected. The time frame from
year 2000 onwards was chosen due to the evolution of the concept development of DfS, as
presented in section 3.2.

Comparatively, “Sustainable design” AND (model or framework or method)” had a
very high number of results. In order to have a workable amount, in this particular case an-
other filter was applied, limiting the subject to “sustainable design” and excluding subjects

such as “sustainable building design and construction”, “sustainability”, etc. Thus, in this case

the results that follow are limited to 444 through the application of the filter.

Table 3-1: Overview of the literature search.

Academic disci-
Search terms

(Boolean phrase) Expanders Limiters plines sele?ted for
the review
e “Design for sustainability” | e Apply e Peer review e Applied Sciences
AND (model or framework equivalent | ¢ Time frame: ¢ Business and
or method) subjects 01/01/2000- Management
e “Sustainable design” AND | e Apply re- 30/03/2019 ¢ Engineering
(model or framework or lated e Type of source: | e Science
method) words academicjour- | e Visual Arts
e “Sustainable product de- nals

sign” AND (model or
framework or method)

e “Sustainable product devel-
opment” AND (model or
framework or method)

The results per Boolean phrase (excluding exact duplicates) are presented in Table 3-2.

Table 3-2: Results of the literature search per Boolean phrase.

Number of results

Boolean phrase (excluding exact duplicates)

“Design for sustainability” AND (model or frame-

work or method) 251
“Sustainable design” AND (model or framework or

1068
method)
“Sustainable design” AND (model or framework or m

method) with the subject filter “sustainable design”
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Table 3-2 (continued): Results of the literature search per Boolean phrase.

Boolean phrase

Number of results
(excluding exact duplicates)

“Sustainable product design” AND (model or
framework or method)

45

“Sustainable product development” AND (model or
framework or method)

187

Fig. 3-2 presents the distribution of the results per publication, in which the Journal of

Cleaner Production clearly outstands.

"Design for sustainability"
AND (model or framework

"Sustainable design" AND (model or
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Other 22 journals (<= 3 results)

Journal of Cleaner Production

Design Studies

Energy & Buildings

Energy Policy

International Journal of Production Economics
Resources, Conservation & Recycling

Work

Other 38 journals (<=5 results)

Journal of Cleaner Production

Journal of Engineering Design

Building Research & Information
International Journal of Production Economics
Computers & Chemical Engineering

Journal of Urban Design

Energy & Buildings

Journal of Industrial Ecology

Procedia CIRP

Facilities

International Journal of Production Research
Journal of the American Planning Association

Other 21 jornals (<3 results)

Journal of Cleaner Production

Journal of Engineering Design

European Journal of Operational Research

Other 45 journals (<=3 results)
Journal of Cleaner Production
Procedia Engineering

Procedia CIRP

Procedia Manufacturing
Journal of Industrial Ecology
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Number of publications related to the Boolean phrases applied in the review, per journal.

The abstracts and the full papers, when necessary, of all publications shown in Table 3-

2 (in the case of “sustainable design”, applying the subject filter) were analysed. It was neces-

sary to focus the research, to be coherent with the understanding of DfS presented in section
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3.2 and to obtain a workable number of models, given the exhaustive character of the analysis.
Therefore, the selection criteria were the following:

— Only papers covering at least the environmental and social dimensions were in-
cluded, as many publications are limited to environmental considerations in design
(i.e., ecodesign) despite of the word “sustainable” and its variants occurring in the
keywords; a few of those are related to social design and overrule the environmental
dimension; in both cases they were discarded.

— Publications just addressing specific design strategies, e.g., design for X (recycling,
remanufacturing, etc.) i.e., lacking the necessary holistic approach pursued in this
research were therefore excluded.

— Procedural models (best practices to guide designers in practical situations) and ab-
stract models (offering theories and conceptual insights into design and develop-
ment) (Wynn and Clarkson, 2017) were included in the review. On the other hand,
several models that focus solely on the assessment part of DfS were found; they
were not considered, because the approach followed in this paper is action-oriented.

— A considerable amount of literature addressed case studies on DfS that were not

bringing novelty to the models or to the frameworks behind and was also excluded.

Adding to that, the references’ lists of the most relevant publications found in this pro-
cess were also examined using the same criteria, thus enriching the review and allowing for

the inclusion of other publication types, e.g. relevant books and grey literature.

3.3.2 Development of a framework to analyse DfS models

3.3.2.1 Corporate sustainability management

Since its seminal definition in the Brundtland Report (WCED, 1987), the concept of sus-
tainable development has given rise to several macro-level principles (e.g., United Nations
Declaration on Human Rights, The Natural Step System Conditions (Nattrass and Altomare,
1999), the United Nations Millennium Development Goals (United Nations, 2017a), the United
Nations Sustainable Development Goals (United Nations, 2017b)), strategies (e.g., cleaner pro-
duction, eco-efficiency, design for sustainability), and issue- and industry-specific criteria and
guidelines (e.g., certification schemes for environmental management systems or sustain- abil-

ity reporting, and a variety of labels, such as ecolabels, fair trade labels, etc.).
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The role of business in supporting sustainable development has been acknowledged for
a long time and several authors argued for the possibilities of linking responsibility towards
the society and with environment with improved business opportunities (Schmidheiny, 1992;
von Weizsacker et al., 1998). But it is a very complex task for an organization to align its stra-
tegic planning, decision making and operational and tactical processes with sustainable de-
velopment principles and goals. This challenge was addressed initially by Robert et al. (2002)
through the development of the ‘System Level’ model, a hierarchical “map” for comprehen-
sive planning in any complex system, utilizing a successful outcome in the future complying
with four basic principles of environmental and social sustainability (Robert, 2000, p. 245):

“In the sustainable society, nature's functions and diversity are not subject to systemati-
cally increasing ...

i.  Concentrations of substances extracted from the Earth's crust.
ii.  Concentrations of substances produced by society.
iii. ~ Physical impoverishment by over-harvesting or other forms of ecosystem ma-
nipulation. And, in that society ...
iv.  Resources are used fairly and efficiently in order to meet basic human needs

worldwide.”

Following an extensive literature review of strategic management, corporate social re-
sponsibility, and corporate sustainability, Baumgartner (2014) developed a conceptual frame-
work for corporate sustainability management, whose foundations are based on the work by
Robert et al. (2002); Baumgartner combines three organizational basic variables, i.e. organiza-
tional structure, formal management instruments, and organizational culture and proposes a
way of integrating sustainability aspects on different management levels: normative manage-
ment, strategic management and operational management; furthermore, his model encom-
passes the identification of contextual factors to identify the relevance of sustainable develop-
ment and the significant sustainability aspects. This framework is supported by instruments
related to performance measurement, assessment and evaluation, operational management or

strategic management and is organized as follows (Baumgartner, 2014):
1) Normative positioning - aiming at ensuring and enhancing legitimation of corporate

activities by stakeholders and the society: who are we and who do we want to be?

— Corporate vision and policy
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— Corporate governance

— Organizational culture

2) Determine contextual factors

— General business environment factors: political, technological, economic, societal,
environmental

— Sector-specific factors (Porter's 5 Forces)

— Stakeholders factors: demands from internal and external stakeholders

3) Strategic planning - what are our strategic goals?

— DPassive or active strategic orientation; if active:

— Long term goals: backcasting/forecasting/the four sustainability principles

— Strategy type, specific goals and activities

4) Operational management e efficiency

— Implementation of normative and strategic goals within all corporate activities

Another robust contribution is the instrumental approach offered by the ISO 26000 - So-
cial responsibility standard (ISO, 2010), which urges organizations to adopt a transparent and
ethical behaviour that:

— Contributes to sustainable development, including health and welfare of society;

— Takes into account the expectations of stakeholders;

— Isin compliance with applicable law and consistent with international norms of be-
haviour; and

— Isintegrated throughout the organization and practiced in its relationships (i.e., the

organization's activities within its sphere of influence).

The key characteristic of social responsibility is the willingness of an organization to in-
corporate social and environmental considerations in its decision-making and be accountable
for the impacts of its decisions and activities on society and the environment®. The principles,
practices and core subjects described in the standard form the basis for an organization's prac-

tical implementation of social responsibility and its contribution to sustainable development.

3 Corporate social responsibility is used sometimes as synonym to corporate sustainability
(Baumgartner, 2014). In this paper, social responsibility, corporate social responsibility and companies’
sustainability managing are used indistinctly.

52



Social responsibility applies to the daily operations of an organization and to its strategic

decisions regarding new activities, relations, products services and business models. ISO

26000 proposes that organizations” most likely economic, environmental and social impacts

are covered by seven core subjects (each of them detailed in several issues):

Organizational governance;
Human rights;

Labour practices;

The environment;

Fair operating practices;
Consumer issues;

Community involvement and development.

The ISO 26000 standard calls on organizations to understand how their decisions and

activities impact on the society and the environment in relation to all seven core subjects, also

considering the stakeholders needs and expectations.

Unlike the previous models, the one proposed by ISO 26000 was not a result of academic

research, but rather developed within a multistakeholder platform, finalised after a 6-years

development process based on international consensus among some 400 experts from over 90

countries (ISO, 2010). Despite the different paths followed, it is possible to find similitudes in

the ‘System Level Model” (Robert et al., 2002), Baumgartner's (2014) conceptual framework for

corporate sustainability management and the ISO 26000 standard:
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All emphasize the need for organizations to understand their role in society and the
biosphere in order to set an overall vision for action;

While the ‘System Level’ model and the framework for corporate sustainability
management follow the four basic sustainability principles (Robert, 2000), ISO 26000
operationalizes sustainable development challenges through the seven core subjects
and related issues (ISO, 2010). In this case, the deployment of social sustainability is
more developed;

Both in the ISO standard and in Baumgartner's framework, dealing with the com-
plexity posed by sustainability is (at least partly) tackled through stakeholders' in-
volvement and legitimation. The ‘System Level” model uses backcasting from a de-

sired state as a way of planning in complex systems. Therefore, while all indicate



the need of measuring and monitoring the results, in the case of the System Level
Model, success implies not violating the sustainability principles, whereas in ISO
26000 monitoring ongoing performance on the activities related to core subjects and
relevant issues gains from stakeholders' feedback, while mechanisms for enhancing
credibility of reports and claims are foreseen;

— In all cases, operational methods, tools and indicators for performance assessment
against predefined criteria are explicitly mentioned, as well as the need of integra-

tion throughout the organization, at the different levels and functions.

3.3.2.2 Design management

Design management theory is deemed fundamental in order to take into account sus-
tainability issues in the design and development process, although current design manage-
ment approaches do not necessarily include sustainability aspects in theory and in practice
(Koklacova and Valdemara, 2016).

Coined in the United Kingdom by The Royal Society of Arts in 1965 (Best, 2006) the
concept of design management is still evolving (Erichsen and Christensen, 2013) with roots in
marketing, sociology, psychology and engineering (Vazquez and Bruce, 2002).

Peter Gorb defined it as “the effective deployment by line managers of the design re-
sources available to a company in order to help the company achieve its objectives.” (Gorb,
1990). This definition suggests that the subject is directly concerned with the organizational
place of design (Best, 2015) but as Borja de Mozota (2008) notes, the context of design manage-
ment has become wider due to a paradigm shift within the design profession, from an activity-
based to a knowledge-based profession. This challenges designers to support companies in
managing complexity and applying design-thinking systems theory, addressing globalization
and innovation needs and becoming more socially responsible organizations, where “designer
input can go beyond advanced design projects to invent the process for change” (Borja de
Mozota, 2008, p. 36).

Design management has not a standard model to be applied by every organization, and
companies work with design management at many levels from a project or function-based
level to a fully integrated level where design management is a part of the organizational cul-
ture (Kootstra, 2009). Recent design management approaches are very dependent on the strat-
egies of the companies they are developed for and integrated into (Koklacova and Valdemara,

2016). The concept of design management includes its role as an “integrator of stakeholders”

54



(Koklacova and Valdemara, 2016, p. 104), while recognizing their potentially competing goals
as put by Lalaounis (2017) who, based on recent marketing thinking, emphasize the role of
consumers and other stakeholders at the core of product/service development.

Design has a role to play at three levels in an organization: strategic, tactical and opera-
tional. According to Best (2015), at the strategic level, design must connect to the overall poli-
cies, missions and agendas; the tactical level concerns the teams, processes and systems of
specific business units or functions; at operational level, design manifests itself in the tangible
products, services or experiences, and corresponds to the micro-level design management that
concerns the tasks relevant to the completion of individual projects and how they are orga-

nized (Staples, 2008; Antunes, 2012).

3.3.2.3 An analytical framework for DfS models

In view of the theoretical background presented in sections 3.2, 3.3.2.1 and 3.3.2.2, an
analytical framework for DfS models has been established, distinguishing the strategic, tactical
and operational design activities. Table 3-3 specifies the relationship between the elements of
the framework and their theoretical foundations and Fig. 3-3 provides a graphic representa-
tion of the framework.

There is one element in the analytical framework that does not derive from the literature
on design management and sustainability management: the aimed innovation scale (see Fig.
3-3). The reason to introduce it is the willingness to understand whether or not models which
aim at higher and more complex innovation levels (according to Brezet (1997)) have a different

behaviour regarding the other elements of the framework.
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Table 3-3: Building the analytical framework for DfS models based on design management and sustainability

Analytical framework for DfS

models

management literature.

Source: Own elaboration.

Levels

Elements

Relationship with design man-
agement literature

Relationship with corporate sus-
tainability management literature

Strategic

Establishment
of a sustainabil-
ity vision

- Tackling globalization, innova-
tion and social responsibility chal-
lenges (Borja de Mozota, 2008).

Normative positioning, aiming at
ensuring and enhancing legitima-
tion of corporate activities and the
society (Baumgartner, 2014);
Planning at the level of the over-
arching system (the society and the
ecosphere) in which the organiza-
tion operates; definition of goals
within the principles for social and
environmental sustainability (Robert
et al., 2002);

Commitment to contribute to sus-
tainable development, which re-
quires an understanding of societal
expectations, including international
norms of behaviour (ISO, 2010).

Integration in
the business

- Overall policies, missions and
agendas design must connect with
(Best, 2015).

Strategic planning: what are the
companies' strategic goals? (Baum-
gartner, 2014);

Social responsibility is integrated
throughout the organization and

strategy practiced in its relationships (the
standard specifies this at strategic
and tactical levels) (ISO, 2010).
- Need to identify and involve Ensuring and enhancing legitima-
stakeholders in the design process | tion of corporate activities by stake-
(Best, 2015); holders (Baumgartner, 2014);
Design as an integrator of stake- Consideration of needs and expecta-
Stakeholder in- | holders (Koklakova and Valde- tions of stakeholders as a core ele-
volvement mara, 2016); ment of an organization's social re-

- Stakeholders as co-creators of
value and central to the product
and service development (Lala-
ounis, 2017).

sponsibility (ISO, 2010).
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Table 3-3 (continued): Building the analytical framework for DfS models based on design management and sus-

Analytical framework for DfS

models

tainability management literature.

Levels

Elements

Relationship with design man-
agement literature

Relationship with corporate sus-
tainability management literature

Tactical

Social, environ-
mental and eco-
nomic criteria

Four principles of environmental
and social sustainability, related to
resources consumption, pollution,
damages to eco-systems and fair and
efficient use of resources to meet
basic human needs (Robert, 2000);
Seven core subjects, all to be consid-
ered: organizational governance, hu-
man rights, labour practices, the en-
vironment, fair operating practices,
consumer issues, community in-
volvement and development (ISO,
2010).

Sustainability
assessment

Concrete actions of companies need
to be examined from a complete sus-
tainability perspective (Robert et al,
2002);

Processes and procedures to assess
the impact of the organizations' de-
cisions and activities on the seven
core subjects (ISO, 2010).

Integration in
management
systems and
practices

- In a fully integrated level, design
management is part of the organi-
zation's culture (Koostra, 2009);

- Close relationship between de-
sign management and companies'
strategies (Koklacova and Valde-
mara, 2006).

Implementation of sustainability
normative and strategic goals within
all corporate activities (Baumgart-
ner, 2014);

Social responsibility is integrated
throughout the organization and
practiced in its relationships (the
standard specifies this at strategic
and tactical levels) (ISO, 2010);
Linking day-to-day monitoring to
strategic reviews regarding social re-
sponsibility overall objectives (e.g.
through the use of indicators), (ISO
2010).
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Analytical framework for DfS

tainability management literature.

Table 3-3 (continued): Building the analytical framework for DfS models based on design management and sus-

models
Levels Elements Relationship wit.h design man- R.elati.oflship with corp01:ate sus-
agement literature tainability management literature
- Teams, processes and systems of |- Implementation of sustainability
specific business units or functions | normative and strategic goals within
Involvement of that are engaged in design (Best, all corporate activities (Baumgart-
) . 2015); ner, 2014);
different inter- e o - . S
. - Multidisciplinary and - Integration of social responsibility
nal functions . . . o .
knowledge-based orientation of in organizational functions (ISO,
the design profession (Borja de 2010).
Mozota, 2008).
- The way the product develop- - Corporate sustainability manage-
ment process is implemented (An- | ment requires the adaptation of
Organization of | tunes, 2012); management processes (Baumgart-
. the design and |- How the tasks to complete indi- | ner, 2014);

Operational . . . .
development | vidual design projects are per- - Processes need to be revised to
process formed and organized (Staples, make sure that they take into ac-

2008). count social responsibility (ISO,
2010).

STRATEGIC LEVEL
Paolicies, missions and
agendas

TACTICAL LEVEL
Teams, processes and
systems of specific
business units or
functions

OPERATIONAL LEVEL
Micro level design
management

Establishment of
a sustainability
vision

Integration of
DAS in the
business strategy

Environmental,

social and Sustainability
economic assessment
criteria

Stakeholder
involvement

Integration in

management of different
systems and internal
practices functions

Aimed
innovation
scale

Involvement

Organization

of the design and
development process

Figure 3-3: Analytical framework for the review of DfS models.

Source: Own elaboration.

In order to get a deeper understanding of the way the studied models address each ele-

ment (box) of the framework, a number of questions has been developed and were used in the

analysis.
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DfS at strategic level
— Establishment of a sustainability vision:

— Does the model or framework include guidance on how to establish a
sustainability vision that directs the company's DfS activities and pro-
jects?

— Does such guidance propose specific sustainability principles that should
inform DfS? Which ones?

— Integration of DfS in the business strategy:

— Is DfS added to the existing business strategy?

— Is DfS challenging the existing business strategy leading to new business
models, new partnerships, new markets, etc.?

— Stakeholder involvement:

— Does the model include specific mechanisms to involve stakeholders in
decision-making?

— Does it provide guidance on priority stakeholders?

— Does it provide guidance on co-creation with stakeholders, specifically
with the actors in the value chain?

— Aimed innovation scale:

— Positioning the analysed DfS models according to the four levels of inno-
vation described in section 3.2 (Brezet, 1997), where the potential for sus-
tainability increases from level one to level four.

— Is the model meant to support more than one levels of innovation or is it
focused on one specific level?

DAfS at tactical level
— Environmental, social and economic criteria:
—  Which environmental, social and economic criteria for DfS are included

in the model?

Is there a balance in way the model details the environmental, social and

economic criteria?

How do models deal with trade-offs between criteria?

Are the environmental, social and economic criteria formulated as de-

sign principles or strategies to guide the design process?
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— Sustainability assessment:

—  Which sustainability assessment methods and tools are indicated?

Do they cover the environmental, social and economic dimensions?
— Do they take the life cycle into account?
—  Are those methods qualitative or quantitative?
— Integration in management systems and practices:
— Does the model indicate specific management systems and practices
where DfS should be integrated in the company?
—  Does the model provide guidance on the integration process or how the
overall business management and DfS inform one another?
— Involvement of different internal functions:
—  Which organizational functions are explicitly related to DfS, according to
the model?
DfS at operational level
— Organization of the design and development process:
— How is the DfS process organized (stepwise approach, other)?
—  Does the model advocate reviewing or adapting the design and develop-

ment process in order to address sustainability considerations?

Given that the analysed models vary in the sense that some are mainly conceptual,
whereas others have a more procedural nature, such variety needs to be accommodated in the
analysis. In the first step, the evaluation focuses simply the presence or absence of each of the
elements of the framework (Fig. 3-3), with the exception of the ‘aimed innovation scale’ ele-
ment; here in particular, there is a predefined ranking, from level one to level four (i.e. from
the lowest to the highest intervention and sustainability potentials); the ranking was per-
formed according to the description of the models by their author(s), which was quite explicit
to this respect.

The detailed questions within each of the framework’s elements enable a deeper under-
standing of the state of the art in DfS and insights on where the most important strengths and

weaknesses lie. The focus then is to gain knowledge both on the which an on the how the
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analytical framework’s elements are tackled by the analysed models, to the extent they pro-

vide detailed explanations.

3.4 Results

The literature review resulted in the identification of ten relevant models, presented in

Table 3-4.

Table 3-4: Brief description of the DfS models analysed in this paper (by chronological order).

Source: Own elaboration.

Date | Author(s) Designation Short description
2003 | Maxwell and | Method for sustain- | Designed to provide a framework for implementing SPSD
van der able product and/or | throughout the complete lifecycle of a product and/or ser-
Vorst service develop- vice and the associated supply chain. The aim is to identify,
ment in industry assess and implement the options for optimising sustaina-
(SPSD) bility in product and/or service development. Two cases
from the electronics industry are presented. (Maxwell & van
der Vorst, 2003).
2004 Manzini et Solution-Oriented Structured, interconnected reference framework to facilitate
al. Partnership Meth- | the planning and implementation of partner-based solu-
odology Frame- tions, outlining the form of the partnership, the context-of-
work (SOP) use and the required solution architecture. It underlies the
process by which different social players converge towards
highly context-based, advanced industrial solutions
(Manzini, Collina, et al., 2004). Applied to food delivery so-
lutions (Manzini, Jégou, et al., 2004).
2007 Waage Roadmap for inte- | Four-phase process for integrating systems and sustainabil-
gration of sustaina- | ity perspectives into product design, manufacturing and de-
bility issues in livery decision, building on previous frameworks stemming
product design from industrial ecology, human and labour rights and cor-
(ROADMAP) porate social responsibility. Based on the overlay of product
design and sustainability processes in a company and prem-
ised on the argument that sustainability efforts require eval-
uating decisions in terms of consistency with broad, sys-
tems-based principles (Waage, 2007).
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Table 3-4 (continued): Brief description of the DfS models analysed in this paper (by chronological order).

Date | Author(s) Designation Short description
2007 Byggeth et | Method for sustain- | Method for sustainable product development based on
al. able product devel- | backcasting from basic sustainability principles, which in-
opment (MSPD) cludes a modular system of guiding questions, throughout
a concurrent engineering product development process
+ (Byggeth et al., 2007).
2008 Ny et al. Templates for SPD | The templates were developed as a complement to the
(MSPD+TEM- MSPD, to facilitate achieving an overview of the major sus-
PLATES) tainability challenges and opportunities of a product cate-
gory in the early development phases (Ny et al., 2008).
Given such complementarity, the MSPD and the templates
are analysed together. The templates were applied to televi-
sions at the Matsushita Electric Group (Ny et al., 2008).
2007 Byggethet | Method for sustain- | Method for sustainable product development based on
al. able product devel- | backcasting from basic sustainability principles, which in-
opment (MSPD) cludes a modular system of guiding questions, throughout
+ a concurrent engineering product development process
Templates for SPD | (Byggeth et al., 2007).
2008 (MSPD+TEM- The templates were developed as a complement to the
Ny et al. PLATES) MSPD, to facilitate achieving an overview of the major sus-
tainability challenges and opportunities of a product cate-
gory in the early development phases (Ny et al., 2008).
Given such complementarity, the MSPD and the templates
are analysed together. The templates were applied to televi-
sions at the Matsushita Electric Group (Ny et al., 2008).
2009 Crul and Design for Sustaina- | Structured, stepwise approach for redesign for sustainabil-
Diehl bility: Redesign ity. D4S Redesign aims at redesigning an existing product
(D4S REDESIGN) | made by a company, including its primary function and any
associated services provided, from a sustainability point of
view. Redesign is an incremental, type of product innova-
tion and typically involves smaller risks and investments.
The D4S Redesign approach has 10 steps, that can be
grouped according to the 4 basic steps for product innova-
tion (goals and strategies, idea finding, strict development,
and realisation) (Crul and Diehl, 2009).
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Table 3-4 (continued): Brief description of the DfS models analysed in this paper (by chronological order).

