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Developing a framework for National Electrical and Electronic
Equipment waste management applying sustainable circular economy
stratagem

DR. ANUPAMA SINGH, PROF. ARUNADITYA SAHAY
The elephant in the room — the ambiguity of the extended producer
responsibility in the Latvian packaging waste management system

JANA SIMANOVSKA, INGA BELOUSA
Upcycling and Circular economy in Cultural and Creative Industries

DR. LEONARDO BORSACCHI, GIULIA LIPPI

The on-going project FLOWTEX (Dynamic FLOW diagrams for circular
TEXtile) in the textile district of Prato (Italy): implementation and future
perspectives

DR. LEONARDO BORSACCHI, GABRIELE FELIGIONI,
ALESSANDRO FERRINI, CELLO CAROLINE LOCKWOOD
Practicing more Circular Economy enabling configurations of CE
technologies and managerial practices in the manufacturing industry

ALEXANDRA BARON DORADO, DR PAUL LIGTHART, DR SJORS
WITJES

Circular fashion — choice or necessity? Factors contributing to the
adoption of sustainable business models in fashion industry

DR. ANITA UCHANSKA-BIENIUSIEWICZ
Food waste recycling: last frontier or boundary case for the circular
economy?

SUE HUANG
Evolution of national Circular Economy and Bioeconomy initiatives: the
Italian case

MARIA ANTONIETTA PASSARI, PROF. ROBERTA SALOMONE,
GIOVANNI MONDELLO, TERESA MARIA GULOTTA
Circular rare earth element in sustainable development
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ASMA-QAMALIAH ABDUL-HAMID, DR. NUR SURAYA AHMAD,
DR. MOHD HELMI ALI, DR. MAZZLIDA MD DELI

How intensive aquaculture is facing the challenge of the transition to a
circular economy: evidence from a literature review

MARIA COZZOLINO, PROF. ROBERTA SALOMONE, DR.
GIOVANNI MONDELLO, DR. TERESA MARIA GULOTTA

Tracing European plastic waste shipped to Vietnam for recycling —
proposal for a just circular economy transition

KAUSTUBH THAPA, PROF. WALTER VERMEULEN, MO MING DE
WAAL, PROF. PAULINE DEUTZ, PROF. HONG QUAN NGUYEN
Full papers

Factors Influencing the Implementation of Circular Bio-Based Building
Materials in Vietnam

DINH LINH LE, ROBERTA SALOMONE, QUAN T. NGUYEN, ALEXIS
VERSELE, CHIARA PICCARDO
Circular economy in the cosmetic industry: a literature review

ALICE MONDELLO, ROBERTA SALOMONE, GIOVANNI MONDELLO
Circular economy practices in the agri-food sector: an exploratory survey
regarding Portuguese companies

FEDERICA SCANDURRA, ROBERTA SALOMONE, SANDRA CAEIRO,
ANA PINTO DE MOURA

Circular economy self-assessment tool for households: A collaborative
approach

ALEXANDRE RODRIGUES DA SILVA, TOMAS B. RAMOS

The on-going project FLOWTEX (Dynamic FLOW diagrams for circular
TEXtile) in the textile district of Prato (Italy): implementation and future
perspectives

LEONARDO BORSACCHI, GABRIELE FELIGIONI, ALESSANDRO
FERRINI, CAROLINE LOCKWOOD

A double literature review: Analysing the policy literature on Bioeconomy and
Circular Economy

MARIA ANTONIETTA PASSARI, ROBERTA SALOMONE, GIOVANNI
MONDELLO, TERESA MARIA GULOTTA

How intensive aquaculture is facing the challenge of the transition to a circular
economy: evidence from a literature review

COZZOLINO MARIA, SALOMONE ROBERTA, MONDELLO
GIOVANNI, GULOTTA TERESA MARIA
Poster

Upcycling and Circular Economy in Cultural and Creative Industries

LEONARDO BORSACCHI, GIULIA LIPPI

Se. Sustainable consumption and consumers

Abstracts

Carbon lock-in trap in low income families: can we make the carbon neutral
transformation inclusive?
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PROF. MARIA CSUTORA, GABOR HARANGOZO

Phenomenon of thrifting fashion in Indonesia: Is it a sustainable fashion?

MURZAL ZAIDAN, ANNALISA YAHANAN, ZULKIFLI S MUKTI, YOSE
RIZAL, A.S. CLARISSA P AULIA

A study on redesigning laptops for mobile office scenarios in the post-epidemic
era

LUYAO CHI, WENRUI LI
Does healthy food consumption structure decrease the ecological footprint?
The ecological footprint of nutrition in Hungary: reality vs. recommendations

ZSOFIA VETONE MOZNER
Consumer rights as citizens in sustainable consumption and production

DR. TZE CHIN ONG, DR. NURHIDAYAH ABDULLAH, DR. ZALINA
ABDUL HALIM, DR. SRIDEVI THAMBAPILLAY
Consumption of Natural Health Products — Is it safe and sustainable?

NUR SYAMILA MOHD ROZIMAN, DR. WARDAH MUSTAFA DIN,
DR. ZURINA MAHADI, ASSOC. PROF. DR. FARIDA HANIM
ISLAHUDIN, DR. MAZLINA MOHD SAID

The impact of green marketing on pro-environmental purchasing
behavior: applying the theory of planned behavior model (empirical
study on organic and recycled products consumers in Semarang City)

ANDRI TRI HARYONO, SINTA PETRI LESTARI, ZET ENA, ALYA
ELITA SJIOEN

Analysis of consumer preferences and attitudes towards sustainable
consumption of plastic beverage packaging in Malaysia

KHALILULNISHA ABU BAKAR, PROF. DR. AHMAD FARIZ
MOHAMED
Lesson from Malaysian Halal SME firms on Sustainable Food Production

ASMA-QAMALIAH ABDUL-HAMID, DR. MOHD HELMI ALI, DR.
MAZZLIDA MD DELI, DR. NORHIDAYAH SULEIMAN
Full papers

Consumption of Natural Health Products — Is it safe and sustainable?

