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Este trabalho de investigagao foca-se na promogao da pratica
do Design orientada para o desenvolvimento de produtos e
servigos inovadores, alinhados com as politicas, metas e
objetivos nacionais e internacionais, que visem a transi¢ao para

uma sociedade mais sustentavel e circular.

A evolucao da sociedade e o aumento da producao e do
consumo de produtos para satisfazer as necessidades
crescentes das pessoas, com o aumento do consumo de
recursos naturais, estd a levar a sociedade a um ponto de
rutura, que a ser ultrapassado, dificilmente tera retorno, pondo

em causa o futuro da sociedade e das geracdes futuras.

Desde meados dos anos 70 que se percebeu que os padrdes de
producao & consumo sao insustentaveis e que ¢ necessaria
uma nova abordagem rumo a uma sociedade mais sustentavel e

com mais valor para todos os stakeholders da cadeia de valor.

Neste ambito, a importancia do Design nesta transi¢do €
inegavel. No entanto, face a constante evolugdo das
necessidades dos vérios intervenientes da cadeia de valor
torna-se fundamental capacitar e dotar os profissionais de
Design com metodologias, ferramentas e orientagdes que
potenciem a sua atividade dando origem a produtos mais
eficientes, sustentaveis que resultem num aumento do valor
para os utilizadores, para o negdcio e para os profissionais

desta area.

A aposta no desenvolvimento de produtos e servigos com

melhorias no perfil de sustentabilidade com, menos impactes



nos sistemas naturais, ndao € nova. Nas ultimas décadas,
designers e outros profissionais tém desenvolvido a sua
atividade com o objetivo de alcancar a sustentabilidade no
processo de desenvolvimento, visando aumentar a eficiéncia e
inovacao e explorando diversas abordagens, desde produ¢ao
mais limpa, o ecodesign, o Design para sustentabilidade ou
desenvolvimento de sistemas de servigos de produtos, entre
outros. No entanto, apesar de existirem inimeros bons
exemplos, principalmente ligados a nichos de mercado, essas
praticas estdo longe de estar globalizados e amplamente
assumidas pela sociedade. Atualmente e de modo global, em
resposta a pressao crescente, fruto das crises econdmicas e
sociais, da escassez de recursos e do aumento da polui¢do,
entre outros aspetos, a orientagdo para a Economia Circular,
fortemente promovida por governos, centros de investigacao,
instituicoes de educagao e formacao, associacoes e muitos
stakeholders, afirma-se como um novo caminho para alcancar
a sustentabilidade e o bem-estar da sociedade. Tem o potencial
de aumentar a prosperidade, riqueza e bem-estar, reduzindo a

dependéncia e pressao sobre as matérias-primas € a energia.

A Economia Circular ¢ vista como uma abordagem para a
sustentabilidade, com um potencial de sucesso, alvo de
iniimeros projetos e iniciativas de investigacao e
desenvolvimento, de aplicacdo pratica nas empresas, na

educacao, apoiado por financiamento publico.

No entanto, apesar de todos os esforgos neste sentido, existe
ainda uma lacuna significativa entre a investigagdo e a pratica

dentro deste paradigma profissional.

No contexto especifico do Design, existe a necessidade de
apoiar a pratica do profissional e a educagdo neste dominio de
métodos e ferramentas que permitam a transposi¢ao de

estratégias de circularidade no desenvolvimento de solucdes



inovadoras e eficazes que deem origem a produtos e servigos
sustentaveis ajustados as necessidades de todos os atores

envolvidas na cadeia de valor.

Neste sentido, de modo a atender as necessidades e objetivos
da Economia Circular, a pratica de Design deve integrar novas
estratégias e critérios que promovam o fecho dos ciclos de vida
dos produtos, mantendo os materiais, componentes e produtos
em uso durante longos periodos de tempo, a reducdo do
consumo de matérias-primas virgens e a eliminac¢ao da geragdo
de residuos. Estas a¢des aumentam a eficiéncia e a eficacia de
todo o sistema de produgdo e consumo e informam uma pratica

de projeto mais atual.

Assim, a presente investigacdo, com o objetivo de promover e
demonstrar o papel do Design para a Economia Circular aos
diversos atores da cadeia de valor dos produtos e servigos,
especialmente aos profissionais de Design e empresas,

orientou-se pela seguinte hipdtese:

“O Design, através dos seus métodos e ferramentas
especificas, ¢ fundamental para a transicio efetiva para a

Economia Circular Sustentavel”.

O trabalho desenvolvido com base na analise das necessidades
e oportunidades emergentes resultou no desenvolvimento do
conceito “Roundig the Vertices” o qual se pode traduzir de

forma literal por arredondar os cantos.

O conceito tem como base a melhoria na eficiéncia do sistema
projetual através da otimizacao e melhoria da eficiéncia em
quatro eixos /vértices prioritarios, nomeadamente 1) a
economia, 2) o ambiente, 3) a sociedade e 4) a funcionalidade

dos produtos e servigos.

Visando estes objetivos, foi desenvolvido um modelo de



atua¢do, definido por trés niveis distintos que se interligam
formando uma abordagem holistica. Este modelo compreende
um nivel relacionado com o desenvolvimento do negécio,
integrando a geracao de riqueza e valor na sua estratégia. Um
nivel relacionado com a gestao do projeto, atuando na
transposi¢ao das necessidades do negocio e dos
clientes/utilizadores, e por tltimo, um nivel operacional, ligado

a atividade projetual.

O modelo ¢ operacionalizado através de um toolkit,
desenvolvido e validado por um grupo de especialistas
internacional no ambito desta investigagdo. O foolkit de Design
para a Economia Circular contempla um conjunto de
ferramentas praticas, alinhadas com o processo criativo que
visa promover. Constitui-se também como uma ferramenta
didatica para apoiar os designers no projeto e na identificacao

e desenvolvimento de solucdes inovadoras e circulares.

Como referido, o Rounding the Vertices — Toolkit for circular
design desenvolvido visa orientar o projeto ajudando na sua
definicao e planeamento, na identifica¢do de opg¢des de
melhoria e na identifica¢do de ideias para desenvolver novas
solucdes. Permite ainda validar e demonstrar o desempenho de
circularidade do processo de Design realizado e dos seus
resultados. Este recurso é composto por quatro ferramentas que

se complementam, a saber:

A ficha de defini¢ao do projeto que se traduz numa
ferramenta que apoia o inicio do projeto e a defini¢do do que ¢
necessario desenvolver. Facilita o processo de recolha e analise
inicial de informagdes com base na abordagem estratégica de
negdcio. Garante que a equipa de desenvolvimento obtenha as
informagdes e orientagdes necessarias para o desenvolvimento

do projeto deste ambito.

A ficha de planeamento do projeto ¢ uma ferramenta que



facilita a definicdo do trabalho a ser feito e a criacao de um
roteiro a seguir dentro do projeto para atender aos objetivos
definidos. A ferramenta organiza o projeto pela identificagdo
das atividades a realizar, dos recursos necessarios para o efeito

e da sua duracao.

A Circular Design Mbox combina o conceito da caixa
morfologica e ¢ uma ferramenta a utilizar pelos designers para
a criacdo de solugdes a partir de dez principios de Design para
Circularidade e Sustentabilidade. Os dez principios que
compdem a abordagem Rounding the Vertices foram
selecionados a partir de um processo de pesquisa e da analise
de diversas metodologias, ferramentas e diferentes abordagens.
Com o apoio desta ferramenta, as equipas de Design podem
implementar os principios de design de forma sistematizada,
criando e desenvolvendo novos produtos e servi¢os na linha

pretendida.

Por ultimo, a Ferramenta de Avaliacao da Circularidade
tem como objetivo avaliar o desempenho do projeto de Design
e seus resultados, aferindo o modo em como este contribui
para a transi¢ao que se pretende. Com base no conceito
Rounding the vértices e através da utilizacao da ferramenta, o
designer pode avaliar a integracdo da abordagem circular no
projeto e validar os resultados do projeto em termos de

circularidade.

Tal como ja afirmado, o trabalho desenvolvido no ambito desta
investigacao foi validado por um grupo de especialistas
internacionais que através de workshops e da exploragao dos
materiais criados, tiveram a oportunidade de experiénciar e
testar os recursos desenvolvidos e avaliar de que modo

respondiam aos objetivos propostos nesta investigagao.

Em conclusdo, os materiais resultantes deste projeto, assim

como o Modelo de Design para a Circularidade constituem-se



como recursos de apoio a pratica projetual que orientam o
processo de Design e a integrag@o de estratégias e principios
de sustentabilidade e circularidade no desenvolvimento de
novas solugdes. Constituem-se também como recursos
importantes para a capacitagdo dos designers e outros
profissionais para novos registos profissionais, através de,
entre outros, contetidos didaticos que complementam as
ferramentas desenvolvidas e os ajudam a um exercicio

projetual mais circular e j4 num novo paradigma.
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The evolution of society and the increase in consumption
of products to meet more and more consumer needs is
taking society to a breaking point that, if surpassed, will

hardly have a return, jeopardizing the future generations.

Since the mid-1970s, it has been realized that the current
model is unsustainable and that a new approach to
production and consumption is needed towards a more
sustainable society with added value for all stakeholders in

the value chain.

In this context, designers have a fundamental role in the
development of innovative and sustainable solutions that
meet the needs of both consumers, producers, and society

in general.

Currently, the Circular Economy is seen as an approach to
Sustainability with great potential for success and which is
being the target of numerous research and development
projects and initiatives, of practical application in
companies, public funding, and education. However,
despite all efforts in this direction, there is still a large gap
between theory and practice. There is a need to support the
practice of Design with methods and tools that allow the
transposition of circularity strategies in the development of
effective solutions that result in sustainable and circular

products and services adjusted to the needs of all actors

- vii -



involved in the value chain.

In order to meet these needs, the research carried out in
this PhD Thesis resulted in the development of the
Rounding the vertices, Design for the Circular Economy
toolkit, which includes a set of practical implementation
tools, aligned with the Design process and which is also a
didactic tool to support designers in their projects and in
the identification and development of innovative and

circular solutions for projects.
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Glossary

Circular Economy

The Circular Economy is a system that is restorative and regenerative by intention and
Design, which maximizes ecosystem functioning and human well-being with the aim
of accomplishing sustainable development. It replaces the end-of-life concept with
closing, slowing and narrowing the resource flows in production, distribution and
consumption processes, extracting economic value and usefulness of materials,
equipment and goods for the longest possible time, in cycles energized by renewable
sources. It is enabled by Design, innovation, new business and organizational models

and responsible production and consumption (Rocha et al. 2020).

Closed Loops

System in which products, components or materials are reused or recycled into the
same, similar or different products, components or materials with minimal loss of

quantity, quality or function (British Standards [BSI], 2017).

Closing resource loops

Is to close the loop between post-use and production through e.g recycling or reuse.
Closing the loop in terms of resources is fundamental to attaining a circular model. A
circular flow of resources can be achieved through recycling, by closing the loop

between post-use and production (Bocken et al, 2016).

Cradle to cradle design principles

Cradle to Cradle design principles were defined and promoted in the book “Cradle to
Cradle: Remaking the Way We Make Things” (McDonough & Braungart, 2002), and

provide guidance to product development in five key categories:
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Material Health — Chemicals and materials used in the product are selected to
prioritize the protection of human health and the environment, generating a positive

impact on the quality of materials available for future use and cycling.

Product Circularity — Products are intentionally designed for their next use and are

actively cycled in their intended cycling pathway(s).

Clean Air & Climate Protection — Product manufacturing results in a positive impact
on air quality, the renewable energy supply, and the balance of climate changing

greenhouse gases.

Water & Soil Stewardship — Water and soil are treated as precious and shared
resources. Watersheds and soil ecosystems are protected, and clean water and healthy

soils are available to people and all other organisms.

Social Fairness — Companies are committed to upholding human rights and applying

fair and equitable business practices

Design for a Circular Economy

Design for Circular Economy is the Design and development of products, services
and product-service systems that replace the conventional end-of-life concept by
closing, slowing and narrowing the resource flows in production, distribution and
consumption processes. It is enabled by innovation and novel business and
organizational models and aims to accomplish sustainable development through
maximising ecosystem functioning and human well-being, and through responsible

production and consumption (Rocha et al. 2020).

Design for all

The Design of mainstream products and/or services that are accessible to, and usable by, as
many people as reasonably possible (...) without the need for special adaptation or specialised

Design (British Standards [BSI], 2005).
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Dematerialization

Delivery of a function with no or reduced requirement for materials, often by a move

from a physical to a digital alternative (BSI, 2017).

Design for Sustainability

Design for Sustainability is the Design of products that are sustainable throughout
their lifecycle. It is a holistic Design approach that enables the integration and
assessment of the Sustainability dimensions in different stages of the product or
product-service development process aiming to not diminish or damage the available
natural resources throughout the product’s life cycle (Rocha, C. S., Antunes, P., &

Antunes, P. 2019; Ameta, G. 2009).

Downcycling

The process of converting secondary raw materials/by-products into new materials,
components or products, typically of lesser quality, reduced functionality and/or lower
value compared to their original intended purpose, it’s a process of recycling
something in such a way that the resulting product or material is of a lower value than

the original item (BSI, 2017; Merriam Webster, n.d.).

Ecodesign

The integration of environmental aspects into the product development process, by
balancing ecological and economic requirements. Ecodesign considers environmental
aspects at all stages of the product development process, striving for products that
make the lowest possible environmental impact throughout the product life cycle

(BSI, 2017; European Environmental Agency [EEA],2017).
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Environmental product declaration (EPD)

EPDs signal a manufacturer's commitment to measuring and reducing the
environmental impact of its products and services and report these impacts in a hyper-
transparent way. With an EPD, manufacturers report comparable, objective and third-
party verified data that show the good, the bad and the evil about the environmental
performance of their products and services (/nternational EPD System | EPD

International, n.d.).

Greenwashing

An attempt to make people believe that your company is doing more to protect the
environment than it really is, an attempt to make a business seem interested in

protecting the natural environment when it is not (Cambridge Dictionary, n.d.)

Inclusive Design

The Design of mainstream products and/or services that are accessible to, and usable
by, as many people as reasonably possible (...) without the need for special adaptation

or specialised Design (BSI, 2015)

Life cycle

Consecutive and interlinked stages of a product or service system, from Design,
acquisition of raw materials, production, distribution, use and end of life management.
It’s the series of changes that a product, process, activity, etc. goes through during its

existence (BSI, 2017, Cambridge Dictionary, n.d.).

Life cycle thinking

Life Cycle Thinking (LCT) is about going beyond the traditional focus on the
production site and manufacturing processes to include environmental, social and

economic impacts of a product over its entire life cycle. The main goals of LCT are to
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reduce a product’s resource use and emissions to the environment as well as improve

its socio-economic performance through its life cycle (Life Cicle Initiative, n.d.).

Narrowing resource loops

Narrowing the resource loops is linked to the efficiency and optimization achieve

through using fewer resources per product unit (Bocken et al 2016).

Planned obsolescence

All techniques by which an organization seeks to deliberately limit product lifetime in

order to increase the replacement rate (BSI, 2017).

Product system

Collection of unit processes with elementary and product flows, performing one or
more defined functions, and which models the life cycle of a product (International

Organization for Standardization [ISO], 2006).

Product—service systems

A business model combining both products and services and using results as a basis

for innovation

A Product-Service System starts from the premise that companies must offer the
function of the product, not the product itself. This concept is maturing concerning the
real needs of the consumer, who does not necessarily want to own things, but to
benefit from using them (BSI, 2017; Product Discovery: Product-Service Systems and
the Future of Products, 2021).
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Slowing resource loops

Slowing resource loops is achieved through the extension of the life cycle of a
product. This can be done through the Design of long-life goods, product-life

extension, or intensification of the utilization period of products (Bocken et al. 2016).

Project

A temporary endeavour undertaken to create a unique product, service or result

(Project Management Institute | PMI, n.d.).

Social innovation

Social innovation can be seen as a process of change emerging from the creative re-
combination of existing assets (social capital, historical heritage traditional
craftsmanship, accessible advanced technology) and aiming at achieving socially

recognized goals in new ways (DESIS Network, 2019)

Sustainable Consumption and Production

Sustainable consumption and production is about doing more and better with less. It is
also about decoupling economic growth from environmental degradation, increasing
resource efficiency and promoting sustainable lifestyles. It refers to “the use of
services and related products, which respond to basic needs and bring a better quality
of life while minimizing the use of natural resources and toxic materials as well as the
emissions of waste and pollutants over the life cycle of the service or product so as
not to jeopardize the needs of future generations”. (Goal 12: Ensure Sustainable
Consumption and Production Patterns, n.d.; Sustainable Consumption and

Production Policies, n.d.)
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Sustainable Development Goals, SDGs

17 goals established by the United Nations in 2015 and adopted by all United Nations
Members to support the global sustainable development towards 2030 that provides a
shared blueprint for peace and prosperity for people and the planet. These are an
urgent call for action by all countries — developed and developing — in a global

partnership (THE 17 GOALS | Sustainable Development, n.d.)

Upcycling

Process of recycle materials or products in such a way that the resulting new
materials, components or products, are of better quality, improved functionality

and/or a higher value (BSI, 2017; Merriam Webster, n.d.).
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Introduction

Context of the research

Sustainability is a leading concept defined in the Brundtland Report in 1987 as a development
model that "responds to the needs of the present without compromising the ability of future
generations to meet their own needs" and has evolved and been a widely promoted,

disseminated and exploited (Brundtland, 1987, p.16) as a strategy to improve our society.

The Design practice plays a key role in the definition of the environmental profile of products
and services. The materialization of ideas in Design solutions and placement of products and
services in the market, available for society can have huge impacts and it is at the Design
stage, through the definition of the characteristics and features that about 80% of the
environmental and social impacts of a product are defined (Sustainable Product Policy, n.d.).,
the solutions developed and adopted by the designer have a high influence in the definition of

the profile of the product and hat happen in all stages of the life cycle (Tischner, 2016)

The environmental and social concerns and the impacts in the society and the environment in
relation with the Design activities had already received attention, as defended by Victor
Papanek in his famous publication "Design for the Real World" (Papanek, 1971) and have

been explored widely.

Since the 1990s, the integration of environmental considerations in product development with
the objective of optimizing products by reducing their impacts throughout their life cycle has
been the subject of research, development of methodologies, training, demonstration and
implementation in companies. It’s also widely known that all products and activities have
impacts on the environment, which may occur at all stages of their lifecycle, from raw

material extraction and processing, to manufacturing, distribution, use, and end-of-life.

Today, new challenges are faced by designers and product developers. The role of designers
and their practice is recognized as a catalyst and driving force in the transition from the
traditional model of take-make-dispose to achieve a more restorative, regenerative and
Circular Economy. To meet the need for a Circular Economy, products need to be designed
and redesigned aiming to closed loops, maintaining materials, components and products in
use and adapted to generate revenues (Moreno et al., 2016). The Design practice oriented
towards Circular Economy and Sustainability, as Design in a broader sense, has the aim and

responsibility of meeting the users, businesses and society needs, responding to product,
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service and system problems, by promoting the integration of various criteria and expertise in

problem-solving in a systematic, innovative, efficient and sustainable way.

Aiming to Sustainability, the designer has the function of translating the strategies and
concepts of circularity into the Design process to promote the transition from the traditional
linear model based on an intensive consumption of resources to a circular model focused on
closing resource cycles, on the efficiency and Sustainability of the system. However, to
support an effective transition, there is a need to capacitate Design practitioners, business
stakeholders and product developers with knowledge, recommendations, and practices of
how to rationalize, operate and apply specific Design strategies for different circular business

models and results (Moreno et al., 2016).

The value chains are directly influenced by the Design of products and services. Within a
Circular Economy approach, the establishment and creation of new value chains, more
sustainable and more effective, inevitably imply important changes in the practice of Design
and despite the importance and recognition of the role of designers as fundamental actors in
the promotion of Sustainability, there are still numerous barriers to its implementation in
practice within companies and businesses (De los Rios & Charnley, 2017; Prendeville et al.,

2013).

Several research and development projects and activities have been carried out all over the
world, however, their impact on society is still low, and most of the literature available is
academic or from industrial examples mostly from business-to-business (B2B) level (De los

Rios & Charnley, 2017).

In recent years, the fast evolution of the concept lead to the development of numerous
initiatives, research projects, methodologies and tools to support companies in their path
towards more sustainable growth. These initiatives have been tested and validated in
companies, however, the integration of the Sustainability and a circularity perspective is still
seen as an ad-hoc activity, most of the cases with superficial, not substantiated, and with a
low level of engagement. In many examples, companies enrol in these projects and
development processes with the main objective of using it as a marketing resource for the
promotion of the product and the company, and in several cases, unfortunately, it is linked to
greenwashing results (Alves et al 2011). The constant evolution and increase in the
importance of the topic, mainly in the academic and research fields resulted, in the

development of numerous examples of research activities, literature, web-based platforms
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and repositories to support companies in process of integration and transition for circularity,
however as mentioned by Dekoninck et al., (2016), there is a lack of results, and few
examples reporting on success cases resulting from the practical application in companies are

available.

In this sense, the transition to a more sustainable way of Design, production and consumption
is a crucial goal for the development of society (Bhamra & Lofthouse, 2007; Braungart &
McDonough, 2009; Manzini & Vezzoli, 2010; Margolin, 2014; Pereira, 2021). In 2015 the
European Commission adopted and published an ambitious Circular Economy Package
(European Commission, 2015) to support European businesses and consumers to enrol in the
transition to Circular Economy, a new approach to consumption and production where

resources are used in a more sustainable and innovative way.

The plan set a group of actions that were developed aiming to “closing the loop” of the
resources and product flows, considering their life cycles and promoting the extension of the
lifespan of products, increasing the reuse of materials and products, promoting effective
recycling, with benefits for both the environment and the economy. The plans aim to extract
the maximum value and use of all raw materials, products, and waste, promoting energy
savings and reducing greenhouse gas emissions. The plan has a strong lifecycle perspective
covering the full lifecycle: from production and consumption to waste management
considering and promoting new business models, such as the market for secondary raw

materials, product -services systems, and other innovative solutions.

In Portugal, the Portuguese version of the plan, the National Action Plan for the Circular
Economy was published by the Portuguese Council of Ministers (PAEC, 2017) was
published in December 2017. The plan was part of the strategy to be followed up to 2020 and
aimed to redefine the concept of end-of-life of the traditional linear economy, based on the
production and elimination of waste, focusing on the concepts of reuse, repair, and renovation

of products, materials and energy.

The Portuguese version of the document aligned with Portugal's international commitments,
such as the Paris Agreement, the Sustainable Development Goals, and the European Union
sets a strategic model for growth and investment based on efficiency and value of resources

and minimization of environmental impacts.

The commitment of Europe in the transition to circularity is a continuous process, and in

March 2020, the European Commission launched a new action plan, (European Commission,
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2020), built on the actions and initiatives implemented since 2015 and provides a future-
oriented agenda for achieving a cleaner and more competitive Europe in co-creation with
economic actors, consumers, citizens and civil society organisations, aiming to accelerate the
transformational change required by the European Green Deal (European Commission,

2019a).

Within the Circular Economy packages and the objectives defined at the European level and
adopted by the European countries, Design plays a crucial role and is one of the instruments
and expertise that supports the implementation of a Circular Economy. Within the plan,
Design is mentioned and promoted through concrete actions. The Design professionals
involved in the development of new products and services should seize the momentum to
promote their activity and their role in the transition and add value to its activity and its

results.

Motivations

The world as we know it is changing drastically and fundamental and structural changes are
taking place worldwide in the way society is producing and consuming products and services,
and industries are facing increasing pressures from economic crises, resource scarcity, and
pollution (De los Rios & Charnley, 2017). The Circular Economy concept is gaining attention
in Europe and around the world and is seen as a potential way for society to increase
prosperity while reducing dependence on primary materials and energy (Ellen MacArthur

Foundation [EMF], 2015).

The current Circular Economy concept, which is built on several schools of thought, such as
the functional service economy or performance economy from Walter Stahel; the Cradle to
Cradle from William McDonough and Michael Braungart; biomimicry from Janine Benyus;
the industrial ecology of Reid Lifset and Thomas Graedel; natural capitalism by Amory and
Hunter Lovins and Paul Hawken; and the blue economy systems approach described by
Gunter Pauli (EMF, 2015) is a relatively new concept with a tremendous development in
Europe which is receiving increasing attention worldwide as a way to overcome the current
production and consumption models based in so-called “linear economy” or “take, make and
dispose model” that is proved to be inefficient and is based on the over consumption of

materials, resulting in the depletion natural resources and destruction of ecosystems.
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In the past, several approaches to attain Sustainability were widely explored, and despite the
perception of practitioners and the society of the importance and need to adopt it in the
production and consumption of products and services, in practice, Sustainability was seen as
a complex subject or as an accessory approach, focused on niche markets with low added
value (Ferreira, 2003) and in several cases used mainly as a marketing tool. With the
Sustainability approach, the ecodesign methodology was seen as a Design practice with
potential, with many tools and methods available to support product designers in their
practice, but the actual application of ecodesign has not reached companies worldwide,

mainly due to difficulties in implementation and management (Pigosso, et al., 2013).

As explained before, the transition to the Circular Economy and the need to empower the
designer's community, supporting their practice with knowledge, guidance and resources for
the development of successful projects aiming at sustainable and circular solutions that
promote the well-being of the society today and in the future are the main motivations to

develop this research.

This research, developed within the scope of the doctoral Thesis carried out at IADE,
Universidade Europeia, is the result of more than 20 years of experience in which the author

has developed his activity in the field of research in Design and Sustainability.

Having started his career focused on the development of ecodesign methodologies and tools
for a systemic implementation in practice, the work presented in this Thesis, oriented towards
Design in the context of the Circular Economy, is aligned with its path and evolution in the

face of the evolution of society.

The problem addressed

In the current context of transition to the Circular Economy, it is intended that Design and the
professionals engaged in the development of products and services act as catalysts for this
paradigm shift. The Circular Economy, despite the importance and relevance it is having at
the global level, must be materialized in practical solutions available to society. The change
from theory to practice, which represents a key factor in this transition, needs the support of
methodologies, resources and knowledge of the entire value chain, concrete knowledge of the

link between products and services and their underlying business models, as well as its
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societal infrastructure and governance determining their lifecycle, is fundamental. This
holistic approach requires changes in the production and consumption system, going well

beyond resource efficiency and waste recycling.

Designing products and services in a smarter, more efficient and more innovative way,
extending their useful life and changing their influence and relation within the system is
crucial to the achievement of that transition (European Environment Agency [EEA], 2017).
Therefore, the problem we are addressing in the current research is how to develop a new

strategy and practice, supported by improved methods and effective tools for designers.

Structure of the Thesis

The Thesis was designed from the beginning as an evolutive product that was created,
developed and adapted along with the conducting of the research that supports the results

developed to improve the Design practice and methods towards circularity.
The documents consist of nine main parts:

In the first part of the document, which is the introduction, the context of the research, the
main motivations and objectives for undertaking the current research and the definition of the

problem that was addressed and explored are explained.

Chapter 01 — in this chapter, the research Design and methodology defined to structure the
research are explored. Here the introduction, the objectives and the research structure are

addressed.

Chapter 02 — This chapter is composed of a review and definition of Circular Economy and
Design, where the concepts are explored and defined within the research context and the state

of the art of Circular Economy in Portugal is addressed.

Chapter 03 — The identification of the perspectives and perception of Circular Economy and
Design from experts, users and the general society points of view are addressed in this

chapter.

Chapter 04 — Explores the identification of tools that are available to support the Design

practice for Circular Economy and are developed and applied in several contexts.
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Chapter 05 — Aiming to define a set of Design principles for Circular Economy, the chapter
includes an extensive review of the principles, strategies and criteria used to support a
Circular Economy, Sustainability and Design developed by relevant authors, and the
definition of 10 Design principles that are applied later in the toolkit to support the circular

Design practice.

Chapter 06 — This chapter explores the development and definition of the Design model and
development of a toolkit created to help designers and product developers in the integration

of circularity aspects in project development.

Chapter 07 — Presents the process and activities held to validate the model and toolkit by
experts that are implementing Sustainability and Circular Economy in the daily activities of

research, academia, and businesses.

The final part of the document includes the Conclusions of the research and Future Work

defined to explore the results achieved.

References and annexes are also included at the end of the document.
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1. Research Design and Methodology

1.1 Introduction

In the context of Design for the Circular Economy, this chapter presents the structure
developed, the methodology, and planning outlined as guiding elements of the research

process.

This initial chapter therefore serves to present the scope as well as the objectives, the research
questions issues and the hypothesis to which all the research work intends to respond in order
to provide designers with instruments that promote their activity in the context of the

transition to the circular economy and sustainability.

1.2 Objectives

The current research project was designed and developed having as the main objective to
support the transition to a more sustainable and Circular Economy through Design,

contributing to a more sustainable and resilient society today and for the future.

Design, through its impact and influence at all levels in society, has a crucial role in shaping
and defining the characteristics of the products and services that meet the needs of the society

and their impacts in the life cycle.

The Circular Economy approach is seen in the current context as the potential successful path
to achieve a sustainable future. The transition from the linear model to a new economic
model operating in closed and more efficient loops (Figure 1), catalysed by innovation along
the entire value chain, is advocated as an alternative solution to minimize global impacts,
material consumption and energy losses (Ministério do Ambiente e A¢do Climatica, n.d.).
And within this new approach, designers must have the knowledge and the tools to leverage

the process (Vicente, 2012), and be engaged in this process.

Therefore, this research project aims to identify, explore and develop an effective strategy
supported by improved methods and tools which will be easy to apply in practice, in order to

promote the transition to a Circular Economy through Design.
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Figure 1 — Transition from the linear model to Circular Economy (PAEC, 2017) — Adapted

1.3 Research questions and hypothesis

Aiming to promote and increase knowledge in the fields of Design for Sustainability and
Circular Economy through Design, 4 research questions were established to guide and

support the research, these are:

e How will Design support the transition from the linear economy to the new model of
Circular Economy?

e  Which tools can designers apply to support an effective Design practice for a
successful transition to a Circular Economy in the real world?

e How can designers overcome the barriers in the implementation of a Design practice
that effectively result in more sustainable products and services aligned with the
European policies for Circular Economy?

e How can the Design practice and the role of the Design professionals be promoted in

a Circular Economy context?

To answer these questions, the research is developed having as central point the role and
importance of Design. The Design has the responsibility of responding to the needs and
problems related to products or services, by integrating criteria and innovative solutions in
problem-solving, meeting the needs of users and the society as a whole. This is a key
argument of Sustainability that results from the perception that designers must give a more
universal and inclusive response and not only depend on the economic interests of companies

or focused on niche markets (Ferreira, 2008).
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In the Circular Economy approach, the designer, through its practice, methods, and tools, has
the function and capability of translating and applying the strategies and concepts of
circularity in the creation and development of new products, services, and systems that

promote the transition from a linear model to a circular model.

In this sense, and aiming to promote Design and the role of Design, and demonstrating it to
the actors in the products and services value chain, especially the key practitioners and
companies, the hypothesis, defined as the base stone and verified by the activities and results

attained in the Thesis is:

Design, through its specific methods and tools, is an
important factor for an effective transition to a

Sustainable Circular Economy.

1.4 Contributions of the study

The authors, based on their experience and previous knowledge, were convinced since the
beginning of the research that the study will add value to the Design practice in the areas of

Design, Sustainability and Circular Economy at business and educational levels.

From the beginning of the process, the research carried on aimed to analyse the needs related
to promoting and supporting the transition to a Circular Economy by developing a strategy to
promote an effective application of the Design practice, supported by methods, guidelines
and tools, increasing the knowledge and contribute to a more sustainable and Circular
Economy, aligned with the needs of designers and other practitioners, and the needs of the

society, today and for the future.
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1.5 Research structure

The Thesis and its methodology presented was designed with the objective of supporting the
development of a research aiming the creation of added value for the Design professionals
and the society. Focusing on the transition to Circular Economy, the results will strengthen
the role of Design by providing professionals with a set of resources for innovative and more

effective Design practice.

The research structure is composed of three main methodological moments that are linked to

the three main steps in the development process (Annex 01).

In the first methodological moment (Figure 2), which results in a systematic analysis and
identification of the current state-of-the-art performed through mapping Design and
Sustainability practices and the identification of the main drivers and barriers faced by

companies, designers, and practitioners. This moment comprises 3 main activities:

e Literature Review. A systematic and methodological review and analysis of the most

relevant references published on the subject;

e Benchmarking of methods and tools. A qualitative analysis of the methods and tools
available in the literature, internet, result of international research projects, and other
sources, that are available for application in the development of sustainable products

and services;

e Field research as the primary source of information. Methods and tools applied in
practice. Identification of sustainable products that are produced in Portugal and

placed in the national or international markets.

The analysis of the tools and methods applied in product development through contact with
the designers and producers of a selection of the identified products by questionnaires, phone
and face-to-face interviews, aimed to understanding of how sustainable products are
developed in Portugal and which tools and methods are applied in practice. This task aimed
to the identification of the main motivations, drivers, challenges, barriers and needs faced by
practitioners in their daily activities and how the Circular Economy is perceived by the
practitioners, however, due to the lack of national products developed and available in

Portugal, this task didn’t have the expected results in providing useful data.
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Figure 2 — Research plan — Structure — First methodological moment (design by the author)

The second methodological moment (Figure ) focuses on answering to the research questions
and verifying if the hypothesis is valid. In this step, it was defined a new strategy and
guidelines to improve the role of Design in the transition for a circular and sustainable
economy. The strategy for the Design practice within Circular Economy is materialized in a
new toolkit that can be applied by practitioners in their activity to develop innovative and

sustainable circular solutions.
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Figure 3 — Research plan — Structure — Second methodological moment (design by the author)
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The third methodological moment (Figure 4) is related to the test and validation of the
previous research work, namely the model of more sustainable Design activity and the toolkit
to support it. The assessment of the proposed Research results was made in workshops with
experts from the fields of Design, Sustainability, and Circular Economy through contact with

European experts, to discuss, review and validate the results achieved.

The test phase delivered valuable feedback on meeting the needs and showing the

practicability, benefits and innovation potential of the results.

This evaluation activity was held by focus groups in workshops with experts in several fields

related to the topic to discuss, test and validate the results of the research.

The interaction with experts gave an insight on the status and potential for implementing
Circular Economy strategies and input on how to meet current and future designers needs to

support them on the transition towards Circular Economy.

nnnnnnnnnnn

Deliveral

Validation of a method to evaluate and validate the model
v

Pre - conclusions

Third Methodological mo

...................................................................................................................................

Figure 4 — Research plan — Structure — Third methodological moment (design by the author)

Based on the previous moments, the research team developed the conclusions of the research,
which by answering the research questions and validating the hypothesis, increases
knowledge and contribute to a more sustainable and Circular Economy, aligned with the

needs of designers and companies.
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2. Circular Economy and Design

2.1 Overview of Circular Economy and Design

2.1.1 Circular Economy

The wide dissemination and development of the Circular Economy led to an over exploitation
of the terminology. In literature, we can find many definitions of the Circular Economy to
define this concept that has been widely developed. In this context, several authors and
project tend to develop a definition that best suits their interests and the diversity of
definitions do not help in the communication and practical implementation of the Circular

Economy (Camocho et al. 2018).

The Ellen MacArthur Foundation, an institution that had a major role in the dissemination
and development of the Circular Economy has one definition that is widely known, however
many others were published and are available. Back in 2017, an article analysed 114
definitions of Circular Economy and concluded that there is not one coherent understanding
or definition of Circular Economy (Kirchherr et al., 2017), and from 2017 till now, many

other definitions emerged.

On what concerns this current research the author considers that the definition developed and
published by the international consortium of the project KATCH e (KATCH e, 2019a), in
which the author collaborated, meet the needs of the research. The project is based on the
reinforcement of the Design skills and competencies in the field of product-service
development for the Circular Economy and Sustainability. Within the project, the consortium
developed a definition inspired on several definitions and concepts from the main key players

on Circular Economy.

“Circular Economy is a system that is restorative and regenerative by
intention and Design, which maximizes ecosystem functioning and human

well-being with the aim of accomplishing sustainable development.

It replaces the end-of-life concept with closing, slowing and narrowing the
resource flows in production, distribution and consumption processes,

extracting economical value and usefulness of materials, equipment and
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goods for the longest possible time, in cycles energized by renewable

sources. It is enabled by Design, innovation, new business and

’

organizational models and responsible production and consumption’

(Rocha et al. 2019, p.3).

2.1.2 Design for Circular Economy

The transition from the traditional linear and non-sustainable approach to the Circular
Economy has to be in an integrated and holistic approach on which all value chain has to
contribute. The production and consumption system needs to change in innovative and
sustainable ways, in which the Design makes an important contribution. Design, according to
its nature, plays a key role in the definition of the features and the profile of products and
services (Bhamra & Lofthouse, 2007; Braungart & McDonough, 2009; Manzini & Vezzoli,
2010; Margolin, 2014) available in the society that, according to recent studies, is less than
9% circular (De Wit et al., 2019). In response to the needs of society, designers must
integrate Sustainability and circularity criteria and their know-how in problem-solving
innovatively, adjusted to the needs of users, businesses, and society’s dynamics (Ferreira,
2008). Is in the interface between production and consumption that design takes place. The
designer, who works usually for a company, meeting the needs of the business, has to
translate the needs of the users or clients for whom the products and services are developed

(Tischner, 2016).

The Integration of the circularity aspects and needs in the Design process and the underlying
practice can be seen as more challenging and complex, requiring changes in the way of
thinking and guiding projects focusing often on new systems based on a shift from product-
based solutions to more sustainable and innovative system-based or function-based
approaches. In this regard, designers need to align their development process with the
Circular Economy approach requirements and to replace the conventional end-of-life concept
in which the products lose their value and are disposed of after fulfilling the initial function,
by new solutions for closing, slowing and narrowing the resource flows in the product and
service systems (Bocken et al., 2016). In their practice, designers need to have the knowledge
to apply several strategies in the development process focusing on the efficiency and

Sustainability of the entire product system (Rocha et al, 2019).
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The development of innovative and smart products and services with an extended lifetime
and an adjustment of their functions within the system will be crucial to achieving the

transition to circularity (Camocho et al. 2018; EEA, 2017).

Society has evolved based on the over-consumption of always new and better goods and
services, leading to massive consumption of natural resources and the production of large
amount of waste and emissions, (Medkova & Fifield, 2016) and this had been promoted

globally by industries and business.

The Portuguese National Action Plan to the Circular Economy, which is a reference
document to support the transition to circularity in Portugal, is based on concrete actions to
be implemented. In these actions, the Design is referenced all over the document due to its

importance in the practical implementation of circularity (PAEC, 2017).

Aiming and promoting an efficient Design practice, there is a need to provide designers and
product developers with guidelines, resources and practices to integrate Design strategies for
different circular business models (Moreno et al, 2016; Bocken, 2016), and influencing and
managing the value chains. The Design practice will be updated given the creation of circular
and sustainable value chains that are highly influenced by product and service Design

(Camocho et al, 2018; Prendeville et al 2013; De los Rios & Charnley, 2017).