Date | Author(s) Designation Short description
2009 Tischner et | Product-service sys- | Step-by-step approach for PSS development, focusing on a
al. tems for Design for | pilot project (Ursula Tischner et al., 2009) and on integration
Tischner and | Sustainability: Pilot | into company practice (Ursula Tischner & Vezzoli, 2009).
Vezzoli project and integra- | Both references share exactly the same principles and meth-
tion into company | ods, being the second an extension of the first one, thus pre-
practice. sented together. They are organized in five phases, sup-
(PSS for D4S) ported by tools and guidelines for the integration of envi-
ronmental, social and economic aspects in developing effec-
tive combinations of products and services to fulfil the cus-
tomers’ needs. PSS for D4S is an update of the original Prac-
tical Guide for PSS Development, by Tischner and Tukker
(2006).
2013 | Gaziulusoy Systemic double- | Scenario method that uses both explorative and backcasting
etal. flow scenario scenarios to link activities/decisions at the product develop-
method for compa- | ment (micro-innovation) level in companies with the trans-
nies formation that needs to take place at societal (macro-inno-
(SCENARIO) vation) level to achieve sustainability. The operational tool
for the model is a workshop process (A. Idil Gaziulusoy et
al., 2013).
2104 Fargnoli et Design Manage- Environmental and user-centred procedure, where the goal
al. ment for Sustaina- | of design activities is represented by the achievement of
bility (DMS) compliance with the requests of stakeholders involved in the
product life cycle. It includes the use of a product design
process and several design methods and techniques, based
on an augmented Quality and Environment Function De-
ployment method. Applied with an Italian manufacturer of
gardening equipment (Fargnoli et al., 2014).
2015 Joore and Multi-level Design | Design supportive model that (1) provides insight into the
Brezet Model development of new products and PSS, as well as develop-
(MDM) ments in society; (2) provides insight into the relationship

between functional problems and abstract societal prob-
lems; (3) describes design, change and transition processes
that can be used to structure future design-based initiatives.
The MDM is based on four aggregation or system levels: (P)
the product-technology system; (Q) the product-service sys-
tem; (R) the socio-technical system; and (S) societal system.
The application of MDM was simulated with sustainable
transportation (Joore & Brezet, 2015).
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Table 3-4 (continued): Brief description of the DfS models analysed in this paper (by chronological order).

Date | Author(s) Designation Short description

2018 Tao and Yu | Framework for sus- | Life cycle design methodologies for sustainable value crea-
tainable product de- | tion, in the framework of a sustainable value model which
velopment in the | is based on the understanding of the economic, environmen-
context of high tal and social dimensions of value. The methodologies are
value engineering | organized as follows: life cycle design requirements (follow-
(VALUE) ing sustainable value requirements); life cycle solutions (de-

sign concepts and life cycle plans generated by a quality
function deployment- based approach); and life cycle simu-
lation to evaluate sustainable value-driven designs. Applied

to an electric soybean milk maker (Tao & Yu, 2018).

These ten models are distributed throughout 15 of the approximately 19 years covered
by the literature review, with a peak on the period 2007-2009.

Out of those ten models, five are dedicated to product design (ROADMAP, MSPD+TEM-
PLATES, D4S REDESIGN, DMS and VALUE) and one (SPSD) is meant to cover product, ser-
vice or product-service systems (PSS) design. Two other models have a PSS concern: PSS for
D4S and SOP. As the expression “product-service systems” was not amongst the search terms
in the literature review, there were very few related results and only two models, which were
kept in the analysis in order to understand if they perform differently from the others, vis-a-
vis the analytical framework proposed in this paper and given the variety of innovation levels
represented by this selection. Finally, two models that were an outcome of the literature re-
view include the intervention of de- signers in shaping societal changes: the SCENARIO and
the MDM models, that aim at translating such systemic changes in the product-service design

and are informed by system innovation theory (Gaziulusoy et al., 2013; Joore and Brezet, 2015).

3.4.1 Analysis of the models

Table 3-5 presents the results of the analysis of the ten models performed using the ana-
lytical framework developed in this research. A chronological order of presentation is fol-
lowed, combined with their focus: product, product and/or service, PSS and system innova-

tion.
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Table 3-5: Presence or absence of the elements of the analytical framework in the analysed models, plus the indication of the aimed innovation scale.

Strategic Tactical Operational

s g Integration Stake- Aimed in- | Environmental, | Sustainabil- Integration | 100 1vement of | Organization

Models Sustainability | . the busi holder i i ial and it in manage- | q.co ot of the design

Acronym / Reference(s) vision In the busi- oderin- | movaion | socla’and €co- | Iy assess- | ¢ systems rerent tier- |- and develop-

ness strategy | volvement scale nomic criteria ment . nal functions

and practices ment process

ROADMAP® Waage, 2007 Yes No Yes Levelszl and Yes Yes No Yes Yes
MSPD + TEM- Byggeth et al., 2007 Levels 1 and
PLATES® Yﬁ}gy etal,, 2008 Yes No Yes 5 Yes Yes No Yes Yes
]S)I4(§1\II((E DE- Crul and Diehl, 2009 No Yes Yes Levelszl and Yes Yes Yes Yes Yes
DMS® Fargnoli et al., 2014 Yes No Yes Levelszl and Yes Yes No No Yes
VALUE® Tao and Yu, 2018 Yes No Yes Levelszl and Yes Yes No No Yes
SPSD® Maxvz/e(}gat?go\{)%n der No Yes Yes Lezzlﬂsl é’ 2 Yes Yes Yes Yes Yes
SOr® Mangzini et al., 2004 Yes Yes Yes Level 3 Yes Yes No No Yes
Tischner et al., 2009
PSS for D4S® | Tischner and Vezzoli, Yes Yes Yes Level 3 Yes Yes Yes Yes Yes
2009
Gaziulusoy et al., Levels1, 2. 3
SCENARIOS® 2013 Yes Yes Yes o No Yes Yes Yes Yes
and 4
MDM® Joore and Brezet, Yes No Yes | Levdsl 23 No Yes No No Yes
2015 and 4

®Product improvement; @Product redesign; ®Function innovation: Product-service systems design; “®System innovation: Societal changes design.
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Table 3-5 shows that all models contain elements of the strategic, tactical and operational
levels, and thus are in accordance with what design management theorists advocate, as
stressed in section 3.3.2.2. The only model that includes all elements of the analytical frame-
work is PSS for D4S; D4S REDESIGN, SPSD, SCENARIOS and MSPD+TEMPLATES have a
very good match. The model with the lowest correspondence to the framework is MDM, in
whose description only four out of the nine elements are explicitly present. This indicates that
the framework is applicable to models targeting the four innovation levels; the mismatch with
the MDM may be explained by the perspective the authors adopted for the model, more ab-
stract and less prescriptive than the others, and not necessarily by a conceptual incompatibility
between MDM and the analytical framework.

At strategic level, one element is recurrent in all analysed models, which is stakeholder
involvement. The next one that is most present is the establishment of a sustainability vision
(in eight of the ten models). The integration of DfS in the overall business strategy is explicit
in half of the models only.

As for the aimed innovation level according to Brezet (1997), five models concern levels
1 (product improvement) and 2 (product redesign) i.e., those that have been indicated above
as product- focused; SPSD claims to be applicable to product and/or service development (lev-
els 1, 2 and 3 e function innovation), whereas SOP and PSS for D4S are specifically meant for
level 3. Two models concern all four innovation levels: SCENARIOS and MDM.

At the tactical level, the first element in the model concerns the integration of environ-
mental, social and economic criteria in the design process. One of the conditions for a model
found in the review to be included in the analysis was to have at least environ- mental and
social considerations; however, in some cases it was observed that these considerations were
not specified but formulated as a generic goal instead, and for this reason not considered as
matching the framework: this was the case of SCENARIOS and MDM. On the other hand,
sustainability assessment or evaluation of the new solutions (products, services or product-
service combinations) is explicit in all models. As for the integration of DfS in management
systems and practices, four models include it: D4S REDESIGN, SPSD, PSS for D4S and SCE-
NARIOS. On what concerns the involvement of internal organizational functions in the design
process, only four out of the ten models did not include this element.

Finally, the operational level: it is present in all models and variations in the way the

design and development process is organized are described below.
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3.4.1.1 DfS at strategic level

Establishment of a sustainability vision. All the eight models that include this element
provide guidance on how to carry it out, varying from backcasting in ROADMAP and
MSPD+TEMPLATES, to a combination of backcasting and forecasting (in SCENARIOS), to
performing a sustainability SWOT analysis (PSS for D4S) or through multistakeholder pro-
cesses (DMS, SOP, MDM and VALUE). The engagement of stakeholders to provide insights
for the desired outcome in terms of sustainability has been researched and the role of stake-
holders as legitimizers and concept refiners has been acknowledged (Evans et al., 2007; Good-
man et al., 2017). Evans et al. (2007) argue that “one size fits all” solutions have proven not
adequate for contributing to sustainability and that contextualization, as well as dialogue and
negotiation with key stakeholders, are necessary.

One model adopts a normative stand by explicitly recommending the four principles for
sustainability from The Natural Step (Robert, 2000) that were presented in section 3.3.2.1: the
MSPD+TEMPLATES model. As for ROADMAP, it recommends that the company should
choose a set of principles, such as The Natural Step, or sustainability strategies, such as the
Natural Capitalism (Hawken et al., 1999), but does not prescribe a specific one. These over-
arching design rules can be considered “restrictive in comparison with the current way of or-
ganising production and consumption patterns” (Tukker, 2008, p. 19), so it is not surprising
that the majority of the models do not include them.

The variety of solutions offered by the analysed models reflects the lack of consensus on
how to operationalize sustainable development (Tukker, 2008; Pavlovskaia, 2014). Providing
guidance on how to integrate a sustainability vision in the early innovation phase in product
and service development is crucial and there is a need for developments in this area.

Integration in the business strategy. Only half of the models include this element, alt-
hough it is a feature of companies that show a higher level of maturity in ecodesign according
to Pigosso et al. (2013), and this applies to DfS as well.

Out of the five models that are explicit regarding the integration of DfS in the business
strategy, three challenge the status quo in companies:

— PSS for D4S, by requiring an innovative culture capable of promoting new forms of

organization and new external partnerships;
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— SOP, through specific methods that question the potential for the company to inno-
vate and its social and environmental sustainability awareness, at the initial phase
of the process;

— SCENARIOS, by questioning the social function of the company in a sustainable
society.

The other two (SPSD and D4S REDESIGN) focus on the alignment of DfS with existing
goals and strategies. Whether or not these goals and strategies are sustainability-oriented is
not discussed and this is a weak point as it may lead to a business-as-usual scenario where the
sustainability potential of new solutions is limited.

Stakeholder involvement. Stakeholder involvement is referred to in all models and
seven of them present guidance on mechanisms to do so. These vary significantly, from simply
mapping and consulting stakeholders (indicated in the SCENARIOS model), to methods for
consulting and providing feedback to stakeholders (this is the case of D4S REDESIGN and
DMS) and to co- creation (PSS for D4S, SOP, ROADMAP and VALUE). They correspond to
three levels of stakeholder involvement as proposed by Manetti (2011). In DS, the higher level
is considered necessary for sustainable product innovation (Morelli, 2007; Sanders and Stap-
pers, 2008). Melles et al. (2011) propose that in a co-design approach to developing products,
designers attempt to address the holistic needs of society as a whole and this, according to
Evans et al. (2007), is not possible without all the parties involved.

As for priority stakeholders to involve in DfS, it is observed that seven models indicate
the actors from the value chain, which is supported by several researchers (Govindan et al.,
2014; Partidario, 2002; van der Heijden and Cramer, 2017). Three of those models go beyond
the value chain and include other stakeholders, such as authorities, competitors and media
(MSPD+TEMPLATES), knowledge institutions and sector/cluster organizations (D4S REDE-
SIGN) and experts and analysts from different fields (PSS for D4S).

Aimed innovation scale. As already discussed and shown in Table 3-5, the analysed DfS
models cover different innovation levels. Several authors argue for the need of addressing
sustainability at the system level (Charter and Tischner, 2001; Spangenberg et al., 2010; Vezzoli
and Manzini, 2008b), but as Ceschin and Gaziulusoy (2016) note, this does not mean that less
systemic DfS approaches are not important, as higher-level innovations require “material ar-
tifacts that need to be properly designed” (p. 147). Both the SCENARIOS and MDM are im-

portant attempts to link the different levels.
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3.4.1.2 DfS at tactical level

Environmental, social and economic criteria. It should be mentioned that it is difficult
to clearly distinguish between environmental, social and economic criteria, as one criterion
(e.g. reduce a product's energy consumption during the use phase) has clearly environmental
(less greenhouse gas emissions), economic (less costs for the user) and social (higher equity in
the ability to use the product) implications. Nevertheless, in the description of some models
such distinction is made by the authors, which makes the analysis straightforward. In its ab-
sence, the ecodesign criteria (see e.g., Brezet and van Hemel (1997); van Hemel (1998)) is used
for the environmental category, the ISO 26000 (ISO, 2010) core subjects (except ‘the environ-
ment’) are the guidance to classify social criteria and cost-related criteria are included in the
economic category. Thus, the example above is considered an environmental criterion.

The element “environmental, social and economic criteria” of the analytical framework
concerns criteria for generating improvement or innovation ideas; criteria for assessment are
considered within the analytical element “sustainability assessment”. However, it was ob-
served that in several models the idea generation criteria and the assessment criteria are the

same. Therefore, a joint analysis was performed, as presented in Table 3-6.
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Table 3-6: Environmental, social and economic criteria in the analysed models.

Source: Own elaboration.

Models
Acronym / Reference(s)

Environmental criteria

Social criteria

Economic criteria

CRITERIA FOR DESIGN: CRITERIA FOR DESIGN: Not specified
Broader system dynamics such as TNS Broader system dynamics such as The Natural Step
system conditions and environmentally (TNS) system conditions and socially screened char-
screened characteristics: acteristics: enforced human rights policies for com-
- Decreased flows and volumes of prod- pany and suppliers linked to Universal Declaration
ucts and materials of Human Rights and International Labour Organi-
ROADMAP Waage, 2007 | Mo'r? sustainable materials . zation principles: . 3
- Efficient, renewable and sustainable - Safe and wealthy working conditions
sources of energy - Freedom of association
- Non-discrimination
- No forced or child labour
CRITERIA FOR ASSESSMENT:
The same as the criteria for design
CRITERIA FOR DESIGN: CRITERIA FOR DESIGN: CRITERIA FOR DESIGN:
Byggeth et | Framework for Strategic Sustainable De- Framework for Strategic Sustainable Develop- None, the economic ones are considered
al., 2007 velopment/The Natural Step conditions ment/The Natural Step conditions traditional
MSPD+ TEM- Ny et al.,
PLATES 2008 CRITERIA FOR ASSESSMENT:

The same as the criteria for design
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Table 3-6 (continued): Environmental, social and economic criteria in the analysed models. Source: Own elaboration.

Models
Acronym / Reference(s)

Environmental criteria

Social criteria

Economic criteria

CRITERIA FOR DESIGN:

- Selection of low impact materials

- Selection of materials use

- Optimization of production techniques
- Optimization of distribution system

- Reduction of impact during use

- Optimization of product lifetime

- Optimization of end of life systems

D4S REDE- Crul and
SIGN Diehl, 2009 CRITERIA FOR ASSESSMENT: CRITERIA FOR ASSESSMENT: CRITERIA FOR ASSESSMENT:
- Materials - Social responsibility - Distributed economies
- Energy use - Human resources management - Costs
- Solid waste
- Toxic emissions
- Water
- Carbon dioxide emissions
CRITERIA FOR DESIGN: CRITERIA FOR DESIGN: CRITERIA FOR DESIGN:
Depending on the stakeholders and the re- | Depending on stakeholders, e.g. safety and design - Internal and external costs
sults of the application of environmental | for all CRITERIA FOR ASSESSMENT:
DMS Fargnoli et | assessment tools CRITERIA FOR ASSESSMENT: The same as the criteria for design

al., 2014

CRITERIA FOR ASSESSMENT:

Not specified, the model recommends
tools such as Eco-indicator 99 and the
Ecodesign PILOT

Not specified, the model recommends tools such as
Preliminary Hazard Analysis (safety)
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Table 3-6 (continued): Environmental, social and economic criteria in the analysed models. Source: Own elaboration.

Models

Acronym / Reference(s)

Environmental criteria

Social criteria

Economic criteria

VALUE

Tao and Yu,

2018

CRITERIA FOR DESIGN: This model dis-
tinguishes life cycle design requirements
which are artefact-focused (not specified)
and process-focused, the following;:

- Resource efficiency in manufacturing

- Pollution and risk prevention in manu-
facturing, maintenance and end-of-life

- Convenience of product disposal

- Collection ratio

- Reuse and recycling ratio in the end of
life

- Total residue/waste fraction in the end-
of-life

- Hazard waste ratio and treatment

CRITERIA FOR DESIGN: This model distinguishes
life cycle design requirements which are artefact-fo-
cused (not specified) and process-focused, the fol-
lowing:

- Professional risk prevention in manufacturing and
end-of-life

- Job creation in manufacturing, maintenance and
end-of-life

CRITERIA FOR DESIGN: This model dis-
tinguishes life cycle design requirements
which are artefact-focused (not specified)
and process-focused, the following:

- R&D budget

- Profits expectation of the manufacturer,
retailer, service provider and recycler

- Product ownership and use cost

- Collection and disposal costs

CRITERIA FOR ASSESSMENT:

Similar to the criteria for design, organized in three sub models: stakeholder model, product model and process model
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Table 3-6 (continued): Environmental, social and economic criteria in the analysed models. Source: Own elaboration.

Models
Acronym / Reference(s)

Environmental criteria

Social criteria

Economic criteria

Maxwell and

CRITERIA FOR DESIGN:

- Amount, nature/hazardousness and re-
newability of materials

- Waste and emissions

- Energy use

- Type of fuel used in transport

CRITERIA FOR DESIGN:

- Are raw materials extracted/processed in the devel-
oped world?

- Ownership rights

- Equitable trading arrangements

- Employee conditions and health and safety at work

CRITERIA FOR DESIGN:

- Cost-effectiveness of products and ser-
vices

- Cost of the product and service com-
pared to competition

- Are environmental externality costs

SPSD van der . . .
- Impact and investment for local community taken into account?
Vorst, 2003 .
- Health and safety local and global community
CRITERIA FOR ASSESSMENT:
The same criteria as those for design
CRITERIA FOR DESIGN:
Not specified - they are implicit in the sustainability criteria for the assessment phase
CRITERIA FOR ASSESSMENT: CRITERIA FOR ASSESSMENT: CRITERIA FOR ASSESSMENT:
- Material use - Experience with the PSS - Life cycle costing
SOP Manzini et |- Energy use - Timing
al., 2004 - Water consumption - Variety and choice
- Transport - Shopping/delivery
- Land use - Quality
- Waste - Knowledge
- Wastewater

- Global warming
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Table 3-6 (continued) — Environmental, social and economic criteria in the analysed models. Source: Own elaboration.

Models
Acronym / Reference(s)

Environmental criteria

Social criteria

Economic criteria

Tischner et

CRITERIA FOR DESIGN:

- System life optimization

- Transportation/distribution reduction
- Resources reduction

- Waste minimization/valorisation

CRITERIA FOR DESIGN:

- Sufficiency

- Health and safety

- Living conditions/quality of life

- Employment/working conditions

CRITERIA FOR DESIGN:

- Market position and competitiveness

- Profitability/added value for companies
- Added value for customers

- Long term business development/risk

al., 2009 - Conservation/biocompatibility - Equity and justice/relation with stakeholders - Partnership/cooperation
PSS for D4S . . . . .
Tischner and | - A-toxicity - Respect cultural diversity - Macro-economic effect
Vezzoli, 2009
CRITERIA FOR ASSESSMENT:
The same as the criteria for design, with different guiding questions and scoring system
SCENARIOs | Caziulusoy Not specified
etal, 2013 p
Joore and -
f
MDM Brezet, 2015 Not specified
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From the eight models that are explicit regarding this element of the analytical frame-
work, six comprised environmental, social and economic criteria for design, whereas two of
them excluded the economic dimension: In the MSPD+TEMPLATES method, the reason for
this is that economic criteria are considered “traditional” (Byggeth et al., 2007, pg. 2), i.e., cri-
teria that are part of the design process when sustainability is not a concern. But as van Bom-
mel (2011) notes, the interest in the “prosperity” aspects of sustainability is not because these
aspects are new, “but because they are now becoming part of a wider corporate social respon-
sibility/sustainability approach” (p. 897). As for ROADMAP, the three dimensions are men-
tioned throughout the explanation of the model, but when it comes to specifying criteria, the
economic ones are absent.

Environmental criteria tend to be more emphasized than the social and the economic
ones, either in the sense they are more numerous and detailed or because they are more di-
rectly related to product or service performance, whereas the other dimensions are addressed
in a vaguer way: for instance, in the D4S REDESIGN model, one social criterion is broadly
defined as “social responsibility” and one economic criterion is “distributed economies”. This
is not surprising given the roots of DfS in ecodesign (Ahmad et al., 2018), but this is certainly
an aspect to be improved. To be noted that criteria such as “social responsibility” or “human
resources management” relate to company practices (including those of suppliers’) and not to
properties of the product or service. On the contrary, the DMS model includes as a social cri-
terion “design for all”, which reflects a social concern (no discrimination) as a product feature.

Both product-related social criteria and process-related social criteria are important for
the development of socially sustainable products (Hanusch and Birkhofer, 2010; Howarth and
Hadfield, 2006). The process-related ones allow identifying the responsibilities of all depart-
ments involved on the entire product creation process (Hanusch and Birkhofer, 2010). How-
ever, as these authors stress, there should be a distinction between the two types of criteria;
such distinction is not observed in the analysed models. The use of the social responsibility
standard ISO 26000 (ISO, 2010) and its core subjects and issues to derive workable socio-eco-
nomic criteria for DfS has been performed (Hanusch and Birkhofer, 2010; Rocha and Schmidt,
2014; Vicente et al., 2010). Rocha and Schmidt (2014) proposed a comprehensive list of aspects
that are conceptually part of DfS and it was possible to identify design strategies that are al-
ready being practiced to address various issues, such as:

— Universal design (fighting discrimination);
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— Design for the "base of the pyramid" (fighting poverty);

— Design for health and safety at the workplace (avoiding the use of hazardous sub-
stances and dangerous manufacturing equipment);

— Design for sustainable consumption (e.g., increasing product durability);

— Co-creation with the community (supporting socio-economic conditions of local
communities).

The models that showed a stronger adherence to this type of approach are SPSD and PSS
for D4S.

Hence, there is a clear need of further developments in the social component of DfS. It is
remarkable that the level of detail in providing guidance on design criteria related to the three
components of sustainability does not seem to be related with the date of development,
whereas more recent models could be expected to have this question better worked out, given
the progress in aspects of sustainability management in recent years. A review of literature on
the business case for corporate social responsibility showed a remarkable increase of publica-
tions from 2009 onwards (Wdjcik, 2018).

Authors such as Arnette et al. (2014), Gmelin and Seuring (2014), Buchert et al. (2015)
and Hallstedt (2017), indicate that the main reason for the social dimension of DfS to be less
developed is the more recent development of social life cycle assessment and social indicators
for products, when compared to the other dimensions of sustainability. In contrast, Link et al.
(2013) argue that designers have a much lower influence on social sustainability than on the
environmental and economic dimensions.

As for trade-offs between criteria, although most models mention this aspect, only one
provides guidance on how to tackle them: ROADMAP, through the focus on critical sustaina-
bility impacts and having broad sustainability principles as guiding principles. This is a clear
weakness, since designers would always face situations when alternative solutions emphasize
different sustainability aspects that have to be balanced against each other (Byggeth and
Hochschorner, 2006) and they need support for decision making. This result is corroborated
by research conducted in ecodesign (Prendeville et al., 2013) and is even more relevant when
other variables beyond environmental ones come into play. Gibson (2013) highlights that the
usual approach is to assume that trade-offs are inevitable and that within such a view the good
practice is to make trade-offs explicit for better-informed choices, although the general objec-

tive should be to avoid trade-offs of any kind for a meaningful progress towards sustainability.
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In any case, in order to deal with the trade-offs that may occur on DfS, may it be through
mitigation or through finding out-of-the-box solutions that eliminate those trade-offs, assess-
ment tools are necessary, and the way the studied models deal with them is presented in the
next paragraph.

Only four of the models under analysis specify DfS strategies and they are closely related
to the design criteria set up by them. The exception is the D4S REDESIGN model, which pre-
sents eight strategies widely used in ecodesign (Brezet and van Hemel, 1997; van Hemel, 1998),
to which socially-related sub-strategies are added, such as health and safety in relation to pro-
duction or preference for local materials (see Table 3-6).

The SPSD model is also detailed regarding design strategies, following a DfX (design for
repair, design for recycling) approach, but only environmental ones can be found. The PSS for
D4S model's strategies coincide with the social, environmental and economic criteria and
ROADMAP proposes overarching strategies such as “substitute”, “dematerialize”, “human-
ize” or “improve human health and fulfil human needs”.

There is clearly room for development and further research when it comes to DfS strat-
egies (Kalkaja, 2016), in order to balance the three dimensions of sustainability, and even to
characterize and understand the existing typologies. The studied models provided a very dis-

parate picture, confirming that DfS is still at an early stage (Gmelin and Seuring, 2014).

Sustainability assessment. As mentioned in 3.4.1, all models include the element of sus-
tainability assessment, and out of these, eight include details on how to perform it. The excep-
tions are MDM and SCENARIOS. In the case of the latter, “products can be regarded as “sus-
tainable’ only if the socio-technical system within which they are produced and consumed is
a sustainable one. Thus, any product ideas generated from this method would need the as-
sessment of their environmental and social performance” (Gaziulusoy et al., 2013, p. 114-115);
but no further guidance is provided.

All remaining models recommend some sort of life cycle evaluation. Despite of the im-
portance of full life cycle assessments in accordance to ISO 14040 (ISO, 2006a) and ISO 14044
(ISO, 2006b) methods (Guinée et al., 2011), problems are encountered when applying them to
product development, especially the early stage of the process, when there is not enough

specified information to perform the study (Chang et al., 2014). Thus, quantitative-oriented
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methods are used retrospectively when the design process is nearly completed (Buchert et al.,
2015).