NUR SYAMILA MOHD ROZIMAN, WARDAH MUSTAFA DIN, ZURINA
MAHADI, FARIDA ISLAHUDIN, MAZLINA MD SAID

5f. Food system transformation

Abstracts

Policies of genetically modified organisms in Africa

MOSES MUKUI, DR. GRACE ALAWA
Review of management methods of type Il Diabetes Mellitus

FINAGNON TOYI KEVIN FASSINOU, DR. MARIUS AFFONFERE
Experience of Fulani women in Dairy Business and the implication for Dairy
development efforts in Ibarapa and Iseyin Area of Oyo State

VICTORIA OLUJIMI, DR. OMOBOLAIJI OBISESAN
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Rethinking disruptive agricultural technologies for improved productivity and
profitability among smallholder farmers

TABITHA AVOGA
Urban agriculture provides multiple benefits besides food

DR. PRAJAL PRADHAN
Urban agriculture in China supply >20% of its vegetable needs and emit less
GHG than traditional agriculture

DR. YUANCHAO HU, DR. PRAJAL PRADHAN
High pressure processing of African indigenous vegetables for food security

JENNIFER KAGO, PROF. FATUNBI OLUWOLE
Milk quality supply chain analysis among smallholder dairy actors in Gulu
District, Northern Uganda

AHMED ABI ABDI WARSAME
Drivers of consortium agribusiness model performance among young potato
smallholder farmers in Tanzania

DR. SEMENI NGOZI, PROF. SOULEIMANE ADEKAMBI
Assessing the environmental impact of soilless systems: a literature review

ANTONIO LICASTRO, PROF. ROBERTA SALOMONE, DR. GIOVANNI
MONDELLO, PROF. GRAZIA CALABRO

“Assessing the relationship between farm production diversity and
women’s dietary diversity in rural Bihar and Odisha, India”

BALRAM KUMAR
Full papers

Assessing the environmental impact of soilless systems: a literature review

ANTONIO LICASTRO, ROBERTA SALOMONE, GIOVANNI
MONDELLO, GRAZIA CALABRO

Milk quality supply chain analysis among smallholder dairy actors in Gulu
District, Northern Uganda

AHMED ABI ABDI WARSAME, ALIRO, T, ODONGO, W, OMARA, P,
OMOBOLAIJI OBISESAN

6. Cities and regions

6a. Urban and regional transformations

Abstracts

Sustainability and circularity in regions — an approach from a regional study in
Poland

PROF. JOANNA KULCZYCKA, GRZEGORZ MALISZEWSKI
Transformation labs for a regenerative built environment: Reflections on
design, cross-regional learning, and the role of experimentation

FRANZISKA SCHREIBER
An assessment framework for mainstreaming nature-based solutions: the case
of Taipei City

630

631

632

633

634

635

637

638

640

654

663

664

665



171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

YUNG-CHEN CHENG, PROF. SUE-CHING JOU, JING-CHEIN LU, CHIA-
CHI LEE

Mapping urban sustainability politics in the global city-region: Tensions
between social and environmental sustainability and economic development in
the Beijing-Tianjin-Hebei region, China

DR. YI LI, PROF. ANDREW JONAS
Construction material consumption for housing and regional population
dynamics-prospective case studies

ANDREAS BLUM
Initial discussion of vacant industrial space valid reuse’s key factors — take ten
drum cultural and creative park as an example

YU-PING HSU, JEN-HAO CHENG
Developing climate change adaptation plans under planning deficit: the case of
Guandu, Taipei

ASSOC. PROF. LILING HUANG, PROF. SHANG-HSIEN HSIEH, WEI-
JUNG HO, YUN-TSUI CHANG, PO-JUNG SHIH, JIUN-AN CHIEN, YING-
PENG CHU

Breaking down barriers: A decision-support platform for facilitating
community-based climate change adaptation

SUBHASHREE NATH
Urban innovation spaces for co-creating sustainability solutions: the
transformation of Shanzhuku Landfill from Wastescape to Eco Energy Park

PROF. SUE-CHING JOU, PROF. MARC WOLFRAM, PROF. LILING
HUANG
Transformation pathways toward a regenerative built environment (ReBuilt)

FRANZISKA SCHREIBER, DR. PRAJAL PRADHAN

Opportunities and Challenges in Transforming into a Locally-oriented
Industry-based Tourist Village: a case study of Sering Village, Pelalawan, Riau
Province, Indonesia

MUHAMMAD SYAFI’I, DINA SYAFLITA, M. JAYA ADI PUTRA

Full papers

Initial discussion of vacant industrial space valid reuse’s key factors — Take
Ten Drum cultural and creative park as an example

YU-PING HSU, JEN-HAO CHENG

Sustainability and circularity in regions — an approach from a regional study in Poland

JOANNA KULCZYCKA, GRZEGORZ MALISZEWSKI

6b. Urban and regional resilience

Abstracts

Influence of location and human behaviour on the reduction potential for
summer heat stress in buildings in moderate climates using the example of
Germany

DR. REGINE ORTLEPP, DR. CHRISTOPH SCHUNEMANN, TIM
KRIESTEN
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Proposal of smart-sustainable-resilient cities model based on the urban
ecology principles

PROF. JANAINA MACKE
Resiliency of 11 earthquake-affected cities and the region, Tiirkiye,
February, 2023

PROF. DR. ILKNUR ONER
Fostering resilience through strategies within small scale rural
community in transition: insights from India

DR. KEYA CHAKRABORTY
Synergies and trade-offs for nature-based solutions in fostering urban
water resilience: social perceptions and preferences

RIYAN HABEEB, DR. REGINE ORTLEPP, PROF. DR. WOLFGANG
WENDE

“Spirit of locality” Socio-spatial characteristics of human settlements,
cultural heritage, identity & territorial development

DR. ANNAMARIA ORBAN
Ecological dimensions on adaptive reuse in urban heritage conservation.
Case study: Kampung Cina Bengkulu, Indonesia

IZAZAY A BINTA, PROF. WIDJAJA MARTOKUSUMO
‘Conservation is development’ in Gombak-Hulu Langat Geopark:
sustaining nature and culture heritage for posterity

ASSOC. PROF. DR. SHARINA ABDUL HALIM, ASSOC. PROF. DR.
TANOT UNJAH, DR. JING LEE, PROF. DR. NORHAYATI AHMAD,
JUWAIRIYAH HO

Toward sustainability of ports

PROF. LANCE MANUEL
Full Paper

Resiliency of 11 Earthquake-Affected Cities and The Region, Turkiye,
February, 2023

ILKNUR ONER

6¢. The power of art and culture in sustainable cities and communities
Abstracts

Analyzing the cultural heritage conservation to attain cultural sustainability:
insights from India

NITHYA AYYASWAMY, DR. KEYA CHAKRABORTY
A transition for sustainability: through the craft of Kaudi

