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Questionario para Designers — Guiao entrevista

OBJETIVO DO QUESTIONARIO

Este questionario faz parte da investigacdao no ambito de uma Tese de Doutoramento em
Design, em desenvolvimento no IADE — Universidade Europeia e tem como objetivo reunir
informacgdo que permita identificar a pratica, motivagoes e barreiras do design sustentavel,
ecoldgico, circular, etc através da analise da perce¢do e da experiéncia dos designers e
responsaveis pelo desenvolvimento de produtos de producao industrial criados e
produzidos em Portugal.

Esta investigacao devera permitir a identificacdo de necessidades e requisitos para o
desenvolvimento e colocagdo no mercado de produtos desenvolvidos com citérios de
sustentabilidade e de economia circular e suportar o desenvolvimento de metodologias,
ferramentas ou guidelines para o apoio a pratica do design em Portugal.

CONFIDENCIALIDADE

Todas as informacgdes prestadas no ambito deste questionario serdo utilizadas Unica e
exclusivamente para fins académicos e serao tratadas de forma confidencial.

Todos os dados recolhidos serdo usados e apresentados de forma agregada, nao sendo
possivel reconhecer e/ou identificar os individuos ou empresas que participam neste estudo.

Autorizacao para registo de entrevista:  Sim [J Nao Ass:

A QUEM SE DESTINA O QUESTIONARIO

O questionario destina-se a designers e responsaveis pelo desenvolvimento de produtos de
producao industrial.

PREENCHIMENTO DO QUESTIONARIO

Neste questionario, ndo ha respostas certas ou erradas. O importante é avaliar a percecao e
experiéncia no desenvolvimento de produtos.

Obrigado pela sua colaboragao.
Para qualquer questdo ou sugestdo, contacte através do email david.camocho@gmail.com
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Seccao 1 — Dados gerais

01 Nome (facultativo):

02 Atividade profissional:

03 Empresa:

04 Produto(s):

05 Na empresa, o desenvolvimento de produtos sustentaveis representa:
100% U] >75% >50% [ >25% [ <25%
06 Dimensao da empresa:

Micro (<10) O Pequena (<50) [J Média (<250) O Grande (>250) [

Seccao 2 — Critérios de sustentabilidade

07 Como categoriza o seu produto?

Ecologico [ Sustentavel [J Circular O Outro [

08 Que alegagdes de sustentabilidade utiliza na comunicagdo do seu produto?

09 O produto tem alguma certificagdo ambiental?
Sim [J Nao [J

Se respondeu “Sim”, por favor refira as certificagdes do produto.

Se respondeu “Nao” indique qual a sua opinido relativamente a certificacdo do produto.
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Seccao 3 — Desenvolvimento do produto

10 Que critérios ou estratégias foram implementadas no produto desenvolvido?

11 Qual a metodologia aplicada no desenvolvimento do produto?

12 A metodologia integra uma abordagem de ciclo de vida?

Sim O Nao [

13 Que fases do ciclo de vida sao consideradas no desenvolvimento do produto?

14 Que ferramentas de apoio ao desenvolvimento de produtos sustentaveis conhece?

15 No processo de design aplica ferramentas de sustentabilidade?
Sim [ Nao U]

Se respondeu “Sim” Que ferramentas efetivamente sédo aplicadas no processo de
desenvolvimento?
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Se respondeu "Nao”, qual a razdo para nao aplicar ferramentas de sustentabilidade no
processo?

16 Quais sdo as motivagdes para o desenvolvimento de produtos mais sustentaveis?

17 Quais sao as principais barreiras a integracao de consideragdes de sustentabilidade no
desenvolvimento de produtos?

18 — Observacoes

Neste campo pode colocar observaces que considere relevantes para o desenvolvimento
da investigagdo

19 — Outras questodes

Lembra-se de alguma questdo que deveria ter sido colocada no ambito deste trabalho?

19 — Acompanhamento da investigagao.

Se tiver interesse em acompanhar o desenvolvimento da investigacgao, insira o seu email no
campo seguinte.

Muito obrigado pela sua colaboracao
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Transition to circular and sustainable

economy through design

International experts review - Survey

This questionnaire is part of a research project within the scope of a Doctoral Thesis in
Design under development at IADE - European University in Portugal and aims to collect the
views and perceptions of a group of international experts on the fields of circular economy,
sustainability and design.

The collected information will allow the identification of an international overview of the
practice, motivations and barriers in the transition to circular economy through design, and
will support the research and development of methods, tools and guidelines to promote an
improved design practice.

@ david.camocho(@gmail.com (not shared) Switch account ()

Filling in the questionnaire
In this questionnaire, there are no right or wrong answers. The importance is to identify and explore the
perceptions and experiences related to the circular economy, sustainability and design.

It will take you around 10 minutes to complete the survey.

Thank you in advance for your cooperation!

Consent to process personal data
By agreeing to participate in this survey you give your consent to have your relevant data collected and
processed by the authors for the purpose of the current PhD research project.

Your answers to this survey will be treated and presented in aggregated form and it will not be possible
to recognize andfor identify the answers and opinions expressed in the questionnaire

MNext Clear form
Faculdade de Design, . ~
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Transition to circular and sustainable

economy through design

International experts review - Survey

@ david.camocho@gmail.com (not shared) Switch account (a

* Required

Section 1- General data

01 - Mame

02 - Institutionfafilliation

03 - Country

04 - Expert profile *

[ ) Academia
[ ) Research
[ ) Business
() Public authority

[ ) Other:
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Transition to circular and sustainable

economy through design

International experts review - Survey

@ david.camocho(@gmail.com (not shared) Switch account ()

* Required
Section 2 — Circular economy, sustainability and design overview

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

( : 1 Yes

Q02 - Please justify your answer to the previous guestion. *

Q03 - Which novelty can circular economy bring to society to make it more
efficient and sustainable?
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Transition to circular and sustainable

economy through design

International experts review - Survey

@ david.camocho@gmail.com {not shared) Switch account ()

* Required
Section 2 — Circular economy, sustainability and design overview

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

( : 1 Yes

Q02 - Please justify your answer to the previous question. *

Q03 - Which novelty can circular economy bring to society to make it more
efficient and sustainable?
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Q04- In your opinion and experience, which are the main drivers and motivation
to adopt circular economy in practice?

Your answer

@05 - Which are the main barriers to implement circular economy in practice?

Your answer

Q06 - How should we overcome the current obstacles and promote the design
practice towards innovative and sustainable solutions?

Your answer

Q07 - In your perspective, what are we doing wrong in translating the circular
economy approach in practice?

Your answer

Q08 - Do you have other ideas, comments or suggestions on how to promote an
effective design practice towards circular economy, sustainability and
innovation?

Your answer

Back m Clear form

Mever submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Google Forms
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International experts review - Survey

Purpose of the survey

This questionnaire is part of a research project within the scope of a Doctoral Thesis in Design under
development at IADE - European University in Portugal and aims to collect the views and perceptions
of a group of international experts on the fields of circular economy, sustainability and design.

The collected information will allow the identification of an international overview of the practice,
motivations and barriers in the transition to circular economy through design, and will support the
research and development of methods, tools and guidelines to promote an improved design
practice.

Consent to process personal data

By agreeing to participate in this survey you give your consent to have your relevant personal data
collected and processed by the authors for the purpose of the current PhD research project.

Your answers to this survey, including any personal data collected, will be treated and presented in
aggregated form and it will not be possible to recognize and/or identify the answers and opinions
expressed in the questionnaire.

For whom the questionnaire is intended

The questionnaire is intended for international experts in the field of Circular economy,
sustainability and design.

Filling in the questionnaire

In this questionnaire, there are no right or wrong answers. The importance is to identify and explore
the perceptions and experiences related to the circular economy, sustainability and design.

It will take you around 10 minutes to complete the survey.

Thank you in advance for your cooperation!

For any questions or suggestions, please contact via email to: david.camocho@gmail.com

Section 1 — General data
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01 Name:

02 Institution/affiliation :

03 Country:

04 Expert profile:
Academia [J Research [ Business [l Public Authority L1 Other UJ

Section 2 — Circular economy and design overview

QO01- Do you consider that the circular economy concept, methodologies and tools are the
means to achieve a sustainable society in the future?

Yes [ No [ na [

Q02 - Please justify your answer.

Q03 - Which novelty can circular economy bring to society to make it more efficient and
sustainable?

QO04- In your opinion and experience, which are the main drivers and motivation to adopt
circular economy in practice?

QO5 - Which are the main barriers to implement circular economy in practice?

Q07 - How should we overcome the current obstacles and promote the design practice
towards innovative and sustainable solutions?
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Q08 — In your perspective, what are we doing wrong in translating the circular economy
approach in practice?

QO09 - Do you have other ideas, comments or suggestions on how to promote an effective
design practice towards circular economy, sustainability and innovation?

Thank you for your cooperation!
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Questionario PhD - Percecao dos
consumidores sobre aspetos de
Sustentabilidade nos produtos

Este guestiondrio faz parte da investigagdo no dmbito de uma Tese de Doutoramento em
Design em desenvolvimento no IADE — Universidade Europeia e tem como objetivo reunir
informag&o que permita estudar a percegdo dos consumidores sobre o perfil de
sustentabilidade dos produtos colocados no mercado e a comunicagdo veiculada pelos
produtores/vendedores.

Esta investigagdo devera permitir a identificagio dos beneficios e requisitos para uma
comunicagdo eficaz do perfil de sustentabilidade e como os produtos desenvolvidos com
critérios de sustentabilidade e de economia circular devem ser comunicados e colocados
no mercado

Todas as informacg@es prestadas no dmbito deste questionario serdo utilizadas dnica e
exclusivamente para fins académicos e serdo tratadas de forma confidencial.

Todos os dados recolhidos serdo usados apenas para fins estatisticos e apresentados de
forma agregada, ndo sendo possivel reconhecer e/ou identificar os individuos ou empresas
gue participam neste estudo.

O questionario deve ser preenchide por individuos/consumidores em geral, com e sem,
conhecimentos e habitos de consumo mais sustentaveis.

PREENCHIMENTO DO QUESTIONARIO
Meste questionario, ndo ha respostas certas ou erradas. O importante € avaliar a percegéo e

experiéncia individual.

Este guestiondrio foi concebido para ser preenchido de forma simples e breve. O seu
preenchimento devera demorar cerca de 5 minutos.

Obrigado pela sua colaboragio.
Qualguer questdo, contacte através do email david.camocho@gmail.com

@ david.camocho(@gmail.com (not shared) Switch account ()
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00 - Nome (Opcional)

Your answer

01- |dade

Your answer

02 - Sexo

O Masculino

O Feminino

03 - Habilitagtes literarias

O Inferior a 12° Ano

() 12° Ano
O Licenciatura

() Mestrado ou superior

O Other:

04 - Atividade profissional

Your answer
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05 - Indigue o seu nivel de conhecimento nas seguintes areas

Seioqgueé
- Nogdes
basicas

MEo sei o Ja ouvi
que & falar

Conhecimento  Especialista
elevado na area

Design P P P P P

Ecodesign

Economia
Circular

O O O O O
Sustentabilidade O O O O O
O O O @, O

06 - Considera ter urma atitude sustentavel no seu dia-a-dia?

() sim
O Nio

07 - Atitudes e praticas de sustentabilidade

- N N Mivel

Nio aplica Medldgs Aplicagdo  Aplicagdo elevado de
pontuais  moderada regular o
aplicagao

Separagdo de residuos
para reciclagem O O O O O

Medidas para poupanga
de agua

Medidas para poupanga
de energia

Compra de produtos O
alimentares biologicos

Compra de produtos
mais
sustentaveis/ecologicos

o O O O
o O O O
o O O O
o O O O

O
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08 - Qual a influéncia de fatores ecologicos e de sustentabilidade na aquisicdo
dos seguintes tipos de produtos:

Menhuma Mivel muito

; . Baixa Moderada Elevado elevado de

influencia ; do ¢
influéncia

s O O O O O

Detergentes e
produtos de
limpeza

Eletrodomeésticos
Mobiliario
Veiculos

Produtos de
decoragdo

Brinquedos

Textil, vestuario e
acessorios
Utilitdrios do dia-
a-dia

O O O O O O O O
O 0O O O O O O O
O O O O O O O O
O O O O O O O O
O O O O O O O O

09: A presenca de rotulos e certificacao ambiental na comunicacao do produto
temn influencia na sua decisao de compra?

() sim
O Néo

O Munca tinha pensado no assunto
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10 - Qual o seu nivel de confianca nas alegacdes de sustentabilidade
comunicadas nos produtos?

M&o confia
Baixo nivel de confianga
Mivel médio de confianga

Alta confianga

O O 00O

Total confianga

my »
**ﬁ

ol s,
Vi

cradletocradle EMERGY STAR

A B L D E

11 - Conhece os seguintes elementos de rotulagern/comunicacao da imagem
anterior?

Reconhego a
W&o conhego imagem, mas ndo sei
o que significa

Imagem A O O O

Conheco a imagem e
sei o seu significado

imagem @ O O O
imagem C O O O
[ O ® O
imagem O O O
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11 b - Conhece os seguintes elementos de rotulagem/comunica¢ao da imagem
anterior?

Reconhego a
N@o conhego imagem, mas nao sei
o que significa

Imagem F O O O

Conhego a imagem e
sei o seu significado

imagem G O ® @
— O ® O
imagemn| O ® O
- O ® O

12 - No exemplo seguinte sao apresentados 3 produtos para beber café.
Indique qual a sua percecao relativamente ao perfil de sustentabilidade destes
produtos. Qual considera o mais ecologico e qual considera menos
ecologico/Sustentavel?

)

papel Plastico Ceramica
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Indique qual o produto MAIS e MENOS ecoldgico/sustentavel

Copo fie p]as’uco P
Copo de papel (Poliestireno L
: ceramica
expandido)

MAIS
ecologico/sustentavel O O O
MENOS
ecologico/Sustentavel O O O

13 - Na figura seguinte sao apresentadas 6 imagens de lapis de carvao. Por
favor, com base a sua percepc¢ao ordene os lapis de acordo com o seu perfil
ecologico/sustentabilidade

Por favor indique a ordem, do mais ecologico para o menos ecologico

Your answer

E ! ;:::Ltfggi:iec?r:ig:i::uqﬁo David Jodo Geraldes Camocho | 2022
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Por favor indique a ordem, do mais ecologico para o menos ecoldgico

Your answer

14 - Observacoes

Meste campo pode colocar observactes gue considere relevantes para o desenvolvimento da
investigacdo

Your answer

15 — Acompanhamento da investigacao.

Se tiver imteresse em acompanhar o desenvolvimento da investigagio, insira o eu email no campo
seguinte.

Your answer

MWever submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Google Forms
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QUESTIONARIO

OBJETIVO DO QUESTIONARIO
Este questionario faz parte da investigacdo no ambito de uma Tese de Doutoramento em Design, em desenvolvimento no IADE — Universi-
dade Europeia e tem como objetivo reunir informacdo que permita estudar a percecdo dos consumidores sobre o perfil de sustentabilidade
dos produtos colocados no mercado e a comunicacdo veiculada pelos produtores/vendedores.
Esta investigacdo devera permitir a identificacdo dos beneficios e requisitos para uma comunicacdo eficaz do perfil de sustentabilidade e
como os produtos desenvolvidos com citérios de sustentabilidade e de economia circular devem ser comunicados e colocados no mercado.

CONFIDENCIALIDADE
Todas as informacdes prestadas no ambito deste questionario serdo utilizadas Unica e exclusivamente para fins académicos e serdo tra-
tadas de forma confidencial.
Todos os dados recolhidos serdo usados apenas para fins estatisticos e apresentados de forma agregada, ndo sendo possivel reconhecer
e/ou identificar os individuos ou empresas que participam neste estudo.

A QUEM SE DESTINA O QUESTIONARIO
O questionario deve ser preenchido por individuos/consumidores em geral com e sem conhecimentos e habitos de consumo mais sustentaveis.

PREENCHIMENTO DO QUESTIONARIO
1. Neste questionario, ndo ha respostas certas ou erradas. O importante é avaliar a percecdo e experiéncia individual.
2. O questionario esta estruturado em 5 seccdes:
Seccdo 1 — Dados gerais sobre o inquirido
Secgdo 2 — Conhecimentos gerais
Secgdo 3 — Habitos de consumos e influencia da rotulagem ambiental
Secgdo 4 — Percecao do perfil de sustentabilidade dos produtos
Sec¢do 5 — Observacdes e acompanhamento do projeto
3. Este questionario foi concebido para ser preenchido de forma simples e breve. O seu preenchimento deverd demorar cerca de 10 minutos.

Obrigado pela sua colaboragéo.
Qualquer questdo, contacte através do email david.camocho@gmail.com

Idade:
Sexo: Masculino [ ] Feminino [ ]

Habilitagoes literarias:
Inferiora 12°ano [ ] 12°ano [ ] Licenciatura[ ] Mestrado ou superior[ ]  Outro [ ]

Atividade profissional:

Indique o seu nivel de conhecimento nas seguintes areas:

1 2 3 4 5
Nao sei Ja ouvi Sei o que é Conhecimento Especialista
o que é falar -Nocgoes basicas elevado na area
Design
Ecodesign

Sustentabilidade

Economia circular
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Considera ter uma atitude sustentavel no seu dia-a-dia?
SimJ[ ] Nao [ ]

Atitudes e praticas de sustentabilidade

1 2 3 4 5
Nao Medidas Aplicacao Aplicacao Aplicacao
aplica pontuais moderada regular elevada
Separacao
de residuos

para reciclagem

Medidas para
poupanca de agua

Medidas para
poupanca de energia

Compra de produtos
alimentares
biolégicos

Compra de produtos
mais sustentaveis
/ecoldgicos

Qual a influéncia de fatores ecolégicos e de sustentabilidade na aquisicao dos seguintes tipos de produtos:

1
Nenhuma
influéncia

2 5
Baixa Moderada Elevada Muito elevada

Produtos alimentares

Detergentes e
produtos de limpeza

Eletrodomésticos
Mobiliario
Veiculos

Produtos
de decoracgao

Brinquedos

Téxtil, vestuario
e acessorios

Utilitarios do dia-a-dia

Outros: (especifique)
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»

A presenca de rétulos e certificacdo ambiental na comunicacao do produto tem influencia na sua decisdo de compra?

Sim[ ] Nao [ 1] Nunca tinha pensado no assunto [ ]

Qual o seu nivel de confianca nas alega¢des de sustentabilidade comunicadas nos produtos?

Né&o confia [ ] Baixo nivel de confianca [ ] Nivel médio de confianga [ 1] Alta confianca [ ] Total confianga [ ]

Conhece os seguintes elementos de rotulagem/comunicacao?
k] L]

* *
+* *
* *

w My »

w

‘\“
(e
- | g

ENERGY STAR

1
Nao conheco

2
Reconheco a imagem mas
nao sei o que significa

3
Conheco e sei o seu
significado

N §
AGreenleaf

a

Nao conheco

2
Reconheco a imagem mas
nao sei o que significa

Conheco e sei o seu
significado

No exemplo seguinte sdo apresentados 3 produtos para beber café. Indique qual a sua percecéo relativamente ao perfil de sustentabi-
lidade destes produtos. Qual considera o mais ecolégico e qual considera menos ecolégico? (1 — mais ecoldgico, 3 — menos ecoldgico)

]

Copo de poliestireno Copo de papel Chéavena de ceramica
descartavel (esferovite)
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Exemplo 2:
Ordene os seguintes produtos de acordo com a sua percecao de sustentabilidade. (1 mais ecolégico, 6 — menos ecoldgico)

Fiis

Observacgoes

Neste campo pode colocar observagoes que considere relevantes para o desenvolvimento da investigacdo

Acompanhamento da investigacao.

Se tiver interesse em acompanhar o desenvolvimento da investigacao, insira o seu email no campo seguinte.

Muito obrigado pela sua colaboragéo!
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* CircularEconomy

Circular Economy Practitioner guide

Source
challenges 2
P design process, answer
Biomimicry
What chalenge am | rying to address?
How does nature address this chalenge?
1t (how, where, and by whom the solution wil be used)?
is 2 dsiy “less bad" eco-effcency) to doing "more good"
or. Michael 3 and “food” Cradle to Cradle® biological and technical.
[There are five principles to Cradle to Cradle®:
Cradle to Cradle
Material Health
Material Reutiization
Renewable Eners
Water Stewardship
Social Farness
Tow the product, m
ining o ded,
to b reused. I act,
Design for Designing for disassembly involves some straightforward tactcs, for example:

onstruction

As with parts,the fewer fasteners (e.g. glue, screws, etc) used, the better

Scraws are faster to unfasten than nuts and bolts.
Glues should be avoided.
apart.

Design for flexibility

the desig use

moc e

A Bischof and L. grating.

fast t, tools required

Digitization: use software instead of hardware:

8, which include the

Design for

, create buffers, add-ons, oversize, technology lock-n, redund:
Design for i Rl

Parts standardization and replacement
Modular components and parts
Accessibity, safety and disassembly

3 e
Affordabilty, simplicity and expediency

T ths case

Design for

consider P

Recyclable materials
Limit the number of material types and composites

disassembly
P

Limit or eliminate hazardous materials and contamination

ner with end-of-fe

Design for the environment
(eco-design)

integrate the appro

e handiing,

Designing for Maintainability/Reparability
Designing for Recoverability/Recyclabity
Designing for Flexbiity

Desigaing for Reuse

Desigaing for Disassembly

ty
reen Chemmistry, among others

ofe include o Typical OfE

c
planning. The DfE

Green chemistry

creation of

There are 1 principls of

Waste prevention
Safer chemicals

Fewer hazardous chemical synthetic methods
Safer solvents and other substances

Real-time analyss for pollution prevention
Accident prevention
Use catalysts, not toichiometric reagents

from design|

Integrated design process

Productor

process (IDP) b

[The IDP process requires six major principls:

Diverse team callaboration
Well-defined scope, vision, gosls and objectives.
Open communication

Innovation and idea synthesis

Systematic decision-making

terative proce:

optimizing

ife cyce thinking

economic, @ productor
i bs created, etc),

aproduct o p

Life Cyel A, such

Environmental LCA
Social LA

Life cyce cost analysis or totalcost of ownership.
Streamlined LCA

The T across

and goals.

[rhe apr The

Raw material extraction
Materialprocessing.
Manufacturing

End.of Life

the pr P

fal after  specific time.

G . reparabil

Move from a product seller t0.a service provider

dentify and promote alternative uses o longe ir original function

Regenerative design

v
, t the heart of

process can be
4, produced,

used and disposed of at end of e

[There are four key premises to regenerative design:

e, processes’
Determine goals that recogrize regenerative capacity

Strive to achieve harmonization between people and place

[To achieve true r

is entr

Standardization

 processes include’
Jeasier d fast for example.

product for the market,

Material: colors, shapes, ypes, fasteners
Processes; tools, equipment, scheduling

|One method to standardization is the “zerc-based approach in which you begin with the question “How can

 down 0.2 minimun.

as possible"? From there, you begin

Systems thinking,

v system actors.

Behavior over time
Graphical function

Policy structure

Causalloop

Structure-behavior relationships
Systems archetype

[There are pat

alert you of

imits to growth
Burden shifting

Eroding goals

Escalation

Success to the successful
Tragedy of the commons
Fixes that fal

Growth and underinvestment
Accidental adversaries.
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Annex 7 — Design process approaches
review
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Introduction

Basis and rationale for the development of the design model
for circular economy

The integration of sustainability principles in product development has been a concern
of many professionals since the 70s, having, in a way, been significantly influenced by
Vitor Papanek’s book “Design for the real world” (Papanek, 1970), in which he calls into
question the practice of design and the relationship of this professional activity with the
environmental and social impacts and problems associated with product development.
From green design to design for the circular economy, we have witnessed an evolution in
design, in the concepts, practice and growth in complexity by integrating a larger scope
of sustainability criteria (Vicente et al., 2012).

The circular economy, which can be considered as new step in the evolution of a
necessary and fundamental demand for a more sustainable future, presents itself as

a possible path in this direction. Because of this, the scientific, academic and business
communities are highly motivated and committed to it. However, despite the numerous
developments in terms of methodologies, practices, tools, funding opportunities, etc,,
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 actually
applied in practice, in new solutions that reach the market and the users.