Currently, in the post-COVID19 scenario, society has experienced numerous and radical
changes at all levels. The effects of the pandemic have further reinforced the need to create a
more ecological and resilient society. Companies, businesses and society must adapt to a new
reality, and new revitalization mechanisms must be adopted. The Europe recovery plan
(European Commission, 2020) was launched by the European Commission and is focused on
measures to revitalize and support organisations. In this context, as mentioned previously
Design plays a fundamental role in adapting and creating solutions to new needs that enhance

innovation, Sustainability, employment and the creation of value for all stakeholders.

Several strategies for circularity are available to support designers and product developers in
creating products and services in a more sustainable way. In chapter 5. Design principles for
a Circular Economy, explored the topic in detail. Many approaches from different authors
were identified and analysed. Having as an example the principles and strategies published by

the Ellen Macarthur Foundation.
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The main principles are proposed: (EMF, 2015)

e Preserve and enhance natural capital by controlling finite stocks and balancing
renewable resource flows

e Optimize resource yields by circulating products, components, and materials in use at
the highest utility at all times in both technical and biological cycles

e Foster system effectiveness by revealing and designing out negative externalities

These three principles are translated into the ReSOLVE framework which considers six

actions or strategies that should be adopted by Design (Table 01).

Table 1- RESOLVE framework (EMF, 2015)

Shift to renewable energy and materials; Reclaim, retain, and restore the
RELEGIGEIEE  health of ecosystems; Return recovered biological resources to the

biosphere

St Share assets (e.g. cars, rooms, appliances); Reuse/second hand; Prolong
hare

life through maintenance, Design for durability, upgradability, etc.
Increase performance/efficiency of the product; Remove waste in

Optimize production and supply chain; Leverage big data, automation, remote

sensing and steering

L Remanufacture products or components; Recycle materials; Digest
00p : . . .
anaerobically; Extract biochemicals from organic waste

Virtualise Books, music, travel, online shopping, autonomous vehicles, etc.

Replace old with advanced non-renewable materials; Apply new

Exchange

technologies; Choose new product/service (e.g. multimodal transport)
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2.1.3 The Circular Economy context

2.1.3.1 EU action plan for the Circular Economy

A new circular action plan aiming to promote a cleaner and more competitive Europe, was

adopted by the European Commission in March 2020.

This new EU action plan (European Commission, 2020) (Figure 5), built on the actions and
initiatives implemented since 2015 aligned with the initial Action plan for a Circular
Economy. It provides a future-oriented agenda for achieving a cleaner and more competitive
Europe in co-creation with economic actors, consumers, citizens and civil society
organisations, aiming to accelerate the transformational change required by the European

Green Deal (European Commission, 2019a).

Circular Economy
Action Plan

The European
Green Deal

Figure 5 — Circular Economy Action Plan

Aiming to a zero-waste policy, the current plan is composed of a set of interrelated initiatives
to establish a strong and coherent product policy framework aiming to promote sustainable

products, services and business models as the norm to transform consumption patterns.

The expected transition of the European actors to a Circular Economy will reduce pressure on

natural resources and will create sustainable growth and jobs.

The new action plan announces initiatives along the entire life cycle of products. It
strengthens the role and impact of Design, promotes circular and more efficient processes,
encourages sustainable consumption, and aims to ensure that waste is prevented, and the
resources used are kept in the loop, and within the European boundaries for as long as

possible.
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The plan introduces legislative and non-legislative measures bringing real added value for

Europe, as such:

e Make sustainable products the norm in the EU,

e Empower consumers and public buyers,

e Focus on the more resource-intensive sectors and where the potential for circularity is
high such as electronics and ICT, batteries and vehicles, packaging, plastics, textiles,
construction and buildings, food, water and nutrients,

e Promote a zero-waste approach,

e Make circularity a global approach, focusing on people, regions and cities,

e Lead global efforts on Circular Economy.

2.1.3.2 Ellen MacArthur Foundation

Currently, the most known reference for Circular Economy, the Ellen MacArthur Foundation
was founded on 23 June 2009 and publicly launched on 2 September 2010 by Dame Ellen
MacArthur (EMF, 2015).

The Foundation develops its extensive work in Education and Training, Business and
Government, Insight and Analysis, Systemic Initiatives and Communications, with the
mission of accelerating the transition to a Circular Economy by developing and promoting

the concept.

The Foundation works with, and inspire, business, academia, policymakers, and institutions
to mobilise systems solutions at scale, globally with the vision of a new economic system that

delivers better and more sustainable outcomes.

The approach is based on business models, products, and materials that are designed to
increase the use and reuse, following the natural principles, replicating natural processes
where nothing becomes waste and everything has value, and supporting the transition to the

use of renewable energy and materials, in a distributed, diverse, and inclusive way.
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The Foundation’s work focuses on six interlinking areas:

e Learning, by developing the vision, skills and mindsets needed to support and
promote the transition to a Circular Economy,

e Business, by promoting circular innovation and creating the conditions for it to reach
scale,

e Insight and analysis, by providing robust evidence about the benefits and implications
of the transition,

e Systemic Initiatives, by transforming key material flows to scale the Circular
Economy at a global level,

e Communications, by engaging a global audience around the Circular Economy.

The EMF is also the author of the most used and known infographic that illustrates the
continuous flow of technical and biological materials through the ‘value circle’, the Circular

Economy System Diagram (Figure 6).

RENEWABLES FINITE MATERIALS
RENEWABLES FLOW MANAGEMENT STOCK MANAGEMENT

o

PARTS MANUFACTURER

Voo

BIOCHEMICAL
FEEDSTOCK MA AC
REGENERATION BIOSPHERE ‘ l RECYCLE
SERVICE PROVIDER ",
| | SHARE UFACTURE
RI
CASCADES l MAINTAIN/PROLONG
CONSUMER
COLLECTION COLLECTION
EXTRACTION OF
BIOCHEMICAL
FEEDSTOCK?
MINIMISE SYSTEMATIC i ELLEN MACARTHUR
A TERNALITIES | V- @FOUNDATION

Figure 6 — EMF Circular Economy System Diagram (EMF, 2015)
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2.1.3.3 Circular Design project

The ‘Circular Design’ project aiming to promote sustainable production and consumption of
products and services in Europe involved thirteen partners including European universities,
Design centres and companies from four different regions: Catalonia, Ireland, Netherlands

and Sweden (Circular Design Project, n.d.).

Aligned with European policies on the Circular Economy, the project aimed to find common
solutions that help minimise the environmental impact of consumption and reduce the use of

resources, which requires a new approach in the way societies work.

IRCULLAR

I: O IC I\ ammg for Innovative
=) | Design for Sustainability

Figure 7 — Circular Design Project — Logo

Focusing on Design (Figure 7), which has a key role in developing innovative solutions to
current challenges — approaches that must consider the needs of end-users and integrate
Sustainability criteria in processes and strategies for creating products and services. The main

objectives of the project are:

e Increase and improve the learning strategies of Design for Sustainability, by
identifying opportunities for sustainable products and services as well as new business
opportunities,

e Development of open educational resources and training courses for industry staff and
academics in Innovative Design for Sustainability to academics, students and
companies,

e Train up innovative and entrepreneurial designers who are capable of dealing with a
transition towards Design for Sustainability,

e Promote cooperation and mobility with the EU’s partner countries,

e [Establishment of a basis for a permanent and active European Network of Design for

Sustainability.
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In the resources developed and made available by the project consortium, users can find a

useful set of relevant information, such as:

e Open Educational Resources database, with a systematized repository of available
tools and methods for Design for Sustainability and Circular Economy developed by
numerous authors,

e The Best Practice Publication with case studies on some of Europe’s most interesting
projects in Design for the Circular Economy,

e Digital Fabrication Labs Handbook, an introductory guide to bring together digital
fabrication labs (e.g. FabLabs, hackerspaces, maker spaces, etc.) and the related
practices enabled through digital knowledge sharing into Design education for
Sustainability and Circular Economy,

e Professional Development Courses for Design and Circular Economy,

e Handbook in Innovative Design for Sustainability, a “starters guide” for circular
Design to help those who want to apply, teach or take the Circular Design

Professional Development Course.

2.1.3.4 Cradle-to-Cradle

Cradle to cradle considered as part of the foundation principles of Circular Economy, (EMF,
2015) is a model based on a system of "lifecycle development" developed by Michael
Braungart and William McDonough at the Environmental Protection Encouragement Agency

in the 1990s.

In their famous book, book Cradle to Cradle: Remaking the Way We Make Things, published
in 2002, the authors presented an integration of Design and science that provides enduring
benefits for society from safe materials, water and energy in circular economies and
eliminates the concept of waste (McDonough & Braungart, 2002). This book has become one

of the most influential works of ecological thought worldwide (Ideia circular. n.d.).

The framework developed and promoted in the Cradle-to-Cradle publication, based on

nature, identifies three main principles:

¢ Elimination of the concept of waste. In nature, everything is a resource for something
else. The “waste” of one system becomes food for another and this can be promoted

by a conscious Design that promotes the development of products with materials that
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are safe, efficient and that can be disassembled and reused or reintroduced in nature
without contamination.

e Use clean and renewable energy. Design for the use of these abundant resources while
supporting human and environmental health.

e Celebrate diversity and respect human and natural systems. Adapt the Design
solutions to the challenges and opportunities related to each place, respecting local

1ssues and natural and cultural life.

The book emphasizes also the role of Design as an agent to improve society, acting as a
positive and regenerative force in the change of paradigm and increasing the value and

innovation of systems.

Cradle-to-cradle (Figure 8), is also a certification standard globally recognized to measure
safer and more sustainable products for the Circular Economy (Cradle to Cradle Products
Innovation Institute. (n.d.). The Standard requirements are developed through a stakeholder

engagement process with input from technical experts, market leaders and the public.

To receive certification, products are assessed for environmental and social performance

across five critical Sustainability categories:

e Material health,

e Material reuse,

e Renewable energy and carbon management,
e Water stewardship,

e Social fairness.

The certification has a three levels structure, and a
product is assigned an achievement level (Bronze,

Silver, Gold, Platinum) for each category.

The standard promotes continuous improvement

over time by awarding certification based on

ascending levels of achievement and requiring Cra d Ie Crad Ie

certification renewal every two years.

Figure 8 — Cradle to Cradle logo
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2.1.3.5 BS 8001:2017- Framework for implementing the principles of the

Circular Economy in organizations

The British Standard (British Standard Institution [BSI], 2017), published in May 2017,
provides guidance and recommendations to support organizations and individuals to consider
and implement more circular and sustainable practices within their businesses. It proposes
improved ways of working, providing more circular products and services or redesigning

their entire business model and value proposition.

This standard aims to provide a framework and guidance to a broad range of organizations of
differing sizes and with varying levels of knowledge and understanding of the Circular

Economy.
The standard is divided into two aspects:

e What is the Circular Economy and why move to a more circular and sustainable mode
of operation?
e How to implement the principles of the Circular Economy within an organizational

context?
The standard contains:

e A comprehensive list of Circular Economy terms and definitions,

e A set of general Circular Economy principles,

e A flexible management framework for implementing Circular Economy strategies in
organizations,

e And a detailed description of economic, environmental, Design, marketing, and legal

issues related to the Circular Economy.

2.1.3.6 IEC 62430 — Environmentally Conscious Design — Principles,
requirements, and guidance

The IEC 62430:2019 standard (International Electrotechnical Commission [IEC], 2019),
developed by the International Electrotechnical Commission, who is an organization that

develops and publishes International Standards for all electrical, electronic and related

technologies, describes principles, specifies requirements and provides guidance for
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organizations intending to integrate environmental aspects into the Design and development

in order to reduce the environmental impacts of their products.

The standard applies to processes on how environmentally conscious Design is integrated

into the Design and development in any organization, regardless of its size, type or sector.

Having in mind that every product has environmental impacts, and these can occur during all
stages of its life cycle, ranging from slight to significant; at short-term or long-term; and may
occur at the local, national, regional or global level, the standard aims to minimize these
impacts. For this, it is essential to implement an environmentally conscious Design, which is
a systematic approach to achieve a reduction of these adverse impacts of a product

throughout its entire life cycle.

2.1.3.7 Circularity Gap Reports

Based on the need to measure the Circular Economy performance in the society and the lack
of reliable tools and initiatives to understand how can the society move towards the transition
to circularity, the Circle Economy initiative (Circle economy, 2018; de Wit et. L, 2019)
launched in January 2018 the first Circularity Gap Report in which it is stated that our world
is only 9.1% circular, which leads to a huge circularity gap. The publication provided also a

framework and data to measure and monitor progress in bridging the global circularity gap.

A second edition was launched in January 2019 which constitute again an important
reference with reliable and fundamental information and data regarding the performance of

the society.

Currently, the Circularity Gap Reporting Initiative delivers an annual global circularity metric
that measures the performance of the world economy and identifies key levers to transition to
global circularity, providing also insights into the circularity gap of individual countries and
sectors. Till now, 5 editions of the Circularity Gap Report were launched, providing
interesting data on the status and evaluation of the Circular Economy in practice (Figures 9

&10).
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Figure 10— Circularity Gap Report 2020

2.1.3.8 CIRCO-NL Programme

The CIRCO - Creating Business through Circular Design program (https://www.circonl.nl/)
was created in the Netherlands in 2015 and is based on the application of Design and Design
Thinking to the development of circular solutions (products, services and business models).
The program was developed by the Dutch company CLICKNL and has the support of the
Ministry of Infrastructure and Water Management of the Dutch government, and the model is

being exploited and shared internationally with the support of the authors through local hubs.
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CIRCO accelerates the development of a Circular Economy through a circular Design
program that activates and facilitates the implementation of circular business by industrial

companies and designers.

The method was crafted from academic frameworks and offers participants circular Design
strategies, circular business models and helps to create a roadmap to implement new circular
propositions. It is developed around the framework developed by C. Bakker and M. den
Hollander, available in the Publication “Products that last” and it’s structured in five circular
business models and six circular Design strategies. The method includes a defined set of

Design tools, inspiring cases and examples and it offers training support and interaction.

The training, structured in 3 main blocks (Figure 11) allows companies to acquire the

knowledge and experience to implement circularity in practice.

Identifying
opportunities

Developing circular
solutions including;

business model, product,

service and process redesign

Roadmapping
& Feasibility

Figure 11 — CIRCO method — structure

It is structured in:

e Initiate — this step is based on Design principles for the Circular Economy, mapping
of the value in a linear economy and identification of circular business opportunities

for each company.

e Ideate — the circular proposition from the first part is analysed and the most promising

is elaborated using the circular Design strategies and business models. This step will
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result in the definition of a circular customer proposition with a business model,

product re-design and additional services.

e Implement — In this stage, the companies develop a roadmap to plan and implement
their business idea. All material processed during the training is documented in a
Circular Business Canvas, and the activity ends with a pitch to present the ideas and

future work.

The success of the initiative is measured by the high implementation of the results. Around

66% of participants implemented their new circular proposals in practice (Click.NL, 2015).

2.1.3.9 Circular Design guide

The Circular Design Guide (Ellen MacArthur Foundation & IDEO, n.d.) is a collaboration
between the Ellen MacArthur Foundation and IDEO that has been co-created in a
participatory process including the contribution of ideas to the testing of resources, in an

iterative and inclusive Design thinking process, from more than 400 people.

Available at www.circulardesignguide.com, the platform includes a large number of

resources available to promote the transition for the Circular Economy.

Besides the practical and user-friendly knowledge base, it includes data on the concept of
Circular Economy and a set of methods (Figure 12) to be applied in practice according to the

needs of each project.
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Figure 12 — Circular design guide — Methods structure
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The Methods section, display many activities to help users to understand, define, make, and

release circular innovations.

For each stage, a set of activities are presented and is explained through theoretical content
and short videos in a step-by-step approach. A downloadable document is available to
promote better use of the developed resources. Examples and cases studies are also available

to illustrate the potential of the adoption of the methods.

The platform includes also a section on mindset, promoting the reflection and the rethinking
of system, process and products, a section with illustrative stories and a large resource centre

with resources for workshops, worksheets, videos, useful links, case studies and a glossary.

2.2 Circular Economy in Portugal

2.2.1 National Action Plan for Circular Economy

The Action Plan for the Circular Economy in Portugal (PAEC, 2017), approved by
Resolution of the Council of Ministers No. 190-A / 2017, of 23 November, aims to define a
national strategy for the Circular Economy based on production and elimination of waste and

the concepts of reuse, renovation and renewal of materials and energy.

This Plan called "Leading the Transition" embodies a national strategy with the objective of
promoting the change of the economic paradigm from "linear" to "circular", encompassing a
set of seven concrete actions to be fulfilled and which aim to accelerate this change, but

simultaneously promoting job creation, economic growth, investment and social justice:

e Design, Repair, Reuse: an extended producer responsibility.

With the goals of increasing the reuse of products, reducing the production of waste
and moving towards a Design of products with multiple useful lives (less

obsolescence).
e Promote a circular market

With the objective of analysing the economic and environmental potential of the

progressive introduction of instruments that support sustainable production and
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consumption, encourage the financial sector to capture investment opportunities for
the Circular Economy and promote the adoption by the productive sector of the

principles of circularity.
Educating for a Circular Economy

With the objectives of establishing a collaborative, strategic and cohesion
commitment in the construction of environmental literacy in Portugal materialized
through the National Strategy for Environmental Education (Estratégia Nacional de
Educagdo Ambiental [ENEA], 2017), considering the pillar of the Circular Economy,
Educating citizens for environmentally conscious choices of goods and services and,
sensitize society about the consequences in the conditions of the ocean of choosing

goods and services that do not consider environmental impacts.
Food without leftovers: sustainable production for sustainable consumption

With the objectives of knowing and monitoring the national reality in terms of food
waste in the value chain, reducing the production of waste and increasing the
productivity of the value chain; with a higher focus in the sectors related to the food
industry, contributing to the conservation of natural resources and contributing to the

education of the producer/consumer.
New life to waste!

With the objectives of increasing the introduction of secondary raw materials in the
economy, reduction of waste production, reducing costs for companies, and

promoting the minimization of the extraction of natural resources
Regenerate resources: water and nutrients

With the goals of improving water efficiency, increasing water reuse, improving the

recirculation of nutrients and organic matter through their natural cycles.
Research and innovate for a Circular Economy

With the objectives of defining key research and innovation areas for the acceleration
of the Circular Economy in Portugal, defining, developing and enhancing
competencies for the identified areas and identifying and enhancing knowledge

networks in the Circular Economy.
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The Portuguese National Action Plan, in which Design is presented as one of the main drivers
for the transition to circularity, presents 3 levels of actions, namely:

e Cross-cutting and national actions (macro actions),

e Sectoral agendas, especially for sectors that are more resource-intensive and export-

oriented,

e Regional agendas, to be adapted to the socio-economic specificities of each region

(micro-actions).

2.2.2 Portal Eco.nomia

The ECO.NOMIA portal (https://eco.nomia.pt/) is a knowledge-sharing platform developed
under the Ministry of Environment's action plan. The portal is a key element in the national
panorama and actively contributes to the transition to the Circular Economy, constituting an
important repository of knowledge for public institutions, companies and the community, and
as an interaction platform for the development of new projects and also an important source

of inspiration.

The portal (Figure 13) is a dynamic platform in constant evolution and updating and counts
on the collaboration of several entities, mainly linked to Design, science and technology,
business sectors, logistics, final consumer and waste management actors, in the construction

and sharing of knowledge.

. . . B88 .nomia
With a simple and user-friendly structure,

it contains relevant information about the

Circular Economy, about the concept,
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Figure 13 — Portal Eco.nomia (https://eco.nomia.pt/)
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2.2.3 Circular Economy at National Laboratory of Energy
and Geology

The Portuguese National Laboratory of Energy and Geology — LNEG (www.lneg.pt) is a
State Laboratory attached to the Ministry of Environment and Climate Action that undertakes
advanced R&D in the fields of energy and geology. LNEG's mission is to promote
innovation in science and technology with the objective of increasing the competitiveness of

economic agents in the context of the sustainable progress of the Portuguese economy.

Within the research units at LNEG, the UER — Resource Economics Research Unit develops
R&D activities and decision-support for both public policymakers and the private sector on
energy and geology resource economics, towards carbon neutrality and sustainable resource

exploitation and use.

With more than two decades of experience and development of numerous research projects
and activity’s, this unit, among other activities, is developing relevant research in the Circular
Economy, including the Design of products, services, systems, business models and public

procurement.

LNEG (Figure 14) has extensive experience in the development, application and training and

tools oriented towards Design and circular and sustainable business models.

e}

Figure 14 — LNEG — National Laboratory of Energy and Geology

2.2.4 CIRCO Hub Portugal

The CIRCO Hub Portugal, (CIRCO Hub Portugal, 2021) established in 2021, aims to
encourage the Circular Economy through Design. In this project, companies and designers

work together to develop products, services and circular business models, according to the
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training methodology developed in the Dutch CIRCO program. In this context, the challenge

is to train 100 companies and train 60 designers by December 2022.

This project (Figure 15) is developed under a Protocol of Technical and Financial
Collaboration between the Portuguese Environmental Fund, the National Laboratory of
Energy and Geology (LNEG), the Agency for Competitiveness and Innovation (IAPMEI) and
the Portuguese Environment Agency (APA).

CRIAR NEGOCIOS ATRAVES
Hub Portugal | %55 creiir

Figure 15 — CIRCO Hub Portugal

2.2.5 Circular Economy Portugal

Circular Economy Portugal — CEP (https://circulareconomy.pt/) is a non-governmental
organization, formed by an interdisciplinary team of professionals with a passion for Circular
Economy and experience in project management, whose main objective is to translate the
principles of the Circular Economy into concrete projects, using zero waste strategies, social

innovation and collaborative action.

With an approach focused on practical and replicable solutions with positive and structural
impact, creating value for society and the environment, the organization offers support and
facilitates the transition to the Circular Economy through technical skills and social
innovation strategies, facilitating processes of institutional and behavioural change. The
organization has a vast number of projects and consulting initiatives to support the transition

to the Circular Economy (Figure 16).
vy
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Figure 16 — Circular Economy Portugal
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3. Perspectives of Circular Economy

3.1 Perspectives of Circular Economy: Expert’s review

3.1.1 Framework and methodology

As mentioned before, the Circular Economy approach is getting attention from a large
number of actors in the society. The research community is very active, many research
projects and initiatives are being developed at a global level and this number is increasing
every year. In line with this evolution, the number of co-financed projects and approved
investments are increasing. According to the information from the Portuguese Innovation
Agency, within the QREN — Quadro de Referéncia Estratégico Nacional (http://www.qren.pt)
program period, 14% of the financed R&D projects included Circular Economy as a thematic
area. In the PT2020 period, the percentage of approved projects with Circular Economy
aspects increased to 17%. As for the investment for Circular Economy projects the increase
was from 12% within the QREN to 22% for the PT2020, as we can see in Figure 17Figure
(Agéncia Nacional de Inovacao [ANI], 2018).

Distribution of funded projects, per Distribution of approved investment,
project area per project area

PT2020 PT2020
QREN b QREN b

Figure 17 — Funding and investment in projects — (ANI, 2018)
Despite the evolution of the Circular Economy approach and a wide promotion at all levels of
society, which lead to the development of new business opportunities, new business models
and developing new markets (European Commission, 2019b), is Circular Economy the

solution to attain a sustainable society?

To try to answer this question, the current research conducted an international survey, in

which a group of international experts were contacted and invited to collaborate by sharing
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their experiences, and perspectives about the current and future status of Circular Economy in

practice (Annex 3a and Annex 3b).

In order to develop an efficient survey, the purpose, goals and audience were clearly defined
to ensure focus, concise and provide useful data (SurveyMonkey, 2018). The collected
information allowed the identification of an international overview of the practice,
motivations and barriers in the transition to a Circular Economy through Design, and support
the research and development of methods, tools and guidelines to promote an improved

Design practice.

To capture the right audience, before the development of the survey, a database of
international experts was developed. Through several sources, mainly the participation in
European and international projects related to the topic, authors of relevant publications, and

personal contacts of the authors, a list of around 150 experts were identified.

The questionnaire developed in an online platform was based on a compromise between the
length and time needed to fill in and the needs of data to support the analysis. The structure

was divided into three sections:

e The first section explains the objectives of the survey, how to fill in and information
regarding the property of data and consent to use the information within the research

under development,

e The second section collects general information about the expert, such as name,

institution, nationality and expert profile,

¢ In the third section, a set of eight open questions aim to collect the perceptions and
experiences of the international experts related to the Circular Economy,

Sustainability and Design.

In the third section of the questionnaire, through the questions, the research aims to
understand the views and perspectives of the experts on the field on what concerns the

practical implementation of a Circular Economy.

In the questionnaire, the first question asks if the experts consider that a Circular Economy is
a way to achieve a sustainable society in the future. The Circular Economy is mentioned by
several authors in the literature as a way to attain Sustainability, but are these the perceptions

of the professionals that are working and implementing circularity in practice?
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The Circular Economy is seen by many as a new concept and a solution to solve the problem
of society. However, we can understand the term as an evolution of the work that has been
developed in the past decades. What is considered the novelty that the concept and approach

can bring to society is asked to experts in this section.

The next questions in the survey aim to identify, based on the experience and knowledge of
the experts, a) which are the main drivers and motivations to adopt Circular Economy in
practice; b) which are the main barriers and ¢) how we should overcome the current obstacles
and promote the Design practice towards innovative and sustainable solutions. To close the
topic, the respondents are asked to express, based on their perspective, d) what are the

practitioners doing wrong in translating the Circular Economy approach into practice.

Sustainability approaches are being developed for many years, however, the efficiency in the
implementation didn’t have the coverage and success to overcome the needs of our society.
The business-as-usual and the inefficiencies in the implementation must be solved to succeed
in the transition to a circular and sustainable economy. This question promotes the reflection
on the practice and through several approaches and views pinpoints the known lessons from

the past to promote a more successful implementation of Circular Economy.

To end the survey, e) an open question was included to collect other ideas, comments, and
suggestions on how to promote an effective Design practice towards the Circular Economy,

Sustainability and innovation.

Before starting to send the questionnaires to the experts identified, a pre-test of the
questionnaire was performed with 4 European experts, two from Portugal, one from Spain

and one from Austria to validate the questions and adjust the structure format and content.

The final version of the online questionnaire was sent by email to around 120 experts and
during the Mid-December 2019 till Mid-February 2020, 40 questionnaires were received,
with a response rate of around 30%, which demonstrates that experts in the field are willing
to collaborate in research projects and the promotion of Circular Economy by sharing their

knowledge and experiences (Figure 18).

The data collected was analysed using MAXQDA 12 software and the results are presented in

the next sections
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Geographic distribution of the answers received (Figure 18).

Questionnaries received

Austria

Brasil

Czech Republic
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France
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Romania
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United Arab Emirates
N.a
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Figure 18 — Distribution of the questionnaires received per country.

3.1.2 Profile of experts participating in the survey

The experts were selected to cover a wide range of expertise (Figure 19). The majority of
answers received were well distributed between Research (32%), Academia (26%) and
Business (26%). The remaining 16% is related to Consulting (7%), NGO (5%), Government
(2%) and Public authorities (2%).

Experts profiles

Research

Academia

Business

Government

NGO

Consulting

0000000

Public authority

Figure 19 — Profiles of the experts
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3.1.3 Main questions addressed

The first question of the survey had the objective of understanding the perspectives of the
experts to understand if they consider the Circular Economy as the way to achieve

Sustainability.

3.1.3.1 Question 1

Q01 - Do you consider that CE concept is the way to achieve a sustainable society in the future?

Figure 20 — Answers to the first question of the survey

The Circular Economy concept is seen by 82,1% of the respondents as a way to achieve
a sustainable society in the future. The remaining respondents, 15.4% don’t believe
that a Circular Economy is the way to Sustainability and 2,5% didn't answer the question

(Figure 20).

3.1.3.2 Question 2 — Please justify your answer to the previous question

The second question asked the participants to justify the selection made in the previous

question.

From the 6 experts that do not consider Circular Economy as the way to attain a sustainable
future the reasons expressed are pretty much in line with each other. For them, the Circular
Economy is important and a good approach to Sustainability but is not the only approach.

The Circular Economy is considered as one important strategy, but many other approaches

-62-



must be integrated and considered in the development of our society and future patterns for

production and consumption.

In order to attain Sustainability, we need to consider other aspects such as Zero emissions
principles, creative and solidary economy, product-service systems, cleaner production,

degrowth, transdisciplinary, ethics, happiness.

The Circular Economy has a positive and important impact on resource efficiency, but we
need to change in terms of the consumption of new products and materials. And Circular
Economy does not solve problems such as biodiversity loss, desertification, soil degradation,
and most important, Circular Economy does not tackle social Sustainability issues related to

inequality, health, safety, etc.

The Circular Economy is also mentioned as a good start in the education and preparation of
stakeholders to become more sustainable but is not the solution to alleviate social and

economic inequalities, and do not avoid certain environmental impacts.

However, even for the experts that indicated that Circular Economy is the way, Circular
Economy is not the only way, Circular Economy is seen as an umbrella approach that
combines several approaches and ways to attain a sustainable future. We need to combine
several strategies and it involves several fields as part of the answers in the creation of new

business models, new products and new ways of production and consumption.

The new Circular Economy approach is seen by experts as the way to achieve a more

sustainable prosperous future for our society.

It's a concept that will allow in the first phase better management of resources, whose
consumption continues to increase, and in parallel, a potential solution for develop of new
mentalities and solutions that allow the adoption of new patterns of production and
consumption considering both new value chains and life cycle considerations always
considering the life cycle of the attend solutions, taking into account the micro, meso and

macro levels.

We must change the existing linear economy patterns and the Circular Economy concept will
support the efficient use of our resources and additionally being less environmentally

harmful, substantially contributing to the environmental pillar of Sustainability.
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Circular Economy, a concept inspired in the natural cycles and the natural process to deal
with the consumption of resources, and in natural principles, is a way to continue to use the
means we have today, but with a new orientation to prevention but also to recovery, reuse and
recycling, keeping all resources in the circular loops, allowing more efficient and sustained
management of resources offering the chance to reuse limited raw materials by intelligent

Processces.

The transition to Circular Economy results in new business models that create competitive
advantage through superior customer value and contributes to the sustainable development of
the companies and the society in the future, contributing with a very important focus on

resource optimization and the need for services rather than products.

By preventing and/or eliminating waste, reducing CO2 emissions and water consumption by
preserving embodied resources, creating local meaningful jobs, saving money for owner-
users, combating the environmentally and socially unsustainable production system
strengthen the way to more democracy and participation in societies and the creation of jobs

and wealth in our society

In conclusion, for the experts interviewed, the Circular Economy approach is considered as
an important approach with the potential to improve the Sustainability profile of our society,
the creation of value, innovation and better jobs. Nevertheless, it is a very broad approach
that combines several strategies and methods for its introduction in the production and
consumption of products and services and must be complemented with methods, tools and
strategies according to the specificities and particular needs of each situation that can and

should be linked to Design opportunities.

One expert has also indicated that currently Circular Economy it's only jargon, research, and
debate at the expense of action and the main interest is proposals and action and not more

debate. This clearly reflects the need to implement Circular Economy in practice.

3.1.3.3 Question 3. Which is the novelty that Circular Economy brings?

The Circular Economy is not a new concept, however, is seen by many as a new approach

that can lead our society on a more sustainable path.
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Sustainable development and Design for Sustainability have been a topic developed by many
in the past, with good results and cases studies, however without a broader integration as it
was expected by the researchers and professionals involved in the process. The Circular
Economy can bring a new impetuous to achieve Sustainability, and as seen in the previous

section, for many experts in the field, Circular Economy is the way to proceed.

The next question in the survey, intended to analyse which is the novelty that Circular

Economy brings into our society.
e The main topics considered as a novelty within the new approach to circularity are:

e The efficiency of resources — This aspect was mentioned by 41% of the expert as one

novelty,

e New patterns of consumption and production — Considered by 24% of the experts as

the novelty related to Circular Economy,
e New business models — Mentioned by 19%,
e Innovation — Mentioned by 11% of the experts.

The analysis showed that at the moment the innovative aspect that CE brings to society is
essentially related to the need to combine convergent, parallel and complementary actions in
three fundamental axes: policies/support legislation, business models and business practices
and appropriate forms of information/communication to the consumer to gradually encourage

adherence to new forms of more responsible consumption.

The Circular Economy can lead to different and innovative ways of fulfilling societal needs,
with great efficiency improvement in the use of resources, in decoupling the resource use

from economic growth.

The economic revenues could be created through attractive business models, new ideas, new
approaches and projects where innovation and the responsible use of resources can reduce
environmental impacts, use intensification, lifetime extension, reuse of products or parts,

remanufacturing, recycling, etc.

One novelty is the strong emphasis on economic side / economic and financial benefits —

which is more tangible for people, and so more understandable.
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This new approach is also leading to new consumption patterns such as the circular use
models such as products as a service, sharing platforms, sell and buy back/leasing, thus
reducing demand for new products and products made from virgin raw materials. It can
provide incentives for returning to efficient economic practices such as repair, maintenance,

and reuse.

From the point of view of product Design, it can help to achieve products to be more
sustainable without taking away their functionality or even, by improving their features.
Focusing on the function and the fulfilling of the need with different solutions, with new
business models and new ways of production, distribution, etc, Circular Economy can lead to

a more dematerialized and sustainable path.

The Circular Economy can also solve the extraction and waste problem (take-make-dispose),
which holds the promise for a much more efficient economy when including the cost of the
current externalities. Circular Economy can be a unique opportunity to explicitly close mass

and energy balances in every value chain.

This new approach is also changing society in terms of job creation, increasing the need for
professionals with a Sustainability orientation in all stages of the value chain with a life cycle

thinking approach.

This ‘umbrella’ concept has the ability to bring us back to a somewhat forgotten reality. It
brings back some behaviours from the past, such as sharing goods, optimising resources,
producing locally, etc that can lead to the implementation of innovative and sustainable

models/solutions to ensure a day-to-day activity aligned with the capabilities of the planet.

Circular Economy can bring a change in the current consumption system, by “killing” the
idea that what is "new" is trendy and changing it to make trendy the Circular Economy, with

the gradual awareness of society.

In conclusion, Circular Economy can be seen as a change of mindset for consumers and
industries, leading to the development of different ways of production and consumption,
focusing on the real needs of the users, business and the society by adopting new
development paths and new business models which can lead to a more dematerialized and

efficient ways to fulfil the needs of all stakeholders in the value chain.
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3.1.3.4 Question 4 — Which are the main drivers and motivations to adopt a

Circular Economy in practice?

The drivers and motivations to adopt a Circular Economy in practice expressed were grouped

in 13 different categories and the frequency in the answers is shown in Figure 21, below.

In total, around 75 drivers and motivations were collected, with a higher dominance in drivers
related to Economic factors, with 13 references, Legislation with 10 references and impact
reduction and new businesses, both with 9 references. Consumer demand driver was
mentioned by 8 experts and resource efficiency and social benefits were mentioned 6 times.
Other drivers such as stakeholder’s involvement, awareness, differentiation from competitors,

marketing, and innovation were mentioned by 4 or fewer experts.

One interesting remark is innovation was mentioned only by 3 experts. Other drivers
mentioned are related to innovation, for example, new businesses, which was mentioned 9
times is related to innovation. This can mean that, for the experts, innovation is the result of

other aspects that are promoting the transition to Circular Economy.

Main drivers and motivations to adopt Circular Economy in practice

Resource efficiency
Impact reduction |
Stakeholders involvment
Awarness

Differentiation from competitors @
Consumer demand
Legislation

New business

Financial incentives
Economic factors
Marketing

Innovation

Social benefits

O 1 2 3 4 5 6 7 8 9 1011 12 13 14

Figure 21- Drivers and motivations to adopt Circular Economy.
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Main drivers and motivations per category
Economic factors:

Economic profit is the main driver and motivation to adopt a Circular Economy. Most drivers
in this category are related to financial benefits, increase in value and profit, cost reduction
and savings, the development of solutions with low prices and high value and the opportunity

to explore the use cheaper and sustainable materials.

In this category was also mentioned that the main reasons are the economic advantages for
the community which lead us to the need to make the Circular Economy economically

attractive from the production and consumption sides.
Legislation:

In the category the main ideas expressed are related legal requirements, legislation,
regulations, public policies and taxes, such as high taxes on landfilling of waste, CO2 taxes

and taxes on fossil resources.
New business:

The transition to a new model can be promoted or be the result of a new approach to

businesses. New businesses and new business models are a driver for circularity.

Aspects like new business opportunities, new ways of generating income, new patterns of
consumption and production, the need to adopt efficient concepts like “design out waste”,
closed loops, etc, and the change in the consumers, which are changing their relationship with
products, where people are not so interested in owning "stuff" anymore but are rather
subscribing to have access to the functions of the product, leading to Product-service

solutions, are extremely important in the promotion of Circular Economy.
Impact reduction:

The reduction of the impacts on the environment, the overexploitation of natural resources,
pollution problems, climate change, the consciousness that we need to act now to maintain

the future, are the main aspects identified as drivers to the new approach.
Consumer demand:

Consumer behaviour is an important factor identified as a driver to Circular Economy. We

are facing a clear push and pressure from a more “green” and committed society.
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Consumers are more informed and motivated for the Circular Economy. A general feeling of
over-consumption and a rejection of the designed short life of products are becoming clear in
some parts of our society, and these consumers are demanding form more efficient solutions

to fulfil their needs.
Social benefits:

Society itself is demanding for circular behaviour. The degradation of productive systems
and the quality of life compromise the future, linked to, to some extent, a social panic related
to the future of our society with a decrease of social pressure to material consumption as a
demonstration of social status, etc, are drivers and motivations to the Circular Economy,

which might be a way out to try to re-establish the balance in society and natural resources.
Resource efficiency:

Resource protection, with the valorisation of what exists instead of pushing constantly to
newness, a growing resource consciousness, an opportunity to convert waste into a precious
commodity, the increasing scarcity of resources and new business models focused on the

efficiency of resources, are also drivers and motivation to adopt circularity.
Awareness:

The gradual awareness of society of the current situation, the awareness that it is necessary to
radically change the existing linear model of production-consumption, and the global
consciousness about Sustainability that is beginning to become a reality, are divers and

motivation in the current context.
Innovation:

The term Innovation was not mentioned often in the survey, however, many of the drivers
indicated to have a close relation to innovation and are innovative approaches that lead to a
circular approach to Design and to new business models and innovative ways to fulfil the

need of users.

Within the survey, only three experts mentioned innovation. One indicates that a driver to
circularity is by “Adding (sustainable) value and innovation to systems across the economic
sectors” and the other two indicated “news way of producing and consuming”, and
“Innovative companies and entrepreneurs”. The latter reflects the maturity of the companies

and entrepreneurs and their relation to the Circular Economy.
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Stakeholders’ involvement:

The involvement of stakeholders in the value chain of circular systems, products and business
is crucial for an effective transition to the Circular Economy. By explaining the benefits and
providing a reward to all stakeholders of the loop will foster the adoption of the methodology
and result in a more efficient solution. This can be and should be, promoted by the
development of circular production chains, motivating all actors in the value chain to adopt

Circular Economy models through consumers choices.
Marketing:

Even though a high percentage of companies only embrace Sustainability and Circular
Economy for marketing purposes, marketing was only considered as a driver by two experts.
These had referred that “Public relations and marketing purposes” are drivers and the other

mentioned “Branding and Marketing aspects from the producer side”.