Therefore, it is not surprising that almost all models recommend qualitative or semi-
quantitative methods based on matrixes or checklists, although concerns about their excessive
broadness to be helpful to support design decisions exist (Buchert et al., 2015). The exception
is DMS, which indicates screening LCA tools, such as the Ecodesign PILOT (Wimmer and
Zust, 2001) or quantitative LCA methods such as the Ecoindicator 99 (Goedkook and Spri-
ensma, 2001) for the environmental component of the assessment. The SPSD model advocates
for qualitative assessment, complemented by abridged LCA. As for the VALUE model, it pro-
poses a life cycle simulator based on discrete-event system simulation theory, which quantifies

the product performance against a list of requisites at stakeholders, product and process levels.

Integration in management systems and practices. The link between ecodesign and de-
sign for sustainability and organizational management systems, as a condition for longer term
and system- atic implementation (as opposed to the DfS efforts being isolated, ad-hoc activi-
ties) has been recognized for a long time (Charter and Tischner, 2001; Lindahl, 2005; Rocha
and Brezet, 1999; Stevels, 2009).

Four of the studied models mention the aspect of integration in management systems
and practices, but only three specify how to do it:

— D4S REDESIGN and SPSD recommend linking DfS with management systems; D4S
REDESIGN provides extensive guidance on the integration process, using SWOT
analysis, a plan-do-check-act method and a method for the creation of a communi-
cation plan;

— The PSS for D4S model amply develops this issue, through the awareness of the
management function, the appointment of product-service systems steward(s), in-
tegrating PSS thinking into the normal activities and tools, training specific staff,
using the tools provided on a regular basis, setting up external cooperation and set-

ting up internal and external communication.
Involvement of different internal functions. This is another element that shows a good

scoring in the models that were studied in this research, which is in accordance with Link et

al. (2013) and Gmelin and Seuring (2014), who argue that interdepartmental work is a success
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factor for new product development. Out of the seven that include this issue, five indicate
explicit functions that are related to DfS, one calls for concurrent engineering and it is up to
the company to decide the adequate functions (MSPD+TEMPLATES) and another one does
not specify any functions (SCENARIOS).

The most mentioned function was marketing (four models), followed by sustainability-
related management functions (three), purchase, finance and production/engineering (two
each, not coincidentally).

Already in 2000, Rossi et al. concluded from the 1999 Greening of Industry Network
Conference, that multinational corporations defining the sustainability agenda implement it
through technology innovation, production and product marketing. As a matter of fact, ac-
cording to Luttropp and Lagerstedt (2006) marketing, design, production and purchasing are
functions that together form the product development teams. Link et al. (2013) found out that
the most influential functional areas for sustainable product development are management,
R&D, production, marketing/distribution, procurement, materials logistics, human resources,
and technical after-sale service. They further state that this influence is stronger in the envi-

ronmental and economic dimensions, when compared to the social dimension.

3.4.1.3 DfS at operational level

Organization of the design and development process. There is only one model (SOP)
that does not include a stepwise approach for (in this case, PSS) design, but rather an open and
iterative framework. Nevertheless, if offers some sort of structuring of the design process. The
remaining models explicitly include stages, with varied approaches, but typically starting with
the understanding of the system, or the needs to be fulfilled, followed by the development of
concepts, the detailed design and the implementation. According to Lawson (1997), the design
process as a sequence of activities is questionable, as they would not occur in order or would
even be identifiable separate events; attempting to map the design process is always a sim-
plification of a highly complex design problem. Ulrich and Eppinger (2000) defend that struc-
tured design methods are valuable by making the decision process explicit, by making sure
that important issues are not forgotten and because they are self-documenting and the record
of the decision-making process is important for future reference. In any case, the adaptation
of the stages proposed in the models to the design process already existing in companies is

desirable and even recommended, for instance in the MSPD+TEMPLATES model.
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Another question that interested this research was the need to adapt the design and de-
velopment process to address sustainability considerations. The most remarkable finding was
the addition of an explicit activity of questioning the function, or the need, that the product or
product-service combination should fulfil. Functionality thinking is a well-known character-
istic of design (Demirbilek and Park, 2001) and an opportunity to innovate towards more sus-
tainable solutions in eco-design and design for sustainability (Stevels, 2009). Five models ex-

plicitly included this element: SPSD, ROADMAP, MSPD+TEMPLATES, SOP and PSS for D4S.

3.4.2 Overall analysis of the framework and of the results

The analytical framework, composed of nine elements organized in three levels of DfS
implementation (strategic, tactical and operational) and with 22 subordinate questions derived
from design management and corporate sustainability theories, seemed to be appropriate, for
two main reasons:

— Firstly, because it fit the description of the models and captured their main compo-
nents;
— Secondly, because it was possible to compare the findings with a large amount of

literature in the field and, in many cases, to corroborate them.

It seems, therefore, that the framework gives a useful contribution to understand how
DfS implementation is advocated on a theoretical level. Despite the fact that out of the ten
analysed models, six included a description of practical implementation (SPSD, SOP,
MSPD+TEMPLATES, DMS, MDM and VALUE), the analysis focused on the theoretical part
of the respective publication; in this way, the treatment of models with and without case stud-
ies was comparable.

The fact that it was possible to deal with uncertainties that arouse during the analysis
phase to match very different models to the elements of the framework does not mean that
they are easy to understand and implement. On the contrary, the models are, in most cases,
complex and require an external expert that masters the method to guide the implementation.
The challenge of tackling a complex subject such as DfS in a way that is accessible to orga-
nizations is far from accomplished, according to the results of this research.

A simple count of the “yes” cells in Table 3-5 indicates that the numbers of elements of

the framework that are present in the models are similar in the strategic and tactical levels
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(23/30 and 28/ 40 or 77% and 70%, respectively). The operational level, with one element only,
was present in all models.

The more insightful analysis provided by the 22 questions has led to a better understand-
ing of the studied models. Aware of the risk of added subjectivity, Fig. 3-4 was elaborated to
provide an overview of the development and consensus levels of the models, regarding the
framework:

— Development is related to the amount of guidance that is provided by the models;

— Consensus is related to the similarity of the guidance provided by the models.

Fig. 3-4 should be read as complementary to Table 3-5, since this figure is built upon the
details of the guidance provided by the different models and the table indicates simply the
presence or absence of a given element. As a simple direction on how the figure should be
read, consider e.g., the exemplary case that is the establishment of a sustainability vision for
DfS, where almost all models provide detailed guidance on how to perform it (high level of
development); however, the proposed related methods show a significant variation (low level

of consensus).
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Figure 3-4: Levels of development and consensus in the ten DfS models regarding the framework’s elements.

Source: Own elaboration.

On the strategic and tactical levels, it is noticeable that setting a sustainability vision,
establishing social, environmental and economic criteria and carrying out sustainability as-
sessment to support the DfS process at different stages are the most developed elements, i.e.,
the performance-oriented part of DfS (or, in the words of Henri and Journeault (2010), related
to results); the consensus on how to do it, however, is not achieved. The managerial or process
(Henri and Journeault, 2010) elements (including the organization of the DfS process) are less
developed but more consensual at the tactical and operational levels.

It is not expected that the models are consensual in all elements; otherwise, one standard
model would suffice. But it would be important to have a clearer understanding of which im-
plementation methods would be more appropriate, according to the objectives of the project
and its innovation level, considering the company, its value chain and wider societal chal-
lenges. In view of the results of this research, the priority should go to:

— Establishing a sustainability vision for DfS, based on the state-of-the art knowledge

of sustainability challenges and considering the specificities of the product, service,
PSS or system;
— Integration of DfS in the business strategy at the highest level, triggering sustainable

organizational innovation;
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— Stakeholder involvement towards co-creation;

— Environmental, social and economic criteria for DfS, addressing the shortcomings
in relation to the social dimension and dealing with trade-offs;

— Sustainability assessment of the new solutions, through a combination of qualitative
and quantitative indicators that are adequate to the different phases of the DfS pro-

cess and enable to follow-up the progress towards the sustainability vision.

3.5 Conclusions, limitations and perspectives for fu-

ture work

Arnette et al. (2014) claim that “the application of theory and building theoretical frame-
works” (p. 386) for research in the field of DfS is the most important effort to be undertaken
by researchers, in order to advance the body of knowledge. The results achieved with this
paper, which were systematically contrasted with other published research, give the
confidence that the framework and review here presented may contribute to that effort.

The use of corporate sustainability management and design management as theoretical
foundations to draw a framework for analysis of the reviewed models has shown to be ade-
quate, since it captured most of their features, and allowed also to understand how they varied
in the approaches used to put DfS into practice, at strategic, tactical and operational levels, as
well as to identify gaps and common elements.

A comprehensive picture of the state of the art regarding conceptualizations and meth-
odological approaches to DfS was drawn, through the in-depth analysis of ten DfS models
published in the literature between 2000 and 2019. It showed that there is a serious attempt to
support companies in implementing DfS, not only for products, but also for services and PSS
development and even to sustainability-oriented system innovation, as well as crossing over
various innovation levels.

This research indicated that, on a conceptual level, DfS has evolved and matured; how-
ever, this is not the case as for DfS operationalization. What does “for sustainability” mean
when it comes to putting DfS in practice? The analysed models do not show consensus on how
to answer this question e neither on the overarching vision and principles to follow, nor on

the environmental, economic and especially social strategies and criteria to apply, nor on how
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to assess the results achieved. Given the importance of design in sustainable consumption and
production, this is a drawback that future research needs to address.

From the environmental sustainability side, one possible contribution to such endeavour
is to explore the relationship between DfS and circular economy, a concept that is high in the
political and academic agendas, since it is considered as a promising path to a potential solu-
tion to foster environmental protection without limiting economic growth (Lieder and Rashid,
2016; Stahel, 2016). So far, the notion of circular economy has referred primarily to the most
technically-focused DfS approaches (covering various innovation levels from materials to
products, business models and industrial systems), with a limited emphasis on user practices
and behaviours (Ceschin and Gaziulusoy, 2016) and in the social aspects of sustainability
(Murray et al., 2017). Despite this, some authors note that circular economy provides a clear
angle of attack to address environmental concerns (Sauvé et al., 2016) that was lacking when
tackling sustainability in a linear model paradigm and thus may provide an important contri-
bution to DfS.

The confirmation that the social dimension in DfS lags behind raised several questions:
What is the role of design in promoting social sustainability? Will future developments in so-
cial life cycle assessments and social indicators for products lever socially sustainable design?
Will a better alignment of social responsibility and DfS support overcoming this difficulty?

The results obtained with the analytical framework adopted in this study are of course
limited by the models that were selected for review, which include some degree of subjectivity
regarding the application of exclusion criteria in the literature review.

This article has a markedly theoretical character, since only academic models have been
researched. Some companies have been applying DfS and the approaches they followed have
been published in the literature (see Charter and Tischner (2001), Stevels (2009), Petala et al.
(2010) and Ghadimi et al. (2012), for instance), but for reasons of workability the decision was
to focus on theoretical developments only. One promising avenue for future research would
be to apply the analytical framework developed in this paper to companies engaged in DfS
and study their practices in view of the framework and of the results of the research here pre-
sented.

Future efforts to support DfS implementation should focus primarily on performance-
oriented aspects and on strategic aspects. The managerial elements of the framework, at tacti-

cal and operational levels, seem to be better resolved by the analysed models.
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CIRCULAR DESIGN STRATEGIES?

4.1 Introduction

Circular economy (CE) is about "maintaining the function and value of products, com-
ponents, and materials at the highest possible level and extend their lifespan". The right com-
binations of product and service design strategies support circular economy by (Bocken et al.,
2016):

— Closing resource flows: through recycling, the loop between post-use and produc-
tion is closed, resulting in a circular flow of resources;

— Slowing resource flows: the utilization period of products is extended and/or inten-
sified, resulting in a slowdown of the flow of resources;

— Narrowing flows: using fewer resources per product or service unit.

Figure 4-1 illustrates the closing, slowing and narrowing resource flows that is de-
manded by CE and the implications for product and product-service systems (PSS) design and
development will be discussed. It should be noted that for these products and services to be

successful in the market, companies need to develop adequate business models.

4 Extract and adaptation from the book chapter developed in the framework of the KATCH_e project —
Knowledge Alliance on Product-Service Development towards Circular Economy and Sustainability in Higher
Education (project n® 575793-EPP-1-2016-1-PT-EPPKA2-KA):

Rocha, C. S., Camocho, D., & Alexandre, |. (2020). Design and development. In C. S. Rocha, D. Camocho,
J. Sampaio, & J. Alexandre (Eds.), Product-Service Development for Circular Economy and Sustainability Course
(pp. 238-293). LNEG - Laboratério Nacional de Energia e Geologia, I.P.
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Figure 4-1: Categorization of linear and circular approaches for reducing resource use.

(Bocken et al., 2016)

The KATCH_e project proposes to adopt an integrative approach to the concept and
practice of design for the circular economy. Unlike most publications and experiences in the
field, that focus on slowing and closing resource loops (and disregard the dimension of nar-
rowing loops since it applies also to a linear model) and do not consider the social dimension
of sustainability, the KATCH_e project adopted the following definition:

Design for circular economy is a product-service design and development that replaces conven-
tional end-of-life concept by closing, slowing and narrowing the resource flows in production, distribu-
tion and consumption processes. It is enabled by innovation and novel business models and aims to
accomplish sustainable development through supporting ecosystem functioning and human well-being,
and through responsible production and consumption.

non

When it comes to product and service design, what do "slowing loops", "closing loops"

and "narrowing loops" mean? Table 4-1 presents examples of design approaches to make
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products more durable, to avoid that they become waste and to increase their use of resources.

These approaches and strategies are further developed in section 4.3.

Table 4-1: Product design approaches for the circular economy

Product design approaches to slow loops = Design for durability

To design long-life products

To foster a strong product-user relationship

To produce resistant, easy to maintain and repairable products

To use modularity, to allow the upgrading and adaptation of products

Product design approaches to close loops = Design for recycling

To develop products in such a way that the materials can be continuously and safely recycled
into new materials and products

To use safe and healthy materials for those products that are consumed or worn during use, and
thus create food for the natural systems

To make it easy to dis- and reassemble products

Product design approaches to narrow loops = Design for resource conservation

To use a preventive approach in which products and services are designed so that resources use is
minimized in the whole life cycle

In addition to quantity, to choose more sustainable materials and energy sources when designing a
product or a service

Design for the circular economy or circular design takes a new angle when dealing with

environmental considerations in design:

89

Inspiration by natural systems, where materials flow in cycles and there is no waste
- everything should be a nutrient in the biosphere and the technosphere; this is a
step forward, compared to previous approaches like ecodesign, which assumed that
all products inevitably become waste at a certain point in time;

Dematerialization, through the transition from selling products to providing ser-
vices or product- service system solutions that drastically reduce the intensity of
materials per unit of service provided (see the section on product-service systems);
"More good instead of less bad": unlike in a traditional eco-design approach, which
focuses on eco- efficiency with the goal of minimizing the cradle-to-grave flow of

materials, circular design aims at eco-effectiveness, i.e. the transformation of



products and their associated material flows so that they form a supportive relation-
ship with ecological systems and future economic growth (Ellen MacArthur Foun-
dation, 2015). The aim is to have a positive impact. As a matter of fact, eco-efficiency
is necessary but needs to be coupled with other strategies to counteract potential
rebound effects (selling more products, even if each one is more eco-efficient, may
result in a greater environmental impact);

— The Inertia principle: "Do not repair what is not broken, do not remanufacture some-
thing that can be repaired, do not recycle a product that can be remanufactured.
Replace or treat only the smallest possible part to maintain the existing economic
value of the technical system" (Stahel 2010, 195). The starting point for designers is
the original products, it is about product integrity. On the other hand, in ecodesign
one of the guiding principles is the waste hierarchy, in which the definitions of pre-
vention (the preferred option), reuse, recovery, recycling, and disposal (the least
preferred option) all are based on the assumption that eventually a product becomes
waste, and a priority order for managing waste is provided. This focus on waste
does not make sense in a CE (den Hollander et al., 2017) because, theoretically, the
phase when a product is disposed of does not exist and after its use, all materials
should be incorporated in the loop;

— Systems thinking: circular design elevates design to a systems-level (van den Berg
and Bakker, 2015). This means understanding the complex and interconnected na-
ture of any system of which a product is part, e.g. by identifying all components and
material inputs in the life cycle, the ways the natural systems are impacted and the
stakeholders involved (including the users), and understanding how decisions re-
garding such product interact with the wider system (British Standards Institute,
2017). Systems thinking can help designers to manage complexity more effectively
(British Standards Institute, 2017) and avoid the negative consequences of poor

planning.

4.2 Product-service systems

The product-service systems (PSS's) concept has been a matter of great attention for sus-
tainability experts due to its potential to decouple revenues from material flows and to in-

crease resource productivity. In other words, whereas in the traditional product-oriented
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business model, the company revenues depend on the number of units sold (and the pressure
to continuously grow in sales leads to unsustainability), in a service-oriented business model
the company sells a result or an access and owns the products: the less products they need, or
the longer the products last with good quality to provide the service, the better for the com-
pany. Product-service systems have a high potential for circularity and sustainability (if de-
veloped with circular and sustainability criteria) and are based on business models which de-
liver added-value products and services that meet the needs of users more sustainably. In
these systems, the focus is in the service that the user receives from a product and on the way
the customer uses a product's function, rather than on the product itself. This systemic ap-

proach has a crucial role in the transition to a more circular economy.

PSS's are an innovative approach to sustainable business and may allow a company to
(Crul and Diehl, 2009):
— Identify new markets and ways to profit; Survive and adapt to rapidly changing
markets;
— Increase efficiency and reduce resource consumption;
— Compete in the market and generate value and social quality, while decreasing total

negative environmental and social impact (directly or indirectly).

To implement circular economy in practice, focusing on an efficient transition from the
linear model to a circular model, the way users' needs are fulfilled needs to change and inno-
vative systems and business models have to be created. In this context, innovation is consid-
ered to be fundamental in guiding businesses towards a transformation of practices influenced
by the design and functions.

PSS's are not a new concept, but when properly designed they have the potential to
change production and consumption patterns towards a circular and sustainable future. Figure

4-2 offers a possible systemization of PSS's.
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Several categories of PSS's can be identified and the distinctions among the different
forms are based on the extent of product ownership, the type of products involved, and the
value-added of the service level (Tukker et al., 2006). The expression PSS highlights that there
are neither "pure products" nor "pure services", but rather combinations of both. For simplic-

ity, from this point onwards this section refers simply to services instead of PSS's, disregard

Product-service system
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- dx ” Service content servi‘::e
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sharing 8. Functional
5. Product result
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Figure 4-2: Eight types of PSS's

(Tukker, 2004)

the weight of the tangible or the intangible component.

Category A: Product-oriented services. Here, the focus is still mainly geared towards
sales of products that are owned by the user or consumer, but some extra services are added.
Category B: Use-oriented services. The traditional product still plays a central role, but
the business model is not geared towards selling products. Product is owned by the service

provider who sells functions instead of products, through modified distribution, payment sys-

tems and sometimes the product is shared by several users.

Category C: Result-oriented services. Here, the client and provider agree on a result,

and there is no pre-determined product involved.
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Table 4-2: Categories of product-service systems with examples.

Sources: Tukker, van den Berg & Tischner, 2006; Tukker (2004)

Category A: Product-oriented services - The product is owned by the user/consumer

Product extension service, the value of a product is increased through additional services,

e.g. upgrading, repair, guarantees, financing schemes, the supply of consumables, etc.
Advice and consultancy concerning the most efficient use of the product.

Vertical Integration, meaning modified delivering strategies to supply products to cus-
tomers, retailers and/ or customers who get directly involved in the process of production,

e.g. production on demand.

Category B: Use oriented services - The product is owned by the service provider who

sells functions instead of products, through modified distribution and payment systems

Leasing. The provider retains ownership and is often responsible for maintenance, repair,
and control. The leaser pays a regular fee for the use of the product and normally has an

individual and unlimited access to the leased product.

Renting or sharing, similar to leasing but the user does not have unlimited and individual ac-

cess to the product. The same product is sequentially used by different users.

Pooling, which is similar to sharing but there is a simultaneous use of the product.

Category C: Result oriented services - There is not a pre-determined product involved in

this category

Activity Management, the supplier gives incentives for the customer to consume more effi-

ciently and optimises a system e.g., by using modified payment systems, e.g., contracting.

Pay-per-service unit, the user buys the output of the product e.g., pay per lux by Philips, a

service in which the user buy light, and nothing else.

Functional result, products are substituted by new solutions; the delivery is a result which
is not related to a specific technology system anymore. Examples are pest control service
instead of pesticides, delivery of a "pleasant climate" instead of selling heating or cooling

equipment, etc.
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4.3 The role of design in circular economy

"We don’t have a waste problem, we have a design problem”

Michael Braungart and William McDonough, Founders of the Cradle2Cradle concept

Design plays a crucial role in circular economy and this is not only about recycling, but also
about maintenance, repair, sharing, reuse, refurbishment and remanufacturing. Design has the
power of enabling or hindering these features. It determines the circularity potential of products,
services and systems. Traditionally, designers would focus exclusively on products, but their role is
evolving. The power of design lies on its ability to ask fundamental questions, such as: What is the
real purpose of this product? Which is the need that this product fulfils? Are there other solutions to
respond to such need, e.g., through a service? Is it possible to increase well-being and happiness
through this design? Does this design have a negative impact on the environment? A zero one? A
positive one, contributing to the regeneration of ecosystems? And in society? (De Groene Zaak &
Ethica, 2015).

Traditional manufacturing is wasteful because it focuses exclusively on the end-user. The cir-
cular economy mind-set looks much wider, to consider everyone who extracts, builds, uses, and dis-
poses of things. By zooming out from users, to consider the wider network of stakeholders, we can
unlock value at every stage of the process. As a designer, that includes building feedback loops into
your work; knowing the life cycle of materials you use; collaborating with other industry stakehold-
ers; and considering unintended consequences (Ellen MacArthur Foundation & IDEQO, 2017).

Given that the design of a product directly influences the way a value chain will be managed,
building circular, globally sustainable value chains inevitably signifies a fundamental change in the
practice of design. A variety of new capabilities are key to design for a sustainable future; these range
from a deeper knowledge of material composition to a rich understanding of social behaviour (De
los Rios and Charnley, 2017).

Many examples illustrate the role of design in a circular economy. One interesting case comes
from the British company CRISSCROSS Furniture Ltd. (Crisscross Furniture, n.d.). They offer mod-
ular, flat-pack furniture, whose main novelty relates to the easiness of assembling and disassembling
and the possibility of reconfiguring the furniture. The furniture collection, designed by Sam Wrigley,
comprises cupboards, wardrobes, a bedside table and desk. They are assembled using modules that
are slotted into pre-existing holes in the boards and can be fixed in place without the use of any tools,

allowing them to be easily removed and reused.

95



The relevance of this example, from the point of view of circular design, relates to:

I PP SN |@ 'F-;- :
) - |0

The use of eco-friendly materials: birch plywood from sustainable FSCO certified forests
and natural plant-based wood waxes;

The durability of the products: they are made of high-quality materials; in order to endure
frequent use and disassembly, the brackets, hinges, and locknuts are made from high-
grade aluminium that is anodised black. Furthermore, the easiness of disassembly and re-
assembly with different configurations and without the need of tools gives the possibility
of adapting the furniture to different needs and spaces over time;

The recyclability: the products and packaging are 100% recyclable.

|

Figure 4-3: CRISSCROSS furniture.

Source: http://www.crisscrossfurniture.com/

Product design determines the circularity potential of a product because it establishes to a large

extent its characteristics and features, which is the functionality, which materials are used in the

product, how long it is supposed to last, its reparability and recyclability, etc. However, whether or

not this potential is realised depends on how the product is managed throughout its life cycle (Euro-

pean Environment Agency, 2017).

The circularity of a product depends not only on its intrinsic properties but also on the system

in which the product is integrated (European Environment Agency, 2017). For instance, the repara-

bility of a product comes into effect if there are repair services and proper business models in place.
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Finally, it is necessary to design products that can be reused, repaired, refurbished, remanufac-

tured, repurposed, recycled and recovered.

Table 4-3: Design strategies for developing circular solutions

Aims regarding resource loops Strategies

Slowing Design of long-life products(1)
Design for product-life extension(1)
Design of product-oriented services(2)

Design of use- or result-oriented services(2)

Narrowing Design for materials sustainability(1)

Design for energy sustainability(1)

Closing Design for remanufacturing(1)

Design for recycling(1)

Note: (1) product design; (2) service design

Fig. 4-4 presents the design strategies for circular economy developed within the KATCH_e
project, organized according to the aims regarding resource loops and phases of the life cycle they

relate to.
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KATCH _e design strategies for a circular economy

Slowing loops Narrowing loops Closing loops
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Design for
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Note 1: (1) product design; (2) service design

Figure 4-4: Design strategies for a circular economy.