It is essential to narrow this gap and provide designers, who have a fundamental and
irrefutable role in the development of new products, sustainable services and systems,
with interdisciplinary practices supported
by synthetic methods, tools and guidelines.
This will result in sustainable solutions,
contributing to an environmentally efficient
future, fair from a social point of view and

Project
that creates value and wealth for business development

and for the society.

In this sense, the “Rounding the vertices

- design for circular economy” is a design
method that supports this 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 early phases of the
project with high innovation potential. Figure 1: The 3 dimensions of the circular design model.

Business
perspective

Design
management
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Rounding the vertices

The concept

Function

Resources

@ Economy

=\
Society L@J
" Figure 2: 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 that 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. 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 an effective improvement, taking into account the implications of the
design process in the various dimensions as well as the tradeoffs 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, thus resulting in a new shape and
ideally reaching the circle that represents the achievment of circular solutions.

6  TOOLKIT FOR CIRCULAR DESIGN



The four 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

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-of-
the-box solutions.

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.

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.

» David Camocho 7
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Circular design
development model

Development of the Circular Design Model and toolkit

Aiming to support and promote the design practice, the Rounding the vertices design
model was developed. Built upon the results of the research, review, analysis of strategies,
tools and methods, and other relevant information collected and analyzed, the structure
of the model (figure 3) derives from the six main stages of a design project and relates
the activities of the process with three levels that complement each other resulting in a
robust model to support the design practice towards circularity and sustainability:

The Project management level to support an efficient integration of circularity in the
different phases and aspects of Design management

The Business level to align the development with the strategy and considerations of
the business, promoting the efficiency and sustainability of the system.

The Development 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 model establishes the relation of the design thinking process with the goals of the
circular econmy to define how the resources can guide the design process to promote
sustainability and circularity in processes.

The strategy for the design practice within a circular economy is supported by the four
tools that can be applied by practitioners in their activity to develop innovative and
sustainable circular solutions. The translation of the model into the practice is done
through the design for circularity and sustainability toolkit.
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Prototype

Figure 3: Rounding the vertices design model

» David Camocho 9
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Toolkit overview

The Rounding the vertices circular design toolkit is composed
of a set of four tools that can support the design practice towards
circularity and sustainability.

The tools 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, 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.

GolLS  pecuut

STRATEGY

Rigks

47
i

EXECUTE CoNTRoL

LANNIN G

ORGANIZE

#1 Definig the project worksheet

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.

The result of the tool is a systematized definition of the 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

#2 Project planning worksheet

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.

#3 Circular design Mbox



The circular design Mbox combines the concept of the
morphological box tool, widely used by designers in the
identification of design solutions, with 10 design principles for
circularity and sustainability.

With the support of the tool, design teams can implement the
design principles in a systematized approach, leading to the
identification and creation of innovative and circular solutions for
product and service development within the project.

#4 Circularity Assessment tool

The tool performs a qualitative assessment of the circular approach
in the design project based on the four levels to round the
vertices (Function, Resources, Economy and Social levels), based on
the assessment of the performance of the project according to the
10 circular design principles, and their impact in the transition to a
more circular and sustainable solution.

How to use the toolkit

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: (1) The strategic definition of the project, (2) the management of the
project, (3) the creation of new concepts and (4) the assessment of the design process
and its results.

There are two 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. The 3 initial
tools are composed by 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 is presented.

Excel based tools - 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 include

calculations and features to simplify the filling-in process, however, it does have the
limitations of the excel software.
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Worksheet

This worksheet helps the in the definition of the strategy
for the development of products and services that meet the
needs on the entire system.

Planning the business strategy towards project
development

»» David Camocho 13



ROUNDING
VERTICES

ROUNDING THE VERTICES

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, what are
the motivations for the company, what moves the company towards circularity and what
are the known barriers for the project.

Why does your business need to What are the company's What are the known barriers for a

enrol in a design for a circular motivations for a CE design CE design project?
economy project? project?

14 TOOLKIT FOR CIRCULAR DESIGN



Defining the market

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.

Identify the opportunities

Identify potential markets for the business

J
What are the barriers of your business to meet the What are the sustainability and circular demands of
needs of the market? the market?
J
» David Camocho 15
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Defining the business model

Describe the current business model

The business models define how the or a service and try to capture value

company plans to make money with its throughout its life, aiming to close resource

products or services. It outlines the structure loops and minimize the impacts over the life

and boundaries of the system in which the cycle.

company operates and the relation with

customers or users and the market. In this stage, the design team must
understand the current business model

Circular and sustainable business models and how the company can innovate and

focus on the value generated of a product increase its value.

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

16 TOOLKIT FOR CIRCULAR DESIGN



New business models

Does the company have the flexibility to adopt different business models? If yes, analyse the
following circular business models and identify the potential of each model for your case.

Circular
supplies

Resource
recovery

Product life
extension

Sharing
models

Dematerialization
from product to
services

Stewardship role
in stakeholders
engagement

Encourage
sufficiency and
efficiency

Develop

Scale-up
solutions

Sources: //www.greenbiz.com/article/5-business-models-put-circular-economy-work A literature and practice review to develop sustainable business model archetypes- N.M.P.

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.

The resource recovery business model leverages technological
innovations and capabilities to recover and reuse resource
outputs that eliminates material leakage and maximizes
economic value.

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.

The sharing platform model is centered 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.

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 ability to manage maintenance of that
service and recapture residual value at the end of life.

Proactively engaging stakeholders to ensure their long-term
health and well-being and promotion of co-development, co-
creation and synergies

Solutions that seek to reduce consumption and production by
eliminating superfluous features and improving the efficiently
through design

Delivering sustainable solutions on a large scale to maximise
benefits for society and the environment.

Bocken*, S.W. Short, P. Rana, S. Evans University, adapted

» David Camocho
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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 analyze the four innovation
levels and indicate the level expected for the project.

Develop a new product
adding new features
or characteristics
on existing ones

Low investment, Medium Investment, Large investment,
Low risk, low payoff medium risk and Medium risk, Large
medium payoff payoff

Level 1
Incremental
Product improvement

Source: https://gbr.pepperdine.edu/2010/10/the-four-levels-of-innovation/

Large investment,
big risk, limitless
payoff

Figure 4: Innovation levels

Which is the innovation goal for your project? Level 1 D Level 2 D Level 3 D Level 4 D

Justify B
your
selection
J

18  TOOLKIT FOR CIRCULAR DESIGN



Project definition (1

Defining the strategy, goals and characteristics for the circular design project.

Based on the previous analysis, this worksheet aims to systematize and define the project
under development.

This document will support the team in the definition of the project and will guide the
design project.

What product or service has ' '
to be developed? Or what is Define the product, service, function or
0 . ped: problem that will be addressed in the
the function or problem addressed?

Circularity and sustainability Indicate the goals that will guide the
goals for the project? project

Indicate the main motivations for the

Motivations !
project

Indicate for whom the product or service
will be developed. Indicate the main
characteristics of the target group

Target group

Indicate the business model expected
for the solution to be developed.

Business model

»» David Camocho 19
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Project definition (2

Indicate what is expected in terms

. of innovation for the new solutions
Innovation Level according with the context in which the
new project is based

Indicate the resources that are available

Resources available for the project (Human resources,
technological resources, budget, etc)

Identify the project team (internal or
external) and describe their role in the

Project team €
project
Time avallable_to develop Indicate the expected or available time to
the project develop the project

20 TOOLKIT FOR CIRCULAR DESIGN



Rounding the vertices

Define the strategy for the project aiming to improve the efficiency
in each area.

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 term of resources used within the life cycle, and how to improve
the economic and social aspects of the product or service system.

g )

Function

g )

Physical resources

Economic resources

How can the costs and revenues be
improved?

How can the function of the product How can the resources efficiency be
be improved? improved?
- J L J
( N [ )

Social dimension

How can the project improve
society?

» David Camocho 21
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Project Planning
Worksheet

This worksheet helps design managers and design team
in the planning and management of design projects for a
circular economy.

Planning the design project towards circularity

»» David Camocho 23
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Planning of the project

Defining the scope and deliverables for the project

Define the scope of the project and define the deliverables that are planned for the project.

Define the boundaries of the project.

Indicate the scope of the project under development and describe what A
should result from the project.

(eg. Tecnical drawings, renderings, mock-ups, prototypes,etc)
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Planning of the project

Identifying the stakeholders for the project

Indicate the main stakeholders for the project and what will be their involvement and
importance in the project.

STAKEHOLDER ‘ PURPOSE ‘ LEVEL OF IMPORTANCE
Insert the stakholder name What will be the involvement of the Select the level of
(or type) stakeholder. Why do we need to importance of each
involve this stakeholder? stakeholder

(1 - low, 10 - High)

Source: CE Value Chains tool, KATCH_e
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Planning of the project

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.

TITLE OF THE PROJECT
ACTIVITY 1_ ] ACTIVITY 2_ ] ACTIVITY 3_ ] ACTIVITY N_ ]
Subtask 1.1_ J Sub task 2.1_ J Sub task 3.1_ J Sub task N.1_ J
Sub task 1.2_ J Sub task 2.2_ J Sub task 3.2_ J Sub task N.2_ J
N N N N
Sub task 1.n_ Sub task 2.n_ J Sub task 3.n_ J Sub task N.n_ J
N N N N
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In this step, the management team should identify the resources and time needed to
perform the main activities and their related subtasks.

TITLE OF THE PROJECT

ACTIVITY SUB TASKS RESOURCES DURATION
Indicate the activities Indicate the sub tasks Which resources are needed to How much time is needed to
defined for the project defined for the project fulfil the task? perform the task?
ACTIVITY 01_ Sub task 1.1_ Resources_ Estimation of time_
Sub task 1.2_ Resources_ Estimation of time_
Sub task 1.3_ Resources_ Estimation of time_
ACTIVITY 02_ Sub task 2.1_ Resources_ Estimation of time_
Sub task 2.2_ Resources_ Estimation of time_
Sub task 2.3_ Resources_ Estimation of time_
ACTIVITY N_ Sub task n.1_ Resources_ Estimation of time_
Sub task n.2_ Resources_ Estimation of time_
Sub task n.3_ Resources_ Estimation of time_
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Circular Design Mbox

10 principles to support the design process towards more sustainable
and circular products and services

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.

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.

Dazign lor
demateralizmg
the zysherm
Design with
sustainable
matanals
and energy

Design for an
efficient and
suitainable
production

Design

Design for

durable E@UNDING oplimal ve

products «VERTICES

Dasign with Dasign for
synergies Recirculation
and and DT
co-creafion

circular
business
models

Figure 5.
10 principles for Circular Design
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The principles, 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 solutions.

The first two principles, Design with a Life Cycle Perspective and Design the function/
Rethink the system (outer rings in the figure 5), are seen as an umbrella principle that
supports and validates the design process.

Considering the life cycle perspective is fundamental in the development of circular and
sustainable products or services and to provide decision-makers with information on the
impacts (environmental, economic and social) of different choices taking into account the
positive and negative impacts of the entire life cycle (KATCH_e BOOK).

This approach allows a reasoned consideration of the trade-offs between different
environmental aspects throughout all life cycle stages (IEC 62430:2019)

Life cycle perspective means the consideration of environmental aspects relevant to a
product or service during its entire life cycle. This implies considering the interlinked
stages that compose the life cycle (ISO 14006:2020). Within the design process, the

life cycle perspective has as its main objective the reduction of the overall adverse
environmental impacts of the product in parallel with the usual development aspects such
as safety, quality, functionality, ergonomics, aesthetics, etc (IEC 62430:2019)

Without a life cycle perspective, there is no guarantee that the design team and the
solutions attained in the project are really reducing the impacts of the product or the
service. Through a life cycle analysis (quantitative or qualitative, depending on the
objectives, the project, the resources, time, etc), the team, can validate the solutions and
can communicate them to the stakeholders.

Design the function/Rethink the system aims to understand the function and the
needs of the users and identify new opportunities to fulfil the needs in a more circular
and sustainable way. Making something more circular requires rethinking the process,
rethinking the system and the function of the product.

At the beginning of the project, the design team must put into question the function of
the product. Does the user need the product? Does the product fulfil the function in an
efficient way? Are there other ways to fulfill the function?

By having a function approach, there is more potential to innovate, to achieve out-of-
the-box solutions, and new ways to attain a solution with an improved circularity and
sustainability profile.
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The following principles (red circles in figure 5), are operational principles. These provide
different aspects to consider in the design and development process.

DESIGN WITH SYNERGIES AND CO-CREATION focus on exploring the potential to establish
collaborations in the design process and the product or service system

DESIGN DURABLE PRODUCTS, a principle to ensure a long utilization period of products,
maintaining its function and service over a longer period of time.

DESIGN WITH SUSTAINABLE MATERIALS AND ENERGY focusing on the conscious selection of
more efficient inputs within the entire life cycle of the product.

DESIGN FOR DEMATERIALIZING THE SYSTEM, a principle in which the needs of the users are
fulfilled with more dematerialized solutions and product-services or services solutions

DESIGN FOR AN EFFICIENT AND SUSTAINABLE PRODUCTION, based on the optimization of the
production process through design solutions.

DESIGN FOR OPTIMAL USE, aiming to optimize the relation of the product and the user

DESIGN FOR RECIRCULATION AND ZERO WASTE, aiming to close the loop by developing
solutions to close the material cycles and eliminate the production of waste in the life cycle.

The final principle is the DESIGN OF CIRCULAR BUSINESS MODELS, (orange circle in figure 2).
This principle is the last one since it aggregates the results of the application of the previous
principles. In the transition from the linear economy to a circular economy. We need to
rethink the business models in order to achieve long-lasting and effective circular and
sustainable solutions.

The circular design morphological box combines the These principles, developed for designers, are
concept of the morphological box tool, widely used project-oriented and through their analysis and

by designers in the identification of design solutions, implementation, the design teams can, in a holist
with the 10 design principles for circularity and approach, identify design opportunities that result in
sustainability. more circular and sustainable solutions.

The 10 principles that compose the Rounding the With the support of the tool, design teams can
vertices approach were developed based on a research  implement the design principles in a systematized
process in which several methodologies, tools and approach, leading to innovative and circular solutions
different approaches were analysed. for product and service development.

In the next pages, the principles are explained and some ideas on what to consider in the
design phase are presented. These should support the design teams in the identification of
opportunities for the project and their application can result in new products and services.
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1. Design with a Lite 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 ideally, eliminate 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
(IEC 62430 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 (BS
8001). 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 14006:2020), through design.

If the reference product was
developed with a life cycle
perspective, please describe
how it was considered.

~

Indicate the objectives/gaps
for your project in regard to
life cycle perspective.

/
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What to consider in the design phase

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 14001)

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 62430:2019).

By conduction 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/FDIS 14040).

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.
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RESOURCES

) RIBE YOUR PROD
ACCORD 0

A

Identify and describe the resources used in your
product, considering materials, energy and water

Identify the impacts related to the resources used in your
product

Describe the production of the product

Identify the main impacts related to the production

PRODUCTION
Describe how the product is distributed Identify the main impacts related to the distribuction
DISTRIBUCTION
Describe how the product is used, including the use, . .
consumables, maintenance, repair, etc Identify the main impacts related to the use of the product
USE

END OF
FUNCTIONAL
LIFE

Describe what hapens after the functional use of the
product.

Identify the main impacts related to the end of funcional
life of the product

Explain how the impacts
were identified

In this field describe the source of the inputs.
Are they based on a Life cycle analisys?
Qualitative or quantitative?
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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 (BS8001). 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 (Niiniméaki & Hassi
20M).

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).

Indicate the current
situation. Explain briefly the
funtion of your product or
service

Indicate the objectives/gaps
for your project according to
the function of your product
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What to consider in the design phase

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 which 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 components, but through a set of functions that will satisfy the needs of the user
(Justina 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 (valueanalysis.ca.)

2.2 Develop new concepts

Most design projects are developed with a lower innovation level, focusing mainly on
product improvements or product redesign. With this approach, the new solutions attained
can improve the systems by developing better products with lower environmental impacts,
however, disruptive solutions with a higher potential for circular economy and sustainability
are almost impossible to occur.

To have an effective approach and reach a higher level of innovation and sustainability,
the design teams must 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.
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WHAT IS THE FUNCTION OF THE PRODUCT?

Describe the function without describing the product

FUNCTION

FOR REFLECTION DOES THE USER NEED A PHYSICAL PRODUCT?

Identify alternative ways to fulfil the funcion

DEVELOP
NEW
CONCEPTS
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3. Design with Synergies
and Co-creation

The design practice has been evolving. This evolution,
from a user-centered 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 a 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.

Some authors even consider that without collaboration
initiatives, it is unlikely that an organization can achieve a
successful and substantial progress in the transition to a
more circular and sustainable economy (BS 8001).

Indicate the current situation.
Explain how synergies and
co-creation are related to reference
product or reference situation

Indicate the objectives/gaps
for your project regarding
synergies and co-creation

/
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What to consider in the design phase

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 (Circular design guide), providing space for
customers and users, to be actively involved in 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 increase the potential for success.

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 which promote collaboration throughout the supply chain will
increase transparency and create a joint value (Circle economy)

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 a more sustainable use of resources and contributes to the creation of
a circular and sustainable economy (ec.europa.eu 2018).

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.
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WHICH SYNERGIES AND CO-CREATION ACTIVITIES CAN BE IMPLEMENTED IN YOUR PROJECT?

COLLABORATE
AND CO-DESIGN SYNERGIES INDUSTRIAL SYMBIOSIS
Identify ideas for collaboration Identify potential synergies Identify potential industrial
and co-design development that can support the project symbiosis related to the product
within the project and the product or service developed and the company

01

02

03

04

05
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4. Design Durable Products

42 TOOLKIT FOR CIRCULAR DESIGN

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 (BS8001).

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, (BS8001), 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 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” (BS 8001).

~

Indicate the current situation.
Explain how the reference
product of reference situation is
performing regarding durability

Indicate the objectives/gaps
for your project in terms of
durability

What to consider in the design phase

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.

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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4.3 Maintenance

Easy and affordable maintenance of the product can have a high impact on 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.

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.

4.5 Wear-resistant design solutions

Durable products must be resistant to wear and the 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.

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 all 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 needs of producing and placing more products in the market and therefore,
the reduction of impacts in the system.

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 a 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.
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HOW CAN YOU CREATE AND DEVELOP A MORE DURABLE PRODUCT? (1)

QUALITY OF
MATERIALS

Identify ideas for a
selection of more suitable
materials to fulfill the
needs of the product and
their function

‘ REPARABILITY ‘

Identify ideas that
promote the reparability
of your products

MAINTENANCE

Identify ideas that
promote the reparability
or maintenance of your

products

‘ UPGRADABILITY

Identify ideas that
promote the technical
and aesthetical
upgrade of you
products

01

02

03

04

05
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HOW CAN YOU CREATE AND DEVELOP A MORE DURABLE PRODUCT? (2)

WEAR-RESISTANT
DESIGN SOLUTIONS

Identify ideas to improve
the resistance to wear and loss
of properties of your product

PRODUCT/USER RELATION

Identify ideas to create products
with a stronger emphatic
relation with the user

SIMPLICITY PRINCIPLE

Identify ideas in order
to simplify your product and
promote efficient usage

01

02

03

04

05
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5. Design with Sustainable
Materials and Energy

LA
=)

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 62430:2019),
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 influence 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 consider their
sustainability and the designers should take into
account the social, economic and environmental aspects
throughout the material’s life cycle (BS 8001).

Indicate the current situation.
Explain how sustainable are the
materials used in the reference
product of reference situation

Indicate the objectives/gaps
for your project according
to sustainable materials and
energy

/
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What to consider in the design phase

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 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.

5.3 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.

5.4 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” (BS8001).

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.

5.6 Non-toxic materials
The selection of materials must consider their toxicity. Hazardous substances in the
product must be avoided.

5.7 Efficient materials
Sometimes materials may seem not interesting from a sustainability point of view if
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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 the durability.

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 the valorization 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.

5.9 Local materials

In the selection of materials, their origin must be a criterion to consider due to the
environmental impacts of transport, associated to the consumption of fossil fuels and

the emissions. In most of the 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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WHICH SUSTAINABLE MATERIASL AND ENERGY CAN YOU ADOPT FOR YOUR SOLUTION?

RECYCLABLE
MATERIALS

Which recyclable material
can be applied in the
project?

RECYCLED
MATERIALS

Which recycled material
can be applied in the
project?

LOW EMBODIED
ENERGY MATERIALS

Considering the embodied
energy of materials, which
are suitable for the project?

RENEWABLE
MATERIALS

Which renewable
materials can
be applied in the
project?
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WHICH SUSTAINABLE MATERIASL AND ENERGY CAN YOU ADOPT FOR YOUR SOLUTION?

RENEWABLE ENERGY ,\':%“Egmg EFFICIENT MATERIALS | FAIR MATERIALS

How can renewable How can we avoid the use ggﬁgmgﬂiﬁférs Which fair materials

energy be used of toxic materials in the life ositive impact in the from a social point of

by the product? cycle of the product? p product gyst em? view can be used ?

01
02
03
04
05
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6. Design for Dematerializing
the System

52 TOOLKIT FOR CIRCULAR DESIGN

“We need to embrace dematerialisation, rethink concepts
of ownership and move from resource efficiency to resource
sufficiency”. Janez Potocnik (Circle Economy, 2021).

We need to change the way to fulfil the needs of the users

in @ 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 (BS 8001),
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
2016), among other solutions.

The need towards the dematerialisation of production and
consumption are not likely to happen through efficiency
improvements. There is a need for 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).



Indicate the current situation. N
Explain how the reference

product of reference situation

is performing according to

dematerailization

Indicate the objectives/gaps
for your project according
dematerialization

What to consider in the design phase

6.1 Sharing

Sharing of product 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 (BS8001). 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 even more.

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, BS8001).

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 (BS8001).

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).

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
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HOW CAN YOU DEMATERIALIZE THE SYSTEM IN WHICH YOUR PRODUCT OPERATES?

SERVICITYZE,
SHARING LEASING VIRTUALIZATION INCREASE SERVICE
COMPONENT
Identify ideas to meet o ‘ How can we deliver utility Identify ideas to
the needs of the users tll:i: Egiﬂlsd;ﬂshto ?:J:Jscftys virtually? How to replace increase the service
with a solution in which or services that ;r o leased physical infrastructure and component
the product is shared by o assets with digital/virtual of the product
several users P services . or services system
01
02
03
04
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54 TOOLKIT FOR CIRCULAR DESIGN




/. 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 (BS8001).
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).
Leading the transition, 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, BS 8001).

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 (ESA, 2013) and
considering the working conditions under which the products
are made, including worker’s rights and working conditions
(Young et al 2008).

Indicate the current situation.
Explain how the reference product
of reference situation is produced

Indicate the objectives/gaps
for your project regarding the
prodution process

/
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What to consider in the design phase

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.

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

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.

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 in
other stages, it facilitates the assembly and disassembly process for repairing, upgrade,
repurpose, recycling, etc.
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HOW CAN YOU PROMOTE A BETTER PRODUCTION SYTEM THROUGH DESIGN?

REDUCE CONSUMPTION
OF MATERIALS MODULARITY BEST-I;Eé\I{IAI::ILCASBLE STANDARDIZATION
AND ENERGY
Indicate ideas to reduce How can the solution Which are the best Which standartization

the consumption of adopt a modular available technics that solutions can be

materials and energy solution? can be used? applied?
01
02
03
04
05
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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 62430:2019).

In the design phase decisions that are made on products
are crucial to influence the use phase positively (Rocha et
al., 2019). The development team must consider and adopt
strategies to prolong the life of the products, components
and materials through durability, repair, upgrade etc,
(BS8007).

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 an optimal use, will reduce the impacts and
added values to the product or service system.

Indicate the current situation.
Explain how the reference product
of reference situation is performing
in the use phase

Indicate the objectives/gaps
for your project for the use
phase
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What to consider in the design phase

8.1 Reduce consumables

The design of a product or service must consider the consumables that will be needed
for the product fulfill 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.

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).

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.’ (BS
7000-6:2005).

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.

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 (Inclusive design toolkit).
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HOW CAN YOU OPTIMIZE THE USE OF YOUR PRODUCT?

REDUCE
CONSUMABLES

How can the consumption of
consumables be reduced in the use
phase of the product or service?