The driver categories with lower inputs from the experts was “Financial incentives”,
mentioned only by one expert, indicating that a driver for adopting circularity is “Incentives
and development of public policies”, and the other category with also one reference was
“Differentiation from competitors”, which included “Legitimation and the ambition of being

front runners in the Circular Economy”.

3.1.3.5 Q05 — Which are the main barriers to implementing the Circular

Economy in practice?

From a total of 93 barriers mentioned, 45 different barrier types were identified by the

experts.

Within the analysis, the different answers were gathered, analysed and grouped according to

their type.

The type of barrier mentioned more often was Knowledge. There is a common understanding
that despite all the efforts that are being done, we still face a problem related to the lack of
knowledge in general, a lack of academic education, lack of skills needed for the
implementation of Circular Economy in practices, lack of information and lack knowledge
and awareness of the society. Of the 40 experts interviewed, 15 mentioned that the lack of

knowledge is a barrier to the implementation of Circular Economy.

-70 -



The second type of barriers mentioned was related to costs. 12 experts mentioned costs as a
barrier for Circular Economy. In this typology, cost of materials, costs related to
environmental and social costs, additional costs that are needed for the implementations, lack
of awareness that embracing circularity at a company level can be very cost-efficient and will
protect on future price increase of raw materials, the prices for resources don't reflect their
true costs and an important aspect mentioned was that the currently linear models are very

much cheaper.

Legislation barriers were mentioned by 8 experts. In this regard, the current legislation, some
weak EU policies, contradictory legislation, high taxes regulations do not support Circular

Economy principles and solutions.

Another barrier often mentioned was related to behaviour, with 8 references. For the experts,
the barrier is the mindset that is established, and which is really difficult to change. There is a

natural resistance of humans to behavioural changes and novelty.

The lack of incentives, little government support and lack of market incentives for businesses

and consumers were also mentioned by five experts.

Many other barriers were mentioned, however with lower frequency or mentioned once were

the following:

¢ Difficulties in implementing the Circular Economy model,

e Lack of studies available that could support the implementation,

e Lobbies,

e Difficulties in the involvement of the different actors in the value chain, including
users,

e Lack of inspiration,

e The existence of specific stakeholders with economic interests that benefit from
continuing with the linear economy,

e Openness and transparency of business and business processes to know the real
composition and quantities of materials introduced into the products,

e Non-sufficient DAPs for all products available on the market,

e Poor financial instruments,

e Lack of cooperation and trust among companies,

e People do not trust new innovative solutions, or they feel uncomfortable with them,
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Lack of infrastructure,

Circular business models complexity for consumers,

The current structure of industries and financial organizations which are demanding
an ever-increasing GDP rise,

Inertia and lack of willingness to change and to move towards new ways of
production and consumption,

Logistics,

The old economy in fear of loose business, convenience and politicians depending on
the old economy,

Lack of vision by top management,

Lack of belief in science in politics,

Current production interests,

Lack of belief in science in politics,

Politicians afraid of decisions,

Existing practices,

Resistance to thinking out of existing business models and new business models that
involve all the value chain,

Lack of networking between demand and offer,

Lack of unification in concepts and legislation,

New business models that seem to be only acceptable or profitable for large
companies, leaving behind SMEs and small entrepreneurs,

Consumer confusion and perceptions,

Inability to manage volumes and types of waste,

Trust, transparency on the loop,

Stakeholders in charge of the linear economy are not willing to change unless that
affect them directly,

The whole model is built on growth and profits, we need to see value in the new

model, and it can't be just economical.

-72-



3.1.3.6 Q06 — How should we overcome the current obstacles and promote

the Design practice towards innovative and sustainable solutions?

To overcome the current obstacles and barriers and to promote the Design practice, the
experts in the survey mention a large set of ideas. These were also analysed and grouped

according to the types and concepts behind each idea.
The main ideas mentioned were the following:

e The creation of a structure supported by tools with a simple final interface that allows
a solid aid to information, education, legislation, innovation and the addition of
sustainable value. But that the different pieces of this puzzle all fit into a common
Design and not mere stray pieces of reality and context,

e Through networking with the different stakeholders of the value chain, developing
new socio-technical solutions (not only from the point of view of technology but
integrating also new ways of delivering the product/service),

e Integration of ecological tax reform (taxing what we do not want [such as carbon
emissions] while relieving taxes for what we want [labour]),

e Through the incorporation of criteria in public purchase and with legal imperatives,
for example, through strict requirements in the Circular Economy marking and with
commercial tariffs to extra communitarian products that did not contemplate measures
of the Circular Economy,

e Improve education, communication and provide useful tools for all stakeholders.
Circular Economy should be included as a mandatory subject in all curricula (from
schools to universities),

e Introduction of a carbon tax,

e Demonstration and dissemination of best practice examples and business models

e Creation of networks of technological dissemination,

e Society-governments-industry dialogue to create opportunities, policies and
incentives,

e Strengthen the role of academia in the formation of cooperatives, networks and
promote a value chain collaboration, preferably also by involving the users.

e Stronger policies and their enforcement; the ecodesign requirements should embed

much more product types, stronger and larger EPR schemes,
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Use economic instruments, demonstrate the financial benefits of circularity put
realistic price tags on externalities including GHG emissions,

A mix of instruments — from regulatory bans and economic stimuli (e.g. bans on
certain products, obligatory ecodesign criteria, pricing and tax policy), to financial
support (e.g. through ERDF funds), to voluntary instruments (e.g. GPP), to available
technical assistance and awareness-raising activities (towards both industry and
general public/consumers),

Lobbying regulators and politicians. And promoting the champions,

Integrated work between engineers, product developers and designers that can bring a
consumer and consumption perspective into the development process. Challenging
ideas of newness and ownership via communications. Simplify the use phase for
circular business offerings,

Introducing and promoting cost-benefit analysis taking not only into account
economical aspects and cost but also the costs of environmental-related costs and
benefits,

By making product designers aware of designing considering Circular Economy
principles to launch to the market more circular products and to use Design to help the
consumers to behave "circular",

People's pressure, talk to people and make it better,

Work hard in the different layers of the decision-making process, and involve
effectively the corresponding key stakeholders,

"One of the main actions should be addressed to the educational field, Circular
Economy should be included as a mandatory subject in all curricula (from schools to
University),

Make Circular Economy a fashionable strategy to be adopted by young generations,
Developing concise strategies for the industry with clear messages and legal
requirements,

Strongly bet: spreading the concept at all levels of society (preventing the concept
from becoming a fad or a buzz word), training (at all levels of education), developing
regulations that stimulate innovation (change current business models) supported by
financial incentives, the development of partnerships (organizations, education, NGOs
and citizens) that stimulate the development of new solutions and approaches,

Legislative changes and enforcements,
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Give more information about the Circular Economy to the enterprises,

A shift from selling goods to selling the function of goods — operational leasing,
renting, borrowing, sharing,

Improving education in Sustainability, give to consumers easy access to credible
information about the products, promoting more 1&D to develop products well
designed for Circular Economy models and incentives that promote Circular
Economy products with low price and high value that can compete with similar linear
products prices. So, with society better educated, products well designed for Circular
Economy models and products with competitive prices in the market, I think it is
possible to overcome the current obstacles and promote the Design practice towards
innovative and sustainable solutions,

Public awareness,

Innovation on NEW businesses that may give win-win to all involved,

More successful examples. establishment of public-private partnerships, creation of a
legal framework to promote it,

Behavioural economics instead of command-and-control approach. Nudging =
influencing stakeholders with "soft power" = showing them small benefits/advantages
step after step,

With incentives (e.g. taxes) to well-designed products.

The EU has a good opportunity to make the Green Deal and the Action Plan for the
Circular Economy a reality, and not just one more document locked the closet. For
this, I believe it is necessary to invest money, create new directives and carry out
concrete actions (setting examples, not just waiting for things to happen magically).
To promote innovative Design, with a life-cycle perspective, the innovation could
start by separating Design from the stereotypes that relate it only to aesthetics and
luxury, and start relating Design with science, to present it presented as the first piece
for the creation of products that are not going to be turned into the garbage in a few
weeks,

Constant awareness, technological innovation directed to Circular Economy;
government incentives to accelerate implementation,

Analyse loops and make sure there is an efficient set-up for each section,
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o The first step is the education of consumers to help them to understand which
packaging is recyclable and which is not. Then support the penalisation of producers
who will not redesign their products to enable the end-of-life reprocessing,

e Building awareness that circularity is the future — creating and offering nicely
designed circular lifestyle products — create a circular ecosystem that can support on
every level in Design and supply chain,

e Policymaking and education, in general. Design Schools, Business Schools, etc. And

especially for the long term...basic education, for it to be sustainable.

From the ideas mentioned, the most relevant and more often mentioned are related to
education and awareness. The creation of knowledge in all fields, especially in the
designer communities, in companies and businesses, and in consumers should be

promoted and supported by user-friendly and reliable tools.

The demonstration through best practices and examples and the demonstration of the
benefits of the adoption of circularity in practice is also seen as a way to promote

circularity.

New ways of production and consumption, new business models, the creation of
synergies, networking and the involvement of stakeholders in the process is in line with

the adoption of circularity on a larger scale.

3.1.3.7 Q07 — In your perspective, what are we doing wrong in translating

the Circular Economy approach into practice?

Despite all the efforts, all the research, projects and many initiatives that are being developed
and promoted at several levels of our society, there is still a lot to do, and several barriers to

overcome.

As mentioned before, the Circular Economy is not a totally new concept. Cleaner production,
Ecodesign, Design for Sustainability, etc, have been approaches that have been studied,
researched, developed and implemented, however, without the expected success. Currently,
the Circular Economy is having wider dissemination and an exclusive role in our society, and

to achieve the expected success, to attain the desired level of Sustainability, the approach has
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to be more efficient, practical and with clear benefits to all stakeholders and the society in
general. For this, it is important to learn from the past and exploit the acquired knowledge

that was gathered and the experiences and lessons from the past.

In this regard, the survey attempts to analyse the perspectives of the experts in understanding
what we are doing wrong in the process. From the ideas expressed by the expert in the

survey, the following are the more relevant:

e Information and communication of what is intended and what can attain it, what we
should do and how to achieve it,

e There is a lack of vision and alignment of policies at European, national and local
levels,

e Incentives for companies to change behaviour in the direction of more resource
efficiency are too small,

e The current understanding of Circular Economy is very limited: on the one hand,
people, in general, do not know what Circular Economy is and on the other hand,
many of those who have heard of it, have a very limited understanding and approach.
On the other hand, from the academic point of view, these kinds of solutions (incl.
ecodesign, for example) are still presented as options and not as obligations,

e We are taking too long, we need laws and systems to be changed faster,

e We are slowly migrating from generation to generation, from those who believed that
the world should be intensely exploited for those who have seen its limitations and are
developing the means to live within these limits. Perhaps even the concept that we
should always be overcoming our limits has to be revised from the basic education of
our children. The human being has been educated to make a difference. We praise our
idols who can overcome themselves. We reward them in Olympians, award them the
spotlight and then blame them because their super needs demand too much from our
planet. We must question the very form of organization of our society,

e We need much stronger regulation — the Circular Economy will not happen by itself.
It should be both carrot and stick. We need to make it hurt very much on the
industries that are the worst, and we need to promote the initiatives and products that
are the best,

e We do almost nothing. Except some best practices here and there not using economic

instruments,
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Maybe it is still promoted as a "green" theme, which is not catchy enough.
Communication strategy. it should be more consumer-oriented,

Circular solutions are being created in a vacuum, with little knowledge about the user,
their context of use, the limitations, both technical and behavioural, to using the
solutions,

The discussion should be more complex meaning taking into account not only
environmental aspects but also economical aspects (even when they are negative
meaning e.g. increasing the costs) and in general negative aspects of the concept of
Circular Economy (e.g. greenwashing, waste exports etc.),

There is a lack of practical ideas and "things to do in real life" when teaching the
Circular Economy concept,

Not enough pressure from the policymakers' side,

We are too academic, and not walking the talk,

There must be projects that demonstrate their viability and that there are no financial
losses when we think long term and from a life cycle perspective,

Often too academic approach and little cooperation with innovative and willing
companies,

There is currently a non-effective holistic approach as it is too much identified with
the (challenges of) waste management approach. That is the result of fragmentation
within the different policy frameworks — where the dynamics go to the environmental-
related policy files have currently more momentum, e.g. plastics, than the energy-
related ones. We believe that the urgency in climate action will soon put the CO2 on
the agenda to a point of addressing the negative emissions in a more correct way),
The high complexity of the message transmitted. Citizens need to be on board,
businesses are made of people that need to adopt the strategy in day-to-day life,
Perhaps we are not doing anything wrong, it is just simple as not all society is highly
concern because we do not have interiorise clearly the need of moving to a circular
approach and it is something more cultural that fail in the approaches developed.
Perhaps more educational campaigns are needed but for all society. It is clear that the
academia and research world besides some specific institutions and part of the policy
world have clear this need but they represent a part of the society and probably they

are not the majority, so a great effort should be done to cover the whole society,
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Ambition and some willingness to do different are lacking, although the issue is
already on the agenda of governments and organizations. The developed projects have
minimum impact and are poorly publicized. Citizens are far from the concept. The
existing formation has little expression. Inability to tell the advantages of
implementing the concept on organizations,

We see only in the near future and our life expectancy and not the big picture

we focus on materials instead of liabilities,

I think we don't have enough information about the products or services at the time
that we decided to buy them. We don't know if the product is made with Circular
Economy models or linear, we don't have credible information for it and we don't
know how big is the impact of our choices. I think that this is the big gap when we
translate the Circular Economy approach into practice,

It looks like a threat, not like a chance,

Wel/the politicians don't really follow up on the Circular Economy policies and plans.
They should set more requirements but also reward Circular Economy solutions
economically, e.g. through taxation systems, reward schemes, etc. That is, we're doing
far too little on creating and supporting the systemic changes,

The success of it is because the company leaders understand this kind of language, but
it takes time, and people and companies will do as usual until governments allow
them to,

Not combining it with economic issues and its advantages,

We do not listen to other experts, we are trying to invent a new approach instead of
promoting already existing solutions. We shall ask ourselves a question about how to
help to already existing initiatives,

To make it economically profitable. No one will buy something more expensive. In
the beginning, companies will not do something that is more expensive,

We are trusting too much that the private sector and companies will do most of the
work. Education and technical institutions should gain more visibility and be more
supported,

I wouldn't say it's going bad, but it could be accelerated. It is a long and slow process,
which implies profound changes in consumption and production systems. The
perspective of linear production has been deeply rooted in society since the first

productive initiatives,

-79-



e Too much industry focused,

e The whole idea has no viable basis in theory or practice, it’s a talking point for
academic debate, governments and producers who want to avoid doing anything
practical about the problem,

e Not have a holistic approach — lack of building a strong ecosystem to drive a systemic
shift — badly designed products — not reflecting on the end of life; dismantling, and
repurposing in the Design prices,

e The cost of it is high, so it's unattractive to businesses. Also, we are not training our
designers to think in that direction as Design schools are still market focuses. There is
a need for government intervention and a whole mindset and behaviour change. That
is a massive shift that probably will not happen organically since it's not the easiest
way. The third law of Newton applies here: Unless there is another force to change

our direction, we will continue to move that way.

From the several ideas mentioned above by the experts, it's clear that we need to
innovate, we need to demonstrate the feasibility and benefits of the transition to the
Circular Economy and we need to change the consumption and production patterns,
supported by clear and transparent information, and improving the knowledge of the
actors in the value chain, especially the designers who have the role of translation the

needs of the system in the development of new products and services.

It is important to learn from the past and have a holistic approach to attain an effective

transition to the Circular Economy leading the society towards a more sustainable path.

3.1.3.8 Q08 — Do you have other ideas, comments, or suggestions on how to
promote an effective Design practice towards a Circular Economy,
Sustainability, and innovation?

The questionnaire designed to understand the views and perspectives of experts in the
research field covered the topics considered the most important by the research team,

however, the final question was an open question to collect other ideas, comments or

suggestions.
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The survey was answered by 40 experts as mentioned above. The professionals selected for
the survey were very active and participative. In this final question, several important inputs

were collected, which support the research undertaken.
The ideas were analysed and grouped, and the main concepts were the following:

e The practice of Design in the context of the Circular Economy to succeed must work
together with other disciplines of knowledge, namely: sociology, psychology, various
engineering, management and marketing. Not forgetting in this way that all solutions
will have to be consistent in environmental, social, economic and technological terms,
from a value chain and life cycle perspective,

e Since the economic return is the main motivation, to speed up the transition, the
increase in rates for landfill use and the prohibition of certain products could have a
positive impact leading to the development of new solutions of product Design, the
simplification of legal procedures for the use of secondary materials and the increase
of funding for research and support of innovative practices to facilitate the creation of
new business models,

e Ensure that all designers are made aware of, during the different phases in their
professional life, the huge benefits to be reaped if they practice circular Design.

e The current need for more research, more community action and new ideas all the
time,

e [t should be illegal to sell a product if there is no plan for how to maintain it, how to
repair it, how to upgrade it (e.g. by modules if it's tech), how to reuse/recycle all parts
of the product after end-use,

e Apart from that, there should be strict rules about how to use materials. What
materials can you mix, what materials are you not allowed to mix. e.g. can you mix
plastic materials or should they be one component only? We also need some kind of
transparency about the amount of energy that has gone into a product and will go into
the after-use life (reuse, up-cycle, re-cycle),

e Legal requirement to have a certified environmental management system including
ecodesign,

¢ Basic Design requirements should be provided by regulations (Ecodesign Directive).

Then economic frameworks should motivate producers to manufacture products that
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last longer, are easy to be repaired, dismantled and recycled. Also, the existence of
relevant technical standards could help,

Designers need to communicate the need for a deeper market understanding before
developing any solutions. It is dangerous to assume that the end-user will adopt a
solution just because it is more sustainable or circular. People are not rational,
Involvement and engagement of stakeholders in the development process and the
creation of good practices that can be used for demonstration,

The media can and are doing a lot. And it should be exploited,

Think in function, always think first of all how it can be reduced. Do I really need this
material? Can I get recycled or second-hand material? And apply the concepts in daily
life,

Integrate the concept of value, relating the indirect and direct value proposed to the
value added by innovation in product services and product-service systems,
Adoption of continuous awareness. People have a short memory and need to be
reminded frequently of the right strategy and behaviour,

Education of Circular Economy. It should be integrated as a mandatory discipline in
the educational plans,

Innovation incentives to sponsor more friendly products, new tax legislation to
promote Sustainability, and national contests aiming to award projects related to
Circular Economy,

This topic has already been widely discussed in the academic environment, but this
discussion needs to be taken to the society,

Circular Economy Label. As the first step to promote Circular Economy models and
products. We need to know that it is actually a Circular Economy service or product,
and to know "how much" circular they are (some products are more circular than
others and we need to know it). Promote that the companies compete for more
effective Design practices towards a Circular Economy through credible information
on the labels, as happed with the energy efficiency label,

Demonstrate the business opportunities and best practices related to the adoption of
Circular Economy,

Innovation in the way consumers supply their needs, e.g. with the use of mobile

phone applications, ideally "gamification" approach,
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e Changes in social paradigms, for example, the rejection of the culture of waste and
speculation must be general, and not perceived as something that makes a few who
"want to change the world"; the fight against climate change, pollution or the
implementation of the EC is still seen as something that only economic elites can
carry out, and not the normal citizens,

e Create value for the waste that is disconnected from the residual value of the material

collected,

From the ideas and comments included in the survey, it reinforces the need to innovate,
the need to improve the education models with the integration of Circular Economy in
the agendas, the change in behaviours and the need to demonstrate the feasibility and
benefits for the transition from the linear model to the new Circular Economy

approach.

3.2 Perspectives of Circular Economy: User’s review

Around 80% of impacts of the products life cycle are defined in the Design and development
phase. This relation is important in addressing the consequences and responsibility of Design
and for successful integration of Circular Economy, a holistic approach is fundamental,

considering all aspects from production to consumption.
In the Design and development, in order to meet the needs for circularity, it is important:

e To understand how sustainable products and services are developed and placed on the
market,

e How the sustainable profile is communicated to users and other stakeholders,

e How consumers understand the information conveyed,

e Which are the user's perceptions about the profile and characteristics of products.

This chapter is about the communication on products and the consumer perceptions of

Sustainability aspects.
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In the development of innovative, efficient and sustainable products, the designers should be

able to translate the needs from several actors in the value chain:

e The needs of the users who will buy and consume the products and services,

e The needs from the companies and businesses, who will develop, produce and place
them on the market,

e The needs from society, who will indirectly benefit or suffer from the Sustainability

impacts of the products.

In the past, the ecodesign and Design for Sustainability approaches already have these
concerns integrated into the development process with relative success in some niche

markets, but not on a large scale as expected.

The new approach to development, based on Circular Economy, has new challenges and must
be implemented through innovative products and services that supply the needs of consumers

and businesses from one side, and new consumption behaviour from the other.

Business

Ecodesign
Sustainability
Circular economy

Business needs

Sustainability Market

Valorization of products
and materials
Circularity and sustainability
strategies

Communication of
sustainability/circularity
aspects

Consumers

Sustainable behaviour
Sustainability perceptions

Consumer needs

Figure 22 — Four pillars to circular production and consumption (Camocho et al. 2019c)
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The transition to a Circular Economy through the Design of products and services needs a

global and structures vision based on an approach that integrates four fundamental pillars

(Camocho et al. 2019c¢) (Figure 22):

The Business perspective

Products placed on the market must respond to the needs of the companies that
develop them, they must promote economic and business development, contributing
to the development and well-being of society. In this context, it is essential to have a
broad knowledge of the business aspects, the needs of companies and how they can

contribute to the company's strategy.

We have witnessed the development of numerous products oriented towards
Sustainability, which despite their properties being presented as innovative concepts,
for not responding to the needs of the business in which they operate, were not
successful in the market, thus questioning the possibility of satisfying the consumers’

needs more efficiently.

The market Perspective

For products to have success and a sustained implementation in the market, they have
to be able to communicate their characteristics to the consumer efficiently. The
consumer must have the perception of the message through the image, specific

content, labels, certification, declarations, etc.

The consumer perspective

Knowing the consumer and their needs and expectations is fundamental to the success
of any Design and development project. Consumer perceptions are a decision
mechanism that impacts their preferences and choice behaviours (Campbell et al.,

2015). In this regard, which are the behaviours of consumers and their needs?

In the Design project, the designer must be able to translate these needs in an efficient
way and must be aligned and promote sustainable attitudes and behaviours. However,
although there is a growing awareness, the way consumers perceive Sustainability

issues is not always adequate, or they are influenced by diverse factors that overlap
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Sustainability. Another relevant remark is the difference between what consumers say
and what they really do. As referred by Bhamra, 2015 and Vringer et al., 2015, this

trend is explored in diverse studies.

Consumers, in general, have the notion and perception that a change in consumption
patterns is needed, however, in practice this is not accompanied by the adoption of

more sustainable consumption styles (Rousseau, 2016).
e Sustainability perspective

Focusing on the Circular Economy by closing the cycles of products and materials, it
is necessary to adopt an approach that integrates strategies to close resource cycles
through the valorisation of products, components and materials. Integrating a holistic
approach, based on Design, adopting methodologies and tools at a strategic level,

could allow the transition to a more efficient, healthier and more Circular Economy.

3.2.1 Sustainable products

The terminology adopted to communicate the Sustainability profile of products has many
forms: such as eco products, green products, sustainable products, circular products, and
many other terms. Within this research, the objective is to explore products that have a better
Sustainability profile and performance, which are developed and produced with a life cycle

approach and products that are placed on the market claiming those features (Annex 4).

Therefore, the term “Sustainable products” which is a more comprehensive term that includes

all the other concepts, was selected as the terminology to use within the research project

3.2.2 Types of products

Society since prehistoric times has developed based on the production and evolution of
products. These assume the most diverse forms and functions and respond to diverse needs.
Within the scope of Sustainability and considering the products by their characteristics, they
can also present several typologies according to their function, characteristics, the materials

that compose them and the relationship they have with the surrounding environment.
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Within the scope of research and with the aim of typifying the products in order to guide

circularity strategies for their development, four types of products were defined (Camocho et

al. 2019¢):

Type A: Silent products

Silent products are sustainable products, which integrate Sustainability concerns and a
life cycle thinking approach in their development, but despite these characteristics, for
various reasons, this information is not conveyed to users. These are placed on the

market like any other traditional product.

The Sustainability aspects are relevant for their development, however, this lack of

communication can be part of the strategies of the company that produces them.
Type B: Naturally sustainable

These are naturally sustainable. Its producers do not integrate methodologies, tools or
Sustainability concerns, however, due to their intrinsic characteristics, related to the
raw materials used, the production processes used, the way they are used by the

consumer, etc., these have reduced impacts, being therefore considered sustainable.
Type C: Sustainable products

These are the products traditionally perceived as sustainable. In its development, the
designers and producers aimed to create solutions that minimize the impacts on their
life cycle. In its Design, methodologies and tools are used that allow the integration of

Sustainability strategies, resulting in more efficient products.
Type D: Sustainability influencers

These are products that have a positive influence on the system in which they are
integrated. The product itself may be not sustainable, but when included in a system
they have a positive influence on the overall performance of the system. In the
category, products that influence users to have a more sustainable behaviour are also

considered.
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3.2.3 Sustainability communication in products

The transition to a Circular Economy has several challenges in its practical implementation.
In this context, the way aspects of Sustainability and circularity are communicated in
products and how the message is perceived by consumers is extremely relevant and must be
explored effectively. Many of the products that are currently on the market have
communication elements, labels and certification, promoted also through campaigns, green

marketing initiatives, and claims, that are not recognized and valued by the consumer.

This communication of the Sustainability profile of products to the consumer has taken
different forms and methods. However, the most adopted and successful ones seem to be eco-

labelling schemes that rely on credible and standardized information.

Environmental labelling or eco-labels are important tools available to companies to
communicate and guarantee that their products and services comply with standardized

environmental requirements beyond what is established by law.

The European Commission in its Action Plan for the Circular Economy (European
Commission, 2015) emphasizes the adoption of reliable communication elements that
promote knowledge and information about the environmental aspects of products and
services to the consumer in order to avoid misleading information that does not promote the

adoption of greener consumer choices.

Many environmental labelling possibilities are available to companies, some of them
regulated by International Standards, based on the ISO 14020 family standard (ISO,2000),
and many others not covered by standards. According to ISO, the International Organization

for Standardization, there are three types of environmental labels:

o Type I labels (ISO 14024): “third party” voluntary labels based up-on life cycle
considerations that indicate the performance to pre-determined, multi-attribute criteria
that identify environmentally preferable products within a particular product category
(ISO, 2018).

e Type II labels (ISO 14021): self-declaration statements made by producers,
importers, distributors, retailers, etc., focusing on the environmental characteristic and
improvement of some specific aspect of their products, such as energy consumption,

compostable, degradable indoor air quality, recycled content, etc (ISO, 2016).
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e Type III labels (ISO 14020 and 14025): These labels, often referred to as
Environmental Product Declarations (EPDs), present in a transparent and

comprehensive way, the product information based on quantitative validated Life

Cycle Assessment (ISO, 2000; ISO, 2006a).

As mentioned before, there are many possibilities to inform consumers about Sustainability
criteria or content and companies should be proactive and assure that their messages do not

lead to incorrect perceptions (Campbell et al., 2015).

3.2.4 The relation between consumption and production

To achieve economic growth and more sustainable development, our society needs to reduce
its ecological footprint by changing the way we produce and consume goods and resources.
(United Nations, n.d.) In a recently released report from Circular Economy (Circle Economy,
2018) our society is only 9% circular and the trend is negative. In the last 12 months despite
all the efforts made at the global level, the upward trend in resource extraction and

greenhouse gas emissions has continued.

Our society is evolving and for the next two decades, more people at the global level will join
the middle class, meaning that a huge part of the population will increase their consumption

and therefore, increase the demand for natural resources (United Nations, 2016).

This pressure in the natural capital demands new approaches to ensure sustainable growth by
promoting an effective and innovative relationship between sustainable production processes

and the consumption behaviour of our society.

3.2.5 Consumer perceptions

The market is dynamic, and its constant transformation is the result of interactions between

supply and demand, and consumers, through their choices and practices, play a fundamental
role, whether directly or indirectly, consciously or even unconscious of its evolution. These

choices impact the performance of businesses, companies, governments, and all those

involved in the value chain.
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Companies on the other hand have also a key role in the market. By placing more and more

products and services on the market, they are shaping it, creating needs and expectations.

In this way, and through this symbiosis between the user and the producer, the way our
society consume will determine supply and the way production is organized and how it will

evolve in the future.

This topic has been widely explored and several studies demonstrate that sustainable
behaviour is changing, and the awareness is increasing in most consumers segments. A
growing trend in communication properly to consumers about the environmental aspects to

consider when buying products is observed (Young, 2008).

When choosing more sustainable products, consumers usually do not have enough
information to make an informed decision. The information provided, in most cases, is not
sufficient and does not allow a reliable and realistic comparison of the various product
options available. Usually, the consumer only has access to information regarding
functionalities, technical characteristics, marketing claims, etc. Information on the
Sustainability profile demonstrated and verified, is usually only available on products with
Sustainability labels or certification (Goleman, 2009). This lack of information is also

verified in products and services that claim to be sustainable.

There is a common-sense assessment of Sustainability belief supported mainly by self-
declarations and allegations available in products covering only in few aspects of the life
cycle, and in some cases, misleading consumers in their perception regarding the products
and in some cases a through greenwashing approaches (Camocho et al. 2019c¢). For this
reason, understanding the consumer’s perception of the Sustainability profile and what are

the real properties of the products is crucial for placing products and services in the market.

Aiming for a sustainable and circular society, consumers must make informed and conscious
decisions (United Nations, 2016), however, the information gap between producers and
consumers is still a problem that we need to surpass. The lack of reliable information
jeopardizes the market system itself, while sound and reliable information allow for

conscious and informed decision-making (Goleman, 2009).

Another challenge faced in this transition is the lack of consumer awareness regarding their
impacts on society. Many consumers don’t perceive the impacts related to their consuming

behaviour (Bhamra, 2015).
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We must consider the differences in the consumers. In this regard, based on the study
“Identifying the green consumer” by Finisterra et al. (2009), we can define three main types

of users as presented in next page (table 2).

The knowledge about the characteristics and perceptions of these types of consumers, is
important for the Design practice, guiding the designers in the management and development

of their projects successfully.

Table 2 — Different types of consumers (Adapted form Finisterra et al, 2009)

Type Composition

Young people with high educational levels and living in urban
environments.

Type 1 — The uncommitted This type of consumer claims to have knowledge about Sustainability
issues; however, they have very negative behaviours in relation to

environmental aspects.

Individuals with the highest education levels.
They have a favourable position concerning environmental aspects,
o particularly towards perceived efficiency, buying behaviour,
Type 2 — The green activists . o ] ]
recycling, sensitivity to economic factors and resource-saving.
The segment tends to be critical about the promotional and

advertising claims made by firms.

Individuals that consider that their individual action does not
contribute to the improvement of the environment.
This segment includes individuals with lower educational levels than
the other segments and has very negative positions towards

Type 3 — The undefined environmental issues.
For these, the environment is not a major concern and they claim to
have little knowledge about environmental issues.
With a positive attitude towards recycling and are highly sceptical

about the promotional and advertising claims made by companies.
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3.2.5.1 Method to assess consumers’ perception of Sustainability in products.

The perceptions of consumers regarding the Sustainability aspects in products and their
knowledge on communication elements, such as labels, certifications, self-declarations, as
discussed before, used to promote products is an important area to consider in the Design
process towards circularity and Sustainability. In order to understand this, within the
research project, a survey to collect data from Portuguese consumers, was performed in

January 2019 using two different approaches:

¢ An online questionnaire that was distributed through social media and email databases
to participate by filling in the form online (Annex 5a)
e A paper version of the questionnaire, aiming to broader dissemination and a collection

of feedback and distributed and collected personally by the author (Annex 5b).

The questionnaire is based on a trade-off between the complexity/length and the amount of
data needed, was composed by an initial part with the introduction, aims and objective of the

survey, followed by 5 sections:

e Section 01- Basic questions regarding the demographic characteristics of the
interviewee,

e Section 02 — Developed to access the knowledge regarding ecodesign, Design,
Sustainability, and Circular Economy,

e Section 03 — Based on questions to evaluate consumer habits and the influence of
environmental labelling on products,

e Section 04 — Aiming to understand if the Sustainability perception of the consumer
corresponds to the reality and how consumers rate sustainable products based only on
perception,

e Section 05 — An open area to collect remarks, suggestions and relevant ideas from the

respondents.

3.2.6 Findings/ analysis

The questionnaires filled in by consumers in a paper version and sent by social media, had

the collaboration of 105 individuals aged over 18.
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Since it had wide dissemination and the respondents were asked to share the questionnaire
with other consumers, it is difficult to have concrete numbers of the scope of the survey,
however, it is estimated that around 500 individuals received the questionnaires, representing

a response rate of around 20%.

The sample, includes 55% women and 45% men (Figure ) with different educational levels,
(Figure 24) 36% graduation, 31% 12° year, 24% master, 5% less than 12° year, 3% PhD and

1% with a professional degree, with a diversified professional activity.

Gender distribution

O *
O Women

Figure 23 — Gender distribution of the sample
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Figure 24 — Education level of the sample

From the total number of answers received, 75% consider having sustainable behaviour in
daily activities, which also is a clear indication of the gap between what consumers say and

what they really do.
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When analysing this data by gender, between male and female respondents do not identify a
significant difference, 70% male and 78% female consider having sustainable behaviour. The
difference in behaviour according to education is also not relevant, 73% in respondents with

higher education and 79% in lower education respondents.

These high levels of respondents indicating higher levels of Sustainability concerns are in
line with several consumer surveys like for instance, the sustainable consumption paradox

referred by Vringer Kees (2015) when studying the Dutch consumers.

3.2.6.2 General knowledge in the field

For an evaluation of the general knowledge in the topic, the perceptions regarding Design,

Ecodesign, Sustainability and Circular Economy were addressed.

In general, most respondents indicate having basic notions about the 4 concepts, around 78%
consider having basic notions or above. The most known concept is Sustainability (49% have
basic notions, 30% high level of knowledge and 6% are experts in the field) and Design, in
which (51% have basic notions, 22% high level of knowledge and 12% are experts in the
field). The less known concept is the Circular Economy, in which 18% do not know the
concept and 24% have heard about it. This lack of knowledge about Circular Economy is
understandable since it’s a new concept for most respondents and the term “Circular

Economy” can have wrong interpretations for those who are not aware of the approach.

In figure 25, the results regarding the knowledge are presented.

General knowledge of consumers
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Figure 25 — General knowledge of consumer
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3.2.6.3 Sustainability attitudes and practices

When questioned about their attitudes and practices, the classification is good. Only 7% do
not make a waste separation for recycling, 2% do not apply water-saving measures, 9% do
not buy organic products and 9% do not buy sustainable products. Although the
classifications are good, there is always a problem regarding this type of question, since,

these topics, there is a tendency not to demonstrate the reality.

In Figure 26 we can see that consumer involvement in these issues is relatively high, there is
a high level of consumers separating products for recycling and in the implementation of
water and energy-saving measures, these last two aspects are mainly due to economic aspects
related to the high prices of these resources. The consumption of organic food and the
acquisition of sustainable products present a lower level of implementation, which is assumed

to be related to the acquisition value and the availability of these products in the market.

Sustainable attitudes and practices
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Figure 26 — Sustainability attitudes and practices

3.2.5.4 Influence of ecological and Sustainability factors in the acquisition of

products

The influence of ecological and Sustainability factors is considered moderate to high in most
of the cases analysed. Considering all types of products included in the survey, only less than

30 % of the respondent consider that their choice is not influenced by Sustainability criteria.
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3.2.5.5 Influence of labels and environmental certification in purchasing

decision and related trust in the allegations

The influence of labels and certifications available in products is a factor that influences 76%
of the consumers. There is a certain level of confidence in the allegations. However, a high
confidence level is only observed in 18% of the answers. 62% have a medium level of

confidence, 19% a low level and only 1 % do not trust in the allegations from producers.

3.2.5.6 Knowledge about labels

Labels are widely used in the product. However, the knowledge about the meaning and
criteria in these are not well known by users. In order to understand the knowledge about
products’ labels, a selection of 10 examples was presented in the survey and consumers were

asked to express if:

e They know the label and its meaning,
e They recognize it but do not know what it is,

e They do not recognize the label at all.

From the analysis, the main conclusion is that in most of the examples, the consumer does not

know the labels or do not know their meaning.

In the case of the European eco-label, which is an important label developed by the European
Commission established in 1992 and used across Europe and worldwide (European
Commission, n.d.). Only 26% know the label and the meaning, 32% recognize it and 42% do
not know it. Regarding Cradle to Cradle, is the global standard for products that are safe,
circular and responsibly made, 65% do not know the label and only 13% know it.

The more known labels, known by more than 90% of the consumers are the Green Dot
Society symbol (Sociedade Ponto Verde) EoL packaging management system in Portugal
(SPV), the Energy efficiency label and the recycling symbol.
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The labels that are less known are the Cradle to Cradle, the European eco-label, the Fair-trade
label, and the Euro leaf (Figure 27).

** * **

* € *
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cradlefocradle

Cradle-to-Cradle Euro Leaf European Eco label Fair trade

Figure 27 — Less known labels

3.2.5.7 Perception of the Sustainability profile of products.

The perception of consumers was analysed in the questionnaire through the presentation of 3
well-known products with the function of serving coffee, a ceramic cup, a paper cup, and a
polystyrene cup. Based on the images and indication of the material, consumers were asked

to indicate which option is considered the most sustainable and less sustainable.

These examples were selected from the “Disposable Cups vs. Reusable Cups” study
developed by Carbon Clear (2012) in which an LCA — Life cycle assessment was performed
and published.

The ceramic cup was the product considered by 75% as more sustainable (Figure 28) with
(75%), followed by the paper solution (23%). Polystyrene was indicated as the more
sustainable by 2% of the respondents.

Indication of the more sustainable product

O Ceramic cup

O Paper cup
O Polystyren cup

Figure 28 — Sustainable product — Survey results
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In the analysis of the most sustainable product, the majority selected the ceramic product,
however, the solution of products produced in paper also had a considerable percentage. This
analysis, in the formulation and presentation of the objects of study, deliberately did not refer
to the functional unit. Thus, it was not indicated whether to compare only one unit of product
or to consider the function in a universe of various uses over time. Some consider ceramics
because it is a durable product that can be reused for many uses, those who only looked at the
product unit, indicated that the paper solution, as it consumes fewer resources and has a

natural and recyclable base, would be the more sustainable option.

When asked which would be the product with the greatest impact and with a lower
Sustainability profile, almost all respondents indicated the polymer-based product. 90% of

the consumers selected the polystyrene product and 2% the ceramic product.

As mentioned before, this example was based on an LCA study performed by Carbon Clear,
which revealed that, based on the energy and emissions needed per 2,000 servings for the
selected cups, produced in paper, polystyrene and ceramic, the ceramic is the more efficient

solution, and the paper is the less efficient one.

The results of the survey indicate that the perceptions of most consumers regarding the more
efficient solution were correct. However, their perceptions regarding the less sustainable

solution were wrong in 90% of the cases.