ABHIGNA B, DR. SRISRIVIDHIYA KALYANASUNDARAM
Creative placemaking key contribution on thematic district: an exploratory
review

AMANDA ROSETIA, NOR ZALINA HARUN
Architectural uniqueness and its benefits to the resident in the tradisional
settlement
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NAZATUL HUDA RUHIZAR, ASSOC. PROF. DR. NOR ZALINA
HARUN, DR. SITI MARZIAH ZAKARIA

Design of digital entrepreneurial mode of Chinese Traditional fragrance culture
— technological innovation and cultural sustainable development

XU BINGQING, XIE LINLIN
Research on digital design strategy of Macau historic district based on VR

XIN HU
The implementation of mapping techniques for the preservation of Chukai
Town

MUHAMMAD AFIQ WASIE MOHD ASRI, ASSOC. PROF. DR. NOR
ZALINA HARUN

Environmental interactions as the primary determinant of the viability of
museums in historic site

AMIRAH ATHIRAH YAACOB, ASSOC. PROF. DR. NOR ZALINA
HARUN

Integrating sustainability into art and design education: curriculum
development

MAHSA MAPAR, JOSE BIDARRA, SANDRA CAEIRO, PEDRO
ALVES DA VEIGA, PAULA BACELAR-NICOLAU
Murals and the peace process in Northern Ireland: evidence from the City of

Derry

DR. ILONA HUNEK
Artful expressions of urban communities

ASSOC. PROF. MALIN GAWELL, DR. ANN-SOFIE KOPING
OLSSON, PROFESSOR MONIKA KOSTERA

Balancing the development and heritage using the heritage impact assessment:
case study of Melaka Coast

YASMIN AMIRAH, AMIR HUSAINI, ASSOC PROF. DR. ASYAARI
MUHAMAD

Image coopetition of artists and cultural organizations in achieving sustainable
development goals

KATARZYNA PLEBANCZYK, PROF. MARZENA BARANSKA

Full papers

The Implementation of Mapping Techniques for the Preservation of Chukai
Town

MUHAMMAD AFIQ WASIE MOHD ASRI, NOR ZALINA HARUN
Balancing The Development and Heritage Using the Heritage Impact
Assessment: Case Study of Melaka Coast

YASMIN AMIRAH, AMIR HUSAINI, ASYAARI MUHAMAD
Cooperation between artists and cultural organisations in achieving the
Sustainable Development Goals

KATARZYNA PLEBANCZYK, MARZENA BARANSKA

729

730

731

732

733

735

736

737

738

740

753

771



207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

Design of digital entrepreneurial model of traditional Chinese fragrance culture
-- pursuing cultural sustainability based on scientific and technological
innovation

XU BINGQING & XIE LINLIN
Environmental Interactions As The Primary Determinant Of The Viability Of
Museums In Historic Site

AMIRAH ATHIRAH YAACOB & NOR ZALINA HARUN

7. Social-economic aspects of sustainability

7a. Global inequality and poverty

Abstracts

A feminist political ecology of household waste management in South Africa
urban township

DR. MBALI PEWA, DR. ELSBETH ROBSON, PROF. PAULINE DEUTZ
“We need to try harder one more time”: challenges in the transition of work os
waste pickers from a dumping ground to a cooperative

DIJANA HELENA DINIZ COSTA VIEIRA, ARMINDO DOS SANTOS DE
SOUSA TEODOSIO
An investigation of the impact of household uplifting programme on household

consumption and asset acquisition in Oyo State, Nigeria: Implications on
SDGs 1

DR. TOLULOPE GBADAMOSI, AKINTUNDE GBADAMOSI
Environmental injustice: an unsustainable development

PROF. CARLTON WATERHOUSE
Will mankind achieve a just and equitable sharing of benefits of the high seas?
Connecting the SDGs to the new “UN Treaty of the high seas”

DR. STELLA EMERY SANTANA, PEDRO PULINO MELATTE
The toll of disproportionate impact: Africatown’s fight for environmental
equality

KENADI MITCHELL
Beyond four walls: the story of housing inequity among India’s poor

RINCY SIMON
Environmental justice in Houston; How Houston has failed the
Manchester/Harrisburg neighbourhood

WESLEY DAVIS
Building social capital: an effective method for combatting discriminatory
zoning and environmental degradation in urban minority communities

AUTUMN HOOKER

Full papers

An Investigation of the Impact of Household Uplifting Programme on
Household Consumption and Asset Acquisition in Oyo State, Nigeria:
Implication on SDGs 1
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TOLULOPE  VICTORIA  GBADAMOSI, AKINTUNDESAMSON
GBADAMOSI

7b. The future of employment and good work

Abstracts

Emerging indications of employment in the circular economy: a synthesis of
European case studies

PROF. PAULINE DEUTZ, HEATHER ROGERS, DR. ANNA DIAZ, DR.
NATACHA KLEIN, DR. KATELIN OPFERKUCH, DR. AODHAN
NEWSHOLME, PROF. ANDREW JONAS, PROF. TOMAS RAMOS
Quality of working life in the Circular Economy: the case of self-employment
in the repair sector

HEATHER A. ROGERS, PROF. PAULINE DEUTZ, PROF. ANDREW E.G.
JONAS, PROF. TOMAS B. RAMOS

Wellbeing of small and medium enterprise migrant workers: analyzing post
pandemic experience in India

INDRAIJIT KHANDAI DR. SANJAY KUMAR SINGAVARAPU
Sustainable entrepreneurship practices among emerging agro-based
entrepreneurs and security implications in Ibadan Metropolis, South-West,
Nigeria

DR. OLANREWAJU ABDULWASII OLADEJO
Interreg Program to support artistic craftsmanship as social cultural richness

LUCA PARODI, PROF. ADRIANO MAGLIOCCO
Active and integrative labor market policies to accelerate post-pandemic
unemployment management

SYAHRUL SAIJIDIN, SHINTA PUSPITASARI

Full papers

Emerging indications of employment in the circular economy: a synthesis of
European case studies

PAULINE DEUTZ, HEATHER ROGERS, ANNA DIAZ, NATACHA
KLEIN, KATELIN OPFERKUCH, AODHAN NEWSHOLME, ANDREW
E.G. JONAS, TOMAS B. RAMOS

Quality of working life in the Circular Economy: the case of self-employment
in the repair sector

HEATHER ROGERS, PAULINE DEUTZ, ANDREW EG JONAS, TOMAS
B. RAMOS
Interreg Program to support artistic craftsmanship as social cultural richness