SIMPLICITY
PRINCIPLE

Indicate ideas to simplfy the use
of the product or service

INCLUSIVE
DESIGN/DESIGN FOR ALL

Indicate solutions that are
inclusive and can be used by all
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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) 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 (EC 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.

Indicate the current situation.
Explain how the reference

product of reference situation is
performing according recirculation
and zero waste

Indicate the objectives/gaps
for your project towards
recirculation and zero waste
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What to consider in the design phase

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 (BS 8001).

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, 2016). In order to promote an effective reuse, the products and services
should be designed with features that optimize this potential (BS 8001).

9.2 Design for Recycling

Design for recycling is a method that incorporates recycling and recyclability criteria
into the design phase of 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, minimizes 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
dissasembly and separation of different materials, etc, should be integrated in the
design of the new product (Schuman, 2019)

9.3 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 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).
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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.

9.4 Refurbish

Refurbish refers to an aesthetic improvement of a product, component or material, which
might involve making it look like new (BS 8001). 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).

9.5 Repair

By repairing the products, their lifetime is increased and the needs 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.

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.

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 aims is for no trash to be sent to landfills, incinerators, the ocean (EDuzwace,
2020) or other.
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HOW CAN YOU RECIRCULATE MATERIALS AND COMPONENTES?

DESIGN FOR REUSE

Which features can you add in the
solution to promote the reuse of
components or materials

DESIGN FOR RECYCLING

Indicate features to optimize the
recycling process and optimization
of the quality of the materials
resulting from the recycling

DESIGN FOR
REMANUFACTURING

Indicate ideas to implement a
remanufaturing system
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HOW CAN YOU RECIRCULATE MATERIALS AND COMPONENTES?

REFURBISH

Indicate ideas to promote
refurbishing in your solution

DESIGN FOR REPAIR

Which features and services can
be implemented to promote the
repairing process?

ELIMINATE WASTE

Indicate ideas to eliminate
the production of waste
considering the entire life
cycle of the product or service
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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 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 (Ludeke-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).

Indicate the objectives/gaps
for your project related to the
business model
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What to consider in the design phase

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 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 current existing business models
(Godinho, 2019).

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 (Circle Economy, 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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WHAT IS THE BUSSINESS MODEL OF THE REFERENCE PRODUCT OR SERVICE?

Describe the current bussiness model

CURRENT
BUSINESS
MODEL

FOR REFLECTION HOW CAN WE INNOVATE THE BUSINESS MODEL?

Identify new business models that can be aplied for your solution

DEVELOP
NEW BUSINESS
MODELS
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NEW CONCEPT
development

NEW PRODUCT OR SERVICE AND BUSINESS MODEL FOR THE PROJECT/SOLUTION?

Based on the options selected develop the new product or service and describe the business model
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NEW CONCEPT development

) RIB OUR PROD ACCORD 0

Identify and describe the resources used in your product, considering materials, energy and water
RESOURCES
Describe how your product is produced
PRODUCTION
Describe how the product is distributed
DISTRIBUCTION
Describe how the product is used, including the use, consumables, maintenance, repair, etc
USE
Describe what happens after the functional use of the product
END OF
FUNCTIONAL
LIFE
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NEW CONCEPT - impacts

) A\ P A
R A ) 0 A
Identify the impacts related to the resources used in your product
RESOURCES
Identify the main impacts related to the production
PRODUCTION
Identify the main impacts related to the distribution
DISTRIBUCTION
Identify the main impacts related to the use of the product
USE
Identify the main impacts related to the end of funcional life of the product
END OF
FUNCTIONAL
LIFE
g In this field describe the source of the inputs.
. Explain hO_V(\jI the:f d Are they based on a Life cycle analisys?
Impacts were identitie Qualitative or quantitative?

» David Camocho

71



ROUNDING

ROUNDING THE VERTICES




assessment

For an assessment of circularity performance of the
design process and the solutions developed

Circularity performance

»» David Camocho
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Qualitative assessment
of the circular approach
In project design

How to asses the project and the results attained?

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 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 four levels for circularity;
the function level, the resources level, the social level and the economic level.

The tool results in a set of information, presented through chats, in which the user can:
identify the overall performance of the project, meaning how much the vertices were
rounded,
the performance of each principle, and to what extent the principle was adopted in
the process
the performance of the project according to the four levels for circularity
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.



Structure

The tool is composed of an introductory spreadsheet, 10 spreadsheets to evaluate the

10 design 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.

In each spreadsheet, there is also and 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.

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
cycle perspective in the analisys of the design O O >
problem and in the development of the solutions?
Please indicate the features implemented in order to
extend the durability of the product
Why is durability important for circular economy Designing durable products by extension the technical and aesthetic
and sustainability? 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,
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 Camacho | Transition to circular and sustainable economy through design | IADE - 2021

Figure 6: Assessment spreadsheet Design durable products
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Results

Through the inputs and the
assessment of the performance in
the implementation of the 10 circular
design principles, the tool calculates:

Overall performance of the project

The overall performance of the project,
indicating in which percentage the project
fulfils the aim of rounding the vertices. In
order to reach the maximum score, the
project has to implement all the principles
scoring 5 on the assessment scale from 01

to 0O5.
Qualitative assessement of the +  The performance of the four levels, how
circular design project the project and the results are performing
0 1 2 3 in terms of the function of the product, the

resources used within the life cycle, the
‘ \ social aspect and the economic aspects
of the product or service. To reach the full
) 78 potential in the transition for circularity, the
— project must address these four aspects
and improve them in all stages of the life
P cycle
The performance of each principle.
Functional dimension M Resources M Social dimension M Economic resources This detailed scoring allows a brief
demonstration of where the product is
performing better and where there is the

Performance by guideline

need to improve the process towards
0 1 2 3

circularity.

#1 Life cicle perspective in the project...
#2 Rethink the system and the function
#3 Design with Synergies and co-creation
#4 Design durable products

#5 Design with Sustainable materials and...
#6 Design for dematerialize the system

#7 Design for an Efficient and sustainable...
#8 Design for optimal use
#9 Design the Business model

#10 Design for Recirculation

Figures 7-9 : Results of the assement tool / example
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Resources and duration of the project

Defining the activities and taks for the project

In this sheet, the management team should identify the resources and time needed to perform the main activities and their related subtasks.
These must reflect the needs identified and the goals of the current project.

Activity Sub-task Resources needed Cost
11 0
12 o
13
1 o -
14 0
i3 0
16 0
21 0
22 0
23
2 o -
24 ®
245 0
2.6 0
31 0
3.2 ®
33
3 o -
3.4 0
35 0
36 o
41 0
42 o
43
4 o -
44 o
4.5 0
4.6 0
5.1 0
5.2 0
53
5 o -
5.4 o
5.5 0
5.6 0
6.1 ®
6.2 0
6.3
6 :
6.4 ®
65 o
6.6 0
71 0
7.2 0
73
7 -
7.4 o
7.5 0
7.6 0
Duration Cost
1 [ 0 0,00 €
2 [ 0 0,00 €
3 [ 0 0,00 €
4 0 0 0,00€
5 0 0 0,00€
6 [ 0 0,00 €
7 0 0 0,00 €
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Iti 0% of in the design phase. Therefore, it is crucial
to des\gn with aife cycle perspective in order to minimize, or |d=zHy, e impacts (unsldermg the entire life cycle of products
and services.

Design the fu nct|on/Reth|nk the system

a rethinking process.

he v bya more. quin
(Morseletto, 2020)

Rethinking the system and the function of the product is a way to look at your product and envision sustainable alternatives by

The design and pr that ci pects are integrated d development p
of i [ reshaped objectives for the design project.

product ) while design aspects such as safety, quality, d to o (B58001). In a circular design approach, the
also, o 430 The key i to design

2019) driven uSerneeds and not o the solutiansof how to produce ar deliverthe

e ofering (Niimiki & Hass 2011)
a lead ). Therefore, e p i line with the needs of the users,
Janned, ted, maintained, Il stages in ¥ ideas, o concepts, a product

product (150 14006:2020), through design.

Ifthe reference product was

how it was considered.

Indicate the objectives/gaps

for your project in regard to
life cycle perspective.

Design with Synergies and Co-creation

(Morseletto, 2020).

Indicate the current situation.
Explain briefly the funtion of
your product or service

Indicate the objectives/gaps
for your project according to
the function of your product

Design durable products

The design practice has been evolving. This evolution, from a user-centered approach to co-designing, is changing the roles of the.
designer, the researcher and the users (Elizabeth, 2008).

n design for a circular economy, as a new step in the design evolution, changes are needed in the field of design and design

ind a new views and

a longlife s utilization period of products, maintaining its iumnon
alonger period of
product, component or material to perform a required function under intended conditions of use and maintenance before it Fe

obsolete because it o mm its function (BS8001).

hes on design processes.

h g
3 d (Hummels, 2012), and the establishment of synergies in the.
value chan.

that unlikely th d
subslanua\ progress i the transition to a more circular and S economy (85 8001).

Indicate the current stuation.
and

reference product or reference.
situation

Indicate the objectives/gaps
for your project regarding
synergies and co-creation

Design with Sustainable Materials and Energy

igned long. the integration of solutions and features that faciltate

easy repair, uamnlar\v bv i parties, (BS8001), maintenance, upgrade, etc. The design team must also select effective materials

and components that guarantee the durability of the product.

Designing for durability is
ithout ttained by design sol

throughout a specified period 1., 2016),

increase in the use period of products, through mainte

of products that can take the wear and tear
that will operate
Iife extension fe wit

etal, 2019).
to extend the thetic and the product used foras
L bl gy may ¥ Il less”, it can be interesting and
d 'd marke (Rocha
etal, 2015)
D e e e e e R L e e
which s linked to whichan

order toincrease replacement rate” (BS 8001).

Indicate the current situation.
Explain how the refer

[product of reference situation
s performing regarding
durability

Indicate the objectives/gaps
for your project in terms of
durability

Design for dematerialize the system

d move from

Material selection is a key
62430:2019), ik (Circle Economy, 2021).
o Rocha et a, 2019). W need to change the way to fulfilthe needs of the users in a more sustainable and demateralized wa. I we achieve a reducton in
the energ) by the product is a cruci in the the npus ofthe materal more value.

design impacts. The decisi in the design , the n through moving

y material and in the life cycle of the product or etal. e e T G et e e )
2020 like the reuse of product haring, leasing, repair,
The (€8A 2016), among

d hould isatic d ti ot likely to happen
ial, economic and r gh the desig new

Indicate the current stuation.
Explain how sustainable are

reference product of reference
situation

Indicate the objectives/gaps
for your project according to
sustainable materials and
energy.

sign for efficient and sustainable production

started
& Pigosso, 2017) and

due to the high p
improved Meal s

waste in the life cycle, by reducing

Indicate the current situation.
Explain how the reference
product of reference situation
is performing according to
dematerailization

Indicate the objectives/gaps
r your project according
dematerialization

Design for optimal use

The Circularity Wh G e O e e IR | \mnac« It involves the consumption
(European Comi practices and IEC 62430:2019).
The design reduction of waste and In the design phase decisions that are made on products are crucial to ml|uence the use Dhase Dcmwe\y (Rocha etl, 2019), The
ization of resource consumptions, promotion of seful applications for materials, etc (S\menne etal, (2019). Leading the e products,
transition, 2017), urability, repair, upgrade etc, (esm)ol!
Design for an efficient production ing desi of operati i user Product and sevices must b user
production stage. ] mption s per unit of output waste and friendly, needs of eed: optimal use,
i outputs, (Rocha etal, 2015, BS 8001). will reduce the impacts and added values to the product or service system.
The new seekto thereby minim
the recirculation and reuse of products (EsA,
e gt 2008).

Indicate the current stuation.
Explain how the reference
product of reference situation
is produce

Indicate the objectives/gaps
for your project regarding the
prodution process

Design for Recirculation and zero waste

nomy s seen as a new way to design, produce and use p

Based on the principles of elimination ollhegenerannnn!wax(e\n the system, ducts and

Indicate the current situation.

s performing in the use phase.

Indicate the objectives/gaps
for your project for the use:
phase

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
product and servces

d the
regenerati nnlnmura\svslemﬁ, (EMF) the adoption of the concept maintains or even increases the value of products, materials and
resources in bl ibuting

resources wi

he in most cases, to attain a higher potential for circularity, the
s morel needs o b austed o new busines morels nec 0 b reated and developed.

materials, i
consumption system.

e e Aty input materil, as circularity is leading to 3 and new ways. of the
value an potential o be used i the procucton process Th it fom "waste” o “resources” ca boost the market
for secondary materi v virgin raw,
he mdes\zn of Ed 2020) and -Freund, 2010), 3 system of circular pr and
valu-added sevices, an supporting clreular systems (Romero & Rossl,2017)
business model reuse, sharing, I
i recycling etc. By one’s busi product

Indicate the current stuation.
Explain how the reference
product o reference situation
is performing according
recirculation and zero waste

Indicate the objectives/gaps
for your project towards
recirculation and zero waste

o | Transton to circular and sustainabl

my through design | 1ADE

significant role in maintaining of product: in
(Mcaloone & Pigosso, 2017).

Describe the current bussiness
model
Indicate the objectives/gaps

for your project related to the
business model
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Circular Design morphological box

Delete inputs

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 ideally, eliminate 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 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 attained solutions
throughout all life cycle stages.

Designing for the circular economy, 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 . Therefore, top management and decision-makers should ensure that strategies are planned, implemented,
maintained and consider all stages in the life cycle of a product through design.

Describe your product according with the life

cycle stages
Identify and describe the resources used in your product ,
considering materials, energy and water

Identify the main impacts related to the stage

Identify the impacts related to the resources used in your product

Describe how your product is produced Identify the main impacts related to the production

Describe how the product is distributed Identify the main impacts related to the distribuction

Describe how the product is used, including the use, consumables,

. . Identify the main impacts related to the use of the product
maintenance, repair, etc

Identify the main impacts related to the end of funcional life of the

Describe what hapens after the functional use of the produtc.
product

In this field describe the source of the inputs. Are they
based on a Life cycle analisys? qualitative or quantitative?

David Camocho | Transition to circular and sustainable economy through design | IADE - 2021
Next page




X Delete inputs

Design the function/Rethink the system

The circular economy can be characterized by a Rethink approach. To make something more circular requires rethinking a rethinking process.

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 news
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, root cause, system and life cycle perspectives . In a circular design approach, the
focus should be on the outcome to fulfil a specific need and 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

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.

What is the function of the product?

Describe the function withou describing the product

David Camocho | Transition to circular and sustainable economy through design | IADE - 2021 .
>

Option selected



Delete selection

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 .

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 a new view and approach 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, and the establishment of synergies in the value chain.

Some authors even consider that without collaboration initiatives, it is unlikely that an organization can achieve a successful and substantial progress in
the transition to a more circular and sustainable economy

Collaborate and co-design Sy s Industrial Symbiosis
Identify potential synergies that can
Identify ideas for collaboration and co- fy p . P Identify potential industrial symbiosis
. e . support the project and the product or
design development within the project ) related to the product and the company
service developed
| | | |
| | |
| | |
| |
| | |
| | |
| | |
| | | |
| | | |
[ | [ ] | |

David Camocho | Transition to circular and sustainable economy through design | IADE - 2021
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Circular Design morphological box

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. Durability aims for a maximum potential
lifetime of a product, component or material to perform a required function under intended conditions of use and maintenance for a long period of time before it becomes obsolete because it can no fulfil is function.
New products should be designed to be durable for a long lifetime through the integration of solutions and features that facilitate easier repair, particularly by third parties. Maintenance, upgrade, etc. the design team must also select effective

materials and components that guarantee the durabi

ty of the product.

Delete selection

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 specified period without , 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.

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.

Developing durable products, that are used and

lifetime in order to increase replacement rate”

for longer, is the count

trategy to the implanted programmed obsolescence, which is linked to techniques and solutions by which an “organization seeks to deliberately limit product

Maintenance

tant design solution:

Product-user relation

Identify ideas for a selection of
fy ide - o Identify ideas that promote the | Identify ideas that promote the | Identify ideas to improve the Identify ideas to create ideas in order to
more suitable materials to | Identify ideas that promote the o . ’ . ¢ p—
" o reparability of your products |  technical and aesthetical | resistance to wear and loss of |  products with a stronger simplify your product,
fulfill the needs of the product | reparability of your products 4 ¢ . > i €
. © maintenace of your products |  upgrade of you products properties of your product | emphatic relation with the user|  promoting a efficient use
and their function
n n ] u n [ ]
[ [ n n n []
u L] n n [ ] u
u L] n n [ ] u
u n n | n n
n | [} n n [ ]
n | ] u [ n
] ] [] [ ] [
n ] ] u [ u
[] ] ] [] ] ] []
David Camocho | Transition to circular and sustainable economy through design | IADE - 2021
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Materials selection is a key step in design for circular economy and sustainability. The objective is to select sustainable materials without either increasing costs or degrading the product functionality, seeking the best match between design requirements for the product and
material properties.

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 influence the
efficiency and optimization of material and energy consumption in the life cycle of the product or service.

The properties and functionality of materials are continuously evolving as a result of materials innovation and new and more effective material applications. The selection of materials must have consider their sustainability and the designers should take into account the
social, economic and environmental aspects throughout the material’s lfe cycle

Non toxic materia Efficient material Fair material
. N N N Considering the embodied . X How can we avoid the use of | Which materials are efficient | How can we selects materials
Which recyclable material can | Which recycled material can i . Which renewable materials | How can renewable energy N i tho o . . P
vee ' N § energy of materials, which are e ) non toxic materials in the life | and have a positive impact in |that are fair from a social point
be applied in the project? |  be applied in the project? . . can be appied in the project? | can be used by the product? y
suitable for the project? cycle of the product? the product system? of view?
u u u L] L] | (] ]
|} u |} u [ (] u | |
[ [ | [ ] u [ [ ] [ u
u u [ [ [ ] u ]
] n n n | [ ] n ]
|} u |} u [ (] | | |
[] [ [ [ [ ] [ ]
] ] ] [] (] ] u ]
] n [] n | [ ] n ]
| § u | § u [ (] |} | |
David Camocho | Transition to circular and sustainable economy through design | IADE - 2021 .
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Design dura ble products Delete selection

We need to embrace dematerialisation, rethink concepts of ownership and move from resource efficiency to resource sufficiency.”

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 in our systems.

With a dematerialization focus, the designer must delivery a function with no or reduced needs in terms of materials, often through moving from
physical products to digital alternatives , 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, among other
solutions.

The needs towards the dematerialisation of pr and ion to achieve sustainable solutions are not likely to happen through efficiency
improvements. There is a need for shifting from the current technological paradigm through the design and development of new solutions.
Product/service-systems, as a mean to dematerialize the system started to gain momentum due to the high potential for enhanced environmental
performance and improved competitiveness and the combination of tangible products with intangible value-added service can 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 by creating new revenue streams and extending the residual value of products

ing Virtualization

How can we deliver utilit
Identify ideas to meet the Identify ideas to satisfy the ) Y e .
. . ) virtually. How to replace Identify ideas to increase the
needs of the users with a needs with products or services L 4
P, . ) physical infrastructure and service component of the
solution in wich the productis | that are leased from a service o . .
. assets with digital/virtual product or services system
shared by several users provider .
services ?
[ | [ | |
| | | |
[ | | |}
[ | [ | |
| | [ | |
| | [ | |
| | [ | |
[ ] u [ |
] | [ ]
|} | | |

David Camocho | Transition to circular and sustainable economy through design | IADE - 2021 3
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Delete selection

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.

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 .

Design for an efficient production focuses on adopting design measures and innovative mode 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).

The new product and service solutions should seek to maximise the resource efficiency, thereby minimising the waste production and the reciculation
and reuse of waste and secondary products into the production, and considering the working conditions under which the products are made,

including worker rights.

Reduce consumption of _
Standardization

Modularity
materials and ene
Indicate ideas to reduce the . . N A q
N . How can the project adopta | Which are the best available |Which standard solution can be
consumption of materials and ) . )
modular solution? technics that can be used? applied?
energy

| | | | ]

u | | |

| | |

| | |

u | | |

| ] ]

| | |

| | | |
| ] ]
[ ] [ | ] |

David Camocho | Transition to circular and sustainable economy through design | IADE - 2021
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Circular Design morphological box

Delete selection

Design for optimal use

When considering the entire life cycle, the use phase is likely to have the greatest environmental impacts. It involves
the consumption of resources such as energy, consumables, and outputs such as waste and emissions during the use
of the product.

The impacts in the use phase are related to strategies that improve this stage. In the design phase decisions that are
made of products are crucial to influence the use phase positively. The development team must consider and adopt
strategies to prolong the life of the products, components and materials through durability, repair, upgrade etc.
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 an optimal use will reduce the impacts and added values to the product or service system.

Reduce consumables Simplicity principle clusive design/design for all

How can the consumption of
consumables be reduced in the | Indicate ideas to simplfy the Indicate solutions that are
use phase of the product or use of the product or service |inclusive and can be used by all
service?
| | |
| |
| |
| |
| | |
| |
| |
| |
[ ] |
| ] |
David Camocho | Transition to circular and sustainable economy through design | IADE - 2021 == ———
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) for Re-use

Which features can you add in
the solution to promote the
reuse of components or
materials

for Recirculation and

Circular Design morphological box

Design for Recycling
Indicate features to optimize
the recycling process and
optimization of the quality of
the materials resulting from
the recycling

WENS]

esign for Remanufacturing

Indicate ideas to implement a
remanufatoring system

Refurbish

Indicate ideas to promote the
refurbishing in your solution

Design for Repair

Which features and services to
promote the repairing process
can be implemented?

Delete select

Indicate ideas to eliminate the
production of waste
considering the entire life cycle
of the product or service

David Camocho | Transition to circular and sustainable economy

selected options|

through design | IADE - 2021




Design Circular Business models Ghles s

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 product 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 business models need to be created and developed.
This new approach to circularity is leading to new business, 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 focused on efficiently offering a system of circular products and value-added services, and supporting circular systems

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

What is the bussiness model of the reference product or service?

Describe the current bussiness model

How can we innovate the bussiness model?

Identify new businees models that can be aplied for your solution

David Camocho | Transition to circular and sustainable economy through design | IADE - 2021
Next page
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Annex 13 — Assessment Criteria dfinition
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STE P 01 = Define the level of influence of the 10 design principles in
Please use the scale 0 to 5:

"0" for No influence

"2" for Low influence
"3" for Medium influence
"4" for High influence

Note: By default, all cells are pre-filled with "0" No influence.

Function

2

Qualitative assessment of the circular approach in design project

each dimension.

Resources

2

Society

3

Economy

4

Low influence

Medium influence

3

4

Low influence

Medium influence

3

4

Medium influence

High influence

4

High influence

2

2

High influence

High influence

2

Low influence

2

3

Low influence

Medium influence

3

4

Low influence

Medium influence

3

4

Low influence

Medium influence

3

Medium influence

4

High influence

David Camocho | Transition to circular and sustainable economy through design | IADE - 2021

High influence

High influence

2

Low influence

2

3

Low influence

Medium influence

Next Step
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Annex 14 — Questionnaire Validation




bl R@UNDING B
«VERTICES 4

D G Transition to Circular and Sustainable Economy through Design | ANNEX
Lhe

I ,}ﬂmh;,,. Rounding the vertices - Toolkit for circular design \}‘

Rl |
Yy - Rounding the vertices

&
(00)- _4.y
o\ CONCEPT 4

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
implemnent 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 in an
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!

@.} david.camocho{@gmail.com (not shared) Switch account Y

Mext O Fage 1 of 3 Clear form

E E 522:!,‘?:';':,‘1%'3::‘3:;;.,;&0 David Jodo Geraldes Camocho | 2022

Universidade Europeia



L ROUNDING

L4 «.VERTICES '}

-‘ 4 Transition to Circular and Sustainable Economy through Design | ANNEX
'

I.E Rounding the vertices - Toolkit for circular design ‘Q

' \_| Rounding the vertices A
‘@ CONCEPT  * @~

Part O1- Rounding the vertices — Toolkit
for circular design - DRIW 21 - Workshop

@ david.camocho{@gmail.com (not shared) Switch account &
* Reguired

1.1 Name *

Your answer

1.2 Institution

Your answer

1.2 Profile

O Design student
O Design professional

() Professor

O Other:

Back Mext S  Fage 2 of 3 Clear form

Faculdade de Design,

E E Tecnologia e Comunicagéo David Jodo Geraldes Camocho | 2022

Universidade Europeia



L ROUNDING L
L1 ..VERTICES 4

- -
L4
e

Transition to Circular and Sustainable Economy through Design | ANNEX

I'E Rounding the vertices - Toolkit for circular design ‘Q.