In the last question, an image with 6 different pencils was shown (Figure 29), one made with
solid wood without painting, one green, one black, one fluorescent orange, one white, and the

last with printed numbers in two colours.
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Figure 29 — Image of the survey — perception of sustainability
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Without more information regarding materials, process, quality, etc it is impossible to
determine which product is more sustainable. However, the respondents were asked to rank

the products according to their perception of Sustainability.

Only 4% of the respondents indicated that do not have information to give a correct answer,
which is the most correct answer we expected. 92 % have ranked the pencils being the one
without painting the first option in almost all answers. 4% of the respondents did not answer

the question.

3.2.6 Key takeaways

The evolution of society is directly linked to the way we produce and consume, and currently,
we are facing major challenges related to the scarcity of material and energy resources, social
and economic crises, among others. In this context, we must act quickly and promote

sustainable and circular growth that promotes well-being, culture and resilience of society for

the future.

Much has been done over the years in this direction. However, the reality is that according to
recent studies, namely the Circularity Gap reports (Circle Economy, 2018-2022), our society
continues to have very low rates of circularity. Less than 9% of our world is circular, and

despite the various measures implemented, its effect is still relatively marginal.

In this evolution of society, the orientation towards the development of more efficient
products has been incremental. However, we can observe that Sustainability, in most cases is

still a marketing flag or a greenwashing tool.

In order to succeed in this intended new orientation through the Circular Economy. It is
essential to analyse the mistakes and learn from the lessons from the past. We should
therefore define an efficient approach that responds to the needs of the entire value chain of
products and services promoting the relation between production and consumption and the

translation of the needs from the consumers, the business and society.

In terms of consumers, who are key players in this system, we are witnessing evolution and
change in their way of thinking and acting. They are increasingly aware of environmental and
social challenges and are looking for innovative and efficient solutions at all levels. However,

the perception they have, due to the way products and services are placed on the market and
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the way they are promoted is not always the most favourable in this context. For example, the
communication made available in products and the allegations from inefficient labels are not
perceived by most users who do not understand these topics. These should be designed more

efficiently.

The results attained with the survey to consumers indicates that these believe in a common-
sense assessment of Sustainability based on their perceptions. These perceptions are not
always correct and are partially supported in part by self-declarations and allegations that are
displayed in the product and aired by designers, product developers, producers, and retailers.
The communication allegations, in most cases, are only focusing on a few aspects of the life

cycle, and in some cases are misleading consumers leading to greenwashing messages.

For an effective transition to a more circular and sustainable economy, through the Design
practice, the market and consumers perspective must be integrated from the beginning of the

development process in a holistic way, covering all value chains.
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4. Circular Economy Tools

4.1 Introduction

The integration of Sustainability and circularity aspects within the Design activities can be
supported by tools that systematise the development process and can lead the Design teams to
achieve sustainable solutions in a more efficient way. The evolution of the tools available to
designers has been an important aspect that supported the evolution of the Design profession
and the solutions proposed by designers to solve the problems and needs of society (Vasantha

et. al, 2012).

The Design practice relies on methods and tools (Vicente, 2011). and these, which have a
significant impact on the development process, are in constant development and evolution,

especially in the digital environments (Witkowski, 2017).

For the support of a Circular Economy approach, tools are starting to appear, and due to their
limited availability, it seems that in most cases, designers are integrating Circular Economy
strategies in an ad-hoc way, without the support, guidance, and validation of tools at different

stages of the process.

Within the research, based on the literature review, tools were collected and analysed to
identify which were available to designers and their adequacy to the Design practice for a
Circular Economy having in mind the needs of the Design process and their relevance in the
Circular Economy. The results of the search resulted in a collection of relevant academic and
non-academic resources that are available and can be applied by designers and product

developers.

4.2 Methodology

Although numerous tools are available in diverse platforms (online, software’s, board games,
etc) and have been developed to support the development of more sustainable products and
services (as example LCA software like SimaPro, Gabi, and many others), within the current
study, only the tools that indicate their relevance to the Circular Economy were selected. The
study considers mainly those that were developed and disseminated claiming to have an

orientation to the Circular Economy.
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In the analysis of the tools, along with the general information such as the identification,
editor/publisher, author, source, availability and short description, a set of variables were

defined to access the potential for application by designers.
The variables were the following:

e The aim of the tool,
e Scope — Circular Economy; Ecodesign, Design for Sustainability, LCA, etc,

e Assessment indicators/strategies — how the tool is applied? Which indicators or

strategies are applied?

e Life cycle perspective — indication if the tool has an LC perspective or if only

focus on a specific stage,
e The influence on the Design process — How can the tool influence the Design?

e The influence in the business model — Can the tool and the results influence the

business model?
e Type of inputs — Qualitative or Quantitative,
e Inputs — Which inputs are needed to use/apply the tools,
e Level of complexity — Level complexity in using the tool by Design professionals

e Sectoral focus — sectoral, to which sector the tool is applicable or if it has a

generic approach,
e Expected results — which type of results are attained with the tool,

e Pros and cons — Analysis of the main Pros and cons of the tool related to the

Design practice in the development of circular products and services.

In the next chapter, seven tools that were analysed within the research project under
development according to the variables explained above are presented. These resources were
developed aiming to introduce circularity aspects in the development of new products and

services and can be applied by Design professionals.

Remark. This analysis was done in the initial stage of the research. In the course of the
research, other tools were developed and identified, however, they did not integrate the
analysis carried out that served as the basis for the development of resources. At the end of

the chapter, other relevant tools are identified.
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4.3 Tools

4.3.1 Circularity Check

The Circularity Check is an online tool to support companies to achieve a more sustainable
and circular or resource-efficient performance. Developed by Ecopreneur, Wesustain, and
MVO the tool, acts as a useful instrument for self-evaluation, through a questionnaire with
around 60 questions that scores a circularity value for a specific product and/or service

(Circularity Check, n.d.).

The tool is structured in a checklist (Figure 30) with a questionnaire that can be filled out

online considering five main indicators:

e Design, procurement, and manufacturing,
e Delivery,

e Use,

e Recovery,

e Sustainability.

The outcome is a total score for circularity (0-100%) and partial scores related to the five
indicators (0-100%). This approach shows to companies the overall strengths and weaknesses

of the product or service.

Based on the results of the tool, presented through the circularity score calculated, the charts
provided, and by analysing and answers to the questions, and the individual scores on each
indicator, the Design team can identify potential improvement ideas redesign the product or

service.
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Figure 30 — Circularity Check

-103 -



4.3.2 Circular Economy Toolkit

The Circular Economy Toolkit (Evans J. (n.d.) is a free online resource that aims to support
businesses in developing more environmentally sound decisions which will create new

opportunities, save money and attract new customers.

Circular Economy Toolkit (Figure 31) provides an insight into how companies would
function within a Circular Economy in the creation of more sustainable products and services.
For this purpose, the tool is based on a set of 33 questions that result in the indication of the

potential improvement according to the strategies:

e Design, manufacture and distribute;

e Repair/Maintenance of the product;

e Reuse/Redistribution of the product;

e Remanufacturing/ Refurbishment of product or part;

e Products as a Service; and product recycling at end of life.

Besides the assessment features, the tools, in each strategy, provide useful information to

supports the knowledge creation in the companies.

The tool has a simple and user-friendly structure and its results cover the life cycle stages and
highlight the potential in each one. Through the analysis of the questions and results, the user

can identify improvement options for the product under analysis.

ke

CircularEconomy
Toolkit

Resources for an Evolving World

Figure 31 — Circular Economy toolkit — Logo
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4.3.3 Material Circularity Indicator

The Material Circularity Indicator (MCI, n.d.), which is part of a broader ‘Circular Indicators
Project’ developed by Ellen MacArthur Foundation and Granta Design, is a tool aiming to
measure how restorative the material flows of a product or company are allowing companies
to identify additional, circular value from their products and materials, and mitigate risks

from material price volatility and material supply.

Through the comparison to similar industry-average products, the MCI for a product
measures the extent to which the linear flow has been minimized and the restorative flow
maximized for its component materials, and how long and intensively the product is used.
The assessment provides the combination of three product characteristics: the raw material
used in production, the unrecoverable waste that is attributed to the product, and a utility

factor that accounts for the intensity and duration of the product's use.

This user-friendly tool (Figure 32) with an intuitive interface is useful to demonstrate the
circularity level of a specific product and the results may be used by designers to analyse a
reference product or service and the analysis of potential options in new solutions. The results

can be used also for internal reporting, procurement decisions, and the evaluation or rating of

companies.
CIRCULARITY Material Circularity Indicator
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Figure 32 — Material Circularity Indicator — Overview
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4.3.4 KATCH e Tools

The EU research project KATCH e — Knowledge Alliance on Product-Service Development
towards Circular Economy and Sustainability in Higher Education, (KATCH e, 2019a)
developed by an international consortium coordinated by the National Laboratory of Energy
and Geology in Portugal, aimed to develop resources to support the transition to Circular
Economy resulted in the development of numerous resources relevant to designers. From the
several tools developed, four tools have a higher potential to be applied in the Design practice

and in the context of this research project.

KATCH-Up Board game

This creativity board game tool (Figure 33) aims to create and develop ideas and
opportunities for new products or services according to the needs of the users and to define
the most appropriate circularity Design strategies and business models to launch the
product/service into the market. The objective of this game is to apply circular Design and
circular business strategies and stimulate the users to generate valuable ideas based on a

business challenge.

Figure 33 — KATCH UP Game — Playing board

- 106 -



The Game available to download to be printed by the user is based on six basic steps:

e Problem context: Presentation of the product-service category, business challenge and
target group,

e Way to the solution: Presentation of Circular Economy strategies that can be used to
deal with the problem context,

e Idea creation: Development of the innovative idea that will solve the initial problem,

¢ Business model: Definition of the most appropriate business model,

e Market launch: Definition of how your product-service will be launched to the
market,

e Presentation and scoring: Circular Economy ideas got as a result of the game should

be pitched by the groups and scored.

The game acts as a guide to create an innovative product-service or to solve a real business

problem and improvement opportunities.

4.3.5 KATCH e CE Strategist

The tool aims to support designers and development teams in the identification of business
opportunities of the Circular Economy and how to integrate these opportunities in the
Business Model (Figure 34). The tool evaluates value capture opportunities along the product
life cycle, lets users select the best fitting Circular Economy business strategies, and shows

how these strategies influence business model elements.
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Figure 34 — CE Strategist — Overview
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The tool is structured in 3 main steps:

e Evaluating circular opportunities — Assessment of a product or business to identify
circular strategies that fit best to the predefined circular business strategies.

¢ Finding circular strategies, examples and Design strategies — After assessing the
opportunities the tool proposes several strategies to choose from. The tool shows a
definition of each strategy and provides existing business examples and shows how
the strategies are connected to the Design Strategies

e Defining a Circular Business Model — definition of a business model using an adapted
version of the Business Model Canvas framework which highlights the implications

and effects of circular models in the form of questions.

The tool also allows comparing the “original” version of the business model with the new

“circular” version of the business model.

4.3.6 KATCH _e CE Designer

The CE Designer is a semi-quantitative tool for the integration of circularity strategies in the
development process focusing on prioritization, assessment and idea finding of circular

solutions for product and/or service Design (Figure 35).

It consists of a checklist structure supported by 8 key strategies that address the most relevant
issues to consider in the development process of new products or services to support the

transition to a more circular society.
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Figure 35 — CE designer — Overview
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The tool starts by asking the user to reflect on each strategy, its adequacy, and relevance for
the project under development. In the next phase, the user evaluates the profile of the
reference product through the analysis of each strategy according to a set of predefined
criteria. This analysis of the reference products allows the identification of the hotspots or
problems in the product which can be improved, and, by answering the questions in each
criterion, through the analysis of the variables and options in each question, the user can

identify improvement opportunities that can be applied in the project.

The hotspots and opportunities identified in the process are useful resources to the basis for

brainstorming and development activities.

After the implementation of the ideas resulting from the previous activities, the tool is used to
compare the reference situation with the new concepts or new products /services resulting
from the project. This Design-oriented tool is simple to be used and the process and its results

allow the development of new and innovative circular solutions.

4.3.7 KATCH e CE Journey

Through an exploratory and visual assessment, the tool aims to help the users to assess the
overall product / service / system journey, in the three stages — uphill, top hill and downhill —
by identifying the touchpoints between several identified factors: materials, producers,
stakeholders, and users, providing a model for analysis and identification of opportunities to
optimize the journey and to enhance the closing of the loops to present a more circular

solution (Figure 36).

Figure 36 — CE Journey Map — Overview
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Being a physical tool composed of a printed canvas, cards, pins and colour threads, the tool
promotes the identification of new opportunities and ideas, innovation, discussion and

brainstorming in creative sessions.

4.4 Key takeaways

Aligned with the fast and intense development of the Circular Economy, tools to support the
development of new products and services are being developed and promoted. The Design
professionals have at their disposal different tools, both qualitative and quantitative tools with
different levels of complexity, costs, focus, typologies of results. However, their application
in practice is not as wide as expected and most designers and development teams have not

used them in a systematic way.

From the past experiences, is clear the influence and the relevance of the support of concrete
and specific tools to ensure that the products and services developed are indeed circular. In
Design projects, it is necessary to apply several methods and tools that support the
development, validation, and communication of their circularity aspects. But these tools, in
order to become widely used, must combine the perspectives of circularity with the needs of

the Design practice.

The tools presented in this chapter address the challenge of integrating circularity in Design.
However, most of them are still not used widely. There is still the need to continue the
development of more efficient and innovative tools or toolkits to support the Design of
innovative circular products and services. The new or redesigned tools must be focused on
the Design practice and the needs of designers and the characteristics of Design projects.
These tools must be cost and time effective and their results must be perceived as an added

value to Design projects showing clearly the benefits of their application.
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Other tools and guides identified to support of Design and Circular

Economy not included in the previous analysis

Circularity deck

Author: Jan Konietzko

Description: A card deck with circular economy strategies and principles developed for

designers, entrepreneurs and managers.

It’s a learning and organizing tool containing circular economy principles and product and
business model examples that illustrate the application. It’s a simple tool that can serve as a
checklist to identify gaps in the current approach and knowledge and supports the

identification actions and ideas towards Circular economy

Source: www.circularitydeck.com

Circular Business Model Design Guide

Authors: PA Consulting in collaboration with Ellen Macarthuur Foundation and University of

Exeter

Description: A practical guide to help business leaders in the identification of circular
opportunities and design business models that create, deliver and capture value. The guide
helps businesses explore and design circular business models by providing practical steps and
templates to identify opportunities and define the business model, to support the analysis of

the linear business and how to improve it to awards circular solutions.

Source: http://www2.paconsulting.com/rs/526-HZE-
833/images/Circular%20Business%20Design%20Guide 10.pdf

Circulytics — Measure Business circularity

Authors: Ellen MacArthur Foundation

Description: Circulytics is a comprehensive tool for measuring the Circular Economy
performance of companies, informing their decision making and guiding their circular

economy strategies. It helps companies understand the true extent of their Circular Economy
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performance. The tool, through the measurement of the performance of a company’s entire
operations, using a comprehensive set of indicators empowers the business strategy
development, allowing the identification of opportunities to generate revenue, design out
waste, keep materials and products in use, generate environmental benefits, monitoring

progress, and improve band value and recognition from stakeholders

Source: https://ellenmacarthurfoundation.org/resources/circulytics/overview

EMBRACE Toolkit v2.0

Authors: EMBRACE project

Description: The Embrace Toolkit, developed within the EMBRACE project co-financed by
the European Regional Development Fund is a compilation of free tools and materials to help
create more sustainable products, services and business models. The project addresses
SMEs, Intermediary Organizations, Clusters, Policy Makers, in agro-food and wine sectors
engaged in the transition to circular economy. With 18 main tools, the Toolkit addresses
sustainable design and business innovation, including environmental criteria/assessment and

strategy tools for the development of circular business models.

Source: https://embrace.interreg-med.eu

Circular Transition Indicators v2.0 — Metrics for business, by business

Authors: WORLSD Business Cuncil for Sustainable Developmento — WBCSD

Description: The CTI Tool supports businesses to measure and improve their circular
performance by supporting and guiding companies through the Circular Transition Indicators
process. It structures data and calculates outcomes, supporting businesses in taking concrete

actions towards their circularity goals.

CTI Tool enables companies to accelerate their transition towards a circular economy and

fully understand their circularity baseline.

Source: https://ctitool.com/
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EcoEconomy 4.0 — Ferramenta de avaliacio do desempenho circular

Authors: AEP — Associagao Empresarial de Portugal

The tool 1s mainly intended for Micro, Small and Medium Enterprises in the industry,
commerce and services sectors that wish to assess their maturity level in adopting Circular

Economy practices and develop opportunities for improvement.

In addition to allowing an assessment of the circular performance of companies, this tool also
results in recommendations for good practices, which will contribute to improving the

performance of companies.

The tool has two versions, a simplified and a detailed one, and is composed of a set of
questions (10 in the simplified version, and 28 in the detailed version) divided into five

categories:

e Management & Strategy

e Relationship with external stakeholders

e Innovation & circular design in products/services
e Resources & Emissions

e Awareness & Communication

As a results, the tool indicates the global maturity level, the indication of maturity level by
category and the identification of circularity practices that will allow the company to improve

its degree of maturity.

Source: https://ecoeconomy.aeportugal.pt/
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S. Design Principles for Circular Economy

5.1 State-of-the-art

The integration of Sustainability and circularity in the development of products and services
has been a widely explored theme and several authors have defined different approaches
based on systematization of the process using sets of strategies, principles and criteria. These
adopted together or individually, according to needs, project goals and objectives, provide
guidelines for transposing the concepts of Sustainability and circularity into practice and are a

fundamental tool to inspire Design teams and validate their Design options.

In this sense, and in order to define a set of principles optimized to guide designers in their
activity with an orientation towards circularity, an identification and analysis of 18 relevant

international references, was carried out.

Based on the identified strategies, principles and criteria, these were classified, grouped and
typified in order to identify the trend in terms of the types of principles adopted. This study
allowed the identification of 10 large groups, which led to the construction and definition of
the principles that will be adopted in the definition of a new toolkit that results from this
research and which has the main objective of supporting designers in the transition to the

Circular Economy through of its Design performance.
The 18 references identified and analyzed (Annex 6) were the following:

e Key Elements of The Circular Economy from the Circularity Gap Report 2021

e KATCH e Project (KATCH e 2019a)

e SinnDesign Project (SinnDesign 2016)

e CIRCit Norden — Design guidelines for circular strategies (https://circitnord.com)
e NIKE — 10 Principles of circular design (Nike Circular Design Guide, n.d.).

e Action plan for Circular Economy in Portugal: 2017-2020 (PAEC, 2017)

e Circle Economy — Key elements (www.circle-economy.com)

e Product Design and business model strategies for a Circular Economy (Bocken et al.,
2016)

e Taxonomy of Design strategies for a circular Design tool (Moreno et al., 2017),

e RESOLVE Framework (EMF, 2015)

e Circular Design guide (Ellen MacArthur Foundation & IDEO, 2017)

-114 -



e BS8001:2017 (BSI, 2017)

¢ Building Design and construction strategies for a Circular Economy (Eberhardt, et al.,
2020)

e Circular Economy Practitioner guide (World Business Council for Sustainable
Development [WBCSD], 2018)

e 10 Golden rules of ecodesign (Luttropp & Lagerstedt, 2006)

e 10 principles for good Design (Rams, 1976)

e The 9 R's (Potting et al. 2017)

e Products That Last (Bakker et al. 2014)

5.1.1 Key Elements of The Circular Economy from the Circularity
Gap Report 2021

The circularity gap report initiative (Circle Economy, 2018), developed by the Circular
Economy platform recognises the urgent need to accurately measure the Circular Economy.
Since 2018, several Circularity Gap reports have been launched providing a framework and

fact-base to measure and monitor progress in bridging the global circularity gap.

The Initiative delivers an annual global circularity metric that measures the state of the world

economy and identifies key levers to transition to global circularity.

Within the Circular gap report released in 2021 (Haight et al., 2021), the Key elements of the
Circular Economy are important as inspiration for the identification of a set of principles for

the Design practice towards circularity.

5.1.2 KATCH e Project

The Katch e — Knowledge Alliance on Product-Service Development towards Circular
Economy and Sustainability in Higher Education (KATCH e 2019a) is an EU funded project
that was part of the ERASMUS+ programme of Knowledge Alliances. KATCH e was
developed by 11 partners from four EU countries to address the challenge of reinforcing the
skills and competencies in the field of product-service development for the Circular Economy

and Sustainability in the construction and furniture sectors. Within the project, a complete set
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of training materials for enabling Circular Economy in the construction and furniture sector
was developed. The contents address students and professionals in the industry and
specifically focus on the development of sustainable product-services and within the
materials developed, a set of strategies and criteria were developed and integrated into
training materials and in the CE Design Tools developed to support the integration of

Circular Economy in the development of new products and services, as presented.

5.1.3 SinnDesign Project

The SInnDesign — Sustainable Innovation Through Design Project, (Sinndesign. 2016) aimed
at the development of training materials and Design tools for Sustainability to three specific
sectors related to the habitat cluster (furniture, habitat textiles and building materials),
resulted in innovative and competitive solutions. Within the several resources developed, the
Design for Sustainability checklists tool includes a set of relevant strategies to support the

development of sustainable products and services.

5.1.4 CIRCit Norden — Design guidelines for circular strategies

The CIRCit research project, (https://circitnord.com) with operations in Denmark, Sweden,
Norway, Iceland and Finland, supports the Nordic industry to discover and implement the
opportunities of Circular Economy, through the development, testing and implementation of

science-based tools.

Within the results of the project that are available, the Guidelines for circular product Design
and development provide relevant information about Circular Economy and includes a
circular strategy scanner where different strategies and dependencies are mapped to enhance

the understating of a Circular Economy and the various strategies (Shahbazi, 2020).

5.1.5 NIKE - 10 PRINCIPLES OF CIRCULAR DESIGN

Inspired by Global Fashion Agenda, Nike has created the “Circularity: Guiding the Future of
Design” (Nike Circular Design Guide, n.d.). This guide and its related workbook share

principles that support a universal call to action for the sports industry. “Move to zero” is
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Nike’s journey toward zero carbon and zero waste to help protect the future of the sport.
Within the circularity workbook: guiding the future of Design, a set of 10 Design principles

are defined to support the circular and sustainable development of Nike's sports products.

5.1.6 Action plan for Circular Economy in Portugal: 2017-2020

The Portuguese Action Plan for the Circular Economy (PAEC, 2017) defines a strategy for
the Circular Economy until 2020 has three levels of actions to be introduced and worked on
during three years: national initiatives, which consolidate some of the actions of various
government areas for this transition; sectoral agendas, especially for sectors that are more
resource-intensive and export-oriented; and regional agendas, which must be adapted to the

socio-economic specificities of each region.

This plan adopts a strategy that seeks to replace the “end-of-life” concept of the linear
economy, based on the production and elimination of waste, through the reduction, reuse,
recovery and recycling of materials and energy. Through this action plan, Portugal intends to
dynamize a transition to an economy less dependent on the intensive consumption of raw
materials, minimizing the extraction of material resources, ensuring the regeneration of the
natural systems, maximizing reuse, increasing efficiency and in the development of new

business models.

Within the scope of the action plan, the 10 R’s are adopted distributed by 3 groups: Smarter
product use and manufacture, Extended life span of products and their parts, and Useful

application of materials.

5.1.7 Circle Economy — Key elements

The Circular Economy platform (www.circle-economy.com) within its mission is to
accelerate the practical and scalable implementation of the Circular Economy is also
responsible for the definition of a set of key elements for the Circular Economy. This key
elements framework integrates the elements of the Circular Economy and acts as a basis to
derive contextual strategies and interventions. The Framework consists of 3 core elements
with activities directly handling product or material flows and 5 enabling elements which are

those that remove obstacles for core actors.
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5.1.8 Product Design and business model strategies for a Circular

Economy

This paper, published in the Journal of Industrial and Production Engineering (Bocken et al.,
2016) presents the development of a framework of strategies to guide designers and business
strategists in the transition from a linear to a Circular Economy. Based on the research
developed by Walter Stahel (1994), the terminology of slowing, closing, and narrowing
resource loops is here introduced. The article includes also a list of product Design strategies,
business model strategies, and examples for key decision-makers in businesses, to promote

the transition to a Circular Economy.

Being a widely known reference, the research developed by these authors, and especially the
framework here presented, is a fundamental inspiration and source for the development of

principles and strategies for the designers practice towards circularity

5.1.9 Taxonomy of Design strategies for a circular Design tool

In this article, published at PLATE, Product Lifetimes and the Environment conference at the
Delft University of Technology (Moreno et al., 2017), the authors present a taxonomy of
Design strategies useful to guide product designers on how to conceptualise durable and
single-use products for a Circular Economy by identifying and exploring potential solutions
for closed-loop systems. The Design strategies are included in a tool that was tested in a

practical context in supporting the Design practice.

The taxonomy presents the relation of circular Design aspects with the DfX approach and the

related strategies relevant to promoting the Design and development process.

5.1.10 RESOLVE Framework

The ReSOLVE framework (EMF, 2015) offers companies a tool for generating circular
strategies and growth initiatives. The framework takes the three principles of the Circular
Economy, Preserve and enhance natural capital, Optimise resource yields and Foster system
effectiveness, and translate it into six business actions: regenerate, share, optimise, loop,

virtualise, and exchange.
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5.1.11 Circular Design guide

In the Circular Design Guide platform (Ellen MacArthur Foundation & IDEO, 2017) which is
a collaboration between the Ellen MacArthur Foundation and IDEO (2017), a method that
includes a set of activities to understand, define, make and release circular innovations was
developed and is available to all. The different activities are explained in a step-by-step
approach, and supported by auxiliary tools to promote the integration of circularity aspects in

the Design practice

5.1.12 BS 8001:2017

The British Standards Institution launched the standard (BSI, 2017) — “Framework for
implementing the principles of the Circular Economy in organizations” as a practical
framework and guidance for organizations to implement the principles of the Circular
Economy and has been developed to be applied to any organization, regardless of location,

size, sector and type.

The standard contains a comprehensive list of Circular Economy terms and definitions, a set
of general Circular Economy principles, a flexible management framework for implementing
Circular Economy strategies in organizations, and a detailed description of economic,

environmental, Design, marketing, and legal issues related to the Circular Economy.

In the standard, Potential Design strategies are presented, distributed by 4 Design focus areas

and the identification of a set of Non-exhaustive options for Design improvement

5.1.13 Building Design and construction strategies for a Circular

Economy

This article, which was built on the needs identified in the construction sector (Eberhardt, et
al., 2020), the sense that Circular Economy initiatives are being developed and explored in
industry. However still lacking in wide-scale adoption, and the fragmented development and

implementation of Circular Economy building Design and construction strategies.

The study presented offers state-of-the-art in building Design and construction strategies for a

Circular Economy. The overview of Design strategies was supported by a literature review
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that resulted in the identification and analysis of 34 publications select from a wide group of

publications identified.

The study resulted in a taxonomy summarising 16 building Design strategies which were
analysed according to the level of application, level of readiness and further described. The
taxonomy provides a hierarchy of the strategies according to their occurrences in the accessed
references which is an important factor for the selection of Design strategies to support the

Design practice.

5.1.14 Circular Economy Practitioner guide

The Circular Economy practitioners guide, developed by the World Business Council for
Sustainable Development [WBCSD], 2018 includes in their online platform a set of strategies
and practices according to 6 thematic areas or functions in the company: Design, buy, make,

sell, dispose and finance.

In the Design area, which is relevant for the current study, the guide indicates 14 practices to
support companies towards the Circular Economy. In each practice or strategy, a detailed
explanation is provided to promote the application in practice. In some cases, examples and

case studies are used to illustrate the strategy.

5.1.15 10 Golden rules of ecodesign

The EcoDesign and The Ten Golden Rules (Luttropp & Lagerstedt, 2006): generic advice for
merging environmental aspects into product development article, published in the journal of
cleaner production stresses the important role of Design and its impact and relevance in the

initial phases of the process.

Based on the hypothesis that there is a strong need for a tool to facilitate the integration of
reasonable environmental demands into the product development process, it presents the tool
“The ten golden rules” which provides a common foundation that can be used as a base and

guidelines for the development of specific product-design challenges.

The rules have a generic approach and should be customized as needed.
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5.1.16 10 principles for good Design

Dieter Rams, the head of the Design team at Braun for over 30 years, is one of the most

influential industrial designers in the world.

In 1976, in New York, Dieter Rams presented his 10 principles for good Design (Rams,
1976) which were a method of organizing and systematizing his view and thinking about
what makes good Design. The ten principles, with a simple and clear approach, have
influenced generations of designers and are part of the curriculum of the majority of Design

schools.

5.1.17 The 9 R's

Several references explore the R’s concerning Sustainability (Potting et al. 2017), ecodesign
and Circular Economy. Within the Policy report “Circular Economy: Measuring Innovation
in The Product Chain” which is a study developed for the Dutch Ministry of Infrastructure
and the Environment to support the knowledge on the progress made in the transition from
linear to circular product chains, the Circular Economy transition process as well as its effects

on the consumption of natural resources and materials, the environment and the economy.

Within the report, a set of circularity strategies within the production chain are explored and
presented in order of priority and represents the transition from the linear economy to the

Circular Economy.

5.1.18 Products That Last

Products That Last (Bakker et al. 2014) it’s a Dutch project led by the Industrial Design
Engineering faculty of the Delft University of Technology, which resulted in a methodology to
support new business opportunities, models, and Design strategies for the Circular Economy. The
Methodology, developed for designers and companies is based on a set of five business model
strategies to help businesses and designers in a thinking shift towards a Circular Economy and six
strategies for Circular Product Design. Through the application of the strategies, the Design team
can identify where the decrease of the value occurs in the Sistema and allows the identification

and development of Design solutions to create value for the product and the company.
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The identification of the different strategies, principles and criteria defined by reference
authors, allowed a collection of a wide group of approaches to Design, circularity and

Sustainability.

These were translated in a matrix, which allowed a global overview in order to identify
trends, and common concepts on how to implement and support the development of products

and services. In Figure 37 we can see the global view analysed references.
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Figure 37- Matrix of strategies

This analysis allowed the identification of 11 groups, according to their concepts, aims, and
specificities. These concepts can be seen as an orientation for the definition of an improved
set of principles to support the Design practice towards circularity in line with the research

developed in this Thesis.
The 11 groups or types of strategies identified were the following:

e New concept development,
e Optimization of resources,
e Optimization of the production process,

e Improvements in the use of products or services,
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e Durability,

e Services and virtualization,

e New business models,

e Collaboration, synergies and co-creation,
e Life cycle perspective,

e C(Closing the loop,

e Anda 11° group with lower expression defined as “other”.

5.2 Definition of Design principles for Circular Economy

In the Design practice towards Circular Economy and Sustainability, the Design team can

apply a set of principles that support and systematize their innovative processes.

Inspired by the review and the analysis of a wide set of different strategies and principles that

are being applied by several authors, the analysis of tools and different approaches to Design

for the Circular Economy, 10 principles to support the Design process towards more

sustainable and circular products and services were defined (Figure 38).
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Figure 38 — Ten principles for circular design projects
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5.2.1. Design with a Life Cycle Perspective

It is estimated that over 80% of all product-related
environmental impacts are determined in the Design phase.
Therefore, it is crucial to Design with a life cycle perspective
in order to minimize or eliminate impacts considering the

entire life cycle of products and services.

The Design and development teams should ensure that Circular

\

development early in the development process with the aim of improving circularity and

y4 Economy aspects are integrated into product Design and

reducing impacts throughout the entire life cycle of the product or services (BSI, 2017), while
still taking into account other Design aspects such as safety, quality, ergonomics, aesthetics,
and also, considering the trade-offs and compromises between different environmental

aspects and the attained solutions (IEC, 2019).

Designing for the Circular Economy and aiming for a more effective and optimized
management of resources across the life cycle with a holistic perspective should lead to a
positive impact on the natural environment and society (BSI, 2017). Therefore, top
management and decision-makers should ensure that strategies are planned, implemented and

maintained, considering all stages in the life cycle of a product (ISO, 2020), through Design.

What to consider in the Design phase?

5.2.1.1 Consider all life cycle phases

The Design team, when designing with a circularity and Sustainability focus, must adopt a
holistic approach and consider the entire life cycle of the product or service in the process,
considering all “Consecutive and interlinked stages of a product (or service) system, from the
raw material acquisition or generation from natural resources to final disposal. (...) including
the acquisition of raw materials, Design, production, transportation/delivery, use, end-of-life

treatment and final disposal” (ISO, 2015).

-124 -



5.2.1.2 Analise the impacts in each phase/ Conduct LCA studies

In order to guide the Design process towards the minimization or elimination of impacts in
the life cycle of products or services, the Design team must have knowledge about the
environmental profile of the products. In this regard, a life cycle assessment is fundamental to

have a clear overview and perception of the impacts in each stage.

For the identification and evaluation of environmental aspects, the team should establish,
implement and maintain a process to identify and evaluate product-related environmental
aspects and impacts throughout the life cycle. This assessment, according to the objectives
and resources of the project can have a qualitative or quantitative evaluation and
prioritization of the environmental aspects, however, where feasible, the quantitative

approach is encouraged (IEC, 2019).

By conducting LCA studies, the team can also identify opportunities to improve the
environmental performance of products acting in several stages in their life cycle, support the
information to decision-makers for strategic planning, priority setting, product or process

Design or redesign, marketing purposes, or other (ISO 2006b).

5.2.1.3 Avoid the transference of impacts for other phases of the life cycle

The life cycle approach, through an overview of the impacts in all stages, can avoid the
transference of impacts from one stage to another, which is a common result of projects

developed without a life cycle approach.

The transference of impacts can occur from one stage to another, from one region to another
or even from one impact category to another. For example, one solution can reduce the
quantity of a material used in the product, however, for this reduction, the material was
substituted by a different material, produced in a far location, resulting in a material with a

higher embodied energy.

-125 -



5.2.2 Design the Function /Rethink the System

The Circular Economy can be characterized by a Rethink
approach. To make something more circular requires a

rethinking process (Morseletto, 2020).

Rethinking the system and the function of the product is
a way to look at your product and envision sustainable
alternatives by thinking outside the box and have new
approaches and perspectives for the product and the

system which are translated into new or reshaped

objectives for the Design project.

Rethinking allows an identification of alternative Design solutions to solve the problem (BSI,
2017). In a circular Design approach, the focus should be on the outcome to fulfil a specific
need. The key is to Design the most sustainable way of producing that outcome. Outcome-
driven thinking places the focus on the function the user needs and not on the solutions of

how to produce or deliver the offering (Niiniméki & Hassi 2011).

Rethinking is about developing new ideas and solutions to provide certain product functions
in line with the needs of the users, including the re-elaboration/reconceptualisation of ideas,

dynamics, processes, concepts, uses, and post uses of a product (Morseletto, 2020).

What to consider in the Design phase?

5.2.2.1 Question the function

In a Circular Economy approach, aiming to close the material and component loops in a
sustainable way, the Design team should put into question the function of the product.
Perhaps, the users do not need a product at all, or their needs can be fulfilled with a totally
different solution. The Circular Economy needs an out-of-the-box approach in attaining

innovative solutions.

By approaching the process through the function, the potential to innovate is higher. In this
regard, a function analysis, which is a fundamental phase in the value analysis methodology
that consists of a systematic process to describe the product through its function, can be

implemented. The product is not considered as a specific solution with a group of
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components, but through a set of functions that will satisfy the needs of the user (Catarino et
al., 2007), it supports a creative problem-solving approach by moving the focus away from
the expected solution and placing the focus on the required performance or need (Value

Analysis Canada, n.d.)

5.2.2.2 Develop new concepts

Design projects are developed frequently with a lower innovation level, focusing mainly on
product improvements or product redesign. With this approach, the new attained solutions
can improve the systems by developing different products with lower environmental impacts.
However, disruptive solutions with a higher potential for Circular Economy and

Sustainability are difficult to occur.

To have an effective approach and reach a higher level of innovation and Sustainability, the
Design teams should innovate with alternative ways to fulfil the functions and the needs of

the users.

It is recommended to start by thinking “out of the box” and develop new concepts (Rocha et
al, 2015) and new solutions that rethink the entire system. Not only the product itself but the

entire context in which the product operates.

5.2.3. Design with Synergies and Co-creation

The Design practice has been evolving. This evolution, from a
user-centred approach to co-designing, is changing the roles of

the designer, the researcher and the users (Elizabeth, 2008).

In Design for a Circular Economy, as a new step in the Design
evolution, changes are needed in the field of Design and
Design education towards disruptive innovations for

transformation, intelligent systems, open Design and others,

and new views and approaches on Design processes. The
participation of the stakeholders in the process is being promoted, especially through
collaborative forms like open Design, co-creation and participatory Design (Hummels, 2012),

and the establishment of synergies in the value chain.
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Some authors even consider that without collaboration initiatives, it is unlikely that an
organization can achieve successful and substantial progress in the transition to a more

circular and sustainable economy (BSI, 2017).

What to consider in the Design phase?

5.2.3.1 Collaborate and co-Design

The Design practice for Circular Economy and Sustainability should promote the
collaboration of designers and other professionals in order to attain the needs of the projects
along the life cycle. Building teams to strengthen knowledge and expertise, building
relationships with stakeholders (Ellen MacArthur Foundation & IDEO, n.d.), providing space
for customers and users, to be actively involved in the Design and development of products
and services (Marlien, 2019) will influence the innovation and the identification of new ideas

with a higher potential of success.

Adopting co-creation initiatives into the Design practice will cause several changes to occur
in the process. It will change the Design practice, what is designed, and who designs
(Elizabeth et al., 2008). Co-designing will promote a close collaboration between
stakeholders in the Design development process together with other professionals with other
skills (Elizabeth et al., 2008) allowing to explore the potential of each actor, creating value in

the process, reducing risks, costs and increasing the potential for success.

5.2.3.2 Synergies

In a Circular Economy, it is advocated to optimize resources, optimise the material flows and
create alternative and efficient ways of production and consumption focusing on maintaining
materials and components in use without the generation of waste. These goals, to be effective
and implemented in practice through Design, must consider and explore the potential

synergies that can be created in the value chain.

The creation of synergies that promote collaboration throughout the supply chain will

increase transparency and create a joint value (Circle Economy, 2018).
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5.2.3.3 Industrial Symbiosis

The Design of new products, services, or systems must consider the potential for the
establishment of industrial symbiosis solutions, in which the waste or by-products of an
industry or industrial process becomes the raw materials for another. The application of this
concept allows more sustainable use of resources and contributes to the creation of a circular

and sustainable economy (European Commission 2018; European Commission, 2019a)

This process-orientated, approach focused on using residual outputs from one process as
feedstock for another process must consider the geographical proximity of businesses
(Bocken et al., 2016) in order to be efficient and add value for all actors involved in the

process or system.

The benefits for the business network can have significant impacts, such as the reduction in
overall operating cost and risks, the establishment of reliable alliances, increase the trust in

partnerships, joint innovation processes, sharing of assets, services, etc.

5.2.4. Design Durable Products

Designing durable products with a long-life is concerned with
ensuring a long utilization period of products, maintaining its
function and service over a longer period of time without loss
of performance (Rocha et al., 2019), aims for a maximum
potential lifetime of a product, component or material to
perform a required function under intended conditions of use
. and maintenance before it becomes obsolete because it can’t
fulfil its function (BSI, 2017).