LUCA PARODI, ADRIANO MAGLIOCCO

7c. Economic and financial innovations for sustainability transitions
Abstracts

From Malthusian Nightmare to the “Brave New World”: the search for
Sustainable Development

PROF. SHOBHANA MADHAVAN, DR. ROBERT BARRASS
ESG investing: decomposing reporting standard

HIU CHING CHUNG, DR. WANXIN LI
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Interaction of emotional intelligence in investment decision making

DR. HOOI CHENG EAW, DR. BOON KEONG LIM, DR. SIEW MING
CHOO, DR. ELIA SYARAFINA ABDUL SHAKUR, ASSOC. PROF. DR.
KIM YEW LIM, JIA MING CHONG, WEN CHEAN CHOONG
Biodiversity and economic instruments: implications on biodiversity due to
using harmful financial tools

DIANA CAROLINA HUERTAS-BERNAL, HAJEK
MIROSLAV, RATNA CHRISMIARI PURWESTRI
The transformation of the global financial system to sustainability

DR. SEBASTIAN THOMAS, ANGELA BRUCKNER
Sustainable Digital financial inclusion — leveraging social capital to improve
adoption and usage by subsistence retailers

PROF. SHAINESH G

8. Social foundations of sustainability

8a. Gender, inclusivity and human rights

Abstracts

Crisis of climate induced internally displaced female: challenges to achieving
sustainable development goals for Bangladesh

ZELINA SULTANA
Sustainable development goal 5: exploring gender equality practices of social
enterprises

DR. REETI KULSHRESTHA, DR. ARUNADITYA SAHAY

Women’s influence on sustainability performance in Higher Education
Institutions: the case of Universidad Pontificia Bolivariana (Medellin,
Colombia)

PROF. ANA ELENA BUILES-VELEZ, MS. ANA MARIA
OSORIO, PROF. JULIANA RESTREPO, PROF. LINA MARIA
ESCOBAR

Protecting the well-being of the disabled in achieving the nation’s sustainable
development goals

CHARMILAA KRISHNAMOORTHI, DR. AHMAD AZAM MOHD
SHARIFF, DR. MOHAMAD AZHAN YAHYA, DR. MUHAMAD SAYUTI
HASSAN, DR. HANIM KAMARUDDIN

An evaluation of gender at the intersection of recent disasters in Turkey, SDGs,
and Sendai frameworks

PROF. DR. ILKNUR ONER, MUALLA DIKMEN, F.CEREN
DEMIR, MISS AHSEN HANGUN, DILANUR YESILYURT, SUNGUR
CAN

Comparative analysis of health and education expenditures for disabilities and
non-disabilities in Indonesia using the NTA calculation method

NI PUTU MIA TARANI, ACHMAD KAUTSAR
The probability of being not poor based on socioeconomic status, persons with
disabilities, and demography in Indonesia

GRACE WULANDARI, ACHMAD KAUTSAR
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Individual probability of being poor based on person with disabilities and
socio-economic status: using Indonesia cases

GRACE WULANDARI, ACHMAD KAUTSAR
Towards gender equality in Malaysia: legal and policy perspective

ASMAK HUSIN, DR. NURHAFILAH MUSA
Ageing population and the perception of sustainable development: a case study
in rural areas, Beira Baixa, Portugal

SANDRA MANSO, SANDRA CAEIRO, SARA NUNES, CARLOS PARDO
The reality of sexual violence against children in Indonesia from the
perspective of law and human rights

DR. ADYA PARAMITA PRABANDARI, DR. ADITYA YULI
SULISTYAWAN, SOLECHAN SOLECHAN

Understanding one health approach from legal feminism perspective (ir it
relevant?)

AISYAH WARDATUL JANNAH, RIZKA NURLIYANTIKA, AYU CITRA
SANTYANINGTYAS

Full papers

Women’s Influence in sustainability performance in Higher Education

Institutions: the case of Universidad Pontificia Bolivariana (Medellin,
Colombia)

ANA ELENA BUILES-VELEZ, JULIANA RESTREPO JARAMILLO,
LINA MARIA ESCOBAROCAMPO, ANA MARIA OSORIO-FLOREZ
Ageing Population and the Perception of Sustainable Development: A case
study in rural areas, Beira Baixa, Portugal

SANDRA MANSO, SANDRA CAEIRO, SARA NUNES, CARLOS PARDO
8b. Communication for sustainability

Abstracts

Communication of sustainability and the impact on the consumer behavior:
study case ISTO. Brand, PROF. JOAO SIMAO, MARIANA PEREIRA
Content analysis for the promotion of geotourism in the UGGp Network
websites in Latin America

PAUL CARRION-MERO, JAIRO DUENAS-TOVAR, MARIA JAYA-
MONTALVO, FERNANDO MORANTE-CARBALLO, GRICELDA
HERRERA-FRANCO

Information value chain management: a critical element in disaster risk
reduction

AMRITA DHIMAN, DR. ASHISH R SINHA
Are we nasty? The impact of digital hate speech towards cyberspace
sustainability in Malaysia

DR. NORENA ABDUL KARIM ZAMRI, FAISAL MOHD AMIN, DR.
NASLIZA ARINA MOHAMAD NASIR

Full papers

194. Content analysis for the promotion of geotourism in the UGGp Network
in Latin America
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PAUL CARRION-MERO, JAIRO DUENAS-TOVAR, MARIA JAYA-
MONTALVO, FERNANDO MORANTE-CARBALLO, GRICELDA
HERRERA-FRANCO

8c. Just transition

Abstracts

Reconceptualizing sustainability transitions in the context of capitalism

DR. BOSCO BWAMBALE
Greenwashing in financing just transition: potential solutions from an Islamic
law perspective in Malaysia

NUR MOHD IQZUAN SAMSUDIN, ASMA HAKIMAH AB HALIM,
RASYIKAH KHALID
A critical discourse analysis of the just transition in South Africa

DR. MBALI PEWA, PROF. PAULINE DEUTZ
Let communities lead: stories and lessons on grassroots energy initiatives for
sustainable futures

DR. SAURABH BISWAS, DR. DAVI FRANCOIS, DR CLARK
MILLER, DR  MARY JANE PARMENTIER, DR NETRA
CHETTRI, DR WITOLD-ROGER POGANIETZ

9. Governance, power and institutions

9a. Peace and sustainable development

Abstracts

A review of the role of anti-corruption agencies in the implementation of
sustainable development goals (SDG)