It should be noted that the strategies related to narrowing loops stem from the eco-efficiency
paradigm and should always be used in combination with those from slowing and closing loops, as
they are complementary. In other words, it does not make sense to design a long-life product without
caring for the energy and materials (including water) sustainability along the life cycle. This idea is
illustrated in Fig. 4-5, where the strategies are distributed along a simplified version of the products'
life cycle, also known as the "Value Hill" (Achterberg et al., 2016): (i) Up-hill - before use (encompass-
ing extraction of raw materials, manufacturing, assembly and retail), (ii) Top-of-the-hill - during use
and (iii) Down-hill - after use (including reuse, refurbish, remanufacture and recycling - and eventu-
ally final disposal). The figure shows the most direct relationship, but one should keep in mind that
potentially the entire life cycle is affected by each of the strategies - for instance, moving from a prod-
uct to a service approach, although it concerns the use phase because the use/consumption model is
changed, may lead to less products needed for the same function, which means fewer resources ex-

tracted and processed, less waste, etc.
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4.3.1.1 Strategies for slowing resource loops

Design of long-life products

Currently, in most design projects the material efficiency component (that is, designing prod-
ucts with less material) is already considered as it is directly related to the costs reduction, thus being
considered good commercial practice for companies (Bakker et al.,2014). On the other hand, the prod-
uct life and product recycling are not usually considered in a design project (Hatcher et al., 2011).

The feasibility of long-life products in a business context and the associated consequences for
product design, have remained largely unexplored (den Hollander & Bakker, 2012); however, there
are several ways to extend the useful life (and value) of a product that designers should consider
strategically in their projects.

The design of the products in this strategy has as the main goal, the durability of the product
considering technological and emotional aspects in different levels (Bocken et al., 2016; Gerrittsen,
M., 2015).

At a technological level, the design should consider:

— the durability of materials and processes;
— the durability of components and the relations between components;
— the technical solutions that allow a physical performance of the product during a long time

without the need for maintenance or repair actions;

At an emotional level, the design must consider the relationship between the product and the
user for a longer time. This kind of solutions should consider aspects such as aesthetics, ergonomics,
trust or value for money. Product attachment implies the existence of an emotional connection be-
tween a person and an object. When someone becomes attached to an object, they are more likely to
handle the object with care, repair it when it breaks down, and postpone its replacement as long as
possible. So, fostering a strong product-user relationship can lead to lengthening the life span of
many durable consumer products (Schifferstein & Zwartkruis-Pelgrim, 2008). The highest levels of
attachment are registered for recently acquired products (<1 year) and for products owned for more
than 20 years. However, attachment is determined by multiple themes, many of which are circum-
stantial to consumers' experiences and therefore difficult for designers to control (Page, 2014). So far,
different studies reveal that for new products, enjoyment and pleasure may be the main driver of
attachment, whereas for old products memories may be more important. Appearance and reliability
also have considerable influence on participants' attitudes towards replacement. Designers should
create products that are both useful and enjoyable. This asks for products that evoke sensory and
aesthetic pleasure.

Proposed design criteria for long-life products are:
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— Strong product-user relation;

— Durable and wear-resistant materials and components;
— Timeless and customized design;

— Reliability;

— Lifespan information to clients/consumers;

— User-friendliness/inclusive design.

Design for product-life extension

Product life extension is an increase in the utilization period of products, which results in a
slowdown of the flow of materials through the economy (den Hollander & Bakker, 2012).

Designers can incorporate features that enable products to serve their originally planned func-
tions over a longer period without losing their performance or that can be maintained or even, up-
graded to extend their life and maintain the attractiveness throughout time to its user. The extension
of life is the counterstrategy to the implanted programmed obsolescence, in which the products are
designed to lose part or all of their performance after a specific time.

This strategy is complementary to the promotion of a set of services linked to the product that
enables the technological and emotional extension of the function of the product. The design of the
product must, from the initial stages of the process, foresee that an action by the user or expert ser-
vices can be applied in the product or components, to reset or upgrade the function for which the
product was designed.

For the effectiveness of the strategy, the design process must take into account simple solutions
for disassembly/assembly and modularity/standardization, to promote easy maintenance and repair,
upgrade, and reuse of the product or components (Bocken, 2016; Gerrittsen, 2015). Designers have
several different methods available to them for designing adaptable products, with product architec-
tures that provide robust support for adapting products to meet changes in functional and environ-
mental requirements, as well as advances in technology (Levandowski et al, 2015; Zhang et al, 2015).

According to Stahel (1998, p.29), the key to extending product life "lies in transforming an in-
dustrial economy focused on the real linear output to a service economy focused on the use of loops."
In the background, this is a concise perspective of the thinking that the design practice has to move
towards a circular economy.

Design criteria for product life extension include:

— Easy replacement of components;

— Aesthetic and/or technical upgradeability;

— Durable and wear-resistant materials and components;

— Use of modular solutions;
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— Simplified product architecture;

—  Choice of tools needed for dis- and reassembly;

— Minimize connecting elements;

— Facilitate access and detection of connecting elements;

— Standard connection elements.

Design of product-oriented services
This strategy includes different types of services that prolong the lifetime of products. They
concern consumer products as well as business-to-business situations. The business model is still
mainly based on the sales of products, but some extra services are added (Tukker, 2004). For these
services to be successful, products must be designed in such way that they are easy to disassemble,
repair, maintain, refurbish, clean or upgrade. Often, these services are linked to the selling of con-
sumables, spare parts, and add-ons to support the life cycle of long-lasting products (Achterberg et
al. 2016). Since these services are additional to (and not replacing) the selling of products, the life
cycle costs of the products are not retained by the provider, and thus the incentive to extend their
lifetime at the maximum possible may not exist, unless if the client or consumer clearly rewards that
or if the revenues related to repair or maintenance are significant. The sustainability potential of these
services depends on the actual increase in the lifetime of the goods.
Services for a long life of products typically bring the following benefits:
— They are the most efficient way to retain or restore the system back to normal working
conditions (Ajukumar & Gandhi, 2013);
— They are a source of competitive advantage and business opportunity (Armistead & Clarke
1992);
— They may generate more than three times the turnover of the original purchase (Wise &
Baumgartner, 1999);
— They provide protection, pollution prevention, personnel safety and waste disposal

(Ajukumar & Gandhi, 2013).

Examples of product-life extension services include:

— Maintenance, repair, refurbishment and cleaning services: e.g. repair cafes, services pro-
vided by the product manufacturing company (very common e.g. in the automotive and
technology product firms, that in this way generate a fair percentage of their total revenues
(Cusumano et al., 2008), services provided by retailers, services offered by specialized com-

panies.
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— Technological upgradeability: computers, telephone systems and copiers are examples of
products prone to this type of services (Entrepreneur, n.d.) They can be offered by manu-
facturers, retailers and specialized companies.

— Aesthetic/cultural upgradeability: examples of this service can be found in the furniture,
apparel and decorative objects industries, mostly offered by small workshops. In the con-
struction industry, on the contrary, aesthetic upgradeability is a very big business and of-
ten part of larger renovation works. Examples can be found in Galgani (2014).

— Advice, consultancy and training concerning prolonging the lifetime of products. This can
be offered by the product provider, by other companies or even by individuals, (a typical
example are all the videos available on YouTube on "how to fix." or "how to repair." all
kinds of appliances, cars, furniture, apparel, etc.).

Design criteria for product-oriented services:

— Geographic accessibility of services;

— Variety of service offers;

— Influence on product design;

— Customer satisfaction;

— Added value (for customers);

— Employment creation;

— Good working conditions;

— Transportation sustainability;

— Involvement and promotion of local community.

Design of use- or result-oriented services

In this strategy, the keyword is "ownership". The provider retains the ownership of the product
and makes it accessible to the clients (again, individuals or organizations) through different business
models (Tukker, 2004). For the description of use-oriented services, such as leasing, renting and shar-
ing, pooling, and result-oriented services, see subsection 5.1.2. Here, the sustainability potential of
the different types of services is discussed.

Leasing: In terms of sustainability, this kind of services may be interesting if the provider may
influence the design of the product since it is his/her own interest that the product lasts a long time.
If the provider cannot influence the product design, the potential benefit relates to more efficient use
of energy or consumables by better maintenance, repair and control. This service has tangible value
for the user since various costs and activities are shifted to the provider.

Renting and sharing: The sustainability potential can be high if the life cycle impacts are

mainly related to manufacturing, as a smaller number of products may accomplish the needs of
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multiple users when compared to the traditional product ownership model. Renting and sharing
may represent a significant effort by the user into getting access to the product, but the tangible ben-
efit is related to not needing to bear the capital costs. Renting normally does not contribute to self-
esteem or intangible experiences, except if the product-service combination is designed with that
purpose (e.g., possibility to customize a rented car).

Pooling: The access to the product may put even more challenges to the users then renting or
sharing, related to the simultaneous use. On the other hand, the intensity of use of products is even
higher and the benefits in terms of environmental impact can be significant, especially if the life cycle
impacts of the product are related to the use phase.

Result-oriented services: Like in the above types, the ownership of products is not transferred
to the client; since all life cycle costs stay with the provider, they will try to find innovative ways to
reduce costs and liabilities and has more room for manoeuvre to design a low impact system with
high customer satisfaction. Examples of this strategy are the "pay per lux" service offered by Philips
at Schiphol Airport, the "power by the hour" of service of Rolls-Royce engines in Boeing aircraft or
Nor- Line vessels, or the "pay per mile driven" service (tires), by Michelin. Taking this last example:
customers pay per miles driven; they don't own the tire and don't have to worry about maintenance
are any problems that occur with the tires. On the other hand, Michelin has an incentive to design
long-lasting tires and, by taking back worn-out tires, the company is motivated to design them so
that they can be reprocessed into a valuable input for new tires or another product (Accenture, 2014).

Information and communication technologies (ICT's) have a very important role as enablers
and facilitators of "‘products as services' as they allow for establishing real-time information ex-
changes among users, machines and management systems. Examples of application are apps for
sharing and pooling platforms, materials tracking in the built environment, etc.

The more intense the use of "‘products as services' is, the more their potential to contribute to a
CE is unlocked. Therefore, they should be easily accessible, add value to the customers and be de-
signed and operated to achieve a high level of customers' satisfaction. Other considerations to render

higher levels of sustainability relate to transportation and involvement of local communities.
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Design criteria for use- and result-oriented services:

Accessibility;

— Influence in product design;

— Impact of the service in resources use intensity;

— Existence of easy and affordable information and communication technologies;
— Customer satisfaction;

— Added value (for customers);

— Transportation sustainability;

— Involvement and promotion of local community;

— Employment creation;

— Good working conditions.

4.3.1.1 Strategies for closing resource loops

Design for remanufacturing

Through remanufacturing, a used product returns to a "like-new condition'; it is a pro-
cess of recapturing the value of the material when a product was first manufactured. Reman-
ufacturing results in the reduction of energy and material consumption, and of production
costs (Gray & Charter, 2007), allowing the manufacturer to increase the productivity as well
as the profitability in the business (Fegade et al., 2015).

Remanufacture can offer a business model for sustainable prosperity, with reputed dou-
ble profit margins alongside a significant reduction in carbon emissions and the energy re-
quired in manufacture.

The potential or remanufacture is affected by the physical characteristics specified dur-
ing the design phase, like the complexity and modularity of the products, the possibility to
maintain or adapt technologies, the quality and durability of the materials and the solutions
adopted in the product, etc. Design for Remanufacture is enabled by business models which
recognise the benefits of remanufacturing and services like reverse logistics which allow that
the products return to the factory at an affordable cost.

Remanufacture views end-of-life products and components as a resource. Promotion of
remanufacturing can, therefore, benefit both the economy and the environment. Design for
Remanufacture can optimise the process of remanufacturing, increase the practice of remanu-
facturing and therefore increase the significant economic development opportunities for busi-

nesses and people.
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This strategy also avoids that valuable material materials and components ends low val-
ued valorisation or in a landfill and creates a market for skilled employment and, in principle,
is preferable to recycling. The value of materials and components is maintained by returning
products to working order, whereas recycling simply reduces the used product to its raw ma-
terial value (Ijomah et al., 2007).

Although in theory any product can be remanufactured, the business case, which would
make remanufacture economically feasible, varies between sectors and products, and the in-
tegration of other considerations like design for disassembly, which enables the process. De-
sign for remanufacturing optimizes remanufacture through consideration of both the business
model and the detailed product design and must be considered in the initial design of the
product (Gray & Charter, 2007).

Design criteria for remanufacturing:

— Technology integration/stable technologies over the lifetime;

— Use of modular solutions;

— Existence of a take-back system;

— Optimize reverse logistics (RL) network and involve the supply chain in RL plan-
ning;

— Durable and wear-resistant materials and components;

— Simplified product architecture;

— Minimize connecting elements;

— Facilitate access and detection of connecting elements;

— Standard connection elements;

— Employment creation;

— Good working conditions.

Design for recycling

The objective of this strategy is to develop products in such a way that the materials
("technical nutrients") can be continuously and safely recycled into new materials and prod-
ucts (Bocken et al., 2016). Although in many cases recycling is one of the last strategies to con-
sider in the development of products and services within circular economy, design for recy-
cling is a strategy to be considered by design teams. Designers must understand the process

and the conditions for efficient and quality recycling, resulting in quality materials that can be
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used as valuable input material in the product or service cycle. The potential of recyclability
of a product can be enhanced by the easiness to disassemble the product.

Recycling is the process of recovering materials for the original purpose or other pur-
poses, excluding energy recover. To establish a continuous flow of resources in the technolog-
ical cycle, the "waste" resources are to be recycled into materials having properties equivalent
(or even superior, in a process, called upcycling) to those of the original material (Bocken at
al., 2016). In the majority of nowadays recycling operations, what occurs is downcycling (re-
processing into products requiring lower properties), which does not enable a circular flow of
resources, but only delays the linear flow of resources from production to waste (McDonough
& Braungart, 2002).

Design for recycling aims at designing products which materials that can be recycled
without property losses (and therefore endlessly, in theory). As for the use of recycled materi-
als in the product, that is part of the quality of input materials and is addressed in the “Design
for materials sustainability” strategy.

Design criteria for this strategy:

— Choice and variety of materials for easy recycling;

— Marking of materials for recycling;

— Easy separation of technological from biological materials;
— Minimize connecting elements;

— Facilitate access and detection of connecting elements;

— Standard connection elements;

— Avoid the use of dangerous tools and processes;

— Employment creation;

— Good working conditions.

4.3.1.1 Strategies for narrowing resource loops

Design for materials sustainability

The selection of materials, (including water and components) and the quantity of mate-
rial used, are key elements in the definition of the potential impact of a product or a service.
In the design phase, the design teams can choose materials and components with lower impact
by itself, or that have a positive influence on the product or service systems and can adopt

measures to reduce the number of materials used by implementing efficiency strategies in the
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design. Decisions taken in the conceptual design phase are fundamental to influence the effi-
ciency and optimization of material consumption in the life cycle of the product or service.

It is difficult to fully describe what a sustainable material is. It depends not only on the
materials but the conditions in which it is transformed, applied and used. However, we can
affirm that sustainable materials are ones that have a lower embodied energy as well as a lack
of emissions, waste and making sure that the material continues to be created or grown rather
than deplete its stocks.

Another way to describe them can be by looking at them as the materials whose use
achieves environmental benefits, unlike other conventional materials.

Apart from the reduction of resource consumption, other strategies, influencing the ef-
ficiency in the life cycle can be adopted. Optimizing resource cascading can be an option to
prolong the lifecycle of resources.

Resource cascading is the sequential exploitation of the full potential of a resource to
improve resource efficiency. Resource cascading allows for significantly extending a re-
source's useful life through repeated utilization. This approach to production and consump-
tion states that energy recovery should be the last option, and only after all higher-value prod-
ucts and services have been exhausted. This concept is often associated with the forestry sec-
tor, in which cascading use can be effectively demonstrated.

Several sustainability issues must be considered in the selection of input materials and
components that constitute the product or that are necessary to provide the product-service.
Are the materials hazardous, non-renewable or scarce? Are they virgin or recycled? Can they
be recycled? Do suppliers have good environmental and social practices? Are the materials
and components local, or do they have to travel long distances and do not support the local or
regional communities' economies?

Based on the materials and components used in the product or product-service and the
processes necessary to manufacture them, the possibility of using alternative ones with better
environmental, social and economic performance must be analysed.

Designers who can develop solutions to fulfil the needs of the users using less and more
sustainable resources (materials and water), have a higher potential to succeed in the creation
of more circular and sustainable solutions.

Design criteria related to this strategy:
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— Optimize products' design (shape, size, weight, etc.) to reduce material consump-
tion;

— Avoid consumable components and materials in the use phase;

- Use of recycled materials;

— Eliminate the use of toxic materials in the product;

— Promote the use of renewable materials in the product;

— Use of locally produced raw materials and components;

— Avoid the use of scarce and/or critical materials;

— Use of raw materials and components from suppliers with good social responsibility
practices;

— Information on product sustainability to consumers;

— Influence sustainable consumer behaviour regarding consumables in the use phase.

Design for energy sustainability

Like in other areas, product design should take into account the energy that the product
will need to meet user needs, taking the whole life cycle into account. For energy-using prod-
ucts (e.g. electronics, cars, lighting), the use phase may be the most important one; however,
for many other non-energy consuming products (such as furniture or packaging), the manu-
facturing phase can represent a significant portion of energy consumption.

Another emerging area is related to technologies in the field of renewable energy, such
as small fuel cells, flexible photovoltaic solar cells and human power. As renewable energy
sources develop and become smaller and more flexible, possibilities of integrating them into
the product design have emerged. However, until recently, renewable energy technologies
have been more or less "pasted" upon the products instead of being integrated into the design
of the product. It is a big challenge to find the appropriate products or functions for these new
technologies and to integrate them into the total design of the product (Mestre & Diehl, 2005).

This strategy thus encompasses energy efficiency in the various stages of the life cycle
through design options, the use of solutions that incorporate renewable energy and influenc-
ing consumer behaviour regarding energy consumption.

Related design criteria are:

— Reduce energy consumption in production;

— Reduce energy consumption in use;

109



— Reduce energy consumption in transport;

— Energy plus;

— Replace non-renewable by renewable energy;

— Use low embodied energy materials;

— Information on energy consumption to clients/consumers;

— Influence consumer behaviour regarding energy consumption.

4.4 Examples of application of the strategies

Unlike the other chapters in the present research, this chapter has a very practical ap-
proach, as it was developed in the context of a project that targeted a very direct application
of results to companies.

The original chapter of the book in which it was written included examples of products
that are in accordance with the strategies here proposed and illustrate their applicability in

real life contexts. Some of these examples are presented in Annex 1 of this thesis.
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DESIGN FOR CIRCULAR ECONOMY IN A
STRONG SUSTAINABILITY PARADIGM?®

Abstract

Given the strategic role of design when addressing societal changes and its prominence
in the circular economy (CE) discourse and practice during the past decade, a plethora of tools
and methods is nowadays available to support organizations in the transition from a linear
model of production to a circular one. The need for an intersection of CE, corporate sustaina-
bility, strategic design and strong sustainability is gaining momentum. Considering (a) the
critical voices pointing out several limitations to the CE concept, (b) the call for linking CE to
a strong sustainability paradigm as well as (c) the implementation mechanisms for an effective
contribution to sustainable development, the focus of this research is to address the gap in CE
and circular design frameworks due to missing elements therein for its successful implemen-
tation, using a Delphi method approach. Our results strongly suggest that the current circular
economy and the circular design concepts and practices are insufficient to meet the challenge
of addressing strong sustainability and new models are needed. To conclude, a new definition
of design for CE in a strong sustainability paradigm, and a first approach to the main elements

of the improved model assisted by guiding principles are proposed.

Keywords: circular economy, circular design, strong sustainability, implementation model,

principles.
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5.1 Introduction

In March 2022, the European Commission presented a package of proposals within the
European Green Deal, (European Commission, 2019), to make sustainable products the norm,
advance circular business models and empower consumers for the green transition (European
Commission, 2022). The proposal establishes a framework to set ecodesign requirements for
specific product groups to significantly improve their circularity, energy performance and
other environmental sustainability aspects. It follows the second Circular Economy Action
Plan (European Commission, 2020), which calls for “a regenerative growth model that gives
back to the planet more than it takes, (...) keeping resource consumption within planetary
boundaries” (European Commission, 2020, p.2). The circular economy (CE) is considered as
the economic model that can make a decisive contribution to achieving climate neutrality by
2050 and decoupling economic growth from resource use, while ensuring competitiveness and
equity in the European Union.

Although loosely defined (Calisto Friant et al., 2020; Geissdoerfer, Savaget, Bocken, et
al., 2017; Ghisellini et al., 2016; Kirchherr et al., 2017; Korhonen, Honkasalo, et al., 2018), CE is
an umbrella concept (Merli et al., 2018) advocated as a strategy to achieve sustainable devel-
opment (see, for instance, Nikolaou & Tsagarakis (2021). In the words of Sauvé et al. (2016), it
gives “a clear angle of attack to help solving environmental problems” (p. 55) by acknowledg-
ing that in a materially closed system such is the Earth, a linear use of resources (“take-make-
dispose”), even if directed by efficiency objectives (doing more with less), is unsustainable. In
a linear economic system, the depletion of resources (particularly the non-renewable ones) and
the generation of waste and emissions will always occur, and environmental management
strategies like eco-efficiency, cleaner production and ecodesign fail to address that, since most
of them focus on “less bad” products (Moreno et al., 2016) and processes, rather than in “trans-
forming products and their associated material flows such that they form a supportive rela-
tionship with ecological systems” (Ellen MacArthur Foundation, 2012a). In a CE, material
flows are made up either of biological materials, which after discard are available for natural
cycles in the biosphere, or of materials designed to circulate within the technosphere (Ellen
MacArthur Foundation, 2012b; UNEP, 2012).

For organizations, the CE is a systemic approach to the design of processes, products/ser-

vices and business models, enabling sustainable economic growth by managing resources
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more effectively as a result of making the flow of products and materials more circular and
reducing and ultimately eliminating waste (adapted from British Standards Institute, 2017). In
a CE, companies need to deliver products, which are intrinsically more durable and that can
be reused, repaired, refurbished, remanufactured and recycled (Bocken et al. 2016). It also asks
for offering services that provide the same or improved functionality in a more dematerialized
way (Stahel, 2010). Since it is at the design stage that these features are mostly defined (An-
drews, 2015; Moreno et al., 2016), circular design has become important in the CE debate.

The adoption of circular design by companies can be considered as part of corporate
sustainability, defined as “an integrated, systemic approach by business that builds, rather
than erodes or destroys, economic, social, human and natural capital” (Visser, 2011, p.1). This
definition places emphasis on businesses operating in a way that benefits the different types
of capital, rather than reducing the harm they do. This idea is also being advocated by propo-
nents of the CE, as mentioned above. Many authors have noted that corporate sustainability,
despite being adopted by an increasing number of companies, has not produced the desired
effect in terms of sustainable development (Dyllick & Mulff, 2016; Landrum, 2018; Visser, 2012),
since the environment continues to decline while millions of people still fall short in social
minimum standards, as identified, for instance, within the UN Sustainable Development
Goals (Raworth, 2017).

The disconnect between the increasing number of companies claiming to adopt sustain-
ability practices and the continuous degradation in the environment (also noted by Visser,
2012) may be explained by the fact that corporate sustainability developmental models are
framed around a weak sustainability perspective (Landrum, 2018). Several authors argue for
the need to align corporate sustainability (Bjorn & Repke, 2018; Nikolaou et al., 2019), design
for sustainability (Gaziulosoy, 2013) and business model innovation (Brozovic, 2020), with
strong sustainability. However, it is arguable that companies adopting CE principles are in-
herently aligned with strong sustainability, as the debate around the intersection between
these concepts is open (Lefstad, 2021; Martins, 2016; Schroder et al., 2019).

Moreover, existing strategies to implementing CE in organizations and value chains are
more developed in identifying opportunities and designing new business model concepts, and
lack methods and tools for experimenting, testing, and implementing them (Lindgreen et al.,

2020; Mendoza et al., 2017; Pieroni et al., 2019).
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This paper aims at dealing with a complex problem arising from several findings from

literature and practice that are further explained in section 5.2:

The CE is expected to deliver an important contribution to sustainable development
by decoupling economic growth from the environmental degradation and resource
exhaustion, but it has limitations, e. g. increase in transport related to reverse logis-
tics, energy inefficiencies related to prolonging the lifetime of some products, en-
ergy-intensive recycling processes, etc.; sufficiency is advocated as required to com-
plement efficiency and circularity in a truly sustainable system, in which growth is
in itself arguable.

Corporate sustainability management has also fallen short in contributing to sus-
tainable development and t most corporate management systems and practices are
framed around a weak sustainability perspective. Once CE (and particularly circular
design) is embedded in corporate sustainability frameworks, there is a need to en-
sure that it follows a strong sustainability perspective.

There is still a gap in CE and circular design frameworks, as they do not include the
necessary elements to a successful implementation, let alone in a perspective of

strong sustainability.

This research aims at contributing to fill this gap in models that support design for CE

in a strong sustainability paradigm, by addressing the following research questions®:

RQ 1: How can design for a CE in a strong sustainability paradigm be defined?

RQ 2: How do CE and strong sustainability relate to each other?

Sub question 2a: Which are the features of CE and strong sustainability that are aligned?

Sub question 2b: Which are the features of CE and strong sustainability that are conflicting?

RQ 3: Which is the added value of a model that supports companies in the design for a

CE in a strong sustainability paradigm?

RQ 4: Which are the most important elements of a model of design for a CE in a strong

sustainability paradigm?