New products should be Designed to be durable for a long lifetime through the integration of
solutions and features that facilitate easy repair, particularly by third parties, (BSI, 2017),
maintenance, upgrade, etc. The Design team must also select effective materials and

components that guarantee the durability of the product.

Designing for durability is mainly focused on the physical durability, by the development of
products that can take the wear and tear without breaking down, attained by Design solutions

and effective material selection, by designing reliable products that will operate throughout a
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specified period without (Bocken et al., 2016), and by developing product life extension
features concerned with an increase in the use period of products, through maintenance,

repair and upgrading characteristics defined at the Design stage (Rocha et al., 2019).

The objective of this principle is to extend the technical, aesthetic and emotional lifetime of
the product so that it will be used for as long as possible. While this strategy may seem
unattractive for companies because they would “sell less”, it can be interesting and
competitive for certain types of products and market segments where high quality and

durability are a strong sales argument (Rocha et al., 2015).

Developing durable products, that are used and maintained for longer is the counter-strategy
to the implanted programmed obsolescence, which is linked to techniques and solutions by
which an “organization seeks to deliberately limit product lifetime in order to increase

replacement rate” (BSI, 2017).

What to consider in the Design phase?

5.2.4.1 Quality of materials

The selection of the more suitable materials to fulfil the needs of the product and their
function is crucial in Design for the Circular Economy. The adequate material will promote

the durability of the product without creating additional needs in the life cycle of the product.

The quality of the materials in the product should be selected according to the function,
considering the implications and trade-offs in the life cycle of the product. For example, the
selection of a high grade and high-quality material for a product that has a short life and will

be recycled after a short period of time is not a good option.

5.2.4.2 Reparability

Durable products that can be used for long periods of time should rely on the possibility of

being repaired easily and at an affordable cost for the user.

In the Design phase, the Design team should include features to promote and facilitate the
reparability of the product. Features like a Design for easy disassembly, the use of standard

components, diagnosis systems, repair information, repair services, etc, should be developed.
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5.2.4.3 Maintenance

Easy and affordable maintenance of the product can have a high impact on the durability of a
product. Maintenance involves functional checks, servicing, replacing consumables, cleaning,
and other activities. For example, a product that due to its shape or material is difficult or

expensive to clean tends to be discarded and replaced easily by the user.

5.2.4.4 Upgradability

The needs of the users tend to evolve over time, and these new needs can be attained by the
replacement of the product by new versions of updated products, or by the upgrade of the
current products. In the Circular Economy, to develop sustainable solutions, the product must
be in use for the longest possible period of time. This can be attained by solutions to upgrade
the existing products by developing solutions that promote the technical or aesthetical

upgrade potential, with an added value for the user.

5.2.4.5 Wear-resistant Design solutions

Durable products must be resistant to wear and loss of properties over time. The Design team
must consider these aspects and include solutions to minimize them. This can be achieved by
the selection of adequate materials, as well as by the Design of the product. For example,
products that are not user friendly, with complex features tend to have a higher pressure on

the structure of the product, leading in most cases to a reduced use due to wear.

5.2.4.6 Product-user relation

The challenge for designers is to create products with a stronger emphatic relation with the
user. Products that, due to their characteristics, will be attractive for users to purchase, use
and maintain (Rocha et al 2015). Designing for attachment and trust or for emotional
durability refers to the creation of products that will be used, liked or trusted longer (Bocken,

2016).

By attaching this emotional aspect to products, the Design team is able to develop solutions

that by exploring the potential, will avoid the replacement by other products, reducing the
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needs of producing and placing more products in the market and therefore, the reduction of

impacts in the system.

5.2.4.7 Simplicity principle

The simplicity principle has the potential to increase the durability of the products and it can
be implemented in several ways. Simple solutions will promote better use of the product,
with a lower margin of error. The simple architecture of the product will promote the
reparability and maintenance of the product. Simple and timeless Design solutions will avoid

disposal due to fashion issues.

5.2.5. Design with Sustainable Materials and Energy

Material selection is a key step in Design for Circular
Economy and Sustainability. The objective is to select
sustainable materials without increasing costs or
degrading the product functionality (IEC, 2019), seeking
the best match between Design requirements for the

product and material properties (Rocha et al., 2019).

The selection of the energy that is used for and by the

product is a crucial factor to be considered as well. In the
Design phase, the Design teams can select materials and energy with lower impacts. The
decisions taken in the Design phase are fundamental to influencing the efficiency and
optimization of material and energy consumption in the life cycle of the product or service

(Rocha et al., 2020).

The properties and functionality of materials are continuously evolving as a result of material
innovation and new and more effective material applications. The selection of materials must
have in consideration their Sustainability and the designers should take into account the

social, economic and environmental aspects throughout the material’s life cycle (BSI, 2017).
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What to consider in the Design phase?

5.2.5.1 Recyclable materials

In a Circular Economy approach, to attain the goal of closing material loops, the selection of
materials has an important role. The materials selected for a new product must allow that

after its use they can be recycled.

5.2.5.2 Recycled materials

In order to maintain the materials in the circular loop, the Design solutions must replace

virgin materials and consider the selection of recycled materials as much as possible.

5.2.5.3 Low embodied energy materials

In the transition to circular and sustainable solutions, the embodied energy should be
considered by designers in the development of a product. Embodied energy comprises the
energy consumed during the extraction and processing of raw materials, transportation of the
raw materials, manufacturing of materials and components and the energy used for various
processes during the end of life (Rocha et al 2020). The higher the energy consumption, the

higher the environmental impact of the product.

5.2.5.4 Renewable materials

The selection of materials to meet the needs of the product must consider the use of
renewable materials. These are potentially more sustainable since they are “resources that are
able to be renewed or replenished by ecological cycles or agricultural processes at a rate
equal to or greater than consumption so that the products and services provided by these

resources are not endangered and remain available for future use” (BSI, 2017).

5.2.5.5 Renewable energy

The Design team should evaluate the consumption of energy along the product’s life cycle

and prioritize the selection of renewable energy sources.
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5.2.5.6 Non-toxic materials

The selection of materials must consider their toxicity. Hazardous substances in the product

must be avoided.

5.2.5.7 Efficient materials

Sometimes materials may seem not interesting from a Sustainability point of view if
considered alone, however they can have a positive influence on the product system and the
life cycle. For example, a material can have a high consumption of energy in its production,

but its application on a product will highly increase its durability.

5.2.5.8 Fair materials

Fair materials are materials that are fair from a social point of view. The materials used in a
product have a direct impact on the environment and on the people that are linked to those
materials in all stages of the life cycle. From the conditions in which they are extracted or
produced, transported, the consequences of their use in production, use and in valorisation
after the use. Problems like pollution, dangerous working conditions, child labour, etc, are
linked to the materials “DNA” and these aspects must be considered in the selection of

materials.

5.2.5.9 Local materials

In the selection of materials, their origin must be a criterion to consider due to the
environmental impacts of transport, associated with the consumption of fossil fuels and the
emissions. In most cases, the preference should be given to materials that are extracted and
processed near the production facilities (Rocha et al., 2015). This aspect also has social

impacts that must be considered. Local materials tend to have benefits on local communities.
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5.2.6. Design for Dematerializing the System

“We need to embrace dematerialisation, rethink
- concepts of ownership and move from resource
efficiency to resource sufficiency” Janez Potoc¢nik

(Haigh et al., 2021, p.7).

We need to change the way to fulfil the needs of the

users in a more sustainable and dematerialized way. If

we achieve a reduction in the inputs of the material to

fulfil the functions, we can achieve a higher circularity

level and create more value.

With a dematerialization focus, the designer must deliver a function with no or reduced input
of materials, often through moving from physical products to digital alternatives (BSI, 2017),
to services or a combination of both. These new approaches to product and service

development can be attained by strategies like the reuse of products and components, sharing,

leasing, repair, refurbishment and recycling of products (EEA, 2017) among other solutions.

The need for the dematerialisation of production and consumption is not likely to happen
through efficiency improvements. There is a need for a shift from the current technological

paradigm (Idil Gaziulusoy, 2015) through the Design and development of new solutions.

Product/service-systems, as a means to dematerialize the system started to gain momentum
due to the high potential for enhanced environmental performance and improved
competitiveness (Mcaloone & Pigosso, 2017) and the combination of tangible products with
intangible value-added services that lead to dematerialization by reducing the production of
waste in the life cycle, by reducing the consumption of resources, and by decoupling the
economic growth from environmental impacts, and by creating new revenue streams and

extending the residual value of products (Romero & Rossi, 2017).
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What to consider in the Design phase?

5.2.6.1 Sharing

Sharing of products in order to meet the needs of the users enables an increased utilization
rate of products and services by making possible a shared use or ownership among
consumers. It enables customers to access a product, rather than owning it, and use it only as
needed (BSI, 2017). With this solution, the same product can satisfy the needs of more users
which leads to solutions that use fewer raw materials and can still meet the demands of

consumers, or €ven more.

5.2.6.2 Leasing

In leasing solutions, the needs of the users, through a contract with a regular fee, can be
satisfied by products or services that are leased from a service provider. The provider retains
ownership and is often responsible for maintenance, repair, and control (Rocha et al, 2020,

BSI, 2017).

5.2.6.3 Virtualization

Deliver utility virtually. Replacing physical infrastructure and assets with digital/virtual
services offers dematerialization advantages over tangible products, but without reducing the

perceived value to the customer (BSI, 2017).

Through digitalisation, everything becomes connected, such as intelligent infrastructure,
energy networks, the “Internet of things”, and social networks (Dutch Ministry of

Infrastructure and the Environment & Ministry of Economic Affairs, 2016).

5.2.6.4 Increase service component

For the adoption of dematerialized solutions, the Design team must develop the system in
order to maintain the added value for the users. These solutions, in general, must optimize

and increase the services that are provided to the user

-136 -



5.2.7. Design for Efficient and Sustainable Production

The Circularity approach is essential in the
transformation of industry towards climate-neutrality
and long-term competitiveness (European
Commission, 2020) and continually challenges

current business practices and methods (BSI, 2017).

The Design practice can support and streamline the
production processes to implement circularity,

reduction of waste and optimization of resource

consumptions, promotion of useful applications for

materials, etc (Simeone et al, 2019; PAEC, 2017).

Design for an efficient production focuses on adopting Design measures and innovative
modes of operations that improve the production stage by reducing the consumption of
resources per unit of output preventing/minimizing the generation of waste and emissions and
improving the efficiency of the outputs, (products and subproducts) (Rocha et al., 2015, BSI,
2017).

The new product and service solutions should seek to maximise the resource efficiency,
thereby minimising the waste production and the recirculation and reuse of waste and
secondary products into the production (Environmental Services Association, 2013) and
considering the working conditions under which the products are made, including worker’s

rights and working conditions (Young et al 2008).

What to consider in the Design phase?

5.2.7.1 Reduce consumption of materials and energy

In a circular Design approach, considering the entire life cycle of the product in the Design
phase, the Design team must consider the production process and its stakeholders and
implement measures to reduce the consumption of materials and energy. Simple solutions
like changing the shape of a product can have a high impact on the production process by
reducing the material needs or by eliminating steps in the productions, or even by avoiding

failures.
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5.2.7.2 Modularity

The adoption of modular solutions can optimize several aspects of the product life cycle. In
production, this solution can have benefits at several levels. In production, it can optimize the

process, reduce stocks, optimize costs, etc

5.2.7.3 Best available technics

Companies that apply the best available technics (BAT), potentially have benefits in terms of
production. Usually, the new technics are more efficient in the production and consumption
of resources. BAT allow also the integration of new features and developments with a higher

potential to innovate.

5.2.7.4 Standardization

The use of standard solutions, materials and components in the production process tends to
optimize the process, reducing production time, the needs of specific tools and equipment and
the consequent reduction of costs. This approach has also benefits other stages, it facilitates

the assembly and disassembly process for repairing, upgrading, repurposing, recycling, etc.

5.2.8. Design for Optimal Use

When considering the entire life cycle, the use phase is
likely to have the greatest environmental impact. It

involves the consumption of resources such as energy,
consumables, and outputs such as waste and emissions

during the use of the product (IEC, 2019).

In the Design phase decisions that are made on products
are crucial to influencing the use phase positively

(Rocha et al., 2019). The development team must

AN

products, components and materials through durability, repair, upgrade etc, (BSI, 2017).

consider and adopt strategies to prolong the life of the
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Another crucial aspect is the interface and the relation between the product and the user.
Products and services must be user friendly, effective and efficient in supporting the needs of
the users without creating additional needs. Designing for optimal use, will reduce the

impacts and added values to the product or service system.

What to consider in the Design phase?

5.2.8.1 Reduce consumables

The Design of a product or service must consider the consumables that will be needed for the
product to fulfil its function. Their optimization in terms of consumption, costs and impacts
must be considered. In this stage, it is also fundamental to avoid the creation of additional

needs for the user.

5.2.8.2 Simplicity principle

The simplicity principle is a good approach to attain circular and sustainable solutions. By
adopting simple solutions, the product is more user friendly, the product is used better, for

longer, risk and damages are minimized, and costs are reduced, etc

Through simplicity, by the opposition and in consequence of complexity, designers can
potentially grant access to a better quality of life and improved access to technological
artefacts and products by allowing its interaction and use in a simpler way (Duarte, 2013;

Morseletto, 2020).

5.2.8.3 Inclusive Design/Design for all

Inclusive Design, as defined by the British Standards Institute is ‘The Design of mainstream
products and/or services that are accessible to, and usable by, as many people as reasonably

possible ... without the need for special adaptation or specialised Design. (BSI, 2005).

When designing for the Circular Economy, the Design team should, besides the circularity
goals, assure that the solutions attained are sustainable considering the three pillars of
Sustainability, (environment, economy and society). Therefore, social aspects, which are
often forgotten by most teams, are important to sustain the solutions and the welfare of

society.
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Since the Design options have the potential to include or exclude users, it is relevant to
consider an inclusive Design approach, which emphasizes the contribution that understanding
user diversity makes to informing designers decisions, and thus to including as many people

as possible as potential users (Cambridge University, n.d.).

5.2.9. Design for Recirculation and Zero Waste

The Circular Economy is seen as a new way to Design,
produce and use products and services in a more efficient
and sustainable way. Based on the principles of
elimination of the generation of waste in the system, the
recirculation of products and materials and the
regeneration of natural systems, (EMF, 2015) the
adoption of the concept maintains or even increases the
‘ value of products, materials and resources in the
economy for as long as possible, contributing for an

efficient and competitive economy (European Commission 2015).

The waste, seen as the result of system inefficiency and symbolising bad Design options,
should be considered as input material, as resources with value and potential to be used in the
production process. The shift from “waste” to “resources” can boost the market for secondary
materials, products and components. By reusing resources in the system and decreasing the
dependence on virgin raw materials, it encourages the redesign of the resource life cycles

(Eduzwace, 2020) and the improvement of the entire production and consumption system.

What to consider in the Design phase?

5.2.9.1 Design for Reuse

Reuse is an action where products, components or materials can be used again for the same
purpose for which they were conceived without the need for any modifications, reprocessing

or treatment (BSI, 2017).

The reuse of products, components or materials means an extension of the utilization period,

resulting in a slowdown of the flow of materials from production to recycling (Bocken et al,
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2016). In order to promote an effective reuse, the products and services should be designed

with features that optimize this potential (BSI, 2017).

5.2.9.2 Repair

By repairing the products, their lifetime is increased and the need for the consumption of

materials and energy to produce new products is reduced.

Repairing has the potential to retain finished goods and their parts in the economy for longer
while maintaining or improving their value. Repair is also making a broken product
operational again through fixing/replacing failed parts so it can be used with its original

function (Morseletto, 2020).

Through Design, features and services to promote the repairing process can be implemented.
This consists of developing the product with solutions that allow the repairing process (easy
disassembly, using of standard connecting elements, modular solutions, etc), and
complemented by the availability of repairing services, availability of spare parts, supporting

information on repairing, etc.

5.2.9.3 Refurbish

Refurbish refers to an aesthetic improvement of a product, component or material, which
might involve making it look like new (BSI, 2017). After the end of their useful life, products
can be refurbished in order to extend their lifetime. These solutions aim at restoring an old
product and bringing it up to date. In the refurbishing process the function of a product that
can be upgraded or modernized. In most cases, it does not involve a full disassembly but the
replacement of parts. These products are upgraded and brought back to specified quality

standards or satisfactory working and aesthetical conditions (Morseletto, 2020).

5.2.9.4 Design for Remanufacturing

Remanufacturing is a production process in which the products, after their use, return to the
factory, usually through a take-back system, and the whole product or components that are

still in good condition can be used again as inputs for the production of new products. This
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concept avoids the need to produce new components and reduces the consumption of

materials and energy, therefore, reducing the overall impacts of the product in their life cycle.

A remanufactured product should have the quality of a brand new one even when

retrieving/reclaiming components from other products used as spare parts (Morseletto, 2020).

In order o allow this solution, the Design team should develop the product and its
components with this criterion in mind, the quality of the materials and components must
allow the remanufacturing process and most important, an efficient take-back system must be

implemented.

5.2.9.5 Design for Recycling

Design for recycling is a method that incorporates recycling and recyclability criteria into the

Design phase of a product intending to obtain recycled or recyclable products.

Design for recycling is an important element in a Circular Economy with the potential to be
exploited in order to increase recycling rates and close loops. Recycling is an important step
in reducing demand for primary raw materials, minimising the negative environmental
impacts related to the production of primary material as well as reducing the volume of waste

by closing the loop of material flows.

In the Design phase, aiming to optimize the recyclability of products, the Design team should
consider the integration of features and properties to optimize the recycling process and

optimize the quality of the materials resulting from the recycling process.

Criteria such as the selection of materials, the compatibility of materials, the easy
disassembly and separation of different materials, etc, should be integrated into the Design of

the new product (Schuman, 2019).

5.2.9.6 Eliminate waste

The Circular Economy approach advocates for the elimination of waste in the entire life cycle
of the product and service. A zero-waste approach should be implemented by the Design
teams. In this regard, the team must, according to the specificities of the product or service,

identify innovative solutions without the generation of unwanted outputs.
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The Zero Waste concept focused on waste prevention that encourages the redesign of the
resource life cycles so that all products and components are reused and integrated into the
loops, and the aim is for no trash to be sent to landfills, incinerators, the ocean (EduZWacCE,

2020) or other.

5.2.10. Design Circular Business Models

In Design for a Circular Economy, as seen in the previous
pages, several solutions can be implemented to improve the

circular and sustainable profile of products and services.

‘ Many of these ideas can improve the product and the service,
however, in most cases, to attain a higher potential for

circularity, the business model needs to be adjusted, or new
‘ O o business models need to be created and developed.

This new approach to circularity is leading to new businesses,

new professions and new ways to fulfil the needs of the users with new opportunities to

create greater value for all stakeholders.

Sustainable business models create a competitive advantage through superior customer value
and contribute to the sustainable development of the company and society (Liideke-Freund,
2010), focused on efficiently offering a system of circular products and value-added services,

and supporting circular systems (Romero & Rossi, 2017).

The creation of new sustainable business models promotes the integration of suitable
approaches such as reuse, sharing, leasing, repair, refurbishment, recycling etc. By
integrating the most suitable of these approaches to one’s business- and product development
will play a significant role in maintaining the utility of products, components and in realizing

circular business models (Mcaloone & Pigosso, 2017).
What to consider in the Design phase?

5.2.10.1 Innovate the business model

Business model innovation reflects the adjustments and changes in how a company delivers

value to its customers, whether that’s through the development of new structures, new
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revenue streams or new distribution channels. This innovation is focused on a conscious
change of the existing business model or the creation of a new business model that satisfies
the needs of the customer better than the currently existing business models (Godinho,

2019).

5.2.10.2 Rethink and create new business models

Rethink the Business Model: Consider opportunities to create greater value and align
incentives through business models that build on the interaction between products and
services (Haigh et al., 2021). This can lead to the development and creation of new business

models with a higher potential of circularity and Sustainability
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6.1 Background

6.1.1 Design thinking and Circular Economy

“Design thinking is a human-centred approach to innovation that draws from the designer’s
toolkit to integrate the needs of people, the possibilities of technology, and the requirements

for business success.”

Tim Brown, IDEO

Design thinking is an approach that promotes the designer's process of thinking to transform
the way organizations and individuals develop products, services, processes, and strategies. It
also allows people from other fields of expertise, who aren't trained as designers to use
creative tools and methods to address challenges and reach new solutions. It is a way to

achieve innovative solutions by intersecting 3 main criteria in the process (IDEO, n.d.)

e What is desirable — a human-centred approach,
e What is viable — from an economical point of view,

e What is feasible — through technology.

It is seen as a way of explaining design's applications and utility so that others can practice it,
too. Design thinking, like the Design practice, is a way to solve problems through creativity.
It uses creative activities to foster collaboration and solve problems in human-centred ways,

based on 3 core activities (IDEO, n.d.):

e Inspiration
e [deation,

e Implementation

The novelty in this approach is that designers’ work processes can help to systematically
extract, teach, learn and apply human-centred techniques to solve problems creatively and
innovatively — and this can be applied for different purposes, in the Design of new solutions,

in businesses, in countries, and even in personal lives. (Interaction design foundation, n.d.)
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Design thinking phases

The Design thinking process is divided into several phases. Nowadays we can find many
variants of the Design Thinking process in use, and they are structured from three to seven
phases, stages, or modes. However, all variants of Design Thinking are very similar

(Interaction design foundation, n.d.).
The five most common phases of Design Thinking, (Figure 39) are as follows:

e Empathise — with your users

e Define — your users’ needs, their problems, and your insights

e Ideate — by challenging assumptions and creating ideas for innovative solutions
e Prototype — to start creating solutions

e Test — solutions

Stanford d.school Design Thinking Process

I | + Share ideas
A. 'S'::g';i*:‘sg /| + All ideas worthy
/' |+ Seek to understand / |* Diverge/Converge
Sl & - + “Yes and” thinking
Nen-judgmental - Prioritize

|+ Mockups
? + Storyboards
/1° Keep it simple

|+ Fall fast
| Iterate quickly

PROTOYPE

» Personas

* Role objectives

- Decisions

» Challenges

+ Pain Points + Understand impediments |
« What works?
+ Role play

https://dschool.stanford.edu - Iterate quickly

Figure 39 — Design thinking process — Stanford d.school (D.Scholl. n.d.)

It is important to note that the five phases are not always sequential, and they do not have to
follow any specific order, or they even can often occur in parallel and repeat iteratively.
Given that, it should not understand as a hierarchical or step-by-step process and it should be
seen as an overview of the modes or phases that contribute to an innovative project, rather

than sequential steps
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Design and development models

Aiming to define a Design model to structure the approach to circularity, several methods

were analysed in terms of structure and content (Annex 7).

The following images reflect the models analysed and were identified in referenced scientific

articles, publications and internet search:

Design Thinking Process by the Interaction Design Foundation

The five stages of Design Thinking support the application of the Design Thinking methods
in order to solve complex problems that occur in companies, in countries, and even on a
macro scale. The Design Thinking process is iterative, flexible and is focused on
collaboration between designers and users, aiming to achieve innovative ideas to life, based

on how real needs of users.

The model explored by the Interaction Design Foundation is based on the five-stage Design
Thinking model proposed by the Hasso-Plattner Institute of Design at Stanford (D.Scholl.
n.d.), which is structured in the following 5 phases: Empathise, Define (the problem), Ideate,
Prototype, and Test (Figure 40).

= Leamn about users ~

/ /Empathise to help™ /7 I { N
/ I define the problen / .
ol \ / !
v \'4 1 \
-> “--> Ideate 4 Prototype B4 Test
N A ' p ' !
\ \ Learn from | /
\ \ prototy to spark / /
\ \ new ideas / /
\ N\ / /
\ NS /
\ /
N 7

Figure 40 — Design thinking process — Interaction Design Foundation
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Design Council’s Double Diamond

Design Council’s framework for innovation (Design Council, 2004) supports designers and
non-designers to tackle complex social, economic and environmental problems. The Double
Diamond is a clear, comprehensive and visual description of the Design process that was

launched in 2004 and has become a world-renowned framework.

Design Council’s Double Diamond represent a process of exploring an issue more widely or

deeply divergent thinking and then taking focused action, convergent thinking (Figure 41).

ENGAGEMENT

Connecting the dots and building relationships
between different citizens, stakeholders and partners.

DESIGN
PRINCIPLES

1. Be Peopls Cenired
= %, 2. Communicate (Visuslly & Inclusively)
3. Gollaborsts & Go-Create

4. lterata, lierate, terate

GHALLENGE

METHODS
BANK

~ Explors, Ghaps, Buid /s

Creating the conditions that allow innovation,
including culture change, skills and mindset.

LEADERSH\P

© Design Council 2019

Figure 41 — Double Diamond Design process
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Design thinking process by IDEQO

The Design Thinking process (Riverdale & IDEO, 2012) is what puts Design into action in a
structured approach to generating and evolving ideas. It consists of five phases that help the

development from identifying a Design challenge to finding and developing a solution.

It’s a deeply human approach that relies on the ability to be intuitive, to interpret what is

observed and to develop ideas that are meaningful to the target group (Figure 42).

1

2

4

5

DISCOVERY INTERPRETATION : IDEATION . EXPERIMENTATION EVOLUTION
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I have a challenge, Ilearned something, | 1see an opportunity. | I'have anidea, I tried something new.
How do I approach it? How do I interpret it? i WhatdoIcreate? i How doI'build it? How do Ievolve it?
1-1 Understand the 2-1 Tell Stories | 3-1 Generate | 4-1 Make 5-1 Track
Challenge : Ideas : Prototypes Learnings
2-2 Search for H :

1-2 Prepare Research Meaning : 3-2 Refineldeas © 4-1 Get 5-2 Move

: : Feedback Forward

1-3 Gather Inspiration 2-3 Frame
Opportunities

mumber of possibilities

Figure 42 -Design thinking process — IDEO
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Mindshake Design Thinking Model Evolution 6>

Mindshake Design Thinking Model Evolution 6* (Tschimmel, 2015) was developed by Katja
Tschimmel between 2012 and 2015 when the latest version was registered in Creative
Commons. The model is used in the development of projects, workshops, coaching sessions,

research projects, methodology classes, among others (Figure 43).

EXTENSION

EXPOSITION
ELABORATION

EXPERIMENTATION

EMPATHY

" EMERGENCE

Figure 43 — Mindshake Design Thinking Model
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The Design method by Eric Karjaluoto

In this Design Method, (Karjaluoto, 2014) the activities are organized into four broad stages

defined quite generally

To highlight the core activities which must be adjusted and detailed according to specific
needs and objectives of the project. Following these stages will help to structure and guide

the Design and development process (Figure 44).

Discovery Planning

Discovery and Planning
Creative & Preduction

Technology

Figure 44 — Design method by Eric Karjaluoto
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KATCH_e Circular Design process

The KATCH e project (Rocha et al. 2020) proposes a step-by-step methodology for Product-
service development based on eight general steps that should be adjusted to each particular

project (Figure 45).

Circular Design Process

rlanning

Follow-up research

Production Strateqgy

Evaluation Product & PSS
development

Prototyping
& Test

Figure 45 — Circular Design process — KATCH e
Aiming to Innovative and circular Design solutions, the processes start on a full
understanding of the context of intervention by creating abstractions and conceptual models
that help to reframe the problem in new ways and follows an approach aligned with the

Design methodology and the sustainable and circularity perspectives.
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Chicago architecture centre — Design process

The Design Process (Discover Design, n.d.) is an approach for breaking down a large project
into manageable chunks to solve a variety of problems. This process is useful to define the

steps needed to tackle each project, guiding the Design process (Figure 46).

STEP 1

DEFINE

THE PROBLEM

STEP &6

IMPROVE

STEP 2

COLLECT

YOUR DESIGN INFORMATION

cHicaco AREHITECTURE center

" THEDESIGN
PROCESS m

STEP 3

BRAINSTORM

STEP 5
PRESENT YOUR IDEAS

T0 OTHERS FOR

FEEDBACK & ANALYZE

IDEAS

STEP 4 L

DEVELOP

SOLUTIONS/
BUILD A MODEL

Figure 46 — Design process — Chicago architecture centre

The identified models are quite similar in terms of structure and their main aspects were

compiled in a matrix to allow a systematised comparison and analysis (Annex 7).
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6.1.2 Basis and rationale for the development of the Design model

for a Circular Economy

As mentioned previously, within the production and consumption approach within our
current society there is still a huge gap between theory and practice (Camocho et al, 2019),
between what is being developed in research and development projects and what is applied in

practice for the development of new solutions that re produced and reach the market.

In order to narrow this gap and provide designers, with interdisciplinary practices supported
by synthetic methods, tools and guidelines that promote the development of sustainable
solutions contributing towards an environmentally efficient future, fair from a social point of

view and that creates value and wealth for business and the society.

In this sense, this research project developed a synthetic method that supports the Design
practice and integrates the project development perspective, the management and orientation
of the Design project and the perspective of the business, as presented in (Figure 47) The
implementation of these perspectives in the early phases of the project (Hassi & Wever,

2010) increases the potential for innovation and circularity.

Project
development

Bussiness
perspective

Design
management

Figure 47- The 3 dimensions of the circular Design model

The model, resulting from the work and research carried out aims to systematize and guide
the Design process by integrating aspects of circularity and Sustainability and respecting the

intrinsic needs of the Design process and its related activities, is based on four main sources
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of information (Figure 48): a) the literature review developed within the research, b) the
practices applied in the development of products that are available in the Portuguese market;
c)the perspective of consumers and d)the perspectives of a group of international experts that

were consulted within the process.

Literature Current

Design

review .
practice

Circular

Design
Systemic
Model

Consumer Experts

perspective review

Figure 48 — Circular Design systemic model — sources.

Literature review

The Design model was developed having as a starting point the literature review carried out
within the scope of the investigation and included the identification and analysis of the main
national and international sources available. This analysis provided an overview of the state-
of-the-art in the areas of Design, Sustainability and the Circular Economy focusing on the
identification of methodologies, tools, definitions and case studies relevant to the model

under development (Camocho et al., 2018).

Identification of national products with Sustainability criteria

Despite the efforts and initiatives to integrate circularity and Sustainability in practice, the
research activities include the creation of a database of national products available in the
market. The identification and selection of national examples aimed to identify products that

have Sustainability or circularity allegations provided by their producers. The main idea was
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to create a database and map sustainable and circular Design practices and to analyse how the
Sustainability and circularity aspects are being integrated into product development and

communicated to the user.

The database available in annex 4 was developed and a collection of national examples was
done to support the identification of the Design professionals and companies linked to the
products identified. The products were analysed and in a few cases, interviews were
performed to identified and analyse how the products were developed and which are the

needs, drivers, barriers on the Design practice towards a Circular Economy.

Despite the high expectations in the identification of national products from the start, the
results demonstrated that despite all the efforts that are being done by research institutions,
the Portuguese government, academia, associations, organizations, NGO’s, there is a very
limited number of Portuguese products placed in the market. There are examples of products

available in Portugal. However, the majority is imported from abroad (Camocho et al, 2020).

Analysis of consumer perspectives

The consumption patterns and the needs and perceptions of consumers are crucial for the
transition to a Circular Economy. Currently, the availability and dissemination of more
sustainable and conscious products and services are increasing worldwide and there has been
a growing trend in communicating to consumers about the environmental aspects to take into
account when buying products (Young et al, 2008). Today’s consumers are more aware of
societal and environmental problems and challenges and demand more efficient and
sustainable products and services. However, the information and solutions delivered by
producers could be misleading in some cases having adverse results in the perception of
Sustainability from the consumers. The communication included in products, the labels used
that for most users who do not understand these topics are not perceived, need to be designed

in a more efficient way (Camocho et al, 2019c).

In the transition to Circular Economy, it is important to have a holistic and integrated
approach. On the one hand, there is the need to supply innovative and sustainable products
that meet the needs of consumers. On the other, sustainable consumption behaviour is
needed. For this purpose, the products and services must include features that allow informed

choices and efficient use by consumers. In the development process, designers need to better
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understand the consumers, their habits, perceptions and general knowledge regarding the

Sustainability aspects of products and services.

Having it in mind, a consumer’s analysis was developed within the research,

Expert’s survey

As explained in chapter 3.1 Perspectives of Circular Economy: Expert’s review, the survey
developed within the current research supplied relevant information that supports the
development of the Design model and guided their development in line with the needs and
perception of these professionals that collaborated in sharing their experience in the field as a

contribution to the development of new resources to empower Design professionals.

As mentioned before, the survey aimed to collect feedback to understand the views and
perspectives of the experts in the field on what concerns the practical implementation of

Circular Economy within the following aspects:

e In what sense do the experts consider that Circular Economy is the way to achieve a
sustainable society in the future?

e What is considered the novelty that the concept and approach can bring to society,

e What are the main drivers and motivations to adopt Circular Economy in practice?

e What are the main barriers?

e How should we overcome the current obstacles and promote the Design practice
towards innovative and sustainable solutions?

e What lessons can we learn from the past?

The results attained, the inputs collected, and all the analysis performed were crucial to

support the adequacy and the development of the Design model and related resources.

Development of the Circular Design Model and toolkit

A Design model describing, in detail, the structure of the system and how the system will be
implemented was developed aiming to support and promote the Design practice and the

relation to a Circular Economy.
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Aiming to support the Design practice towards circularity and Sustainability, the multilevel
Circular Design Model (Figure 49) was structured based on the results of the research, the

above-mentioned reviews, the analysis of strategies, tools and methods, and other relevant

information collected and analysed.
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Figure 49 — Circular and Sustainable Design model
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The model derives from the main stages of a Design project and relates the activities of the

process in 3 levels that complement and supports each other:

e The Project management level supports the definition, organization of the project,
promoting an efficient integration of circularity in the different phases and aspects of
the Design management process

e The business level to align the development of the project with the strategy and
considerations of the business, promoting the efficiency and Sustainability of the
system.

e The Design project level, to support the practice and the integration of the circularity
and Sustainability considerations, methods and tools in the development of new and

innovative products, services and systems.

The multilevel model establishes the relation of the Circularity goals and the Design thinking
process to define how the resources/tools can guide the Design process to promote

Sustainability and circularity in practice.

The information related to each activity in, the definitions of the goals and objectives, how
circularity should be addressed, which sub-activities are included and which are the inputs
(resources, time, human resources, etc) and the outputs needed, are the basis for the systemic

definition, the planning and the development of the Design and development project.

The model, which aims to reduce the gap between theory and practice, was developed with
an orientation towards the project, considering the needs of the various stakeholders. It was
aligned with the characteristics and needs of project management and development is
translated into practice through a Design for circularity and Sustainability toolkit. The toolkit
is composed of a set of tools, guidelines and practical knowledge that can be applied by

practitioners in their daily activity.

The toolkit, improving the role of Design in the transition towards a circular and sustainable
economy supports the development of new projects that will result in new products and

services. This toolkit is full presented and explained further on, in chapter 6.3.

- 159 -



6.1.3 Rounding the vertices concept.

Function

Resources

@ Economy

Society

Figure 50 — Rounding the vertices concept

The transition from the linear economy to the Circular Economy relies on an improvement in
the efficiency and effectiveness of the product and service systems. This transition, based on
the maintenance of the materials in use in multiple cycles and the elimination of the
production of waste through Design options is seen as the potential path toward

Sustainability.

The Rounding the vertices is a Design concept that aims to illustrate the Design practice
towards circularity that is based on the transition from a square shape, an analogy to the
current linear approach, to a circular shape by increasing the performance of products and
services system requires less area (Figure 50). This means that to achieve circularity, we need
to improve the system by reducing the consumption of material and energy as well as

improving the efficiency of the life cycle.

The method is based on the improvement of the efficiency of an entire product or service
system in a holistic approach, operating at various levels and improving the product’s

Sustainability and the relation to the needs of the users. Only a concerted approach achieves
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an effective improvement, taking into account the implications of the Design process in the

various dimensions as well as the trade-offs that result from the development process.

In the concept, the improvements in the transition to circularity are demonstrated by
improvements in the 4 vertices, each one referring to a dimension that must be considered in
a holistic and harmonized approach, resulting in a new shape and ideally reaching the circle

that represents the achievement of circular solutions.

The four dimensions of the model

Economy

4

Figure 51- Rounding the vertices dimensions

Economy

The aim is to optimize the economic aspects related to the system creating sustainable value
and wealth for all actors in the value chain through the Design approaches and measures

adopted in the project
Function

The project should put into question the current solutions and rethink the system focusing on
the function. Through a function approach, the Design team has more levels of freedom to
innovate and attain higher circularity and Sustainability performance which can lead to out-

of-the-box solutions.
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Resources

The resources needed to fulfil the function should be optimized. The optimization and the
efficiency of the consumption of materials, such as energy and water, in the product or
service systems, has the potential to improve the circularity and Sustainability aspects of the

systems.
Society

Design for a better society should be also the motto for the Design project. The creation and
promotion of welfare, safety and good working conditions are an added value for the society

that can be achieved through Design.

6.2 Development of the Circular Design Model

In the development of the Design model for the Circular Economy, in order to guarantee a
holistic approach to the process and a greater suitability for the various stakeholders, 3 layers
of action were defined. Next, we present the Business, Management and Design Project

approaches.

6.2.1 The business approach

The business level to align the development with the strategy and considerations of the

business, promoting the efficiency and Sustainability of the system.

“Applying Circular Economy principles could unlock up to EUR 1.8 trillion of value for

Europe’s economy” (Ellen MacArthur Foundation, n.d.)

The Circular Economy is a source for creating value in business. The Circular Economy has
transformed the way of doing business, the way of creating products and services and the way
of organizing society (Acaroglu, 2020). The transition from the linear economy to circularity
has a direct impact on the business and its value chain and requires a reconfiguration of the
business structures. The European Union needs to reinvent the business structure that derives
from the linear path of the past. Attractive investment opportunities are being created through

innovative approaches and new ways to attend to the needs of society. The investment in
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Circular economic offer resilience and transformation of those assets that otherwise might
face being stranded or becoming redundant. However, the investments in the practice of
Circular Economy are being difficult to realize (Ellen MacArthur Foundation & Systemiq,
2017). According to the report “Achieving Growth Within (Ellen MacArthur Foundation &
Systemiq, 2017) companies and investors are engaged in the shift towards circularity due to
the perceived benefits, however, there are still barriers in this transition due to the lack of
investment. Currently, the Circular Economy 1s not a mainstream investment area for private
businesses and the lack of funds puts at risk the achieving of generalized benefits. However,
the Circular Economy offers an attractive innovation and investment opportunity that must be

integrated into a holistic approach to circular product and service development.
Circular business models defined as:

“Circular business models represent fundamentally different ways of producing and
consuming goods and services. They have the potential to drive the transition towards a more
resource-efficient and Circular Economy and, in doing so, significantly reduce the

environmental pressure resulting from economic activity” ( Re-Circle, 2018 p.2)

“A Sustainable Business Model is a business model that creates competitive advantage
through superior customer value and contributes to a sustainable development of the

company and society”.
Liideke-Freund, 2010 p.23
In the circular model we have 3 stages in the business approach:

Table 3 — Circular business models approach

Business approach

Definition of the strategy for the Circular Economy Design project.
Strategy Definition of the goals and objectives for the project
Identifying and defining the business model.
Supporting the development of the project.
Execution Aligning the strategy developed with the circularity needs and project
development nee ds
Implementation of the project.