'“" Rounding the vertices A
{013 —@--
2 CONCEPT 4

Part O1- Rounding the vertices — Toolkit
for circular design - DRIW 21 - Workshop

@ david.camocho{@gmail.com (not shared) Switch account &

The Rounding the vertices concept is based on system optimization to support the transition to circular
economy through design. The transformation of a square, which illustrates the linear economy into a

circle, related to circular economy presupposes an optimization at various levels.
Within this project, 4 fundamental dimensions were defined. Economy. Resources, Society and Function.

Rounding the vertices concept

e (D

’= Eeenamy Resolaces fl'
— [ |

|mr. S

Faculdade de Design, . ~
Tecnologia e Comunicagdo David Jodo Geraldes Camocho | 2022

Universidade Europeia



b ROUNDING B
L} -VERTICES I}
-

-‘ £ Transition to Circular and Sustainable Economy through Design | ANNEX
Ll

2.1 At what extent do you agree with the definition of these 4 dimensions in order
to support the design process?

1 2 3 4 5

Strongly disagree O O O O O Strongly agree

2.2 Relevance of the concept to promote the design practice for circular
economy

1 2 3 4 & 6

Mot relevant O O O O O O Highly relevant

2.3 Do you have any suggestions for other dimensions that should be
represented in the concept?

Your answer

2.4 Do you have any suggestions to improve the concept?

Your answer

Back m S Page 3 of 3 Clear form

Faculdade de Design, . ~
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e
Emﬂ Transition to Circular and Sustainable Economy through Design | ANNEX
Lhe

1 =:'f...:.,_. Rounding the vertices - Toolkit for circular design \i}

L] L. |
' | Rounding the vertices

SN Design model

Part 02- Rounding the vertices — Toolkit
for circular design - DRIW 21 - Workshop

@ david.camocho(@gmail.com (not shared) Switch account (%)

* Required
1.1 Name *

Please use the same name in all parts of the gquestionnaire

Your answer

MNext I Page 1 of 2 Clear form

Mever submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Google Forms
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Transition to Circular and Sustainable Economy through Design | ANNEX

R Rounding the vertices - Toolkit for circular design \3

Rounding the vertices

Design model

Part 02- Rounding the vertices — Toolkit
for circular design - DRIW 21 - Workshop

& david.camocho@gmail.com (not shared) Switch account (&)

In order to operationalize the integration of the concept in the development of design projects oriented to
the circular economy a model composed by 3 interlinked layers was developed. A layer that corresponds
to a strategic performance, oriented to the strategic objectives of the company, client, and project team, a
layer oriented to the management of the design process, and an operational layer, oriented to the effective
development of the project.

Faculdade de Design, . ~
E E Tecnologia e Comunicagéo David Jodo Geraldes Camocho | 2022

Universidade Europeia



Transition to Circular and Sustainable Economy through Design | ANNEX

3.1 This model is useful to structure the design practice for the circular economy

1 2 3 4 b 6

Strongly disagree O O O O O O Strongly agree

3.2 The 3 levels (Strategic, Management and Operational levels) are important to
organize the design project and define the different approaches

1 2 3 4 b &

Strongly disagree O O O O O O Strongly agree

3.3 If you could change something in the model, what would you change?

Your answer

Back m S Page 2 of 2 Clear form

Mever submit passwords through Google Forms.

This content iz neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Google Forms

E E $Z§:L‘f§;'§,‘iec'3$‘3:.‘i;u;ao David Jodo Geraldes Camocho | 2022
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PR Rounding the vertices - Toolkit for circular design & ®.

@! #1 Defining the

o project worksheet

Part 03- Rounding the vertices — Toolkit
for circular design - DRIW 21 - Workshop

Q‘.} david.camocho@gmail.com (not shared) Switch account (&)

* Required
1.1 Name *
Please use the same name in all parts of the questionnaire

Your answer

Next G Page 1 of 2 Clear form

Never submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy
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O e Rounding the vertices - Toolkit for circular design

W #1 Defining the

4
'@ project worksheet

Part O3- Rounding the vertices - Toolkit
for circular design - DRIW 21 - Workshop

@ david.camocho@gmail.com (not shared) Switch account (&)
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3.1 Do you think the tool is useful to help in the definiton of the project?

O Yes
O Mo

3.2 Based on your perception of the tool, what are the main Weaknesses
identifyed?

Your answer

3.3 Based on your perception of the tool, what are the main Strengths
identifyed?

Your answer

3.4 If you could change something in the tool, what would you change? Do you
have any idea or suggestion on how to improve the tool?

Plese inzert some ideas about how to improve the tool

Your answer

Back Submit I Page 2 of 2 Clear form

Mever submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Google Forms
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N worksheet

Part 04- Rounding the vertices - Toolkit
for circular design - DRIW 21 - Workshop

@ david.camocho(@gmail.com {not shared) Switch account &

* Required
41 MName *
Flease use the same name in all parts of the questionnaire

Your answer

Next I Page 1 of 2 Clear form

Mever submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy
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1 e Rounding the vertices - Toolkit for circular design @

'@F #2 Project planning

Nt worksheet

Part 04- Rounding the vertices — Toolkit
for circular design - DRIW 21 - Workshop

@ david.camocho@gmail.com (not shared) Switch account ()

#2 Project planning worksheet

Project Planning
Worksheet

This worksheet helps design managers and design team
w the planning and management of dasign projects for a
circuiar economy.

Planning the design project towards circularity

FOUNDING THE VERTICES » Dodd Carmncte

Faculdade de Design,
Tecnologia e Comunicagéo
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4.1 Do you think the tool is useful to help in the definiton of the project?

O Yes
O No

4.2 Based on your perception of the tool, what are the main Weaknesses
identifyed?

Your answer

4.3 Based on your perception of the tool. what are the main Strengths
identifyed?

Your answer

4.4 If you could change something in the tool, what would you change? Do you
have any idea or suggestion on how to improve the tool?

Plese inzert some ideas about how 1o improve the tool

Your answer

Back m S Page 2 of 2 Clear form
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Part 05- Rounding the vertices — Toolkit
for circular design - DRIW 21 - Workshop

@ david.camocho@gmail.com (not shared) Switch account &

* Required

51 Name *®

Please use the same name in all parts of the questionnaire

Your answer

Next e Fage 1 of 2 Clear form

Mever submit passwords through Google Forms.
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! #3 Circular design
"_.' Mbox

Part O5- Rounding the vertices — Toolkit
for circular design - DRIW 21 - Workshop

I"‘%g

@ david.camocho@gmail.com (not shared) Switch account (&)

#3 Circular Design
Mbox

Tiha wocksheet helps the design teams in the
entification of ideas for circular product development

Development of new concepls
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5.1 Do you think the tool is useful to help in the definiton of the project?

O Yes
() No

5.2 Based on your perception of the tool, what are the main Weaknesses
identifyed?

Your answer

5.3 Based on your perception of the tool, what are the main Strengths
identifyed?

Your answer

5.4 If you could change something in the tool, what would you change? Do you
have any idea or suggestion on how to improve the tool?

Plese insert some ideas about how to improve the tool

Your answer

Back m I  Page 2 of 2 Clear form

Mever submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Google Forms
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p Assessment tool

Part 06- Rounding the vertices — Toolkit
for circular design - DRIW 21 - Workshop

@ david.camocho@gmail.com (not shared) Switch account (&)

* Required
5.1Name *
Please use the same name in all parts of the questionnaire

Your answer

Next G —— Page 1 of 4 Clear form

Never submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Google Forms
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@! #4 Circularity

p % Assessment tool

Part 06- Rounding the vertices — Toolkit
for circular design - DRIW 21 - Workshop

@ david.camocho@gmail.com (not shared) Switch account (&)

6. General information

5.1 Name

Circularity
assessment

For an assessment of circularity performance of the
design process and the solutions developed

Circularity performance
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6.1 Do you think the tool is useful to help in the definiton of the project?

O Yes
O Mo

6.2 Based on your perception of the tool, what are the main Weaknesses
identifyed?

Your answer

.3 Based on your perception of the tool, what are the main Strengths
identifyed?

Your answer

6.4 If you could change something in the tool, what would you change? Do you
have any idea or suggestion on how to improve the tool?

Plese insert some ideas about how to improve the tool

Your answer

Back Mext S  Page 2 of 4 Clear form

Mever submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Google Forms
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9" 44 Circularity

o,  Assessment tool

Part 06- Rounding the vertices — Toolkit
for circular design - DRIW 21 - Workshop

@ david.camocho@gmail.com (not shared) Switch account ()

#4 Circularity Assessment tool

6.1 Do you think the tool is useful to help in the definiton of the project?

b liow W el Vanygood
structure g © O O O
caphicdesign O O O O O
o e O O O
Lenghn O O O O O
Usabiity O O O O O

AdAaniiame A tha
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Usability O O O O O

Adequacy to the

design O O O O O

professionals

6.2 Based on your perception of the tool, what are the main Weaknesses
identifyed?

O Yes
O No

4.3 Based on your perception of the tool, what are the main Strengths
identifyed?

Plese insert some ideas about how to improve the toolkit

Your answer

Back Mext S  Page 3 of 4 Clear form

Mever submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Google Forms
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.' W #4 Circularity

p -  Assessment tool

Part O6- Rounding the vertices — Toolkit
for circular design - DRIW 21 - Workshop

& david.camocho@gmail.com (not shared) Switch account (&)

Toolkit - E-book - Overview

Your answer

4.1 Based on the presentation and your perception, please evaluate the toolkit
according to the different topics:

Your answer

Back Submit C——  Page 4 of 4 Clear form

Never submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy
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Transition to Circular and Sustainable Economy through Design | ANNEX

Rounding the vertices — Toolkit for
circular design - Workshop | Perceptions

The following questions aim to collect feedback and the initial perceptions from the toolkit
presented in the workshop.

Concerning the protection of individuals about the processing of personal data, the

information provided will be processed only for scientific research purposes, and in an
aggregate way, thus guaranteeing the most complete anonymity.

@ david.camocho@gmail.com (not shared) Switch account &

Next OIS Page 1 0f 6 Clear form

Never submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Google Forms
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1.  General information

1.1 Name

Your answer

1.3 Main field of expertise

O Design

O Circular economy

O Sustainability

O Other:

Back MNext S Page 2 of 6 Clear form

Mever submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Google Forms
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@ david.camocho@gmail.com (not shared) Switch account S

2. Design and development model
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2.1This model is useful to structure the design practice for the circular economy

Please ansewer the guestion based on the presentation.

1 2 3 4 5 6

Strongly disagree O O O O O O Strongly agree

2.2 The 3 levels (Strategic, Management and Operational levels) are important to
organize the design project and define the different approaches

1 2 3 4 5 6

Strongly disagree O O O O O O Strongly agree

2.3 If you could change something in the model, what would you change?

Your answer

Back Mext I Page 3 of & Clear form

Mever submit passwords through Google Forms.

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Google Forms
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@ david.camocho@gmail.com (not shared) Switch account ()

Function

i'r?“y Economy Resources§ B 3

e

Society @

Universidade Europeia
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Transition to Circular and Sustainable Economy through Design | ANNEX

3.1 Relevance of the concept in promoting the transition to circular economy in
practice

1 2 ] 4 5 5]

Mot relevant O O O O O O Highly relevant

3.2 Do you have any suggestions for other levels or ideas that should be
represented in the concept?

Your answer

Back Mext S  Page 4 of 6 Clear form

Mever submit passwords through Google Forms.

This content i neither created nor endorsed by Google. Report Abuse - Terms of Service - Privacy Policy

Google Forms
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Based on the presentation. please share your perceptions of the toolkit
according to the different topics:

Poor Low Medium Good Verygood Column 6

4.1.1 Structure O

O O O

4.1.2 Graphic
design

4.1.3 Content
4.1.4 Lenght

4.1.5 Usability

4.1.6
Language

O O O O O
O O O O O O
O O O O O
O O O O O O
O O O O O
O O O O O

41.7
Adequacy to
the design
professionals

O
O
O
O
O
O

4.2 Do you think the toolkit is adequate to the users' needs?

O yes
ONG

4.3 If you could change something in the toolkit, what would you change? Do you
have any idea or suggestion on how to improve the toolkit?

Plese insert some ideas about how to improve the toolkit

Your answer

Back Mext S  Fage 5 of 6 Clear form
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& david.camocho@gmail.com (not shared) Switch account ()

7. Other comments, suggestions or remarks

7.1 Please use the following field to include other comments, suggestions and
remarks not adressed in the above mentioned guestions

Your answer

Back m S Page 6 0f B Clear form

Mever submit passwords through Google Forms.
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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.margarida.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 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 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.

Concerning the protection of individuals about the processing of personal data, the
information provided will be processed only for scientific research purposes, and in an
aggregate way, thus guaranteeing the most complete ancnymity.

If you have any doubts or questions about this survey, please let us know.
david.camocho@gmail.com

@ david.camocho(@gmail.com (not shared) Switch account 5
Next I Page 1 of 9 Clear form
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Rounding the vertices — Toolkit for
circular design - Expert validation

@ david.camocho@gmail.com (not shared) Switch account &
1. General information
1.1 Name

Your answer

1.2 Institution

Your answer

1.3 Main field of expertise

O Design

O Circular economy
O Sustainability
O Other:

Back MNext a I Page 2 of 9 Clear farm
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Transition to Circular and Sustainable Economy through Design | ANNEX

Rounding the vertices — Toolkit for
circular design - Expert validation

@ david.camocho@gmail.com (not shared) Switch account (&)

2. Design and development model

In order to operationalize the integration of the concept in the development of design projects oriented to
the circular economy a model composed by 3 interlinked levels was developed. A level that corresponds to
a strategic performance, oriented to the strategic objectives of the company, client, and project team, a
level oriented to the management of the design process, and an operational level, oriented to the effective

development of the project.

David Jodo Geraldes Camocho | 2022
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2.1 This model is useful to structure the design practice for the circular
economy?

2 4 5 ]

Strongly disagree O O O O O O Strongly agree

2.2 The 3 levels (Strategic, Management and Operational levels) are important to
organize the design project and define the different approaches?

2 4 5 ]

Strongly disagree O O O O O O Strongly agree

2.3 If you could change something in the model, what would you change?

Your answer
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@ david.camocho@gmail.com (not shared) Switch account &

The Rounding the vertices concept is based on system optimization to support the transition to circular
economy through design. The transformation of a square, which illustrates the linear economy into a
circle, relative to circular economy presupposes an optimization at various levels.

Within this project, 4 fundamental dimensions were defined. Economy. Resources, Society and Function.

Function

Resources |

Society @
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T
3.1 At what extent do you agree with the definition of these 4 dimensions in order
to support the design process?

2 3 4

Strongly disagree O O O O O Strongly agree

3.2 Relevance of the concept in promoting the transition to circular economy in
practice

2 4 5 b

Mot relevant O O O O O O Highly relevant

3.3 Do you have any suggestions for other levels that should be represented in
the concept?

Your answer
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4 Toolkit - e-book version

Tecnologia e Comunicagéo
Universidade Europeia
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4.1 Please evaluate the toolkit according to the different topics:

Foor Low Medium Good Very good
4.1.1 Structure O O O O
4.1.2 Graphic
design

4.1.3 Content

4.1.4 Lenght

4.1.5 Usability

4.1.6 Language

4.1.7 Adequacy
to the design
professionals

O O O O O O
O O O O O O O
O O O O O O
O O O O O O
O O O O O O

4.2 Based on your analisys of the ebook, wich are the main Weaknesses
identifyed?

Your answer

4.3 Based on your analisys of the ebook, which are the main Strengths
identifyed?

Your answer
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4.2 Based on your analisys of the ebook, wich are the main Weaknesses
identifyed?

Your answer

4.3 Based on your analisys of the ebook, which are the main Strengths
identifyed?

Your answer

4.4 If you could change something in the toolkit, what would you change? Do you
have any ideas on how to improve the toolkit in the excel versions?
Plese insert some ideas about how to improve the toolkit

Your answer
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5 Toolkit — Excel versions

Vaaw
;e- Quattative assessment of the ciecular approach in design project

Performance by guideline

E E Tecnologia & Comn David Jodo Geraldes Camocho | 2022
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5.1 Please evaluate the toolkit according to the different topics:

Poaor Low Medium Good Very good

5.1.1 Adequacy
of the Excel

versions to O O O O O

practical
application

5.1.2 User
friendliness

5.1.3 Graphic
layout O

5.1.4 Lenght O O O O O

5.2 Please evaluate the excel versions of the toolkit according to the different
topics:

Your answer

5.3 Please add comments to the excel versions of the tools - Strenghts

Your answer

5.4 If you could change something in the toolkit, what would you change? Do you
have any ideas on how to improve the toolkit in the excel versions?

Plese insert some ideas about how to improve the toolkit

Your answer

Back Next S  Fage 6 of 9 Clear form
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@ david.camocho{@gmail.com (not shared) Switch account &

6. Toolkit - evaluation of individual tools - Ebook

In the following guestions, please share you comments, ideas and improvement options related to each
tool

6.1Tool 1 - Defining the project worksheet - ebook version

Your answer

6.2 Tool 2 - Project planning worksheet — ebook version

Your answer

6.3 Tool 3 - Circular design Mbox — ebook version

Your answer
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6.3 Tool 3 - Circular design Mbox - ebook version

Your answer

6.4 Tool 4 — Circularity Assessment tool - description in the e-book

Your answer
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@ david.camocho(@gmail.com (not shared) Switch account &

7. Toolkit - evaluation of individual tools - Excel

In the following guestions, please share you comments, ideas and improvement options related to each
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7.1 Tool 1 -Defining the project worksheet - Excel version
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Your answer
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8. Other comments, suggestions or remarks
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TRANSItion to circular and sustainable
economy through design

ABSTRACT

This paper aims to present the research under development whose main objective is to support an effective and
practical transition to a more circular and sustainable economy through design.

Currently, circular economy (CE) is gaining attention in Europe and around the world as a potential way for our
society to increase prosperity and sustainability by reducing the dependence on primary materials and energy.

In this transition towards CE, numerous research projects and activities have and are being developed at distinct
levels of society and design has a crucial role, however, there are still several limitations and barriers in its im-
plementation. To implement the model, designers, product developers and companies need to be able to apply
the CE principles and criteria in practice in a simple and efficient way.

The Ph.D. research project that underlies this paper was designed with the objective of supporting the creation
of added value for the design professionals and for the society. Focusing on supporting the transition to the CE,
the expected results will strengthen the role of design by providing professionals a strategy supported by effec-
tive methods and tools for an innovative and effective design practice.

Keywords: Design, Design tools, Design Management, Circular Economy, Sustainability
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INTRODUCTION

The concept of sustainability 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"
has evolved and has been a widely disseminated and exploited strategy (Brundtland, 1987).

The environmental and social concerns in relation with the design activity had already received attention and, as
defended by Victor Papanek in his famous publication "Design for the Real World" (Papanek, 1971) design plays
a key role in the definition of the environmental profile of products and services. It is at the design stage that
about 70 to 80% of the environmental and social impacts of a product are defined (Sinndesign 2016).

The integration of environmental considerations in product development with the objective of reducing prod-
ucts’ impacts throughout their life cycle has been subject of methods development, training and implementation
in companies since the 1990’s. All products have impacts on the environment, which occur at all stages of their
lifecycle, from raw material extraction to manufacturing, distribution, use, and end-of-life.

Today, designers and product developers face a new challenge. The design practice has been recognized as a
catalyst to transition from the traditional model of take-make-dispose to achieve a more restorative, regenera-
tive and circular economy. To attend the need for Circular Economy, products need to be designed for closed
loops and adapted to generate revenues (Moreno, De los Rios, Rowe, & Charnley, 2016). Design for circular
economy, as design in general, has the responsibility of responding to product or service problems, integrating
various criteria and expertise in problem-solving in an innovative way and adjusted to the needs of users. In the
circular economy, the designer has the function of translating the strategies and concepts of circularity in the
development of products, services, and systems that promote the transition from a linear model to a circular
model focused on closing cycles, on the efficiency and sustainability of the system, however, there is a need to
provide design practitioners, business stakeholders and product developers recommendations and practices of
how to think and apply particular design strategies for different circular business models (Moreno et al., 2016).

The design of a product directly influences the way a value chain will be managed. Building circular, globally
sustainable value chains inevitably implies a fundamental change in the practice of design and despite the im-
portance and recognition of the role of design as an engine and promoter of sustainability, there are still numer-
ous barriers to its implementation in practice within companies and businesses (De los Rios & Charnley, 2017;
Prendeville et al., 2013).

Numerous research and development activities have been carried all over the world. However, most of the liter-
ature is academic or with industrial examples mostly from business-to-business (B2B) level (De los Rios &
Charnley, 2017).

Several research projects resulted in tested and validated methodologies and tools for an application in the de-
velopment of projects in the companies, however, the adoption of sustainability measures is still seen as an
accessory element with little commitment from companies and in most cases, its integration is superficial and
poorly substantiated. In most of the cases, it is applied having as main objective the use as a marketing tool to
promote the product, the company or in some cases, unfortunately as greenwashing (Alves, Ferreira, & da Silva,
2011). There are also numerous examples of research activities and literature developed to support companies
to get started and implement sustainability in their process, however, there are very few examples of literature
reporting on success cases of the practical application of the methodology and tools (Dekoninck et al., 2016).

The transition to a more sustainable way of design, produce and consume is a crucial objective for the develop-
ment of our society (Bhamra & Lofthouse, 2007; Braungart & McDonough, 2009; Manzini & Vezzoli, 2010;
MARGOLIN, 2014). In 2015 the European Commission adopted an ambitious Circular Economy Package
(European Commission, 2015) to help European businesses and consumers to make the transition to a stronger
and more Circular Economy where resources are used in a more sustainable way. The proposed actions will
contribute to "closing the loop" of product lifecycles through greater recycling and re-use and bring benefits for
both the environment and the economy. The plans will extract the maximum value and use of all raw materials,
products, and waste, fostering energy savings and reducing Green House Gas emissions. The proposals cover the
full lifecycle: from production and consumption to waste management and the market for secondary raw mate-
rials.

In December 2017 the National action plan for the circular economy was published by the Portuguese Council of
Ministers (PAEC, 2017). The plan is part of the strategy to be followed up to 2020 and aims to redefine the
concept of end-of-life of the linear economy, based on the production and elimination of waste, focusing on the
concepts of reuse, repair, and renovation of materials and energy.

It is a strategic model of growth and investment based on efficiency and value of resources and minimization of
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environmental impacts. This is a document aligned with Portugal's international commitments, such as the Paris
Agreement, the Sustainable Development Goals, and the European Union.

One of the instruments to support the implementation of circular economy is the design. The plan includes con-
crete actions to promote the transition to a circular economy and in these the design plays a crucial role. The
design community should seize the momentum to promote and add value to its activity.

Motivation

Changes are taking place worldwide in business strategy and industries face increasing pressures from economic
crises, resource scarcity, and pollution (De los Rios & Charnley, 2017). The Circular Economy is gaining attention
in Europe and around the world as a potential way for our society to increase prosperity while reducing depend-
ence on primary materials and energy (Ellen MacArthur Foundation, 2015).

Circular Economy is a relatively new concept with a fast 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 depletes natural resources and destroys ecosystems.

In this new transition towards CE, numerous research projects and activities have and are being developed at
distinct levels of society and the design has a crucial role, however, there are still various limitations and barriers
in its implementation. There is not a systematic approach to its implementation and CE is not already a well-
established and mature concept. To implement the model, designers, product developers and companies need
to be able to apply the CE principles and criteria in practice in a simple and efficient way.

In the past, sustainability was widely explored, and despite the perception of practitioners and the society of the
need to adopt itin 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, Ana
M.,2003). Despite the potential benefits of ecodesign as a way to implement sustainability in the Design practice,
and the existence of several tools and techniques for product design, the actual application of ecodesign has not
reached companies worldwide, mainly due to difficulties in ecodesign implementation and management
(Pigosso, Rozenfeld, & McAloone, 2013).