DR. ASMIDAR LOKMAN, MOHD IDHAM MOHD YUSOF, SHAMSINAR
RAHMAN, DR. NURUL HIDAYANA MOHD NOOR, MOHTAR SANI
Adopting agile governance in Malaysia’s public agencies: a path to achieving
SDG 16

NOR HAFIZAH IBRAHIM, PROF. DR. ZAFIR KHAN MOHAMED
MAKHBUL

Lending your ears to parties in community mediation: active vs. passive
listening

ASSOC. PROF. DR. RIZAL RAHMAN, DR. NUR KHALIDAH DAHLAN,
DR. SUHAIZAD SAIFUDDIN

“Closing the Gap: the need for military prosecution appeal right to ensure
exclusive accessibility to justice”

HASLIDA ISAMAIL, ASSOC. PROF. DR. RIZAL RAHMAN, DR.
MUHAMAD SAYUTI HASSAN
Securitization of the Blue Economy

IRJA MALMIO, DR. SEBASTIAN THOMAS
The application of futures methodology in understanding international law
and emerging issues in peace and conflict resolution in the muslim world
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Sustainable design of a plastic toothbrush: a case study of design for disassembling and materials
recycling

Jacopo Mascitti, Alessio D'Angelo

University of Camerino, Ascoli Piceno, Italy

ALESSIO D'ANGELO
Abstract

A toothbrush is one of the most widely used oral care items that help remove debris from the mouth and keep
it germ-free. More than 3.5 billion toothbrushes are purchased each year. A market valued at USD 6.90
billion in 2022, with an estimated annual growth rate of 4.1% through 2029. More than 75% of toothbrushes
sold are of the traditional manual model [1]. Growing awareness of the environmental implications in the use
of disposable toothbrushes has prompted all major manufacturers to develop "eco-friendly" products, whose
approach is based on three different strategies: the use of biopolymers; the use of natural materials such as
bamboo; or the use of replaceable heads. However, each of these solutions hides critical issues: most bamboo
toothbrushes have mechanically anchored nylon bristles that cannot be disassembled and are vulnerable to
early aesthetic degradation; biopolymer toothbrushes do not show significant lifecycle environmental
benefits when compared to their traditional polymer equivalents; and toothbrushes with replaceable heads
are often abandoned in use due to a perception of poor hygiene, which grows with time. Based on previous
LCA analyses that highlight the potential environmental benefits of a fully recyclable toothbrush embedded
within an economic scheme of recovery and reuse of its materials [2-3], the paper aims to describe the
environmental redesign process of one of the most popular and pervasive mass market products: the plastic
disposable toothbrush made through the multi-shot injection moulding process. The project, developed
within the School of Architecture and Design of the University of Camerino, is characterized by innovative
technical and formal solutions that can improve the environmental performance of the product through the
strategy of design for disassembling. The developed solution allows the aesthetic and ergonomic qualities of
the product to remain the same and, at the same time, allows the end user an easy and intuitive disassembly
of the toothbrush at the end of its life, solving the crucial problem of removing the nylon bristles. In
conclusion, the paper presents a concept of a product in line with SDG goal 12, as it aims to make the
production of a mass market product currently considered critical more rational and responsible.
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Abstract. Toothbrush is one of the most widely used oral care items in the world. Growing
awareness of the environmental implications in the use of disposable toothbrushes has
prompted all major manufacturers to develop "eco-friendly" products, whose approach is
based on three different strategies: the use of biopolymers; the use of natural materials such
as bamboo; or the use of replaceable heads. However, each of these solutions hides critical
issues: most bamboo toothbrushes have mechanically anchored nylon bristles that cannot be
disassembled and are vulnerable to early aesthetic degradation; biopolymer toothbrushes do
not show significant lifecycle environmental benefits when compared to their traditional
polymer equivalents; and toothbrushes with replaceable heads are often abandoned in use
due to a perception of poor hygiene, which grows with time. Based on previous LCA
analyses that highlight the potential environmental benefits of a fully recyclable toothbrush
embedded within an economic scheme of recovery and reuse of its materials, the paper aims
to describe the environmental redesign process of a plastic disposable toothbrush made
through the multi-shot injection moulding process. The project is characterized by innovative
technical and formal solutions that can improve the environmental performance of the
product through the strategy of design for disassembling.

1. Introduction

Throughout history, various tools have been used to maintain personal oral hygiene. The toothbrush is one
of the most used oral hygiene items, helping to remove debris from the mouth and keep it free of germs. The
earliest toothbrush we have evidence of, used for more than 3,000 years, is the miswak or siwak, a tooth-
cleaning stick made mainly from the root of the Salvadora persica tree. (Shirzaiy, Sarani and Bagheri 2016).
The toothbrush as we know it is thought to have been invented in northern China in the 15th century and
later imported to Europe by travellers. It consisted of a bamboo handle with boar hair attached to one end.
However, the invention of the modern toothbrush is generally credited to an English merchant named
William Addis, who made a bone and horsehair toothbrush in 1780. The first American patent for a
toothbrush was filed by H.N. Wadsworth in 1857. In 1938, the introduction of nylon made it possible to
produce the first toothbrush with plastic bristles: the Doctor West's Miracle Toothbrush. Since then, the
formal and material evolution of this simple but essential product has basically come to a standstill. In fact,
since 1954, the year in which the Broxodent mechanical wall brush was created, the evolution of the product's
design has focused mainly on its mechanisation and, more recently, on its digital extension in the form of an
information service (Bellis, 2021).

More than 3.5 billion toothbrushes are purchased each year. This market was worth USD 6.90 billion in
2022, with an estimated annual growth rate of 4.1% until 2029. Currently, the toothbrush market can be
divided into two macro-types: the first is the manual toothbrush, with its typological and formal variations,
which accounts for approximately 75% of the market share of toothbrushes sold each year (Fortune Business
Insights, 2022); the second is the electric toothbrush, with all its functional variables and peculiarities.

Manual toothbrushes can be distinguished by five factors: shape of the brush head (rectangular, elliptical,
and diamond-shaped); replaceability of the brush head (fixed or removable); hardness of the bristles (soft,
medium, and hard); bristle layout (flat, slanted, wavy, and bunk); shape of the handle (straight, angled, offset,
and angled offset). In addition, the handle may have silicone moulded parts to increase grip. Handles with
grips are usually more ergonomically shaped to give a firmer grip when brushing and less wrist fatigue.
Electric toothbrushes can be divided by: head shape (round or elliptical); type of movement (rotary,
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oscillating, or pulsating); and speed of movement (sonic 200-400 Hz and ultrasonic up to 2,000 Hz). All have
a large body to house the motor and batteries, and all have the possibility of changing heads. In addition to
being larger, the handle is never different or more ergonomic in shape (Hovliaras et al., 2015).