Implementation o .
Monitoring the development of the project.
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Defining the strategy for the business

To reach successful results the project should meet the needs of the entire system. The
circular Design project must integrate the needs of the consumers, the markets and the needs
of the business. For this, a clearly defined strategy, to meet the goals of the business will
guide the process. Defining the business strategy helps you make the most of the available

resources to achieve the goals.

The result of a good strategy promotes a profitable business over the long run, avoid making
common mistakes, and stay ahead of the competition (Business.govt.nz, n.d.). And the
integration of circularity and Sustainability consideration in this step ensures that the entire

system has the same understanding and clear objectives.

Creation phase

In the creation phase, the top management, responsible for the business should support and
monitor the creation phase, in which, the Design team is developing the solutions to meet the
challenge and requirements of the project. In this phase, the concepts must be validated and
tested in order to check if the results are matching with the requirements defined according to

the strategy of the business.

Implementation

After the conclusion of the Design for the circularity project, the business has to implement

it, produce the new solution and place it in the market.

6.2.2 The project management approach

As defined by the Project Management Institute, (2017) a project “It's a temporary endeavour
undertaken to create a unique product, service or result”, meaning that it has a beginning and
an end with a specific scope and allocation of resources defined with specific operations
designed to achieve the goal of producing deliverables which can be tangible or intangible
(Project management institute [PMI], 2017). Projects, which vary in their structure, lasting
from minutes to hours, days, weeks, months or years, are carried out to develop or create

products or services that haven’t existed before (Watt, 2014).
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Circular Design projects are a key to creating circular and sustainable value and benefits in
organizations and for society, and these projects have to be managed in order to attain the

desired goals defined.

Project management enables individuals or project teams to carry out projects effectively and
efficiently and this consist of the application of knowledge, skills, tools, and techniques to
project activities to meet the requirements defined. Project management is accomplished
through the appropriate application and integration of the project management processes
identified for the project (PMI, 2017) and is completed when its goals and objectives are
accomplished (Watt, 2014).

Driven by the Circular Economy, circular Design projects have to be managed to accomplish
the Sustainability goals and objectives defined, integrating the project and stakeholders needs
with the circularity principles and strategies and balancing the different project constraints

that affect s the quality of the project and its results.

The overall quality of a project is influenced by the “triple constraint” which consists in

attaining a balance between time, cost and scope (Figure 52).

SCHEDULE

Figure 52 — Triple constrain triangle, adapted from Watt 2014

The relationship between the scope/quality, schedule/time, and cost/resource has to be
balanced, and variations in one aspect can influence the others in a non-proportional way,

jeopardizing the results and the success of the project.
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6.2.2.1 The life cycle of project management

As defined by the APM — Association for Project Management, (APM, n.d.) “A project
management life cycle is a framework comprising a set of distinct high-level stages required

to transform an idea of concept into reality in an orderly and efficient manner.

Life cycles offer a systematic and organised way to undertake project-based work and can be

viewed as the structure underpinning deployment”.

Disregard of the project size, budget or business and Design goals, the project management

life cycle is essential for the success of any project.

The project life cycle is usually structured in a framework of four steps designed to support
project managers in guiding their projects successfully from start to finish. The purpose of the

project life cycle is to create an easy-to-follow framework to guide projects.

Regardless of the project under development, the project management life cycle can assist the
management and circular Design teams in narrowing the project's focus, keeping its
objectives in order and finishing the project on time, within the planned budget, with
minimum surprises and aligned with the defined strategy in which the project is integrated

(Orangescrum, n.d.).

All projects are influenced by their context, structure, organization, industry, goals,
constraints, development method, technology employed etc. The life cycle provides the basic

framework for managing the project, regardless of the specific work involved.

Though projects vary in size, structure and complexity, a typical project can be mapped and

structured according to the following project life cycle phases (see Figure 53):

e Initiation — Starting the project,
¢ Planning — Organizing and preparing,
e Execution — Carrying out the work, and

e Finalization — Closing the project.
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Figure 53 — Project life phases

6.2.2.2 Initiation — Starting the project and defining what needs to be done

The life cycle of a project starts with the initiation phase, which is usually the shortest phase

but the most important because it sets up the foundation of the project.

In this phase, the project management team or project manager defines what needs to be done

within the development of the project (Astor, n.d.).

The goal in this phase is to systematize how to process the initial information, which derives
from the strategic approach led by the business, and make sure that the development team

always getting the information needed (Project Central 2022).
The first step is defining the project through the following activities (Venngage, 2019):

e Identifying a need or a problem that the project will solve,

e Identifying opportunities to solve the problem,

e Outlining project risks, dependencies, constraints, and priorities,

e Understanding whether the project is feasible and will solve the problem,
e Defining the scope of the project and the deliverables,

e Defining success criteria for the project,

e Identifying the stakeholders and defining the necessary resources.
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After fulfilling these requirements, the project manager will be able to create a project layout
containing all the information on purposes, objectives, resources and other aspects needed to

develop the project.

The analysis conducted in this phase of the project life cycle will help in understanding how
the project will be progressing in the future, as well as organize and assemble all the

necessary people and resources.

6.2.2.3 Planning — Organizing, preparing and defining how to do what

needs to be done

Planning is where the project management team defines the work to be done and create the
roadmap and guidelines to follow for the remainder of the project to meet the objective
(Aston, n.d.). Planning is the main function of any project manager and requires undertaking
a rigorous process of developing plans to ensure the achievement of project objectives in line

with the strategic planning and objectives.

The planning of a project requires diligence, investment of time, and gathering and
systematizing sufficient information to enable the development of a detailed plan that helps

avoid as many mishaps as possible and guide the entire process in a path for success.
The planning phase of the project life cycle involves, and it’s focused on 3 key areas:

e Scoping of the project — by determining and agreeing on the activities to meet and
complete the requirements of the project,

e Scheduling the project — involves placing the necessary activities into a time frame for
completion,

¢ Planning requires an estimation of the cost of undertaking the project. Cost considers

the time and resources required to complete the project within the planned schedule.

Once the project team has identified and defined the work, prepared the schedule, and

estimated the costs, the three fundamental components of the planning process are complete.
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6.2.2.4 Execution — Carrying out the work and making the project happen

This phase is about developing the specific and defined deliverables that are required to meet
the scope and objectives of the project by turning the plan and strategy into action. The
project manager’s job in this phase of the project management life cycle is to monitor and
control the process, keeping the work on track, organizing team members, manage timelines

and milestones, and make sure the work is done according to the original plan (Lucid n.d).

During this phase, to ensure the success of the project, progress is continuously monitored
and appropriate adjustments are made and recorded as variances from the original plan
(Watts, 2014). For measuring project progress and performance and ensuring that everything
is aligned with the project management plan, project managers will use Key Performance

Indicators (KPIs) to determine if the project is on track.

6.2.2.5 Finalization — Closing the project

It is in this phase that the outcomes are achieved, and the benefits of the completed project
are experienced and accepted by the clients and stakeholders. The closure of a project
requires obtaining feedback from clients, stakeholders and the development team. In this
phase, it is important to evaluate what went well in the project and identify project failures.
This is especially helpful to understand lessons learned so that improvements can be made for
future projects (Eby, 2018). In this step, it is important to analyse the project performance, by
determining whether the project goals and objectives were met, and the initial problem was
solved, and analysing the team performance, evaluation how the team members performed

according to the needs and objectives (Lucid n.d).

In Circular Economy projects, and within in a continuous improvement approach, closing a
project, collecting and documenting feedback, experiences, knowledge, could be a starting
point for a new project, improving the circularity potential and innovate towards the

transition for Circular Economy and Sustainability.

6.2.3 The Design project approach

The design approach to the project is the more operational layer of the model in wish the

design practice is put into action. At this stage, the design team, establishes the link between
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the business strategy and the need of the users with the support of the management activities

underlined.

In this context, several activities are carried out in the creation of new solutions. It is at this
stage that designers have the opportunity and responsibility to integrate circular economy

aspects into the procedural methodology related to the design activity.

6.2.3.1 Definition — Initiation of the project

In the initiation phase, the aim is to define the project and establish a solid foundation to

support the management and development of a circular and sustainable project.

Within the definition of the project the following activities which are interlinked must be

performed:

e Identify the problem — All Design projects have the goal of solving a problem or a set
of problems. In this step, the problem which will be solved through the Design
practice with a sustainable and circular approach must identify, understood, and
defined clearly.

e Investigate the problem — In this step, the aim is to investigate and research the
problem addressed. This includes the collection and analysis of relevant data that will
allow a better knowledge about the problem and will support the planning and
definition of the project.

e Defining objectives. A clear definition of the objectives for the project must be
performed in this phase. For a particular problem, several approaches could be done,
and different objectives can be defined according to several factors such as the
strategy of the company, the context, the aims of the Design team, the budget

available, technologies available, time frame, etc.

According to the maturity of the company in terms of Sustainability, different levels of
circular and Sustainability could be addressed. From a beginner’s level to an expert and more
radical level, the project can have different objectives, methodologies, tools, resources, etc.
This aspect must be analysed at the beginning of the project, and the palling of the project

must be structured accordingly.
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In this step, success criteria should be defined according to the objectives of the project.
These success criteria are important in the definition of the project functioning as guides for
the project and are key elements to validate the results and assess the level of success

attained.

Based on the problem identified and analysed, and the definition of the objectives or goals for
the project, a Design challenge is formulated. The challenge will be the driving force and
motivating support for the development of the Design project. It should be clear,
approachable, understandable and actionable, and it should be clearly scoped— and well

balanced in terms of length and complexity (Riverdale & IDEO, 2011).

A good definition of the challenge improves the Design process and the potential results of
the process leading the project in the right direction focusing on the expected results. (Dam &

Teo, 2019.)
We can consider some questions to be addressed:

e What is the circular and sustainable problem we need to solve with the project?

e What is the product to be developed?

e s the product really needed? Needed for me, needed for the company? Needed bey
the society?

e What are the functions of the project?

e What is the background or context of the project?

e What are the main objectives of the project?

e What is the circularity level addressed according to the 4 types of Circular Economy
Design projects to be defined?

e What are the requirements of the project?

e  Who will be involved in the project?

e Which are the main barriers and risks for the project?

e Which are the success factors for the project?

6.1.3.2 Planning

From a Design perspective, the planning of the project is a crucial stage in the process and

provides a shared vision for what the project aims to accomplish. Align with the Design
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management activities, in this stage, the team has to plan the activities needed to ensure that
the project meets the desired objectives. It is an early phase of the project where a project's
key features, structure, and major deliverables are all planned out. In this stage is also
defined the role of the team according to the needs of the project and the resources needed.
This stage should also define the success criteria and methods for assessing quality to ensure

the project's success (WBDG, 2017).

The shared understanding and clarity on the responsibilities of each team member, provided
by the planning stage keeps the team working together to achieve the project's objectives and
deliver the desired results (Udoawu, 2022). A successful project requires the implementation
of a planning system to control changes in the scope of the project, schedule, budget,

resources, risks (WBDG, 2017).

Aiming to Design for a Circular Economy, the planning of the project must guide the process

and foresee the integration of circularity criteria and goals in the development process.

6.2.3.3 Research

The research phase should aim to collect reliable and useful information from various sources

to support the development of the project.

Research has always been the way towards finding the unknown. Research it’s a collection
and compilation of information and data that includes critical and relevant information in an
organised way (Leverage Edu, 2021) aiming to support the Design project and its activities
according to the needs and objectives defined. The researcher should have a clear

understanding of how the project will use the information collected

The research has two different perspectives, Quantitative Research and Qualitative Research
and four main characteristics are related to both perspectives, reliability, neutrality, validity

as well as a generalization (Leverage Edu, 2021).

In research we can consider two main approaches:

A Qualitative one based on the collection and analysis of non-numerical data to understand

concepts, opinions, or experiences (Leverage Edu, 2021). It is used to understand how people

-172 -



experience the world (Bhandari, 2020), being an explanatory approach and always seeks

answers to “What’s” and “How’s” through diverse methods such as:

Observations — recording what is seen, heard or encountered in detailed field notes,
Interviews — asking people questions in one-on-one conversations,

Focus groups — asking questions and generating discussion among a group of people,
Surveys — distributing and analysing questionnaires filled in by defined groups,
Secondary research — collecting existing data in the form of texts, images, audio or

video recordings, etc. this data available could be gathered for other purposes.

A Quantitative approach of collecting and analysing data through various variables while

including numbers as well as statistics in a project to analyse its findings. The use of

graphics, Figures, pie charts is the main form of data collection measurement and meta-

analysis and can be used to find patterns and averages, make predictions, test causal

relationships, and generalize results to wider objectives.

Quantitative research can be attained through several methods, such as:

Experimentation — By controlling and manipulating independent variables to measure
the relation and effect on dependent variables,

Surveys — distributing and analysing questionnaires filled in by defined groups,
Systematic observation — Identification of a behaviour or occurrence and monitor it in
1ts natural conditions,

Secondary research — collecting existing data available that could be gathered for

other purposes.

According to some authors, quantitative and qualitative research can be also divided into 5

main types (Leverage Edu, 2021):

Descriptive Research — the most generalised form of research consists of the
explanation or description of the situation or case. It is a theoretical basis where the
data is collected, analysed, prepared and then presents it in an understandable manner,
Correlational Research — looks into correlations between variables without allowing
the control or manipulation of any of them. Correlational studies reveal the magnitude

and/or direction of a link between two (or more) variables,

-173 -



e Experimental Research — is a type of research Design in which the study is carried out
utilising a scientific approach and two sets of variables, one used as a constant against
which the variations in the second set are measured,

e Diagnostic Research — is a type of research Design that investigate the underlying
cause of a certain condition or phenomenon. It can assist in learning more about the
elements that contribute to certain difficulties or challenges experienced,

e Exploratory Research — a method established to explore a phenomenon that has not
before been researched or adequately explained. It is a type of research Design that is
responsible for finding the why of the events through the establishment of cause-effect
relationships done through literature research, In-depth interviews, focus groups, case

studies, etc.

6.2.3.4 Concept and development

The development of the concept for a new product or service that meet the needs and the

strategy defined is an essential and critical stage in the Design process.

Concept development includes a set of activities that are carried out early in the project life
cycle to collect and prioritize operational needs and challenges, develop alternative concepts
to meet the needs, and select a preferred one as the basis for subsequent development and
implementation. (Concept Development, 2017). It is a phase to explore the boundaries,
conceptual options and potential Design directions (Karjaluoto, 2014), and explore different
answers to the defined problem, seeking inspiration from different sources (Design Council,
2004)) and understand how the data and information collected in previous stages will impact

the Design solutions (Discover Design, n.d.)).

Once an idea is generated, validated and tested for its quality and adequacy to the goals and
objectives set, then the concept development stage follows. The development of the concept
is carried out by keeping in mind the needs of the users, the business as well as the nature of

the product (Basin, H., 2020) and the circularity and Sustainability goals.

The orientation towards circularity and Sustainability, as a guiding objective, must integrate
into this stage a set of strategies, principles and criteria that support the Design and
development teams to systematize the process and attain better solutions with higher

potential. The Design teams must have the knowledge of the circularity methodologies and
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tools and integrate them with a life cycle approach aiming to reduce the environmental

impacts in all stages and increase the circularity and innovation potential.

The knowledge and experience of the Design teams are also crucial in managing the trade-
offs that usually arise in any project of this nature. Trade-offs, in this context, are a balance or
a compromise achieved between two desirable but incompatible or not attainable features at the

same time.

After the development of the concept, the new solution should be tested and validated in the

prototype phase.

6.2.3.5 Prototype

Prototyping is an experimental phase aiming to identify the best possible solution for each of
the problems identified and to validate the concept developed according to the goals and
objectives defined for the project. Prototyping offers designers the opportunity to bring their
ideas and concepts to life to test the practicability, features and function of the current

Design.
This stage includes 2 main activities:

e Prototypes development: A prototype aims to demonstrate the product features and
explores all possibilities before investing in product complete development. It can
range from a detailed drawing with pen and paper to a fully working version of the
product.

Prototypes can be classified into 4 categories with different characteristics developed
for different purposes (Huang, 2021):

o Working Prototype

o Functional Prototype

o Visual Prototype

o User Experience Prototype

e Test and validation of the prototypes: With a prototype, the Design and development
team can test and validate the solution attained using methods and criteria defined
according to each project. The results of the testing phase are often used to redefine

the solution (Interaction Design foundation, n.d.). In this stage, the circularity aspects
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of the product must be analysed through Life cycle assessment methods and tools.
This assessment can be done through qualitative or quantitative methods according to
the needs and resources of each project. The effectiveness and procedural aspects of the

project should also be analysed in this stage (Rocha et al. 2020).

6.2.3.6 Deliver

Delivery is the final stage of the process and involves the completion of the project and its

delivery to the project recipients, such as client, contractor, company.

In this stage, in which the project of the new product or service is finalized, 2 main steps are

involved:

e The communication of the results, in particular, the circularity and Sustainability
aspects that should be part of the project in order to promote its success, inform the
client, company and the users of the features and their added value. For this purpose,
communication tools and reliable information are crucial, such as — Environmental
Product Declarations — EPD, certifications, labels, — Life cycle assessment -LCA
reports,

e Follow-up activities. Activities such as collecting feedback from users, analysis of the
use and consumption, impact assessment, etc, will promote the spreading and wider
integration of the circular Design approach to project development based on a
continuous improvement concept (Rocha et al. 2020) for the company and the Design

team responsible for the project development.
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6.3. Rounding the vertices Design toolkit

6.3.1 Overview of the four tools

The Rounding the Vertices Circular Design Toolkit, (Figure 54) is composed of a set of 4

tools that can support the Design practice towards circularity and Sustainability.

Figure 54 — Toolkit for circular Design

The tools (Figure 55) are used according to the Design process and are interlinked in order to
guide the Design process and help the Design and development teams in the definition and
planning of the project. It helps also in the identification of improvement measures and ideas
to develop new solutions, and the validation and demonstration of the circularity performance

of the Design process undertaken and the results of the project (Annex 8).
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Figure 55 — Tools included in the toolkit
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6.3.2 Tool #1 — Defining the project worksheet

6.3.2.1 Explanation of the tool

The first tool is focused on supporting the initiation of the project
and the definition of what needs to be done. The goal in this phase
is to systematize the process of the initial information, based on
the strategic approach led by the business, and make sure that the
development team always gets the information needed and

guidance for the project development.

6.3.2.2 Structure of the tool

This tool includes a set of worksheets that supports the team in reflecting and compiling

information to structure the project and define its strategy.

In order to define and initiate the process the tool includes 7 worksheets (WS):
WS 1 — Defining the needs of the project

This worksheet aims to identify the current needs and motivations of the business for the

development of a Circular Economy Design project.

The definition of the needs of the project supports the definition of the problem that the
project will address. In this stage, the Design and development team should identify why
there is the need to develop a new Design project with a Circular Economy approach, what
are the motivations for the company, what moves the company towards circularity and what

are the known barriers for the project.
For this purpose, the user of the tool must reflect and answer 3 questions:

e  Why does your business need to enrol in a Design for a Circular Economy project?
e What are the company’s motivations for a Circular Economy Design project?

e What are the known barriers to a Circular Economy Design project?
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WS 2 — Defining the market

This worksheet aims to identify the current and potential market for the business and their

Sustainability and circularity concerns.

Based on market analysis, in this stage, the team must define the market for the product or
service under development. This supports the guidance and definition of the project

objectives and boundaries.

In this worksheet, the Design team must identify the current market, the market that is
already covered by the company and the current products, the potential market that can be

achieved with the development of the new product and the opportunities for the project.

In this stage, the team must also understand what the market is demanding in terms of

Sustainability and circularity and how the business can meet these needs.
For this purpose, the user of the tool must reflect and identify the following aspects:

e Identify the market opportunities
e Identify potential markets for the business
e What are the barriers of the business to meet the needs of the market?

e What are the Sustainability and circular demands of the market?

WS 3 — Defining the business model

After the analysis of the market, the user is led to define and describe the current business

model related to his product or service.

The business models define how the company creates value with its products or services. It
outlines the structure and boundaries of the system in which the company operates and the

relation with customers or users and the market.

Circular and sustainable business models focus on the value generated of a product or a
service and try to capture value throughout its life, aiming to close resource loops and

minimize the impacts over the life cycle.

In this stage, the Design team must understand the current business model and how the

company can innovate and increase its value.
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For this, the user has 2 tasks:

e Describe the current business model, determine how value is created and define the
structure of the business

¢ Identify and describe the main Sustainability and circularity aspects of your business

WS 4 — New business models

If the company has the flexibility to explore and adopt different business models the users
should analyse a set of circular business models and identify the potential of each model for

his case.

The 8 business models included in the tool were defined (Bocken et al., 2014; Gerholdt,
2015):

e Circular supplies — The circular supplies business model is particularly relevant for
companies dealing with scarce commodities, in which scarce resources are replaced
with fully renewable, recyclable or biodegradable resource inputs.

e Resource recovery — The resource recovery business model leverages technological
innovations and capabilities to recover and reuse resource outputs that eliminate
material leakage and maximize economic value.

e Product life extension — The product life extension model helps companies to extend
the lifecycle of their products and assets to ensure they remain economically useful.
Material that otherwise would be wasted is maintained or even improved, such as
through remanufacturing, repairing, upgrading or re-marketing.

e Sharing models — The sharing platform model is centred on the sharing of products
and assets that have a low ownership or use rate. Companies that leverage this model
can maximize the use of the products they sell, enhance productivity and value
creation.

e Dematerialization from product to services — Through the product as a service BM,
customers use products through a lease or pay-for-use arrangement versus the
conventional buy-to-own approach. This model is attractive for companies with high
operational costs and the ability to manage the maintenance of that service and

recapture residual value at the end of life.
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Stewardship role in stakeholders’ engagement — Proactively engaging stakeholders to
ensure their long-term health and well-being and promotion of co-development,
cocreation and synergies.

Encourage sufficiency and efficiency — Solutions that seek to reduce consumption and
production by eliminating superfluous features and improving the efficiency through
Design.

Develop Scale-up solutions — Delivering sustainable solutions on a large scale to

maximise benefits for society and the environment.

WS 5 — Innovation level

The project can be oriented for a specific level of innovation according to the objectives and

strategy of the company and the Design team. However, the level of innovation has a direct

relationship between the financial resources needed, the development time, the know-how,

human resources, technologies, etc. In this step, the users should analyse the four innovation

levels and indicate the level expected for the project:

Level 1 — An incremental level defined by product improvement solutions. At this
level, the project is focused on the development of a new product adding new features
or characteristics to existing ones. This level has low investment, low risk, low
payoff.

Level 2 — An incremental level defined by product redesign solutions. Redesign the
product, add new features and advance based on the existing product. This level has
medium investment, medium risk, medium payoft.

Level 3 — A Breakthrough by function innovation. Aiming to Design the function and
develop evolutionary products or services, this level has large investment, medium
risk and high payoff.

Level 4 — A transformational approach and radical system innovation. Aiming to
innovate and Design the system, revolutionary and radical solutions of products,

services and systems, this level has large investment, big risk, and limitless payoff
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WS 6 — Project definition

Based on the previous analysis, this worksheet aims to systematize and define the project

under development.

This worksheet will support the team in defining the strategy, goals and characteristics for the

circular Design project and will guide the Design project.

The definition of the project is systematized and structured by filling in information related

to:

e What product or service has to be developed? Or what is the function or problem
addressed?

e Circularity and Sustainability goals for the project?

e Main motivations for the project,

e Target group. for whom the product or service will be developed,

e The business model expected for the solution to be developed,

e Expectations in terms of innovation level for the new solutions according to the
context in which the new project is based,

e Resources available,

e Indication of the project ream and their role within the project,

e Time available to develop the project.

WS 7 — Rounding the vertices

Define the strategy for the project aiming to improve the efficiency in each area aligned with

the rounding the vertices framework, already presented.

Having in mind the project definition and the requirements identified, the Design and
development team should indicate in this stage which are the objectives and the strategy
towards the four levels of the rounding the vertices concepts. Here, the team will indicate
how to improve the function of the product or service, how to improve the efficiency in terms
of resources used within the life cycle, and how to improve the economic and social aspects

of the product or service system:

e Function — How can the function of the product be improved?

e Physical resources — How can the resources efficiency be improved?
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e Economic resources — How can the costs and revenues be improved?

e Social dimension — How can the project improve society?

6.3.2.3 Outputs of the tool

The result of the tool is a systematized definition of the strategy, goals and characteristics for
the circular Design project structured to improve the innovation and efficiency of the

solutions according to the Function, Resources, Economy and Social levels.

6.3.3 Tool #2 — Project planning worksheet

6.3.3.1 Explanation of the tool

The project Planning worksheet helps the team in defining the work
to be done and creates the roadmap and structure to follow within

the project to meet the objectives defined previously.

ANAUSIS

The tool organizes the project through the identification of the
activities to be held, the resources needed and the duration of the

task within the project.

6.3.3.2 Structure of the tool

This tool, aiming to plan the project under development, includes a set of worksheets that
supports the team in systematizing and planning the activities to be carried out. This tool
doesn’t aim to be an extensive Design management tool and was created to be as simple as

possible in supporting the project.

Resulting of a process of simplification and minimization of the workload, the tool is

composed of 4 worksheets:

1. Defining the scope and deliverables for the project worksheet. In this, the user should
define the scope of the project, define the deliverables that are planned for the project

and define the boundaries of the project. In this, the users must also describe what
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should result from the project by identifying the expected deliveries (e.g. technical
drawings, renderings, mock-ups, prototypes, etc).

2. Identification of the project stakeholders. In this worksheet, the user indicates the
main stakeholders for the project, their purpose based on what will be the involvement
of the stakeholder and what is the need to involve it. The importance of the
stakeholder in the process is also analysed allowing a hierarchization within the
project.

3. Defining the activities and tasks for the project. This worksheet helps Design
managers and Design teams in the planning and management of Design projects for a
Circular Economy. In this sheet, the management team should identify the main
activities and their related subtasks in order to develop the circular Design project.
These must reflect the needs identified and the goals of the current project.

4. Allocating resources and time. In this step, the management team should identify the

resources and time needed to perform the main activities and their related subtasks.

6.3.3.3 Outputs of the tool

The results of the tool are a list and characterization of all the activities and tasks needed to
undertake the current project with an allocation of resources and time needed, the
identification of the project stakeholders and the planned deliverables that should be
developed within the project.
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6.3.4 Tool #3 — Circular Design Mbox

6.3.4.1 Explanation of the tool

The circular Design morphological box combines the concept of the
morphological box tool Fritz Zwicky (1999), widely used by
designers in the identification of Design solutions, with the 10 Design

i @7 - principles for circularity and Sustainability.

#8 %%lﬂa' Design The 10 principles that compose the Rounding the Vertices Approach

were developed based on a research process in which several

methodologies, tools and different approaches were analysed.

These principles, developed for designers, are project-oriented and through their analysis and
implementation, the Design teams can, in a holistic approach, identify Design opportunities

that result in more circular and sustainable solutions.

With the support of the tool, Design teams can implement the Design principles in a
systematized approach, leading to innovative and circular solutions for product and service

development.

6.3.4.2 Structure of the tool

The tool, based on the concept of the morphological box is composed of 10 sections, each

one related to one Design principle developed earlier.

The morphological analysis, developed by Fritz Zwicky, (Figure 56) allows a
multidimensional assessment of several variables and by using the technique of cross
consistency assessment, the system and the selection and linking variables allows the creation

of different solutions,
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Figure 56 — Morphological box — Development of a chair (example)

Within the Mbox tool, in each section, the user will find the description of the related

principle. This content aims to increase the knowledge of the designers in the files of Design

for circularity. After the explanation, the user will find two questions for reflection. In the

first he should indicate the current situation, explaining how the principle was reflected in the

reference product, and in the second question define the objectives for the project under

development related to the principle under analysis.

The analysis of the principle is done by the analysis through a set of criteria. These are what

should be considered in the Design phase. The number of criteria in each principle varies.
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To apply the tool, each principle has a table (Figure 57) where the user, by analysing the
criteria will indicate several improvement options. In the end, the establishment of links or
paths with several options, will lead to the identification of different Design solutions and

finally, the definition of a new concept for the problem addressed.

HOW CAN YOU CREATE AND DEVELOP A MORE DURABLE PRODUCT? (2)

WEAR-RESISTANT

DESIGN SOLUTIONS PRODUCT/USER RELATION SIMPLICITY PRINCIPLE
Identify ideas to improve Identify ideas to create Identify ideas in order
the r&nista]uemwea“r.;rdlms ith a str erlq:::l:m to simplify your product and
of properties of your product relation with the user promote efficient usage
0
02
03
04

Figure 57 — Design durable products — table

6.3.4.3 Result of the tool

The tool, by leading the user to reflect on the principles and the identification of several
options in each criterion will result in a large set of individual variables that can be combined

in different ways leading to different solutions for the problem addressed.

This systematization of a large number of options could lead to more innovative solutions for

products, services and business models.
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6.3.5 Tool #4 — Circularity Assessment

6.3.5.1 Explanation of the tool

The Design process Circularity Assessment tool aims to evaluate the
performance of the Design project and its results, and how it

contributes to the transition to circularity.

Within the Rounding the Vertices Concept, with the tool, the user
can assess how much the process led to a circular approach and how
G EsSent much the vertices of the initial square shape which represents the

reference product was improved towards a more circular process

and results.

The assessment relates the performance of the 10 Design for Circularity principles, which
covers the entire Design process, and reflects their impact in the 4 levels for circularity

defined; the economic level, the function level, the resources level and the social level.
The tool results in a set of information, presented through chats, in which the user can:

e Identify the overall performance of the project, meaning how much the vertices
“were rounded”,

e The performance of each principle, and to what extent the principle was adopted
in the process,

e The performance of the project according to the four levels for circularity,

e The impact of the performance of the 10 principles in the transition to circularity.

These results are useful to demonstrate and communicate the results of the Design for
circularity and Sustainability project, indicating where the improvements were performed and

pointing out the potential for further improvement through a new Design process.

6.3.5.2 Structure of the tool

The tool is composed of an introductory spreadsheet, 10 spreadsheets to evaluate the 10

designs for circularity principles and a final spreadsheet with the results of the assessment.

In the evaluation spreadsheets, the user should rate the level of integration of the principle in

the project on a scale from 01 to 05 and explain how it was implemented.
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In each spreadsheet (Figure 58), there is also a brief explanation of why the principle is

important in the Design process.

In the final spreadsheet, the results of the assessment are displayed in a set of charts and a
final table with the evaluation of the principles and their impact on the four levels. Since each
principle has a different impact on each circularity level, their importance was weighted

based on literature and in consultation with experts.

/]
E@F Qualitative assessment of the circular approach in project design

2 3 4
Low Durable High

durability product durability
product attained in

developed the new

product

Did the project and development team had a life
O i Q Q

cycle perspective in the analisys of the design
problem and in the development of the solutions?

Please indicate the features implemented in order to
extend the durability of the product

Designing durable products by extension the technical and aesthetic
lifetime has, in most cases a positive impact in the life cycle of products.
The extension of the lifetime of product reduces the materials needed
to produce replaceable products, reduces the transport intensity, the
consumption of energy in production, long term cost, reduces waste,

Why is durability important for circular economy
and sustainability?

etc.

The durability of a product can be attained by:

- Selection of Quality materials

- Increase the potential for reparability and maintenance
- Potential for upgradability

- Wear-resistant design solutions

- Increase the product-user relation

- Design the product with simplicity principles.

David Camocho | Transition to circular and sustainable economy through design | IADE - 2021

Figure 58 — Design durable products — Assessment spreadsheet — Example
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6.3.5.3 Outputs of the tool

Through the inputs and the assessment of the

Overall performance of the project

performance in the implementation of the 10
circular Design principles, the tool calculates

(Figure 59):

* The overall performance of the project,
indicating in which percentage the project
fulfils the aim of rounding the vertices. In
Qualitative assessement of the order to reach the maximum score, the project
circular design project

has to implement all the principles scoring 5

on the assessment scale from 1 to 5.

* The performance of the 4 levels, how the
project and the results are performing in terms
of the function of the product, the resources

used within the life cycle, the social aspect

Functional dimension MResources M Sodal dimension M Economic resources

and the economic aspects of the product or

Performance by guideline . L.
e service. To reach the full potential in the

1 2
1 Lifecice permrt A transition for circularity, the project must

#2 Rethink the system and the function
#3 Design with Synergies and co-creation

address these four aspects and improve them

ith Sustainable materials and...

in all stages of the life cycle.

ign for dematerialize the system

#7 Design for an Efficient and sustainable...

* The performance of each principle. This

#8 Design for optimal use

e Business model

detailed scoring allows a brief demonstration

0

I

[

|

#4 Design durable products '
|

[

|

|

[

sign for Recirculation |

of where the product is performing better and
Figure 59 — Circularity assessment tool — Results where there is the need to improve the process

towards circularity.
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6.4 Rounding the Vertices publication — toolkit printed version and

excel based tools

The toolkit provides four tools to systematize the integration of circularity aspects in the
Design process. The tools were developed to be used to support the four stages of the Design

process, namely:

e The strategic definition of the project,
e The management of the project,
e The creation of new concepts, and

e The assessment of the Design process and its results.
There are 2 versions of the tools that should be used according to the needs and
experience of the Design teams.

The e-book version — a comprehensive resource with the theoretical content (Figures 60-62).
The 3 initial tools are composed of a set of worksheets in which the Design team needs to
reflect and fill in the tables. The assessment tool, due to the calculation features, is to be used
only in the excel version. In the e-book, an explanation of this tool (Figure 64) is presented.

The ebook can be found in Annex 8)

Figure 60 — Toolkit for circular Design
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A ROUNDING THE VERTICES

Innovation level

The project can be oriented for 2 speciic n according to the chjectives
h

S S S — Figure 4 Inovationlevels:

Which i the innewation goal for your project? Level 1) tevei2[ ) teveta()  teveia[ )

Justify
our
selection

1. Design with a Life Cycle
Perspective

It is estimated that over 80% of all productrelated
environmental impacts are determined in the design phese.
Therefore, it is crucial to design with a kife cycle perspective
in order to minimize, or ideally, eliminste impacts considering
the entire life cycle of products and services

The design and development teams should ensure that
circular economy aspects are integrated into product
design and development early in the development process
with the aim of improving circularity and reducing impacts
throughout the entire life cycle of the product or services
(BS 8001), while still taking into account other design aspects,
Such as safety. quality. ergonomics. aesthetics, and also.
considering the trade-offs and compromises between
different environmental aspects and the attained solutions.
(EC 52430 2019)

Designing for the circular economy and siming for & more
affactive and optimizad management of resources across
the bfe cycle with a holistic perspective should lead to a
positive impact on the natural environment and society (B3
8001). Thersfore, top management and decision-makers
should ensure that strategies are planned. implemented
and maintained, cansidering all stages in the life cydle of 2
product (IS0 M0G62620]. through dasign

Figure 62- Example of content pages in the toolkit 2

Excel-based tools — (Figures 63-66) These versions of the tools were developed in excel so
that the Design team can fill in the spreadsheets in a more systematized way. These versions
include the possibility to perform calculations and features to simplify the filling-in process,

however, it does have the limitations of the Excel software.
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The Excel versions of the tools are available in annexes 9 to 13.

ol ROUNDING
L) ~VERTICES 2

W Defining the needs of the project

Identify the current needs and motivations of your business for the development of a

circular economy design project

Defining the needs of the project supports the definition of the problem that the project will address. In this stage,
the design and development team should identify why there is the need to develop a new design project with a
circular economy approach, which are the motivations for the company, what moves the company towards
circularity and which are the known barriers for the project.

Why does your business need to enrol in
a design for a circular economy project?

What are the company’s motivations for
a CE design project?

What are the known barriers fora CE
design project?

Next page

Figure 63 — Defining the project worksheet

| 1o Defining the business model

Defining the activities and taks for the project

This worksheet helps design managers and design teams in the planning and management of design projects for a circular economy.

In this sheet, the management team should identify the main activities and their related subtasks in order to develop the circular design project. These must reflect
the needs identified and the goals of the current project.

The number of activities and sub tasks should be adapted to the specifications of the project.

Activity 01 Activity 02 Activity 03 Activity 04 Activity 05 Activity 07

Sub-task 1.1 Sub-task 2.1 Sub-task 3.1 Sub-task 4.1 Sub-task 5.1 Sub-task 6.1 Sub-task 7.1
Sub-task 1.2 Sub-task 2.2 Sub-task 3.2 Sub-task 4.2 Sub-task 5.2 Sub-task 6.2 Sub-task 7.2
Sub-task 1.3 Sub-task 2.3 Sub-task 3.3 Sub-task 4.3 Sub-task 5.3 Sub-task 6.3 Sub-task 7.3

Figure 64 — Project planning worksheet — example
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Design the function/Rethink the system

ated envirenmental impacts are determined in the design phase. Therefore,
i or ideally, eliminate impacts considering the

The circular economy can be characterized by a Rethink approach. Te make something more circular requires a rethinking
process. (Morseletto, 2020}

Rethinking the system and the function of the product is a way to look at your product and envision sustainable
The design and develapment teams should ensure that circular economy aspects are integrated into product design and alternatives by thinking outside the box and have new approaches and perspectives for the product and the system which
development early in the development process with the aim of improving circularity and reducing impacts throughout the
entire life cycle of the product or services (S 8001), while still taking into account other design aspects such as safety,
quality, ergonomics, aesthetics, and also, considering the trade-offs and compromises between different approach, the focus should be on the outcome to fulfil a specific need. The key is to design the most sustainable way of
aspects and the attained solutions (IEC 62430 2019). producing that autcome. Outcome-driven thinking places the focus on the function the user needs and not an the solutions.
Designing for the circular economy and aiming for a more effective and optimized management of resources across the of how to produce or deliver the offering (N Hassi 2011)

life cycle with 2 holistic perspective should lead to a positive impact on the natural enviranment and society (85 8001).
Therefore, top management and decision-makers should ensure that strategies are planned, implemented, maintained,
considering all stages in the life cycle of a product {1SO 14006:2020), through design.

cycle of products and services.

are translated into new or reshaped objectives for the design project.
Rethinking allows an of ign solutions to solve the problem (858001). Ina circular design

Rethinking is about developing new ideas and solutions to provide certain product functions in line with the needs of the
users, includi Iaboration/r of ideas, dynamics, processes, concepts, uses, and post uses of a
product (Morseletto, 2020).

If the reference product was
developed with a life cycle
perspective, please describe
how it was considered.

Indicate the current
ion. Explain briefly the
of your product or

Indicate the objectives/gaps
for your project according
to the function of your
product

Indicate the objectives/gaps.
for your project in regard to
life cycle perspective.

Figure 65 — Circular Design MBox — example

\_J
',7 Qualitative assessment of the circular approach in design project

2 3 4
Explored but Considered  Positive
with no but with a impact
impactin the low impactin attained with
results of the the results of co-creation
project the project  ams synergies

The project was developed with a co-creation
approach and explored potential synergies to
innovate and improve the circularity and
sustainability potential?

Please explain the synergies and co-creation activities
involved in the project

Why synergies and co-creation is important? The establishment of co-creation activities has the potential of
exploring new possibilities and strengthen relationships between
different stakeholders in the value chain. Co-creation opens the
development process to external contributions and collaborative
innovation. Ideas are shared and improved together, fostering the
innovation potential and success of the solutions.