Objectives

The research under development aims to help the transition to a more sustainable and circular economy through
design. The design practice has a crucial role in defining the characteristic of the products and services that fulfill
the needs of the society and their impacts in the life cycle are defined in the design and development phase. In
order to promote design and the practice of design, it is important to assess the maturity of Portuguese compa-
nies and designers in the integration of sustainability criteria related to the development process through the
analysis of the current design practice applied in the development of sustainable industrial products available in
the market. This broad analysis will allow the identification of the current drivers, barriers, and needs faced by
practitioners, which will support the development of strategies, methods and effective tools to support designers
in the transition to the circular economy.

Circular economy is seen in the current political context as the potential successful path to achieve a sustainable
future, a new economic model operating in closed circuits, catalysed by innovation along the entire value chain,
is advocated as an alternative solution to minimize material consumption and energy losses (ECO.NOMIA) and
designers should have the knowledge and the tools to leverage the process (Vicente, 2012).

The transition to a circular and sustainable economy requires better knowledge about the links between prod-
ucts, their underlying business model and the societal infrastructure and governance determining their life-cycle,
which requires fundamental changes to production and consumption systems, going well beyond resource effi-
ciency and waste recycling. Designing products in a smarter and innovative way, extending their useful lives and
changing the role of such products within the system will be crucial to the achievement of that transition
(European Environment Agency, 2017). Therefore, a new strategy, supported by improved methods and effective
tools for designers, is needed.

Within the research under development, the research team 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 circular economy through design.
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Figure 1: Transition from the linear model to circular economy

Circular Economy and Design

Circular economy is an economic system that is restorative or regenerative by intention and design, which
actively promotes the efficient use and productivity of resources. 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 goods for the longest possible time, in cycles
energized by renewable sources, with the aim to accomplish the goals of sustainable development. It is enabled
by design, innovation, new business models and responsible production and consumption (Ellen MacArthur
Foundation, 2013; Kirchherr, Reike, & Hekkert, 2017; Bocken, de Pauw, Bakker, & van der Grinten, 2016)

Inspired by nature in the mechanisms of natural ecosystems, which manage long-term resources in a continuous
process of re-absorption and recycling, the circular economy promotes a reorganized economic model through
the coordination of production and consumption systems in closed circuits. It is characterized as a dynamic pro-
cess that requires technical and economic compatibility but also requires a social and institutional framework
(ECO.NOMIA).

The circular economy currently is a focus theme on the international political agenda. The necessary revolution
requires concerted and strategic alignment as we live in an age of globalization and value systems on a world
scale. This change will require a significant effort from all parties, not only from producers and consumers but
also from governments themselves (PAEC, 2017).

The CE goes beyond the scope and strict focus of waste management and recycling actions, aiming at a broader
action, from the redesign of processes, products and new business models to the optimization of the use of
resources. It thus aims to develop new, economically viable and environmentally efficient products and services
based on optimally perpetual cycles of reconversion. It materializes in minimizing resource extraction, maximiz-
ing reuse, increasing efficiency and developing new business models through design (ECO.NOMIA).

Under this context, the European Commission is engaged in fostering the transition from the largely current
linear model and published in 2015 the roadmap: “Closing the loop — An EU action plan for the Circular Economy”
(European Commision, 2015). This communitarian sets out initiatives including ecodesign among others.

Design is responsible, to a large extent, for defining the circularity potential of products: i.e., their reparability,
longevity, proportion of recycled and renewable materials, and their suitability for refurbishment and remanu-
facture (European Environment Agency, 2017). It is also necessary to develop maintenance, repairing, reuse and
reverse logistics services; as a matter of fact, new business models and service design are required for demate-
rialization through sharing, leasing and renting services, as well as services that deliver performance (Bocken et
al., 2016). Consequently, the role of designers is to meet people’s needs and develop technically and economi-
cally feasible products and services (World Design Organization, 2017). Thus, designers are challenged by new
environmental, social and economic needs and must adopt a holistic approach to problem-solving (Bocken et al.,
2016) taking into account that most of the characteristics of a product entire life cycle are defined in the design
stage.
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The National Plan for the Circular Economy published by the Portuguese council of ministers in 2017 (PAEC 2017)
presents three levels of actions to be introduced and worked over the next three years: national, transversal
actions that consolidate some of the actions of several governmental areas for this transition; sectorial 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. The Portuguese plan presents instruments to sup-
port the implementation of circular economy such as:

. Design: Designing products and services for circularity which requires a systemic view, knowledge,
information, and methods.

. Technologies and new business models: technological innovation is of transversal relevance, but
the focus has been on strategies of low circularity.

. Reverse cycles (e.g. reverse logistics): a robust, customer-friendly, flexible and efficient reverse
logistics to ensure the return of products, components, and materials to the manufacturer for new
cycles of use.

. Promotion of favorable context: for an active production in the reduction of impacts, the multipli-
cation of cycles of use, the demand for greater productivity of resources or the valorization of
performance (versus the valuation of property) become common, the market will have to have a
favorable context.

The plan includes concrete actions to promote the transition to a circular economy and in these the design plays
a crucial role. As mentioned before, the design community should seize the momentum to promote and add
value to its activity.

Research questions and hypothesis

The research under development intends to answer the following questions and contribute to the increase of
knowledge in the fields of design for sustainability and circular economy:

. How design will support the transition from the linear economy to the new model of circular
economy?
. Which tools can designers apply to support an effective design practice for a successful transition

to circular economy in the real world?

. 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 CE?

. How can the design practice and the role of the design professionals be promoted in circular
economy context?

Design has the responsibility of responding to product or service problems, integrating criteria and innovative
solutions in problem solving, adjusted to the needs of users and the society as whole, which is a key argument
of sustainability resulting 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 in niche markets (Ferreira, A.M., 2008).

In the CE, the designer has the function of translating the strategies and concepts of circularity in the develop-
ment of products, services, and systems that promote the transition from a linear model to a circular model
focused on the closing of cycles, the efficiency and sustainability of the systems. Design, through its specific
methods and tools, is an important factor in an effective transition to a circular and sustainable economy is
the hypothesis that will be verified by the research under development. The aim of the research is to promote
design and demonstrate to practitioners and companies the key role design has in this process.

The anticipated contributions of the study

The authors are convinced that the study will add value to the design practice in the areas of design, sustainability
and circular economy at business and educational levels. Firstly, the study will have an innovative approach in
mapping the design practice with sustainability concerns in Portugal by identifying relevant products and the
process underlying, having as primary sources of information the designers and companies that were responsible
for the development and placement of the products in the market. These professionals are the ones who had
dealt with the real challenges of the introduction of sustainability in the design process. Secondly, the study aims
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to establish a new strategy to promote the effective application of the design practice, supported by methods
and tools aligned with the needs of designers and other practitioners. Thirdly, guidelines, supporting a robust
and effective design practice will be tested and validated by international experts and by the practical application
in pilot projects with companies and workshops with companies and designers. Finally, the results of the research
will increase the knowledge and contribute to a more sustainable and circular economy, aligned with the needs
of the society, today and in the future.

Research plan and methodology

The methodology presented was designed with the objective of supporting the development of a research plan
aiming to the creation of added value for the design professionals and for the society. Focusing on supporting
the transition to the CE, the expected results will strengthen the role of design by providing professionals a strat-
egy supported by effective methods and tools for an innovative and effective design practice.

The research plan, established for the next 2 years, is composed of three main methodological moments that
correspond to the three main steps in the development process.

In the first methodological moment, which will result in the systematic analysis and identification of the current
state of the art by mapping the design and sustainability practices in Portugal and the identification of the main
drivers and barriers faced by companies, designers, and practitioners, the plan comprises three main activities:

= Literature Review. A review of the most relevant sources published on the topic;

= 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. These methods and
tools are available, and designers and companies can apply them in the development of new and more
sustainable products and services;

=  Field research (primary source of information) — Methods and tools applied in practice. At this stage,
the research team plans to identify a wide group of products that are produced in Portugal and placed
in the market (national or international) as being more sustainable. The products will be identified
through internet, magazines, exhibitions and fairs, by conducting workshops with relevant stakeholder
and the creation and management of forums or discussion groups on social media platforms. The col-
lection of products will be gathered in a database of “sustainable” products that will be used to support
the research, however, it can be made public, available to all, as a mean to promote sustainability, cir-
cular economy, national products, and designers, if perceived useful during the Ph.D. process.

The analysis of the tools and methods applied in product development through contact with the design-
ers and producers of a representative selection of the identified products by questionnaires, phone and
face-to-face interviews, workshops and other events will result in the understanding of how sustainable
products are developed in Portugal and which tools and methods are applied in practice. This task will
also allow the identification of the main drivers, challenges and the needs faced by practitioners.

The effectiveness of the current practice will be assessed by a qualitative evaluation of the sustainability
profile of the identified products, based on the information available and using a tool previously devel-
oped in an international research project. The tool, following a life cycle approach, is a checklist with a
set of questions that allow a fast and simple analysis. This analysis will be useful to perform an overview
of the application of sustainability in the products available and how deep the concepts are rooted in
the development process and communication of sustainability profiles of products in Portugal.

The identification and characterization of the state-of-the-art will include all the information on how designers
are using and applying the methodologies and tools in the development of more sustainable products, which are
the motivations and barriers faced in their daily activities and how circular economy is perceived by the practi-
tioners.

The second methodological moment is the phase where the research team, based on the previous analysis will
answer the research questions and verify if the hypothesis is valid.

In this step, it is planned to define 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 CE will be supported by effi-
cient tools and methods that need to be developed, adapted or re-shaped in order to create a toolkit as an
experience-based research that can be applied by practitioners in their daily activity to develop innovative and
sustainable circular solutions.

An assessment of the proposed Research experiment will be made in workshops with experts from the fields of
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design, sustainability, and circular economy through the contact with European stakeholders, to discuss, review
and validate the results achieved.

In the third methodological moment, related to the test and validation of the previous research work, namely
the model of a more sustainable design activity and tools to supportit, and in order to guarantee the applicability
of the results, it is important to involve the design community and companies from the very beginning of the
conception and development phase. The test phase will deliver valuable feedback on meeting the needs and
show the practicability, benefits and expected innovation potential of the results.

This activity will be held by the organization of pilot projects in companies and national workshops with designers
and companies to discuss, apply and test the result of the research.

The experience gathered from both sides — company representatives and designers — will be transferred into
recommendations for further developing.

The interaction with company representatives and designers give an insight on the status and potential for im-
plementing circular economy strategies and should deliver input on how to meet current and future company’s
needs to support them on the transition towards CE.

Based on the previous moments, the research team will develop the conclusions of the research, which by an-
swering the research questions and validating the hypothesis, will result in an increase of knowledge and con-
tribute to a more sustainable and circular economy, aligned with the needs of designers and companies in Por-
tugal.

Conclusion

This research paper aims to introduce the research work under development by the author within the scope of
the doctoral program at IADE and giving continuity to the last 17 years of work in the field of design and sustain-
ability.

The aim of this research is to contribute to society, acting at the level of product design and service design,
contributing to the transition to a more circular and sustainable economy.

This research work and the answer to questions such as “How design can effectively contribute to the transition
from a traditional and linear economy to a more sustainable and circular model, will result in the definition of a
strategy, supported by methods and tools that will support a more efficient design practice aligned with Euro-
pean and national policies and will contribute to a more sustainable future.
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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
linear model to a more innovative and circular 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 innovative 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, but there is still a large gap between what is available to
companies and designers, and what is applied in practice on product and service
development.

This paper, aligned with a Ph.D. research project focused in the promotion of Circular
Economy through design, explores results of an in-deep review of main circular
economy tools available that can be used by designers to systematize and guide their
development process. The analysis will be a basis for the future development of a toolkit
oriented to the practical implementation of the circular economy in the design.
(Camocho, Ferreira, & Vicente, 2018)

Keywords: Circular Economy, Tools, Design Practices and Principles, Innovation,
Sustainability

INTRODUCTION

The Circular economy approach to the development of the society is seen as a potential
solution to attain a sustainable future by increasing prosperity while reducing the
critical dependence on primary materials and energy (Ellen MacArthur Foundation,
2015). In the past, during many decades, designers and other professionals have been
working to achieve sustainability in the development process, aiming to increase the
efficiency and innovation exploring several approaches, from cleaner production, eco-
design, design for sustainability through product services systems, however, despite
several good examples, mainly linked to niche markets, the results were far from been
globalized and integrated widely in the society. Nowadays, Circular Economy claims to



be a new path to achieve sustainability and welfare, promoted strongly by governments,
research institutions, academia, associations, and many other stakeholders.

This new economic model that aims to work in closed circuits, catalyzed by innovation
along the entire value chain, is promoted as an alternative solution to minimize resource
consumption and energy losses (Ministério do Ambiente, n.d.) and designers should
have the skills, knowledge and the tools to leverage this process (Vicente, 2012).

Today, designers and product development teams face new challenges in their daily
practice. The design is recognized as a catalyst to transition from the traditional model
of take-make-dispose to achieve a more restorative, regenerative and circular
economy(Moreno, De los Rios, Rowe, & Charnley, 2016) and the design of products and
services in a smarter and innovative way, extending their useful lives and adjust the
function of such products and services within the system will be crucial to the achieve
the transition to circularity (European Environment Agency, 2017).

The design practice relies on methods and tools. The evolution of the design profession
and the solutions proposed by designers to solve the problems and needs of the society
is linked, at some extent, to the evolution of the tools available to designers, (Vasantha
G., 2014)(Vicente, 2011). The tools designers use, which have a significant impact on
the development process, are changing constantly, new tools appear frequently,
especially in the digital environments (Witkowski, 2017), however, and even though
tools related to circular economy are starting to appear, it seems that in most of the
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.

CIRCULAR ECONOMY

We can find in literature many definitions of circular economy. The concept has been
widely explored and each author or each project tends to develop a definition that best
suits their interests. This proliferation and diversity of definitions do not help in the
communication and practical implementation of circular economy by businesses.

One of the most known and spread definition is the one developed by the Ellen
MacArthur Foundation. However, many others were published. 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 were developed.

Within the KATCH_e EU Project (KATCH_e, 2019) focusing in the reinforcement of the
design skills and competences in the field of product-service development for the
circular economy and sustainability, the consortium, building on several definitions and
concepts from the main key players on circular economy developed a definition that is
the definition adopted in the current research by the authors:

“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 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”.




DESIGN FOR CIRCULAR ECONOMY

The design plays a key role in the definition of the profile of products and services, and
a more sustainable way of design, produce, and consume is a crucial objective for the
development of the society (Bhamra & Lofthouse, 2007; Braungart & McDonough, 2009;
Manzini & Vezzoli, 2010; MARGOLIN, 2014).

New methods and effective design-oriented tools are needed to support and promote the
transition to a circular economy. Designing products in a smarter and innovative way,
extending their useful lives and changing the role of such products within the system is
crucial to the achievement of a transition to circularity (Camocho et al., 2018; European
Environment Agency, 2017) from a society that has been actively seduced by the over-
consumption of new and better goods and services, leading to massive consumption of
natural resource and the generation of waste and emissions, (Medkova & Fifield, 2016)
and this had been promoted globally by industries through design.

The transition to circular economy is not only a design issue but design has a massive
role. The potential for design to influence and impact the way that we produce, consume
and dispose of products is huge. The Portuguese National action plan to circular
economy includes concrete actions to promote the transition to a circular economy and
in these the design plays a crucial role (PAEC 2017).

The design practice in circular economy can be seen as more complex, requiring changes
in the way of thinking and conduction projects focusing on a shift from product-based
solutions to system-based or function-based approaches (RSA. 2014).

Designers need to align their development process with the concept of circular economy
in order to replace the conventional end-of-life concept in which the materials and
components of a product are disposed after the fulfilling of the function by closing,
slowing and narrowing the resource flows in production, distribution and consumption
processes (Bocken, 2016) by applying several strategies in the development process.

As for strategies to achieve circularity, several approaches in the literature that are
related to design were identified. As an example, the Ellen MacArthur Foundation
proposed 3 main principles: (Ellen MacArthur Foundation, 2015)

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

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

3. Foster system effectiveness by revealing and designing out negative externalities

These three principles are then translated into the ReSOLVE framework which considers
six actions that should be considered by design.

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

biosphere
Share Share assets (e.g. cars, rooms, appliances); Reuse/second hand; Prolong
life through maintenance, design for durability, upgradability, etc.
Optimize Increase performance/efficiency of the product; Remove waste in pro-

duction and supply chain; Leverage big data, automation, remote sens-
ing and steering

Loop Remanufacture products or components; Recycle materials; Digest an-
aerobically; Extract biochemicals from organic waste

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




Exchange Replace old with advanced non-renewable materials; Apply new tech-
nologies; Choose new product/service (e.g. multimodal transport)

Figure 1. Ellen MacArthur Foundation - Growth Within, adapted
METHODOLOGY

The literature review under development aims to identify which tools are available to
designers and their adequacy to the design practice for circular economy, having in
mind the principle of circular economy and the needs of the design process.

The results of the search resulted in a collection of relevant academic and non-academic
resources that are available to be implemented by designers.

Within the current study, only the tools that indicate their relevance to circular
economy were selected. Despite the fact that many sustainability and eco-design tools
are available in diverse platforms (online, software’s, board games, etc) and that their
application in circular economy project is relevant (as an example LCA software like
SimaPro), the study considers mainly those that were developed and disseminated
claiming to be oriented to circular economy.

To perform the analysis of the tools, besides the general information such as the
identification, editor/publisher, author, source, availability and short description, a set
of variables were used to access the potential for application by designers.

The variables were the following:
e The aim of the tool
e Scope - Circular economy; Eco-design, 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
¢ 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, the authors present eight tools that were analyzed within the
research project under development according to the variables explained above. These
resources address circularity aspects to develop new products and services and can be
applied by design professionals.



TOOLS

Circularity Check

The Circularity Check developed by Ecopreneur, Wesustain, and MVO is a free tool to
assist companies to become sustainable and circular or resource-efficient. The tool is
primarily intended as an instrument for self-evaluation by companies, based on a
questionnaire with about 60 questions that determines a circularity score for a specific
product and/or service.

The checklist consists of a free questionnaire that can be filled out online covering five
main indicators: Design, procurement, and manufacturing; delivery, use, recovery, and
sustainability and the outcome is a total score on circularity (0-100%) and partial scores
on the five indicators (0-100%) showing the overall strengths and weaknesses for the
product or service.

The tool calculates the score and presents it in a few graphs, and by analyzing and
answering the questions, and the scores on each indicator, the design team should
identify potential ideas to improve and redesign the product or service (Ecopreneur).

Circular Economy Toolkit

The Circular Economy Toolkit is a free online resource for businesses to find Circular
Economy opportunities.

The tool is based on a set of 33 questions related to the strategies and by answering, the
analysis will result in the indication of the improvement of potential strategies: Design,
Manufacture and Distribute; Repair/Maintenance of the product; Reuse/Redistribution
of the product; Remanufacturing/ Refurbishment of product or part; Products as a
Service; and Product Recycling at end of life. Besides the assessment features, the tools
provide useful information in each strategy.

Based on a simple and user-friendly structure, the results cover the life cycle stages and
highlights the potential in each one, and by analyzing the questions and results, the user
can identify ideas to improve the product under analysis (circular economy toolkit)

Material circularity indicator

The Material Circularity Indicator (MCI), 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.

By comparing to a similar industry-average product, the MCI for a product measures the
extent to which linear flow has been minimized and the restorative flow maximized for
its component materials, and how long and intensively the product is used. The tool is
built from a 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 length and intensity of the product's use.

The tool is easy to fill in with a user-friendly interface and useful to demonstrate the
circularity level of a specific product.

The indicators may be used by designers to analyze a reference product or service and
the assessment of potential changes in new designs, as well as for internal reporting,
procurement decisions, and the evaluation or rating of companies. (EllenMcArthur)

KATCH_ e tools (KATCH_e 2019)



Within the EU research project KATCH_e - Knowledge Alliance on Product-Service
Development towards Circular Economy and Sustainability in Higher Education,
several tools were developed to support a transition to circular economy.

The following four tools are the ones with a higher potential to be applied in the design
practice from the above-mentioned research project under development.

KATCH-Up Board game

This tool is based on a creativity board game and aims to create an idea-value of a new
product/service 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 stimulate the users to generate value ideas from
a business challenge, applying circular design and circular business strategies.

Based on six basic steps: a) Defining the problem context; b) Way to the solution
focused in the circular economy strategies that can be applied, ¢) Idea creation, with the
development of a solution to meet the needs of the challenge; d) Business model,
defining the most appropriate business model; e) Market launch, to define how the
solution can be placed on the market and f) Presentation of the results of the exercise,
the game acts as a guide to get an idea about an innovative product-service or to solve a
real business problem and generate improvement opportunities.

KATCH_ e CE Strategist

This tool helps the user to identify for a specific product in a specific context, Circular
Business Opportunities and provide ideas and inspiration along the process of defining
a Circular Business Model.

The tool starts with an assessment of a product or business to identify circularity
strategies that fit best to the predefined circular business strategies.

After assessing the opportunities, the tool proposes several strategies to choose from
and shows a definition of each strategy, providing existing business examples and shows
how the strategies are connected to specific Design Strategies. The final step is a
definition of the Circular Business Model using an adapted version of the Business
Model Canvas framework. The Canvas, describing the business model highlights the
implications and effects of circular models and guides the user towards circularity.

KATCH_e CE Designer

The CE Designer is a semi-quantitative tool for prioritization, assessment and idea
finding of circular solutions for product and/or service design. It consists in a checklist
structure organized in 8 strategies that address the most relevant issues a design team
needs to consider in the development process of new products or services to support the
transition to a more circular society.

The tool, in the first step, starts by asking the user to reflect on each strategy, their
adequacy, and relevance for the project under development. In the next phase, the user
evaluates the profile of the reference product in each strategy according to to a set of
predefined criteria. This step has two objectives, the first is the assessment of the
reference products, identifying the hotspots in the product which can be improved, and
secondly, by answering the questions in each criterion, the user can identify
improvement opportunities that can be implemented in the project.

The identification of the hotspots and opportunities are useful resources to be used as
background information to brainstorming and development activities.



In the third phase, the tool is used to compare the reference situation with the new
concepts or new products /services resulting from the project.

The tool is simple to be used by designers and development teams and the process and
results allow the development of new and innovative circular solutions.

KATCH_ e Circular Economy Journey

The tool aims to help the players to assess the overall Product / Service / System
journey, in the three stages (uphill, top hill and downhill) according to several factors:
materials, producers, stakeholders, and users.

Through a visual canvas, the tool consists in a visual representation of the journey, it
aims to identify the touchpoints between the factors identified, providing a model for
analysis and identification of opportunities to optimize the journey and to enhance the
closing of the loops to develop a more circular solution for a specific problem.

Being a physical tool composed by a printed canvas, cards, pins and color threads, the
tool promotes innovation, discussion and brainstorming in creativity sessions.

CONCLUSIONS

Designers have at their disposal numerous tools oriented to support the development of
sustainability and eco-design projects, both qualitative and quantitative tools with
different levels of complexity, costs, orientation, typologies of results, among others.
These tools have been extensively developed, but their use is not as wide as expected
and most designers and development teams have not used them in practice in a
systematic way.

Currently, the concept of circular economy is gaining attention worldwide and being
widely disseminated at various levels of society, and tools with a specific orientation
towards the development of circular products and services are beginning to appear.

In order to ensure that the products and services developed are indeed circular, it is
necessary to apply several methods and tools that support the development, validation,
and communication of their circularity aspects. In order to become widely used tools, it
is necessary that these combine the perspectives of circularity with the needs of the
design practice.

The seven tools presented address the challenge of integrating circularity in design,
however, due to the nature of the tools, which are not mature yet, their characteristics
and the needs of the design practice, there is still the need to develop an efficient and
innovative tool or a toolkit to support the design of innovative circular products and
services. These new or redesigned tools must address the design practice and supply
efficient results perceived by all stakeholders as an added value to design projects
showing clearly the benefits of their utilization.