Toothbrushes can be further divided into three product categories: household, travel, and special purpose.
Household manual toothbrushes are the most common on the market, aimed at users of all ages and used
exclusively in domestic context. Their lifespan is closely linked to bristle wear and is generally around three
months. Almost all electric toothbrushes fall into this category. Most toothbrushes in this category can be
considered disposable, except for electric toothbrushes and manual toothbrushes with interchangeable heads,
which allow the handle to be reused. Travel toothbrushes are formally and functionally related to the
household typology but are characterised by their small size due to the use of compacting and folding
strategies.

Often this type of product comes in kits with a basic amount of toothpaste for use while travelling. In
some versions, the heads are pre-impregnated with toothpaste and do not need to be rinsed to meet the
necessity of travellers who do not have access to a bathroom. Finally, special toothbrushes refer to specific
contexts or categories of users, such as fingerbrushes for certain forms of disability, 360° bristles, for
maximum security prisons, etc.

In terms of production, and considering only manual toothbrushes at this stage, there are two main aspects
to consider: the material and production technology of the body, and the material and attachment technology
of the bristles. The choice of material for the body is mainly determined by the type of product (disposable
or with interchangeable heads), the expected duration of use and the area of application. Polypropylene (PP),
polyethylene (PE), bamboo and silicone are the most used materials. Aluminium is also used for toothbrushes
with only replaceable heads. Nylon is mainly used to produce toothbrush bristles and is currently the only
alternative considering the basic factors of durability, stiffness control and production costs. However, there
are alternatives such as boar hair, PBT and PLA, which are used for small market shares and niche products.
Wild boar hair has been abandoned in favour of nylon, which is better at preventing bacterial proliferation
and is less rigid, an essential factor in preventing corrosion of dental enamel and possible injury to gum tissue
with consequent recession. PBT and PLA, on the other hand, show an accelerated loss of performance,
reducing the product's service life.

In today's toothbrush manufacturing, the most common method used to anchor the bristles to the brush
head is a technology called Traditional Tufting (TT). This process, which is usually fully automated to
maintain a high standard of hygiene, consists of inserting the nylon bristles into the holes in the brush head
and then clamping them with metal staples. In some of the most advanced processes, the tufting machine can
fill 900 holes per minute, working with great precision. It is representing one of the most difficult and crucial
steps in the innovation of this type of product. In addition to the TT technology, new bristle anchoring
technologies are being optimised with the aim of eliminating metal staples, the critical aspects of the process.
Over time, toothpaste creeps into the holes and meets the metal component, leading to increased bacterial
growth and premature corrosion. This established technology has been joined in recent years by two others:
Anchor-Free Tufting (AFT) and Pressure Tufting (PT). In AFT technology, the bristles are attached to a plate
without metal staples. The plate is then joined to the body of the toothbrush. In this way, the product consists
of two macro-components. PT technology is more recent and allows the bristles to be anchored to the
toothbrush without the use of metal staples or plates. The steps in this process are to melt the end of the
filament assemblies, insert them into the holes and press them in. The fused section is locked into the hole
by expansion due to the pressure applied.

Figure 1. From left to right: TT, AFT and PT technologies.

389



The growing awareness of the environmental impact of the use of disposable toothbrushes has led all
major manufacturers to develop "eco-friendly" products based on three main strategies: the use of
biopolymers, the use of natural materials such as bamboo, or the use of replaceable brush heads. However,
each of these solutions hides critical issues and a Life Cycle Assessment (LCA) approach is required to
consciously assess the environmental performance of the toothbrush.

2. Literature Reviews

Although the toothbrush is a widely recommended health care device worldwide, there is still little
quantitative data available on its environmental impact. Two life cycle assessments (LCAs) of this type of
product have now been carried out, funded by the Eastman Dental Institute of University College London
(UK) in partnership with the Dental University Hospital of Trinity College Dublin (Ireland). The first study
(Lyne et al., 2020) considered four types of toothbrushes: plastic manual, bamboo manual, plastic manual
with replaceable head, and electric. The LCA was conducted from cradle to grave, i.e. from production to
disposal. The functional unit was defined as the individual use of a toothbrush over a time of five years, the
usual battery life of an electric toothbrush.

Figure 2. LCIA results (Lyne et al., 2020).
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The results of the study show that the electric toothbrush has the highest impact in all categories except
water scarcity. The plastic toothbrush with replaceable head and the bamboo toothbrush have the lowest
impacts in 11 and 5 of the impact categories respectively. The material used is the main contributor to the
environmental impact of the plastic manual toothbrush and the one with replaceable brush heads. PP, used
for the handles, was the largest contributor for these two types of toothbrush (37% and 33% respectively).
The electric toothbrush was the heaviest product at 1.42 kg. The largest contributor to the total impact was
transport (47%), followed by materials (46%).

This comparative LCA showed that a plastic replaceable head manual toothbrush and a bamboo manual
toothbrush perform better than both traditional plastic manual toothbrushes and electric toothbrushes in each
of the impact areas considered in this study. The study shows that the best environmental performance is
currently achieved by the toothbrush that rationalises the use of material, i.e. the toothbrush with a replaceable
head, or changes the origin of the material, i.e. the bamboo toothbrush. The electric toothbrush has the highest
impact, as the impact of the numerous components must be added to the impact of the battery and the use
phase. However, the study makes some assumptions that should give us pause for thought. The first is that
the motorised body of the electric toothbrush is used by a single user and is disposed of after five years.
Instead, the possibility of sharing the motorised handle should be considered and a reduced battery life due
to increased recharging cycles should be evaluated. The second assumes that the nylon bristles of the brush
head and the associated metal staples are removed from the bamboo brush. This seems impractical in real
life, as the authors themselves state.
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In the same year, the authors carried out another interesting study that highlighted and deepened specific
aspects of the previous work (Duane et al., 2020). The same LCA methodology was used, following the EU
Product Environmental Footprint guidelines. The aim was to model the best possible toothbrush using two
assessment parameters: DALY (disability-adjusted life years) and carbon footprint. One DALY represents
the loss of the equivalent of one year of full health. DALY for a disease or health condition are the sum of
the years of life lost to due to premature mortality (YLLs) and the years lived with a disability (YLDs) due
to prevalent cases of the disease or health condition in a population. (World Health Organization, 2023).
Starting with the standard manual toothbrush, the study considered four types of handle material: bioplastic,
bamboo, aluminium, and recycled plastic. Only for the aluminium toothbrush was the possibility of replacing
the brush heads with bristles considered.