¢ The numbering of the research questions here presented differs from the one found in section 1.2, as they
were renumbered to fit the overall project. Thus, RQ's 1-4 in this chapter correspond to RQ's 1.3-1.6 in section 1.2.
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This article builds upon previous research, which has shown that several sustainable
design supportive models have been developed targeting products, product-service systems
and societal developments and that they share common features involving action and decision
making at the strategic, tactical and operational levels, as detailed in section 5.3. Positioned at
the intersection of CE, corporate sustainability management, strategic design and strong sus-
tainability at micro level, it intends to respond to calls for research (e.g, Bocken et al., 2016;
Geissdoerfer, Savaget, & Evans, 2017; Schaltegger et al., 2016) by proposing an implementation
model of design for CE in a strong sustainability paradigm, with the following assumptions:

I. It is meant to support companies in product, product-service system and busi-
ness model design for CE and sustainability with a systemic view;

II.  The concept of CE is considered from the perspective of sustainable development
and its three concentric, hierarchical dimensions: environmental, social and eco-
nomic (Korhonen, Honkasalo, et al., 2018; Lozano, 2008);

III.  Itis aligned with corporate sustainability strategies placed in the strong to very
strong side in the sustainability spectrum (Landrum, 2018);

IV. It encompasses the perspectives of academics and practitioners.

5.2 Theoretical background

5.2.1 CE and circular design: concepts and limitations

The CE offers a fundamental alternative to the still predominating linear take-make-con-
sume-dispose economic model. The linear model assumes that natural resources are available,
abundant, easy to source and cheap to dispose of, but there is undeniable evidence of the un-
sustainability of this way of producing and consuming. On the other hand, the CE is a re-
source-based (Desing et al., 2020b) operational concept to reconfigure the currently linear sys-
tem into circular and regenerative socio-economic models.

A CE requires the implementation of three basic principles, driven by design (Ellen Mac-
Arthur Foundation, 2015):

1. Preserve and enhance natural capital by controlling finite stock and balancing
renewable resource flows.
2. Optimise resource yields by circulating products components and materials in

use at the highest utility at all times in both technical and biological cycles.
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3. Foster system effectiveness by revealing and designing out negative externalities.

Different disciplines (such as ecology, economy, engineering, design and business) have
contributed to the development of the CE concept (Prieto-Sandoval et al., 2018), resulting in
different foci and definitions. Kirchherr et al. (2017) analysed nothing less than a sample of 114
definitions and proposed their own definition, which reads (p. 229):

“(CE is) an economic system that replaces the ‘end-of-life’ concept with reducing, alternatively
reusing, recycling and recovering materials in production/distribution and consumption processes. It
operates at the micro level (products, companies, consumers), meso level (eco-industrial parks) and
macro level (city, region, nation and beyond), with the aim to accomplish sustainable development, thus
simultaneously creating environmental quality, economic prosperity and social equity, to the benefit of

current and future generations. It is enabled by novel business models and responsible consumers.”

This definition was presented as an effort to provide a conceptual foundation for future
work on CE (Kirchherr et al., 2017). Taking it, as well as definitions later published in the lit-
erature (Alhawari et al., 2021; de Jesus et al., 2019; Desing et al., 2020b; Geisendorf & Pietrulla,
2018; Korhonen et al., 2018; Nobre & Tavares, 2021; Prieto-Sandoval et al., 2018; Schmidt et al.,
2020), an analysis of overarching objectives, CE strategies, identification of enablers and indi-
cation of different scales to which CE applies (appendix A) was performed, revealing the di-
versity of understandings behind this concept. Most of the analysed definitions place CE in
terms of contribution to sustainability (mostly environmental sustainability) and include CE
strategies and enabling factors (i.e., indicating not only what CE is, but also how to achieve it).
The most comprehensive framework of CE strategies is proposed by Potting et al., (2017), the
so-called 9Rs, including RO (refuse), R1 (rethink), R2 (reduce), R3 (reuse), R4 (repair), R5 (re-
furbish), R6 (remanufacture), R7 (repurpose), R8 (recycle) and R9 (recover), in which the high-
est circularity corresponds to RO (make the product redundant by abandoning its function or
by offering the same function with a radically different product) and the lowest corresponds
to R9. In this framework, recycling (i.e., processing materials to obtain the same or lower qual-
ity) is close to a linear economy.

Given the limited conceptual grounding of CE (Velenturf & Purnell, 2021), there are dif-
ferent views on the relationship between CE and sustainability. While some authors argue that

CE is a precondition to sustainable development, since resource use and waste are reduced,
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others point out that such vision is simplistic and disregards trade-offs that always occur
(Iacovidou et al., 2021) and the social dimension of sustainability (Murray et al., 2017). In an
extensive literature review, Geissdoerfer, Savaget, Bocken, et al. (2017) reported views accord-
ing to which CE is seen as the main solution for a transformation to a sustainable system or at
least a necessary, even if not sufficient, condition for sustainability. On the other hand, the
same study concluded that CE can also lead to negative outcomes related to the technical un-
feasibility and the required energy of a closed circle.

When reflecting on the weak relation between CE and sustainable development, Velen-
turf & Purnell (2021) point out that for instance industrial symbioses may be sustainable, but
(1) they can also lead to locking-in unsustainable material systems, such as the network of
petrochemical industry infrastructure, (2) the exploitation of the decarbonisation potential of
CE requires system thinking to avoid shifting emissions from one system to another and (3) a
larger use of biological materials to substitute mineral resources can demand water resources
beyond sustainable levels of supply.

The CE is seen as an instrument to decouple economic growth from environmental im-
pacts and depletion of resources (Ellen MacArthur Foundation, 2015). The need of decoupling
has been pointed by scientists and policy makers for many years (Fischer-Kowalski et al., 2011;
Giljum et al., 2005; Jackson, 2009; Meadows et al., 1972; von Weizsacker et al., 1998; Weizsacker
et al., 2014), although several authors point out the need to complement efficiency with suffi-
ciency (Parrique et al., 2019). According to Calisto Friant et al. (2020, p.2), “The question of
growth is perhaps the largest elephant in the room for the CE”. This is at odds with the view
that a CE leads to a desired growth that comes from “within”, by capturing the value in exist-
ing economic structures, products, and materials, as advocated by the Ellen MacArthur Foun-
dation (Ellen Macarthur Foundation; McKinsey & Company, 2015). This is contested because
indefinite recycling and reuse of resources is not possible and there is no evidence that CE
could lead to absolute decoupling of economic growth from environmental degradation (An-

tikainen et al., 2018, as quoted by Calisto Friant et al., 2020).

5.2.2 Circular design strategies

CE represents a new way of understanding value in the economic system, in which com-

panies deliver products whose value can be maximized over time, which are intrinsically more

117



durable and can be reused, repaired, refurbished and remanufactured, and whose materials
can be recycled (Bocken et al., 2016).

Itis at the design stage that these features can be mostly defined (Andrews, 2015; Moreno
et al., 2016). Designers can create products that are built to last because of their robustness or
by creating a symbolic attachment with the user; they can develop modular and standardized
products that can be reconfigured to fulfil different functions; they can also design for dis- and
reassembly, thus facilitating repair and refurbishment (den Hollander et al., 2017; Sumter et
al., 2017). Indeed, circular design has become very important in the CE development, not only
at the product level, but also at the business model (BM) level (Chesbrough, 2010; Boons &
Liideke-Freund, 2013; OECD, 2019). Moreover, acknowledging the fact that research in the
fields of design and sustainable development have crossed their paths in addressing societal
challenges (Ceschin & Gaziulusoy, 2016; Joore & Brezet, 2015), Baldassarre et al. (2019) suggest
that the strategic role of design for sustainable development has been evolving from product
design, to product-service systems design, to BM design, to ecosystems design. All these
scopes are relevant for positioning the CE as a systemic transformation and this research is
concerned with the role of design in supporting such transformation.

Like what happens with the concept of CE, there is no agreed definition of design for a
CE, especially when embracing the different scopes, ranging from product to ecosystem de-
sign. Most of existing definitions focus on circular product design (den Hollander et al., 2017;
Moreno et al., 2016; van den Berg & Bakker, 2015).Schmidt et al. (2020), however, propose a
comprehensive definition (p. 31): “Design for Circular Economy is the design and development of
products, services and product-service systems that replaces the conventional end-of-life concept by
closing, slowing and narrowing the resource flows in production, distribution and consumption pro-
cesses. It is enabled by innovation and novel business and organizational models and aims to accomplish
sustainable development through supporting of ecosystem functioning and human well-being, and
through responsible production and consumption.”

The systematization of circular design strategies proposed by several authors (e.g.,
Bocken et al., 2016; Geissdoerfer et al., 2016; Konietzko et al., 2020; Rocha et al., 2020) (appendix
B) misses the social dimension of this definition; on the other hand, the regeneration of re-
source loops and the use of information technology as a support strategy (in addition to clos-
ing, slowing and narrowing) is included in the work of Konietzko et al. (2020). Appendix B

shows that there are remarkable differences in the degree of development of circular design
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strategies: the work in this area is more mature for products and business models than for
ecosystems; on the other hand, strategies related to closing, slowing and narrowing resource
flows are more developed than those related to regeneration of resource flows, which need to

be taken into account from a strong sustainability perspective.

5.2.3 Existing frameworks to support companies in the transi-

tion towards CE

There is a wealth of publications on methodologies and tools to support CE transition,
focusing on business models, assessment and metrics, product design and the creation of or-
ganisational capabilities such as experimentation, value chain innovation and other human
factors (Blomsma et al., 2019; Lindgreen et al., 2020). For our work, the frameworks of interest
are those that support the process of transforming products, services and business models into
more circular ones. In Appendix C, examples are presented, illustrating different perspectives
that exist and, at the same time, uncovering gaps to be filled in by research.

These frameworks are highly diverse, in terms required effort from companies (from
short sessions to complete management systems), activities (from assessment to visioning to
full implementation of CE transitioning processes) and focus (products, business models or
ecosystem design and innovation, as well as organizational management aligned with CE).
They tend to coincide in the adoption of a systemic, multistakeholder approach and in ad-
dressing the environmental, social and economic dimensions of sustainability. However, none
of these frameworks was developed with the explicit concern of aligning CE with a strong
sustainability view which, in our view, is critical to a meaningful contribution to sustainable

development, as explained in the following section.

5.2.4 A call to link CE and circular design to strong sustaina-

bility in corporate sustainability management

Dyllick & Mulff (2016) note that, although there is an increase in the adoption of sustain-
ability practices by companies, paradoxically the environmental degradation worsens.
Landrum (2018) built on their work and proposed a new unified model of corporate sustaina-
bility stages that draws heavily from ecological economics science. It was used to analyse 22
corporate sustainability, corporate social responsibility, environmental management and sus-

tainable development models at micro-level, concluding that these are framed around weak
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sustainability, as opposed to strong sustainability and, according to Landrum (2018), this pro-

vides an explanation to the above-mentioned paradox. The key idea in weak sustainability is

that natural capital and other types of capital (e.g., manufactured) are interchangeable,

whereas in strong sustainability the substitutability of natural capital is severely limited

(Mancebo, 2010; Pelenc et al., 2015).

The unified model proposed by Landrum (2018) is organized in five stages in the sus-

tainability spectrum at firms’ level, ranging from very weak sustainability to very strong sus-

tainability:
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Stage 1 (very weak sustainability): Compliance, firms are defensive and react to
external demands, such as regulation.

Stage 2 (weak sustainability): Business-centred, firms adopt sustainability initia-
tives for the business-case, exploit nature for industrial gain, are technocentric; this
stage is growth- and consumption-oriented; sustainability is understood to mean
“less bad”.

Stage 3 (intermediate sustainability): Systemic, adopts an environmental, eco-
nomic and social perspective of sustainability; views businesses as part of a larger
industry and community and pursues systemic change, but continues to seek in-
creased growth, production and consumption; sustainability is understood as to do
“more good”.

Stage 4 (strong sustainability): Regenerative, looks beyond growth and consump-
tion, seeks no increase in scale, integrates environmental and ecological science, and
acknowledges limits. It seeks to repair the damage of the industrial consumer econ-
omy with activities such as restoring and regenerating nature, reconciliation of spe-
cies, repair of the commons and creating diversity.

Stage 5 (very strong sustainability): Coevolutionary, adopts a view of “participat-
ing” cooperatively in the symbiosis and self-management of consumption and use
of resources. For businesses, it means to adopt an ecological science-based view in
which there are planetary boundaries, a view of interdependency and the pursuit of
a steady-state with limited or no quantitative growth. Business becomes a fertilizer
for life. Landrum did not find any micro-level model that corresponds to this stage

but states that it is critical to addressing the paradox.



Given the objectives of the present research, it is worthy to reflect on the positioning of
CE principles and practices across the sustainability spectrum, considering the understanding
and frameworks presented in sections 5.2.2 and 5.2.3. This is presented in table 5-1, indicating

that there is a closer alignment with features of the systemic stage (intermediate sustainabil-

ity).

Table 5-1: Characteristics of the CE when compared to Landrum’s (2018) unified model of stages of corporate sus-

tainability.
Descriptors of the stages of corporate sustainability (Landrum, 2018)
Orienta- Understanding of Relationship to Economic Sustainability con-
tion sustainability natural world growth cerns
CE features (own Economic “Do more good” Part of the natural Pursuit of May focus on one
evaluation follow- science, Business is part of a world, operate production, or more realms of
ing Landrum’ business larger industry and within planetary | consumption | sustainability (eco-
(2018) description) oriented. community work- boundaries, man- and growth. | nomic, environmen-
ing together toward age and repair. tal, social), rather
systemic change. than the three of
them.
Classification Systemic Systemic (interme- Regenerative Systemic (in- Business-centred
(highest level ac- (interme- | diate sustainability) (strong sustaina- termediate (weak sustainabil-
cording to diate sus- bility) sustainabil- ity)
Landrum’s (2018) tainabil- ity)
description) ity)

Given the multitude of CE discourses (Calisto Friant et al., 2020), for this analysis we
took the most “advanced” views of CE as displayed in Appendix A. We can conclude that CE
is better positioned in the sustainability spectrum than the models analysed by Landrum
(2018) (something that the author acknowledges, p. 303), although in our analysis it does not
fulfil all the requirements of strong (let alone very strong) sustainability stages. A. Idil Gazi-
ulusoy et al. (2013) concur, as they state that even if CE shares principles with strong sustain-
ability, the latter is not evident in the existing CE frameworks; it needs to be clear that busi-
nesses are subject to the irreversible, hierarchical relationships between the environment, so-

ciety and economy of the strong sustainability model.
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5.3 Research method and design of interactive fore-

casting

5.3.1 The Delphi method

The Delphi method is a systematic, interactive forecasting tool defined as “... a method
for structuring a group communication process so that the process is effective in allowing a
group of individuals, as a whole, to deal with a complex problem” (Linstone & Turoff, 2002,
p.3). Through a programme of sequential individual questionnaires (rounds) intermixed with
information and feedback derived from the previous phases (Brown, 1968), the same experts
assess the same matters towards collective build-up of informed conclusions (de Jesus et al.,
2019). It is well suited to the present research, given its complexity and transdisciplinary char-
acter.
The method has four characteristic features: (i) anonymity, (ii) iteration with controlled
feedback, (iii) statistical group response, and (iv) expert input (Dufresne, 2017).
The limitations of the method include the fact that it aggregates subjective input, lacks
a conventionally agreed design and can raise concerns as for the choice of experts, question-
naires building and consensus nudging (de Jesus et al., 2019). In the following subsections the

methodological choices to address such limitations are presented.

5.3.2 Panel composition

According to Avella (2016), there is no standard when it comes to the size of the panel
of experts, but panels typically fall between 10 and 100 experts and consist of either two or
three expert groups, depending on stakeholders’ interest on the subject of the research. In this
case, the experts were required to have a diverse background and a good understanding of CE
and (strong) sustainability at organizations level. The criteria for selecting the members of the

panel are presented in table 5-2.
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Table 5-2: Identification of experts for the panel

Types of stakeholders

Criteria for identifying panel members

Academia -

Business, NGO’s and public | -

administration

Identified in CE, circular design and/or (strong) sustaina-
bility literature.

Participants in scholarly events on the above-mentioned
subjects.

Snowball identification.

Participants in workshops on CE, circular design and/or
sustainability, including those organized within the
KATCH_e project”.

Snowbeall identification.

5.3.3 Delphi design

The Delphi method normally follows four distinct phases (Linstone & Turoff, 2002):

1. Exploration of the subject, wherein each expert contributes with additional infor-

mation they find pertinent to the issue.

2. Reaching an understanding of how the group views the issue.

3. If there is significant disagreement, explore that disagreement to bring out the

underlying reasons for the differences and evaluate them, if possible.

4. A final evaluation when all previously gathered information has been analysed

and the evaluations have been fed back for consideration.

Figure 5-1 displays the Delphi process used in the research.

7KATCH_e: Knowledge Alliance on Product-Service Development towards Circular Economy and Sustain-
ability in Higher Education (project n® 575793-EPP-1-2016-1-PT-EPPKA2-KA). (www .katche.eu).
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Research questions
Literature review

<r

Piloting of the 1%t survey
(3 experts outside the sample)

~~

ROUND 1:

* Feedback on a first version of the definition of design for CE and SS

Brainstorming regarding the relationship between CE and SS at micro level

Feedback on the contribution of a model to support companies in design for CE and SS
Feedback on eight pre-defined elements of such model

Brainstorming on additional elements of the model

Applying the 1t survey
(16 open questions + 9 closed questions)

<z

Analysing the results
Narrowing down the survey

<

ROUND 2:
Applying the 2™ survey = Consolidation of a definition of design for a CE in a SS paradigma
(3 open questions + 9 closed questions) * Clarifying the relationship between CE and SS at micro level
= Consolidation of additional elements of a model of design for CE in a SS paradigm

Figure 5-1: Overview of the Delphi process used in the present research.

Before the first round, a literature review in the subjects pertinent to the research ques-
tions was conducted (section 5.2). Then the first round was defined (table 5-3), and the first

survey was tested by three experts outside the panel.

Table 5-3: Organization of the Delphi questionnaire (1% round) and justification.

Part Justification
1. Definition of design for circular Attempt to capture the relationship between design, circular
economy and strong sustainability economy and strong sustainability in a definition that can pro-
(version 1) vide a sound framework for the model (RQ 1).
2. Circular economy and strong sus- Identification of features that are aligned and conflicting be-
tainability tween the two concepts (RQ 2), given the lack of consensus in

the literature regarding the contribution of circular economy to
sustainable development, especially from a strong sustainability
point of view.

3. Contributions of the model Understanding the added value of a model that supports com-
panies in the design for a CE in a strong sustainability paradigm

(RQ 3), given the existence of circular economy and circular de-
sign frameworks, as well as design for sustainability frameworks

(Rocha et al., 2019).

4. Elements of the model The aim was to gather the experts’ views on the relevance of a

preselected set of elements that are present on most design for

sustainability models (Rocha et al., 2019) in the context of circu-
lar economy and strong sustainability. Such elements were orga-

nized in three levels: strategic, tactical and operational. In addi-

tion, the experts were given the opportunity of identifying any

missing element, at the three levels (RQ 4).
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In the first round, the following definition of design for the CE and strong sustainability was
presented to the experts (adapted from Schmidt et al., 2020), which was the basis for the first
part of the questionnaire:

Design of products, product-service systems and business models that create positive,
environmental, social and economic value and contribute to a society operating within the plan-
etary boundaries, while promoting social well-being and equity.

This is accomplished through closing, narrowing, slowing and regenerating resource
flows in production, distribution and consumption processes, extracting the highest value and
usefulness of materials, equipment and goods for the longest possible time, in cycles energised

by renewable or otherwise sustainable energy sources, with a systemic view.

As for part 4 of the questionnaire, it consists of the eight elements of design for sustain-
ability models that resulted from the literature review undertaken by Rocha et al. (2019), pre-

sented in figure 5-2.

STRATEGIC LEVEL Establishment of Integration of
. . .. ) L ) Stakeholder
Policies, missions and a sustainability DfS in the X
. . involvement
agendas vision business strategy

TACTICAL LEVEL

Environmental, Integration in Involvement
Teams, processes and social and Sustainability \ management of different
syst.ems of s.pecific economic assessment systems and internal
business units or criteria practices functions

functions

Micro level design of the design and

OPERATIONAL LEVEL Organization
management development process

Figure 5-2: Analytical framework applied to DfS models (adapted from Rocha et al., 2019).

After the analysis of the first round’s responses (which provided an overview of experts’
opinions on the main subjects), a second questionnaire was developed, checking back and
ranking findings. Only two rounds were considered necessary (the recommended number is
two or three, according to Boulkedid et al., 2011), as it was assumed that further rounds would
not enhance the results and could have fatigued participants and cause them to withdraw. The

questionnaires of rounds 1 and 2 are available in Appendices D and E, respectively.
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5.3.4 Data collection and analysis

The questionnaires were developed and answered using the free version of the Sur-
veyHero® software. The statistical analysis of the quantitative answers included the calculation
of mean, median, standard deviation, inter-quartile range (IQR), and Kendall’s W. This re-
search is focused on gathering knowledge and reaching consensus, and therefore the follow-
ing assessment metrics were used to ascertain consensus (de Jesus et al., 2019):

— Over 50% agreement within two categories on a five-point Likert scale.

— Mean item ranking, share (%) of experts placing an item in the top half of their list,
and Kendall’s W (see table 5-4).

— Measures to quantify the amount of variation of dispersion. De Jesus et al. (2019)
noted that different authors recommend different analysis and thus used the mean,
the median, the IQR and the standard deviation in their work; such procedure was
replicated here. A low standard deviation of 1.64 is proposed by some authors,
whereas others consider 1.5. An IQR of around 1 indicates agreement and larger

values indicate less agreement.

Table 5-4: Kendall’s concordance degree scale (Moslem et al., 2019)

\4 Interpretation

0 No agreement
0.10 Weak agreement
0.30 Moderate agreement
0.60 Strong agreement

1 Perfect agreement

8 www.surveyhero.com
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5.4 Research method and design of interactive fore-

casting

5.4.1 Description of the sample

Of the 44 questionnaires sent, 17 were completely answered in the first round, which
corresponds to a 39% response rate, in line with typical value of 40% (Gordon, 1994); 15 experts
within this group answered the questionnaire of the second round.

One of the advantages of Delphi is that there are no limits to the geographic coverage.
In this case, it was only possible to get answers from Europe and North America (with a total
of seven countries, figure 5-3), although invitations were sent to experts from Brazil, China,

South Africa and Australia, seeking a broader coverage.

7 7
5
4
11 11 1 11 11
il il ic IR N

Austria Canada Denmark Portugal Spain Sweden U.S.A.

o kB N W B~ U o

M 1st round ™ 2nd round

Figure 5-3: Geographic distribution of the respondents, per round (total number).

The participants of the different organizations (figure 5-4) self-defined their areas of ex-

pertise, to enable an accurate panel categorization (figure 5-5).
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Figure 5-4: Type of organization of the respondents, per round (total number)
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Figure 5-5: Areas of expertise indicated by respondents, per round (multiple choice)
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5.4.2 Definition of design for CE in a strong sustainability par-
adigm

Following the definition of design for CE and strong sustainability, as described in sec-
tion 5.3.3, figure 5-6.a and table 5-5 show that the level of agreement with the proposed defi-
nition was good, but respondents indicated the following reasons to not (strongly) agreeing
with it:

— On a more fundamental level, there was criticism regarding the concept itself: the
relationship between CE and strong sustainability (as one expert put it, “what is to
be included in the ‘and’?”).

—  Other points of criticism concerned the issue of creation of positive environmental,
social and economic value: one expert considered that whether humans can have a
positive environmental impact depends on the baseline and that the environmental
impacts are captured by the condition of “operating within the planetary bounda-
ries”, whereas another expert pointed that according to the strong sustainability
view, protection of human health and the environment are goals; keeping economy
as a goal could lead to less protection (sub-optimization) from a human health and
nature protection perspective. Furthermore, it was noticed that in the second para-
graph of the definition the social dimension of sustainability was missing.

— Some respondents expressed concerns about the need to focus on regenerating sys-
tems and not only resource flows and emphasized the shift from non-renewable to

renewable resources.

An attempt was made to address all these concerns and suggestions and thus the fol-
lowing definition of design for CE in a strong sustainability paradigm was presented in the
second round of the Delphi method:

Design of products, product-service systems, business models and production-consumption sys-
tems that contribute to a society that thrives within the planetary boundaries, while stimulating social
well-being and equity.

This is accomplished through:

—  Closing, narrowing and slowing resource flows and regenerating natural systems in pro-
duction, distribution, consumption and post-consumption processes, in cycles energized by

renewable sources;
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—  Retaining and creating the highest value and usefulness of materials, equipment and goods
for the longest possible time, preferably at the local human scale;
—  Contributing to a social foundation of wellbeing derived from stakeholders’ needs and expec-

tations and internationally agreed social standards.

The statistical analysis of the results from round 2 (figures 5-6.a and b, and table 5-5)
shows an improvement on the level of agreement when compared to the first round, with

100% of respondents agreeing within the top two categories on the five-point Likert scale.

Round 1 Round 2
%
41% 8 >3%
359% 47%
18%
6%
- 0% 0% 0% 0%
Strongly  Agree Undecided Disagree Strongly Strongly ~ Agree Undecided Disagree Strongly
agree disagree agree disagree

Figures 5-6.a and 5-6.b: Level of agreement of respondents to the proposed definitions of design for a CE

and strong sustainability/in a strong sustainability paradigm in the first (a) and the second (b) rounds.