The establishment of synergies in the development process has the
potential to optimise the value chain focusing in a win-win situation for
all actors involved.

David Camocho | Transition to circular and sustainable economy thro ADE - 2021

Figure 66 — Circularity Assessment tool
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7. Validation of the Circular Design Model and
Toolkit

7.1 Introduction

With the aim of providing designers with tools to support their practice in the development of
new solutions and in order to respond to the hypothesis “Design, through its specific methods
and tools, is an important factor for an effective transition to a Sustainable Circular

Economy”, formulated as a guideline for the investigation, at this stage, the model and toolkit

were tested and validated.

After the development of the model and toolkit composed of the four tools described
previously, in the context of research under development and due to the current restrictions in
the face of the COVID 19 pandemic situation and the challenges that companies and
professionals suffered, it was validated by international experts of reference in the areas of
Design, Sustainability and Circular Economy during the pandemic COVID 19. This analysis
allowed the collection of perceptions, feedback and analysis that allowed testing and
validating the resources developed in order to align them with the needs and expectations of

designers and product developers in practice.
The validation included 3 main steps:

a) Evaluation through Focus group 1. This focus group, developed within the Design
research and innovation week, aimed to be a pre-test of the methodology to validate
the materials.

b) Evaluation by international experts (focus group 02) identified by their relevance in
the areas of Design, Sustainability and Circular Economy,

c) Analysis of the feedback collected through questionnaires, discussions in the online

sessions and face-to-face meetings.

Focus groups method used to collect data from experts.

Focus groups is a method widely explored and applied in Design research and practice in
which participants interact freely with co-participants as well as with a moderator. This

allows and promotes diverse interactions focusing on the topic and subject of the research.
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This method also allows collecting opinions and ideas on a topic in depth from different
participants with their own perspectives and perceptions. In focus groups, a selected group of
people, often experts in the area of discussion, are grouped together to discuss opinions about

a specific topic (Jung & Ro, 2019).

7.2 Focus group 1 — Expert’s validation — pre-test

7.2.1 Method

l Design

Research

I " and Innovation
LVeek

Figure 67 — DRIW logo

Pre-test held within the Design Research and Innovation Week, June 2021.

The DRIW'21, organized at IADE, included several workshops, a colloquium and DDC'21
(Design Doctoral conference) which offered to the designers, students and the community
lectures by international speakers, along with the discussion of the research work of PhD

students in Design and workshops. The events were open to the community.

The event was seen as an opportunity to proceed with a pre-test for the validation of the
Rounding the vertices toolkit before the session to validate the resources by a focus group

composed of experts in the field.

The session had the title: "Rounding the vertices. Design for Circular Economy" and was
held on Friday, 25th June 2021, targeting Design students, researchers and companies with a

duration of 2 hours. The session was held by Zoom, organized by the authors.
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7.2.2 Structure of the session
The workshop was structured in the following topics:

e Introduction to the research project
e Rounding the vertices — The concept
e Rounding the vertices Design model
e Toolkit for Circular Design:
o Tool #1 Defining the project worksheet
o Tool #2 Project planning worksheet
o Tool #3 Circular Design Mbox
o Tool #4 Circularity assessment tool

e Presentation | Reflection | Debate

m Faculdade de Design,
1) Tecnologia e Comunicagio
H Universidade Eurcpeia

4 Toolkit

ROUNDING R

= for Circular

David Camocho
Ana Margarida Ferreira

. . . . Design
Transition to circular and sustainable economy through design ' l Rese%rrch )
PhD research project I wg Lnnovanon

Figure 68 — Cover of the presentation
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The participation, due to the fact that the session was organized at the end of the afternoon on
Friday, didn’t have as many researchers as expected. However, the discussion was fruitful
and allowed the testing of the structure and method to present the toolkit for validation

(Figure 69).

e

Heidl Weber

Figure 69 — Zoom — Participation in the session

The workshop was based on the presentation of the toolkit with debates and feedback
collection through several questionnaires. After the presentation of each part, the participants

were invited to fill in a small questionnaire, followed by a debate.

The method allowed the collection of useful feedback and the identification of improvement

opportunities to apply in the session with the focus group.
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7.2.3 Questionnaire for the assessment

After the presentation of each part, a small questionnaire (Figures 70 and 71) developed in
google forms software was sent through the chat functionality of the ZOOM platform and the
participants filled in. In the initial pages of the questionnaire are presented and the complete

questionnaire is available in annex 14.

1 ,.':;..mm Rounding the vertices - Toolkit for circular design \‘\‘
Wers d

' Em [ ) .
\_| Rounding the vertices

&  CONCEPT

Part O1- Rounding the vertices — Toolkit
for circular design - DRIW 21 - Workshop

The Rounding the Vertices toolkit, developed within the “Transition to circular and
sustainable economy through design” PhD research project aims to narrow the gap between
what is being developed in research and development projects and what is actually applied
in the design practice in the development of circular and sustainable products and services.

The project is being developed with the supervision of Dr Ana Margarida Ferreira from |ADE -
ana.margarida.ferreira@universidadeeuropeia.pt and co-supervised by Dr José Vicente from
UBI - jmanvicente@gmail.com.

The “Rounding the vertices - design for a circular economy” is a design method that
supports the practice and integrates the project development perspective, the management
of the design project and the perspective of the business. The method was developed to
implement these considerations in the early phases of the project with high innovation
potential. The toolkit is composed of a set of tools that support the design practice.

The following questions aim to collect feedback to improve its results and align them with
the needs of the designers and product developers.

Concerning the protection of individuals about the processing of personal data, the
information provided will be processed only for scientific research purposes, and inan

aggregate way, thus guaranteeing the most complete anonymity.

If you have any doubts or questions about this survey, please let us know.
david.camocho(@gmail.com

We thank you in advance for your attention and input!

Next I Page 10f 3

Mever submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Figure 70 — Rounding the vertices DRIW workshop questionnaires — introduction.
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"g Rounding the vertices - Toolkit for circular design ‘Q

'@‘ Rounding the vertices A

@) concerr @~

Part 01- Rounding the vertices — Toolkit
for circular design - DRIW 21 - Workshop

* Required

1.1 Name *

Your answer

1.2 Institution

Your answer

1.3 Profile

O Design student
O Design professional

() Professor

O Other:

Back Next O  Fage 2 of 3

Figure 71 — Rounding the vertices DRIW workshop questionnaires — part 01.
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7.2.4 Results

The session had six active participants who contributed to the success of the event by

providing valuable feedback and collaboration in the debates.

The participants were dived by one Design professor, one professor and PhD student, one

Design researcher and 3 Design students (Figure 72).

Profile of the participants

Y

Design student
Design professional

Professor and PhD student

Design researcher

0000

Figure 72- Profile of the participants

7.2.4.1 Rounding the vertices Concept

The Rounding the vertices concept, as the firt part was presented and explained in detail to
the participants (Figure 73).
] e

Rounding

the vertices . {.}
concept _ Y

LA UESHE 1 LFTW Do i S ¢ Irwsmnber Vibk 10T 110 Karaahen § Srs YmiganiFansica

Figure 73 — Rounding the vertices concept
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The concept was well accepted as well as the way it will be used to promote the toolkit

The evaluation of the four dimensions that compose the concept, using a Likert scale had an

average score of 4.3 (Figure 74)

At what extent do you agree with the definition of these

4 dimensions in order to support the design process?

0 —— °
4
3
2
1
0 (0%) 0 (0%)
0
1 2 3 4 5
Strongly Strongly
disagree agree

Figure 74 — Concept evaluation

As for the relevance of the concept, using a scale from 1 to 6, the evaluation was also
positive, with an average score of 4.8 (Figure 75). Only one participant considered that the

relevance was considerably low.

Relevance of the concept to promote the Design practice for CE

0 (0%) 0(0%) 0(0%)
1 2 3 4 5 6
Strongly Strongly
disagree agree

Figure 75 — Relevance of the concept evaluation
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In terms of suggestions, the participants mentioned that would be preferable to explain better
the aspects/axis of the concept since the terms are general. The user or target group is not
identified in the concept and rationale of the conversion from the square to the circle could be

further explored and presented.

7.2.4.2 Rounding the vertices Design model

The second presentation issue was dedicated to the presentation and discussion of the Design

model (Figure 76).

s -

” For o o Dumigy
' 1 e S e )

Circular design /R
development | -vevice |
model w '

STZNTEE D00 SR TSN < I g sy h 3w e s s SX0T | T Zamasha f A g s Teasny

Figure 76 — Presentation of the model

From the discussion, the participants mentioned that more time and more in-depth
explanation would be good to fully understand the model. However, the general perception is

good.
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The evaluation of the usefulness of the model to structure the Design practice had an average

score of 4,5 (Figure 77).

This model is useful to structure the Design practice for the CE

- —————— ®
4
3
2
1
0(0%) 0 (0%) 0 (0%)
1 2 3 4 5 6
Strongly Strongly
disagree agree

Figure 77 — Usefulness of the model

Regarding the importance of the 3 levels, Strategic, Management and Operational, to
organize the project, the evaluation had an average score of 5, which is a good indication of

the acceptance of the model by the participants (Figure 78).

The 3 levels (strategic, management, operational) are important to organize

the Design project and define the diffeerent approaches

O °
4
3
2
1
0 (0%) 0 (0%) 0 (0%) 0(0%)
0
1 2 3 4 5 6
Strongly Strongly
disagree agree

Figure 78 — Importance of the 3 levels
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The suggestions for improvement, indicated in the questionnaire and from the debate held
after the presentation, were mostly related to communication and the way of presenting the

model. An animated solution could be a solution to improve communication.

The relation of the model with the Rounding the vertices concept was not clear enough.
Perhaps the model could be presented in different stages with a clear identification of the link
between the model, the tools and the relation with the four dimensions of the concept. This
relation and link to the concept can also improve the generalist approach to the project and

establish the link to the Circular Economy.

7.2.4.3 Rounding the vertices toolkit

After the introduction of the concept and the Design model, the 4 tools were presented,

followed by short debates and the filling in of the questionnaires according to each tool.

Tool#1 Defining the project worksheet.

All participants consider the tool useful in the definition of the project and based on the
perception of the tool, the main weaknesses identified were that from the presentation, the

tool does not deal with circularity enough and the tool seems to be a bit complex.

As for the main strengths identified, it was mentioned that it covers the whole process. It
gives the possibility to think and to understand what are the problems around the circular
economic subject, and how the user can solve them, it gives options to define a new business
model based on Circular Economy and It actually uses the concept of Circular Economy on

each part of the process.

Some ideas to improve the tool considering the improvement of the graphic layout to
consume less paper, inks and optimize the tool itself and the possibility to have a more

abstract approach.
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Tool #2 Project planning worksheet

Regarding the second tool presented, all participants consider that the tool is useful to help in

the definition of the project.

Based on the perception of the tool explained within the session the main weaknesses and
improvement opportunities identified by the participants are a certain risk of lacking
flexibility regarding the stakeholders involved in the process. Another remark was related to
the structure. In the first chapter one idea was to organize the tool according to the goals,
objectives, outputs, background, end-users, etc thus facilitating the definition of the
objectives for the project. Co-design is not reflected in the tool and can be an added value for

project development also.

The flexibility and the way it will be used in different projects by users that have different

approaches and objectives (project team, designer, clients, etc) was also highlighted.

As for the strengths identified, it was considered a simple structure, which was considered
hard to achieve and helpful for the Design process, it was considered that the tools assure that
circularity is taken into account at the beginning of the Design process. The structure, which
provides room to identify activities, tasks resources and stakeholders was also considered a

strength in the toolkit.

Tool #3 Circular Design Mbox

The tool was presented and explained in the session. The participants didn't have the
opportunity to explore the functionalities and the content of the tool, which is a large tool
with an extensive set of information that was developed in order to support the integration of
circularity principles and criteria for the definition and identification of circular solutions for

the project.

All participants consider that the tool is useful for the development of circular Design
projects. The main remarks were related to the dimension of the tool. Some parts were
considered very intensive and might influence the process of integrating the tool in the

system of the company because people get not interested or consider it is too complex.

However, it was a common perspective that the tool is well developed and structured and has

a lot of information that is very helpful before making decisions and taking conclusions.
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Tool #4 Circularity assessment tool
The circularity assessment tool was briefly explained to the participants

Also in the session, the participants did not have the opportunity to explore the tool in detail.
However, from the discussion held after the presentation, the reaction of the participants was
good. For them, the tool seemed attractive and very useful to support the Design project and

validate the options and activities undertaken in the process.

The discussion and analysis of the circular assessment tool did not have the expected results

in terms of feedback and would be good to have more time to discuss it.

7.2.4.4 Main conclusions of the session

Being a pre-test held with a small group of participants and integrated into the DRIW
workshop held at [ADE, the results of the session were very useful to structure the main

session with the international experts to a final validation of the toolkit.

As for the structure of the session, with presentations followed by short debates and filling in
of small questionnaires need sessions with longer duration and with a sharp moderation in

order to maintain the discussion and control of the time available in each slot.

For validation purposes, this type of session is not feasible, since the participants do not have
enough time to explore and understand fully the toolkit. A mixed approach was considered
the best approach to be applied in the validation with the international experts. An online
session to introduce and explain the toolkit with debate to clarify the objectives of the toolkit,
its structure and concept, followed by the distribution of the toolkit to the participants to

explore, test, and validate the resource individually.

As for the perceptions of the participants regarding the toolkit presented, the reactions were
good. The participants considered that the toolkit is useful to support the Design process
towards circularity and the information available is important to guide the Design teams in

the identification of solutions to integrate into the process.

Several ideas to improve were discussed which were considered in the definition of the final

version of the toolkit.
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7.3 Focus group 2 — Expert’s validation

7.3.1 Method

Aiming to validate the toolkit and the approach developed within the project a second focus
group of international experts was organized and involved in the process. The validation by
international professionals from different areas, who have experience in research,
development and implementation of Sustainability, circularity and Design in practice is an
important step in order to improve the material developed and promote their adequacy to the

users.
The validation process carried out had the following steps:

o Identification of international experts — The authors of the research, through their
knowledge and experience in the fields of Sustainability, the participation and
collaboration in international projects and networks, and through the literature review
undertaken during the project were able to identify and select an international group
of professionals who can analyse the materials and provide valuable feedback base on
their knowledge and experience in the field.

For this purpose, a database of experts was created including the name, expertise,
institution, country, and contacts. This can be used in the future to establish a network
of experts and to promote and disseminate the results of the research.

e Invitation of experts to participate in the validation workshop — all experts were
invited through email. In the email, the authors addressed the invitation to participate
in the workshop held online through zoom in July 202. The communication included
also an explanation of the objectives and a brief explanation of the session.

e Presentation of the research concept, background and toolkit — The presentation
of the resources was done in the online meeting. In the session, the concept of the
research, the background and the toolkit were presented and explained to the
participants. At the time, the participants were able to understand and get acquainted
with the materials. Based on the presentation, a debate and discussion were promoted
in order to collect initial feedback from the participants.

¢ Questionnaire in the session — During the online session, the participants filled in a
short questionnaire to collect initial feedback and the initial perceptions. The

questionnaire was developed in an online form that was distributed to all participants.
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e Sharing of the toolkit for in-depth analysis by the experts — aiming to collect a
more accurate and in-depth analysis and be considering that the presentation of the
resources and debate in the session was not enough to validate them, the participants
that received a beta version of the materials. They were asked to explore the materials
according to their availability and interest.

e Feedback — the collection of feedback from the experts was done through several
means. An online questionnaire was sent to all, but some experts did a more accurate
analysis and gave their feedback through direct contacts and annotations and
comments in the documents, which gave more useful support in the update of the
materials.

e Extra meetings — To complement the feedback received, the authors decided to
directly contact some experts in the field of Design and held extra meetings to
validate the materials and collect feedback of the resources, especially in the
adequacy to Design professionals in practice.

e Analysis — After the gathering of all feedback, an analysis was carried out to support

the improvement of the toolkit.

7.3.2 Structure of the session

The session, based on the lessons learnt in the pre-test held at the DRIW'21 had an improved

structure and content aimed to attain the desired results (Figure 79).
=

7 1 Toolkit

ROUNDING Rl |
for Circular

L8 .VERTICES & J
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‘ | 4
Workshop
01-07-2021
Transition to circular and sustainable economy through design Da‘;fszavﬁl?,::

PhD research project Ana Margarida Ferreira

Figure 79 — Focus group 2 — workshop
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The program (Table 4) of the session was divided into two blocks. In the first, the research

project and the main concepts were presented and discussed.

Table 4 — Program of the workshop

Workshop — Program

e  Welcome to participants
e Introduction to the research project
First block e Rounding the vertices — Design model
e Rounding the vertices — The concept
e Reflections and debate
e Toolkit
o #1 Defining the project worksheet
o #2 Project planning worksheet
Second block o #3 Circular Design Mbox
o #4 Circularity assessment tool
e Reflections and debate

e Feedback collection — Online questionnaire

In a second block, the toolkit was presented and explained by the author (Figure 80) followed
by a debate and filling in the feedback questionnaire (Figure 81).

Y [ (oo ce gesn,
0 Tecnologla ¢ Comunicagdo

Toolkit

e

TOOLKIT FOR CIRCULAR DESIGN w David Camacho | José Vicente | Ana Margarida Ferreira

Figure 80 - Presentation of the toolkit — Experts workshop
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Vincent VD - Cer...

Figure 81 — Participants in the zoom meeting

7.3.3 Focus group composition.

As mentioned before, a group of experts was identified based on their relevance in validating
the results achieved. The main criteria defined for their selection were their expertise in
Design, Sustainability and Circular Economy and their experience in applied research,
education, practical implementation and Design practice. Most of the specialists identified

and invited to the focus group brought together several of the aforementioned expertise.

The presentation of the research concept, background and toolkit had the participation of 25

international experts from Portugal, Brasil, Spain, Italy, Austria, Denmark, Czech Republic.

From the 25 experts participating in the project, 14 are designers, and from them, 11 have
experience in ecodesign and Design for Sustainability. 15 have higher education expertise, 22
have Sustainability and Circular Economy expertise and 16 are involved in research projects
and activities. All participants have relevant experience with companies and project

development.
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7.3.4 Questionnaires for the assessment

As mentioned in the previous chapter, the experts that formed the focus group 2 had two
evaluation moments. For each moment, a specific questionnaire was developed using Google

forms software and distributed online (Annex 15).

The first questionnaire (Figure 82), distributed and filled in during the workshop aims to
collect feedback and the initial perceptions from the toolkit presented in the workshop. The
idea behind this approach was to collect feedback from a wider group of experts during the
session. This allowed collecting the initial ideas that were raised based on the explanation and

presentation of the toolkit.

Py Paw
|4 | e

Rounding the vertices — Toolkit for Rounding the vertices — Toolkit for

circular design - Workshop | Perceptions circular design - Workshop | Perceptions

The following guestions aim to collect feedback and the initial perceptions from the toolkit AWy david.camosho@gmail.com (not shared) Switch account ()
presented in the workshop

rotection of individuals sbout the processing of persanal data, the. 41 Toolkit
rocessed only for scientific research purpases, and in an

W david.camocho@gmail.com {not shared) Switch account = % W
ﬁ

Next — P30 1 of & Cisar form

et s words tugh Boogle Forrms.

Thes contert s neithes crested nor encoesed by Googfe. Bepuxt Abuse - Feims of Service - Piisacy Paicy

Google Forms

Based on your perceptions of tha toclkit
sccording to the differsnt topics:

Foor low  Medum  Good Verygood Columné
4.1.1 Structure

41.2 Graphic
design

413 Contant

Figure 82 — Experts Focus group 2 — Workshop perceptions questionnaire

The perceptions questionnaire with 6 sections has developed to be short, simple and designed
according to the structure of the workshop and included simple questions to score the

resources on a Likert scale followed by open questions to collect specific feedback.

In the first section a simple introduction to the questionnaire, explaining their objectives
followed by a second section to collect general information about the participant, the name

and the main field of expertise.

The third section was based on the evaluation of the Design model presented and the
objective here was to analyse the usefulness and importance of the model and its structure

based on the three levels, Strategic, Management and Operational levels.
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The fourth section was linked to the analysis of the Rounding the vertices concept and tits

relevance in promoting the transition to a Circular Economy in practice.

In the next section, the participants were asked to share their perception of the toolkit

according to different topics, structure, graphic Design, content, length, usability, language,

adequacy to Design professionals and users.

In all sections, suggestions and improvement options were requested.

The questionnaire ended with a final field to collect feedback related to other comments,

suggestions, and remarks.

The second questionnaire developed to support the validation by experts was developed and

structured in nine sections to collect more in-depth feedback (Figure 83) and (Annex 16).
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Rounding the vertices — Toolkit for
circular design - Expert validation

The Rounding the Vertices toolkit, developed within the "Transition to circular and
sustainable economy through design” PhD research project aims to narrow the gap between
what is being developed in research and development projects and what is actually applied
in the design practice in the development of circular and sustainable products and services

The project is being developed with the supervision of Dr Ana Margarida Ferreira from IADE -
ana marqgarida ferreira@universidadeeuropeia pt and co-supervised by Dr José Vicente from

UBI - jmanvicente@gmail com

The "Rounding the vertices - design for circular economy” is a design method that supports
the practice and the project , the of the
design project and the perspective of the business. The method was developed to
implement these considerations in the early phases of the project with high innovation
potential. The toolkit is composed of a set of tools that support the design practice.

The following questions aim to validate and collect feedback from a selected group of
experts in the fields of design, sustainability and circular economy to improve its results and
align them with the needs of the designers and product developers,
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Figure 83 — Expert’s validation questionnaire

Both questionnaires had the same structure. However, the number of questions, the data

collected, and time need to fill in and the level of detail was more extensive in the expert's

validation questionnaire.

-213 -



In the expert’s validation questionnaire all the sections, as explained above, were more
extensive and included specific sections to evaluate each tool that compose the toolkit in its

two versions, the e-book version and the excel-based version.

7.3.5 Results

The results attained with the focus group are divided into two groups. Firstly, we explore the
results attained during the workshop, where the materials were explained and discussed with
the entire group of participants, and secondly, the reduced group composed by the experts

that received the materials and had the opportunity to perform an in-depth analysis and share

their views, remarks, improvement ideas and evaluation.

Group 1 — Evaluation received in the workshop.

The questionnaire distributed during the session had 18 responses which represents a

response rate of 72%.
The evaluation of the Design and development model was composed of 3 parts:

1- Evaluation of the statement “This model is useful to structure the Design practice for
the Circular Economy” using a Likert scale from 1 (strongly disagree) to 6 (strongly
agree.

2- Evaluation of the statement “The 3 levels (Strategic, Management and Operational
levels) are important to organize the Design project and define the different
approach”, using the same Likert scale as in the previous statement,

3- An open question asking the expert to reflect If he could change something in the

model, what would be a proposal for change?

In the first statement as we can see in Figure , the majority of experts agree with the
statement, 88.4 % had scored it with classifications 4, 5 and 6, which represent that they
agree that the model is useful and only two, representing 11,6% gave a lower classification,

indicating that there is no agreement.
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This model is useful to structure the Design practice for the CE

- ————— [
10
8
6
4
2
0(0%)
0
1 2 3 4 5 6
Strongly Strongly
disagree agree

Figure 84 — Expert questionnaire results — Design model

Regarding the second statement, in which the 3 levels of the Design model were analysed, the
classification is more distributed across the scale as we can see in Figure 85. However, the
majority, 77,8 % of the experts consider important the levels, 38.9% strongly agree with the
statement, having scored it with 6 and 27.8% with a classification 5. Only 23.3 % consider it
less important, 16,7% had given a classification 2 and 5,6 % classified it with 3, meaning that

they consider it of lower importance.

The 3 levels (strategic, management, operational) are important to organize
the Design project and define the diffeerent approaches

- ——————— [ ]
8
6
4
2
0 (0%)
0
1 2 3 4 5 6
Strongly Strongly
disagree agree

Figure 85 — Expert questionnaire results — Design model — distribution in the 3 approach levels
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In the third part, in which proposals for change in the model were asked, several ideas for
improvement and comments were shared which constitute a set of valuable information to
improve the model and update it towards a more effective approach for the Design practice

for a Circular Economy.

From the answers received, the main remark from the analysis is the need to include the
validation stage in a more explicit way. The validation is part of the prototyping stage,

however, is not explicit in the model.

Ideas such as the improvement of the link between the levels, the integration of new stages,
focus on collaboration in a life cycle perspective and across the three levels to reach more

radical solutions were mentioned.

In section 3, the Rounding the Vertices concept was analysed by the participants. For this

purpose, two questions were available.

The first aimed to analyse the relevance of the concept in promoting the transition to a

Circular Economy in practice on a Linkert scale from 1 (not relevant) to 6 (highly relevant).

In the results attained, shown in Figure 86, it is clear that the concept is considered relevant
with a high classification of most respondents, 44.4% scored it as 5 and 38.9% as 6, meaning
highly relevant. Only one respondent had scored it with 3 and 11,1 with 4, which is still a

positive score on the scale.

Relevance of the concept in promoting the transition to CE in practice

P ----—-——"-"-""-—-"""—-"¥"¥""\¥"—-—-—- . ——————————— @
8
8(44.4%)
7(38.9%)
6
4
2
2(11.1%)
0(0%) 0(0%) 1 (5.6%)
0
1 2 3 4 5 6
Strongly Strongly
disagree agree

Figure 86 — Expert questionnaire results — Relevance of the concept Rounding the Vertices
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The following question was an open question, in which suggestions for other levels or ideas

that should be represented in the concept were promoted.

Only a few comments or ideas were shared. The missing elements that were suggested were
to include collaboration as a specific focus, governance, life cycle of the product, which is
implicit, but maybe in a more specific way. As other suggestions, one referred that it should
look at Design as part of the transition of the business model and not the other way around

and why one vertice is identified with resources and not environment?

Another comment reinforced the importance to consider the function level from a consumer

perspective.

Section 4 aimed to explore the expert's perceptions on the toolkit based only on the

presentation and discussion during the workshop session.

The analysis included different topics such as the structure of the toolkit, the graphic Design,
the content, the length, usability, language and adequacy to the Design professionals, using a

Linkert scale from “poor” to “very good” with 5 levels (figure 87).

Perceptions of the toolkit

: ..%!I eedff .a.!! .H!!! ..!!I ..o!! ..!!!

Structure Graphic design Content Lengh Usability Language Adequacy to design
profession

Figure 87 — Expert’s questionnaire results — Toolkit

As presented in figure 87, the classification achieved in all topics was considered good, being
the level “very good” the most achieved in 6 from the 7 topics. The one with higher
classification were the structure, graphic Design and content, and the one with lower

classification was the length of the toolkit.
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Alike the previous section, this one ended with an open question to collect ideas and
suggestions to improve the toolkit. From the feedback received, several valid, useful and

important ideas were shared by the experts.
The most relevant ideas were:

e Toinclude a “how to do” in the reflections needed in the toolkit

e Explain how can the toolkit be used to contribute to a further Environmental Social
and Governance development

¢ Add continuous feedback (validation) in the first 3 tools, as has been done in the 4th.

e Some phases seem too qualitative. Quantifications could give information to an
overall evaluation in the first three tools

e The introduction of a link/canvas between/with the final results achieved by all tools

e To include examples with pictures would be useful.

e A lot of resources and toolkits such as this often tend to overextend. Some of the tool
contents which do not directly relate to Circular Economy could be reduced.

e For the description of the business model in the toolkit, maybe more than a textbox
can be offered.

e Specific strategies or steps (especially in tools 1- Defining the project worksheet, 2-
Project planning worksheet, and 3 — Circular Design Mbox) not only for reflecting
about what the user has and could improve but also helping to act in a more specific
way.

e An additional document with examples of good practices related to strategies of the

Circular Economy could be helpful for users.

The final section available in the questionnaire was again an open field to include other

comments, suggestions and remarks not addressed in the above-mentioned sections.
In this section, only a few comments were identified and are related to:

e The need to stress that ’resources” is not only about efficiency/economy but also
about renewable resources, nature-based solutions,

e The length of the toolkit, with high demand for the designers, sometimes with
demands beyond the designer's responsibilities,

e Explore possibilities to find a less descriptive and a more interactive approach, as in

the last tool,
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e The need to explore further and more radical approaches detached from the
sustainable/ ecodesign and linear economy mindset,

e The importance of having the toolkit in Portuguese.

Final remarks and considerations

The perceptions and feedback collected in the course of the session were highly relevant to
the validation of the resources developed. From the discussion and analysis of the data
collected is clear that the toolkit is considered a relevant tool to support the Design practice
towards Sustainability and circularity and the suggestions received constitutes a set of quality

information to improve the toolkit promoting a better alignment with the needs of the target

group.

Group 2 — Evaluation by focus group — in-depth analysis

After the presentation in the workshop session, a beta version of all materials was distributed
to the experts for further analysis. With full access to the materials, a restrict group of experts
had the opportunity and willingness to collaborate and support the research by proving new

feedback to validate and improve rounding the vertices materials.

This restrict group was composed by 10 international experts with a wide experience and

knowledge in fields considered relevant, as presented in the table 5.

Table 5 — Focus group — composition

Expert Design Clirsmlern .
reference Country E—— Econgmy -a.nd Education Research
Sustainability
Expert 01 Portugal v v
Expert 02 Portugal v v v
Expert 03 Portugal v v
Expert 04 Brasil v v
Expert 05 Denmark v v v
Expert 06 Czech Republic v v
Expert 07 Austria v v v
Expert 08 Spain v v v v
Expert 09 Portugal v v v
Expert 10 Portugal v v v v
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To collect the feedback, a new questionnaire was distributed by the participants. This version
was based on the structure used in the workshop session. However new and more detailed
questions were included. The experts had the possibility to use the questionnaire or to give
their feedback through other means considered by them. From the 10 participants, 8 chose to
provide their feedback through the questionnaire. The remaining 2 chose to do a more in-
depth analysis and entered comments directly into the resources and held a meeting to present

their ideas.

Feedback to the Design and development model

All experts consider that the model is useful to structure the Design practice for the Circular
Economy and its structure developed within the 3 levels proposed, namely the strategic,
management and operational, are important to organize the Design project and define the

different approaches.
On what concerns the improvement of the model, the main ideas received were linked:

e To introduce in concept-prototype a "client perception or feedback analysis" to take
into account the market impact of the project,

e An initiating activity before even entering the model: The open (semi-structured)
brainstorming session. The model seems to be most suited when designers have an
idea of what to develop, what the potentials and challenges could be, etc. Some of
the elements that are included in the Design step on functionality and rethinking the
system should be considered much earlier — e.g. in the semi-structured brainstorming
session,

e There should be a step further to ensure ‘continuous improvement’ of the
design/product or service. In line with PDCA thinking, there should be a regular

checking of whether the Design is still appropriate or could be improved.

Feedback to the Rounding the Vertices concept

The Rounding the Vertices Concept is based on system optimization to support the transition

to a Circular Economy through Design as explained in section 6.3.1.
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The feedback received is positive regarding the concepts. The experts consider it relevant and
agree with the four dimensions and their relevance to promote the transition to a Circular

Economy in practice.

Regarding ideas of other levels that could be represented in the concept, a few ideas were

shared:

e Function level could be changed to Design or Design solution,
e Co-design and collaboration as an extra vertice, since collaboration is fundamental at
all levels to reach radical innovation and real transformation into circularity,

e C(Creativity and innovation.

One remark to the concept is that throughout the Design process, it has to be ensured that
‘resources’ cover not only their consumption/use but also negative effects such as emissions
to air and water, waste generation. At the same time, the focus should be on both resource
efficiency as well as the use of renewable resources and nature-based solutions, and it should

be adequately covered mainly in the M-box.

Feedback to the toolkit — e-book version

The overall evaluation was positive. As presented in Figure 88, on what concerns the
structure of the toolkit, their layout and content the evaluation was good or very good. The
topics that had a lower classification were length and usability, in which, one expert had
scored it as low. The remaining topics, such as language and adequacy had also a positive

evaluation.

Evaluation of the toolkit | e-book

P———— e ———————
8
6
4

0 o-0-0 @@ -0 0 0@ ..a-.. .!... .!‘... L a()a() o-0-0-@®

Structure Graphic design Content Lengh Usability Language Adequacy to design

profession
. ____________________________________________________________________

Figure 88 — Evaluation of the toolkit — ebook version
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Based on the analysis, the experts were invited to indicate the main areas of improving and

strengths of the e-book.

Main areas for improving identified:

Main

Length — A bit exhausting for the application of day-to-day projects for small and
medium-sized companies,

Knowledge needed to fill in some reflections,

Much of the material is based on the development of products. However, services as a
potential solution are also referred to. But the decision on product/services should be
taken early, maybe even in the brainstorming session,

The materials seem to mostly support the optimization of existing solutions. Not so
much real changes on a larger scale,

The structure, having theory and space for practice may impair usability.

strength identified:

Functional but complex,

The idea of having multidisciplinary teams,

Easy to apply in most projects; contribute to a business plan, establishment of
industrial symbiosis solutions, easy query and validation during the process,
Appealing graphic Design that takes you by the hand from A to Z,

Good overview of the process,

It shows the expertise of the author, and at the same time it uses simple language
understandable not only to professionals,

Clear structure and contents.

Regarding the improvement of the toolkit a few ideas were identified:

Reduction in length to improve the usability,

A how-to-do the reflections

Integration a possibility to reflect on products or services in an initial phase of the
process,

Include the possibility and features to compare the reference product or service with

the new solution developed.
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Feedback to the toolkit — Excel version

The excel version of the toolkit was also distributed for testing and validation.

In the evaluation of this version, the experts were asked to reflect on the adequacy of
these versions to practical applications, user-friendliness of the tools, the graphic layout
and length. As presented in figure 89, the overall evaluation is considered good, in the
four topics covered. The only negative evaluation was related to length however, in this
topic, most experts rated it as “good”. The topic with higher evaluation was the graphic
layout, despite the fact that the tools were developed in excel, which has several

limitations in this regard.

Evaluation of the toolkit - Excel versions

@ — o
6
4
2
0o ©® o o0 o o0 g () .g g
Adequacy of the Excel  User friendliness Graphic layout Lengh
versions to practical
application
O o

Figure 89 — Evaluation of the toolkit — excel version

The tools had a good evaluation with good usability. However, some comments and feedback
on how to improve it were received such as other software’s to use.. Examples are also
referred to as a feature to include on the tools in order to demonstrate to the user the filling-in
process. Examples and case studies n Sustainability and circularity can also be linked to the
tools in order to motivate and inspire the Design teams in applying the tools in their own

projects.
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Specific feedback and improvement ideas on each tool

To conclude the evaluation, the experts shared ideas, remarks and improvement options for
each tool. These ideas, as well as all the feedback received, are analysed and complied within

a table in order to systematize the update of the materials and their improvement.

Conclusions on the evaluation by experts

The evaluation of research results was carried out by consulting European experts with
recognized skills both in the areas of Design and in the fields of Sustainability, Circular
Economy, education and research. The option to use a focus group allowed to bring together
a set of experts that through online sessions for presentation and discussion of the results,
complemented by an in-depth analysis of the materials made available in a beta version,
allowed the validation of the results, and their relevance to the proposed objectives of
providing the Design teams with tools and methodologies to implement in practice the
transition to the Circular Economy. The feedback collected also allowed the integration of
ideas and suggestions for improvement that supported the increase in the quality and

adequacy of the materials developed.

7.4 Adaptations and improvement of the method and toolkit

As previously mentioned, the analysis and feedback from the experts provided a set of ideas
and suggestions for improvement, the identification of some errors and the indication of the
most relevant aspects of the materials developed. In order to systematize all the information
collected, a table was developed where all the feedback collected was analyzed and classified
in order to define a way of acting in the update of the materials according to the requirements
and needs of research development. In this way, the feedback was classified into short-term
aspects, indicating options that were implemented in the materials and medium-long-term
aspects, which constitute relevant options but, due to their complexity or lack of information,
are considered for a new version. Finally, errors identified by the specialist were immediately

corrected in the respective materials.

In this context, the materials presented in this work, are the improved version based on the

evaluation phase by the international group of experts.
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Conclusions and Future Research

The main objective of this research was to provide designers and professionals directly
involved with the development of products and services with knowledge and resources to
work towards Sustainability and a Circular Economy. The Design professionals should act in
a conscious and innovative way, promoting their practice and their legacy as efficient as
possible and with added value for the creation and development of a society that thrives today

and for future generations.

The evolution of society and the increase in the production and consumption of products to
satisfy the growing needs of users based on the consumption of natural resources, is taking
society to a breaking point that, if surpassed, will hardly have a return, jeopardizing the future

of society.

Since the mid-1970s, it has been realized that production and consumption patterns are
unsustainable and that a new approach is needed towards a more sustainable society with

more value for all stakeholders in the value chain.

In this context, and as seen from the research developed, the importance of Design in this
transition is undeniable. However, given the constant evolution of the needs of the various
players in the value chain of products and services, it is essential to train and equip Design
professionals with methodologies, tools and guidelines that enhance its activity giving rise to
more efficient and sustainable products that result in increased value for users, society,

business and Design professionals, among others.

The focus on the development of products and services with improvements in the
Sustainability profile and with fewer impacts is not new. In recent decades, designers and
other professionals have developed their activity aiming to achieve Sustainability through the
development process, aiming to increase efficiency and innovation, and exploring different
approaches, from cleaner production, ecodesign, Design for Sustainability, to the
development of product-service systems. However, although there are numerous good

examples, the results are far from being globalized and widely integrated into society.

Currently and globally, in response to growing pressures from economic and social crises,
scarcity of resources and increased pollution, among other aspects, the orientation towards
the Circular Economy, strongly promoted by governments, research centers, education and

training institutions, associations and many other stakeholders, asserts itself as a new way to
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achieve the Sustainability of society with the potential to increase prosperity, wealth and

well-being, reducing dependence and pressure on raw materials and energy.

The Circular Economy is seen as an approach with great potential for success and which is
being the subject of numerous research and development projects and initiatives, of practical
application in companies, public funding and education, and Design is one of the main agents
in the paradigm shift. The success is achievable through Design, through conscious and
effective actions, through a Design centered on the user and their real needs and through the
search for innovative solutions that allow the flow of resources, solutions in which products
can be used for longer with a reduction in the consumption of material resources and energy,

with the adoption of a systemic approach and new business models.

This research carried out in the last 5 years in line with the professional background of the
author with more than 20 years of experience in the area, is intended to respond to the
hypothesis initially defined as the backbone of the work developed and the 4 research
questions defined initially. The hypothesis “Design, through its specific methods and tools, is
an important factor for an effective transition to a Sustainable Circular Economy” was clearly
confirmed and validated by the work developed. The Design practice and the way designers
act in the transformation of the society by supplying solutions for the needs of users in terms
of products and services has been clear, and the translation of the new needs in terms of
Sustainability and Circularity that can only be attained by Design has been tested and
explored by the current work and its validation is confirmed by the results attained and the

feedback received from international experts.

The four questions initially defined set the tone for the development of the research and

defined the framework in terms of needs for the designers:

e How will Design support the transition from the linear economy to the new model of
Circular Economy?

e  Which tools can designers apply to support an effective Design practice for a
successful transition to a Circular Economy in the real world?

e How can designers overcome the barriers in the implementation of a Design practice
that effectively result in more sustainable products and services aligned with the
European policies for Circular Economy?

e How can the Design practice and the role of the Design professionals be promoted in

a Circular Economy context?
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To answer these questions the literature review was fundamental by analysing the state of the
art in different aspects related to Design, Sustainability and Circular Economy, but was also
important to understand the importance of the topic. The topic is being explored in such a
way, that is impossible to have a complete picture since, new publications, resources,

platforms, websites, events, are released frequently, almost on a daily basis.