Figure 3. Toothbrush modelling results for climate change impact and DALY (Dune et al., 2020).
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All scenarios considered show an overall improvement in the carbon footprint compared to current
production, but the results for DALY's vary widely. Using bioplastics instead of PP only improves the carbon
footprint by 6% and increases DALYs by 4%. Using bamboo handles reduces the carbon footprint by 68%
while increasing DALYs by 26%. The optimal balance between the two values is expressed by the fourth,
ideal model, which uses a plastic recycling scheme and expresses a 90% and 72% improvement respectively.
In this model, the nylon bristles have the greatest impact, accounting for 90% of the carbon footprint.
However, the toothbrush with the recycled plastic handle requires the manufacturer to take responsibility for
the recovery and recycling of the toothbrush.

This study shows how a toothbrush made from recycled plastic in a circular system is the environmentally
preferable option that results in the least loss of DALYSs. In the win-win scenario, the manufacturer would
have to provide a logistical facility to collect used toothbrushes and their packaging. Nylon bristles, for which
there are no marketable alternatives, and degraded plastic would be removed and disposed of and replaced
with an estimated 10% virgin plastic.

The LCA, which complements the first one, shows how the bamboo toothbrush loses effectiveness when
considering DALY together with the classic environmental impacts. This is due to its high water
consumption, which drastically increases its DALY . The best compromise is therefore a toothbrush that uses
a circular material scheme, assuming that it is possible to collect most of the used toothbrushes. Furthermore,
in this LCA, the plastic toothbrush with replaceable head, which performed well in the first LCA, is replaced
by a toothbrush with replaceable head and aluminium handle, which has a higher production impact than PP.
It is assumed that the reason for analysing such a brush, which is not explicitly stated by the authors, is
probably due to less aesthetic degradation of the aluminium handle. Less aesthetic degradation also means a
greater likelihood that the user will not feel the need to replace it soon. In fact, the aluminium handle was
assumed to have a lifespan of 20 years, which is highly unlikely in actual use conditions.

To conclude the reflections suggested by the two studies mentioned above, and to extend the analysis also

to the perceptual and cultural aspects that condition the use of toothbrushes, we can state that:
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- common bamboo toothbrushes employ nylon bristles attached by staples that prevent their disassembly
and material recovery; they are subject to early aesthetic degradation due to the biological nature of the
material, more easily attacked by fungi and bacteria, which can be limited with additional finishing
processes whose impact is, however, to be assessed; the shape of the toothbrush is almost always very
simplified in order to optimise the use of the material and reduce production time, with a consequent
reduction in the ergonomics of the product;

- biopolymer toothbrushes do not show significant lifecycle environmental benefits when compared to
their traditional polymer equivalents;

- toothbrushes with replaceable heads perform well overall, but in real-life use have shorter replacement
times than expected and are often abandoned due to a perceived lack of hygiene, which increases over
time; within the life cycle environmental assessment, the impact due to the necessary handle sanitisation
processes that are required each time the brush head is replaced should also be considered;

- the electric toothbrush is the product type with the highest impact, without demonstrating significant
benefits in terms of dental caries or periodontal disease prevention compared to its manual counterparts
(Lyne et al., 2020).

3. Phases and Method of Design Research

Based on the results proposed by the above-mentioned LCA studies, which highlight the potential
environmental benefits of a fully recyclable disposable toothbrush placed in an economic scheme of recovery
and reuse of its materials (Ellen MacArthur Foundation, 2017), this paper describes the environmental
redesign process of one of the most widespread and pervasive mass market products: the plastic disposable
toothbrush made by the multi-shot process.

The project, developed within the School of Architecture and Design of the University of Camerino (Italy)
as the final work of the student Alessio D'Angelo (supervisor Prof. Jacopo Mascitti), is characterised by
technical-formal solutions capable of improving the environmental performance of the product through the
DAS strategy of disassembly. The solution developed maintains the functional, aesthetic, and ergonomic
qualities of the traditional product, but at the same time allows the end user to disassemble the toothbrush
easily and intuitively at the end of its life, solving the key problem of removing the nylon bristles.

The methodology adopted to achieve the intended objective consisted of six macro-phases: (i)
morphological and ergonomic analysis of a representative group of manual toothbrushes; (ii) definition of
priority criteria for design development in response to the objective of increasing the environmental
sustainability of the product and the circularity of materials; (iii) development of product concepts and
production of study and verification models; (iv) identification of materials and production processes (body
and bristles) in line with the project objectives; v) design development through the creation of virtual models
of the product and production moulds; vi) final prototyping. In the first phase, ten toothbrushes were
considered, selected on the basis of specific characteristics such as overall size, shape and angle of the handle,
shape of the head, and ergonomics of the grip points.

Figure 4. The ten toothbrushes considered in the first phase of the research.
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The first phase of research helped to define the optimal product size, handle shape, and head angle and
shape. At the same time, the knowledge gained from this phase is being used to investigate priority design
intervention strategies to improve product performance in terms of material circularity.

In the second phase, priority design development criteria were defined on which to base the development
of the plastic disposable toothbrush concept capable of optimising the disposal and recycling phases. The
main strategy considered was Design for Disassembling (Vezzoli and Manzini, 2008, p. 181). At the same
time, it was decided to enable the end user to separate the components and eliminate the equivalent industrial
process. Particular attention was paid to reducing the material used and rationalising the shape while
maintaining correct ergonomics. The industrial processes considered were Pressure Tufting bristle anchoring
technology without metal staples and co-moulding for the entire toothbrush.

Figure 5. Study models made during the third phase of the project.

The third phase led to the creation of seven different concepts which, thanks to different technical
solutions, made it possible to disassemble a traditional plastic toothbrush into its different material
components and to separate the handle from the bristles. The design phase of the new product was supported
by the creation of 15 study models, which allowed the optimisation and verification of the different design
solutions that were hypothesised and then incorporated into the final solution.