Table 5-5: Statistical analysis of the level of agreement of respondents to the proposed definitions of design for a

CE and strong sustainability/in a strong sustainability paradigm in the first and the second rounds

Round 1 | Round 2

Mean 4.06 4.47
Median 4 4
Standard deviation 0.90 0.52
Inter-quartile range 1.0 1.0
% strongly agree/agree 76% 100%

These results indicate that experts agreed with the second version of the definition,
which is an advancement on the conceptualization of the link between design, CE and strong
sustainability and provides the foundations for the development of the model. The definition
shares several elements with the concept of circular design:

— Moving away from a product-focused approach towards a business model and a

system approach (den Hollander et al., 2017; Moreno et al., 2016; RSA, 2016);
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— Closing, narrowing, slowing and regenerating resource flows (Bocken et al., 2016;
Konietzko et al., 2020);
— Creating and retaining value (den Hollander et al., 2017).

The agreed definition, however, introduces new elements that reflect a more mature un-
derstanding of circular design and the challenge of pursuing a “strong sustainability para-
digm”:

— The ideas that design should support a thriving and inclusive society functioning
within planetary boundaries;

— Favouring a local human scale as opposed to a global scale;

— The consideration of needs and expectations of stakeholders.

These aspects are at the core of the discussion around CE and sustainability and are fur-

ther discussed in section 5.4.3.

5.4.3 Relationship between CE and strong sustainability

Although the questions concerning definitional aspects were expected to shed light
about the relationship between CE and strong sustainability, experts were directly inquired
about such relationship, with the aim of guiding the development of the model. In the first
round, respondents were asked to openly state features of both concepts that are aligned and
features that are conflicting. All experts responded with a minimum of one and a maximum
of three features. After analysis and elimination of redundancies, a list of 10 potential align-
ments and 10 potential conflicts was elaborated, that respondents were asked to rank in the

second round (tables 5-6 and 5-7).

Table 5-6: Potential alignments between CE and strong sustainability, in order of ranking (from higher to lower

rank)

Potential alignments between CE and strong sustainability

Attempt to stay within planetary boundaries

Focus on reduced consumption of virgin feedstock by keeping resources in closed loops
Positive environmental value through strengthening ecological regeneration

Preserving the value of products, materials and resources as long as possible

Shift to renewable energy

Degrowth
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Potential alignments between CE and strong sustainability

Table 5-7:

Resource efficiency
Job creation and social sustainability
Shift to renewable materials

Sustaining capital stocks over time

Note: The cells in grey indicate that the feature scored above the average.

Potential conflicts between CE and strong sustainability, in order of ranking (from higher to lower

rank)

Potential conflicts between CE and strong sustainability

CE is still focused on creating economic benefits and business opportunities. As such, it
does not provide much incentive to invest in nature conservation without a business
model

CE does not imply acting in nested circles: business (and economic activity) fully within
social, then all within environmental limits, whereas this is required in strong sustaina-
bility

CE does not necessarily include the social sustainability dimension

Increased circularity does not necessarily lead to a decrease in global environmental im-
pacts. And even if a decrease in impacts is achieved, it may not be rapid enough to meet
global goals

The CE features do not necessarily recognize that there are critical natural capital stocks
that need to be safeguarded and that there are limits to substitution of capitals

CE is not addressing a radical change in consumption patterns, required in strong sus-
tainability

CE still promotes GDP growth

With a higher resource efficiency resulting from CE rebound effects can occur, that will
lead to an even higher resource use

Circularity might entail keeping toxic substances in the loop

The energy needed for the closing loops is not always included in CE approaches

Note: The cells in grey indicate that the feature scored above the average.

Figures 5-7 and 5-8 present the results of the ranking of potential alignments and con-

flicts between CE and strong sustainability (the theoretical interval ranges from 150 to 15) and

the average value (67,5). The statistical analysis of these answers is given in tables 5-8 and 5-9.
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Alignments between circular economy and strong sustainability

Attempt to stay within planetary boundaries 115 1\ Higher level of alignment
Focus on reduced consumption of virgin feedstock by... 89
Positive environmental value through strengthening... 75
Preserving the value of products, materials and... 71

Shift to renewable energy NN pa
Degrowth I 58
Resource efficiency N 54
Job creation and social sustainability Y 53
Shift to renewable materials Y 51

Sustaining capital stocks over time NN 45 .
Lower level of alignment

0 10 20 30 40 50 60 O 80 90 100 110 120

Average = 67,5

Figure 5-7: Results of the ranking of potential alignments between CE and strong sustainability (second round)

Conflicts between circular economy and strong sustainability

A Higher level of conflict

CE is still focused on creating economic benefits and... 88
CE does not imply acting in nested circles: business (and... 81
Circular economy does not necessarily include the social... 79
Increased circularity does not necessarily lead to a decrease... 78
The CE features do not necessarily recognize that there are... 77
CE is not addressing a radical change in consumption... 69

Circular economy still promotes GDP growth I 59
With a higher resource efficiency resulting from circular... IR 53
Circularity might entail keeping toxic substances in the loop N 46
The energy needed for the closing loops is not always... I 10

Lower level of conflict
0 10 20 30 40 50 60 70 80 90 100

Average = 67,5

Figure 5-8: Results of the ranking of potential conflicts between CE and strong sustainability (second

round)
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Table 5-8: Potential alignments between CE and strong sustainability (second round)

Alignments ranking 2 Mean | Median % b Stal?d?rd Inter-quartile Kendall’s
deviation range W
Attempt to st.ay within plane- 8,67 10 879% 241 1,50
tary boundaries
Focus on reduced consump-
tion .of virgin feed.stock by 693 7 80% 228 3,00
keeping resources in closed
loops
Positive environmental value
through strengthening ecolog- | 6,00 6 53% 2,67 2,50
ical regeneration
Preserving the value of prod- 022
ucts, materials and resources 5,73 6 60% 2,02 2,50 ’
as long as possible
Shift to renewable energy 5,27 6 60% 2,99 4,50
Degrowth 4,87 3 47% 3,56 6,50
Resource efficiency 4,60 4 33% 3,11 5,50
]ol? .creatlon and social sustain- 453 4 279% 213 2,00
ability
Shift to renewable materials 4,40 4 27% 1,92 3,00
tSil:;Zalmng capital stocks over 4,00 4 279% 270 4,00

2From higher to lower in average

o

% of experts placing an item in the top half of their list

Table 5-9: Potential conflicts between CE and strong sustainability (second round)

Standard Inter-quar- | Kendall’s

flict king 2 M Medi % b
Conflicts ranking ean edian Yo deviation tile range W

CE is still focused on creating eco-
nomic benefits and business opportu-
nities. As such, it does not provide 6,87 8 67% 2,56 4
much incentive to invest in nature con-
servation without a business model

CE does not imply acting in nested cir-
cles: business (and economic activity)
fully within social, then all within en- 6,40 7 53% 3,50 6
vironmental limits; whereas this is re-
quired in strong sustainability.

CE does not necessarily include the so-

7 7% s
cial sustainability dimension 6.2 6 67% 2,63 3 0,12
Increased circularity does not neces-
sarily lead to a decrease in global envi-
ronmental impacts. And even if a de- 6,20 7 67% 283 5

crease in impacts is achieved, it may
not be rapid enough to meet global
goals

The CE features do not necessarily rec-
ognize that there are critical natural
capital stocks that need to be safe- 6,13 67% 2,92 4
guarded and that there are limits to
substitution of capitals
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Standard Inter-quar- | Kendall’s

. o . . o
Conflicts ranking Mean | Median %o © deviation tile range W

CE is not addressing a radical change

in consumption patterns, required in 5,60 6 60% 2,72 4

strong sustainability

CE still promotes GDP growth 4,93 4 33% 2,96 5

With a higher resource efficiency re-

sulting from .CE, rebound effect§ can 487 339 207 25

occur, that will lead to an even higher 5

resource use

Circularity .rmght entail keeping toxic 4,07 2 279% 313 5

substances in the loop

The energy needed for the closing

loops is not always included in CE ap- | 3,67 3 20% 2,19 3,5

proaches

aFrom higher to lower in average

b % of experts placing an item in the top half of their list

Given the low level of agreement between experts regarding the questions of alignment
and conflict between CE and strong sustainability, on a second step we limited a statistical
analysis to the features that scored above average, i.e., those in grey in tables 5-6 and 5-7; for
that end, we redefined the scoring (from 1 to 4 in the case of the four alignments and from 1
to 6 in the case of the six conflicts, respecting the ranking that had been awarded by the ex-
perts). We observed that the level of agreement regarding the alignments increased, reaching
the “moderate agreement” level (table 5-10), but as for the conflicts between CE and strong

sustainability, the level of agreement decreased (table 5-11).

Table 5-10: Statistical analysis of the potential alignments between CE and strong sustainability, limited to the

items that scored above average (second round)

Standard | Inter-quartile

Alignments ranking 2 Mean | Median Kendall’s W
deviation range

Attempt to stay within planetar

P Y P Y 3,47 4 1,06 0,5
boundaries
Focus on reduced consumption of vir-
gin feedstock by keeping resources in 2,47 3 0,99 1,0
closed loops

0,33
Positive environmental value through
2,40 3 1,06 1,5

strengthening ecological regeneration
Preserving the value of products, ma-
terials and resources as long as possi- 1,67 2 0,62 1,0

ble

aFrom higher to lower in average
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Table 5-11: Statistical analysis of the potential conflicts between CE and strong sustainability, limited to the items

that scored above average (second round)

Standard | Inter-quartile
Conflicts ranking Mean Median d Kendall’'s W
eviation range

CE is still focused on creating economic

benefits and business opportunities. As

such, it does not provide much incentive 4,00 4 1,56 15
to invest in nature conservation without

a business model

CE does not imply acting in nested cir-

cles: business (and economic activity)

fully within social, then all within envi- 3,67 4 2,13 4
ronmental limits; whereas this is re-

quired in strong sustainability.

CE does not necessarily include the so-

cial sustainability dimension i ’ 188 ’
Increased circularity does not neces- 0,03
sarily lead to a decrease in global envi-

ronmental impacts. And even if a de- 3,40 3 1,68 2
crease in impacts is achieved, it may not

be rapid enough to meet global goals

The CE features do not necessarily rec-

ognize that there are critical natural cap-

ital stocks that need to be safeguarded 3,53 4 1,55 2,5
and that there are limits to substitution

of capitals

CE is not addressing a radical change in

consumption patterns, required in 2,93 3 1,53 15

strong sustainability

These results must be carefully analysed due to the lack of consensus on the conflicts
between CE and strong sustainability, but it is worthwhile to contrast them with the literature
that deals with the relationship between the two concepts.

— CE and natural capital: whereas experts considered that both CE and strong sus-
tainability aim at a society that operates within the planetary boundaries (corrobo-
rated by Schroder et al., 2019), some agreed that the CE does not imply that there
are severe limits to the substitution of natural capital. According to a strong sustain-
ability view, human activities should integrate the nature-given, non-negotiable,

physical and environmental restrictions. The society is organized along normative
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definitions, within which the economy is organized, understood as a constellation
of actors and entities providing goods and services for the society. The deductive
approach implies that economic actors have to operate within the environmental
constraints (Desing et al., 2020b);

CE within a business case logic: experts stressed that the CE is focused on economic
benefits and business opportunities; the business case for sustainability has been
criticized since it represents a weak sustainability worldview (Landrum &
Ohsowski, 2018), as it derives from a win-win paradigm, where the business case
should achieve economic, environmental and social sustainability goals simultane-
ously. Given the complex nature of sustainable development, Hahn et al. (2010) ar-
gue that this is rarely the case and corresponds to a simplistic view in which trade-
offs between the three sustainability dimensions are ignored;

CE and the social dimension of sustainability: it is unclear how CE might affect ine-
quality, power relations in value chains, roles and rights of consumers, users and
citizens and the distribution of resources and exploitation of labour (Schroder et al.,
2019);

CE and environmental impacts at global level: there are several arguments ques-
tioning the effective contribution of CE to reducing the negative environmental im-
pacts at global level (Geissdoerfer et al., 2018), including the Jevon’s paradox: an
improved efficiency in raw materials use delivered by the CE will lower the prices
and result in increased demand (see for instance Alonso-Jiménez & Regueiro
Gonzélez-Barros, 2022 and Desing et al., 2020b). Therefore, there is a need of com-
plementing the efficiency and effectiveness delivered by the CE with sufficiency
(next bullet);

CE and the need of a radical change in consumption patterns: Respondents ex-
pressed concern about the consumption side of CE, which has been under-re-
searched (Camacho-Otero et al., 2018), and the need to address sufficiency and
counter the current patterns of consumption. Several authors back up this view
(Blomsma & Brennan, 2017; Garcia et al., 2021; Schroeder, 2018). Referring to the
famous IPAT equation® (Holdren & Enrlich, 1974), Garcia et al., (2021) show that

“although population and technological advances can prove to be very helpful in

1 (Impact) = P (Population) x A (Affluence) x T (Technology)
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achieving sustainable development, they are not sufficient in themselves if the bio-
capacity consumed per capita (i.e., total consumption) is not addressed” (p. 10), and

the CE tends to concentrate in technological improvements (Schroder et al., 2019).

Given the support to the views expressed by the experts during the Delphi exercise
found in the literature, those views will be considered in the development of the model (see

section 5.5).

5.4.4 Contribution to a model of design for CE in a strong sus-

tainability paradigm and recommendations

In the first round, experts answered an open question about the potential contribution
of a model to support companies in developing products, product-service systems, and busi-
ness models following CE and strong sustainability principles, aiming at understanding the
potential added-value they attributed to such model; in addition, respondents were asked
what would be required (i.e., which were their recommendations) for this added-value to be
accomplished.

Out of the 17 experts, only 12 replied to these questions and all stated potential contri-
butions to be expected from the model. These can be grouped according to four topics; the
most mentioned one (5 answers) is related to translating higher level, strong sustainability and
CE principles into actionable guidance/design criteria. Experts also mentioned the benefits to
the environment and society, including decarbonization of the economy, job creation, less re-
sources use, etc. Two experts proposed that the model should cope with the challenge of pro-
moting strong sustainability in the context of the current economic system that still favours
unsustainable businesses, although they recognize that contextual factors such as legislation
are a necessary element in the whole picture. And finally, there were answers related to bene-
fits at procedural level, such as the standardisation of concepts and processes, as well as the
capability to monitor the progress.

Table 5-12 presents these results, as well as the recommendations that respondents for-

mulated in relation to the contributions they identified.
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Table 5-12: Contribution from, and recommendations to, a model of design for a CE in a strong sustaina-

bility paradigm
Contribution - aggregated topics Number of Recommendations: the model should...
answers
Translating higher level, strong sustainabil- 5 ...include specific, measurable steps
ity and CE principles into actionable guid- ...be developed with a bottom-up approach, using
ance/design criteria case studies
...include life cycle thinking
Benefits to the environment and society 3 ...promote systems thinking
...include co-creation and involvement of all stake-
holders and actors
...be flexible to respond to the evolution of needs
...be adjusted to the local conditions
Coping with the challenge of aligning strong 2 ...provide for the development of business models
sustainability with the current economic sys- that incorporate understandings of ecological value
tem, which does not favour that beyond financial value.
...include the notion that the growth of the firm
should be deliberately limited.
...should start by addressing full sustainability and
then to make use of circularity.
Benefits at procedural level 2 ...include representative and easy-to-assess monitor-

ing indicators

...have specific moments of verification, validation
and adjustment in view of the constant evolution of
needs

Two experts made a comment saying that without knowing more about the model, they

were not able to contribute to this part of the questionnaire, which was a valid point. We de-

cided to record the answers received, and thoroughly consider them in the development of

the model but closed these questions after round one.

5.4.5 Elements of the model

In the first round, experts rated the importance of the different elements displayed in

figure 5-2, using a 5-points Likert scale. The results in table 5-13 show that there was consensus

in scoring all elements as important or very important (scores 4 and 5 in the scale, respectively)

and given the high level of agreement, the related questions were closed in round 1.

Table 5-13: Importance of pre-defined elements of a model of design dos CE in a strong sustainability par-

adigm, distinguishing the strategic, tactical and operational levels of design management in a company.

Pre-defined elements of the . Standard | Inter-quar- % Likert scale 4-5
Mean | Median . .. .
model ? deviation tile range Consensus >= 51%
Alignment of the business strategy with 476 5 0,44 0 100%

the vision (strategic) (see next point)
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Pre-defined elements of the
model 2

Mean

Standard
deviation

Median

Inter-quar-
tile range

% Likert scale 4-5
Consensus >=51%

Establishment of a vision for CE and
strong sustainability to which the com-
pany contributes (strategic)

Integration of design for CE and strong
sustainability in management systems
and practices (environment, quality, so-
cial responsibility, others) (tactical)
Involvement of different internal func-
tions within a company in the design
process (tactical)

Stakeholder involvement in establish-
ing the vision, co-development of circu-
lar and sustainable solutions, and sus-
tainability assessment (strategic)
Circular and sustainable design strate-
gies and criteria covering environmen-
tal, social and economic dimensions
(tactical)

Organization of the design and devel-
opment process for products, product-
service systems and business models
(operational)

Sustainability and circularity assess-
ment with a life cycle perspective (tacti-
cal)

aFrom higher to lower in average

4,71

4,65

4,65

4,59

4,53

4,47

4,35

0,47

0,61

0,61

0,62

0,72

0,72

0,79

1

100%

94%

94%

94%

88%

88%

82%

An open question regarding missing elements was posed also in the first round and

scored by the respondents in round 2, using the same 5-points Likert scale. The results are

given in table 5-14.

Table 5-14: Importance of additional elements of the model, proposed by the experts in the first round.

% Likert scale

Inter- 4-5
. . Standard .
Additional elements of the model 2 | Mean | Median deviation quartile
range Consensus >=
51%
Translating higher-level goals and prin-
ciples of CE in a strong sustainability 4,80 5 0,41 0 100%
paradigm into design criteria
Understanding how the products, prod-
uct-service systems and business models
of the organization interact with the 4,67 5 0,49 1 100%
wider socio-ecological system they are
part of.
Establishing partnerships with stake- 440 5 0,74 1 87%

holders to jointly develop products,
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% Likert scale

Inter- -
. . Standard . 4-5
Additional elements of the model 2 | Mean | Median deviati quartile
eviation range Consensus >=

51%
product-service systems, and business
models aligned with CE and strong sus-
tainability principles
Inclusion of user and consumption per-
spectives in.to des.‘.ign processes to ‘inte- 427 4 0,88 1 87%
grate them into circular and sustainable
solutions principles
Articulation between different individ-
ual projects (products, product-service
systems, business models) and assess- 3,80 4 0,68 1 67%

ment of how they are interconnected at
the company level

a From higher to lower in average

Although experts considered that these elements were missing from the list used in the
first round of the Delphi survey, in fact, their proposals (all of which meet the consensus cri-
terion) complement or deepen what was already included in the model (with one exception)

as shown in Table 5-15.

Table 5-15: Take aways from the experts” proposals regarding additional elements of the model.

Take aways from the experts’ pro-
posals

Proposed additional element of Predefined element(s) it relates to

the model

e Establishment of a vision for CE and
strong sustainability to which the .
company contributes (strategic)

Circular and sustainable design strat- | e
egies and criteria covering environ-
mental, social and economic dimen-

sions (tactical)

The model should include not only a
vision and goals, but also principles
The model should include mecha-
nisms to transform aspirational goals
into concrete design criteria

Translating higher-level goals and
principles of CE in a strong sustaina- | e
bility paradigm into design criteria

Understanding how the products,
product-service systems and busi-
ness models of the organization in-
teract with the wider socio-ecologi-
cal system they are part of.

e Explicitly include an analysis step re-
quired to establish a vision of CE and
strong sustainability (strategic level),
as well as a review to assess if the vi-
sion is being implemented

e Establishment of a vision for CE and
strong sustainability to which the
company contributes (strategic)

e Sustainability assessment (tactical)

Stakeholder involvement in estab-
lishing the vision, co-development of
circular and sustainable solutions,
and sustainability assessment (stra-
tegic)

Establishing partnerships with .
stakeholders to jointly develop
products, product-service systems,

and business models aligned with CE
and strong sustainability principles

e The proposed additional element is
very similar to the predefined one

Inclusion of user and consumption
perspectives into design processes
to integrate them into circular and
sustainable solutions principles
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e The same as above

Unlike the previous additional ele-
ment, this one applies specifically to
users and consumers and may imply
changing consumption patterns



Proposed additional element of Predefined element(s) it relates to | Take aways from the experts’ pro-

the model posals
e |t can be interpreted as to under-

o Articulation between different indi- stand the way new business models
vidual projects (products, product- development (wider scope) influence
service systems, business models) e New element the design of product-service sys-
and assessment of how they are in- tems and of physical products
terconnected at the company level (stricter scope) and vice-versa, and

assess their articulation

5.4.6 Synthesis

In order to develop the model, it was deemed necessary to develop a definition of design
for CE in a strong sustainability paradigm model (RQ1) and consensus among experts was
achieved, with a good level of agreement around the definition proposed in the second round
of the Delphi research. Despite this convergence, the identification of the elements of align-
ment and conflict between CE and strong sustainability (RQ2) proved more difficult, since
experts did not reach a consensus regarding the conflicts between both concepts. Nonetheless,
their observations were supported by the literature and therefore considered in the develop-
ment of the model and the drafting of principles included therein.

The experts that participated in the research found that the most important added value
of the model (RQ3) is to translate higher level, strong sustainability and CE principles into
actionable guidance/design criteria.

And finally, the findings related to RQ4 have shown which are the elements of a model
for the implementation of design for circular economy in a strong sustainability paradigm,

with a high degree of consensus, at strategic, tactical and operational levels.

5.5 A model of design for a CE in a strong sustainabil-
ity paradigm

The results achieved with this research indicate that the design of products, product-
service systems and business models for a CE in a strong sustainability paradigm requires the
adoption of principles that should inform companies’ practices, particularly the implementa-

tion of design strategies and criteria. In order to comply with a strong sustainability view, such
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principles should lead to a paradigm change as opposed to incremental efficiency improve-
ments, which implies a long-term planning period (Gaziulusoy, 2015).

This research indicated the need of adding several aspects to existing CE principles (pre-
sented in section 2.1) to comply with a strong sustainability model. They are derived from the
agreed definition of design for a CE in a strong sustainability paradigm, the experts” opinions
regarding the alignments and conflicts between CE and strong sustainability and the sugges-
tion of translating higher-level goals and principles of CE in a strong sustainability paradigm
into design criteria, even though there was no specific question in the Delphi survey to this
regard.

Thus, we propose a new framing for existing CE principles, as proposed by Ellen Mac-
Arthur Foundation (2015), and the inclusion of additional principles, as follows:

Overarching principle: Function within planet boundaries, set up science-based goals
and seek a positive environmental impact at the system level, when:

1. Preserving and enhancing natural capital by controlling finite stocks and bal-
ancing renewable resource flows;

2. Optimising resource yields by circulating products components and materials
in use at the highest utility at all times in both technical and biological cycles;

3. Fostering system effectiveness by revealing and designing out negative exter-
nalities;
Developing circular business models oriented to nature conservation;
Deliberately limiting the growth in production and consumption, through in-
novative business models and influencing consumer practices towards suffi-
ciency;
Giving priority to the local human scale and shorter circular value chains;
Stimulating social well-being by linking circular solutions to stakeholders’
needs and expectations and agreed social standards (e.g., the Sustainable De-

velopment Goals).

As for the elements of the model, the results also indicate that these are adequately or-
ganized at strategic, tactical and operational levels. Furthermore, although the model is tar-
geting individual companies, the systemic nature of CE requires cooperation and co-creation
within the value network, considering and positively influencing the environmental, social
and economic implications at the system level. Correspondingly, the model encompasses three

dimensions, as shown in figure 5-9:
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— Complexity: paradigm change and practice change (inspired by Korhonen et al.,
2018)

— Organizational levels: strategic, tactical and operational (Rocha et al., 2019)

— Organizational width: single company and the value network, understood as a net-

work of interlinked value chains and interested parties (ISO, 2023).

Table 5-16 shows how the elements of the model relate to the three dimensions and fig-

ure 5-9 illustrates the concept of the proposed model operating within the principles.

Table 5-16: Elements of a model of design for a CE in a strong sustainability paradigm.

Dimensions Complexity Levels Width

Paradigm Practice Strategic Tactical Operati- Individ- Value
Elements of the model |  change change onal ual network

Vision (1) v v v v

Strategic sustainability v v
assessment (2)

Integration in business v v
strategy (3)

Design strategies and
criteria (4)

Co-design of products, v v v v
PSS and BM (5)
Articulation of projects v v
at company level (6)
Tactical sustainability v
assessment (7)

<
<

ANERVERNIRN

<\

Integration in m’gmt
systems and practices v v v v
®)
Organization of the v v
D&D process (9)

<\

N EENEIENE N EENEENEENERN

(1) Establishing a vision for CE and strong sustainability, to which the company contrib-
utes through its business strategy, with a long-term perspective.

(2) Understanding how the products, PSS and BM interact with the wider ecological,
social and economic system.

(3) Integration of the principles of CE in a strong sustainability paradigm in the business
strategy, at the highest level; this implies questioning the social function of the company in a

sustainable society.
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(4) Adopting design strategies and criteria aligned with the principles. This implies a
hierarchical approach considering giving priority to use- and result-oriented strategies, offer-
ing products as services, over the product-oriented strategies (see point 9).