FURTHER RESEARCH

The identification, test, and analysis of circularity tools will continue along the project
and other relevant activities will be developed such as the analysis of the designers and
product developers’ perceptions, methods, and approaches on the development of
circular products in order to understand how designers translate the user and business
needs in product development. The identification of which methodologies and tools are
applied in practice by designers and which are the needs, barriers and drivers in their
adoption in product/service development will promote the development of the efficient
resources to support the transition to circular economy through design.
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Abstract
Circular economy is seen as an innovative path with the potential to achieve a more sustainable society. In this
context, and, facing high pressure and motivation from governments, many research projects and initiatives are
being developed all over the world. However, we still have a long road ahead in translating the theory and research
outputs into practice. For example, in the recently launched report “The circularity Gap report” published by
Circular economy in January 2019, our society is only 9% circular and the trend is still negative, the circularity
gap is not closing and the upward trend in resource extraction and greenhouse gas emissions has continued in the

past 12 months (Circle economy, 2019).

In the circular approach to product and service development, which entails fundamental changes in production and
consumption systems, where it is necessary to go beyond resource efficiency and recycling (European
Environment Agency, 2017), it’s clear the importance of design as an integrating agent in the process. Design
professionals, through a redesigned approach to the design practice, applying efficient tools and comprehensive

life cycle methods, have the challenge and the potential to transform products, services, and business models.

The work presented in the current paper is part of a research project (Camocho, Ferreira, & Vicente, 2018) which
aims to support the transition to circular and sustainable economy through design where the authors will explore
the current practice, methods, tools and communication elements applied in the development and placement in the
market of products claiming to be sustainable and/or circular. The pilot study presented in the paper aims to
demonstrate and validate the procedure for the analysis of the process that underlays a representative sample of
Portuguese products. The research aims to identify which are the real needs, drivers and barriers faced by designers
and product developers in the circular design and development process. The results of the work will underpin a
holistic approach, sparking critical thinking and supporting a more efficient design practice for a circular

production and consumption.

Keywords: Design, Circular Economy, Life Cycle Assessment, Sustainable Products, Sustainability

717 ISBN: 978-84-09-16892-7



Proceedings of the 19th European Roundtable for Sustainable Consumption and Production (ERSCP 2019)
Institute for Sustainability Science and Technology, Universitat Politécnica de Catalunya, Barcelona, 15-18 October 2019

1. Introduction

The paper presents part of the research currently under development which aims to support the transition to a more
sustainable and circular economy through design. The design practice has a crucial role in defining the
characteristics of the products and services that fulfil the needs of society and most of their impacts on the life
cycle are defined in the design and development phase through the designers and developer’s choices.

In order to promote a sustainable and innovative design and its practice, it is important to understand how circular
and sustainable products and services are developed and placed on the market, how they communicate to users
their sustainability profile, how consumers understand the information available on the product; and which are the

user perceptions about the circularity and sustainability profile of products and services.

The successful integration of circular economy in the design practice requires a new, or at least, an adapted set of
principles, strategies, and methods (den Hollander, Bakker, & Hultink, 2017), in a holistic approach, considering
all aspects of production to consumption, covering the entire life cycle of the product or service, is fundamental.
However, despite the developments towards a circular economy, there is still a gap between what is developed at

the research level and what is applied in practice by designers and companies, particularly in Portugal.

In this paper, the authors look to a specific part of the process related to the development of products in order to
understand how designers and product developers translate the user and business needs in product design
development. The identification of which methodologies and tools are applied in practice by designers and which
are the needs, barriers and drivers in their practice in product/service development will promote the development
of efficient resources to support the transition to a circular economy through design which is the goal of the

research under development (Camocho, Vicente, Ferreira 2019a).

2. Background
The economic model in Europe is still linear which implies a huge pressure on the environment, human health and
inefficient production and consumption of natural resources leading to an over-dependence of resources from

outside Europe (European Environment Agency, 2017).

According to the recently released, Circularity Gap report, our world is only 9% circular and the trend is negative.
The majority of materials used in our economy, which are not cycled, are not recovered and are either dispersed
in the form of emissions or unrecoverable waste. (de Wit, Verstraeten-Jochemsen, Hoogzaad, & Kubbinga, 2019).
The majority of products are still developed and placed in the market without a circularity perspective and at the
end of their functional life, the majority are discarded and their value and materials are wasted, including the loss
of critical raw materials (European Commission, 2015).

The linear economy, based on a take-make-use-waste system, has to change. The way resources are managed, how
products are developed, produced and consumed and what happens after the functional life of products have to
change in line with the boundaries of our planet (Ellen Macarthur Foundation) and the needs of society. The goal

and challenges we face today are not to go backwards in the evolution of civilization but in redesigning our

society and the way of meeting our needs in an innovative, sustainable and circular way, attaining benefits for

businesses, companies, and people such as

ISBN: 978-84-09-16892-7 718



Proceedings of the 19th European Roundtable for Sustainable Consumption and Production (ERSCP 2019)
Institute for Sustainability Science and Technology, Universitat Politecnica de Catalunya, Barcelona, 15-18 October 2019

— innovative and efficient ways of production and consumption;

— protection for businesses against scarcity of resources and volatile prices;
— opportunities for jobs and social integration;

— optimization of waste management boosting recycling and reducing landfill;
— energy savings as fewer production processes require less energy;

— benefits for the environment in terms of climate and biodiversity, air, soil and water pollution (European
Commission b).
The transition to a circular economy approach its seen as a potential way to alleviate the sustainability pressures

and concerns and deliver economic, social and environmental benefits (European Environment Agency, 2017) and
the design practice has a huge role in the process. The way we design, produce, use, distribute and discard products
has strong impacts and most products developed and used today are not optimized, resulting in premature
obsolescence. In this regard, designers have the responsibility of defining the product characteristics and its
circularity potential: i.e., their reparability, durability, selection of materials, proportion of recycled and renewable
materials, their suitability for refurbishment, remanufacture, etc (European Environment Agency, 2017; European
Commission, 2019), and also by establishing the link to new business models and services which are required such
as maintenance, repairing, reuse and reverse logistics and other services like sharing, leasing and renting services,
as well as services that deliver performance (Bocken et al., 2016; BEUC, 2015), to increase the circularity potential
of the proposed solutions.

Designers have the role of meet people’s needs and develop technically and economically feasible products and
services and in this new approach to improve the economy these professionals are challenged by new
environmental, social and economic needs and must adopt a holistic approach to problem-solving (Bocken et al.,

2016), supported by new knowledge and competences.

In order to promote a more effective design practice to circular product development, by supporting designers with
improved tools and knowledge, the research under development is mapping the maturity of the design practice for
circular economy in Portugal through the analysis the current procedures, drivers, needs, methods and tools adopted

by the design professionals and companies. In the next section, the research method is explained.

3.  Method
The activities under development are based on field research as a primary source of information aiming to identify
and map the design practice for circular economy and sustainability. At this stage, the research team is identifying
industrial products that are produced in Portugal and placed in the market (national or international) as being more
sustainable. In this step, products that are placed in the market and communicated with allegations such as “circular
products”, “sustainable products”, “eco products”, “green products”, etc, are being identified through literature,
internet, magazines, social media, specialized shops (physical or online), exhibitions and fairs, by conducting
workshops with relevant stakeholder and the creation and management of forums or discussion groups on social

media platforms. The collection of products and all the relevant data is being gathered in a database of

“sustainable” products that will be used to support the research.

In the second phase, the analysis of the tools and methods applied in the product development through direct
contact with the designers and producers of a representative selection of products through questionnaires, phone

and face-to-face interviews, workshops and other events will result in the understanding of how sustainable
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products are developed in Portugal and which tools and methods are applied in practice. This task will also allow

the identification of the main drivers, challenges and the needs faced by practitioners.

Those professionals motivated to develop innovative and sustainable products are the ones that have been facing
all the challenges and barriers required by enrolling in this development path, and by comparing what is available
in terms of sustainability and circularity methods and tools with what is really applied in practice, the study aims
to provide a clear idea on the extension of this gap and which are the real needs to support an effective and

successful transition to more circular and sustainable economy.

The third phase will consist of measuring the effectiveness of the current practice trough a qualitative and/or
quantitative evaluation of the sustainability profile of a group of identified products. The assessment will be based
on the information available and will be performed by the application of life cycle assessment and circularity tools
available. This analysis will be useful to perform an overview of the application of sustainability in the products
available and how deep the concepts are rooted in the development process and communication of sustainability

profile of products in Portugal.
Database of sustainable products in Portugal

Several platforms such as the ECO.NOMIA portal from the Portuguese Ministry of environment
(www.eco.nomia.pt) and other commercial platforms such as the Planetiers (https://planetiers.com), Puro Verde
(www.puroverde-ecostore.com) and many others have a collection of examples of sustainable products, however,
these include examples from several origins, being difficult to understand which are developed in Portugal, and
there is lack information on the criteria used as the basis to select them. Most of the examples rely on the allegations
communicated by the producers, which in some cases can be misleading or even greenwashing (Camocho, Vicente,

Ferreira 2019b).

The information and availability of Portuguese products are difficult to identify and even for the professional
retailers of sustainable products, the access and availability is considered a problem. From a short consultation to
these commercial stores, the main conclusions are that there are several products available on the global
international market, but there is a lack of national products, and most of the products available with sustainability

allegations do not have any form of validation or certification.

Within the research, several products are being collected in a database developed with a structure aiming to
organize a wide sample and all relevant data. The initial version for research purpose was developed in excel,
however, the goal in the future is to upgrade it into a user-friendly database that could be made available online to
the public.

The structure was developed according to the needs of the research and it’s based on the variables and information
needed to support the planned research.

The structure of the database is divided into three main groups, “Background information”, “Product and company

information” and “Development process”. In each group, several variables were identified as shown in table 1.

ISBN: 978-84-09-16892-7 720



Proceedings of the 19th European Roundtable for Sustainable Consumption and Production (ERSCP 2019)
Institute for Sustainability Science and Technology, Universitat Politecnica de Catalunya, Barcelona, 15-18 October 2019

Table 1. Variables in the sustainable products database.

Background information Product/company information Development process
-Product name -Allegations of  sustainabili -Criteria/type of strate;
~Short description of the product | Certifications, labels, etc - Methodology applied

-Company name -Tools applied (related to the desig

-Source of information practice)
-The designer responsible for t -Barriers for development ai
development of the product implementation
- Sector -Drivers for development aj
implementation
- Contacts p
- Suggestions

Questionnaires and guidelines for interviews with designers and professionals

As mentioned before, in the second phase of this process, the research aims to analyse which design and
sustainability tools and methods were applied in product development by the designers and producers of a set of
selected products to understand and map how sustainable products are developed in Portugal, which tools and
methods are applied in practice, which are the main drivers, challenges and the needs faced by practitioners and

other information which was considered relevant.

The questionnaires composed by a set of 20 questions were structured according to the needs of the research.
Besides the general information of the company and the interviewee, the second section of the questionnaire aimed
to collect data related to the sustainability profile and characteristics of the product, such as: the sustainability
allegations used in the communication of the product; certification, which label does the product have and which
is the opinion regarding certification and labelling schemes. Within section three, data related to the product
development is collected. Which criteria and sustainability strategies were implemented, which methodology was
applied, does the approach adopted have a life cycle perspective and which life cycle stages are considered, which
design and sustainability tools does the professional knows and which of them are being applied in the process,
which are the reasons for not applying tools, which are the main drivers for develop sustainable and circular
products and which are the main barriers to integrate sustainability and circularity aspects in the development
process.

In order to validate the structure of the questionnaire and the approach developed, a pre-test was performed with
the designers and developers of three industrial companies with different characteristics from different sectors and

maturity levels. In the next chapters, the authors present the preliminary results and conclusions of the test.

4. Results of the pilot test
In the preliminary test, the authors tested the procedure and structure with three distinct companies. In table 2, a

short overview of the results is presented in order to demonstrate the adequacy and the potential data to be collected

Table 2. Variables in the sustainable products database.
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IDesigner/product developer

products in the company

Product developer A IDesigner B Designer C
Type of products [Fashion products Cork Products Leather goods
100% - All products ha
Percentage of sustalnab1 00% sustainability con51derat101 00%

in the development proces

The dimension of the compai

Small company

Large company

Small company

'Vegan

Sustainability and circulari
allegation used in ]
communication of the produg

Environmental goals Use
sustainable materials
Reuse of prody
components and material
the end of life

How the product is consider({Eco-products Sustainah

by the company Circular Circular products Sustainable Ecological
Sustainable productig . .
Reduced environmen{oustainable material 100Vegan and  sustainal
impacts recyclable design

Use of recycled materis
from the company and fro
external sources

Circular products

Handcraft process
Vegetable and Nickel free

\Versatile and timeless

Is the product or the compai
certified?

'Yes (at company level and
product level)

Certification schemes
labels implemented

al

The company has sever
certifications and labg
according to the wide ran
of products developed
distinct sectors

Personal opinion abo

certification and labels

Environmental certificati
is not required by the users

Important to communica
the product performance

Important, but t

consumers are not aware

If available, could a specil
label to demonstrate tl
circularity of nation
products is important?

'Yes, very important

Yes, it’s important for t
communication and to t
awareness of Portugue
consumers

Yes, it could be interesting]
it has a good relationsh
between the effort aj
relevance of the label

Criteria and
implemented in
development process

strategi
t]

Use of sustainable material
'Vegan products Recovery
[products at the end of life f]
refurbishing or recycling

[Use of sustainable material

Reuse and
materials

recycling

Material selection accordij
to the function

[Use of vegan materials

A sustainable and manu
[process

Durability and high quality

IAd-hoc environment

Product is developed wi

The products are develop

The m.ethodology applied thinking in the process. sustainable primipkx;};iderat'ons sustainabili
the design and process No systematic approafhowever without cratl o
. . following the criteria
used in the process systematic
approach and objectives of t
company
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IDoes the methodology used
the company integrate a li
cycle approach?

There are concerns about t
life cycle, but not in
systematized way

Yes. But not in a ve

systematic way

INot in a systematic way

the process

'Which phases of the Life cydAll (according to tlAll (according to tJAll (according to tl
are considered interviewee) interviewee) interviewee)

Tools to support the proce

known by the deviser/produNone None INone

developer

Does the company app

sustainability tools in t|No INo No

design process?

Identification of tools used Not applicable Not applicable INot applicable

Reasons to not apply tools
the development process

ILack of knowledge about t
availability and potential
these tools

Lack of knowledge abo
tools by the designers and |
the company

Lack of knowledge abo
tools

Main motivations to develq
sustainable and circul
products?

[Environmental

Personal goals to
develop sustainable produd
Concern  about  anim
welfare and Dbiodiversi
INew lifestyles

awarenc

The company is high
engaged in the developme)
of sustainable products.

The main material used is
sustainable material Wi
high potential.

The company and I
designer is very engaged
the development

sustainable  and  veg;
products following the loi
tradition of the company
the development of leath

products

Main barriers to t]
integration of sustainabili
and circularity aspects in tl
development process?

Difficult collaboration wi
suppliers

In the subcontracting
some parts and componer
is difficult to enga
suppliers Lack of trust in t
suppliers

In some cases, t
recognition of sustainaly
materials is difficult or n|
perceived by the users La
of consumers awareness
[Fashion is perceived main|

as handicraft and no
industrial process
Lack of long ter

perspective by users

Cost. The material has
higher cost and son
consumers do not percei
the benefits of the use of th
material

Lack of training of designd
in sustainability to
methodologies and process

Data and releval
information about t
sustainability and circulari
profile of materials that ¢
be used in the design practi
are not easily available
designers

I Awareness of the consum
about the potential
sustainability

Higher cost of the material

Availability of raw materiz
with good properties

Higher cost of the productig
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5. Conclusions
The research activities are being developed to understand how sustainable products are developed in Portugal and
which are the main needs and barriers of the design professionals in adopting and implementing sustainability and
circular economy measures in the design process. The research methodology foresees that this survey has a starting
point in the identification and analysis of national products that are placed on the market as being sustainable
and/or circular. From the products collected in a database created for the project, the team is analysing how
companies are communicating the product profiles to consumers, how the information reaches the consumer, and
how the products are developed in practice within the industry. Through direct contact with the professionals
responsible for its development, it is intended to understand which are the real motivations and needs of the

designers.

In the context of the analysis required, a questionnaire was developed as a guideline for the interviews and its
structure reflects the data needed to understand how sustainable products are designed in Portugal. The majority
of the questions are open questions, which usually promotes the discussion and exchange of ideas between the
interviewer and the interviewee, which is a positive approach in this case because it not limits the perspective of
the interviewees and allows a broader collection of useful data that need to be analysed and synthesized by the
project team.

Based on pilot interviews carried out to test and validate the structure and the approach defined, and the examples
and information included in the products database, a preliminary analysis can be performed. In this context, it is
clear that all the professionals that are dealing in a daily basis with the development of sustainable and circular
products are very much engaged and motivated to develop and place in the market innovative and efficient products
that contribute for a reduction on the impact of the production, consumption and use of products. In most of the
companies, when there is the goal of sustainability, the approach is extended to all products and activities and this
is also reflected in the allegations that are used to promote the products and the companies. In general, the
principles like use of recycled materials, reuse of products and materials, reduction of material and energy
consumption, use of low impact materials and processes are the most common allegations, however, it was
identified that, despite the fact that there are some life cycle aspects in the development process, the design practice
and product development do not have a systematic life cycle approach. Which is also reflected in the absence of
certified products in Portugal. Regarding certification, the general knowledge and perception about certifications
and labels by the users are very low (Camocho 2019) and companies do not have in general the motivation to enrol
in certification processes. The relation between the cost and the benefits of certification is very low and the majority
of the companies tend to adopt self-declarations and allegations without any kind of verification and validation

and, without any life cycle assessment and validation process.

Most products and services are placed in the market and promoted based on the assumptions of sustainability that
result in some cases of the adoption of measures that have the potential to lead to sustainable or circular products,
but, without a proper methodology, life cycle thinking and a verification procedure, these products and their
allegations can be misleading for the consumer or even considered as greenwashing. A good example of this aspect
is the generalized use of cork in Portugal. Cork is a very good and sustainable material but there is a general

perception that all products made from cork are sustainable. Most of these products are placed in the market as

sustainable products, however, in some cases that it's not true because there are other impacts related to other
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aspects of the products that are not accounted.

Within the design and development process, the integration of sustainability and circularity aspects is applied
based on a non-systematized approach related with personal knowledge and motivation and in most of the cases,
the design practice does not have the support of proper methodologies and tools that help the professionals in
integration of sustainability and circularity principles and criteria in all stages of the life cycle. Currently, there are
several tools available that can support the design process, however, the designers and the companies are not aware

of their availability and the benefits of their application.

Despite the efforts and wide promotion of circular economy and sustainability, there are still several barriers in
the transition to circular economy and sustainability; the design professionals, in general, still don’t have enough
competences, knowledge and skills to integrate these aspects in an efficient way; the engagement of stakeholders
in the value chain is difficult; the costs linked to the production of these products can also act as a barrierand the
consumer awareness, which is increasing, is still marginal and related usually to niche markets.

An important consideration that was verified in the research is that the designers and companies that are in the
market with the goals of sustainability and circular economy are highly engaged in the process, and despite all the
barriers faced in their daily activities, these professionals want to have a role in this transition in the society with
a long term perspective.

Based on the research project and the activities under development, the authors supported by mapping the maturity
of the design practice for circular economy and sustainability and through the analysis of the practical experiences,
motivations, barriers and needs of the design professionals which are dealing with the challenges of the process,
will develop an updated methodology, guidelines, tools and other resources to support the design process for the

circular economy.
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ABSTRACT: The circular economy is a new strategic concept to meet
society's needs in a more efficient and sustainable manner based in
decoupling the economic growth and welfare from the increase in the
consumption of natural resources. It implies the transition from the
traditional linear model to a more innovative and circular approach in
the development of the economy by designing new products, new
services, and new systems, supported, in most cases, by the re-thinking
and creation of new business models.

Designers and product developers have an important and crucial role to
achieve a successful and wide implementation of the concept which has
to be accepted and applied in practice by businesses along the whole
value chain and meet the current and future needs of consumers and
the society.

Currently, several methods, principles, practices, tools, training
initiatives, and many resources are being developed globally as a result
of the wide exploitation of the concept, but there is still a large gap
between what is available to companies and designers, and what is
applied in practice on product and service development.

This paper reflects part of the PhD research project under development
by the authors which is based on the promotion of the design practice
within Circular Economy. It explores the results of the review of
circularity tools available that can be used by design professionals
to systematize and guide their development process. The analysis will
support the development of a toolkit and guidelines oriented for the
practical implementation of the circular economy in the development of
innovative and efficient products and services. (Camocho, Ferreira, &
Vicente, 2018).

KEYWORDS: Circular Economy, Design Tools, Design Practices and
Principles, Innovation, Sustainability.

RESUMO: A economia circular € um novo conceito estratégico que visa
responder as necessidades da sociedade de uma forma mais eficiente e
sustentavel que se baseia na dissociagdo entre crescimento econdémico e
bem-estar do aumento do consumo de recursos naturais. Esta transigdo,
do modelo linear tradicional para uma abordagem mais inovadora e
circular no desenvolvimento da economia implica o desenvolvimento de
novos produtos, Novos servigos e novos sistemas, apoiados, na maioria
dos casos, no repensar e na criagdo de novos modelos de negdcio.

Os designers e os responsaveis pelo desenvolvimento de produtos tém
um papel importante e crucial para alcangar uma implementagdo ampla
e bem-sucedida do conceito. Este deve ser aceite e aplicado na pratica
pelas empresas ao longo de toda a cadeia de valor atendendo as
necessidades atuais e futuras dos consumidores e da sociedade.

Atualmente, varios métodos, principios, praticas, ferramentas, iniciativas
de formagdo e outros recursos tém sido desenvolvidos globalmente
como resultado da ampla exploragdo do conceito, no entanto, ainda
existe uma grande lacuna entre o que estd disponivel para empresas e
designers e o que é aplicado na pratica no desenvolvimento de produtos
e servigos.

Este artigo reflete parte do projeto de investigagdo de doutoramento em
desenvolvimento pelos autores, o qual se baseia na promogdo da pratica
de design no ambito da Economia Circular. Explora os resultados da
revisdo de ferramentas de circularidade disponiveis que podem ser
aplicadas pelos profissionais de design na sistematizagdo e orientagdo do
processo de desenvolvimento. Esta andlise ira apoiar o desenvolvimento
de um conjunto de ferramentas e orientagdes para a implementagdo
pratica da economia circular no desenvolvimento de produtos e servigos
mais inovadores e mais eficientes. (Camocho, Ferreira & Vicente, 2018).
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PALAVRAS-CHAVE: Economia circular, Ferramentas de design, Praticas e
principios de design, Inovagdo, Sustentabilidade.

1. Introduction

Changes are taking place worldwide in business strategy and industries face increasing pressure from economic crises, resource scarcity, and pollution (De Olos
Rios & Charnley, 2017). The Circular Economy approach to the development of the society is seen as a potential solution to attain a sustainable future by
increasing prosperity while reducing the critical dependence on primary materials and energy (Ellen MacArthur Foundation, 2015). The concept 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 depletes natural resources and destroys ecosystems. In the past, during many decades, designers and other professionals have been
working to achieve sustainability in the development process, aiming to increase the efficiency and innovation exploring several approaches, from cleaner
production, eco-design, design for sustainability through product services systems, however, despite several good examples, mainly linked to niche markets
with low added value (Ferreira, Ana M.,2003), the results were far from been globalized and integrated widely in the society. Nowadays, Circular Economy
claims to be a new path to achieve sustainability and welfare, promoted strongly by governments, research institutions, academia, associations, and many
other stakeholders.

This new economic model that aims to work in closed circuits, catalyzed by innovation along the entire value chain, is promoted as an alternative solution to
minimize resource consumption and energy losses (Ministério do Ambiente, n.d.) and designers should have the skills, knowledge and the tools to leverage
this process (Vicente, 2012).

Today, designers and product development teams face new challenges in their daily practice. The design is recognized as a catalyst to transition from the
traditional model of take-make-dispose to achieve a more restorative, regenerative and circular economy(Moreno, De los Rios, Rowe, & Charnley, 2016) and
the design of products and services in a smarter and innovative way, extending their useful lives and adjust the function of such products and services within
the system will be crucial to the achieve the transition to circularity (European Environment Agency, 2017).