The choice of material and production technology in the fourth phase was influenced by one of the case
studies investigated in the first phase of the project. In general, co-moulding is a production technique for
plastic products that is avoided in the context of sustainable design because it creates a bond between two
different materials, making any hypothesis of recycling futile, regardless of whether one or both are
recyclable. In fact, once melted, they must be considered as a single material that cannot be recycled because
the two basic materials, although compatible, do not have the same chemical properties, which has a negative
impact on the disposal phase. It is not surprising that this technique is widely used in the world of
toothbrushes, as most toothbrushes cannot be recycled because the bristles are attached to the head with metal
grafts.

The toothbrush from the Italian company Tau-Marin was of particular interest. It was developed in the
1970s in collaboration with the designer Gabriele Stocchi. Its peculiarity lies in the scaled cut of the bristles.
However, it was the co-molding of the toothbrush that attracted attention, as it exhibited a peculiar behaviour
unlike any other toothbrush on the market. In fact, by applying moderate force to the soft flap on the side of
the handle, it was possible to remove it without too much difficulty, without leaving any residue and without
breaking the component. This dynamic was certainly not anticipated by the company or the designer, and
was therefore not included in the product communication. On external analysis, the dynamics could be
determined by a few concomitant factors:

- the mould used to produce the handle must have been highly polished to give the component a shiny
finish and make the surface less rough;
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- the materials used for co-moulding (probably cellulose acetate for the handle and EPDM for the grip
part) have a poor chemical compatibility, so that a chemical bond cannot be established and the two parts
can be separated.

Figure 6. Tau-marin toothbrush and the soft flap peeling defect.

| |
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The fifth and sixth phases of the project involved optimising the design idea with the help of the Italian

toolmaker Meccaniche Broemi and producing the final prototype.

4. The disassemblable toothbrush Ri-Brush
Ri-Brush is a disassemblable and recyclable plastic toothbrush that is proposed as a simple and
inexpensive solution to fit into today's still niche market of environmentally sustainable toothbrushes. The
project is based on the idea of a product that can easily and effectively respond to a recycling scheme for its
materials, which can be activated by the end user. The product is essentially made up of two parts: a rigid
structural body and a soft cover in which the bristles are embedded.
Figure 7. The Ri-Brush toothbrush.

As seen in the Trinity College LCA study, a toothbrush that adopts a recycling scheme appears to perform
better environmentally than all other types of toothbrushes. In that analysis, however, the ideal toothbrush
using the recycling scheme did not have the possibility to be disassembled. This theoretically makes the
developed design even more environmentally efficient than the toothbrush hypothesised by the research, as
the industrial phase of product disassembly must be subtracted. Inspired by the dynamics observed in the
Tau-Marin toothbrush, the product is made of two materials (PS and TPE-U) whose chemical compatibility
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during co-moulding is limited and therefore reversible. The product has a total weight of 23 grams, including
the nylon bristles.

The disassembly process can be divided into four steps:

- Insert the finger into the tab on the front of the product and peel it off;

- when the first ellipse is reached, use the hole to insert the finger and continue peeling with

more force;

- Use the second hole to continue peeling the back soft part up to the head;

- once at the head, continue peeling until the handle comes off completely, taking the bristles

with it.

The hole in the handle has the dual function of reducing material consumption and providing a firm grip
during the process of separating the handle from the body. Once the disassembly process is complete, the
two components can be recycled separately.

Figure 8. The four phases of disassembly process.

The PS handle, which accounts for about 80% (18 grams) of the product, can be disposed of in the plastics
collection. The grip with the bristles undergoes a final process: the detachment of the head from the rest of
the component. In this way, 3 of the 4 grams of TPE-U can be recovered and recycled. The remaining 2
grams of product material, i.e. the nylon bristles and the TPE-U they are anchored to, are discarded.

Figure 9. Longitudinal and cross section of the Ri-Brush toothbrush in which the TPE-U grip and welded
nylon bristles are visible.
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Ri-Brush has an ergonomic shape that easily adapts to the user's hand. Its development is based on the
need to modulate the thickness of the handle and the soft grip according to the new feature of disassembly.
The image above shows the longitudinal section of the toothbrush. In the areas where the brush becomes
narrower, the thickness of the soft grip increases to prevent it from tearing during disassembly. The opposite
occurs where the width increases and the thickness decreases.

In terms of bristle engagement technology, we opted for the PT discussed in the previous paragraphs. This
is the only technology that meets the design requirements. The bristles are welded directly to the soft TPE-
U part and become an integral part of it.

5. Conclusion

The paper presented the methodological process that, through the priority application of the Design for
Disassembling strategy, typical of the Design for Sustainability (DfS) approach, led to the development of a
new concept of a disposable and disassemblable plastic toothbrush, characterised by the use of co-moulding
technology. The objective was to follow the design hypothesis proposed by Dune (2020) and his research
group for a toothbrush that would adhere as closely as possible a pattern of recovery, recycling, and reuse of
its materials. The decision to work on a plastic toothbrush produced using multi-shot moulding technology
was driven by the desire to develop a product that could have a significant impact, in absolute terms of the
number of products sold each year, on the issue of reducing the environmental impact of this common type
of product. Based on what has been discussed and referring to similar commercial products, the advantages
of Ri-Brush can be summarised as follows:

- the rationalisation of different polymer used for the production of the toothbrush, thanks to a new

structural layout that allows the two main components of the product (body and soft grip + bristles) to be

easily separated;

- the possibility of eliminating the critical component of the product (the bristles) in an extremely

simplified way, allowing the recovery of more than 90% of the toothbrush material;

- a new, simple and effective strategy of user and product interaction allows the soft grip to be separate

from the rigid body of the product at the end of the use phase;

- the possibility for the product to be returned directly to the plastics recycling chain by the end user, as

an alternative to the costly product recovery and material reuse model proposed by the above study.

In conclusion, the methodological approach of the DfS, together with a design reinterpretation of the
criticalities and opportunities offered by the consolidated technology of multi-shot plastic moulding, has
allowed the development of a new concept of a more sustainable and circular disposable toothbrush. The
main innovation driver of the new product is not the simple substitution of the polymer material with a natural
one, whose technical specifications often require a reduction in the performance of the product, both in terms
of ergonomics and hygiene, but an original approach to the initial problem (maintaining the co-moulding
technology) and the consequent formal reinterpretation of the product. Once again, the significant results
obtained demonstrate the innovative potential that DfS offers to designers and companies interested in
developing products with high functional, environmental and economic performance, opening up the
scenario for further promising development of this specific typology.
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