(5) Involving the different internal functions and the external stakeholders, including the
value network and user and consumer perspectives.

(6) Articulation between different individual projects and how they are interconnected
at company level.

(7) Sustainability assessment of individual projects and their interconnection at company
level.

(8) Integration of the model with existing management systems and practices, to ensure
the continuity, review and improvement of its implementation.

(9) Structuring the design and development (D&D) process to meet the remaining ele-
ments of the model, i.e., definition of the goals, steps, responsibilities and authority and as-
sessment criteria. It should include an explicit initial activity of questioning the function, or

the need, that the product or product-service combination should fulfil.

Figure 5-9 presents an overview of the model informed by the principles of CE in a

strong sustainability paradigm.
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Principles of CE in a strong sustainability paradigm

Function within planet boundaries, set up science-hased goals and seek a positive environmentalimpact, when:

.

Preserving and enhancing natural capital by controlling finite stock and balancing renewable resource flows.

Optimising resource yields by circulating products, components and materials in use at the highest utility at all times in both
technical and biological cycles.

Fostering system effectiveness by revealing and designing out negative externalities.

Developing circular business models oriented to ecological regeneration.

Deliberately limiting the growth in production, through innovative BM and influencing consumer practices towards sufficiency.
Giving priority to the local human scale and shorter circular value chains.

Stimulating social well-being by linking circular solutions to stakeholders needs and expectations and agreed social standards
(e.g., the Sustainable Development Goals).

b

G0 B B

Di i Levels Width
Paradigm Practice Strategic Tactical Operati- | Individual Value
Elements of the
change change onal network

model

v v v
Vision v
Strategic sustainability v v v v
assessment
Integration in business v v v v
strategy
Design strategies and v v v v
criteria
Co-design of products, v v v v v v
PSS and BM
Articulation of projects v v v
at company level
Tactical sustainability v v v v
assessment
Integration in m’gmt v v v v v v
systems and practices
Organization of the D&D v v v
process

Figure 5-9: A model of design for the CE in a strong sustainability paradigm.

When compared with the initial framework (figure 5-2) this model presents similar ele-

ments. Nevertheless, it is worthy to note the following;:
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The strategic sustainability assessment (new element) helps companies to under-
stand how their products, PSS and BM contribute to the sustainability vision and
responds to a specific recommendation rated as very important by experts in the
Delphi survey;

A second new element, also considered as important, is the articulation of projects
at company level, to ensure an integrated approach and the alignment of the overall
business strategy with the vision and principles;

The stakeholder involvement element of the previous model is now consubstanti-
ated in specific activities of co-design of products, PSS and BM;

As stated, all elements are informed by the proposed principles of CE in a strong
sustainability paradigm, which is perhaps the most important feature that responds
to the need of explicitly aligning design models and frameworks with strong sus-

tainability.



5.6 Conclusions

There is a shift both in research and in policy development areas towards adopting
strong sustainability as opposed to a weak sustainability paradigm (Ayse Idil Gaziulusoy,
2010; Lefstad, 2021). This research addresses this trend by contributing to the conceptual de-
velopment of circular design as well as to its practice within a framework of strong sustaina-
bility, and therefore attempting to overcome recognized limitations in the current predomi-
nant CE and circular design discourses. A more radical approach is deemed necessary, when
new research recently published in the journal Science Advances shows that six of the nine
planetary boundaries are transgressed, suggesting that Earth is now well outside of the safe
operating space for humanity to strive (Richardson et al., 2023).

The research questions and objectives of this work were dealt with through input from
a group of experts, obtained using the Delphi method. Although several measures were taken
to avoid biases, the limitations of this method still condition our results, since a Delphi study
is highly contextual and difficult to replicate (de Jesus et al., 2019).

From a conceptual point of view, it should be highlighted that experts agreed on a new
definition of design for CE in a strong sustainability paradigm and identified features that are
aligned between the two concepts (CE and strong sustainability). The identification of conflict-
ing features has proved more controversial since no consensus was reached and should be
subject of further research.

From a practical perspective, our research resulted in a new model of design for CE in a
strong sustainability paradigm. The advantage of this model, when compared to existing ap-
proaches, is two-fold: (a) informed by a new set of strong sustainability-related principles that
add to existing CE principles, it is expected to provide a sounder framework for companies
and their value networks to develop products, product-service systems and business models
that ultimately preserve and regenerate the planet and contribute to a social foundation of
well-being; and (b) provides management elements that address different degrees of complex-
ity, organizational levels and organizational width, thus attempting to tackle a gap in many
CE and circular design approaches found in the literature that lack guidance on how to man-
age the implementation of visions and strategies. As for prospects of future research, they
mostly concern the further specification and testing of the model and its guiding principles in

practical applications, considering multiple dimensions: their effectiveness in achieving the
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desired outcomes in organizational and value network contexts, enablers and obstacles, and

success and unsuccess factors.
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CONCLUSIONS AND RECOMMENDA-
TIONS

“There is no favourable wind for the sailor who doesn’t know where to go.”

— Seneca

This thesis represents a trajectory that started with the study of design for sustainability
(DfS) and moved towards design for circular economy. At this point, it is important to empha-
size that the impetus throughout this work has always been the quest for a significant change
(in quantitative and qualitative terms) in the way companies innovate their products, services
and business models aiming at sustainability.

This research is a starting point, not an end. It has the novelty of proposing a model with
the explicit aim of combining design, circular economy and strong sustainability and reflects
an evolution of the DfS and circular economy concepts over time. This may be concluded when
observing the several definitions that can be found in the previous chapters: DfS in section 3.2;
design for CE in sections 4.1 and 5.2.2; design for CE and strong sustainability in section 5.3.3,
and design for CE in a strong sustainability paradigm in section 5.4.2. The common denomi-
nator is the attempt of keeping a holistic and systemic perspective as opposed to reductionist
understandings that would not be aligned with what sustainable development entails.

In the following sections, the main findings and results of this research are summarized.
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6.1 A reflection on the analysis of DfS models

Through the combination of design management and corporate sustainability manage-
ment it was possible to develop an analytical framework to analyse DfS models, consisting of
elements at three levels:

— Strategic (overall policies, missions and agendas of organizations),
— Tactical (teams, processes and systems of specific business units or functions), and

— Operational (tasks relevant to the undertaking of individual projects).

These levels are drawn from design management theory (Best, 2015; Antunes, 2012; Sta-
ples, 2008). The specification of the elements and respective guiding questions derived from
corporate sustainability management (Baumgartner, 2014; ISO, 2010; Robert et al., 2002;
Robert, 2000). The development of the framework responded to RQ1.1, SQ 1.1.a).

The application of the framework to the ten published DfS models found through an
extensive literature review showed that it captured most of models’ features, and allowed also
to understand how they varied in the approaches used to put DfS into practice, as well as to
identify gaps and common elements (RQ 1.1, SQ 1.1.b). The findings have been systematically
compared with literature, which supported them in most cases, and we concluded that further
development is mostly needed for the following elements of the models:

— Establishment of a sustainability vision for DfS: the variety of solutions found re-
flects the lack of a common understanding on how to operationalize sustainability
at the micro level, using backcasting, forecasting or both methods, taking a norma-
tive stance by proposing to broad principles, recommending stakeholder consulta-
tion processes, and different combinations of these methods.

— Integration of DfS in the business strategy: some of the models focus on the align-
ment of DfS with existing business goals and strategies, whereas others go beyond,
questioning the purpose of the business in order to innovate towards sustainability.

— Stakeholder involvement: literally all models include this element, but the degree
of involvement ranges from simple mapping and consultation to co-creation; they
also differ on which stakeholders to be involved, from those in the value chain to

the society as a whole.
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— Environmental, social and economic criteria and strategies for DfS: it was observed
that (i) environmental criteria tend to be more emphasized than the two other di-
mensions, (ii) the studies models showed a very unalike approach to design strat-
egies and (iii), although most models recognize the existence of trade-offs between
sustainability criteria, only one provided guidance on how to deal with them, i.e.,
through the focus on critical sustainability impacts and having overarching sus-
tainability principles as guiding principles.

— Sustainability assessment: almost all models recommended qualitative or semi-
quantitative life cycle evaluation methods using matrixes or checklists that enable
an assessment in the early stages of the design process, when there is not enough
information to perform quantitative life cycle assessments (environmental and so-
cial), as well as life cycle costing studies. In some of the models, a combination of
qualitative and quantitative methods was proposed. The assessment criteria pro-

posed by the models also showed a noticeable variety.

These findings were a stepping stone to the progress of the research. Together with the
inclusion of circular economy and circular design in the project, they have led to the formula-
tion of the remaining research questions. It was interesting to observe that the analytical frame-
work could be applied to DfS models with different innovation levels (product improvement
and innovation, function innovation and system innovation); thus, it was used as a departure
point for the development of the model of design for CE in a strong sustainability paradigm

(RQ 1).

6.2 A reflection on circular design strategies and crite-
ria

In the framework of circular economy, there is a vast amount of scientific and grey liter-
ature providing guidance on design strategies (Bocken et al., 2016; Camocho, 2022; De Groene
Zaak & Ethica, 2015; Devadula & Chakrabarti, 2015; Diaz et al., 2021; Konietzko et al., 2020;
Lindgreen et al., 2020; Moreno et al., 2016; Pigosso & McAloone, 2021). Nevertheless, with RQ

1.2, we tried to address features that were not completely covered by most of existing
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publications, that is, including the social dimension of sustainability, envisaging not only
product, but also product-service design and including materials and energy sustainability.

Eight circular design strategies and 72 associated criteria have been developed in re-
sponse to RQ 1.2 and have been presented in chapter 4. The relationship with the life cycle
stage they mostly relate to (pre-use phase, use phase and post-use phase) and the circularity
goal they most directly contribute to (slowing loops, narrowing loops and closing loops) is
presented.

The proposed strategies have been applied in several workshops with practitioners from
industry, public administration, consultancy, etc.; nevertheless, since these workshops were
not thoroughly reported, their results could not be included in the present research, which
corresponds to a limitation of this work.

Furthermore, the circularity aim of regenerating resource loops was overlooked and that
is due to the nature of the project within which the strategies were developed: taking the dis-
tinction between the biological cycle and the technical cycle of circular economy (Braungart et
al., 2007; Ellen MacArthur Foundation, 2015; Morseletto, 2020), the project focused on the tech-
nical cycle, and this was the reason why strategies to regenerate resource loops were not in-
cluded. Anyway, the concern of facilitating the separation of biological from technical materi-
als is included in the design for recycling strategy.

The proposed strategies combine product design and product-service system (PSS) de-
sign and it should be remarked that PSS require physical products, which means that these
products should also be designed according to the applicable circularity strategies, in order to
achieve the potential benefits of the PSS solution (Ceschin & Gaziulusoy, 2016).

The circular design strategies and related criteria are one of the elements of the model
developed in chapter 5, which requires a hierarchical approach that prioritizes use-and result-
oriented strategies over product-oriented strategies and questions the function or the need that

the product or product-service combination fulfil, with a view of dematerializing the system.

6.3 A reflection on design for CE and strong sustaina-
bility

This thesis is expected to have made an important contribution to conceptualize design

for CE in a strong sustainability paradigm. With the support of literature review and experts’
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organized inputs through surveys using a Delphi forecasting method in two rounds, the fol-
lowing new definition was elaborated (RQ 1.3), with a high level of consensus among experts:

Design of products, product-service systems, business models and production-consumption sys-
tems that contribute to a society that thrives within the planetary boundaries, while stimulating social
well-being and equity.

This is accomplished through:

— Closing, narrowing and slowing resource flows and regenerating natural systems in pro-
duction, distribution, consumption and post-consumption processes, in cycles energized by
renewable sources;

—  Retaining and creating the highest value and usefulness of materials, equipment and goods
for the longest possible time, preferably at the local human scale;

—  Contributing to a social foundation of wellbeing derived from stakeholders’ needs and ex-
pectations and internationally agreed social standards.

This definition is in accordance with the notion of non-substitutability of capitals (Ekins
et al., 2003) by framing design within the planetary boundaries (Rockstrom et al., 2009; Steffen
et al., 2015), attends to the need of providing a social base of welfare for all (Raworth, 2017),
addresses the circularity goals of closing, narrowing, slowing and regenerating resource flows
(Konietzko et al., 2020), implies a hierarchy in design strategies in which those that retain the
highest value of materials and products (Reike et al., 2018) should be prioritized, includes the
energy dimension (Haas et al., 2015) and calls for the respect for stakeholders” needs and ex-
pectations (Rocha & Schmidt, 2014).

At this stage, it makes sense to question the difference between this definition and the
concept of DfS. The answer is not straightforward, given that DfS itself is not universally de-
fined. However, there are some considerations that matter to the question:

— Circularity can be seen as a socio-technical approach to DfS, which involves revis-
ing the alignment between organizational cultures and product-development pro-
cesses and has the potential to contribute to avoid the tendency towards incremen-
tal improvements to existing products (Diaz et al., 2021); according to this view, CE
contributes to a better DfS process;

— On the other hand, DfS approaches such as cradle-to-cradle design (Braungart et
al., 2007), product-service systems design (Stahel, 2016; Tukker, 2015) and design

for systems innovations and transitions (Ceschin & Gaziulusoy, 2016) can
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contribute to CE respectively through (i) the selection of materials and product de-
signs that foster closed loops in material flows, (ii) promoting business models that
support CE and (iii) proposing “alternative forms of CE for new socio-technical
system scenarios” (Ceschin & Gaziulusoy, 2016, p. 147).

The two concepts (design for CE in a strong sustainability paradigm and DfS) are un-
doubtedly intertwined, but perhaps what is important to highlight is that design for CE is the
design approach that works in (and contributes to) the context of a circular model of produc-
tion and consumption, that aims at drastically reducing the dependence from virgin, non-re-
newable materials (this context was not clearly defined, e.g. at policy level, when academics
and practitioners started working in DfS); and that by including the strong sustainability idea,
it is a design approach that contributes to a societal model that preserves a given stock of
natural assets (Sauvé et al., 2016). With the definition of the planetary boundaries and their
thresholds (Richardson et al., 2023; Rockstrom et al., 2009; Steffen et al., 2015), such given stock
of natural assets is a much more tangible idea.

As a matter of fact, in the debate among experts on the elements of alignment and con-
flict between CE and strong sustainability (RQ 1.4), (i) the attempt to stay within planetary
boundaries, (ii) the focus on reduced consumption of virgin feedstock by keeping resources in
closed loops, (iii) a positive environmental value through strengthening ecological regenera-
tion and (iv) the preservation of the value of products, materials and resources as long as pos-
sible were considered aspects that go hand in hand in both concepts. As for elements of conflict
or misalignments (the respondents indicated both in the open question of the first round),
consensus was not reached, which would have been of even more interesting, since it would
have helped to clarify any additions or conditions that the model should attend to. Nonethe-
less, the received answers were supported by literature.

RQ 1.5 concerned the added value of a model that supports companies in the design for
CE in a strong sustainability paradigm. The most important outcome was the translation of
higher level, strong sustainability and CE economy principles into actionable guidance and
criteria.

Since such principles do not exist, they were developed as part of the construction of the
model and constitute an additional contribution of the present research. This leads us to the
overarching RQ1 of this thesis: What should a model that supports companies in the systematic adop-

tion of design for circular economy in a strong sustainability paradigm look like?
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This part of the work was equally subject of the consultation process using the Delphi
method and the model’s elements in the survey were based on the analytical framework de-
veloped in chapter 3 to study DfS models, as mentioned above. The result was a model with
overarching principles and nine elements that were organized as follows:

— Induce a paradigm change (in terms of norms, values, world views, visions and
concepts), a practice change (tools, metrics, instruments, indicators, measures)
(Korhonen et al., 2018) or both;

— Concern the strategic, tactic and operational levels of the organization (Rocha et al.,
2019);

— Concern the single company or the value network also (Korhonen et al., 2018; ISO
2023).

The specification of the different elements and their application was not part of the pre-
sent research, which is a limitation and, simultaneously, a perspective for future research. The
same applies to the way the principles inform the different elements of the model. Neverthe-
less, it is possible to draw the following considerations about the model:

— The relationship between this model and schemes for corporate sustainability man-
agement (such as environmental management systems, quality management sys-
tems, etc.) is familiar to companies, thus increasing the possibilities of implemen-
tation (Kristensen et al., 2021); furthermore, it addresses a gap in CE and circular
design approaches that lack guidance on how to manage the implementation of
visions and strategies (Pigosso & McAloone, 2021).

— The model pays particular attention to activities at strategic level, which is in ac-
cordance to Baumgartner & Rauter (2017) views that there is a lack of strategic ori-
entation in current sustainability management and that this is deterring companies’
progress to sustainability. Diaz et al. (2021) suggest that greater emphasis should
be placed on addressing CE during strategic product (PSS and BM) planning. At
this level, there is a greater potential for the involvement of actors that can influence
more innovative solutions.

— There will be implications of the new model in the detailed design and develop-
ment process, namely:

— Asindicated in chapter 5, in the beginning of the process the design team

(that involves different internal functions and the external stakeholders,
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including the value network and the user and consumer perspectives)
should question the function or the need that the product-or product ser-
vice combination should fulfil. This allows the opening up for solutions
with higher sustainability potential, such as function innovation and sys-
tem innovation (Brezet, 1997), addressing the principles presented in this
thesis.

— The alignment of each project with the principles requires a significant
amount of knowledge about the sustainability performance of the products,
product-service systems and business models of the organization. This is
one of the most important aspects; a variety of new capabilities are required
to design for a sustainable future (De los Rios & Charnley, 2017);

— This model places design at strategic level and therefore the design and de-
velopment team should apply design strategies and criteria aligned with
the principles and vision of the organization and its stakeholders. A first
approach of circular design strategies and criteria has been presented in
chapter 4, but they need to be further developed to accompany the princi-
ples here proposed;

— The model includes the aspect of co-design with stakeholders. Camocho
(2022) remarks the importance of co-creation to reach disruptive innova-
tions in design for a circular economy and for example, Pedersen et al.
(2023) propose an actionable staging approach to co-create business models
with value networks.

As for the assessment, which is essential to support the decision making, it is sug-
gested that it should be performed at two levels: strategic, with the aim of under-
standing how the products, PSS and BM interact with the wider, ecological and
social system, and tactical, at individual project level. As stated before, often it is
not possible to perform quantitative sustainability assessments due to the lack of
data; on the other hand, once such data is available, the solution is already devel-
oped and it is difficult to make any changes in view of the assessment’s results.
This implies a learning process in organizations. Considering that the scope in the
model is wide (environmental, social and economic dimensions applied to prod-

ucts, PSS and BM, as well as the organization as a whole) the assessment work is



extremely important and challenging. To this adds the fact that new areas of con-
cern, to which there are no indicators in traditional life cycle assessments and life
cycle costing, such as planetary boundaries (for sustainability reporting including
planetary boundaries indicator, see Erlandsson et al., 2023) or SDG (see Cordella et

al., (2023) on life cycle sustainability assessment and SDG).

6.4 A model of design for CE in a strong sustainability
paradigm, limitations and perspectives to further

work

As shown in the previous sections, this thesis provides an answer to RQ1: What should a
model that supports companies in the systematic adoption of design for circular economy in a strong
sustainability paradigm look like?, in a conceptual way. Being the first attempt to develop a model
with the level of demands as the one we are dealing with, to the knowledge of the author, this
is logical first step.

The limitations in the construction of the new model have been identified throughout
the text: (i) regarding the development of the analytical framework in chapter 3, mostly in
relation to the exclusion criteria that were used when identifying the models for analysis; (ii)
in the activities presented in chapter 5, that relied on the Delphi consultation process (given
the limitations of the method itself); and (iii) fact that the proposed design strategies and the
new model and associated guiding principles were not subject of a test phase.

These limitations were to some extent compensated by the very extensive literature re-
view, which allowed to create a sound body of knowledge around the matters under study.

The fact that the model was not tested was due to practical reasons. This work has been
very exhaustive, and the decision was to leave a potential testing phase to a next step beyond
the present PhD research. Given the level of ambition and broadness of the model, one prom-
ising way would be to apply it to specific sectors, allowing to be more specific regarding the
reality of products, PSS and BM opportunities in the sectors, the body of knowledge in terms
of the related sustainability impacts and the context in relation to current and future legisla-
tion, market and consumer behaviour, socio-technical characteristics, etc. The EU Action Plan
on Circular Economy (European Commission, 2020) and the new Portuguese Action Plan on

Circular Economy 2023-2027 (under public consultation, see Agéncia Portuguesa do Ambiente
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& Diregao Geral das Atividades Econdmicas, 2023) indicate priority sectors/need areas in Eu-
rope and in Portugal that may serve as a basis for selecting areas for future work.

Given that there is an intentional relationship between this model and schemes for cor-
porate sustainability management, it would be interesting to study how the former can be
integrated in the European Foundation for Quality Management (EFQM) Model. Based on the
link between organizations’ purpose and strategy, the EFQM 2020 version is aligned with the
United Nations Sustainable Development Goals and calls for an effective leadership in order
to understand and adopt the excellence principles in the long term with a view to future re-
quirements, deliver performance and manage transformation, focusing on the ‘ecosystem’ in
which the organization operates and delivering outstanding results (Fonseca, 2022; Murthy,
2022). It is, therefore, an interesting model whose links to the one presented in this thesis seem
worthy to study.

Another trend that is relevant for the application of the model here proposed is Industry
5.0, a value-oriented, human-centred industry (Longo et al., 2020) with the aim of achieving
sustainable and resilient systems (Alves at al., 2023). The role of the model in pursuing Indus-
try 5.0 is also an avenue for further research.

Finally, it would be important to assess the sustainability impacts of the development of
products, product-service systems and business models according to the proposed model, us-
ing the Planetary Boundaries as environmental sustainability reference (Hellweg et al., 2023;
Bjorn et al., 2015) ascertain its value in delivering sustainable solutions, as well as to under-
stand the necessary changes at societal level that provide the context for the model to achieve

the desired outcomes.
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A

APPENDIX A

Features of circular economy definitions found in the literature, relevant for chapter 5.

Features

Sources

Overarching objectives:

A contribution to sustainable development

(de Jesus et al., 2019; Desing et al., 2020; Kir-
chherr et al., 2017; Korhonen et al., 2018; Prieto-
Sandoval et al., 2018; Schmidt et al., 2020);

Environmental sustainability: a model to operate within
the planet boundaries, to reach environmental objec-
tives, to support ecosystem functioning

(de Jesus et al., 2019; Desing et al., 2020; Kir-
chherr et al., 2017; Korhonen et al., 2018; Prieto-
Sandoval et al., 2018; Schmidt et al., 2020);

Social sustainability: promoting social objectives, social
equity, well-being

(de Jesus et al., 2019; Desing et al., 2020; Kir-
chherr et al., 2017; Schmidt et al., 2020);

Economic sustainability: long-term economic prosper-
ity, economic objectives

(de Jesus et al., 2019; Desing et al., 2020; Kir-
chherr et al., 2017);

Identification of C

E strategies:

Closing resource loops/cycles, elimination of the end-
of-life concept, waste minimization/prevention, avoid-
ing resources depletion

(Alhawari et al., 2021; de Jesus et al.,, 2019;
Desing et al., 2020b; Geisendorf & Pietrulla,
2018; Kirchherr et al., 2017; Korhonen et al., 2018;
Nobre & Tavares, 2021; Prieto-Sandoval et al.,
2018; Schmidt et al., 2020)

Slowing resource loops, maintaining products and ma-
terials for the longest possible time

(Desing et al., 2020; Geisendorf & Pietrulla, 2018;
Schmidt et al., 2020);

Narrowing resource loops, promoting efficiency

(Alhawari et al.,, 2021; de Jesus et al., 2019;
Desing et al., 2020b; Nobre & Tavares, 2021;
Schmidt et al., 2020)

Distinction between the resources that flow in biologi-
cal cycles/renewable resources/regeneration!? and those
that flow in technological cycles/non-renewable re-
sources/restoration!!

(Desing et al.,, 2020; Nobre & Tavares, 2021;
Schmidt et al., 2020);

10 In the context of CE, regeneration is “the promotion of self-renewal capacity of natural systems” (Morse-

letto, 2020, p.769).

1 In the context of CE, restoration is “the return to a previous or original state” (Morseletto, 2020, p.769).
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Features

Sources

Indication and eventually prioritization of “R” circular-
ity strategies such as reduce, reuse, repair, recover, re-
cycling

(de Jesus et al., 2019; Kirchherr et al., 2017);

Extracting/capturing/maintaining the value of products
and materials

(Geisendorf & Pietrulla, 2018, Korhonen,
Honkasalo, et al., 2018; Schmidt et al., 2020);

Addressing energy: a system powered by renewable en-
ergy, energy efficiency

(Desing et al., 2020; Korhonen et al., 2018; Nobre
& Tavares, 2021; Prieto-Sandoval et al., 2018;
Schmidt et al., 2020);

Identification of

enablers:

Design of products and systems for circularity

(de Jesus et al., 2019; Geisendorf & Pietrulla,
2018; Schmidt et al., 2020);

Business models innovation

(Desing et al., 2020; Kirchherr et al, 2017;
Schmidet et al., 2020);

Technological innovation

(Desing et al., 2020; Kirchherr et al., 2017);

Organizational planning processes

(Alhawari et al., 2021)

Not only production, but also consumption

(Kirchherr et al., 2017; Korhonen et al., 2018;
Nobre & Tavares, 2021; Prieto-Sandoval et al.,
2018; Schmidt et al., 2020)

Indication of different scales to which CE applies:

Micro (product, service, organization), meso (agents in
industrial parks, industrial symbiosis) and macro (city,

region, nation and beyond)

(Geisendorf & Pietrulla, 2018; Kirchherr et al.,
2017; Nobre & Tavares, 2021; Prieto-Sandoval et
al., 2018).
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APPENDIX B

Circular design strategies to close, slow, narrow and regenerate resource flows at product,

business model and ecosystem levels relevant for chapter 5 (based on Bocken et al., 2016;

Konietzko et al., 2020; Rocha et al., 2020).