The design practice relies on methods and tools. The evolution of the design profession and the solutions proposed by designers to solve the problems and
needs of the society is linked, at some extent, to the evolution of the tools available to designers, (Vasantha G., 2014)(Vicente, 2011). The tools designers use,
which have a significant impact on the development process, are changing constantly, new tools appear frequently, especially in the digital environments
(Witkowski, 2017), however, and although tools related to circular economy are starting to appear, it seems that in most of the 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. The paper presents part
of the research under development which aims to help the transition to a more sustainable and circular economy through design. It explores the results of an
in-deep review of circular economy tools available that can be used by designers and product developers to systematize and guide the development process of
industrial products and services.

The design practice has a crucial role in defining the characteristics of the products and services that fulfil the needs of society and their impacts in the life
cycle are defined in the design and development phase. In order to promote an efficient design and the practice of design, it is important to understand how
designers can have a positive and successful impact in this process.

1.1. Circular Economy

The transition to a more sustainable way of design, produce and consume is a crucial objective for the development of our society (Bhamra & Lofthouse, 2007;
Braungart & McDonough, 2009; Manzini & Vezzoli, 2010; MARGOLIN, 2014). In 2015 the European Commission adopted an ambitious Circular Economy
Package (European Commission, 2015) to help European businesses and consumers to make the transition to a stronger and more Circular Economy where
resources are used in a more sustainable way. The proposed actions will contribute to "closing the loop" of product lifecycles through greater recycling and re-
use and bring benefits for both the environment and the economy. The plans will extract the maximum value and use of all raw materials, products, and
waste, fostering energy savings and reducing greenhouse gas emissions. The proposals cover the full lifecycle: from production and consumption to waste
management and the market for secondary raw materials.

In December 2017 the National action plan for the circular economy was published by the Portuguese Council of Ministers (PAEC, 2017). The plan is part of
the strategy to be followed up to 2020 and aims to redefine the concept of end-of-life of the linear economy, based on the production and elimination of
waste, focusing on the concepts of reuse, repair, and renovation of materials and energy.

It is a strategic model of growth and investment based on efficiency and value of resources and minimization of environmental impacts. This is a document
aligned with Portugal's international commitments, such as the Paris Agreement, the Sustainable Development Goals, and the European Union.

We can find in literature many definitions of circular economy. The concept has been widely explored and each author or each project tends to develop a
definition that best suits their interests. This proliferation and diversity of definitions do not help in the communication and practical implementation
of circular economy by businesses.

One of the most known and spread definition is the one developed by the Ellen MacArthur Foundation. However, many others were published. In 2017, an
article analyzed 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 were developed.

Within the KATCH_e EU funded Project (KATCH_e, 2019) focusing on the reinforcement of the skills and competences in the field of product-service
development for the circular economy and sustainability, the consortium, building on several definitions and concepts from the main key players on circular
economy developed a definition that is the definition adopted in the current research by the authors:

“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, andgoods 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”.

2. Design For Circular Economy

The design plays a key role in the definition of the profile of products and services, and a more sustainable way of design, produce, and consume is a crucial
objective for the development of the society (Bhamra & Lofthouse, 2007; Braungart & McDonough, 2009; Manzini & Vezzoli, 2010; MARGOLIN, 2014).

To develop innovative, efficient and sustainable products, the designers should be able to translate the needs from several actors in the value chain. The needs
of the users who will buy and consume the products, the ones from the business, who will develop, produce and place them on the market and the ones from
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Society, who will indirectly benefit or suffer with the sustainability impacts of the products

Product design directly influences the way a value chain will be managed and building circular and sustainable value chains inevitably imply a fundamental
change in the design practice (centre, 2013; Camocho, 2018; De los Rios, 2017). New methods and effective design-oriented tools are needed to support and
promote the transition to a circular economy. Designing products in a smarter and innovative way, extending their useful lives and changing the role of such
products within the system is crucial to the achievement of a transition to circularity (Camocho et al., 2018; European Environment Agency, 2017) from
a society that has been actively seduced by the over-consumption of new and better goods and services, leading to massive consumption of natural resource
and the generation of waste and emissions, (Medkova & Fifield, 2016) and this had been promoted globally by industries through design.

The transition to circular economy is not only a design issue but design has a massive role. The potential for design to influence and impact the way that we
produce, consume and dispose of products is huge. The Portuguese National action plan to circular economy includes concrete actions to promote the
transition to a circular economy and in these the design plays a crucial role (PAEC 2017).

The design practice in circular economy can be seen as more complex, requiring changes in the way of thinking and conduction projects focusing on a shift
from product-based solutions to system-based or function-based approaches (RSA. 2014).

Designers need to align their development process with the concept of circular economy in order to replace the conventional end-of-life concept in which the
materials and components of a product are disposed after the fulfilling of the function by closing, slowing and narrowing the resource flows in production,
distribution and consumption processes (Bocken, 2016) by applying several strategies in the development process.

As for strategies to achieve circularity, several approaches in the literature that are related to design were identified. As an example, the Ellen MacArthur
Foundation proposes 3 main principles: (Ellen MacArthur Foundation, 2015)

1. Preserve and enhance natural capital by controlling finite stocks and balancing renewable resource flows,

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

3. Foster system effectiveness by revealing and designing out negative externalities.

These three principles are then translated into the ReSOLVE framework which considers six actions that should be considered in the design process (table 1).

Table 1 — ReSOLVE Framework, Ellen MacArthur Foundation

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

Share Share assets (e.g. cars, rooms, appliances); Reuse/second hand;
Prolong life through maintenance, design for durability,
upgradability, etc.

Optimize Increase performance/efficiency of the product; Remove waste in
production and supply chain; Leverage big data, automation,
remote sensing and steering

Loop Remanufacture products or components; Recycle materials; Digest
anaerobically; Extract biochemicals from organic waste
Virtualise | Books, music, travel, online shopping, autonomous vehicles, ete.

Exchange | Replace old with advanced non-renewable materials; Apply new
technologies; Choose new product/service (e.g. multimodal
transport)

Source: Growth Within, adapted

3. Methodology

The literature review under development aims to identify which tools are available to designers and their adequacy to the design practice
for circular economy, having in mind the principle of circular economy and the needs of the design process.

The results of the search resulted in a collection of relevant academic and non-academic resources that are available to be implemented by designers.

Within the current study, only the tools that indicate their relevance to circular economy were selected. Despite the fact that many sustainability and eco-
design tools are available in diverse platforms (online, software’s, board games, etc) and that their application in circular economy project is relevant (as an
example LCA software like SimaPro), the study considers mainly those that were developed and disseminated claiming to be oriented to circular economy.

To perform the analysis of the tools, besides the general information such as the identification, editor/publisher, author, source, availability and short
description, a set of variables were used to access the potential for application by designers.

The variables were the following:

— The aim of the tool

— Scope - Circular economy; Eco-design, Design for sustainability, LCA, etc

— Assessment indicators/strategies - how the tool is applied? Which indicators or strategies are applied?
— Life cycle perspective — indication if the tool has an LC perspective or if only focus on a specific stage
— The influence on the design process - How can the tool influence the design?

— The influence in the business model - Can the tool and the results influence the business model?

— Type of inputs - Qualitative or Quantitative

— Inputs - Which inputs are needed to use/apply the tools

— Level of complexity - Level complexity in using the tool by design professionals

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

— Expected results — which type of results are attained with the tool

— 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
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In the next chapter, the authors present seven tools that were analyzed within the research project under development according to the variables explained
above. These resources address circularity aspects to develop new products and services and can be applied by design professionals.

4. Tools

4.1. Circularity Check

The Circularity Check developed by Ecopreneur, Wesustain, and MVO is a free tool to assist companies to become sustainable and circular or resource-
efficient. The tool is primarily intended as an instrument for self-evaluation by companies, based on a questionnaire with about 60 questions that
determines a circularity score for a specific product and/or service.

The checklist consists of a free questionnaire that can be filled out online covering five main indicators: Design, procurement, and manufacturing; delivery,
use, recovery, and sustainability and the outcome is a total score on circularity (0-100%) and partial scores on the five indicators (0-100%) showing the overall
strengths and weaknesses for the product or service.

The tool calculates the score and presents it in a few graphs, and by analyzing and answering the questions, and the scores on each indicator, the design team
should identify potential ideas to improve and redesign the product or service (Ecopreneur).

4.2. Circular Economy Toolkit

The Circular Economy Toolkit is a free online resource for businesses to find Circular Economy opportunities.

The tool is based on a set of 33 questions related to the strategies and by answering, the analysis will result in the indication of the improvement of potential
strategies: Design, Manufacture and Distribute; Repair/Maintenance of the product; Reuse/Redistribution of the product; Remanufacturing/ Refurbishment of
product or part; Products as a Service; and Product Recycling at end of life. Besides the assessment features, the tools provide useful information in each
strategy.

Based on a simple and user-friendly structure, the results cover the life cycle stages and highlights the potential in each one, and by analyzing the questions
and results, the user can identify ideas to improve the product under analysis (circular economy toolkit).

4.3. Material Circularity Indicator
The Material Circularity Indicator (MCI), 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.

By comparing to a similar industry-average product, the MCI for a product measures the extent to which linear flow has been minimized and the restorative
flow maximized for its component materials, and how long and intensively the product is used. The tool is built from a 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 length
and intensity of the product's use.

The tool is easy to fill in with a user-friendly interface and useful to demonstrate the circularity level of a specific product.

The indicators may be used by designers to analyze a reference product or service and the assessment of potential changes in new designs, as well as for
internal reporting, procurement decisions, and the evaluation or rating of companies (Ellen McArthur).

4.4. KATCH_e tools (KATCH_e 2019)
Within the EU research project KATCH_e - Knowledge Alliance on Product-Service Development towards Circular Economy and Sustainability in Higher
Education, several tools were developed to support a transition to a circular economy.

The following four tools are the ones with a higher potential to be applied in the design practice from the above-mentioned research project under
development.

4.5. KATCH-Up Board game

This tool is based on a creativity board game and aims to create an idea-value of a new product/service 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 stimulate
the users to generate valuable ideas from a business challenge, applying circular design and circular business strategies.

Based on six basic steps: a) Defining the problem context; b) Way to the solution-focused in the circular economy strategies that can be applied, c) Idea
creation, with the development of a solution to meet the needs of the challenge; d) Business model, defining the most appropriate business model; e) Market
launch, to define how the solution can be placed on the market and f) Presentation of the results of the exercise, the game acts as a guide to get an idea about
an innovative product-service or to solve a real business problem and generate improvement opportunities.

4.6. KATCH_e CE Strategist

This tool helps the user to identify for a specific product in a specific context, Circular Business Opportunities and provide ideas and inspiration along the
process of defining a Circular Business Model.

The tool starts with an assessment of a product or business to identify circularity strategies that fit best to the predefined circular business strategies.

After assessing the opportunities, the tool proposes several strategies to choose from and shows a definition of each strategy, providing existing business
examples and shows how the strategies are connected to specific Design Strategies. The final step is a definition of the Circular Business Model using an
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adapted version of the Business Model Canvas framework. The Canvas, describing the business model highlights the implications and effects of circular models
and guides the user towards circularity.

4.7. KATCH_e CE Designer

The CE Designer is a semi-quantitative tool for prioritization, assessment and idea finding of circular solutions for product and/or service design. It consists in
a checklist structure organized in 8 strategies that address the most relevant issues a design team needs to consider in the development process of new
products or services to support the transition to a more circular society.

The tool, in the first step, starts by asking the user to reflect on each strategy, their adequacy, and relevance for the project under development. In the next
phase, the user evaluates the profile of the reference product in each strategy according to a set of predefined criteria. This step has two objectives, the first is
the assessment of the reference products, identifying the hotspots in the product which can be improved, and secondly, by answering the questions in each
criterion, the user can identify improvement opportunities that can be implemented in the project.

The identification of the hotspots and opportunities are useful resources to be used as background information to brainstorming sessions and development
activities.

In the third phase, the tool is used to compare the reference situation with the new concepts or new products /services resulting from the project.

The tool is simple to be used by designers and development teams and the process and results allow the development of new and innovative circular
solutions.

4.8. KATCH_e Circular Economy Journey

The tool aims to help the players to assess the overall Product / Service / System journey, in the three stages (uphill, top hill and downhill) according to several
factors: materials, producers, stakeholders, and users.

Through a visual canvas, the tool consists in a visual representation of the journey, it aims to identify the touchpoints between the factors identified, providing
a model for analysis and identification of opportunities to optimize the journey and to enhance the closing of the loops to develop a more circular solution for
a specific problem.

Being a physical tool composed by a printed canvas, cards, pins and colour threads, the tool promotes innovation, discussion and brainstorming in creativity
sessions.

5. Conclusions

Designers have at their disposal numerous tools oriented to support the development of sustainability and eco-design projects, both qualitative and
quantitative tools with different levels of complexity, costs, orientation, typologies of results, among others. These tools have been extensively developed, but
their use is not as wide as expected and most designers and development teams have not used them in practice in a systematic way.

Currently, the concept of circular economy is gaining attention worldwide and being widely disseminated at various levels of society, and tools with a specific
orientation towards the development of circular products and services are beginning to appear.

In order to ensure that the products and services developed are indeed circular, it is necessary to apply several methods and tools that support the
development, validation, and communication of their circularity aspects. In order to become widely used tools, it is necessary that these combine the
perspectives of circularity with the needs of the design practice.

The seven tools presented address the challenge of integrating circularity in design, however, due to the nature of the tools, which are not mature yet, their
characteristics and the needs of the design practice, there is still the need to develop an efficient and innovative tool or a toolkit to support the design of
innovative circular products and services. These new or redesigned tools must address the design practice and supply efficient results perceived by all
stakeholders as an added value to design projects showing clearly the benefits of their utilization.

6. Further Research

The identification, test, and analysis of circularity tools will continue along the project and other relevant activities will be developed such as the analysis of
the designers and product developers’ perceptions, methods, and approaches on the development of circular products in order to understand how designers
translate the user and business needs in product development. The identification of which methodologies and tools are applied in practice by designers and
which are the needs, barriers and drivers in their adoption in product/service development will promote the development of the efficient resources to support
the transition to circular economy through design.
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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 sustainable way of life.

However, what guarantee do consumers have that the products they are
consuming are in fact more sustainable? Apart from certified products, the
consumer believes in a common-sense assessment of sustainability supported in
part by self-declarations and allegations from designers, producers, and retailers
focusing only in few aspects of the life cycle, and in some cases, misleading
consumers through greenwashing approaches.

This paper is part of a Ph.D. research aiming to support a transition to circular
economy and sustainability through design. The authors explore in this article
the consumer perceptions of sustainability in products and communication
strategies adopted. The results will support the development of guidelines to
promote a more effective design practice for the development of sustainable and
circular economy-based products.

Keywords: Design - Circular economy - Consumer perception -
Common-sense assessment - Sustainability assessment - Sustainability

1 Introduction

The paper presents the research under development which aims to help the transition to
a more sustainable and circular economy through design. The authors believe that
design practice has a crucial role in defining the characteristic of the products and
services that fulfill the needs of society. Also, that their impacts in the life cycle are
defined in the design and development phase. In order to promote design and the
practice of design, it is important to understand how eco and sustainable products and
services are developed and placed on the market, how they communicate to users their

© Springer Nature Switzerland AG 2020
R. H. M. Goossens and A. Murata (Eds.): AHFE 2019, AISC 970, pp. 114-125, 2020.
https://doi.org/10.1007/978-3-030-20145-6_11



The Common-Sense Assessment of Sustainability 115

profile; how consumers understand that information; and which are their perceptions
about the profile of products. To integrate successfully circular economy, a holistic
approach is fundamental considering all aspects from the production to consumption.
In this paper, the authors look to one part of the process related to the communication
on products and the consumer perceptions of sustainability aspects.

Today, designers and product developers face a new challenge. The design practice
has been recognized as a catalyst to transition from the traditional model of take-make-
dispose to achieve a more restorative, regenerative and circular economy. To attend the
needs for circular economy, products need to be designed for closed loops and adapted
to generate revenues [1].

Design for circular economy, like design in general, has the responsibility of
responding to product-service system problems, integrating various criteria and
expertise in problem-solving in an innovative way adjusted to the needs of users,
businesses, and society’s dynamics as a whole [2]. In the circular economy approach,
the designer has the function of translating the strategies and concepts of circularity in
the development of products, services, and systems that promote an efficiency and
sustainable transition from the current linear model to a circular model focused on
narrowing, slowing and closing resources cycles [3], in the efficiency and sustainability
of the entire system [4], however, there is a need to provide design practitioners,
business stakeholders, and other product developers guidelines and practices of how to
apply particular design strategies for different circular business models [1, 3].

Product design directly influences the way a value chain will be managed. Building
circular and sustainable value chains inevitably imply a fundamental change in the
design practice [5-7].

To develop innovative, efficient and sustainable products, the designers should be
able to translate the needs from several actors in the value chain. The needs of the users
who will buy and consume the products, the ones from the business, who will develop,
produce and place them on the market and the ones from Society, who will indirectly
benefit or suffer with the sustainability impacts of the products. These processes and
concerns have been influencing the design practice since many decades along the
development of the eco-design, and design for sustainability with relative success in
some niche markets, but not in a large scale as expected.

Nowadays, a new approach is being developed on a global scale based on a circular
economic model. Yet, in order to be practical and successful, our society needs
innovative products and services that supply the needs of consumers and businesses
complemented by a more informed and accurate sustainable consumption behavior.
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Fig. 1. Four pillars to circular production and consumption

For a successful transition to a circular economy through the design of products and

services, it is essential to have a holistic vision based on an approach that integrates

fou

r fundamental pillars (Fig. 1):

The business of the companies responsible for placing the products on the market.
In this context, it is important to understand which the needs of companies are, and
how they can generate wealth and growth. Many of the sustainability projects
developed, despite presenting innovative concepts and sustainable solutions, did not
respond to the needs of the business and failed to penetrate the market, thus leaving
behind solutions that could have had significant impacts. It is in this pillar that
designers must be able to implement methodologies and tools (eco-design, design
for sustainability, design for the circular economy, etc.) for the development of
innovative and efficient solutions.

In the second pillar, it is important to provide the products with direct and indirect
information that allows the consumers to perceive the message conveyed. In this
regard, labels, certification and other intrinsic characteristics that products must
contain in order to communicate with consumers.

The third pillar is related to the importance of knowing the consumer. Relatively
little is known about consumer perceptions as a pre-decision mechanism that impact
their preferences and choice behaviors [8]. Which are the behaviors of consumers
and their needs? It is fundamental to be able to effectively translate these needs into
the design project. On the other hand, although there is already a growing aware-
ness, the way consumers perceive sustainability issues is not always the right way,
or they are influenced by socio-economic factors that divert the focus. There is a gap
between attitudes and behaviors. The levels of concern and awareness of the need to
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change consumption styles are high in general. However, this is not accompanied
by the adoption of more sustainable consumption styles [9].

— In a fourth moment, in order to close the cycles of products and materials in line
with the concept of circular economy, it is necessary to adopt an approach that
integrates circular economy strategies aiming to close resource cycles through the
valorization of products and materials. A holistic approach, focused on the role of
design, adopting various methodologies and tools at a strategic level, could allow
the transition to a more efficient, healthier and more circular economy.

In the next section, is explored how sustainable products are placed in the market.

2 Eco/Sustainable Products

There are several terminologies to define products with improved profiles. Eco prod-
ucts, green products, sustainable products, circular products, and many other terms.
Within this research, the authors aim to explore products that have a better sustain-
ability performance considering their life cycle and products that are placed on the
market claiming those features. Therefore, it was decided to use the term “Sustainable
products” which is a more comprehensive term that includes all the other concepts.

2.1 Types of Products

According to the specificities of the product and to the strategies of the producers,
distributors and other stakeholders, within the current research, the products were
defined according to four different typologies:

2.2 Type A: Silent Products

These are more eco-efficient and sustainable products that were developed considering
sustainability aspects in their process, however, these aspects are not communicated to
the user/client.

The sustainability aspects (environmental, social and economic) can be important
factors for the innovation of the product, their efficiency, quality, etc. However, the
company does not communicate it as part of their strategy.

2.3 Type B: Naturally Sustainable

These products due to their characteristics, materials, production process, etc., have a
good sustainability profile. In their development process, sustainability measures and
tools were not considered, but, in the end, the result is a sustainable product.

2.4 Type C: Eco/Sustainable Products

These are the products that were developed with sustainability objectives. In their
development, methodologies and tools were applied to support the creation of products
with reduced impacts in the product lifecycle compared to previous products of the
same type.
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2.5 Type D: Sustainability Influencers

These are products that per se are not sustainable, but when included in a system they
have a positive influence on the overall performance of the system. This type of
products includes also the ones that influence users to have a more sustainable
behavior.

In our society today, we face several gaps that may jeopardize the future success of
circular economy approaches. One important topic is the gap between what producers
and business place on the market and how the consumer perceives the sustainability
features and information. Many products include certification labels and information
that the consumer does not recognize and do not appreciate it.

Another gap is the difference between what consumers say and what they actually
do. Several studies show this problem [10, 11].

How the information on the sustainability profile of products reaches the consumers
is presented next.

3 Sustainability Communication in Products

To promote the information and awareness of consumers about the sustainability
profile of products, several methods have been used, such as campaigns, green mar-
keting initiatives, and claims. The most adopted and successful ones seem to be eco-
labeling schemes which rely on credible informative instruments.

Environmental labeling or eco-labels are important tools that companies can and are
using to communicate and guarantee that their products and services comply with
environmental requirements beyond what is established by law. The use of labels as part
of an effort to make green claims more trustworthy, providing the consumer with clear
and homogeneous information on the environmental aspects of products and services,
avoiding confusing information and influencing greener consumer choices is empha-
sized by the European Commission in its Action Plan for the Circular Economy [12].

Companies have at their disposal many environmental labeling possibilities, some
of them are regulated under International Standards, based on the ISO 14020 family
standard, while others, do not meet this requirement. According to ISO, there are three
types of environmental labels:

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

— Type II labels (ISO 14021): self-declarations made by manufacturers, importers,
distributors, retailers, etc., focusing on environmental improvement of some specific
aspect of their products, such as energy consumption, compostable, degradable
indoor air quality, recycled content, etc.

— Type II labels (ISO 14020 and 14025): These labels, often referred to as Envi-
ronmental Product Declarations (EPDs), present comprehensive product informa-
tion based on quantitative validated Life Cycle Assessment (LCA)
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As said before, there is a wide and growing range of possibilities to inform about
sustainability criteria or content. Nonetheless, companies will have to be proactive and
assure that their messages do not get lost or fall victim to incorrect perceptions [8].

Although, do consumers perceive the information included in product communi-
cation conveyed by companies and it influences, in fact, their choice? These concerns
were subject of a survey carried out to consumers in Portugal.

4 Consumer Perceptions

Production and consumption have a symbiotic relationship that must be nurtured,
educated and promoted with a sustainability perspective.

The market is shaped and reshaped continuously by the consumers through the
messages/information about consumption, purchasing choices and practices they send,
directly and indirectly, in a conscious or unconscious manner to decision makers in
governments, industries, business, designers and other stakeholders in the value chain.
Companies also create needs and demands by placing more and more products on the
market. Thus, the way our society consume will determine supply and the way pro-
duction is organized will influence demand in a complex and symbiotic relation.

Several studies demonstrate that the sustainable behavior is changing, and the
awareness is high and increasing in most consumers segments. There has been a
growing trend in informing consumers about the environmental aspects to take into
account when buying products [13].

If a consumer wants to buy a more sustainable product, it is difficult to have sound
comparative information. The data consumers need to compare impacts in products is
usually missing, incomplete, or even, not reliable. Apart from products with certified
labels, consumers only have access to information regarding the features of the product
in terms of price, technical characteristics, and marketing information [14]. Even
products that claim to be sustainable do not have often clear and trustful information.

The consumer believes in a common-sense assessment of sustainability supported
in part by self-declarations and allegations from designers, producers, and retailers
focusing only in few aspects of the life cycle, and in some cases, misleading consumers
through greenwashing approaches. In this sense, it is important to understand which the
consumer’s perception of the sustainability profile is and what are the physical attri-
butes of corresponding artifacts.

Making informed decisions about what to buy also helps in achieving a more
sustainable approach [15]. The information gap between producers and consumers is
still a huge flaw in our society. The ignorance and lack of information hinder the
efficiency of the market while sound and reliable information let consumers make a
smarter and conscious choice [14].