Within the review, and in order to clarify how Circular Economy is being addressed and
perceived, an expert’s review was conducted. The surveys aimed to understand if a) Circular
Economy is considered the solution to attain Sustainability; b) which is the novelty that the
Circular Economy approach brings; ¢) which are the main drivers, motivations and barriers in
its implementation; d) how to overcome the current obstacles and promote the Design
practice towards innovative and sustainable solutions? and finally, e) lessons learnt from the
past. What and why the ecodesign, Design for Sustainability, and other Sustainability
approaches did not have the expected impact on society. The survey resulted in a good set of
data that were important in the development and orientation of the model and toolkit

developed within the research.

The users, their needs and expectations were also a focal point in the development of the
resources. For this purpose, another survey was carried out to assess the consumer's
perception of Sustainability in products. The survey included a sample of more than 100
individuals and explored their perceptions regarding the Sustainability and circularity

characteristics of products and the influence on their consumption choices.

The review carried out has been important in collecting and analyzing tools and methods that
are available to support the integration circularity in practice. This resulted in an extensive
collection of data regarding the structure, concepts, principles and strategies that are being
developed and implemented internationally in the field. The analysis resulted also in the
definition of a group of 10 main Design principles for a Circular Economy that were explored
in the research to support the integration of Circular Economy in the Design practice in a

more efficient and practical way.

These principles, complemented by a set of criteria were the background for the development
of' a new Design model for Circular Economy and the toolkit. The work developed based on
the analysis of emerging needs and opportunities resulted in the development of the
“Rounding the Vertices” concept. It can be translated as rounding corners of a square

transforming it into a circle, and which is based on improving the efficiency of the system by
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optimizing four priority axes/vertices. The economy vertice, the environment, society ones

and the increase and improvement of the function of the created products and services.

Based on the Rounding the Vertices Concept, an action model was developed defined by
three distinct layers that are interconnected resulting in a holistic approach. This comprises 1)
a layer related to the development of the business, integrating the needs to create wealth and
value in the strategy 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 customers/users,

and 3) an operational layer, linked to the practical development of the Design project.

This model is operationalized through a toolkit that was also developed and validated by an
international group of research experts. This Design toolkit for the Circular Design includes a
set of practical tools, aligned with the Design process and which is also a didactic tool to
support designers in the Design project and the identification and development of innovative

and circular solutions.

The Rounding the Vertices — Toolkit for Circular Design was developed for use in
accordance with the Design process in order to guide the project and assist project teams in
defining and planning the project, in identifying improvement spaces and identifying ideas to
develop new solutions. It also helps in the validation and demonstration of the circularity
performance, both of the Design processes carried out and the project results. This resource is
composed of four tools that complement each other, namely the Project definition worksheet,
the Project planning worksheet, the Circular Design Mbox and the Circularity Assessment

Tool.

The work developed within the scope of this investigation was validated by a group of
international experts who, through workshops and exploration of materials, had the
opportunity to evaluate and test the resources developed. The materials resulting from this
project constitute a tool to support the practice, which guides the Design process and the
integration of strategies and principles of Sustainability and circularity in the development of
new solutions, as well as the training of designers and other professionals through the

didactic contents that complement the tools.

To conclude, it was possible to show, through the evaluation of the model and toolkit that
design can support an effective transition to a sustainable circular economy through its

specific methods and tools. This is supported by the several resources developed and made
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available to designers and companies and the set of papers that were developed and published

during the research:

e TRANSition to circular and sustainable economy through design — Presented at
DDC’18 Transgression — 5Th Design Doctoral Conference, IADE 2018 — Portugal
(Camocho et al. 2018) (Annex 17)

e Circular Economy — Tools for designers — Presented at DDC’19: Transformation —
6Th Design Doctoral, IADE 2019 — Portugal (Camocho et al. 2019d) (Annex 18)

e Circular and sustainable products. From theory into practice — Presented at 19th
European Roundtable for Sustainable Consumption and Production, 209, Barcelona,
Spain (Camocho et al. 2019a) (Annex 19)

e Meeting the Circular Economy Agenda: Supporting Tools for a New Strategic
Design Practice — Published in the Convergences — Journal of Research and Arts
Education, 2019 (Camocho et al. 2019b) (Annex 20)

e The Common-Sense Assessment of Sustainability — Presented at AHFE 2019,
International Conference on Social and Occupational Ergonomics. Washington D.C.,
USA (Camocho et al. 2019¢) (Annex 21)

e Circular and Sustainable Design: a systemic design model for the transition to a
circular and sustainable economy — Published ant Discern: International Journal of
Design for Social Change, Sustainable Innovation and Entrepreneurship, 2020

(Camocho et al. 2020) (Annex 22)
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Further research and activities

The work developed and results achieved, raised numerous questions and allowed the
identification of new research opportunities but the issue constitute a baseline to continue the

development of the Design practice towards a more Sustainable and Circular society.

As further research opportunities to be explored in the future, the following activities were

identified:

e Database of circular and sustainable national products. The structure and testing
of a reliable and relevant database for identification of national products were defined
within the project, however, there are opportunities and the need to further develop it,
identify examples and made them available in a new platform accessible to all, to be
used as a source of examples, bests practices and an inspiring tool for designers and
companies.

¢ Further development of the tools. Within the Thesis, the aim was to develop new
tools to support designers in their daily practice. The tools that results were tested and
validated and their relevance is clear, however, for wider and more effective use, the
programming of the tools in a more user-friendly platform is an added value that
should be explored, as well as an wider exploration of the services component in these
resources.

e Data base of examples. Aligned with the previous idea, based on the application of
the tools by designers and companies, a database to collect and share the examples
resulting from the application of the Rounding the vertices methodology should be
developed.

e Circular Design website. Currently, there are several resource centres and platforms
with relevant information available. The creation of a website with information on
Design for a Circular Economy with resources available and specific for designers can
be an added value.

e Radical Design for circularity. The methodology and tools developed aim to the
creation of new solutions of products and services, however, aiming to radical
solutions and completely out-of-the-box solutions, the improvement of the

methodology and approach is seen as the next step for research.
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List of annex files illustrated. The full versions of the in annex.
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Annex 2 — Questionnaire Designers Practice

Faculdads de Dasign.
mln" E Tecnologia e I:munh::u;.in

Lirbssrsiciades Furopesis

Questionario para Designers — Guido entrevista

OBJETIVO DO QUESTIONARIO

Este guestiondrio faz parie da investigacss no Gmbito de uma Tese de Douloramento &m
Dy, &im desermvabvirmenta nd JADE - Universidade Europeia @ Dém como objelvg reumr
infommagdo gue perrmita identificar a pratica, motivagbes & barreiras do design sustentivel,
ecobbgico, drcular, elc atraves da analise da peroscio e da experiéncia dos designers e
responiveis pelo desemvolvimento de produlos de produgio industrial criados e
produfidos em Port wgal.

Esta imvestigagia devera penmilic & identificacio de neceisidades @ requisited para o
desemohimento e colocaco no mendsds de produlos desermeolvidos aom dbérios de
sustentabilidade & de economia driular e suportar o deservolvimento de metadologiag,
lerramentas ou guidsines para 0 apoio 4 pratica do design em Portugal.

CONFIDEN CTALIDADE

Todas as informagies prestadas no dmbilo desie quedionanio serdo utiiradas Gnica e
exclusivarnente para fins académicos e serdo Tratadas de lorma conlidendal

Todos os dados recolhidos serfo usados & apresentados de loma agregada, ndo sendo
pogsivel reconhecer efou identificar os individucs ou empresas que panicipam reste estudo.

Autonzacks para regisio de entreveta:  5im [0 NEo B Ase
A QUEM SE DESTINA O QUESTIONARID

O questionano desting-e & designers & nspordaveis pelo dewsnvoldmento de produtos de
produgio industrial

PREENCHIMENTO DO QUESTIONARIO

Meste guestiondno, n3o hi respostas ceras ou erradas. O importante & avaliar 3 peroscio &
experitncia no desermolvimento de produtos.

Cibrigado pela wa colaboragho.
Para quakguer questio ou swugestBo, contacte alraves do email gayidcamachompmailcom
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Annex 3a — Questionnaire international experts Survey — Paper version

Facubdade de Dasign,
mlnf E Tecnologia & I:ununh:al;.in

Iy iciacs Buropssis

International experts review - Survey

Purpose of the survey

This guasticnnairs is part of & resesroh projectwithin the scope of 8 Doctoral Thesis in DesiEn under
development at WDE - ELropean University in Portugal and aims to collect the views and perceptions
of & group nfintanuﬁ-:lmlz:dpuﬁ on the fizlds of droular Econcmy, s-.lrtnina.:ili't'r' amd dc:iEn.

Thie collected information will allow the identification of an internaticnal overview of the practice,
motiwations and barriers in the transition to orcular economy theoush design, and will supoort the
research and development of methods, tools and Suidelines to promote an improved design
oractios.

Consent to process personal data

By aEr=eing to particdpate in this suraey yOoU Sive your consent to have your nelevant personal gt
codiscted and processed Dy the authors for the purpose of the oarent PRD research FrDjEI:I‘.

Wour answers to this sureey, including any personal duts collected, will be treated and presented in
mpErerated form and it will not be possible to recognrize and/for identity the anmeers and opinions
sapressad in the guastonnsine.

Far whom the questionnaire is intended

The guestionnaire is inbenced for international experts in the fisld of Cirouler sconomy,
sustainability and cesign.

Filling in the guestionnaire
in this guestionnaire, there are no right or wrong answers. The importanoe is to identify and =xolone
ihe :|:n::|:||:i|:v|1: amd ::-:Fzrizm:ﬁ related to the ciroular econoemy, s-.lmina.:ili't'r' and uu'En.

rt will take wou arcund 10 minutes to complete the sureey.

Thiank you in sdvance for your cocperation!

Furm,-qu:stium or :l.|55:'.1:iu|1:. please contact wit email o m-'id.m'nn-:hu@gnuil.mm
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Annex 3b — Questionnaire international experts Survey — Online

@ Transition to Circular and Sustanable Economy through Design | ANNEX

Fecstede Doy
Al e epe s b

Transition to circular and sustainable

economy throuah desian

International experts review - Survey

This queItonnars S Dart of & 'esew PICLcT sl T SC00
Design under developrment 3t IADE - Ewropean Unirersty In Portagal and 3ms 1o collect the
views and perceptions of » group of Ptermatcoral saperts on e Felds of arouls sconory

austainabilzy ard desig

The colected infomation will slew he identifcalion o &

prACKe, motvations and Darmers N e FaNTton I Credlar SOy Wik

wWill support the resasreh sd desalopment oF MeEMods tTocks o

improved deag prattics

Filling In the questionnare
¥ M wd L " < Ja e - -
v ' '
e ) '
CoNsen 10 process persona data
Wy agrea g O ety . on
1
"
"
Poichmade b lwinge . -
m n Vo mabinghs ¢ Corrn oy e David joac Geraldes Camocho | 2022
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Annex 4 — Products database_structure and examples

Ecotiles Revigres

- Saturno

- Ecompact

- Ecotech

- Ecompact Estruturado

Reviconfort

Gama ce paviementos eco

Favimento desmontavel
reutifzavel e splicado zem
colas

Roupa Sustentsvels

Garrafa PET rautilizavel
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Annex 5a — Questionnaire consumers perceptions — Online version

Transition to Circular and Sustainable Economy through Design | ANNEX

Questionario PhD - Percecao dos
consumidores sobre aspetos de
Sustentabilidade nos produtos

Este questionano faz paria da mvestigacio no dmbito de ura Tese da Doutoramento am
Design em deserwalvimento no IADE - Uriversidade ELrapsia & tem como abjetvo rearir
informagdo que permita estudsr a percegiio dos consumidores sobre o perfil de
sustertabilidads dos produsas colocados no marcado ¢ @ comunicasdo vaioudada pelos
procusores/verdedaores

Enta srwveshgagdo devera permatir 3 idenbficagho dos bereficios e requsios para uma
comuneacio aficaz do peefil de sustantsbilidnda e como 06 produtos deservalvidas com
criténics de sustentalilidacs & Ge eCONOmia Greudar devem sar COMUNCados 4 COocados
No Mercedo

Todas as néfarmagbas prestadas no dmidito desta questionEno serdo wilzadss dnicae
exclustvamente para fins academicos e serdc tratadas de forma cordidencial.

Todos os dados recolvdos serdo usados spenas para fins estatistioos @ apresantadas de
forma agregada, ndo sendo possivel recorhecer efou sdentficar 03 ndhvidues ou empresas
que particpam neste estudo

O quastionario deve sar preanchido por NG VELOS/ CONSUMINOIRS &M Qaral, COm & S8,
conhacimentos @ NEItes de CONsumd Mals Susienires

PREENCHINENTO DO QUESTIONARI)
Nesie guestiondrio, ndo ba respostas certas ou erradas. O mportants ¢ avalar a percecio e
exgerndnca indviual.

Este questionano fol concabido para ser preenchide de forma simples @ breve. O seu
preenchimento deversd demorar cerca de S minuios.

Obrigado paa €ua cofaborsch
Quakyesr QUestEa, conacte alrasds 00 sl david camedhnagmal com

A david.camosho@gmail.com (not shared) Switch account [

o Gormiaybe David Jodo Geraides Camocho | 2022

L e (s
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Annex 5b — Questionnaire consumers perceptions — Paper version

” Universidade
o R

QUESTIONARIO
CRRETIVG D0 GUIESTIONARID

Eté quistiondric far pare du sestigaio mo St de uma Tess o8 Dounorsmana am Desigen, &m dessrvwobdments no TADE = Linksrs-
disde ELTOPalS & 180 OO0 Sibjrlve reune infomeeg b qus pemaiis esiuder & perosglo dos corgumidorss sobng o perlll de sumentabilidsde
dog produies coboesdof B MEPcldo & § Commiceilo viculids palos. produtonesvendedores.

Etn ifrwidga B Girvirh pameitic @ adentificeg o oo beneficon & neguisnos pans ums cominicecla eficoaz 4o perfil e susteriabildade &
O i prosdobod disereohddos com dignod de susientsblidade & 08 Soonomill Sroular S Sa Comimioed 08 & Cobiid s P Misncido.

COOMFIDENCIALIDADE
Tisdes &5 informagies prestedes no bmbis Seste questiondna serlo Utizedes Onice & Eschaivaments pans 1S cad@micos & senko -
i i Ao T confidencial.
Todos ok dados rhcolbidos serlo usidos SDENED pars fing estatirticos & spresentados S Toma sgregads, mla sendo postivl reconhsoer
B0 idenTiTicar o8 InSidUos ol EMPIEEEE Gk DEFTICIDEM neste estudo.

A QUEM SE DESTINA O QUESTIOMARID
O zpos Tl v S8 PbEnced o pof indkddu s fenraumbionss e genal 2o & Sem conhicimenios & hibiod i cordiims msls fEtenies.

PREEMCHIMENTD DO QUESTIOMARID
1. Meste questionde®o, ik hl PEpodts certes ou armbdes. O imponsnts & svalar & peroeclio & esparncis individusl
20 guestiondnio eml SINAUneds &m 5 secpies
Sacplo 1 = Dados gereis sobre o irquinda
Sacgho 2 = Conhbdmenmos gerss
Sscclo 3 = Hibitos de cordumnod & infAuemda G rotuligen smbbemmisl
Sacplo 4 = Peroigho do perfil de siterabildede dog prosmss
Sacgho § = Dbservebis & aoompanhamans 4o projels
3. Eshé QusThondred ol concebido Bars ser [Peenchido di lorma siepies & brive. O sl prenchinnsnio Sevenh desorsr csrca de 10 mieiies.

Dbrigeds pelb sus oolaboraglo.
Casbzyosr opoerilio, conbichs srives S0 sl dedd cemockiig msll oo

01 e
00 Sewe Masculng[ | Femining] |
U Haisiitaghes Rerdnes
hfercra12®enc| ] 12%ana| | Licendanom | | Mesirado cu superior[ | Oumre | ]
- Athvddads peofusionst

O Drdique o seu nivel de conbeciments nis seguinbes bres:

1 F L] 4 5
gty g Y4 i O v Y
Design L L - [ —
Sustentasilidade ) —
Ecanomdn decular ) C e

- 255 -




Annex 6 — Rounding the Vertices Strategies review

[

Design with s lifz cycle perspective

Indiroctimpact

Haimpast

- Corrider alllifs cyclu pharer
- Arclivs theimp-asiein sach phoare]
- avaidthe tranferance afimpasts
Far athor pharer

- Condust LCArtudiar

N

Design the function/Rethink the system

~Guecrtian the Fanctian
Dovelop neu conzoptr

- Altornative valus praparition

- enouats an the wagr kaFulfil e

Fun stimnr andthe nesds

L]

Design with Synergies and co-creation

“Gollsbarate
- Synaraior

sian,

B

Design durable products.

- Quality ot matorials

-Reparat!

- Uparadabilits
- Mainenanze
- hoar rasirkant d

an rolutians

- Sime!

o

Design with Sustainable materials and energy

-Lowimpact matarialr
- Lowembodiod enrar makariale

- Rencuable mater

- et man
-Fenouable snerar

(]

Design Product-service systems

- Cart affo chive materialr
et A
norr madel

=~

Design for an Efficient and sustainable production

-Feduce canumprion of
aterialr and sneray
- M dularit

- Bort awaliable tohenicr

- Shandartizavion

Design for optimal use

“Feduce cansumabler
- Sinplicivy

- lnlurive desian

w

Design for Recirculation and zero waste

Ferure
-Focyele

- Remanufasture

10

Design Circular Business models

Influsnzo of th rtrateayar in the Faur axir

3

GAP report21

KATCH e

Sinndesign

CIRCit
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Annex 7 — Design process approaches review

\ |
. Transition o Circular and Sustainable Economy through Design | ANNEX

STRUCTURE OF THE DESIGN PROCESS AND APPROACH

Source Phase Desciption
Design Council Challenge The starting point for the Design process.
= The first diamond helps people understand, rather than simply assume, what the

Discover problem is. It involves speaking to and spending time with people who are affected by
the issues.

Defi The insight gathered from the discovery phase can help you to define the challenge

efine differently.

The second diamond encourages people to give different answers to the dearly defined

De velop preblem, seeking inspiration from elsewhere and co-designing with a range of different
people.

Deli Delivery involves testing out different solutions at a small scale, rejecting those that will

eliver not work and improving the ones that will
Outcome Result of the Design process
Riverdale & IDEO Discover Understand the challenge; Prepare Research; Gather inspiration

Interpretation Tell stories; Search for meaning;Frame opportunities

Ideation Generate |deas; Refine ideas

Experimentation Make prototipes; Get feedback

Evolution Track learnings; Move forward

|
E ! tl‘lﬁ?ﬂn_lﬂdﬂ David Jodo Geraldes Camochao | 2022
[ie———r—_
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Annex 8 — Rounding the Vertices Toolkit — e-book version
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Annex 9 — Tool 1_Defining the project_excel version

A D E F G
2
3
4
5 Defining the project worksheet
6
‘ ‘ The tool is ffocused on supporting the initiation of the
‘ project and the definition of what needs to be done.
e NAaAS - _
‘ Y & ‘ ‘ The goal in this phase is to systematize the process of the
‘ “ ‘ initial information, based on the strategic approach led by
the business, and make sure that the development team
» » - & 4 always gets the information needed and guidance for the
% “. ‘ b project development.
- * > S
£ The result of the tool is a systematized definition of the
F'Y & EY strategy, goals and characteristics for the circular design
> project structured to improve the efficiency of the
> » * solutions according to the Function, Resources, Economy
= and Social levels.
8
9

Annex 10 — Tool 2_project planning_Excel version

A B & D E F
2 L
: \_
bl ROUNDING §d
4 LA «VERTICES B4
5 Project planning worksheet
6

CoMHUNIGATIo0

TEN!WOlK 1‘& The project Planning worksheet helps the team in defining
the work to be done and creates the roadmap and
structure to follow within the project to meet the
objectives defined previously.

The tool organizes the project through the identification
of the activities to be held, the resources needed and the
duration of the task within the project.

EXECUTE ConTReL

DEVELOPMENT
- QuALTY PLANNIN G ORGANIZE
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Annex 11 — Tool 3_Circular Design MBox_Excel version

H J K L M N [¢] 4 Q

W Circular design morphological box

o e w

The circular design morshological box combines the concept of the
morphological box tool, widely used by designers in the identification of design
solutions, with the 10 design principles for circularity and sustainability.

In the design practice towards circular economy and sustainability, with the
objective of creating innovative solutions for products and services, the design
team can apply a set of principles that support and systematize the process.

Dosign for
el
developed based on a research process in which several methodologies, tools . Daghl

The 10 principles that compose the Rounding the vertices approach were
and different approaches were anzlysed

These principles were developed for designers, are project-oriented and through
their analysis and implementation, the design teams can, in a holist approach,
identify design opportunities that result in more circular and sustainable Design
solutions

circular
business
models

With the support of the tool, design teams can implement the design principles
in ized approach, leading to i i circular solutions for
product and service development.

12 David Camocho | Transition to circular and sustainable economy through design | 1ADE - 2021 B e |
13

Annex 12 — Tool 4 Assessent Excel version

A B C D E F G H |
f oy
; @ Qualitative assessment of the circular approach in design project
b
3 2 3 4
Yes briefly Yes, some Yes, all life
stages cycle stages
considered considered
3
Did the project and development team had a life
cycle perspective in the analisys of the design
problem and in the development of the solutions?
7
Please explain how the Life cycle perspective was integrated in
the project management and development
;
]
0 Why is life a Life cycle perspective important? Having a life cycle perspective is fundamental for any project with a
1 sustainability focus. By analyzing all stages of the life cycle, from the
2 extraction and processing of materials, through the production,
3 distribution, use and end-of-life, the design team can identify the problems
4 in each phase and identify opportunities to improve the environmental
5 profile of the product or service.
6 The LC perspective avoids also the transference of impacts from one stage
7 to another and allows a holistic perception of the consequences and
8 impacts.
g David Camocho | Transition to circular and sustainable economy through design | IADE - 2021
LCA Function Synergies | Durability ‘ Materials | PSS | Production ‘ Use | Business Model Recirculation Results O]
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Annex 13 — Assessment Criteria definition

Within the develpment of the toolkit for circular design, the approach was strucured in four main areas or dimensions. The
Funcitonaly dimention of the product or service addressed, the efficiency of the resources used in terms of materials and
energy, the impact of the social aspects of the product or service system, and the economy factors related to the project.

In the design for circularity approach and model developed, 10 main principles that must be considered in the project
development were defined and their adoption will have direct or indirect impact in the four dimensions. These values will be
used to develop an assessment tool that will measure the performance of the project and will give the indication of how much
the design team were able to improve their design process towards circularity and sustainability.

Thank you for your collaboration!

Dimensions for circular design

The project should put into question

the current solutions and rethink the

system focusing on the function.

Through a function approach, the design team has more levels of freedom to
innovate and attain higher circularity and sustainability

performance and can lead to out-ofthe-box solutions.

Function

The resources need to fulfil the function should

be optimized. The optimization and the efficiency of the consumption of materials,
energy and water in the product or service systems has the potential of improve the
circularity and sustainability aspects of the systems.

Resources

Design for a better society should be also the motto for the design project.

The creation and promotion of welfare, safety,

good working conditions are na added value for the society that can be achieve
through design

Society

The aim is to optimize the the economic aspects related to the system creating a
Econo m\’.' sustainable value and wealth for all actors in the value chain through the design
approach and measures adopted in the project

David Camocho | Transition to circular and sustainable economy through design | IADE - 2021
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Annex 14 — Questionnaire Validation _pre test DRIW

Transttion to Circular and Sustainable Economy through Design | ANNEX

' "'! Rounding the vertices b 5
@ " ConceT - -

L

Part O1- Rounding the vertices - Toolkit
for circular design - DRIW 21 - Workshop

Tha Reunding the Virtices teolkt, devalopad within the “Traraition to ciroalar and
sustainabke eccromy $wough design” FHhD research project aims to narow the gap between
what 5 being developed In research and developmen projects and what |5 actualy applied
in the design practice » the dewdicpment of orcudar and sustanable products and servces.

Tha project is being davaloped with the supanviaion of Dr Ana Marganda Ferreifa from IADE -
anamarmanda ferrinSunyersl dadesronaia ok and co-suparvised by Dr José Vicersa from
U - [eranvicentem@amad com

The “Rourding the vertices - design for a crodar econormy” 15 2 design method that
supports the practce and negrates the project dewelopment perspective, the mansgement
of Me design project and the parapactive of ™ butiness. TMe method was developad 1o
implement these considerations in the early phases of e progact with high innovation
potential Tha toclkit is composed of a set of tooks that suppoert the design practice

The following questions 2am to colect feecback o Improve its results and algn them with
the needs of the designers and product developers

c ng the p on of indwviduale about the processing of personal data, the
information provided will be procasesd only Tor acientific resagrch purposes, &d in an
agoregate way, thus guarantesing the maat Compiete anormmity.

if you have a7y doubts or Guestions about s survey, please et ws know.
dawid camocho@gmalicom

W thank you v advance for your attention and input!

A dwvid.camechogigmaileom (not shared) Switch scooun

G Fage 103

David fodo Geraldes Camocho | 2022
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Annex 15 — Questionnaire experts review WS Perceptions- Online

Transition to Circular and Sustainable Economy through Design | ANNEX

Rounding the vertices — Toolkit for
circular design - Workshop | Perceptions

The followieg questions aim 10 collect feadback and the iniflal perceptions from the tociit
precentad in e workshop

Canceming the protection of individuals sbout e precessing of personal data, the
Informaticn provided wil be processad only for scientific research parposes, and in an

sggregate way. e g teeng the most compleds anomymity.
AL davidcamocheidgmail.com (0t sharad) Switch account )
Nowxt R =———c SR ofs Cloar form

vy SUBMIt DESSATIS W ing Googie Foms
Thes Comant & e Criaad fes' en02(5e0 ty CooJk BEOrt Abui - Temm of Serviy - Ponacy Polcy

Google Forms

Un] |, et David jodo Geraidez Camocho | 2022

U ot Lo o
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Annex 16 — Questionnaire experts review — Online

Transition to Circular and Sustainable Economy through Design | ANNEX

Rounding the vertices - Toolkit for
circular design - Expert validation

Tha Jirg tha ook, s piin the “Tranabion fo oircul e emd

musiainghbs mocnomy Famugh esign’ Ph reesanch project sins fa ranow fhegap bebeeen
wiesl b bedrg developes] bnirssessch arel deveslopment paojeci s andd wiet bs schus iy sppiied
i iie design prectiog bs tha devwel agreend o oincu ke sfad sarsbainaiia producss and sendaces

The progect mheing e 1 e i Gr r Marg Fro 1A -
280 oy ervepfusesrdedesunnels pf end corsapersisel by [ Josd Wigenns from
LB - g g et RgTel oo

Thea “Feowiflire] Tl vEATRORS - dGSEQN 187 CHCUNST SCONCITY IS @ RSI0N mahad Thilt Ssuppans
fhe peactica snd integradas tha project par tha gamani af tha
degaga progact and e pempeciiee of the bysness. The meshad was develspad

il v thasa oo kgt ioesg b tha sarly e o Tha prosgact with high ieceation
poberiol T tocbdl by comniporssd of o sof of ool s thal SUppoim e focdgn Diectiee.

Than - frd krwing quimsiicres gim tn wabrkste and oo lect faechact froma selacisd group of
AP 1 Th Tl O O g, RN iy Sl SSrCu GF GCONTeY DO INTie s resuls
g T AT v P T L i i S el el o e b
= w the ol ks then pr gl dutm, the

will b | only e et eniific: imararch purpomes andin an
AfEegeie we, Hhs Qesaseing the mos omplee groeymiy

¥ paruhese ary doubis or guesiiona sbout this auroey, pleses ek ua ke
idawid camocho ol com

B dowid camacho@gmail cam inol shared) Swiich accoun

O —— g

David Jodio Geraldes Camocho | 2022
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Annex 17 — Paper_ TRANSItion to circular and sustainable economy

through design

TRAASHCn 1= Clrcsb ans Suriainde Cevaa g through Dmigs

TRANSition to circular and sustainable
economy through design

ABSTRACT

m:WHWEMMMUMHWMMnWEEWMMH
qummammmm mmmr,-ﬂ'rmﬁ'ldup
l:urrzn ll:l'I:I.H'EDII'H:I'I'I'r' is mmnarqummmuapmm Tor our
I this transition towsnds (E, numerous resesrch projects and activities heve and are being developed at distinct
Inr:l:dml:i:tlllmtn'ml'n:u crudal role, however, there are still several mitations and Sarmers in ks i
'mmhmmmmpﬂnmwﬂ:mmemmmemw
the CE principies and ciberia in practice in & imple and =fficent way.
mmmmmmmmwﬂmwmuwjuuwmhrﬂm
daﬂdﬂduﬂmfﬂrhtq;n demﬂ.: aﬂlfm’ﬂzsunﬂ:lll HnnnEmWﬂEMﬁm o the CE,

umuhmlwmmwwwWMuwwwm

m:ﬁm.m@lm dewﬁuhEmﬁl.ﬂsﬁrﬁtf
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Annex 18 — Paper_ Circular economy — Tools for designers

Circular economy - Tools for designers

A JADE, Universidade E‘umpia:. Lizbom, Porfugal
UNTDCOM TADE, Lishon, Portugal
Laboratiris Nacional de Energia ¢ geologia, Lisbon, Portugal
david.camechefgmail.com

EUNTDOOM /A DE Lisbon, Portugal
Jmanyicentei@gmailcom
JADE, Undversidade Exropeia, Lishon, Porfugal

UNTDOOM S TADE Eishon, Parfugal
ara.margarida. ferreira @universddadecuropeia. pt

ABSTRACT

The circular economy is seen as a new concept and a new way of responding to the needs
of society in a more sustainable and efficient way. The transition from the traditional
limear model to a mare innavative and dreular approach in the development of the
economy implies the design of new products, services, and systems, supported, in most
cases, by the re-thinking and creation of inoovative business models.

To achieve a successful and wide implementation, the concept must be accepted and
applied in practice by businesses along the whole value chain and meet the current and
future needs of consumers through design.

Several methods, principles, practices, tools, training initiatives, and many resources
are being developed globally, hat there is still a large gap between what is available to
companies and designers, and what is applied in practice on prodect and service
development.

This paper, aligned with a Ph.I). research project focused in the promotion of Circalar
Economy throngh design, explores resnlts of an in-deep review of main circular
economy toals available that can be nsed by designers to systematize and goide their
development process. The analysis will he a hasis for the futnre development of a toolkit

oricated to the practical implementation of the drcular economy in the design.
[Camacho, Ferreira, & Vicente, 2018)

Keywaords: Circular Economy, Teals, Design Practices and Principles, Inoovatian,
Sustainability

INTRODUCTION

The Circular economy approach to the development of the society is seen as a potential
salution to attain a sustainable future by increasing prosperity while reducing the
critical dependence on primary materials and energy (Ellen MacArthor Foundation,
#015). In the past, during many decades, designers and other professionals have been
working to achieve sustainahbility in the development process, aiming to increase the
efficiency and inoovation exploring several approaches, from cleaner prodaction, eco-
design, design for sustainahility through product services systems, howewer, despite
several good examples, mainly linked to niche markets, the results were far from been
glohalized and integrated widely in the soriety. Nowadays, Circular Economy claims to
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Annex 19 — Paper_ Circular and sustainable products. From theory into

practice.

i of i 1000 E Forulialey b by (i e EREF SR
ol oy Sunderabalty Sowree o Teodmoigsy, Unfverolel Poldoraes ce Celsurye, Saosiow, 15218 Coloper 070

Circolar and sustainable produocis. From theory mio practice.

David Camechol, Jozé Vicentel, Aza Marsarids Ferreirad

LG, Lvermisaly feropeis, dv. L Canlon © 4 120044 Lrbea, dovid camochog gl com {CNGDCTRETADE -
o dir ead L A I Corkar 8 4§ PS03 Lindon, “Laborasinio Sackmad e
Enargio s Caciega, 1F, Kawady db Fagn do Lo, T3, 1849035 Fishoa,
NSO TRATAL - it e g i i, Aw 03 Caplend, 4, 0 6049 Livdog, pearviconii gl com

VAR, Limbarridte Baepaia, Avw. £ Cardun [ 40 0049 Lishoa, ana margorida, ferrains i i NIRRT
- Uitk i v gac o iow Darign & Comsmulcachia v U Carisa ] 4, TN [idhea,

Absiract

Cirpalar scomonTy s seem 35 a0 ionovative path with the potential o achiewe 2 more sesainsble socety. In this
taing devaloped all over the werld. Hoownver, wa 521l ke a long road aboad in ranslating the theory and rewsarch
odputs into practics. For wcampls, in the recenthy bmnched repost “The ccelarity Gep report” published by
Circelar econcesy in Jamery 2019, owr secisty is caly 9% cirmular and the tead & still segtive, S ciroalariny
= §s pot cdlring and the upaerd trend in msorcs: exraction and mreenhouss s amissions kas contimed in the
past 17 months {Circls scononry, 3019

In the circular approach o prodect and service Saslopmant, whick entails findaments] chamas n production and
comEmeption Do, whane #f 5 necessary to po beyond memroe affidency and reccling (Firopean
Emironmest Agency, 2017), #'s clear the mportance of desim as an miogating agent in the process. Decign
peniisidonals, trough a medesigned approach fo the design practios, appéying efficient tools and copyrabancng
Lo cycle methods, have the challenge axd the potential to temsfrm products, sercioss, and besness modals
The work presarted o the comen: papar is part of a nesserch project {Camocho, Famsire, & Vicsote, 2018) which
aims o wupport the tramsition o circuler and mstaizatds econonTy through design whore the aethers will saplo
i crent practios, methods, tools and commestcation slements applisd in the development and plhcemant in S
momiet of prodncts chimring to be sstinable and'or crcalr. The pilot shdy presented i &0 paper aies o
dameastrai amd validat the procedsrs fior the amlbyuis of the peoce that mnderian: a representrne. wmpls of
Portugness products. The mseanch aims to idarsify which 2os the real needs, drvers and bamian fced by desigmans
and produoct dexlopan in the crolyr doden and developoent process. The pesults of the work will mmdarpin a
bolistic approach, sparking aitical duniong and spporing @ more eficent design practics for & croular

Erywords: Dezign, Cicelar Econonry, Life Cycle Assouumant, Sustaizaible Prodacts, Snetinahilsny
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! TADE, Universidade Furopeia, Av. D. Carlos T, 4, 12300-649 Lishon, Porugal
david. camocho@gmai 1. com,
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Av. DL Cados T, 4, [200-649 Lishon, Porugal
Jjmanvicente@gmail . com
* Lahoratério Macional de Energia ¢ Geologia, LP.,
Eatrada do Pago do Lumiar 22, 16494038 Lishon, Porgal

Abstract. Products claiming sustainability benefits have been spreading all
over the world in response, manly, to the consumer’s behavior change towards a
healthier and more sustainahle way of life.

However, what guarsniee do consumers have dat the products they are
consuming are in fact more sustainable? Apan from centified products, the
consumer belieyes in a common-sense sssesament of sustainahility supponsd in
pant by self-declarations and allegatons from designers, producers, and remilers
focusing only in few aspects of the life cycle, and in some cases, misleading
consumers through greenwashing approaches.

This paperis part of a Ph.D. research aiming to support a transition to ciroular
copnomy and sustainabiity through design. The authors explone in this anticle
the consumer perceptions of sustainahility in products and  commmwm ication
strategies adopted. The mesults will support the development of guidelines to
promecte a mare effective design practice for the development of sustinahle and

cincular economy-hased products.

Keywords: Design - Circular economy - Consumer perception -
Comman-sense assessment - Sustinability assessment - Sustainability

1 Introduction

The paper presents the research under development which aims to help the transition o
a more sustsimable and circular economy through design. The authors believe that
design practice has a crucial role in defining the chamcoteristic of the pmoducts and
services that fulfill the needs of society. Also, that their impacts o the hfe cvcle ane
defined in the design and development phase. In order o promote design and the
practice of design, it is mmportant © understand how eco and sustmmable products and
services ane developal and placed on the markd . how they communicate o users their

i Springer Nature Switperland AG 2020
R.H. M. Goodsens and A Murata (Eds.: AHFE 2019, ATSC 970 pp. 114-125, 2020,
Tvvipes oo oargy L0 L O TR-3-0C0-2001 45-6_11
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Abstract

Sucoessful and innovative design practices towards the development of mone circular and susteinable
products and services that are alisned with the current and future ne=ds of cur society rely on efficient
practices that combine thres main levels in the design and development procass. The desisn management
level which is responsible for estaolishing, planning and managing the development of desizn projects. The
business level, which is focussd on the reu.':ibl'il:lll snd affectivanass of the urujzct mnd its results in the short
snd kong term. Lastly, the ﬂL':u'E;n l=vel that is rup-unﬂ'ulz flor the irnplemzntu‘h'm and deyvelooment of
circular desisn projects. This paper is part of 8 FhD ressarch focused on supporting &n innovative and
efficiant transition to & circular economy and sustainability throush desizn. it describes the basis of 8 design
madel under develogpment based on the design thinking process and an expert's survey carmied at an
international level and the research activities undertaken. 1t integrates the three levels in 8 systemic
perspective, puiding the process snd sstablishing the link between the needs of the design and
developmient teams interms of the definition of drcularity snd sustainability consigergtions and strategies,
objectives and the sctivities, rescurces snd practical tools needed to support the drculsr desizn projects.

Keywords: Design, Circulsr econamy, Sustainability, Design systemic model

Introduction

To achisve n.m:uinubiftlll smd the transition to s Oroular Economy [CEl_.'I'EﬂEEdtG shift to & mare
inmovative and effactive way to fulfil the needs of the society and change the paradigm of production and
consum uI:innn'rP-rnd.u:E and sarvices. The way W ﬂ:s'En, produce, use, distioute ard discard products
has = strong imoact on the =conomy, the :m:l'e‘t',' amd the Emimnm:n‘t{ELn:pem Cammizsion, Il:I:I.BI] amd
design practice ane s=en as & catalyst to shift from the fraditional model of take-mske-dispase to achieve &
mare restorative, regeneratice and cinculsr sconomy (Moreno, De los Rios, Rowe & Chamey, Z046]-
Horwewer, the spproachas proposed so farin the feld of design and innovation hisve not addressed and
promoted sipnificant changes at the system bevel |Idil Gaziulusoy, 2013) and desigrers who heve the
Tunction of transiating the strategies and CORCEpts of Circulsity in the development of products and
services that promote the :h:lsir'ﬁn'rq'-:lu,m: EI'ﬁIfenI.‘"_.mﬂ su:l:uinubiitlll of the systems, are chalznged
by N Snvironmental, social and SCon0MIC NEads must aGopt 8 holistic approach to problem-sohing
[Backen, de Paws, Bakker & van der Grinten, 2016) faking into sccount that most of the chamcteristics of
the entire e cpcle of & product ane defined in the desizn stage.
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