Design strategies to close resource loops

At product level

At business model level

At ecosystem level

Design with materials suitable for

Enable and incentivize product

Organize local waste-to-prod-

primary recycling (technological | and component returns | uct ecosystems (Konietzko et
and biological cycles) (Bocken et al., | (Konietzko et al., 2020). al., 2020).

2016; Konietzko et al., 2020; Rocha

et al., 2020).

Design for dis- and reassembly | Extending resource value

(Bocken et al., 2016). (Bocken et al., 2016).

Design for remanufacturing (Rocha

et al., 2020)

Industrial symbiosis (Bocken et

al., 2016).

Design strategies to slow resource loops

At product level

At business model level

At ecosystem level

Design long-life products (attach-
ment and trust; reliability and dura-
bility; upgradability and adaptabil-
ity; repairability; user-friendliness)
(Bocken et al., 2016; Konietzko et al.,
2020; Rocha et al., 2020).

Offer the product as a service,
access and performance models
(Bocken et al., 2016; Konietzko
et al., 2020; Rocha et al., 2020).

Turn disposables into a reusa-
ble service (Konietzko et al.,

2020).

Extending product value (e.g.,
repair, maintenance, upgrade

services (Bocken et al., 2016).

Classic long-life model (Bocken

et al., 2016).
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Encourage sufficiency (Bocken

et al., 2016).

Design strategies to narrow resource loops

At product level

At business model level

At ecosystem level

Design with low impact inputs
(Konietzko et al., 2020; Rocha et al,,
2020).

Incentivize users to consume

less® (Konietzko et al., 2020).

Maximize the usage capacity of
products (Konietzko et al,

2020).

Design for sustainable consumer
behaviour in the use phase (Rocha

et al., 2020)

Design for energy sustainability
(reduce energy consumption along
the life cycle, use low embodied en-
ergy materials, influence consumer
behaviour regarding energy con-

sumption) (Rocha et al., 2020)

Design strategies to regenerate resource loops

At product level

At business model level

At ecosystem level

Design with non-toxic, renewable

materials (Konietzko et al., 2020).

Produce with renewable en-

ergy (Konietzko et al., 2020).

Recover nutrients from urban

areas (Konietzko et al., 2020).
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APPENDIX C

Overview of existing CE frameworks to support companies in the transition towards CE, rel-

evant for chapter 5.

Framework and

reference

What

How and focus

Contribution

Rounding the verti-
ces — Design for the
Circular Economy
toolkit (Camocho,
2022)

Toolkit for circular
design, which aims to
guide the project
helping in its
definition and plan-
ning, in identifying
options for improve-
ment and identifying
ideas to develop new
solutions. It also al-
lows validating and
demonstrating the
performance of circu-
larity of the design
process carried out

and its results.

How: This resource is
composed of four tools that
complement each other,
namely the Project definition
worksheet,

the Project planning work-
sheet, the Circular Design
Mbox and the Circularity As-
sessment

Tool.

Focus: designers and profes-
sionals directly
involved with the develop-

ment of products and services.

An action-oriented
model with three dis-
tinct layers that are in-
terconnected resulting
in a holistic approach.
This comprises 1) a
layer related to the de-
velopment of the busi-
ness, integrating the
needs to create wealth
and value in the strat-
egy of the business, 2) a
layer related to project
management, acting in
the transposition of the
identified needs for the
companies and the
needs of the custom-
ers/users,

and 3) an operational

layer, linked to the
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Framework and What How and focus Contribution
reference
practical development
of the design project.
MATChE (MAking | A CE readiness self- How: The MATChE tool sup- | Addressing the lack of

the Transition to a
Circular Economy)
(Pigosso &
McAloone, 2021)

assessment tool that
supports companies
in:

(i) understanding
strengths and gaps
for CE implementa-
tion; (ii) performing
internal and external
benchmarking;; (iii)
prioritising focus ar-
eas; and (iv) planning
transition paths with
support of CE-related
tools, methods and

approaches.

ports a ten-step approach for
the transition toward a CE fo-
cusing on eight dimensions:
(1) Organisation; (2) Strategy
and Business Model Innova-
tion; (3) Product & Service In-
novation; (4) Manufacturing &
Value Chain; (5) Technology &
Data; (6) Use, Support &
Maintenance; (7) Takeback &
End-of-Life Strategies; and (8)
Policy & Market.

Focus: organizations

analytical diagnostic
tools and an under-
standing of the readi-
ness of companies to
migrate from a linear to
a circular model, which
partly explains limited
implementation of CE
and a higher chance of
failure during imple-

mentation.

Circularity deck
(Konietzko et al.,

2020)

Tool to facilitate com-
panies to take an eco-
system perspective
on circular-oriented

innovation.

How: 3-hours sessions using a
deck of cards containing prod-
uct, business model and eco-
system innovation principles
that can narrow, slow, regen-
erate and inform materials and
energy flows in a given con-
text, and to analyse which ac-

tors are needed to do so.

Focus: products, business

models and ecosystems

Existing approaches do
not differentiate a busi-
ness model perspective
from an ecosystem per-
spective, which is nec-
essary since CE is a sys-
temic concept. This tool
enables participants to
analyse, ideate and de-
velop the circularity
potential of their inno-

vation ecosystems.

Circular Strategies
Scanner (Blomsma

et al.,, 2019)

The Circular Strate-
gies Scanner provides
a comprehensive set
of definitions of cir-
cular strategies and
directly supports the

early stages of

How: Workshops using the
Scanner to support visioning
in COI processes, through sup-
porting the explication of CE,
mapping current CE initia-
tives, and generating ideas for

increased circularity.

Previous work focuses
on answering “what”
or “how” to promote
COL There is a lack in
supporting the early
stages of COI through

the establishment of a
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Framework and What How and focus Contribution
reference
circular oriented in- CE vision, i.e., answer-
novation (COI). Focus: organizations ing “why” to perform
COL
A methodological A framework and How: 3 main steps: A) back- To address a lack of

framework for the
implementation of

circular economy

guidance to help uni-
versities develop a

circular economy

ground analysis of the congru-
ence of existing sustainability

policies with CE principles; B)

knowledge on how to
implement CE

principles to sustaina-

thinking in higher | strategy aimed atim- | foreground analysis (stake- ble campus manage-
education institu- proving resource effi- | holder engagement); and C) ment.
tions (HEI's) ciency and environ- implementation of a CE strat-
(Mendoza et al., mental sustainability | egy (guidelines for action:
2019) of their campus oper- | Plan-Do-Check-Act).
ations, compatible
with broader sustain- | Focus: organizations
ability management
frameworks used by
HEI's.
Roadmap for Circu- | A step-by-step pro- How: Iterative process follow- | Depicting a detailed

lar Business Model
Transformation
(Frishammar &

Parida, 2019)

cess to enable circular
transition through
circular business
model transfor-
mation, allowing
companies to meet
environmental, so-
cial, and financial ob-
jectives and proac-
tively address sus-

tainability.

ing four phases: (1) Initiation:
mapping and understanding
the CE transformation require-
ments; (2) Audit: the current
business model made explicit,
including shortcomings, op-
portunities, and scope for cir-
cular transformation; (3) De-
sign and development of a cir-
cular business model based on
the ReSOLVE framework, in-
cluding benchmarking, inter-
nal alignment and configuring
ecosystem partners; (4) Scaling
up, after a small-scale pilot

testing.

Focus: business models

circular business model
transformation process,
which is missing from
the PSS literature, and
overcoming the pre-
vailing focus on a sin-
gle firm’s business
model by highlighting
the influence of ecosys-

tem actors.
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Framework and What How and focus Contribution
reference
BECE (backcasting | BECE empowers or- How: Ten steps, created by Combining backcasting

and eco-design for
the circular econ-
omy) framework
(Mendoza et al.,

2017)

ganizations to tackle
the CE holistically by
embedding the con-
cept into corporate

decision making and

combining the relevant steps
from backcasting and eco-de-

sign.

Focus: organizations

and eco-design, as ap-
proaches, i.e,, taking a
top-down and bottom-
up strategic approach

required to support a

by bringing opera- successful realization of
tional and systems the CE concept, jointly
thinking together, supported by relevant
thus increasing the stakeholders.
likelihood of success-
ful implementation.

BS 8001:2017 - BS 8001:2017 is in- How: The standard is divided | BS 8001:2017 is the first

Framework for im-
plementing the
principles of the
circular economy in
organizations —
Guide (British
Standards Institute,

2017)

tended to help organ-
izations and individ-
uals consider and im-
plement more circu-
lar and sustainable
practices within their
businesses, whether
through improved
ways of working,
providing more cir-
cular products and
services or redesign-
ing their entire busi-
ness model

and value proposi-

tion.

into two areas:

1) Helping organiza-
tions improve their under-
standing of the CE and how
it might be relevant.

2) Support in imple-
mentation of the principles
of the CE within an organi-
zational context.

Focus: organizations

standard of its kind for
organizations to imple-
ment the principles of
the CE and is useful to
those with varying lev-
els of knowledge and
understanding of the
CE. It provides practi-
cal ways to secure
smaller ‘quick-wins’,
right through to help-
ing organizations re-
think holistically how
their resources are
managed to enhance fi-
nancial, environmental

and social benefits.
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APPENDIX D

Delphi questionnaire — 1% round, relevant for chapter 5.

Design for the circular economy and strong sustainability:
towards an implementation model
Experts’ consultation using the Delphi method

0. Profile of the respondent

Name:

Preferred e-mail:

Country:

Type of organisation:
O Academia

O Business

O Public administration

O NGO

Please indicate your main fields of expertise. You can select multiple options.
O Environmental/Sustainability Management of Organisations

Design for Sustainability/Circular Design

Circular Economy

O
O
O Ecological Economics
O Organisational Social responsibility
O

Environmental/Sustainability Policy
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O Other

If you chose “other”, please specify:

1. Definition of design for the circular economy and strong sustainability
Our working definition of design for the circular economy and strong sustainability is as follows:

Design of products, product-service systems, and business models that create positive environmental, social and
economic value and contribute to a society operating within the planetary boundaries, while promoting social well-
being and equity.

This is accomplished through closing, narrowing, slowing and regenerating resource flows in production, distribu-
tion and consumption processes, extracting the highest value and usefulness of materials, equipment and goods, for
the longest possible time, in cycles energized by renewable or otherwise sustainable energy sources, with a sys-
temic view.

1.1 To what extent do you agree with this definition?
O Strongly agree

Agree
O Undecided
O Disagree
O Strongly disagree

1.1.1 Please justify your answer

2. Circular economy and strong sustainability

2.1 Inyour opinion, which are the features of circular economy and strong sustainability that are aligned?

2.2 Inyour opinion, which are the features of circular economy and strong sustainability that are conflicting?

3. Contributions of the model

3.1 Which are the most important contributions that an implementation model can make to the development
of products, product-service systems, and business models that effectively contribute to circular economy
and strong sustainability?

3.2 Do you have any recommendations for the model to attain such effectiveness?

4. Elements of the model

Considering:
—  Your understanding of design for the circular economy and strong sustainability at organizations' level, and
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(figure 1),

please answer the questions 4.1 to 4.11.

A proposed structure and contents of the model, with elements on the strategic, tactical and operational levels

Figure 1
Suggested elements of a

design for circular economy and strong sustainability implementation model

Elements on the strategic
level: overall policies,
missions and agendas

1. Establishment of a vision for circular economy and
strong sustainability to which the company contributes
2. Alignment of the business strategy with the vision

3. Stakeholder involvement in establishing the vision, co-
development of circular and sustainable solutions, and
sustainability assessment

Elements on the tactical level:
teams, processes and systems
of specific business units or

4. Circular and sustainable design strategies and criteria
covering environmental, social and economic dimensions
5. Sustainability and circularity assessment with a life cycle
perspective

6. Integration of design for circular economy and strong
sustainability in management systems and practices

level: tasks relevant to the
completion of individual
projects and how they are
organized

functions i < 1 i
(environment, quality, social responsibility, others)
7. Involvement of different internal functions within a
company in the design process
Elements on the operational

8. Organization of the design and development process for
products, product-service systems and business models

Questions 4.1 to 4.3 concern the strategic level.

4.1 Please rate the importance of element 1

. Establishment of a vision for circular economy and strong sustain-

ability to which the company contributes (strategic):

Very important
Important
Moderately important
Slightly important
Unimportant

Oooooo

4.1.1 Please justify and/or comment.

4.2 Please rate the importance of element 2
Very important

Important

Moderately important

Slightly important

Unimportant

ooooao

4.2.1 Please justify and/or comment.

. Alignment of the business strategy with the vision (strategic):

4.3 Please rate the importance of element 3.

ment of circular and sustainable solutions, and sustainability assessment (strategic):

Very important
Important
Moderately important
Slightly important

oooao

197

Stakeholder involvement in establishing the vision, co-develop-



O Unimportant

4.3.1. Please justify and/or comment.

Questions 4.4 to 4.7 concern the tactical level.

4.4 Please rate the importance of element 4. Circular and sustainable design strategies and criteria covering
environmental, social and economic dimensions (tactical):

Very important

Important

Moderately important

Slightly important

Unimportant

ooooao

4.4.1. Please justify and/or comment.

4.5 Please rate the importance of element 5. Sustainability and circularity assessment with a life cycle perspec-
tive (tactical):

Very important

Important

Moderately important

Slightly important

Unimportant

Oooooao

4.5.1. Please justify and/or comment.

4.6 Please rate the importance of element 6. Integration of design for circular economy and strong sustainabil-
ity in management systems and practices (environment, quality, social responsibility, others) (tactical):

Very important

Important

Moderately important

Slightly important

Unimportant

ooooo

4.6.1. Please justify and/or comment.

4.7 Please rate the importance of element 7. Involvement of different internal functions within a company in
the design process (tactical):

Very important

Important

Moderately important

Slightly important

Unimportant

Oooooo

4.7.1. Please justify and/or comment.

Question 4.8 concerns the operational level.

4.8 Please rate the importance of element 8. Organization of the design and development process for products,
product-service systems and business models (operational):
O Veryimportant
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Important
Moderately important
Slightly important
Unimportant

oooao

4.8.1. Please justify and/or comment.

4.9 Please indicate any important missing element in a design for the circular economy and strong sustainabil-
ity implementation model, at the strategic level.

4.10 Please indicate any important missing element in a design for the circular economy and strong sustainabil-
ity implementation model, at the tactical level.

4.11 Please indicate any important missing element in a design for the circular economy and strong sustainabil-
ity implementation model, at the operational level.

This survey ends here. Thank you very much for your time!
cristina.rocha@Ineg.pt
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APPENDIX E

Delphi questionnaire — 2" round, relevant for chapter 5.

A model of design for a circular economy in a strong sustainability paradigm

0. Profile of the respondent

Name:

Preferred e-mail:

1. Definition

We are very grateful for all the comments that we have received for the previous definition of “design for circular
economy and string sustainability”. We tried to properly address all of them, including rephrasing the concept. The
new definition of “design for a circular economy in a strong sustainability paradigm” reads as follows:

Design of products, product-service systems, and business models and production-consumption systems that con-
tribute to a society that thrives within the planetary boundaries, while stimulating social well-being and equity.

This is accomplished through:

e Closing, narrowing and slowing resource flows and regenerating natural systems in production, distribu-
tion, consumption and post-consumption processes, in cycles energized by renewable sources;

e Retaining and creating the highest value and usefulness of materials, equipment and goods for the longest
possible time, preferably at the local human scale;

e  Contributing to a social foundation of wellbeing derived from stakeholders’ needs and expectations and
internationally agreed social standards.

1.1 To what extent do you agree with this definition?
O Strongly agree

Agree
O Undecided
O Disagree
O Strongly disagree
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1.2 Please justify your answer.

2. Circular economy and strong sustainability

2.1 Based on the respondents’ answers to the previous survey, we have set a list of potential alignments be-
tween strong sustainability and circular economy. Please rank the following items in order of importance
to you, first being the most important.

V20 25 20 20 20 2 2N 2NN 7

2.1.1

Attempt to stay within planetary boundaries

Degrowth

Focus on reduced consumption of virgin feedstock by keeping resources in closed loops
Job creation and social sustainability

Positive environmental value through strengthening ecological regeneration

Preserving the value od products, materials and resources as long as possible

Resource efficiency

Shift to renewable energy

Shift to renewable materials

Sustaining capital value over time

Do you have any further comments?

2.2 Based on the respondents’ answers to the previous survey, we have set a list of potential conflicts or misa-
lignments between strong sustainability and circular economy. Please rank the following items in order of
importance to you, first being the most important.

>

>
>

vy

2.2.1

Circular economy does not imply acting in nested circles: business (and economic activity) fully within so-
cial, then all within environmental limits; whereas this is required in strong sustainability.

Circular economy does not necessarily include the social sustainability dimension

Circular economy is not addressing a radical change in consumption patterns, required in strong sustaina-
bility

Circular economy is still focused on creating economic benefits and business opportunities. As such, it
does not provide much incentive to invest in nature conservation without a business model

Circular economy still promotes GDP growth

Circularity might entail keeping toxic substances in the loop

Increased circularity does not necessarily lead to a decrease in global environmental impacts. And even if a
decrease in impacts is achieved, it may not be rapid enough to meet global goals

The circular economy features do not necessarily recognize that there are critical natural capital stocks
that need to be safeguarded and that there are limits to substitution of capitals

The energy needed for the closing loops is not always included in circular economy approaches

With a higher resource efficiency resulting from circular economy, rebound effects can occur, that will
lead to an even higher resource use

Do you have any further comments?

3. Missing elements of the model

Based on the respondents’ answers to the previous survey, we have set a list of potential elements that were miss-
ing and should be included in a model of design for a circular economy in a strong sustainability paradigm. Please
rate their importance.

3.1 Understanding how the products, product-service systems and business models of the organization inter-
act with the wider socio-ecological system they are part of.
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3.2

33

34

35

3.6

Very important
Important
Moderately important

Slightly important

O O 0o o o

Unimportant

Translating the higher-level goals and principles of CE in a strong sustainability paradigm into design crite-
ria.
O Veryimportant

Important
O Moderately important
O Slightly important
O Unimportant

Establishing partnerships with stakeholders to jointly develop products, product-service systems, and
business models aligned with CE and strong sustainability principles.
O Veryimportant

O Important

O Moderately important
O Slightly important

O Unimportant

Inclusion of user and consumption perspectives into design processes to integrate them into circular and
sustainable solutions principles.
O Veryimportant

Important
O Moderately important
O Slightly important
O Unimportant

Development and adoption of an integral measurement system to measure the progress and link the ap-
proach with the results.
O Veryimportant

Important
O Moderately important
O Slightly important
O Unimportant

Articulation between different individual projects (products, product-service systems, business models)
and assessment of how they are interconnected at the company level.
O Veryimportant
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Important
Moderately important

Slightly important

O Oo o o

Unimportant

The questionnaire ends here. Thank you very much!
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ANNEX A

Examples of products and product-service systems illustrating the strategies of design

for circular economy presented in chapter 4.
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REVICOMFORT, by Revigrés

Description REVICOMFORT is a porcelain stoneware flooring for interior areas, public
or residential, removable and reusable, quick and easy to apply. It does not
require adhesives, cement or specialized manpower and can be used imme-
diately after application.

It is a versatile, innovative solution in the ceramic world, which revolutionizes
the concept of fixed flooring. REVICOMFORT brings together, in a single prod-
uct, the technical characteristics of porcelain stoneware, the economic ad-
vantages of a simplified placement, the profitability of time in its placement, ease
of mobility, ease of use and easy maintenance.

Organization and REVIGRES, Portugal reVig res®

country

Sources Company website: www.revigres.pt

o 7 - ‘

=

Image source http://revigres.pt/wp-content/uploads/2018/02/CAT_REVIGRES_PRO_2018.pdf
Sector Construction

Circularity ap- Slowing loops

proaches

Narrowing loops

Design strategies Design of long-life products

Design for product-life extension

Design for materials sustainability
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ClickBrick, by Daas Baksteen

Description

The Clickbrick system is designed for reusability and a long life without maintenance.
The bricks are dry stacked, assembled with steel clips, without using mortar. This results
in fewer materials being used with an inherent ventilation system avoiding moisture.
Whereas traditional bricks are usually at best downcycled at their end of life, the Click-
Bricks can be disassembled and reused for the same purpose.

Organization
and country

@ daas
baksteen

Daas Basksteen, The Netherlands

Sources

Company Website: http://www.daasbaksteen.com/en/Facade-systems/Click-
Brick/page.aspx/67

Image

Image source

http://wiki.bk.tudelft.nl/mw_bk-wiki/images/thumb/2/22/Monsterk ast_168_|.jpg/400px-
Monsterkast_168_1.jpg

http://www.c2c- centre.com/sites/default/files/styles/v2- single- page/public/click-
brick.jpglitok=rss7Dko

Sector

Construction

Circularity ap-
proaches

Slowing loops

Narrowing loops

Design strate-
gies

Design of long-life products
Design for product-life extension

Design for materials sustainability
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Facade Leasing, by TUDelft

Description

An interdisciplinary research team within the Faculty of Architecture and the Built
Environment developed a circular business model based on the use of multifunctional
facades as performance-delivering tools. Under this scheme, the client is no longer
the owner of the building envelope and its integrated building services, but instead
leases them from a service provider through a long-term performance contract. Ra-
ther than purchase the fagade panels as a product, the client hires the energy perfor-
mance and user comfort services delivered to his building by this new facade system.

Organization
and country

TU Delft, The Netherlands

]
TUDelft

Sources

https://www.tudelft.nl/en/architecture-and-the-built-
environment/research/projects/green-building-innovation/facade-leasing/facade-
leasing-pilot-project-at-tu-delft/

Images

Images source

https://d I rkab7tlqy5fl.cloudfr ont.net/BK/Onderzoek/Project en/RTEmagicC_Fa-
cade_Leasing_pilot_project_ TUD_Panel2_Break-
down.png.pnghttps://d|rkab7tlqy5fl.cloudfront.net/_processe d_/8/9/csm_Leas-
ing_facade_d6c5c7fb68.jpg

Sector

Construction

Circularity ap-
proaches

Slowing loops

Narrowing loops

Design strategies

Design of long-life products

Design for product-life extension

Design of use- or result-oriented services
Design for materials sustainability

Design for energy sustainability
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Treehouse Riga, by Jular

Description

Treehouse Riga is a modular home that can be easily adapted to the owner's needs. It
is a prefab home, with less construction waste as compared to traditional construction
methods, and expanding it to accommodate a growing family, for example, is a breeze.

The basic version of Treehouse Riga measures 474 sq ft (44 sq m) and features two bed-
rooms. It is made of just two modules. Each module measures 236 sq ft (22 sq m) and they
are joined together in an offset way, which creates exterior spaces that slightly are different
from each other. Presumably, more modules can simply be attached to the home, to create
additional spaces such as extra rooms, a studio, a second bathroom and so on.

Organization
and country

JULAR, Portugal

ri JULAR

madeiras

Company website: www.jular.pt

Sources ttps://www.treehouse.pt/construcao-modular/
Images

Images www jular.pt

source

Sector Construction

Circularity
approaches

Narrowing loops

Design strat-
egies

Design for materials sustainability

Design for energy sustainability
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Remade - G64-R office chair, by Orangebox

Description

Products that are reaching the end of their commercial life span are now
being given a second chance, thanks to Orangebox Remade. The first prod-
uct to be offered under this initiative is the G64, a very successful and dura-
ble office chair.

98% of the G64-R's parts are recyclable, with removed components ei-
ther being kept for reuse or returned for material reprocessing. With a
recycled content of around 80% (by weight), each remanufactured chair
delivers a 60% reduction in CO2 emissions and saves 75% of water con-
sumption compared to new..

Organization and

Orange, UK orangebox

country

Company website: www.orangebox.com
Sources https://www.orangebox.com/about/responsibility/remade
Image

Image source

www.orangebox.com

Sector

Furniture

Circularity ap-
proaches

Closing loops
Slowing loops

Narrowing loops

Design strategies

Design of long-life products
Design for recycling
Design for remanufacturing

Design for materials sustainability
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Care Changing Table, by Stokke

Description This design converts the changing table into a practical desk. It prolongs the use
of the nursery products as the child grows, as it can be used as a place to play,
draw or do the homework. Easy assembly.

Organization and STOKKE AS, Norway

country ®
STOKKE

Sources Company website: www.stokke.com

Image

Image source https://www.stokke.com/en-za/164103.html
Sector Furniture

Circularity ap- Slowing loops

proaches

Narrowing loops

Design strategies Design of long-life products
Design for product-life extension

Design for materials sustainability
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