Another important aspect to consider is the lack of consumer awareness regarding
the link between their personal behavior and the direct impact on the environment or
society [10]. In this regard, we must define the type of consumers with sustainability
concerns. According to the study “Identifying the green consumer” by Arminda Fin-
isterra do Paco, we can define three main types of users [16]:
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Type 1 — The uncommitted, composed mainly by young people with high edu-
cational levels, and living in urban environments. This group claims to have
knowledge about the issue; however, this segment has very negative behaviors in
relation to environmental aspects.

Type 2 — ‘The green activists’, composed by individuals with the highest education
levels, have a favorable position in relation to all environmental aspects, particularly
towards perceived efficiency, environmentally friendly buying behavior, recycling,
sensitivity to the economic factor and resource saving. The segment tends to be
sceptical about the promotional and advertising claims made by firms.

Type 3 — ‘The undefined’ 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 environmental issues. Claiming to have little knowledge about environ-
mental issues, they have a positive attitude towards recycling and are highly
sceptical about the promotional and advertising claims made by companies.
However, the environment does not occupy a prominent position among their
concerns.

By knowing the types of products defined above, the types of consumers and their
perceptions, the design teams can manage the design practice in a more effective and
more successful way.

4.1 Method to Assess Consumer’s Perception of Sustainability
in Products

To better understand consumer habits, perceptions and general knowledge regarding
the sustainability aspects of products and their knowledge on communication elements
of a product such as labels, certifications, self-declarations, etc., was applied a survey in
January 2019 to collect data from Portuguese consumers, using two different approa-
ches: (a) an online questionnaire built with google forms with potential survey
respondents contacted through social media and email databases to participate by filling
in the form online; (b) a paper version of the questionnaire, aiming to broader dis-
semination and a collection of feedback. The questionnaire was composed of 5 sections
and was based in a trade-off between the complexity/length and the amount of data to
collect.

After the introduction, aims and objectives of the survey, the first section of the
questionnaire included basic questions regarding the demographic characteristics of the
interviewee. The second section was built to access the knowledge regarding eco-
design, design, sustainability, and circular economy.

Section 3 included questions to evaluate consumer habits and the influence of
environmental labeling on products.

In Sect. 4, through images of products, the aim was to understand if the sustain-
ability perception of the consumer corresponds to the reality and how consumer rate
sustainable products based only in perception.

To end the survey, Sect. 5 included an area to add remarks, suggestions, ideas and
the indication to follow the research.



The Common-Sense Assessment of Sustainability 121

S Findings/Analysis

With the main objective of identifying the consumer perceptions regarding sustainable
products placed on the Portuguese market, the authors did a study, understood as a pre-
test, based on a sample of 105 individuals aged over 18. Since the questionnaires were
sent by social media, and the respondents were asked to share the questionnaire with
other consumers, it is difficult to have concrete numbers of the scope of the research.
However, it is estimated that around 500 individuals were sent questionnaires, repre-
senting a response rate of around 20%.

The sample, composed by 105 individuals includes 55% women and 45% man with
different educational levels, 36% graduation, 31% 12° year, 24% master, 5% less than
12° year, 3% Ph.D. and 1% with a professional degree, with a diversified professional
activity. From the total number of questionnaires, 75% consider having a sustainable
behavior in daily activities, which also is a clear indication of the gap between what
consumer say and what they really do. When analyzing this data by gender, between
male and female respondent we do not identify a significant difference, 70% male and
78% female consider having a sustainable behavior. The difference in behavior
according to education is also not relevant, 73% in respondents with higher education
and 79% in lower education respondents. This is in line with several consumer surveys
like for instance, the sustainable consumption paradox referred by Vringer Kees when
studying the Dutch consumers [11].

5.1 General Knowledge in the Field

To access the knowledge in the topic, respondents were asked to express their per-
ception of knowledge regarding Design, Ecodesign, sustainability and Circular
economy.

The majority of the respondents claim to have basic notions about the 4 concepts
(in average, around 78% consider to have basic notions or above), and in general, the
concepts with a higher knowledge level is sustainability (49% have basic notions, 30%
high level of knowledge and 6% are experts in the field) and Design (51% have basic
notions, 22% high level of knowledge and 12% are experts in the field) and the less
knowledgeable level is circular economy (18% do not know the concept and 24% have
heard about it, which is understandable, since it’s a new concept for the majority of
respondents.

5.2 Sustainability Attitudes and Practices

When questioned about their practices, 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.

As shown in Fig. 2, consumers claim to have sustainability considerations in their
day-to-day life, especially in the separation of waste for recycling. The purchase of
sustainable products, in general, is one that has a lower application rate.
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Sustainable attitudes and practices
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Fig. 2. Sustainability attitudes and practices

5.3 Influence of Ecological and Sustainability Factors in the Acquisition
of Products

The influence of these factors is considered moderate to high in most of the cases. In all
types of products included in the survey, only less than 30% consider that sustainability
criteria do not influence their choice.

5.4 Influence of Labels and Environmental Certification in Purchasing
Decision and Related Trust in the Allegations

Most consumers (76%) indicate that labels and certification influence the selection of
products. However, only 18% have a high level of confidence in the allegations, 62%
have a medium level of confidence, 19% a low level and only 1% do not trust in the
allegations form producers.

5.5 Knowledge About Labels

To access the knowledge about products’ label included, a selection of 10 units was
displayed and consumers were asked to express if: (a) they know the label and its
meaning; (b) they recognize it but do not know what it is, or; (¢) they do not recognize
the label at all. From the analysis, was possible to conclude that in most of the
examples, the consumer do not know the labels or do not know the meaning of it. In the
case of the European eco-label - only 26% know the label and the meaning, 32%
recognize it and 42% do not know it. Regarding Cradle to Cradle, 65% do not know the
label and only 13% know it.

The more known labels are the Green Dot Society symbol (EoL packaging man-
agement system in Portugal), the Energy efficiency label and the recycling symbol.
These are known by more than 90% of the consumers.

The labels that are less known are the Cradle to Cradle, the European eco-label, the
Fair-trade label, and the Euro leaf.
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5.6 Perception of the Sustainability Profile of Products

To access the perception of consumers, the questionnaire presented 3 products to serve
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 one they consider
more sustainable and less sustainable.

The examples in the questionnaire were selected form the LCA study Disposable
Cups vs. Reusable Cups developed by Carbon Clear [17].

The product considered more sustainable was the Ceramic cup (75%), followed by
the paper solution (23%). The polystyrene was indicated as the more sustainable by 2%
of the sample.

When asking about the more sustainable solution, despite the fact that the majority
have selected the ceramic, a relatively high percentage of consumers considered the
paper as more sustainable. This asymmetry can be explained by the absence of the
indication of the functional unit. Some consider the ceramic artifact because it can be
used several times, while the others may have considered only one unit of each product,
not considering the number of paper cups that are necessary for long-term use.

However, when asked to select the less sustainable, 90% of the consumers selected
the polystyrene product and 2% the ceramic product.

According to the LCA study performed by Carbon Clear, based on the energy and
emissions required per 2,000 servings for paper, polystyrene and ceramic cups the
ceramic is the more efficient solution and the paper is the less efficient one.

This means that the perceptions of most consumers regarding the more efficient
solution were correct. However, their perceptions regarding the less sustainable solu-
tion were wrong in 90% of the cases.

6 Conclusions

Our society is changing along with the way we produce and consume. Nevertheless, to
have a positive impact under the sustainability framework we need to change radically
our approach and the business models from the past. Despite all the efforts being done,
Our world is only 9% circular [18], and the changes implemented still don’t have a
positive impact on our society.

The availability and dissemination of products and services with sustainability
considerations is increasing worldwide, though sustainability in most cases, is still a
marketing flag or a greenwashing tool.

In the current approach on the transition to a circular economy aligned with the
European and national objectives, it is fundamental to understand where we have failed
and learn with the errors from the past to define an effective approach based in the
relation between production and consumption and the translation of the needs from the
consumers, the needs of the business and the needs of society in the development of
new products, services and systems.

Regarding consumers, which were the main focus of this paper, we are facing
remarkable changes in the sustainable behavior. In general, consumers, are more aware
of the societal and environmental problems and challenges and demand for new and
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better products and services. Yet, the gap between what is placed in the market by
producers and what the consumer perceives is an important issue to overcome. The
communication on products, the inefficiency of labels for the most users who do not
understand these topics needs to be designed in a more efficient way.

The survey undertaken indicates that consumer believes in a common-sense
assessment of sustainability based on their perceptions, which are not always correct
and are partially supported in part by self-declarations and allegations from designers,
producers, and retailers focusing only in few aspects of the life cycle, and in some
cases, misleading consumers through greenwashing approaches.

For an effective transition to a more circular and sustainable economy, the market
and consumers perspective has to be integrated into a holistic approach through the
design practice.

7 Further Research

For the above-mentioned holistic approach, the next steps in the current research will
be the analysis of the designers and product developers’ perceptions, methods, and
approaches on the development of sustainable and circular products. How designers
translate the user and business needs in product development, which methodologies
and tools are applied in practice to integrate sustainability and circular design strate-
gies, will be some topics addressed and under scrutiny.
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Abstract

Successful and innovative design practices towards the development of more circular and sustainable
products and services that are aligned with the current and future needs of our society rely on efficient
practices that combine three main levels in the design and development process. The design management
level which is responsible for establishing, planning and managing the development of design projects. The
business level, which is focused on the feasibility and effectiveness of the project and its results in the short
and long term. Lastly, the design level that is responsible for the implementation and development of
circular design projects. This paper is part of a PhD research focused on supporting an innovative and
efficient transition to a circular economy and sustainability through design. It describes the basis of a design
model under development based on the design thinking process and an expert's survey carried at an
international level and the research activities undertaken. It integrates the three levels in a systemic
perspective, guiding the process and establishing the link between the needs of the design and
development teams in terms of the definition of circularity and sustainability considerations and strategies,
objectives and the activities, resources and practical tools needed to support the circular design projects.

Keywords: Design, Circular economy, Sustainability, Design systemic model

Introduction

To achieve sustainability and the transition to a Circular Economy (CE), we need to shift to a more
innovative and effective way to fulfil the needs of the society and change the paradigm of production and
consumption of products and services. The way we design, produce, use, distribute and discard products
has a strong impact on the economy, the society and the environment (European Commission, 2019) and
design practice are seen as a catalyst to shift from the traditional model of take-make-dispose to achieve a
more restorative, regenerative and circular economy (Moreno, De los Rios, Rowe & Charnley, 2016).
However, the approaches proposed so far in the field of design and innovation have not addressed and
promoted significant changes at the system level (ldil Gaziulusoy, 2015) and designers who have the
function of translating the strategies and concepts of circularity in the development of products and
services that promote the closing of cycles, the efficiency, and sustainability of the systems, are challenged
by new environmental, social and economic needs must adopt a holistic approach to problem-solving
(Bocken, de Pauw, Bakker & van der Grinten, 2016) taking into account that most of the characteristics of
the entire life cycle of a product are defined in the design stage.



As part of a doctoral research project under development which aims to promote and demonstrate to
practitioners and companies the key role of design in this process, and to increase the knowledge in the
fields of design for sustainability and circular economy, as well as support the design practice and the
practitioners with guidelines and resources to develop sustainable solutions to current and future needs,
the project addresses four main research questions:

e How can design support the transition from the linear economy to the new model of a circular and
sustainable economy?

e What tools and methods can designers apply to support an effective design practice for a successful
transition to CE in the real world?

e How can designers overcome the barriers to the implementation of a design practice that effectively
results in more sustainable products and services aligned with the European policies for CE?

e And, how can design practice and the role of the design professionals be promoted in the CE
context?

To support the design practice and to reduce the gaps that exist between what is being developed and
investigated in CE and its practical application in the development of more circular, sustainable and
innovative projects, products and services, and to promote good practices, this paper presents a systemic
model that is under development to meet the needs of designers in the integration of circularity aspects in
their practice. The model aims to establish the connection of the design process, the business strategy and
the design management towards circularity and integrates the inputs derived from the research
undertaken and will be further tested and validated to ensure its adequacy and efficiency to support the
process.

Design for a circular economy

In the transition from the traditional linear approach to the circular economy, design makes a huge
contribution. Design plays a key role in the definition of the features and the profile of products and
services. A more sustainable way to design, produce, and consume is a crucial objective for the
development of our society (Bhamra & Lofthouse, 2007; Braungart & McDonough, 2009; Manzini & Vezzoli,
2010; Margolin, 2014) that, according to recent studies, is only 9% circular ( De Wit, Hoogzaad, Ramkumar,
Friedl & Douma, 2019). With the responsibility of responding to product-service system problems,
designers must integrate circularity criteria and expertise in problem-solving innovatively, adjusted to the
needs of users, businesses, and society’s dynamics (Ferreira, 2008).

The circular design process and the underlying practice can be seen as more challenging and complex,
requiring changes in the way of thinking and conducting projects focusing on a shift from product-based
solutions to more sustainable and innovative system-based or function-based approaches. Designers need
to align their development process with the CE approach to replace the conventional end-of-life concept in
which the materials and components of a product are disposed of after fulfilling the initial function,
through closing solutions, slowing and narrowing the resource flows in production, distribution and
consumption processes (Bocken, de Pauw, Bakker & van der Grinten, 2016). They need to apply several
strategies in the development process focusing on the efficiency and sustainability of the entire system
(Rocha, Camocho & Alexandre, 2019).

To foster an efficient design practice, there is a need to provide practitioners, business stakeholders, and
other product developers with guidelines, resources and practices to apply design strategies for different
circular business models (Moreno, De los Rios, Rowe & Charnley, 2016; Bocken, 2016), and influencing and
managing the value chains. Building circular and sustainable value chains that are highly influenced by



product and service design, inevitably imply a fundamental change in design practice (Camocho, Ferreira &
Vicente, 2018; Prendeville et al., 2013; De los Rios & Charnley, 2017).

New or updated and upgraded methods and effective design-oriented tools are needed to support and
promote design in the transition to a CE. The over-consumption of goods and services have actively
seduced society, leading to excessive consumption of natural resources and the generation of huge
amounts of waste and emissions (Medkova & Fifield, 2016). Designing products more smartly and
innovatively, extending their useful lives and changing the role of such products within the system is crucial
to the achievement circularity and sustainability (Camocho, Ferreira & Vicente, 2018; European
Environment Agency, 2017).

Currently, and given the post-COVID19 scenario in which we are, the effects of the pandemic have further
reinforced this need to create a more ecological and resilient society. Europe needs to be revitalized.
Companies, businesses and society must adapt to a new reality, and new revitalization mechanisms must
be adopted. The European Union recently launched the Europe recovery plan (European Commision, 2020)
in which measures to revitalize and support organisations will be put into practice. In this context, the
design is a fundamental element in adapting to new needs and must respond with integrated solutions that
enhance innovation, sustainability, employment and the creation of value for all stakeholders.

Basis and rationale for the development of the design model for a CE

The integration of sustainability principles in product development has been a concern of many
professionals since the 70s, having, in a way, an important influence of Vitor Papanek’s book “Design for
the real world” (1970). The authors called into question the practice of design and the relationship of this
professional activity with the environmental and social impact associated with product development. From
green design to design for the circular economy, we have witnessed an evolution in design, in the concepts,
practice and growth in complexity by integrating a larger scope of sustainability criteria (Vicente, Frazdo &
Silva, 2012). Numerous projects and initiatives have been developed, numerous examples of success are
available in the market, however, this practice has never become mainstream. These approaches have
always been related to niche markets and in general (Hassi & Wever, 2010) never managed to demonstrate
the real benefits of being sustainable, taking into account, the environmental, social and economic pillars of
sustainability.

The CE can be considered as another step in the evolution of a necessary and fundamental demand for a
more sustainable future and presents itself as a possible path in this direction, and in this way, the
scientific, academic and business communities are highly motivated and committed in this respect.
However, as mentioned above, despite the numerous developments in terms of methodologies, practices,
tools, funding, etc., there is still a huge gap between theory and practice (Camocho, Ferreira & Vicente,
2019), between what is being developed in research and development projects and what is applied in
practice for new solutions that reach the market.

It is essential to narrow this gap and provide designers, who have a fundamental and irrefutable role in the
development of new products, sustainable services and systems, with interdisciplinary practices supported
by synthetic methods, tools and guidelines that result in sustainable solutions that contribute 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 intends to develop a synthetic method that supports this practice and
that integrates the project development, the management and orientation of the design project and the
perspective of the business, as presented in Figure 01, implementing these considerations in early phases
of the project (Hassi & Wever, 2010) with high innovation potential.

Figure 1: The 3 dimensions of the circular design model.

This model results from the work and research carried out and aims to systematize and guide the design
process by integrating aspects of circularity and sustainability that respect the intrinsic needs of the design
process and activities. The model is based on four main sources of information. An extensive literature
review, the national practices applied in Portuguese products that are available in the market, the
perspective of consumers and the perspectives of a group of international experts that were consulted
within the process (Figure 2).

Circular
design

systemic
model

Figure 2: Circular design systemic model — sources.

Literature review
For the development of the design model, the literature review that aimed to identify and analyze the main



sources at a national and international level provided a clear picture of the state-of-the-art and knowledge
in the field of design, sustainability and CE with a special focus in identifying methodologies, tools,
definitions and case studies of development and implementation of design projects oriented towards CE
and sustainability (Camocho, 2018). Within the research project, several resources were collected and
analysed. The CE is a current topic, and a vast number of activities and publications are being released
frequently. These have been considered in the project and integrated as possible.

Besides the support in the development of the project and the design model, the collected information,
with a brief analysis of each resource will be systematized and made available in the form of a database of
resources oriented towards the design process aiming to provide designers and product developers with a
source of relevant knowledge that is available and can be used as reference and inspiration to support
innovative projects.

Identification of national products with sustainability criteria

To map sustainable and circular design practices in Portugal and to analyze how the sustainability and
circularity aspects are being integrated into product development and communicated to the user, within
the research project, relevant industrial products that are available in the market which have been
developed with sustainability and/or circularity criteria and are placed in the market with sustainability
allegations were identified and collected in a database of Portuguese products. This will be made available
to be used by the design community as a source of inspiration, collection of good practices and promotion
of the sustainability and circularity concepts and their background.

The collection of national examples was done to support the identification of the design professionals and
companies linked to the products identified and, through interviews, the research aimed to identify and
analyze how sustainable and circular products were developed and which are the needs, drivers, barriers
and more information on the design practice towards a CE to support the development on the resources
that will result from this project.

The search and collection of Portuguese examples demonstrated that despite all the efforts that are being
done by research institutions, the Portuguese government, academia, associations, organizations, NGO’s,
etc., there is still a lack of national products developed and placed in the market. There are, however,
several examples of products available, but the majority are imported from abroad.

Analysis of consumer perspectives

The availability and dissemination of products and services with sustainability considerations is increasing
worldwide. There has been a growing trend in informing consumers about the environmental aspects to
take into account when buying products (Young, Kumju, Seonaidh & Caroline, 2008). In general, consumers,
are more aware of the societal and environmental problems and challenges and demand new and
improved products and services. Yet, the gap between what is placed in the market by producers and what
the consumer perceives is an important issue to overcome. The communication of products, the
inefficiency of labels for most users who do not understand these topics, need to be designed in a more
efficient way (Camocho, 2019).

For an efficient transition to CE through design, it is important to have a holistic and integrated approach.
On the one hand, we need to supply innovative and sustainable products that meet the needs of
consumers, and on the other, we need to have a sustainable consumption behaviour and features related



to products and services that allow an informed choice and efficient use by consumers. Within the
development of design projects for CE, designers need to better understand the consumer habits,
perceptions and general knowledge regarding the sustainability aspects of products and services, and in
this regard, within the research project, a consumers analysis was developed.

The survey undertaken indicates that consumer believes in a common-sense assessment of sustainability
based on their perceptions, which are not always correct and are partially supported by self-declarations
and allegations from designers, producers, and retailers focusing only in few aspects of the life cycle, and in
some cases, misleading consumers through greenwashing approaches (Camocho, Ferreira & Vicente 2019).
These findings and concerns should be translated into criteria to guide the development process and must
be considered in the design model under development.

Survey of experts

Despite the evolution of the CE approach and wide dissemination and engagement at many levels of our
society, which lead to the development of new business opportunities, new business models and
developing new markets, is CE the solution to attain a sustainable society? 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 their experiences and perspectives about the current and
future status of CE in practice.

To develop an efficient survey, the purpose, goals and the sample were clearly defined to ensure focus,
concise and provide useful data. The collected information allows the definition of an international
overview of the practice, motivations and barriers in the transition to CE through design, and supports the
research and development of methods, tools and guidelines to promote an improved design practice.

To involve an effective and relevant sample, before the development of the survey, a database of
international experts was developed as well as a questionnaire based on the compromise between the
length and time needed to complete it and the need for data to support the analysis. Through the
guestions, the research aims to understand the views and perspectives of the experts in the field on what
concerns the practical implementation of CE, in what sense the experts consider that CE is the way to
achieve a sustainable society in the future, what is considered the novelty that the concept and approach
can bring to society, what are the main drivers and motivations to adopt CE in practice, what are the main
barriers, how should we overcome the current obstacles and promote the design practice towards
innovative and sustainable solutions, and what lessons can we learn from the past.

The analysis of the data gives an overview of the perceptions of the experts that are working in the field
and are facing the real challenges in the circularity path. From the expert’s inputs to the survey, more than
80% consider that CE is the way to attain sustainability. The around 20% that do not consider CE as the way
for sustainability consider that CE is one important strategy, but many other must be integrated and
considered in the development of our society and the future patterns for production and consumption.

From the overall perceptions, CE 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.

The results of the survey which include also a set of motivation, barriers for the implementation of CE in



practice, ideas on how to overcome the obstacles and promote the design practice towards innovative and
sustainable solutions and other relevant aspects will support the development and adequacy of the design
model and the related resources.

Development of the Circular Design Model and toolkit

Aiming to support and promote the design practice, a design model is developed. Bild upon the results of
the research, the above-mentioned review, the analysis of strategies, tools and methods, and other
relevant information collected and analyzed, the structure of the model (Figure 3) derives from the six
main stages of a design project and relates the activities of the process with three levels that complement
each other resulting in a robust model to support the design practice towards circularity and sustainability:

e The Project management level to support an efficient integration of circularity in the different
phases and aspects of Design management

e The business level to align the development with the strategy and considerations of the business,
promoting the efficiency and sustainability of the system.

e The design team 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 model establishes the relation of the design thinking process with the goals of the CE to define how the
resources can guide the design process to promote sustainability and circularity in processes.

CIRCULAR
&

SUSTAINABLE
DESIGN

Figure 3. Circular and sustainable design model.

The description of each step in Figure 3 are the goals and objectives of each phase, how circularity should
be addressed, which sub-activities are included in each step of the model and which are the inputs



(resources, time, human resources, etc) and the outputs needed, will allow a systemic definition, the
planning and the development of the design for a CE project.

The strategy for the design practice within CE will be supported by relevant tools, methods and guidelines
that can be applied by practitioners in their daily activity to develop innovative and sustainable circular
solutions. The translation of the model into the practice will be done through a design for circularity and
sustainability toolkit. The toolkit to improve the role of design in the transition towards a circular and
sustainable economy is being developed and will support the development of new projects that will result
in new products and services with more potential for innovation, sustainability and circularity.

Conclusions and further development

The circular design systemic model, structured in three interlinked layers that integrate the project
development perspective, the design management approach, and the business perspective, will promote
the adoption and implementation of circular design in practice. The model provides guidance and support
to designers, project developers, project managers and business strategists engaged in this typology of
projects, integrating circularity considerations, tools and methodologies as core activities in the
development of new and efficient products and services. These align the current and future needs of
consumers with improvements and benefits in the circularity profile of products and services with an added
value for the business and the society. This model aims to reduce the gap between theory and practice,
developed with an orientation towards the project, respecting the needs of the various stakeholders and
aligned with the characteristics and needs of project management and development.

The result, integrating a set of guidelines and different types of resources for project development, will be
tested and validated by a focus group and will be disseminated and promoted to desigh communities,
product developers and businesses, in a collaborative approach, creating synergies and sharing the
knowledge, thus contributing to an effective improvement of society towards a more circular and
sustainable future through design.
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